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Preface 

This book is intended as a critical review of pyrimidine chemistry with 
emphasis on practical rather than theoretical aspects. The literature from the 
earliest times to 1960 is used to furnish examples illustrating syntheses, 
physical properties, and reactions, but no attempt is made to include all 
relevant data. The tables interspersed with the text serve to multiply and 
diversify these examples, but are likewise not intended as cornpIete cata- 
lopes. In general, if a simpIe exampIe suflices to make a point, examples 
involving more highly substituted pyrimidines are omitted. The more 
biological aspects of pyrimidine chemistry, such as the nucleic acids or the 
structural requirements for activity in barbiturates, are treated quite briefly, 
in particular as adequate reviews by workers in such fields exist. 

The tables grouped in the Appendix give ready access to the literature 
and melting points of known simple pyrimidines. All such compounds 
described up to the end of 1957 are included, and they are supplemented by 
a selection of important or interesting members described thereafter until 

The world-wide appeal of pyrimidine chemistry may be judged by the 
following approximate analysis of the origins of the twenty two hundred 
references used in the book : 

mid-1960. 

United States of America 
Germany (East and West) 
British Commonwealth 

France and Switzerland 
Italy and Spain 
Russia 
Netherlands and Belgium 
Eastern Europe 
China 
Austria 
Scandinavia and Others 

Japan 

36.5% 

19.4% 
8.0% 
3.0% 
2.6% 

I .5y0 

22.7% 

2.2% 

1.3% 
I .3% 
1.1% 
0.4% 

It will be redised that the present-day output of pyrimidine papers is 
very different to the above, which covers the last 140 years. The United States 
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X Preface 

remains the centre of gravity, but the output of Japan, China, and Eastern 
Europe has risen considerably and mainly at the expense of Germany. 

Many kind people have helped me enormously during the years of 
writing. My friend and former colleague, Dr. S. F. Mason, wrote a learned 
essay on pyrimidine spectra for Chapter XIII, a task which would have been 
quite beyond me. Professor Adrien Albert carefully read the entire text, a d  
made numerous helpful suggestions from his wide knowledge and experience 
in heterocyclic work. Dr. J. P. English and Dr. J. H. Clark of American 
Cyanamid Company, loaned me a fine card index covering the earlier 
pyrimidine literature. Dr. S. Matsuura helped me with Japanese papers. 
Dr. J. F. W. McOmie sent me much unpublished material, and Dr. H. 
Mautner, Dr. H. B. Vickery, Dr. J. Stangk, Dr. D. I. Magrath, Dr. R. F. 
Evans, Dr. E. Spinner, and Dr. N. W. Jacobsen helped in other ways. The 
National Academy of Sciences (Dr. H. L. Dryden) kindly gave me Johnson’s 
photograph. Mr. J. Harper, Mr. B. T. England, and Mrs. D. McLeod assisted 
nobly with the references and in other ways. Miss P. L. Baetons typed most 
of the manuscript and among the others who helped in various ways are 
Miss M. Bell, Mrs. H. Edmonston. who drew the curves, Mrs. S. M. Schenk, 
Mr. H. Satrapa, Mr. F. V. Robinson, Mrs. E. M. Lee, and Miss S. Green. 
Professor F. Rergel, F. R. S . ,  generously provided facilities for me at the 
Chester Beatty Institute, London, at the proof stage. To these, to the un- 
named others, and in particular to my wife for her help and remarkable 
patience, I offer my gratitude and thanks. 

The Azcstralian National University, Canberra D. J. BROWN 
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CHAPTER I 

Introduction to the Pyrimidines 

1. History 

In 1818 Gaspare Brugnatellilpg isolated the first pyrimidine deriva- 
tive, alloxan, by oxidation of uric acid with nitric acid. A few years 
later his experiments were put on a sound basis and extended to other 
derivatives by Wohler and Liebig in their outstanding paper: Unter- 
suchungen uber die Natur der H a r n S ~ r e . ~  In 1848 Frankland and 
KolbeL carried out the first primary synthesis of a pyrimidine by the 
action of metallic potassium on propionitrile. It later proved6 to be 
4-amino-2,6-diethyl-5-methylpyrimidine (I). The next landmark in 
pyrimidine chemistry was the synthesis by Grimaux,e-8 in 1878 of 
barbituric acid from malonic acid and urea. This was the first example 
of what has become the principal pyrimidine synthesis. But it was not 
until 1884 that Pinner* made his first pyrimidine derivative. The 
following yearlo he recognized pyrimidine as an hexagonal brother of 
benzene, pyridine, and triazine, and he named the new ring system with 
the words: “Die neue von der Grundsubstanz, C,H,N,, sich herleitende 
Verbindungsklasse mochte ich als Pyrimidin bezeichnen”. Three years 
later an attempt was made by Widmannll to systematize the nomen- 
clature of nitrogen heterocycles, and “miazine” was suggested in place 
of pyrimidine. Although this name did enjoy a limited vogue, by 1905 
von Meyerla was able to say, “Die von 0. Widmann statt Pyrimidin 
vorgeschlagene Bezeichnung Miazin hat, so viele Vorzuge sie bietet, 
keinen Eingang gefunden”. The parent compound (11) was first isolated 
by Gabriel and C01man13 in 1899. 

The b n n i n g s  of pyrimidine chemistry have been reviewed very 

1 

Chemistry of Heterocyclic Compounds, Volume 16 
William L. Mosby 

Copyright 0 1962 by Interscience Publishers, Inc. 
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appropriately by T. B. Johnson,14* who, during forty years of work in 
the pyrimidine field, nobly and almost alone bridged the gap between 
two great periods of pyrimidine history. The first of these embraced 
the classical contributions of Robert Behrend,15 Siegmund Gabriel,W17 
Emil FischerJX8 Wilhelm Traubelg and Ernst von Meyer,m and was 
stimulated to some extent by the isolation of thymine, uracil, and 
cytosine from biological material, and by the advent of the barbiturates. 
The second period was even more biologically based. It arose from 
vitamin B, in the late thirties, and was amply nourished thereafter 
by resurgence of interest in the nucleic acid field, by the discovery of 
sulphadiazine, by the immensely useful anti-thyrotoxicotic activity 
of the alkyl thiouracils, and by the searches for more effective anti- 
malarials (e.g. “Daraprim”), oral diuretics (e.g. “Amisometradine”), 
and other drugs. Further, the new interest in folic acid and the simple 
pteridines as well as the renewed interest in purines, greatly stimulated 
research in the chemistry of their pyrimidine intermediates. To forecast 
the future trends would indeed be bold. 

The recent discovery by Professor M. C a l ~ i n * ~ ~ ~ ~  that the soluble 
fraction from a meteorite contained a nitrogeneous heterocycle, which 
from spectra might well be cytosine, is fascinating. The observation 
has already been confirmed in other meteorites,” and if the presence 
of cytosine (or other nucleic acid constituents) can be conclusively 
proven, the finding must rank as one of the most significant in history. 

The best review of the older literature of pyrimidines (to 1920) 
is in the text-book of Meyer and Jacobson.25 Similar types of review 
have been written by Johnson and Ham% (1933) and by Johnsonm 
(1938). More concise reviews have appeared from Lythgoe” in 1949, 
from KennerZB in 1950, from Brownso and Wiley31 in 1953, and from 
Bendich3% in 1955. The fullest treatment to date has come from Kenner 
and ToddS3 in 1957, covering the literature to several years before 
publication. An excellent sixty-page review of pyrimidines has been 
written by Ramage and Landquist,” and the best idea of the place 
of pyrimidines in heterocyclic chemistry can be gained from Albert.s5 

*Treat Baldwin Johnson was born in Bethany, Connecticut, in 1875. In 
I898 he published from Yale his first paper with Henry L. Wheeler from whom 
he acquired an interest in pyrimidines. He finally contributed about 180 papers 
OR this subject alone, and an equal number on related topics. Despite the oc- 
casional error in his voluminous writings, this “kindly, simple-mannered man” 
exerted a profound iolauence on the course of pyrimidine chemistry.P1 The 
dedication of this book is a small tribute to a great chemist and teacher. 
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Other reviews of more specific aspects of pyrimidines (e.g. nucleic acids) 
are noted in the appropriate sections that follow. 

2. Nomenclawe 

Pyrimidine is now generally written as (11) with the numbering 
shown, but the misleading (IIa) still persists in occasional publications,* 
perhaps because it is easier to type and print. Since pyrimidine is 
symmetrical about the line joining 2 to 5, the positions 4 and 6 are 
equivalent, as are also 1 and 3. Thus 2,4- and 2,&dihydroxypyrimidine 
are one and the same compound (uracil). Even this simple fact has led 
to confusion as, for example, in the 1956 catalogue of a well-known 
British firm offering 2,4-dichloro- and 2,6-dichIoro-pyrimidine at 
different prices. 

More serious is the confusion which results from N-substitution 
in association with the traditional trivial names of pyrimidines. Thus 
cytosine, for example, is numbered in Beilsteia and in most biochemical 
literature, as 6-amino-2-hydroxypyrimidine (111) (in line with purine 
numbering) but in Chmicat Abstmcts and some chemical journals as 
4-amino-2-hydroxypyrimidine (IV). When cytosine is methylated it 
gives (V) which is then known as I- or 3-methylcytosine according to 
the system being used.** 

The obvious answer to this difficulty would be to call (V), 4-amino- 
1,2-dihydro-l-methyl-Z-oxopyrirrGdine, This name, however, suffers 
from several disadvantages: (a) it is long; (b) it seems (wrongly) to 
indicate a reduced state of the nucleus; (c) by assigning a precise 
tautomeric form it excludes the possibility that (V) may ultimately be 
proved to exist at least partly as the tautomer (VI). The shorter name 
I-(or 3-) methylcytosine is therefore in some ways preferable, but the 
long name is used in this book on the grounds of avoiding trivial names 
where possible (see below). Whenever trivial names are in fact used, 
it is clearly important to state, in each publication the system of 
numbering being used, and in consulting the literature to check 
the point from a structural formula in each paper. Failure to do this 
has led several authors to surprising and erroneous conclusions. In 

For example in the Joztrwl of the American Chmtkal Sock&, 1958, on 

*. The Jo2(rrral of the Chemical Society, 1955, used one system on p. 214, 
p. 1665. 

the other on p. 855! 
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the present treatment, uracil, thio- and dithio-uracils are numbered 
as 2,4-disubstituted pyrimidines, and the numbering of most other 
trivial names has been avoided (see below). 

A further difficulty arises in the nomenclature of pyrimidines 
carrying a potentially tautomeric substituent in the 2-, 4-, or 6-positions. 
Thus (VII) in the English language alone, could be (and is) called 
4-hydroxypyrimidine, 4-pyrimidol, 4-pyrimidin01, 4-py~imidone, 4- 
pyrimidinone, 4( 1 )-pyrimidone, 4( 3)-pyrimidone. 1,4-dihydr0-4-oxo- 
pyrimidine, 3 ,4-dihydro-4-oxopyrimidineJ and other less likely names. 
This makes the use of the formula index a necessity when searching 
the literature for any such compound, especially if it is further compli- 
cated by other tautomeric substituents. 

In this review, all such compounds are named as hydroxy, 
mercapto, or amino derivatives whatever the evidence for the pre- 
dominant tautomeric form may indicate. Further, the general nomen- 
clature of the International Union of Pure and Applied Chemistry 
is usedJM and all substituents are written in alphabetical order as 
prefixes to the parent name. Thus the unknown compound (VIII) 
would be written as 2-carboxy-4-ethoxycarbonyl-6-formyl-5-sulpho- 
pyrimidine. Trivial names are avoided except where ambiguity of 
structure makes them necessary. For example since it is not known 
whether 3-methyluracil is predominantly (IX) or (IXa), it is called 
neither 1,6-dihydro-2-hydroxy-l-methyl-6-oxopyrimidine (IX) nor 
1,2-dihydr0-6-hydroxy- 1-methyl-2-oxopyrimidine (IXa), but the trivial 
name 3-methyluracil; the other possibility, 1,2,3,4-tetrahydro-3-methyl- 
2,4-dioxopyrimidine (IXb), is precluded by the rule adopted above 
calling for hydroxy, mercapto, and amino groups to be written as such. 
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Similarly, the 5-thio analogue of (1x1 would be called 3-methyl-2-thio- 
uracil where “Pthiouracil” is used as a trivial name. On the other 
hand no such ambiguity arises (except on paper) in the ccqe of the 
2-amino analogue of (IX) because it is known on general experimental 
evidence (see Chapter XIII) that such a compound will almost surely 
assume the amino-oxo form (X) rather than the hydroxy-imino form. 
It would therefore be called 2-amino-I ,6-dihydro-l-methyl-6-oxo- 
pyrimidine rather than 3-methylisocytosine. Similarly (V) would here 
be called 4-amino-l,2-dihydro-l-methyl-2-oxopyrimidine rather than 
1-methylcytosine. In practice, only the trivial names indicated in 
Table I by a letter a have been unavoidably used in the nomenclature 
of this book. 

Regarding trivial names, it must be admitted that several, such 
as uracil, are so entrenched in the literature as to be necessarily 
accepted, and indeed as mentioned above they are often convenient. 
A few others, like deoxyuridine, have an obvious advantage over their 
full name, but most trivial names have now little point, and lead only 
to confusion. Thus, why do some authors call the universalIy understood 
2,4-dihydroxy-5-hydroxymethylpyrimidine, “thyminyl alcohol’’? 

3. The Unique Basis of Pyrimidine Chemistry 

In considering the specific reactions and properties of pyrimidine 
and of its derivatives, it is useful first to consider five simple principles 
of pyrimidine chemistry which together make it unique. It is surprising 
how often the most diverse phenomena fit logically into their context, 
and indeed how often predictions made with their help prove to be 
correct experimentally. 
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TABLE I. Trivial Names of Pyrimidines 
-~ 

Trivial Name Systematic or k t l e  name 

5-iand 6-jAminou>acil 
Aneurin 
Barbituric Acid" 
Bromouracil 
Convicine 
Cyanmethine 
Cytidine 
Cytosine 
Deox ycytidine 
Deoxy uridine 
Dialuric Acid 
Diaminocytosine 
Diaminouracil 
DiIituric Acid 
Dithiouracil' 
Divicine 
Hydrouracil 
Isobarbituric Acid 
Isoeytosine 
Isodialuric Acid 
Isouracil 
Isouramil 
Isovioluric Acid 
5-Ketobarbituric Acid 
K y a n m e th i n 
Methylcytosine 
5-Meth yldeoxycy tidine 
Miazine 
Nitrouracil 
Orotic Acid 
Orotidine 
Piperimidine 
Pseudouric Acid 
Spongo Thymidine 
Spongo Uridine 
Tartronyl Urea 
Thiamine 
2-Thiobarbituric Acid' 
Thiouramil 
2-(and b)Thiouracil@ 
Thymidine 

Acetonin 1,2,5,6-Tetrahydro-2,2,4,6,6-pentamethylpyrimidine 
Alloxan" Hexah y drotetraoxopyrimidine 
Amicetin An antibiotic" 
2-Aminobarbituric acid" 2-Amin0-4,G-dihydroxypyrimidine 
5-(and 6-)Aminocvtosine 4,5-(and 4,6)Diamino-2-hydroxypynmidine 

5-(and 6-)Amino-2,4-dihydroxypyrimidine 
Vitamin B, 
2,4,6-Trihyhroxypyrimidine 
5-Bromo-2,4-dihydroxypyrimidine 
A glucoside of 4-amino-2,4,6-trihydroxypyrimidine4* 
See Kyanmethin 
1 -B-D-Ribofuranosidocytosine 
4-Amino-Z-hydrox ypyrimidine 
1 -&2'-Deoxy-~-ribofuranosidocytosine 
1 -@-2'-Deoxy-~-nbof uranosidouracil 
Tetrahydroxypyrimidine 
4,5,6-Triamino-2-hydroxypyrimidine 
4.5-Diamino-2,6-dihydroxypyrimidine 
2,4,6-Trihydroxy-5-nitropyrimidine 
2,4-Dimercaptopyrimidine 
2,4-Diamino-5.6-dihydroxypyrimidine 
4,5-Dihydro-2,6-dihydroxypyrimidine 
2,4,5-Trihydroxypyrimidine 
5-Amino-4-hydroxypy rimidine 
4,5-Dihydro-2,4,6-trihydroxy-5-oxopyrimidine ( ?) 
2,5-Dihydroxypyrimidine 
4-Amino-2,5,6-trihydroxypyrimidine 
2,4,5-Trihydroxy-6-nitrosopyrimidine 
Hexahydrotetraoxopyrimidine 
4-Amino-2.6-dimethylpyrimidineb 
4-Amino-2-hydroxy-5-methylpyrimidine 
I -8-2 '-Deoxy-D-ribofuranisido-5-methyIcytosine 
Pyrimidine 
2,4-Dihydroxy-5-nitropyrimidine 
4-Carboxy-2,6-dihydroxypyrimidine 
A D-riboside of 4-carboxy-2,6-dihydroxypyrimidine41 
Hexahydrop yrimidine 
2,4,6-Trihydroxy-5-ureidopyrimidine 
1 -p-D-Arabofuranosidothyminea? 
I -fi-D-Arabofuranosidouracila 
Tetrah ydroxypyrimidine 
Vitamin B, 
4.6-Dihydroxy-2-mercap topyrimidine 
5-Amino-4,6-dihydroxy-2-mercaptopyrimidine 
&(and Z-)Hydroxy-2-(and 4-jmercaptopyrimidine 
1 -B-2'-Deoxy-~-ribof uranosidothymine 
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TABLE I (confilpucd) 

Trivial Name syste6n?.tic oc better Lumc 

Thymine 2,4-Dihydroxy-5-methylpyrhidine 
Thyminyl alcohol 2,4-Rihydroxy-5-hydroxymethylpyr.hidoxymethylpyrimidine 
Uracil0 2,4-Dihydroxypyrimidine 

Uridme 1 -B-n-Ribofuranosidouracil 
Vicine 2,4-Diamoxymethylpyrimidino-S-~-~-glucopyranosidoxy-6-hy~o~- 

Violuric Acid 2,4,6-Trihydroxy-!i-nitm~opyrimidhe 

Uramil 5-Amino-2,4,6-trihydroxypyrimidine 

pyrimidine 

0 Names used in the nomenclature of this book. 
b The “Kyandkine” are 4-amino-2.6-diaIkyl-5-(alkyl less CH,)-pyrimidines. 

Thus “Kyanisobutin” would be 4-amino-2,6-di-isobutyl-5-isopropyIpyrimidine.~* 

A. The nActive” 2-, 4, and 6-Positions 

The 2-, 4-, and 6-positions, marked in pyrimidine (XI), are 
naturally electron-deficient by virtue of the powerful electron-with- 
drawing effect of the ring nitrogen atoms. In this, they resemble 
qualitatively the a-, and y-positions in pyridine (XII) and to some 
extent the 2-, 4- and 6-positions of nitrobenzene (XIII) and 1,3-dinitro- 
benzene (XIV), in which the nitro groups are acting as the electron 
attractors. Because the nitrogen atoms of pyrimidine are metu to each 
other, their separate effects reinforce each other {as in 1,3-dinitro- 
benzene) and the resultant is greater in pyrimidine than in its isomers 
pyrazine and pyridazine, in which the nitrogen atoms exert electronic 
effects that partly antagonize one another. 

The electron deficiency at  the marked positions is reflected in the 
reactivity of substituent groups there. Thus for example a halogen 
atom at these points is easily attacked by nucleophilic reagents; 

NO, NO, 
(XI) (XI11 (XIII) ( X W  

ammonia or amines replace it by an amino group, water (catalysed 
by acid or alkali) by a hydroxy group, sodium hydrogen sulphide 
by a mercapto group, sodium alkoxide by an alkoxy group, or sodium 
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alkyl mercaptide by a thio-ether group. Moreover, carboxy groups at 
such positions are rather labile and methyl groups are reactive towards 
aromatic aldehydes to give styryl groups, and are easily oxidized. 

B. The “Aromatic” 5-Position 

The 5-position is not so electron-deficient as the 2-, 4- or 6-positionJ 
although it is made slightly so by the general inductive effect. It there- 
fore resembles more the /&position of pyridine and is the nearest to 
a truly “aromatic” position in pyrimidine. Consequently a 5-halogen 
atom does not so easily react with ammonia or amines, nor is a 5- 
carboxy group so labile; ethers are very stable, and methyl groups 
rather unreactive. On the other hand electrophilic reagents attack 
(if at all) at this point, and under certain conditions (see below) 
nitration, nitrosation, halogenation, and coupling with diazonium salts 
easily take place here. 

C. The Effect of Electron-releasing Groups 

With the progressive introduction into any position of electron- 
releasing substituents such as hydroxy, amino, or mercapto groups, 
the n-electrons depleted by the electrophilic ring nitrogen atoms are 
restored, and the overall picture approximates more nearly to an 
aromatic ring. Thus the 5-position (if free) can readily be halogenated, 
nitrated, nitrosated, and coupled with diazonium salts; on the other 
hand, substituents in the 2-, 4-, and &positions become “deactivated” 
so that for example halogens are no longer so easily hydrolysed or 
replaced by amino groups. 

D. The  Effect of Electron-withdrawing Groups 

Powerful electron-withdrawing groups have been introduced only 
in the 5-position of pyrimidine. A 5-nitro group naturally accentuates 
the electron deficiency of the other positions, and chloro groups for 
example become even more reactive towards nucleophilic attack. Thus 
2,4-dichloro-5-nitropyrimidine (XV) reacts rapidly with ammonia at 
0” C to give 4-amino-Z-chlor0-5-nitropyrimidine (XVI). The new 
electron-releasing amino group now opposes the electron-withdrawing 
effect of the nitro group, and replacement of the second chlorine 
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becomes much slower and is best done above IOO", to give 2,4-diamino- 
5-nitropyrimidine. 

E. Tnutomcric Groups 

When they stand in the 2-, 4-, or 6-position, the hydroxy, 
mercapto, and amino groups are tautomeric with 0x0, thio, and imino 
respectively, the hydrogen being accommodated on a ring nitrogen. 
It follows that N- as well as 0-alkylation is possible in such a substance 
as 2-hydroxypyrirnidine (XVII). The tautomerism of such groups 
can also involve the 5-position as a receptor of a hydrogen atom; such 
a state is seen as a stable entity in 1,3,5,5-tetramethylbarbituric acid 
(XVIII). Experimental evidence of predominant structure in such 
tautomers as (XVII) will be discussed later, but it can be briefly said 
here that hydroxy groups strongly prefer the 0x0 form, mercapto 
groups the thio form, but amino groups normally exist as true -NH, 
groups. Tautomerism seems to involve the %position only when there 
is no ring nitrogen atom availabIe and then probably only in response 
to an attacking reagent. 

4. GeneraI Summary of Pyrimidine Chemistry 

The pyrixnidine ring carrying various substituents may be built 
up from two or three aliphatic fragments by the principal synthesis 
(Ch. 111, or by a variety of other syntheses which are complimentary 
rather than alternatives to it (Ch. 111). A second type of synthesis is 
the isomerization or breakdown of another heterocycle such as an 
hydantoin or purine, but such routes are but infrequently used (Ch. 111, 
Sect. 5.E). It seems inappropriate to discuss synthesis further at 
this stage, but the chief reactions which pyrimidines undergo are 
outlined below. To help those who may wish to read more deeply, 
cross references are given to relevant later sections containing more 
details and literature references. 
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Pyrimidine is not truly aromatic because of the depletion of 
the n-electron layer by the electron-withdrawing nitrogen atoms of 
the ring. This is seen in its instability to prolonged treatment with 
alkaIi. However, this imbalance is rectified by substitution with electron- 
supplying groups (OH, NH,, SH), and the ring system then becomes 
extraordinady stable to hydrolytic cleavage. 

A. Electrophilic Substitution 

Electrophilic reagents almost invariably attack pyrimidines at 
the 5-position, whichis the point least depleted of electrons, but, accord- 
ing to the strength of the reagent, one or more electron-supplying 
groups are needed in the molecule to permit such substitution. 

(1) Nitvation and Nitrosation 
(Ch. V, Sect. l.A(2) and 2.A(1)) 

Pyrimidines normally require the presence of at least two electron- 
supplying groups for successful nitration or nitrosation. The positions 
of these groups are important for while 4,Mihydroxy- and 4,6-diamino- 
pyrimidine nitrate and nitrosate, 2,4-dihydroxypyrimidine will only 
nitrate, and 2,4-diaminopyrimidine undergoes neither process. When 
three electron-supplying groups are present, as in isobarbituric acid 
(2,4,5-trihydroxypyrimidine), even the 6-position can be attacked by 
nitrous acid to give the &nitroso compound (XIX). The corresponding 
nitration is not successful. 

OH OH OH 0 0 

Nitrosopyrimidines are tautomeric with hydroxyimino derivatives 
(oxhes) in which a hydrogen atom has been borrowed from a neigh- 
bouring tautomeric group. Thus violuric acid (XXI) can be prepared 
by nitrosating barbituric acid (XX) or by the action of hydroxylamine 
on alloxan (XXII). 
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(2)  Diazo Coz@ing 
(Ch.V, Sect. 3.A(2)) 

Pyrimidines with one eIectron-supplying group couple with 
diazotized amines to give 5-arylazo derivatives. The reaction is extra- 
ordinarily useful for introducing a 5-amino group because it can be 
done under such gentle conditions. A few 4-(or 6-) arylazo derivatives 
can also be made this way, provided (as with similar nitrosations) 
that three facilitating groups are present. 

(3) Halogenation 
(Ch. VI, Sect. 2.A) 

Halogenation normally requires one electron-releasing group and 
the halogen atom invariably enters the 5-position (or occasiondly a 
methyl or other substituent). Unsubstituted pyrimidine can be 
brominated, but probably onIy because an intermediate perbromide 
is formed, as in the authenticated case of pyridine. 

(4) Swl$hnation 
(Ch. VIII, Sect. 4.A) 

Sulphonation at position-5 will take place in the presence of one 
amino or hydroxy group, but only under very vigorous conditions. 
These can be moderated for dihydroxy and similar derivatives, but 
the process has been little used. 

(5)  Attack by Chloroform OY C h h a l  
(Ch. XI, Sect. 5.A(2)) 

Initial electrophilic attack is also involved in the Reimer-Tiemann 
reaction, which introduces an aldehydo group into the 5-position of 
pyrimidines already having two or three electron-releasing groups. 
Chloral also attacks such pyrimidines to give their 5-@~-trichloro- 
a-hydroxyethyl derivatives, e.g. (XXIII), which may be subsequently 
hydrolysed to aldehydes. 

(6) Other Electrophihc Attacks 

Formaldehyde (Ch. VII, Sect. 3.E) readily attacks uracil to give 



‘12 Chapter I 

2,4-dihydroxy-5-hydroxymethylpyrimidine (XXIV), which is a stable 
compound, but when an aromatic aldehyde is used in such a reaction, 
water is eliminated from the initial product to give for example 
benzalbarbituric acid (XXV). The related Mannich reaction (Ch.’ IV, 
Sect. 2.C(7)) is also undergone by pyrimidines with a free 5-position 
and carrying two or three electron-releasing groups, to give for example 
4,6-dihydroxy-2-methyl-5-piperidinomethyIpynmidine. In the absence 
of facilitating groups, the methyl group itself, which is then more 
active than is the 5-position, becomes involved in the reaction. The 
introduction of a 5-carbamoyl group into 4,6-dihydroxy-2-methyl- 
pyrimidine by fusion with urea is probably also an electrophilic reaction 
(Ch. XI, Sect. 3.A(4)). 

B. Direct Nucleophilic Substitution 

Although the 2-, 4, and 6-positions of pyrimidine are obviously 
ripe for direct nucleophilic attack, only a few examples of the process 
are known. The most definite of these is the amination (Ch. IX, 
Sect. l.C) of 4-methylpyrimidine with sodamide to give inler aliu its 
2-amino and 2,4-&&no derivatives. Two other possible cases are 
the formation of 5-amino-4-methylamino-2,6-dimercaptopyridine 
from 2-chloro-4-methylamino-5-nitropyrimidine during reduction with 
sodium bisulphide (Ch. VIII, Sect. l.A(8)), and the direct introduction 
(Ch.VI, Sect. 5. J) of a diethoxycarbonylmethyl group into the 2-position 
of 4,6-dichloro-5-nitropyrimidine giving (XXVI). The mechanisms of 
these reactions are not entirely clear. 

C. Nucleophilic Metatheses 

Compared with the paucity of direct nucleophilic substitutions 
of hydrogen, there are a vast number of examples in which halogen 
atoms or other labile groups undergo replacement by a variety of 
substituents. The initial step in these metatheses is nucleophilic attack 
by the reagent on the carbon atom to which the halogen is attached. 
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(1) Refilacemed o/ Halogem 
(Ch. Vl, Sects. 5 and 6) 

The nucleophilic replacement of 2-, 4, and 6-halogen substituents 
is n o d y  very facile. I t  is made even easier by the presence of an 
electron-withdrawing group (e.g. nitro), but markedly more difficult 
by successive introduction of electron-supplying groups. Although 
5-bromopyrimidine undergoes such reactions fairly readily, the presence 
of hydroxy or, more particularly, amino groups can make nucleophilic 
replacements exceedingly difficult or even impossible. Replacements 
of extra-nuclear hdogenopyrimidines differ little from such reactions 
in the benzene series (Ch. VI, Sect. 7). 

(a) By Amino and Subd&ed-mim GrozCps (Ch. VI, Sects. 5.B and 
5.C). The most active chloro substituents react with alcoholic or aqueous 
ammonia below room temperature (8.g. in the formation of 4-amino-6- 
chloro-5-nitropyrimidine (XXVIII) from 4,6-dichloro-5-nitropyrimi&ne 
(XXVII)), but a less active chlorine, such as the now partly deactivated 
one in the above example (XXVIII), requires IOO", or sometimes 
even higher temperatures, for satisfactory replacement, 6.g. to give 
(XIX). The lower aliphatic primary and secondary amines, being 
stronger bases than ammonia, even more avidly replace chlorine. 
Similar replacements with Iess strongly basic amines such as aniline, 
are markedly catalysed by the presence of a little of the cation. 

The kinetics of such nucleophilic aminations have been studied 
in simple chloropyrimidines (Ch. VI, Sect. 4). These indicate that 
chlorine in position-4 is more activated than in position-2, and that 
the introduction of a gently electrowreleasing C-methyl group slightly 
deactivates both chlorines. 

With the exception of 5-bromopyrimidine itself, most of the 
known 5-halogenopyrimidines either require high temperatures for 
amination, or indeed cannot be satisfactorily aminated at all (Ch. VI, 
Sect. 6.A). In several such sluggish reactions the addition of a little 
copper has been found to improve the yield. 

(b) By Metbxy  and Similar Gvoufis (Ch. VI, Sect. 5.D). Almost 
all 2-, 4-, and 6-chloropyrimidines are readily replaced by a methoxy 
group with the help of methanolic sodium methoxide. Only in cases 
of powerful deactivation (e.g. of the 4-chlorine of (XXX}) are tempera- 
tures above the boiling point of methanol ever used. Other allcoxides 
and aryloxides behave similarly. 
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The need for completely anhydrous alcohols for use in such 
reactions, is underlined by the formation of 2-ethoxy-4-hydroxy-5- 
nitropyrimidine (and its isomer) to the extent permitted by the water 
content of the “absolute alcohol” used in preparing 2,4-diethoxy-5- 
nitropyrimidine from its dichloro analogue. 5-Bromopyrimidine reacts 
with sodium methoxide at  loo”, but examples using Iess active 5-bromo 
or 5-chloro derivatives are unavdable. 

(c) By Hyd~oxy Groups (Ch. VI, Sects. 5.E and 6.B). The direct 
hydrolysis of an active halogen is not always easy in practice, and 
sometimes it is best to pass through a methoxy compound. However, 
the partial hydrolysis of a dichloropyrimidine, e.g. (XXXI) to (XXXII), 
is often practicable, and both acidic and alkaline media have been 
used for this purpose. In the past it has been customary to treat 
5-bromo compounds very vigorously to bring about hydrolysis, but 
it has been recently reported that 5-bromouracil (XXXIII) yields 
isobarbituric acid (XXXIV) on mere boiling with sodium bicarbonate 
solution. 

c1 c1 OH OH 

(XXXII) (XXXIII) (XXXIV) 

(d) By Methyithzo and Related Groups (Ch. VI, Sects. 5.F and 6.B). 
Active chloropyrimidines on boiling with alcoholic sodium methyl- 
mercaptide, yield the corresponding methylthio compounds. Aromatic 
thioethers have been made similarly by using the free thiophenol or 
its sodium derivative. Isolated examples of such replacement of a 
5-brOmO substituent are known. 

(e) By Mercapto Gr0~fi .s (Ch. VI, Sect. 5.G). When a 2-, 4-, or 
6-chloropyrimidine is treated with alcoholic or aqueous sodium bi- 
sulphide, a rnercaptopyrimidine usuaily results. The method is often 
used in conjunction with the reduction of a nitro group, as in the 
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formation of 5-amino-2,4-dimercaptopyrimidine (XXXV) from 2,4& 
chloro-5-nitropyrimidine (XXXVI). If reduction is to be avoided, it 
is better to replace the chlorine by a thiouronium salt residue as in 
(XXXVII), and subsequently to hydrolyse by alkali to the required 
mercapto compound (XXXVIII). 

(XXXV) (XXXVI) (XXXVII) (xxxvIr1) 

(f) By Sulpho and Thiocyanato Groups (Ch. VI, Sect. 5.Hj. Simple 
chloropyrimidines react with aqueous sodium sulphite to give the 
corresponding sulphonic acids, e.g., 2,4-dimethyl-6-sulphopyrimidine 
(XXXIX). These serve a s  convenient intermediates for the correspond- 
ing nitriles, which cannot be made directly from the chloro compounds. 
Many chloropyrimidines such as (XL) also react with potassium thio- 
cyanate to give thiocyanato derivatives typified by (XLI). If the 
reaction time is prolonged, or the thiocyanate is heated in an inert 
solvent (e.g. toluene), isomerization to the corresponding isothiocyanate 
(XLII) takes place. Strongly deactivated halogenopyrimidines, in- 
cluding 5-bromo derivatives, do not undergo the reaction. 

(2) Replacement of Methoxy, Methylthio, and Methylsd@onyl Groues 

All these groups will undergo most nucleophilic replacements in 
much the same circumstances as will a halogen, but as a rule not nearly 
so easily. For comparison, 4-chloro-2-methylpyrimidine is aminated 
quickly below loo", but 4-methoxypyrimidine (which moreover lacks 
the deactivation of a C-methyl group) is aminated but slowly at 160". 
Phenoxy groups require even more vigorous conditions for amination. 
The reaction once formed the basis of the standard synthesis of cytosine 
and isocytosine (Ch. VII, Sect. 7.C). Further direct simple comparison 
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with the amination of methylthio and methylsulphonyl derivatives 
cannot be made for lack of data, but more complicated examples 
indicate that the conditions required approximate to those for alkoxy 
replacement rather than to those for halogens (Ch. VIII, Sects. 2.C 
and 53).  

These activated ethers (Ch. VII, Sect. 1.E). thioethers (Ch. VII, 
Sect. 1 .F( l)), and suIphones (Ch. VII, Sect. I.F(3)) can all be hydrolysed 
by acid (and the sulphones also by alkali) to give hydroxypyrimidines; 
indeed this is their greatest use. The carboxymethylthio derivatives, 
which are made from mercapto compounds with aqueous chloroacetic 
acid, are especially useful because of their convenient solubility, in 
the conversion of mercapto- into hydrcxy-pyrimidines. 

D. Othu Metatheses 

It is convenient at this stage to outline several other metatheses 
without reference to  their type. Such reactions in the extranuclear 
positions will again be ignored as being in no way peculiar to the 
pyrimidine series. 

(1) Hydroxy- to Chloro-pyrimidines 
(Ch. VI, Sect. 1) 

Pyrimidines with hydroxy groups in the 2-, 4-, or 6-position often 
give their chloro analogues on boiling with phosphoryl chloride. In a 
difficult case, as when a nitro group is present, the addition of some 
NN-diethylaniline (or other tertiary base) is generally beneficial, and 
as a last resort phosphorus pentachloride may be useful. So powerful 
a reagent is the Iast, that if the Sposition is free, C-chlorination often 
takes place there also. Bromo compounds can be formed with phos- 
phoryl bromide. 5-Hydroxy groups do not react with phosphoryl 
halides. 

(2) Hydruxy- to Merca$fa-pyriimidiaes 
(Ch. VII, Sect. 6.B) 

The thiation of 2-, 4, and 6-hydroxypyrimidines is carried out 
by heating with phosphorus pentasulphide in xylene, tetralin, or 
pyridine. The reaction generally fails in the presence of nitro, nitroso, 
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or amino groups, and 5-hydroxy groups cannot be thus replaced. 0x0 
and alkylthio derivatives also undergo thiation to give respectively 
thio (= S) and mercapto derivatives. 

(3)  Mercapto- to Hydroxy-pyrimidines 
(Ch. VII, Sect. l.F) 

Only rarely can a mercaptopyrimidine be directly hydrolysed to 
a hydroxypyrimidine. The transformation is best done by S-alkylation 
to a methylthio- or carboxymethylthio-pyrimidine, followed by acid 
hydrolysis, but it can sometimes be done by oxidation to a sulphinic 
or sulphonic acid followed by hydrolysis. There is danger in the second 
process of replacing the mercapto group by hydrogen instead of by 
a hydroxy group. Should acid hydrolysis be contraindicated by the 
presence of another acid-labile group, a third route may be used via 
alkylthio to alkylsulphonyl and thence by alkaline hydrolysis to the 
desired hydroxy derivative. The processes have not been applied to 
5-mercaptop yrimidines. 

R S H  R-SO& \ 

(4) Mercapto- to Amin.o-$yrimidines 
(Ch. VIII, Sect. I.D(5)) 

Mercapto groups in the 4-position may be aminated to amino or 
substituted-amino groups by the action of ammonia or amines at 
about 100". 2-Mercapto groups cannot be aminated unless a nitro 
group is present, and the reaction fails in both positions when amino 
groups are already present. The process is very useful, and is used in 
the best preparation of cytosine. 

(5) Amino- to Hydvoxy-fiyrimidiws 
(Ch. VII, Sects. l .D and 2.A) 

Aminopyrimidines may be converted into their hydroxy analogues 
by direct acid or alkaline hydrolysis, or, in the case of primary amino 
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compounds, by the action of nitrous acid. Both processes are applicable 
to an amino group in any position, but the hydrolytic one is most 
used for 4-arnino derivatives. 

(6) Amino- to Chtoro-fiyrimidines 
(Ch. VX, Sects. 1.C and 2.C) 

Several 2-chloropyrimidines have been made by treating the 
corresponding aminopyrimidine with nitrous acid and an excess of 
concentrated hydrochloric acid. A 5-iodopyrimidine has been made by 
diazotization of the 5-amino analogue followed by a Sandmeyer 
reaction. 

(7) Rt?$iacwnents of Quatevvzary Amino Groups 
(Ch. VI, Sect. 8.G) 

Trimethylmine slowly converts simple chloropyrimidines into 
quaternary derivatives. Such a product, 4,6dimethylpyrimidin-2-yltri- 
methylammonium chloride (XLV), yields 2-methoxy-4,6-dimethyl- 
pyrimidine (XLIV) with sodium methoxide, or 2-hydroxy-4,6-dimethyl- 
pyrimidine (XLTII) by treatment with caustic soda. Potassium cyanide 
similarly gives (XLVI) , and sodium sulphanilamide gives (XLVII) . -- - \ / -  --- 

Me Me Me Me Me 

Me’ f: N OH Me’ fi N”OMe - f - + - C  Me N NM% Me’ ’!kN Me’ “NHSO,C,H,NH, 

E. Addition Reactions 

Although a great many reactions may involve addition as an 
initial step, the term is here confined to cases in which the primary 
addition product can be isolated. 

(1) Qwaternization 

Simple pyrimidines add methyl iodide in the usual way to give 
for example pyrimidine methiodide (XLVIII). Pyrimidines with amino 
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or hydroxy groups in the 2-, 4-, or & p i t i o n  constitute a special 
case (see Chapter X), for the quaternary product is in fact the hydr- 
iodide of an Nl- or N,-methyl-imino(or oxo)pyrimidine, "g., (XLIX). 
On making akaline, this yields a free base (LI), which is the anhydro- 
base derived from the quaternary hydroxide (L). The imine correspond- 
ing to (LI) is a cyclic guanidine and a strong base. 

(2) Formation of N-Oxides 
(Ch. IV, Sect. Z.C(4) and Ch. X, Sect. 4.A) 

Pyrimidine is largely destroyed during formation of its N-oxide, 
but the alkyl- and alkoxy-pyxhidines give mono-N-oxides in good 
yield by the action of hydrogen peroxide in acetic acid. 

The oxides may be reduced to the parent pyrimidine by hydro- 
genation or with phosphorus trichloride. They undergo the usual 
reactions of N-oxides such as the Reissert reaction, which is illustrated 
in the conversion of 4-methoxy-6-methylpyrimidine-N-oxide into 
2cyano-4-methoxy-6-methylpyrimidine with benzoyl chloride and 
potassium cyanide. 

(3) A &ition of HypObromozcs A Cid 
(Ch. VI, Sect. 2.A(6)) 

The bromination in water of barbituric acid, uracil, and related 
compounds is abnormal. Barbituric acid yields 5-bromo- and 5,5- 
dibromo-barbituric acid (LII) and (LIII). Uracil yields fhally a true 

OH 0 OH OH OH 

dihydro derivative, 5,5-dibromo-4,5-dihydro-Z,4,&trihydroxypyrim- 
idine (LVI). The mechanism of the formation of (LIII) is unknown, 
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but it could be addition of HOBr to the 4,5-bond of the monobromo 
derivative (LII), followed by dehydration. On the other hand, the 
route to (LVI) has been recently worked out, and it does involve 
addition of HOBr to give (LIV), followed by dehydration to 5-bromo- 
uracil (LV), which then again adds HOBr to give the stable entity (LVI). 

(4) Addition of W&r 
(Ch. VII, Sect. 8.A) 

On ultraviolet irradiation in aqueous solution, uracil (LVII) adds 
H,O across the 5,6-bond to give 4,5-dihydro-2,4,6-trihydroxypyrim- 
idine (LVIII). Treatment with acid reverses the process. 1,3-Dimethyl- 
uracil behaves similarly, but in thymine (LIX) the 5-methyl substituent 
is sufficient to preclude such hydration. 

OH OH OH 

(LVII) (LVII I) 

(5) Additwlt of Grignard Reagertts a& Lithium Alkyls 
(Ch. IV, Sects. 1.C and ZA(5)) 

Grignard reagents readily add to the l,6-b0nd of pyrimidine, 
giving for example (LX), which OR hydrolysis gives the dihydro 
derivative (LXI), and this on oxidation gives 4-phenylpyrimidine 
(LXII). Lithium phenyl adds similarly, and eventually also yields 
(LXII). Not surprisingly, two alkyl groups can thus be introduced, 
as in 4,6-dibutyl-2-dimethylaminopyrimidine (LXIII). 

F. Oxidative Reactions 

Oxidation of a pyrimidine is seen in the direct introduction of 8 

5-hydroxy group into 2-hydroxy-4,6-dimethylpyrimidine by the Elbs 
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persulphate reaction (Ch. VII, Sect. 2.C). The intermediate ester, the 
5-pyrimidinyl hydrogen sulphate, has been isolated. Such oxidation 
required the presence of at least one electron-releasing group, and has 
only been recorded in the 5-position. 

Elevation to an oxidation state above that of pyrimidine is seen 
in the oxidation of dialuric acid (tetrahydroxypyrimidine; LXIV) to 
alloxan (LXVI). The process is reversible, and in each direction passes 
through alloxantin (probably LXV), which empirically is a dimer of 
a dialuric acid molecule which has lost a hydrogen atom (Ch. VII, 
Sect. 9). 

Degradative oxidation of pyrimidines, although it is occasionally 
informative, has been little used. 

Oxidative modification of groups differs little in principle from 
similar procedures in the benzene series. Thus a C-methyl- or styryl- 
pyrimidine yields a carboxylic acid with permanganate, a hydroxy- 
methyl group may be oxidized to an aldehyde or acid according to 
conditions, a mercapto group may be oxidized to a disulphide with 
iodine (but not by air, except in the 5-position), and this in turn yields 
a sulphonic acid with hydrogen peroxide or permanganate. Mono- 
sulphides give sulphones with permanganate, and alkylthio derivatives 
yield sulphones similarly, or with chlorine. A hydrazino group has been 
removed in favour of hydrogen by treatment of the pyrimidine with 
copper sulpbate. 

OH OH OH 0 

(LXIV) (LXVI) 

G. Reductive Reactions 

Compared with the paucity of oxidative reactions, there are many 
important reductive processes used in pyrimidine chemistry. These 
may be divided into three classes. 

( 1) Nuclear Redwcctiort 
(Ch. XII, Sects. 1.H, 2.D, and 3) 

A vast field of reduced pyrimidines awaits adequate exploration. 
The three groups (di-, tetra-, and hexa-hydropyrimidines) include no 
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fewer than nine distinct series, of which several are virtually untouched. 
Most of the known hydropyrimidines have been made by primary 
synthesis, but some by reduction of pyrimidines. 

Speaking generally, catalytic hydrogenation over palladium or 
platinum in acid tends to reduce more easily those double bonds free 
of an attached group (halogen excepted). Such a reduction in any 
case normally stops at  the tetrahydro stage, and the remaining un- 
saturation is usually a 1,2- or 2,3double-bond. Uracil is thus reduced 
to 4,5-dihydro-2,6dihydroxypyrimidine (LXVII), but reductive de- 
halogenation of 2-amino-4,6dichloropyrimidine gives a 2-amino-tetra- 
hydropyrimidine, and pyrimidine itself yields 1.4,5,6-tetrahydro- 
pyrimidine (LXIX). 

Boiling with Raney nickel has a similar effect, reducing uracil 
to its dihydro derivative (LXVII), but 2-hydroxypyrimidine to its 
tetrahydro derivative (LXVIII). 4-Hydroxy- and 4-minopyrimidine 
are stable to such treatment, but yield to hydrogenation over palladium 
or platinum. 

Most of the classical chemical reducing agents do not reduce the 
pyrimidine nucleus, but lithium aluminium hydride gives tetrahydro 
derivatives from barbiturates. Valuable aspects of this reagent are 
that it does not necessarily reduce at the same place as does hydro- 
genation, and that a mercapto group can be present and remain un- 
affected during a reduction, which might lead for example to (LXX). 
Electrolytic reductions have been reported to give a variety of products 
from pyrimidines, but in the present state of knowledge the method 
is of little use. 

Very few hexahydropyrimidines have been made by reduction, 
but the well-characterized 2-aminohexahydropyrimidine is one. 

OH 

x z I o H  H H H 

(LXVII) (LXVI 11) (LXIX) (LXW 

(2) Redwtive Rsmoval of Groufis 

Primary synthesis often gives a pyrimidine bearing unwanted 
groups. Chloro, mercapto, and carboxy substituents can be removed 
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with ease, and others can often be changed into one of these and then 
removed. 

Chlorine, especially in position-$, may be removed by chemical 
reducing agents (Ch. IV, Sect. Z.A(2) and Ch. VI, Sect. 5.A), the best of 
which is zinc dust with water or mildly acid solution. Commercial 
preparations of 2-aminopyrimidine from its 4-chloro derivative have 
made use of this reagent. A better way to remove chlorine is catalytic 
hydrogenation over palladium, but in the presence of a base, without 
which nuclear reduction may also take place. Pyrimidine can thus be 
made from any of its mono, di, or trichloro derivatives. These hydro- 
genations do not differentiate at all between chlorine in different posi- 
tions, and a poly-chloropyrimidine on partial dechlorination invariably 
gives a mixture of products. 

Mercapto and methylthio groups can be most conveniently re- 
moved by boiling a solution with an excess of Raney nickel catalyst 
(Ch. VIII, Sect. l.D(I)). The method always desulphurizes P-mercapto- 
pyrimidines efficiently, but when it is applied to 4-mercaptopyrimidines, 
nuclear reduction sometimes accompanies desulphurization. The same 
is true of 5,5-didkyl-2-thiobarbituric acids. 

(3) Reductive Modification of Groups 

The reduction of 5-nitro-, 5-nitroso-, and 5-arylazo-pyrimidines to 
their amino analogues can be done, as in other series, by a variety of 
chemical agents, but catalytic hydrogenation and sodium hydro- 
sulphite are particularly favoured. An interesting deviation from 
normal is the formation of 5-amin0-2,4-dihydroxy-6-sulphopyrimidine 
(LXXI) by hydrosulphite reduction of nitrouracil. 

The reduction of other groups is by no means unique to pyrim- 
idines, but the method of making a secondary amine, e.g. (LXXIII), 

from an acylated primary amine (LXXII) with lithium aluminium 
hydride, is mentioned as being useful in position-5, where such groups 
are difficult to introduce by other means. 
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H. The Modikation of Substituents 

As distinct from a complete metathesis, modification of a group 
does not involve rupture of the bond joining it to the parent ring 
system. Several cases of such modification involving oxidation or 
reduction have already been discussed, as in the reduction of a nitro 
group to an amino group, or the oxidation of a mercaptam to a disul- 
phide. 

(1) Amino Gruzc$s 
(Ch. IX and Ch. X, Sect. 2.A) 

Only 5-aminopyrimidines can be diazotized and subsequently 
coupled. The amino group in other positions, although no less truly 
-NH, in structure, is involved as a cyclic guanidine, 8.g. (LXXIV), 
or a cyclic amidine, e.g. (LXXVII), and therefore does not diazotize. 

Amino groups in any position may be acylated, but a 2,5- or 
4,5-diaminopyrimidine acylates preferentially at position-5, and only 
much more slowly does it form a 2,5- or 4,5-bisacylamino derivative, 
There are few examples of an amino group bearing two acyl groups. 

Simple 5-aminopyrimidines can sometimes be alkylated or arylated 
on the amino group. When the amino group occupies another position, 
initial alkylation on a ring nitrogen atom practically always occurs. 
Thus 2-aminopyrimidine (LXXIv) and methyl iodide yield the strongly 
basic 1 ,Z-dihydro-2-imino- 1 -methylpyrimidine (LXXV) as hydriodide. 
Such bases can be isolated and characterized, but are unstable in alkali. 
They either rearrange to the corresponding methylamino derivative, 
e.g. (LXXVI), or, when the imino group is y to the methyl group as in 

(LXXVIII), they often simply hydrolyse to the corresponding 0x0 
derivative. The mechanism of the rearrangement of (LXXV) involves 
rupture of the 1,6-bondJ rotation about the 2,3-axisJ and ring closure. 

A pyrimidine bearing an amino group in any position can be con- 
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verted into an mil with aldehydes, a urethane with ethyl chloroformate, 
and a ureide with isocyanates. In these reactions, a 5-amino group 
generally reacts preferentially to an amino group elsewhere. 

(2) Hydvoxy Growps 
(Ch. X, Sects. I.A(3) and (4)) 

Only 5-hydroxy groups can be 0-acylated. Other hydroxy deriva- 
tives, such as uracil, sometimes can be acylated on a ring nitrogen to 
yield an unstable N-acyl-oxopyrimidine, e.g. (LXXIX). 

Alkylation of 5-hydroxypyrimidines gives the 5-alkoxy derivative, 
but if the hydroxy group is in another position, a mixture of 0- and 
N-alkyl derivatives results, in which the latter predominates. Thus 
2-hydroxypyrimidine and diazomethane give (LXXXI) and (LXXXII) 
in the ratio of 1 :4, and even this is an unusually high proportion of 
0-alkyl isomer. Prolonged heating of such a methoxy derivative as 
(LXXXI) above its melting point removes the methyl group to the 
ring nitrogen standing next to it, thus giving the N-methyl-oxo 
compound (LXXXII). The same rearrangement, but probably by a 
more complicated mechanism, can often be brought about at room 
temperature by long standing with methyl iodide. It must not be 
concluded that any appreciable amount of the N-methyl derivative 
(LXXXII) is formed via the methoxy derivative (LXXXI) during 
normal methylation of 2-hydroxypyrimidine. 

0 - 
/"N I1 A 
'N OH 

I 
Me 

I 
OAc 

(LXXIX) (LXXX) (LXXXI) (LXXXII) 

(3) MercaPtu G r o ~ p s  
(Ch. VIII, Sects. 1 .D(2) and (6)) 

Unlike their oxygen analogues, mercaptopyrimidines (whatever 
the position of the group) acylate and alkylate exclusively on sulphur. 
The greater polarizability of sulphur compared with oxygen seem to 
account for this, and the fact that the tautomeric equilibrium of a 
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2-, 4-, or 6-mercaptopyrimidine is known to overwhelmingly favour 
the thioamide form is obviously irrelevant. 

(4) Methyl Groufis 
(Ch. IV, sect. 2.C) 

When it is in the 2-, 4-, or 6-position, a methyl group is active 
in the sense of that in 2,4-dinitrotoluene. Thus 2,4,6-trimethyl- 
pyrimidine gives with benzaldehyde and a zinc chloride catalyst, 
2,4,6-tristyrylpyrimidine. A methyl group in position-5 does not so 
react, so that 2,5dimethylpyrimidine treated similarly gives only 
5-methyl-2-styrylpyrimidine. Other catalysts include acetic anhydride, 
alcoholic potash, and pipendine or other organic bases. Chloral also 
condenses with activated methyl groups, but the initial condensation 
product, RCH,CHOHCCl,, is stable and does not eliminate water to 
give the equivalent of a styryl group. 

Methyl groups in the active positions undergo both the Claisen 
and Mannich reactions, giving for example from 4-methylpyrimidine, 
respectively (LXXXIII) and (LXXXIV). The Mannich reaction m y  
involve the 5-position if electron-releasing groups are present to de- 
activate the methyl group. 

Halogenation of methyl groups proceeds normally, and even tn- 
bromomethyl derivatives such as (LXXXV) have been prepared. 

CJ3&OCO,Et CH,CHNde, c; CJ c;L ‘1 

(LXXXV) (LXXXIII) (LXXXIV) 

I. A Free Radical Reaction 

Addition of P-nitrobenzenediazonium chloride to pyrimidine 
results, not in coupling at position-5, but in a mixture of 2- and 4-p  
nitrophenylpyrimidines slowly formed by a Gomberg type of reaction. 

5. Physical Properties of Pyrimidines 

Apart from spectra and ionization constants, the physical proper- 
ties of pyrimidines have not been widely investigated, analysed, or 
even recorded. 
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A. Electronic Structures 

The distribution of electrical charges (Le. the gain or loss of 
z-electrons at each atom of the molecule) has been recently calcu- 
lated'% for pyrimidine (LXXXVI), pyrazine (LXXXVII), pyridazine 
(LXXXVIIL), and pyridine (LXXXIX), by a refined method. 

The essential difference between this 'YESCF" method and earlier ones 
is in the calculation of effective nuclear charges in the field of which the z- 
electrons move. Here the occupation number of t&e 2px atomic orbital on a 
conjugated atom is taken to be the z-electron density for the atom in the 
molecule. rather than that for the neutral isolated atom.'* The method has been 
outlined." 

The diagram for pyrimidine (LXXXVI) shows the considerable 
depletion of electron density at positions -2 and -4, the slight depletion 
at position-5, and the greatly enhanced density at the nitrogen atoms. 
The changes in a- and y-positions are naturally more marked in 
pyrimidine (where the nitrogen atoms act in unison) than in pyrazine 
or pyridazine (where they do not), or in pyridine (which has but one 
electron-withdrawing centre). On this of course depends the unique 
character of pyrimidine chemistry. Previous calculations for pyrim- 
idineuA7, although differing in detail, express the same pattern. 

Such calculations have been extended" to pyrimidines of bio- 
I o g i d  interest, for example to the various possible tautomeric forms 
of uracil. The density assigned, for example, in the dioxo form of uracil 
to position4 (viz. -.219) is particularly interesting compared with a 
figure of virtually nil in pyrimidine. It is this enhanced electron 
density, consequent on the insertion of electron-releasing groups, which 
now permits ready electrophilic substitution and discourages nucleo- 
philic activity at position-5 in uracil. 

+ -054 --.0828 + .MI0 + .0164 

Q;:K +*wn 
, ,N--.0632 

(LXXXVI) (LXXXVII) (LXXXVIII) 
--.0974 

N 

(LXXXIX) 
(2 N --.ow +*m'c> + .0746 

B. Ionization Constants 

Because of their utility in problems of structure, and their essential 
role in the precise measurement of the ultraviolet spectra of pure 
species, the ionization constants of pyrimidines have been widely 
recorded of recent years. 
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Pyrimidine (pKs 1.3) is a weak base compared with pyridine 
(pK, 5.2). This is understandably due to depletion of the n-electrons 
caused by the insertion of the strongly electron-withdrawing second 
nitrogen atom. Pyrimidine is therefore more akin to 3-nitropyridine 
(pK, 0.8), which contains the strongly electron-withdrawing nitro 
group, than to the parent pyridine. The pKa values of pyrimidines 
are discussed in Ch. XIII, Sect. 1, and most of the known figures are 
collected in Table XVI. 

C. Spectra 

The infrared, ultraviolet, and Raman spectra of pyrimidines are 
discussed in the essay by S. F. Mason (Ch. XIII, Sect. 2). The nuclear 
magnetic resonance spectra of some pyrimidines of biological interest 
have also been reported and discussed.@ 

D. Dipole Moments 

The dipole moment of pyrimidine (2.42 D;  dioxane at 35") may 
be comparedag with pyridazine (3.94), pyrazine (0.6), pyridine (2.3; 
benzene). The only extensive use of dipole moments in a pyrimidine 
problem was the comparison50 of the moments of 2-thiouracil (4.2) 
and 4-thiouracil(4.47) with those of their variouss-, N-,  and 0-alkylated 
derivatives. It was conchded that the two thiouracils existed in 
dioxane as the 0x0-thio forms (XC) and (XCI). Unfortunately, uracil 
proved insufficiently soluble in dioxane for comparative measurement." 

0 S c;: 
H 

E. Polarography 

The polarography of pyrimidines forms a very sketchy picture. 
Apart from a little fundamental workwa aimed at elucidation of the 
tautomeric forms of simple amino- and hydroxy-pyrimidines, most 
other papers have dealt with naturally occurring materials or with 
barbiturates. Thus 52 t h i~urac i l s ,~~  barbituric acid,= 5,5-di- 
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ethylbarbituric acid,bR and a range of 5,5-diakyl-2-thiobarbituric 
acidss5 have been submitted to polarography. The results do not warrant 
discussion here, but have been summarised elsewhere.% The polarog- 
raphy of 5-hydroxypyrimidines has been reported.$’ 

F. Solubility and Melting Point 

Pyrimidine is completely miscible with water, but as with other 
heteroaromatic series, hydroxy, mercapto, and amino substituents 
diminish the aqueous solubility. This effect is due to hydrogen bonding 
between molecules, because it is brought about by hydroxy but not 
by methoxy groups, by mercapto but not by methylthio groups, and 
by amino but not by dimethylamino groups. Rise in melting point 
follows the insolubilising effect of the groups. Table XI1 presents the 
known data for simple hydroxypyrimidines, but a mote extensive 
picture of these interesting phenomena can be seen in the pteridine 
series.%59 The solubilities of pyrimidines in non-aqueous soIvents are 
not abnormal. 
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CHAPTER I1 

The Principal Synthetic Method 

1. General Scope 

The name "Principal Synthesis" (the "Common Synthesis") is used 
here to d e d b e  a series of related reactions which are the most widely 
used of all pyrimidine syntheses. Not only is the Principal Synthesis 
highly versatile, so that a wide variety of pyrimidines can be derived 
from it, but the products are themselves capable of further diversifica- 
tion by exchange of groups. This synthesis is exemplified by the conden- 
sation of acetylacetone (I) with benzamidine (11) to give 4,6-dimethyl- 
2-phenylpyrimidine (111). The reaction is usually done under alkaline 
conditions such as in ethanol containing sodium ethoxide, but other 
sohents and even neutral or strongIy acidic conditions have often been 
used to advantage. 

The great versatility of the Common Synthesis lies in the fact that 
one or both functional groups of the three-carbon fragment (I) may be 
replaced by almost any other kind of carbonyl group (such as an 
aldehyde or ester), or by a -C=N group. These lead respectively to 
an unsubstituted 4- or 6- position, to hydroxy, or to amino groups. 
Further, by prior substitution of the methylene group of (I), a 5- 

Me 
i 

Me 
NH 

/% 

0 -+ NH,/'\Ph - &  M "Ph i- 2H,O 
We/%O 

(1) (11) (111) 

substituted pyrimidine results. The amidine (11) may also be replaced 
by urea, thiourea, guanidine, or formamidine, and these yield a pyrim- 
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idine substituted in the 2-position by hydroxy, mercapto, amino, or 
without a group. When these reagents already carry an N-, 0-, or 
S-alkyl group, N-substituted pyrimidines or 2-alkoxy or alkylthio 
derivatives are obtained. 

In practice not every combination cyclizes as expected, but by a 
careful choice of intermediates a wide range of tetra-, tri-, di-, and 
even mono-substituted pyrimidines can be produced. In the following 
pages a systematic survey of this Common Synthesis is presented. 
Examples are given of the condensation of the main classes of three- 
carbon fragment with amidines, urea, thiourea, guanidine, and where 
data is available, with their N-,  S-, or 0-alkyl or aryl derivatives. 
Where there is sufficient information, tables are used to expand the text. 

2. Use of p-Dialdehydes 

Condensation of maJondialdehyde* with formamidine has not been 
achieved yet. but acetamidine gives about 2 % of 2-methylpyrimidine* 
(IV; R=H). N-Methylthiourea, however, gives a good yield of 1,2-di- 
hydro-l-methyl-2-thiopyrimidineS under acid conditions, although 
S-methylthiourea fails to give a pyrimidine;* thiourea itself gives a 
66 % yield of 2-mercaptopyrimidine under similar conditions? although 
under others it failed to react-*n Urea gives 2-hydroxypyrimidine,B 
and N-methylurea gives 72 % of 1,2-dihydro-l-methyl-2-oxopyrim- 
idine? 

Nitromalondialdehyde reacts satisfactorily with a variety of aryl 
and benzyl amidines to give 2-aryl (or benzyl) -5-nitropyrimidines.7.8. lo 

2-Methyl-5-nitropyrimidine (IV; R=NO,J can also be made in this way 
with acetamidine but only in very small yield.9 

Nitromalondialdehyde also reacts with urea' and with guan- 
idhe>* 11-13 yielding respectively 2-hydroxy- and 2-amino-5-nitro- 

* Malondialdehyde is commercially available as its triethyl monomethyl 
acetal ( 1,1,3-triethoxy-3-methoxypropane) and as other acetals; they satis- 
factorily take its place in the Principal Synthesis. 
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pyrimidine, but with thiourea no pyrimidine is obtained. Instead, the 
intermediate thioureide (VI) was said to cyclize to Z-imino-5-nitro- 
1,3-thiazine1* (VII). This has been denied,l6 and the product from the 
condensation with piperidine as basic catalyst, was shown in fact to 
be 5-nitro-2-piperidinopyrimidine. When S-methylthiourea replaces 
thiourea, ring closure can no longer take place on to S and the expected 
2-rnethylthi0-5-nitropyrimidine~~ (VIII) is formed. Unusual catalysts 
used in these condensations are benzyltrimethylamrnonium hydroxideQ 
and ethylpiperidine,l5 

Further condensations of complex S-substituted thioureas with 
nitromalondialdehyde have been reported". to yield pyrimidines. 
Chloromalondialdehyde has been condensed with benzamidine and 
with $-nitrobenzamidine to give 5-chloro-2-phenyl-(and $-n&rophenyl-) 
pyrimidine,'* and with guanidine to give 2-amin0-5-chloropyrimidine.~~ 
Phenylazomalondialdehyde has been condensed both with panidine 
and S-methylthiourea under alkaline conditions to give respectively 
2-amino- and 2-rnethylthio-5-phenylazopyrimidine.~ 

An interesting condensationa@ involves hydroxymethylene phenyl- 
acetaldehydea1 (IX), which may be thought of as the stable half 
enolic form of phenylmalondialdehyde. Gentle treatment with urea 
gives the compound (X) which no longer shows aldehydic properties. 
On warming at 120°, however, without catalyst or solvent 2-hydroxy- 
5-phenylpyrimidine (XI) is produced. 

/CH, 

CHOH Hl" 

(IX) (XI (XI) 

P ,CHO Ph&H N 
n I 
CHOH C=O P h - 4  

U 
%;OH 

The above is an illustration of how a related form of some required 
intermediate can be used for the Common Synthesis. Even better 
examples are furnished by the condensation in alcoholic acid of 1,3,3- 
triethoxypropenea2 (XII) or l,l-dichlor0-3,3-dimethoxypropane~ (XIII) 
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(both virtually mdondialdehyde!) with guanidine to yield !?-amino- 
pyrimidine. Methyl 1-bromo-3,3-dichloropropyl acetate% (XIV) and 
even proppalm (XV) have been used similarly to make ‘2-amino- 
pyrimidine, as has also l-bromo-l,3-dichloro-2-propene,~ and 3-phen- 
oxyacrolein (PhOCH : CHCHO).” 

Et--CH=CH---CH(OEt), CI,CH-CH,--CH(OMe), 

(XII) (XIII) 

3. Use of /3-Aldehydo Ketones 

Surprisingly few examples are known of fl-aldehydo ketones being 
used in the Common Synthesis. Although formyl acetone (XVI) fails 
to condense with benzamidine,l with guanidine carbonate in ethanol it 
gives 2-aminoJZ-methylpyrirnidine~~ 88 (XVII). a-Formylcyclohexanone 
similarly gives 2-amino-5,6,7,8-tetrahydroquinaofine (XVIII), but 
when urea is used in place of guanidine the ring will not close.“ 

On the other hand the acetals of formylacetone fe-g. MeCOCH,CH 
(OMe) 2) condense readily with benzamidine giving 4-methyl-‘2-phenyt- 
pyrimidine,8D with urea to give 2-hydroxy-4-methylpy~imidine,~ and 
with thiourea to give 2-mercapto-4-methylpyrimidine,80.91 as well as 
with guanidine to give 2-amino-4-methylpyrimidine,8gl and with 
dicyandiamide (cyanoguanidine) to give 2-cyanoamino4rnethy1- 
pyrimidine.80 Other such acetals have also been condensed with 
guanidinew and its derivatives,*-* and with urea to give for example 
2-hydroxy-4,5-dimethyIpyrimidine.~~ 98 

CH, 
HN, A N  

7% 
#C* + 7% W,” 4P-q ’“K, 

c-m, - 
CHO 

( X W  (XVII) (XVIII) 

Because of disagreement as to which side of a higher aliphatic 
ketone is formylated, the pyrimidine from formylated hexyl methyl 
ketone (XIX) or (XXI) and guaaidine has been described as 8-amino- 
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4-hexylpyrhidinem (Xx) and as 2-amino-5-amyl-4-methylpyrimidine~ 
(XXII). The balance of evidence seems to favour the former structure 
(XX). By analogy, the structures of 2-amino-4-propylpyrimidine~~ 
and of Z-amin&,5-dimethylpyrimidineas."tSD must be accepted with 
slight reserve. 

Benzoylacetaldehyde (or hydroxymethyleneacetophenone) con- 
denses with guanidine in pyridine to give 2-amino-4-phenylpyrim- 
idine.mpw-B The fi-methyl and Fmethoxy analogues do likewise, but 
p-nitrobenzoylacetddehyde fails in this reaction.8" 

Besides the acetals mentioned above, other indirect intermediates 
used include 4-methoxybutenyne (XXIII) , equivalent to formyl- 
acetone, and bromomucic acid (XXIV), equivalent to formylbromo- 
pyruvic acid (XXIVa). The former gives with m i d i n e ,  2-amino- 
4-methylpyrinlidine or with butyl- or phenylguanidine the correspond- 
ing 2-buryl- or phenyl-amino derivative.M* 41Thiourea gives 2-mercapto- 
4-methylpyrimidine.6 Bromomucic acid (XXIV) has been condensed 
with acetamidine to give 5-bromo-4-carboxy-2-methylpyrimidine~ 

Me0 * CH 5 CH-CH HO&. CBr=CBr-CHO HO,C.CO.CHBr.CHO 
(XXIII) (XXIV) (XSIVa) 

Brf: Me 
(XXV) 

(XXV), and chloro- or bromomucic acid with benzamidine gives the 
2-phenyl Benzoylacetylene with guanidine gives 2-amino- 
4-phenylp~rimidine.~ Bromomucic acid (XXIv) has been condensed 
with S-methylthiourea in the presence of triethylamine to give 5-bromo- 
4-carboxy-2-rnethylthi~py1imidine.~ 
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Two other examples" of intermediates which react as aldehydo 
ketones are furnished by diethyl ethoxymethyleneoxalacetate (XXVI) 
which is equivalent to (XXVIa), and by ethyl ethoxymethyleneacetyl- 
pyruvate (XXVII), equivalent to (XXVIIa). The former with guanidine 
gives 2-amino-4,5-diethoxycarbonylpryimidine (XXVIII) and with 
urea, 4,5-diethoxycarbonyl-2-hydroxypyrimidine, while (XXVII) with 
urea gives probably 5-acetyl-4-ethoxycarbonyl-2-hydroxypyrim.idine 
(XXIX) (of unproven structure). 

C0,Et C0,Et 
I I C0,Et 

"I";' - EtoacY- /co + 
EtO,C---CH 

/co 
Et0,C-C 

H,N/C = NH +NH, 
H I 
CHOEt CHO 

(XXVI) (XXVIa) (XXVI 11) 

L A\ CHOEt CHO N OH 

(xxvr I )  (XXVIIa) (XXIX) 

4. Use of /I-Diketones 

Even the simplest @-diketone, acetylacetone (XXX), has been 
used extensively in pyrimidine syntheses. With acetamidine in cold 
aqueous potassium carbonate, 2,4,6-trimethylpyrimidine (XXXI) is 
produced474 and with benzamidine the product is 4,6-dimethyl- 
2-pl1enylpyrimidine.~ The yields in the latter reaction have been 
recorded= at various pH values and clearly indicate the value of media 
as alkaline as is consistent with stability of benzamidine i.e. ca. pH 10. 
Similar reactions with propionylacetone and with a-acetyl-a-methyl- 
acetone produce the expected  pyrimidine^.^^ Dibenzoylmethane and 
benzamidine failed to give 2,4,6-triphenylpyrimidinem61 

Benzamidine (and the like) condense with 2-acetylcyclohexanone 
to give 4-methy1-5,6-tetramethylene-Z-pheny~pyrimidine and deriva- 
tives; the best yields are obtained in alcohol with piperidine as 

Acetylacetone reacts with urea under acidic conditions to give 
2-hydroxy-4,6dimethylpy1imidine.~~-~ At one time it was believed 
that two forms of this compound existedJ5' perhaps representing the 

catalyst.61 
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two tautomeric forms, but crystallographic evidence has disposed of 
this.@- Valerylacetone failed to give a pyrimidine with urea,(ll but 
benzoylacetone cyclizes with it under aIkaJine conditions/* Acetyl- 
acetone reacts with N-methylurea in alcoholic sulphuric acid to give 
1,2-dihydro-l,4,6-trimethyl-2-oxopyrimidine~~ (XXXII), and with N- 
methylthiourea to give the corresponding 2-thio-deri~ative.~~m~~ With 
thiourea itself, 2-mercapto-4,6-dimethylpyrimidine is formed,89 and 
with S-methylthiourea, 4,6-dimethyl-2-methylthiopyrimidine.~ 

The condensation of guanidine carbonate with acetylacetone is 
remarkably ready; indeed on warming in aqueous solution it is 
exceedingly vigorous.B6s’ At room temperature, the reaction proceeds 
ten times more quickly in strong light than in the dark.67 Two stable 
tautomeric forms of 2-amino-4,6-dimethylpyrimidine have been 
postulated,B8 but the evidence is unconvincing. Methylguanidine 
carbonate on refluxing with acetylacetone gives only one product, 4,6- 
dimethyl-2-methyIaminopyrimidine. It was identified by hydrolysis to 
2-hydroxy-4,6-dimethylpyrimidine. The other possibility, 1,2-dihydro- 
2-imino-l,4,6-trimethylpyrimidine, was sought but not found.@ 

Dicyandiamide (cyanoguanidine) is said to condense with acetyl- 
acetone to give a single product previously formulated as l-cyano- 
1,2-dihydro-2-imin0-4,6-dimethylpyrimidine~ but more recently as 
2cyanoamin0-4,6dimethylpyrimidine?~ However, Fabbr i~~ i~~  strongly 
suggests both products are present. Condensation of acetylacetone has 
also been successful with such substituted guanidines as sulphanilyl- 
guanidine,?S and with $-phenoxyphenylg~anidine.~* 

As an example of using a ,&diketone with a substituted methylene 
group may be mentioned 2-amino-4-methyl-6-phenyl-5-phenylam- 
pyrimidinem (XXXII I) from phenylazobenmylacetone, and many 
other cases are kn0wn.7OS76 

4-Alkyl-2-amino-6-2’-thienyl(and 3’-pyridyl)py~imidines have been 
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prepared7& by fusion of guanidine carbonate with the appropriate 
diketone. The products, typified by 2-amino-4-methyl-6-2'- thienyl- 
pyrimidine were obtained in ca. 20 % yield. 

5. Use of @-Aldehydo Esters 

In this group occur the best synthetic routes to the important 
pyrimidines, uracil, thymine, isocytosine, and thiouracil. 

A. Aldehydo Esters with Thiourcas 

Ethyl formylacetate as its sodio derivative generally written as 
(XXXIV) reacts in aqueous solution with thiourea, with [ lCj  or PSI 
thiourea. or with selenourea giving respectively t h i o u r a ~ i l ~ ~  (XXXV) , 
[ 2-14C] t h i ~ u r a c i l ~ ~ ,  [ssS] thiouracil, OX 2-seleno~racil.~ A similar ready 
reaction takes place with S-methyl- and S-ethyl-thiourea giving 
4-hydroxy-2-methylthiopyrimidine and its ethyl homo1ogue.m When 
cthyl a-formylpropionate is used similarly, 4-hydroxy-5-methyl-2- 
methylthiopyrirnidine8* (XXXVI) (or the ethylthio analogue*') is 
obtained. If thiourea is used the product is 2-thiothymines1 and in the 
past this was used for an intermediate in thymine synthesis; if seleno- 
urea is used the product is 2-selenothyrmne.7e Ethyl a-methyl-@di- 
ethoxy propionate and [14C]thiourea in the same way yield 4-hydroxy- 
2-mercapto-5-methyl[2-*oC]pyrimidi ne.77 

OH 

CH -f" H:N\ C-SH --+ R-S M e \ G  
/CO;Et 

H N ~  1"B,s* "SMe 
n 
CHONa 

(XXXIV) (XXXV) (XXXVI) 

B. The Davidson-Baudisch Synthesis 

Early a t t e m p t ~ ~ ~ * w  to prepare uracil from the above reaction with 
urea in place of thiourea, and in aqueous and alkaline soIution, failed. 
Even in hydrochloric acid the wrong product was formed.8a Davidson 
and Baudisch noticed that von Pechmann88 had shown that malic acid 
(XXXVII) in fuming sulphuric acid first gave formylacetic acid 
(XXXVIII) which subsequently underwent auto-condensation. They 
made use of the transient intermediate in its unpromising medium by 
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adding urea, and there resulted a yield of over 50 % of uracil** (XXXIX). 
When thiourea is substituted for urea, 2-amino-6-oxo-l,3-thiazine is 
formed which slowly rearranges to the isomeric 4-hydroxy-2-mercapto- 
pyrimidine (thiouracil) in dilute ammonia.M With N-butylurea, a 45 % 
yield of only 3-butyluracil has been reported.BS 

CO,OH 
I 

CHOH w,+ 7% v- CH __+ 

I 
CO,H 

COOH COOH OH 
I 7% f n m i a g l  2 

n 
CKO CHOH 

(XXXVII) (xxxwrq (XXXIX) 

Later, guanidine was substituted for urea and under similar 
conditions 2-amino-4-hydroxypyrimidine (isocytosine) is 
A'N-Dimeth y lguanidine similarly produces 2-dime t hylamino-4-hydroxy- 
pyrimidineM (XI.,). The reaction was further extended to use &methyl- 
malic acid (or its ester) with urea, to form 5-methyluraciI" (thymine; 
XLI), and with guanidine to form 5-methyl-isocytosine@' (X.11). 

Acetamidine reacts with ethyl formylacetate in aqueous solution 
to yield 4-hydroxy-2-methylpyririmidine;@O other examples of the use of 
amidines are given in Table 11. 

Substituted p-aldehydo esters have been widely used (as in the 
thymine synthesis above) to introduce substituents directly into the 
5-position of uracil, isocytosine, thiouracil and 4-hydroxy-%methyl- 
pyrimidine. Examples such as (XLIII) are shown in Table 11, and the 
formation of 4-hydroxy-5-#?-methoxycarbonylethyl-2-methylpy1im- 
idinc and similar compounds has been described.@l 

(XLII) (XLIII) 

C. The Use of a-Ethoxymcthylene Eetcre 

Another interesting case of prior substitution is the use of diethyl 
ethoxymethylenemalonate (XLIV) which is virtually &ethyl formyI- 
malonate (XLIVa). This  could then react say with acetamidhe as an 
ddehydo ester, or as a diester and would give respectively 5-ethoxy- 
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42 Chapter I1 

carbonyl-4-hydroxy-2-methylpy1i1nidine (XLV) or 5-formyl-4,6-di- 
hydroxy-2-methylpyrimidine (XLVI). In fact, only one product (XLV) 
is formed,=* indicating the aldehyde to be the more reactive group. 

C0,Et C0,Et OH OH 
I 

C = CH-OEt I Et0,C O H C , A N  

C0,Et I C08Et I HO L A  N Me 

(XLVI) 

t;we 
H U H 0  

(XLW (XLIVa) ( X W  

Although it had been early reporteda6 that urea did not react with 
diethyl ethoxymethylenemalonate, Whiteheadw showed that in 
ethanolic sodium ethoxide, diethyl ureidomethylenemalonate (XLVII) 
was formed, and this cyclized on heating in the same medium to 5- 
ethoxycarbonyl - 2,4- dihydroxypyrimidine (5 - ethoxycarbonyluracil; 
XLVIII). NW-Dimethylurea behaved similarly when simply heated 
with diethyl ethoxymethylenemalonate at cu. 120", and 5-ethoxy- 
carbon yl- 1,3-dime t h yluracil (5-e t hox ycarbon yl- 1,2,3,4-tetrahydro- 1 , 3- 
dimethyl-2,4dioxopyrimidine ; (XLIX)) was directly isolated. 

OH 0 
Et0,C C0,Et 
X' 
I 
CH CO 
\NH/ 

(XLVII) 

I 
Me 

(XLVIII) (XLIX) 

N-Monomethylurea (and its homologues) reacted similarly; the 
single product could be the 1-methyl or 3-methyl derivative of 5-ethoxy- 
carbonyluracil, (L) or (LI).* The latter would seem more likely and was 

OH OH OH 
EtOC * '11 AN EtOSCy--,-J--~ -* C z M e  

\"NO 
I 

Me 

(L) . (LI) (LII) 

proven correctsa by saponification and decarboxylation to 3-methyl- 
uracil (LII), which was considered of authentic structure, and in any 
case was afterwards shown to be so in another connection.m 

tautomeric forms. 
'These and similar formulae could of course be written in alternative 
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Thiourea behaved like urea with diethyl ethoxymethylenernalonate 
and formed 5-ethoxycarbonyl-4-hydroxy-2-mercaptop~dine.~ S- 
Benzylthiourea similarly formed 2-bemylthio-5-ethoxycarbonyl-4- 
hydr~xypyrimidine,@~-~ while N-methylthiourea and its alkyl and aryl 
homologues gave, for example, 5-ethoxycarbonyl-3-methyl-2-thio- 
uracilm (LIII). The position of the methyl group was checked by 
S-met hylation to 5-e t hoxycarbn yl-3 , 4-dih yd ro-%met hy I-2-me t hyl- 
thio-4oxopyrimidine (LIV) which was saponified, decarboxylated, and 
hydrolysed by boiling hydrochloric acid to 3-methyluracil (LV). 

n n 

A similar case is the condensation of ethyl ethoxymethylene- 
acetoacetate (Lvf) with wealoo to give first the intermediate ethyl 
ureidomethyleneacetoacetate (LVII). This is said to cyclize through 
the ester group when dissolved in warm aqueous potassium hydroxide 

Et0,C COMe EtOaC COMe 
‘C’ THa 

II 
CH CO 

\c, 
U ----.-+ CW 
‘OEt \NH/ 

W I )  (LVII) 

0 0 Me 

to give 5-acetyl-2,4-dihydroxypyrimidine (LVIII), but through the 
keto group when dissolved in warm alcoholic sodium ethoxide, giving 
5-ethoxycarbonyl-2-hydroxy-4-methylpy~imidine (LIX). Further, the 
latter gives the 5-acetyl derivative (LVIII) on warming in aqueous 
potassium hydroxide.m1 Thus, the ethyl ethoxymethyleneacetoacetate 
has virtually reacted with urea as an aldehydo ester or as an aldehydo 
ketone according to conditions. 
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A potentially even more complicated reaction is that of ethyl 
ethoxyme thyleneace toace tate (LVI) with N-methylurea. The former 
could react as an aldehydo ketone, an aldehydo ester, or a keto ester, 
and in each case methyl could appear on N, or N,. In practice only one 
product, 5-acetyl-3-methyluracil (LX), was isolated.loa I t  was identified 
by oxidative nitration to 3-methyl-5-nitrouracil (LXI). Although this 
result must be slightly suspect until confirmed, it would seem that the 
intermediate reacts as an aldehydo ester in preference to an aldehydo 
ketone which might appear to be more likely. N-alkyl- and aryl- 
thiourea reacted similarlyBg to give for example 5-acetyl-3-ethyl- 
2-thiouracil, but the structures of the pyrimidines seem to rest only 
on analogy with the above. The reactions of ethoxymethylenecyano- 
acetate as an aldehydo ester are treated in Chapter 11, Sect. 8. 

6. Use of P-Eeto Esters 

As might be expected, /3-keto esters behave very like B-aldehydo 
esters when they participate in the Common Synthesis. 

A. Keto Esters with Thioureas 

Ethyl acetoacetate condenses with thiourea under a variety of 
conditions including mere admixturellf6 solution in alcoholic hydrogen 
chloride,l17 in alcoholic sodium ethoxide,lU in methanolic sodium 
methoxide,118-121 in aqueous alkali,lzZ or in aqueous potassium carbon- 
ate.1a2 The last mentioned is probably the least troublesome and gives a 
95 % yield of 4-hydroxy-2-mercapto-6-methylpyrimidine (rnethylthio- 
uracil).* Because of their anti-thyrotoxic activity many 6-alkyl, 5,6-di- 
alkyl, and related thiouracils have been made. Examples are given in 
Table 111. An interesting variation, although of little practical value, 
is the use of imino or methylimino derivatives corresponding to aceto- 
acetate. Thus ethyl fi-iminobutyrate gives with thiourea, 4-hydroxy- 
2-mercapto-6-methylpyririmidine, and ammonia is lost.lm When S- 
methylthiourea replaces thiourea, the condensation with acetoacetic 
ester takes place at  room temperature during 48 hours in aqueous 
alkaliaD (or better in sodium carbonatela*) giving 4-hydroxy-&methyl- 
2-methylthiopyrimidine. Similar reactions are noted in Table 111. Some 

*When the reaction is carried out in fuming sulphuric acid 2-amino- 
4-methyl-6-0~0- 1 .bthiaziae i s  f0rmed.w 
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interesting observations on the formation of thiouraeils have been 
reported.’= 

B. Keto Esters with Addines 

Ethyl acetoacetate reacts with, for example, acetamidine or 
2-methylpropionamide in the presence of aqueous alkali to give 
respectively 4-hydroxy-2,6-dimethylpyrimidine and 4-hydroxy-Piso- 
propyl-6-methylpyrimidine.1m- Phenylacetamidine, benzamidine, and 
other amidines react similarly (see Table III). Formamidine gives an 
anomalous product,lN but with ethyl methylacetoacetate it gives the 
expected 4 - hydroxy - 5,6 - dimethylpyrimidine. Diethyl ethylidene- 
rnalonate [CH,CH: C(CO,Et),] reacts with acetamidine rather similarly 
giving 5 - ethoxycarbonyI-4,5-dihydro- 6- hydroxy - 2,4- dimethylpyrim- 
idine.lSgThis is a Principal Synthesis at a lower oxidation state (Ch. XII, 
Sect. l.A). 

C. Kcto Esters with Guanidines 

Guanidine reacts readily with @-keto esters giving 6-substituted 
iwytosines. Thus ethyl acetoacetate and guanidine, heated together 
without l9O or in ethanoP3** 133 yield 2-amino-4-hydroxy- 
6-methyIpyrimidine. Similarly NN-dirnethylguanidine (alcohol ; sodium 
ethoxide) leads to 2dimethylamin0-4-hydroxy-6-rnethylpyrimidine.~~~ 
As with the aldehydo esters, ethyl acetoacetate carrying substituted 
phenoxy, naphthoxy, and benzyl groups has been condensed with 
guanidine to obtain 2-amino-4-hydroxy-6-methylpyrimidines with the 
appropriate group in the 5-position (e.g. LXII and LXIII). Several 
other examples appear in Table 111. 

An interesting problem arises with monomethylguanidine. It 
could give with ethylacetoacetate three products as shown in (LXIV), 
(LXV), and (LXVI). In practice only two products, 4-hydroxy-6- 
methyl-2-methylaminopyrimidine (LXIV) and 5-amino- 1,4-dihydro- 
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1,6-dimethyl-4-oxopyri1nidine (LXVI) were isolated.*@ Because yields 
were not given, it is not impossible that the third product was simply 
missed. Allylguanidine gives analogous products.88 

OH 

Occasionally, complicated guanidine derivatives have been used 
in the Principal Synthesis: thus #-nitro-, $-amino-, and P-acetamido- 
benzenesulphonylguanidine have been condensed's with keto esters 
giving for example 4-hydroxy-6-methyl-2-~nitrobenzenesulphonamido- 
pyrimidine (LXVII). Many substituted phenyldiguanides have been 
similarly usedIS5 to produce in aqueous alkali at room temperature 
such compounds as 4-hydroxy-6-methyl-2-phenylguanidinopyrimidine 
(LXVIII; R=H). 

D. Keto Ektere with Urea and Derivatives 

The condensation of urea with ethyl acetoacetate takes place more 
obviously in two stages than do most Common Syntheses. The best 
method,fss following essentially early procedtues,1S7-1SB effects con- 
densation to ethyi /?-ureidocrotonic acid (LXIX) in ethanol containing 
hydrochloric acid, and by solution in hot alkali and reprecipitation with 
acid cyclizes it to 2,4-dihydroxy-6-methylpyrimidine (LXX) in 75 % 
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yield. Dicarboxyacetone (LXXI) (made in sdu from citric acid) reacts 
with urea in fuming sulphuric acidlm giving 4-carboxymethyl-2,6-di- 
hydroxypyrkidine, but ethyl oxalacetate (LXXII), although it gives 
the expected 4-~arboxy-2,6-dihydroxypyrimidine,~~~ -la has been shown 
to proceed there through anisomeric h y d a n t o i P  (Ch. 111, Sect. 5.E( l)), 
which had been mistaken at times for the pyrimidine. Similar doubts 
have been cast on the "ethyl ester of 3-phenylorotic acid" and related 
compoundslU which are probably hydant0ins.l' The preparations 
cannot therefore be classified strictly as Common Syntheses. Diketene 
(LXXIII) (which can easily be hydrolysed to ethyl acetoacetate) reacts 
with urea directly in inert solvents, giving 2,4-dihydroxy-6-methyl- 
pyri~nidinel4~~f~ (LXX). With symdisubstituted ureas it gives e.g. 
1,3-diaJlyl- 1,2,3,4-tetrahydro-6-methyl-2,4dioxopyri1nidine.~~ 

,CO,Et OH 

&fe/C\N/%,0 Ye %'.OH 

(LXIX) (LXX) 

fi c I y-h 
H 

/CO$H /COgEt 

M C - 0  /CQ /co 

(LXXI) (LXXII) (LXXIII) 

0-Methyl- and 0-ethyl-urea condense with ethyl acetoacetate to 
yield 4- hydroxy - 2 - methoxy - 6 - methylpyrimidine and 2 - ethoxy - 4- 
hydroxy - 6 - methylpyrimidine respectively." 14* Ethyl ethylaceto - 
acetate and 0-methylurea give 5-ethyl-4- hydroxy-2-methoxy-6- 
methylpyrimidine.l"g 

N-Methyl-, and N-cyclohexyl-ureas condense with ethyl aceto- 
acetate in two stages as does urea.lM) N-Phenylurea, however, reacts 
abnormally.160 

7% 7% 
HO,C-CH, Et0,C *& 

7. Use of @-Diesters (Malonic Esters) 

This section contains among others all the barbituric acid deriva- 
tives, of which many hundreds of examples are recorded in the litera- 
ture. The following treatment gives representative examples of a 
simple nature. 
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A. Malonic Esters and Amidinee 

Esters of malonic acid react readily with amidines giving 4,6- 
dihydroxypyrimidines. Even formamidine, which is often difficult, 
reacts at room temperature with diethyl malonate to give 80% of 
4,6 - dihydroxypyrimidine.lrn Acetamidine, 1% 117~1m~ 185 propionam- 
idine,l75~ 184 and butyramidinelB6 similarly condense with diethyl 
d o n a t e ,  and with a variety of its a-akyl derivatives, to give 2-methyl- 
(ethyl- or propyl-)-5-alkyl-4,6-dihydroxypyrimidines (LXXIV). Ex- 
amples appear in Table IV. Carbamoyl acetamidine has also been used 
to give 2-carbamoylmethyl-4,6-dihydroxypyrimidine188 (LXXV). Di- 
ethyl ethylidenemalonate reacts with acetamidine to give 5-ethoxy- 
carbonyl-4,5-dihydro-6-hydroxy-2,4-dime thylpyrimidine.12B 

Benzamide has been condensed not only with malonic esterm7 and 
its monoalkyl derivatives,lW but also with m-dialkyl derivatives.lR Thus 
benzamide and diethyl diethylmalonate in alcoholic sodium ethoxide 
yield 5,5-diethyl-4,5-dihydro- 6- hydroxy-4-0x0-2-phenylpyrimidine 
(LXXVI) which is generally written in the 4,6-dioxo-tautomeric form. 
In such a compound, however, valency requires but one of the two 
hydroxy groups to be fixed in the 0x0-form. An interesting variant of 
this compound was prepared from ethyl trimethylenemalonate and 
bemamidine which gave 4,5-dihydr0-6-hydroxy-4-0~0-2-phenyl-5,5- 
trirnethylenepyrimidine1@ (LXXVII) in 60 Yo yield. 

OH OH OH 

CH,.CO,NH, O * Y d W h  Ph 

(LXXIV) (LXXV) (LXXVI) (LXXVII) 

B. Malonic Esters with Urea and its Allcyl Derivativea 

Malonic acid was first condensed with urea to give barbituric acid 
(LXXVIII) by GrimauxlB9 in 1878. He used phosphoryl chloride as 
condensing agent as did later Conrad and GuthzeitlW and acetic 
anhydride has also been lQ2 The best synthesis of barbituric acid, 
however, is from diethyl malonate and urea in the presence of sodium 
ethoxide. Several procedures have been r e c ~ r d e d ~ ~ ~ - ~ ~  culminating in 
a precise rnethod,lsg which uses molecular proportions of the reactants 
in ethanol under reflux for 7 hours and gives up to 80% yield. N W -  
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Dimethylurea has been condensed with diethyl malonate in the presence 
of sodium ethoxide,aOe# with malonyl chloride in phosphoryl 
chloride,e01 and best with maIonic acid in the acetic acid-acetic 
anhydride mixturelpel to give 1,3-dimethylbarbituric acid (LXXIX). 
An appreciable by-product in the last case has been shown to be almost 
certainly 5-ethoxycarbonylacetyl- 1,3-dimethylbarbituric acid, and the 
conditions of reaction have been amended in order to largely avoid its 
formation.203 0-AUylurea readily condenses with dimethyl malonate 
to yield 2-aIlyloxy-4,6-dihydro~ypyrimidine.~~~ Table IV shows' other 
examples of the use of alkylureas. 

The condensation of the C: C-diallcyl maIonic esters with wea takes 
pIace less readily, but has been extensively used in making the barbi- 
turate drugs. Fischer and DiltheyeOB first reported ten such reactions 
in 1904 as  well as several with alkyl ureas. They found that it was 
necessary to heat the reactants at 105-108" in alcohol containing 
sodium ethoxide for about 5 hours, with resulting yieIds of about 70 %. 
No real advance on this procedure seems to have been found to the 
present day, although interesting variants have been sometimes 
proposed. One such is the use of sodio-urea with diethyl e thy ldona te  
in acetone at room temperature to give 5-ethylbarbituric acid in 80 % 
yield.m6 

Much of the huge literature of the barbiturate drugs consists of patents, 
and no attempt will be made to summarize it here. 

Although several items must anticipate reactions to be described later, 
mention must be made in this section of the historically important 5,5-diethyl- 
barbituric acidm (LXXX; barbitone; barbital; Veronal) which is the parent 
compound of the drug series, and of the following barbituric acid derivatives 
in current use. 

5-Ethyl-5-phenyl- (phenobarbitone ; phenobarbital ; Luminal).*@ 
5-Ethyl-5-1'-methylbutyl- (pentobarbitone; pentobarbital; Nembutal).Wr 
5-Ethyl-5-isoamyl- (amylobarbitone; amobarbital ; Amytal).m@ 
5-Allyl-5-1 '-methylbutyl- (quinalbarbitone; secobarbital ; Seconal). This 

barbiturate was first prepared directly but in an impure stateaoB due to partial 
rearrangement of the intermediate to diethyl a-allyl-a-1 -ethylpropylmalonate.*lo 
Later this was avoided by preparing it*ll and related barbituratesala by 5-allylation 
of 5-monoalkylbarbi~ric acids with allyl bromide and sodium hydroxide. 

5-Cyclohex-l'-enyl-l,5-dimethyl- (hexobarbitone; hexobarbital; Evipal: 
Evipan). This is best made by condensing ethyl a-cyclohex- 1 snyl-a-cyano- 
propionate with N-methylurea and submitting the resulting 4-aminopyrimidine 
derivative" to acid hydrolysksla 

5-Cyclohex-1 '-enyl-5-ethyl- (cyclobarbitone; Phanodorn etc.). Prepared as 
above.al4 

* The general route to barbituric acid derivatives by way of hydrolysis of a 
4-amino derivative 1180,811 bas now been widely used. 
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5-Ethyl-5- 1'-methylbut-1 '-enyl- (vinbarbitd; vinbarbitone; Delvinal). This 
was best made by condensing ethyl a-ethyl-a-1 -methylbut-1 -enylcyanoacetate 
with guanidine and then hydrolysing the 2,4-diaminobarbiturate with acid.a16*Sl* 

5-Ethyl-5-1'-methylbutyl-Z-thio- (thiopentone; Pentothal). Besides the 
direct synthe~is,s~~* 818 thiswas made from the corresponding Camino derivativeale 
and by thiation of 5-ethyl-5- 1 '-methylbutylbarbituric acid with phosphorus 
pentasulphide.**= The methods have been compared.ma 

5-Allyl-5-cyclohex-2'-enyl-2-thio- (thialbarbitone; Kernithal).* 
The pharmacology of the barbiturates has been briefly reviewed,*%, f l 6  and 

collections of references to their chemistry are given in Meyer and Jacobson's 
"Lehrbuch"aa8 and in "Thorpe's Dictionary".**e A paper"' on short-acting 
thiobarbiturates related to thiopentone includes 5-s-butyl-5-ethyl-1 -methyl-% 
thiobarbituric acid, a potential addition to the clinically useful members of 
this class. 

OH 0 0 

Me 
(LXXVIII) (LXXIX) (LXXX) 

C. Malonic Esters with Thiourea and Derivatives 

Although i t  is clear that thiourea condenses with diethylmalonate 
to give 4,6-dihydroxy-2-mercaptopyrimidine (thiobarbituric acid 
(LXXXI)), the literature of this pyrimidine and its derivatives is 
rather unsatisfactory. Thiobarbituric acid has been made from diethyl 
sodiomalonate and thiourealg5S zso (no yield given), but a later more 
normal method was developed using the ester, thiourea and sodium 
ethoxide in ethanol: 80" for 10 hours gives 30% yield; 105" €or 15 hours 
gives a 45 % yield.831 A number of 5-mOnO- and di-alkyl-thiobarbituric 
acids have been made. The conditions used are 80" for 5-8 hours and 
the yields indicate that the alkylated malonic esters seem to react 
rather more readily with thiourea than does the parent ester. Table IV 
contains further examples. Although Johnson and HillZ32 suspected 
anomalous open chain products from two such reactions aimed at 
5,5-diallyl-, and 5-allyl-5-benzyl- 2-thiobarbituric acids (LXXXII) 
these products were later shownz33 to be in fact the required barbi- 
turates.* 

Substituted thiourea have scarcely been used in these reactions. 
However, NN'-diphenylthiourea reacted with malonicacidin phosphoryl 

The two most important thiobarbiturates have been mentioned in Ch. 11. 
Sect. B. 
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chloride to give 1,3-diphenyl-2-thiobarbituric acid= (1,2,3,4-tetra- 
hydro-6-hydroxy-4-0~0-1,3-diphenyl-2-thiopyrimidine) (LXXXIII) . It 
has been reported that S-alkylthioureas react normally with malonic 
esters,m but this was later disputed.= An authentic example is, 
however, the condensation under normal conditions of &ethyl benzyl- 
oxymalonate with S-ethylthiourea to give 5-benzyloxy-2-ethylthio- 
4,6-dihydroxypyrimidine (LXXXIV) in 51 % yield.*= 

OH 0 0 OH 

Ph 

(LXXXII) (LXXXIII) (LXXXIV) 

D. Malonic Esters with Guanidine and its Auryl Derivatives 

Guanidine reacts with diethyl malonate under a variety of 
conditions to give 2-amino-4,6-dihydroxypyrimidine.830. 838* 858 The best 
conditions seem to be refluxing for only H hour in alcoholic sodium 
ethoxide (54 %).sLo Similarly 2-amino-5-ethyl-4,64lihydroxypyrimidine 
(LXXXV) has been made from diethyl ethylmalonate and guanidine 
carbonate,lll and the corresponding 5,5-diethyl derivative from diethyl 
diethylmalonateJm from diethylmalonic acid (in the presence of fuming 
sulphuric acid etc.),"' or diethylmalony1 chloride.= 

Substituted guanidines have been quite widely used with malonic 
esters. Thus NN-dimethylguanidine with diethy1 malonate in methan- 
olic sodium methoxide gives 4,6-dihydroxy-2dimethylaminopyrimidine 
in good yie1d.m When rnethylguanidine is used, two products [4,6- 
dihydroxy-Z-methylaminopyrimidine (LXXXVI) ; 2-amino- 1,6 ( I  ,4)- 
dihydro- 4(6) - hydroxy-1 -methyl - 6(4) - oxopyrimidine, (LXXXVII)] 
might be expected. In fact, the former (90 %) predominates almost to 
the exclusion of the latter."S aar NW-Diphenylguanidine and malonyl 
chloride in ether is said to give 1,2,3,4-tetrahydr0-6-hydroxy-2-imino- 
4-0x0-1 ,3-diphenylpyrimidinem (LXXXVIII) but as no structural 
evidence was presented, the product could equally well have been 
1 , 6 - dihydro - 4 - hydroxy - 6 - 0x0 - 1 - phenyl - 2 - phen ylaminopyrimidine 
(LXXXIX). When diguanide is boiled with diethyl malonate in alcohol 
the product is Z-guanidino-4,6-dihydr0xypyrimidine,~ (XC) and when 
dicyanodiamide (cyanoguanidine) is used, 2-cyanoamin&,6-dihydroxy- 
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pyrimidine (XCI) From diethyl diethylmalonate, the cor- 
responding 2 -cyanoamino- 5,5-diethyl-4,5-dihydro-6- hydroxy- 4- oxo- 
pyrimidine is NI N-AUsyl-N‘-cyanoguanidine has also been 
used in such syntheses.m 

The only example of a 4-mercaptopyrimidine made by the Princi- 
pal Synthesis is furnished by the condensation of ethyl methoxycarbo- 
nyldithioacetate (Me0,C CH, CS,Et} with guanidine. 2-Amino-4- 
hydroxy-6-mercaptopyrimidine is formed in 40 % 

Z>C’NHs HO/PN NHMe W=xNANH, I 

OH OH 0 ry ; A”” 
?iO‘’N’-NH I 

Me Ph 

(LXXXV) (LXXXVI) (LXXXVI I) (LXXXVI 11) 

8. Use of &Ald&ydo Nitriles 

When one (or both) of the terminal groups in the three-carbon 
fragment used in a Principal Synthesis is a cyan0 group, an amino 
group results at position-4 and/or -6 in the pyrimidine. An aldehydo 
nitrile is the simplest case of such a fragment. 

A. Aldehydo NitriIes with Urem 

The use of an aldehydo nitrile is typilied by the condensation of 
cyanoacetaldehyde (as its diethylacetal, “cyanoacetal” ; (XCII)) with 
urea to give 4-amino-2-hydroxypyrimidine (cytosine; (XCIV)).%* The 
reaction was not ready and refluxing in butanol containing sodium 
butoxide was required to form the intermediate (XCIII), which was 
subsequently ring closed by solution in hot dilute sdphuric acid. This 
route to cytosine (56 %) was used to introduce 15N atoms into the ring. 

Use was made of the following sequence of reactions to produce 
cytosine by a similar elegant route.= Malondialdehyde diacetal (now 
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comercially available) with hydroxylamine gave isoxazole (XCV; 
70 %), and ethylation and fission of this yielded /3-ethoxyacrylonitrile 
(ethoxymethyleneacetonitrile ; XCVr) and cyanoacetal (XCII) ,which for 
purposes of synthesis both behave as cyanoacetaldehyde. Condensation 
with urea as above gave cytosine. 

(XCII) (XCIII) 

B. Mdchydo Nitrilee with Thloureacl 

Ethyl ethoxymethylenecyanoacetate (XCVII) has been used as an 
aldehydo nitrile as it is virtually ethyl fomylcyanoacetate (XCVIIa). 
Of course, it can also function as an aldehydo ester (XCVIIb), or ~~~~1 

(XCVIIa) 

I 
L%*t 

(XCVIII) 

- - - /CN 
E EtO,C--C 

H 
CHOEt 

(XCVII) 

I 
OH 

"".+N 
W S E t  

(XCIX) 

NH, 
/CN 

NC-c 
II 

CHOEt - - 
(CI) W )  

perhaps as an ester nitrile. When condensed with S - e t h y I t h i o u r e a ~ ~ ~  
in cold methanol it gave 14 % of 4-amino-5-eth~xycany~-2-ethyithio- 
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pyrimidine (XCVIII) and mainly 5-cyano-2-ethylthio-4-hydroxy- 
pyrimidine (XCIX). When thiourea was used, the ratios were re- 
versedm* a67* = with 4-amino-5-ethoxycarbonyl-2-mercaptopyrimidine 
( W O  %) predominating over 5cyan&-hydroxy-2-mercaptopyrim- 
idine (14 %).l* A previous statementm that no 5-cyan0 derivative was 
formed is in error. A variety of N-alkyl- and N-aryl-thioureas have been 
used to give 4-amino-5-ethoxyc~bonyl-2,3-dihydro-3-methyl-2-thio- 
pyrimidine (C) and its homologues in good yield.90 No other isomers 
seem to have k e n  formed. These same thiourea react with ethoxy- 
methylenemalononitrile (CI) to give 4-amino-5-cyano-2,S-dihydro- 
3-methyl-2-thiopyrimidine (CII) and homologues." Similarly (CI) with 
thiourea gives 4-amino-5-cyano-2-mercaptopyrimidine and with 
S-ethylthiourea gives 4-amino-5-cyano-2-ethylthiopyrimidine.87 

C. Aldehydo Nitriles with Amidincs 

With ace t amidine, e thy1 e thoxyme thylenec y anoace tate reacted 
under alkaline conditions only as an ddehydo ester by forming 5-cyano- 
4-hydroxy-2-methylpyrimidine a1one.m However, it has been shown*, 
that the conditions of ring closure of the intermediate ethyl amidino- 
methylenecyanoacetate (CIII) is the deciding factor in this case: in acid 
it gives 4-arnino-5-ethoxycar~nyl-2-methylpyrimidne (CV) ; in alkali 
the 5-cyano-4-hydroxy-2-methylpyrimidine (CJY) ; in any case prior 
conversion of the cyan0 group to its imino ether (CVI) causes cyclization 
to the amino pyrimidine. Another interesting acetamidine condensation 
is that with a-acetoxymethylene-#?-ethoxypropionitrile [EtOCH,C(CN) : 
CHO,CMe] to give 4-amin0-5-ethoxymethy1-2-methylpyrimidine.~~ 

Ethoxy methylenemalononitrile [Et.O.CH=C(CN),] reacts as an 

the corresponding imino ethers in the presence of ammonia$78~m) and 
gives respectively 4-amino-5-cyano-2-methylpyrimidine and 4-amino- 
5-cyano-2-phenylpyrimidine. Aminomethylenemalononitrile [H,NCH: 
C(CN),] also ostensibly behaves as an aldehydo nitrile and with 
formamidine gives 4-amino-5-cyanopyrimidine (Sect. 10 and Ch. 111, 
Sect. 3.A). 

The interesting and rather complicated behaviour of B-ethoxy- 
a - methoxymethyleneproprionitrile ( EtOCH,C ( C N )  : CHOMe) and 
@ - ethoxy - a - ethoxymethoxymethylpropionitde (EtOCH,CH(CN)CH 
(0Me)OEt) as aldehydo nitriles, (as well as the corresponding esters as 

aldehydo nitrile with acetaddine and benzamidine1m*176* 87% mf*nS (or 
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aldehydo esters) , with acetamidine has been investigatedm-= by 
Takamizawa and colleagues and summarized in English,ms with bibli- 
ography and suggested mechanisms. The above nitriles give intw aliu 
4-amino-5-ethoxymethyl-2-methylpyrimidine, and the reactions have 
been used to synthesize the intermediate for vitamin B,, 4-amino- 
5-aminomethyl-2-methylpy~imidine.~ Similarly, a-ethoxymethoxy- 
methylpropionitrile yields with acetamidine, 4-amino-2,5-dimethyl- 
pyrimidine.w 

H 
(CIII) 

-.I 
NH 
f 

EtO,C,c,C-oEt 
n 
CH 
\OEt 

(CVI) 

D. The Whitehead Synthesis of Cytosine Derivatives 

The condensation of urea with ethyl ethoxymethylenecyanoacetate 
and related aldehydo nitriles has been widely explored in particular 
by C. W. Whitehead. He has carried out these Common Syntheses in 
such an uncommon and ingenious way that the name “Whitehead 
Synthesis” is proposed. As pioneered by himwpm and extended 
elsewherems the synthesis leads to cytosine bearing 3-alkyl or 3-aryl 
and 5-cyano, -carboxy, -ethoxycarbonyl, -wbamoyl, or -nitro groups 
[CXII; R = alkyl or aryl; R = -CN, -CO,H, -CO,Et, -COX 
(X = NH,, NHR, NRJ, or -NO,]. Most of these compounds are 
unavailable by other means. The crux of the reaction is the formation 
of the ureidomethylene compound (CXI) directly from a threefold 
mixture of nitrile (CVII), ethyl orthofonnate (CVIII), and N-alkyl 
or -aryl urea (CX).* The ureido compound is then cydized generally 

* This seems to proceed through (CIX) and the mechanism shown and also 
by an alternative route for which there is good evidence.= Relevant information 
has also been published separately.”’* p1 
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with sodium ethoxide. The ethoxymethylene compound (CIX} may be 
preformed if desired, or alternatively not even the ureido compound 
(CXI) need always be isolated. Table V contains some typical examples, 

(CVII) (CVIII) ( C W  (CX) (CXI) (CXII) 

NH, NH, NHMe 

H o ~ c ~ f - ~ ~  I-co*, [/-$-I + f-LOH 
- 

(CXIII) (CXIV) (CXV) 

Although the 5carboxy-3-akylcytosines apparently offer a ready 
route to 3-alkylcytosines (not otherwise available), at least in the case 
of 5-carboxy-3-methylcytosine (4-amino-5-carboxy-2,3-dihydro-3- 
methyl-Z-oxopyrimidine ; CXIII) decarboxylation led not to 3-methyl- 
cytosineees (CXIV) but to 2-hydroxy-4-methylminopyrimidine 
(CXV).@*mThe rearrangement presumably takes place by ring opening 
of the 2,3-bond, rotation about Clr) and ring closure in the opposite 
way. The reaction using nitroacetonitrile (CVII; R‘ = NO3 and 
methylurea is normal, leading to 3-methyl-5-nitrocytosine (4-amho- 

N4‘N 

P ~ C H ~ ~ J - N H ,  fl (CXVII) 

/CN A N  

\CHO ~ H O H  
Ph--CH f P h 4  

(CXVI) (CXVIa) 
NHl 

p 4  
,CN 

\CHOMe * C’N% 

P h 4  guanidine 

2,3-dihydro-3-methyl-5-nitro-2-oxopyimiddine). When other alkylureas 
were used, ring closure of the intermediate ureides was accompanied 
by rearrangement similar to that mentioned above, and there resulted 
a mixture of the desired product and 4-alkylamino-2-hydroxy-5-nitro- 
pyrimidine.” 
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TABLE V. Typical' ExampIes of the Whitehead Synthesis 

Pyrimidine Methodb Yield0 Ref. 

4-amino-5-ethoxyca.rbonyl-2-hydroxy- A 
4-amino-5ethoxycarbonyl-2.3-dihydro-3-methyl-2-oxo- €3 

A 
4-amino-5-ethoxycarbonyi-3-ethyl-2,3-dihydro-2-oxo- B 

A 
4-amino-5-ethoxycarbonyl-2,3-dihydro- 

4amino-3-benzyl-5-ethoxywbonyl-2,3-dihydro-2-oxo- A 
4-amino-5-ethoxyc~bnyl-3-hexyl-2.3-dihydro-2-oxo- A 

3-,9-hydroxyethyl-2-oxo- B 

4-amino-5-carboxy-2,3-dihydro-3-rnethyl-2-0~0- A 
4-amino-3-butyl-5-carboxy-2,3-dihydro-2-oxo- A 
4-amino-5-carbarnoyl-2.3-dihydro-2-oxo-3-propyl- A 

5-morpholinoform yl-2-0x0- A 
4-amino-2,3-dihydro-3-methyl-5-nitro-2-oxo- A 
4-amino-5-cyano-2,3-dihydro-3-methyl-2-oxo- A 
4-amino-5-cyano-3-ethyl-2,3-dihydro-2-oxo- B 

4-amino-5-cyano-2,3-dihydro-2-oxo-3-phenyl- D 
4-amino-3-benzyl-5-cy ano-2,3-dihydro-2-0~0- A 

4amino-3-ethyI-2,3-dihydro-2-oxo-5-phenylcarbamoyl- A 
4-amino-2,3-dihydro-3-methyl- 

4-amino-5-cyano-2,3-dihydro-3-~-methoxyethy~-Z-oxo- A 
4-amino-3-p-chlorophenyl-5-cyano-2,3-dihydro-2-oxo- C 

a About 50 examples are known, 
b Briefly the methods are as follows: 
A: Ethyl cyanoacetate, cyanoacetic acid, cyanoacetamide, N-alkylcyano- 

acetamide, or malononitrile, + ethyl orthoformate + the urea; ureido inter- 
mediate isolated. 

B : Ethyl ethoxymethylenecyanoacetate or ethoxymethylenemalononitrile 
+ the urea in alcoholic sodium ethoxide gives the pyrimidine directly. 

C: Malononitrile + ethyl orthoformate + arylurea + acetic a-khydride 
giving the pyrimidine directly. 

D : From malononitrile + NN'-bisphenylcarbamoylformamidine 
[PhNHCONH . CH = NCONHPh] giving the pyrimidine directly. 

c Yield was calculated on ureido intermediate if isolated; othemse on 
primary starting material. 

E. Aldehydo Nitriles with Guanidine 

A variety of arylformylacetonitriles (e.g. phenylformylacetonitrile; 
CXVI) have been condensed with guanidine. If this is done directly 
an anomalous reaction ensues to give 2-amin&-benzyl-I,3,5-triazine 
(CXVII).m5 The reason for the anomalous reaction of these formyl 
intermediates may possibly be due to their existence mainly as enols 
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(e.g. CXVIa) which might well have too high an acidic strength for 
normal condensa t i~n .~~~ When they were first converted with diazo- 
methane to the en01 ethers (e.g. CXVIII)+ they readily condensed with 
guanidine in boiling ethanol to give the expected pyrimidinesw4 (e.g. 
2,4-diamino-5-phenylpyrimidine; CXIX). Ethylguanidine reacted simi- 
larly to guanidine to form only one pyrimidine, but whether the ethyl 
group was attached to a nuclear or an extra-nuclear N-atom is un- 
k n 0 ~ n . " 4  

Enol ethers such as (CXVIII) do not react with urea or S-ethyl- 
thiourea," but do so with formamidine (giving 4-amino-5-phenyl- 
pyrimidine) and with acetamidine, benzamidine, etc. to give ap- 
propriately 2-substituted derivatives.m* 

9. Use of D-Keto Nitriles 

Little use has been made of keto nitriles in the Common Synthesis. 
Although cyanoacetone (CXXb) does not seem to have been used, the 
corresponding imine (2-amino- I cyanopropene, CXX, or @-imino- 
propionitrile, CXXa) condenses under usual conditions with thiourea 
to give 60 % of 4-amino-2-mercapto-6-methylpyrimidine (CXXI).lBa 
The N-phenyl and N-,!I-naphthyl derivatives of (CXX) react equally 
well giving the same product ; aniline and p-naphthylamine respectively 
are eliminated. Attempts to replace the thiourea by guanidine, urea, 
0-methylurea, S-methylthiourea, or acetamidine failed.l= 

(CXXa) (CXXb) (cxxr) 

As with the aryl formylacetonitriles (Ch. 11, Sect. 8.F), the cor- 
responding keto derivatives, e.g. phenylacetylacetonitrile (CXXII), yield 
triazines** on condensation with guanidine, but if they are first 0- 
alkylated to the en01 ethers (e.g. CXXIII), condensation is normal and 
gives e.g. 2,4-diamino-6-methyl-5-phenylpyrimidine (CXXIV). Many 
examples carrying 5-aryl (or -thienyl) and 4-alkyl (or -aryl) groups have 

* Chase and Walkerm have briefly reviewed alkylation of these mole. 
*+ The so-called "2,4-diamino-5.6-dipheuylp~dine" prepared from phe- 

nylbenzoylacetonitrile*a* has also been shown to be a triazine-w 
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been d e s ~ r i b e d ~ * ~ ~ ~ ~ ~ ~ ~  as well as one without a 5-substituent.286 
Guanidine may be replaced by amidines which give 2-alkyl or -aryl 
derivatives such as 4-amin0-6-methyl-2,5-diphenylpyrimidine~* 

The typical enol ether, a-ethoxyethylidenemalononitrile (CXXVI), 
reacts as the keto nitrile (CXXVII), and, on condensation with e.g. 
N-butylthiourea, gives 4-amino-3-butyl-5-cyano-2,3-dihydro-6-rnethyl- 
2-thiopyrimidineW (CXXVIII). On the other hand, the analogous ethyl 
a-ethoxyethylidenecyanoacetate [MeCOMe : C(CN)CO,Et] reacts as a 
keto ester giving not the 5-ethoxycarbonyl derivative corresponding to 
(CXXVIII) but 3-butyl-5-cyano-2,3-dihydro-Phydroxy-6-methyl-2- 
thiopyrimidineW (CXXIX). 

(CXXV). 

(CXXII) (CXXIII) (CXXIV) (CXXV) 

NC,-.CN 
C 

II 
COEt 

Me/ 
(CXXVI) 

Reactions which are clearly related to the combination of keto 
nitriles with amidines, but which do not fit exactly into the category, 
involve substituted dicyanoketenes. Thus dicyanoketene diethylacetal 
(diethoxymethylenemalononitrile ; CXXX) and acetaddine give 4- 
amino-5-cyano-6-ethoxy-2-methylpyrimidine (CXXXI). The ketene 
reacts as a keto nitrile and neither as a dinitrile nor as an aldehydo 

nitrile. Similarly the dithio analogue of (CXXX), dirnethylthiomethyl- 
enemalononitrile, gives 4-amino-5-cyano-2-methyl-6-methylthiopyrim- 
idine. Further, amidines can be replaced by guanidine and by S-methyl- 
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thiourea to give appropriate 2-amino- and 2-methylthio- derivatives, 
and several related reactions are described.eD5 

10. Use of /?-Ester Nitrilee 

The Common Syntheses with ester nitriles lead to 4-amino-6- 
hy drox yp yrimidin e derivatives . 

A. Ester Niviles with Amidinee 

Ethyl cyanoacetate and formamidine do not form a pyrimidine: 
ammonia is eliminated, ethyl aminomethylenecyanoacetate [H,NCH: 
C(CN)CO,Et] is formed, and the reaction does not proceed further 
although this might reasonably be expected.lW Benzamidine and ethyl 
cyanoacetate in alcohol give in roughly equal amounts, ethyl amino- 
phenylmethylenecyanoacetate [H,NCPh : C(CN)CO,Et] and &amino- 
6-hydroxy-2-phenylpyrirnidine, but if sodium ethoxide is present, the 
latter predominates markedly.laeF a96 Acetamidine lies between form- 
amidine and benzamidine : with ethylcyanoacetate in ethanol, ethyl 
aminomethylmethylenecyanoacetate [H,NCMe : C(CN)CO,Et J is alone 
formed;'% with one molecular proportion of sodium ethoxide, up to 
37 % of the 4-amino-6-hydroxy-Z-methylpyrimidine is formed,lbdI m* 488 

along with the aliphatic by-product ;m with four molecular proportions 
of sodium methoxide in methanol, over 80 Yo of the pyrimidine is formed 
with no aliphatic compound.s00 Conversion of ethyl cyanoacetate to its 
imino ether and subsequent condensation with acetamidine gives the 
pyrimidine.* When ethyl cyanoacetate is a-substituted, the ap- 

(CXXXIX) (CXXXIIX) 

propriate pyrimidine is invariably alone formed. Thus ethyl cyano- 
succinate (CXXXII) and acetamidine or benzamidine condense to 
4 -amino - 5 - ethoxycarbonylmethyl- 6 - hydroxy - 2 - methylpyrimidine 
(CXXXIII)~6+m or its 2-phenyl analogue.m5 Ethyl nitrosocyanoacetate 
and acetamidine give 4-amino-6-hydroxy-2-methyl-5-nitrosopyrim- 
idine.8B1 
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€3. Gster Nitriles with Urea and Aikyl Ureas 

Ethyl cyanoacetate reacts readiIy with urea in the presence of 
sodium ethoxide to give 4 - amino - 2,6- dihydroxypyrimidine.30a-305 
Acetylurea can replace ureaw (when ethyl acetate is eliminated) and 
sodium or sodamide (in xylene) has been used as condensing agent.Sa7 
Cyanoacetic acid on the other hand condenses with urea in the presencc 
of phosphoryl chlorideaD1Im or, better, acetic In each 
case the intermediate cyanoacetylurea (NC- CH,-CO.NH.CO.NH,) 
required dissolution in aqueous alkali for cyclization. An example of a 
substituted intermediate is furnished by ethyl tetrahydropyran-2-yl- 
oxycyanoacetate which reacts with urea to give 4-amino-2,6-dihydroxy- 
5-tetrahydropyran-2’-yloxypyrimidine1* (CXXXIV). Ethyl diethyl- 
cyanoacetate (CXXXV) (or the free acid) has been condensed with urea 
under conditions similar to the parent ethyl cyanoacetate (or free acid) 
giving 6 - amino - 5 ,5  - diethyluracil 2aos 308s 313s 31* ( CXXXVI ).* Ethyl 
nitrosocyanoacetate and urea give directly 4-amino-2,6-dihydroxy-5- 
nitrosopyrimidine.2*316 Similarly, ethyl a-cyano-yy-diethoxybutyrate 
(Et0,C- CH(CN)CH,CH(OEt)$ and urea give 4-amino-5-&%diethoxy- 
ethyl-2,6-dihydro~ypyrimidine.~~~ 

(CXXXIV) (CXXXV) (CXXXVI) 

Although Traube317 claims (without experimental detail) to have 
condensed NN‘-dimethylurea with ethyl cyanoaceta te in alcoholic 
sodium ethoxide this has elsewhere been denied.m2*318 A mixture of 
pyridine and phosphoryl chloride was, however, found eff e c t i ~ e , ~ ~ ~  as 
was also sodamide,s07 in preparing 4-amino-l,2,3,6-tetrahydro-l,3- 
dimethyl-2,6-dioxopyimidine (CXXXVIII), and its I ,3-diethyl homo- 
logue.800* * Later, acetic anhydride was found to be more effective with 
~ym-dialky1urea.s.~~~ 321-3u but cyclization of the intermediate 
(t.g. CXXXVII) required dissolution in aqueous alkali. Ring closure 

Similar +-amino derivatives have been extensively used as intermediates 
in the preparation of barbiturates with unsaturated 5-substituents such a5 
Epival, Delvinal. and Pentothal (Sect. 7.B). 

** The m.p. of this product was 58” below the m.p. of that prepared later.3’e 
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did not take place, however, when ureas carrying an a-branched carbon 
chain (e.g. NN'-di-isopropylurea, or N-cyclohexylurea) were used.-* aw 
With unsymmetrical dialkyl ureas two isomeric products are formed, 
but the one carrying the larger group on N(u predominates. Thus 
N-ethyl-N'-propylurea and cyanoacetic acid give approx. 80 % of 
4- amino - 1 -ethyl- 1,2,3,6- tetrahydro - 2,6 - dioxo - 3 - propylpyrimidine 
(CXXXIX) and 20 % of the 3-ethyl-1-propyl isomer which were sepa- 
rated. The configurations in some cases were checked by unambiguous 
syntheses,* but other compounds have been described with the follow- 
ing warning: "This material may consist of two isomers. It is probable 
that the predominant constituent has the assigned structure.. ."= 
N-Alkenyl-W-alkylureas similarly give mixtures of isomers, some of 
which have been separated and identified.*"* Ethyl nitrosocyano- 
acetate condenses with dimethylurea in benzene containing suspended 
dry sodium ethoxide to give 4-amino-1,2,3,6-tetrahydro-lJ3-dimethyl- 
5-nitroso-2.6-dioxopyrimidine.s1s 

/CN NH, NH, 
p H B n  

@ N& 
I 

M CH, NHMe 
I I  

W c X N / q O  @ N U 3  
I I 
Me Me Et 

(CXXXVI I) (CXXXVI I I) (CXxxIX) 

Unlike the dialkylureas, N-methylurea reacts readily with ethyl 
cyanoacetate in the presence of sodium ethoxide to form 6-amino- 
1-methyluracil (CXL).80a1a19 It was precluded from being the 3-methyl 
isomer by conversion into 3-1nethyIxanthine~~~ (CXLI) previously 
synthesized by an unequivocal route.ses N-Ethyl-sz7, N-phenyl-SaJ, and 

NH, NHl P N  2;; oN\AN/Me --+ WXA,MB - =".@k;Me 
H -+ HOLXJ% * O ~ L &  H 

(CXL) (CXW 

other N-alkyl-urea derivative~38~ give similar pyrimidines with cyano- 
acetic acid in acetic anhydride followed by cyclization in ammonia or, 
better, hot sodium hydroxide solution. Cyclization fails when ureas 
with a-branched carbon chains (6.g. isopropyl) are used.= 

pyrimidine or by the synthesis mentioned in Ch. 111, Sect. 2.A. 
* For example by appropriate alkylation of an authentic N-monoalkyl 



70 Chapter I1 

The condensation may also be effected with N-acetyl-N'-alkylureas 
in the presence of sodium ethoxidem-316 or sodamide,s% and with 
dic yanodi amide . 316 

0-Methylurea with ethyl cyanoacetate yields 4-amino-6-hydroxy- 
2-methoxypy1imidine~~~ 380 and 0-ethylurea, the 2-ethoxy derivative.38o 
4-Amino-6-hydroxy-2-methoxy-5-methylpyrimidine was made simi- 
larly.aal 

C. Ester Nitrues with Thioureas 

Ethyl cyanoacetate gives with thiourea in alcoholic sodium 
ethoxide the expected 4-amino-6-hydroxy-2-mercaptopyrimidineS3a~ S33 

but S-alkylthioureas fail to react.=* Ethyl nitrosocyanoacetate with 
thiourea gives 4-amino-6-hydroxy-2-mercapto-5-nitrosopyrimidine.~~ 
N-Methylthiourea, unlike the S-alkylthioureas, gives 6-amino-1-methyl- 
2-thiouracil (CXLII and CXLIIa).3~~335 The position of the methyl 
group was shownaw by oxidative hydrolysis to the known 6-amino- 
1-methyluracil (CXLIII). N-Allylthio~rea,~= and 3-diethylamino- 
pr~pylthiourea~" react similarly although the attachment of the allyl- 
and diethylaminopropyl-groups to rather than to N(8b must be 
considered as likely but unproven. 

Symmetrical NN'-dialkylthioureas condense with cyanoacetic acid 
in acetic anhydride to yield for example, 4-amino-l,3-diethyl-1,2,3,6- 
tetrahydro-6-0x0-2-thiopyrimidine (CXLIV).S37 

Unsymmetrical NW-dialkylthioureas have also been usedm* a58 but 
whether such a product as 4-amino-1-ethyl-I ,2,3,6-tetrahydro-6-0~0- 
3-propyl-2-thiopyrimidine is in fact as claimed, or is the 3-ethyl- 
1-propyl isomer, seems to be unproven. 

+ I t  has been inferred that S-methylthiourea does give the expected 
4-amino-6-hydroxy-2-methylthiopyrimidine.~ This has been kindly checked for 
the author by Mr. J. Harper who found that the yield was in fact only 1 % under 
the conditions recorded. The compound i s  better made 
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D. Ester Nittiles with G d d i n e s  

Guanidine and ethyl cyanoacetate (as its sodio derivative) readily 
give 2,4-diamino-6-hydroxypyrimidine. The best methodm made use 
of the experience of earlier w0-W When alcoholic guanidine 
is used with free ethyl cyanoacetate, a mixture of the pyrimidine with 
the intermediate cyanoacetylguanidine is obtained.m* The reaction has 
also been done with ethyl nitrosocyanoacetate (CXLV) (or ethyl 
hydroxyiminocyanoacetate; CXLVa) to give directly 2,4diamino- 
6-hydroxy-5-nitrosopyrimidine (CXLVI). 801t s16* sa Ethyl acetamido- 
cyanoacetate similarly with guanidine produces 2,4-diamino-5-acet- 
amido-6-hydroxypyrimidine (CXLVII) ,au and ethyl tetrahydropyran- 
2-yloxycyanoacetate gives 2,4-diamino-6-hydroxy-5-tetrahydropyran- 
2'-yloxypyrimidine.l~ Ethyl diethylcyanoacetate and guanidine yield 
2,4-diamino-5,5-diethyl-5,6-dihydro-6-0xopyrimidine.~~ 

An unusual (if unpractical) condensation= is that of ethyl bromo- 
cyanoacetate with guanidine to give directly 2,4diamino-5-bromo-6- 
hydroxypyrimidine (which is better made indirectly). The survival of 
the aliphatic bromo group even for the few minutes at 100" required 
for the reaction is interesting. 

ON*CH A N  + HON==C /CN guanidlne o N \ g  
NH, 

MeCOHN AN 
C0,Et I C0,Et I H O "  NH, H 0)9NP\NH, 

(CXLV) (CXLVa) (CXLVI) (CXLVII) 

When methylguanidine is condensed with ethyl cyanoacetate, 
three pyrimidines (CXLVIII, CXLIX, CL) could result. It was first 
claimed, without experimental detail,* that only ZJ4-diamino-3,6-di- 

NHa 

Me 

(CXLVII I) (CXLIX) (CL) 

hydro-3-methyl-6-oxopyrimidine (CL) was formed.* Later it was 
shownM7 that two products were formed, 4-amino-2-methylamino-6- 

*The very low m.p. given for this product confirms, in the light of later 
work, that either the ring was still open or that the product was a mixture. 
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hydroxypyrirnidine (CXLVIII) and a second pyrimidine formdated on 
rather insecure evidence as (CXLIX). This second product has since 
proved to be not (CXLIX) but (CL).wmW 

No such ambiguity can arise with NN-dimethylguanidine and 
ethylcyanoacetate which readily yield 4-amino-2-dimethylamino-6- 
hydroxypyrimidine.M7 Phenylguanidine and dicyanodiamide have also 
been condensed with ethyl cyanoacetate and are said to give respective- 
ly 4-amino-6-hydroxy-2-phenylaminopyrimidine~ and 4-amino-2- 
cyanoamin0-6-hydroxypyrimidine,~~ but these structures seem to be 
unpraven. 

11. Use of #?-Dinitriles (Malononitriles) 

The condensation of amidines with malononitrile is abnormal. 
Thus formamidine yieldss0 not 4,6-diaminopyrimidine but 4-amino- 
5-cyanopyrimidine (CLII). This comes about by initial condensation of 
formamidine and malononitrile at the methylene group with elimination 
of ammonia to give aminomethylene-malononitrile (CLI). This then 
apparently* reacts1% as a virtual aldehydo nitrile (CLIa) in a Common 
Synthesis with more formamidine to give (CLII). Benzamidine similarly 
gives 4-amin0-5-cyano-2,6-diphenylpyrimidine,~~ but acetamidine, 
under conditions of equimolar quantities in alcoholic solution gives not 
4-amino-5-cyano-2,6-dimethylpyrimidine as first reported,l@ but an 
uncyclized isomer, H2NC(Me) : NC(Me) : C(CN) e. The pyrimidine is, 
however, obtaineda1 by using excess of amidine in the above reaction 
or by cyclizing the isomer with alcoholic amidine (or presumably any 
other strong base). 

When the methylene group of malononitriles is blocked by a 
substituent, the normal Common Synthesis takes place : thus 
phenylazomalononitrile reacts with formamidine or acetamidine to give 
4,6-diamin0-5-phenylazopyrimidine,3~ and 4,6-diamino-2-methyl-5- 
phenyla~opyrimidine.~~~ p-Chloro-, but not P-nitrophenylazomalono- 
nitrile behaves similarly.358 Ethoxymethylenemalononitrile, however, 
reacts with amidines as an aldehydo nitrile (Sect. 8.C). 

Nitrosomalononitrile has been also used in the above type of 
condensation, but in a rather abnormal way.363 For example, on treat- 
ment of the silver salt of nitrosomalononitrile with acetamidine hydro- 

* In fact this stage is almost certainly not a Common Synthesis, although 
for practical purposes it can be thought of as such (Ch. 111, Sect. 3.A). 
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chloride, the acetamidine-nitrosomalononitrile salt is formed. This on 
heating in a high boiling homologue of pyridine is converted into 4,6- 
diamino-2-methy~-5-nitrosopyrimidine in good yield. The 2-ethyl, 
2-benzyl, 2-p-methoxyphenyl-, and other homologues were made 
similarly?M and the amidine was replaced by guanidine and S-methyl 
thiourea giving respectively 2,4,6-triamino-5-nitrosopyrimidine and 
4,6-diamino-2-methylthio-5-nitrosopyrimidine. Yields were better by 
this procedure than by the n o d  type of condensation in alcoholic 
sodium ethoxide. 

Neither urea nor its alkyl derivatives have been successfully 
condensed with malononitrile,* and 4,6-diamino-2-hydroxypy~imidine 
has been made only Diethylmalononitrile and urea (or 
acetyl urea) are claimed in patentsw5,* to yield 4,6-diamino-5,5- 
diethyl-2,5-dihydro-2-oxopyrimidine, and N-methylurea to give cor- 
respondingly 4-amino-5.5-diethyl- 1,2,5,6-tetrahydro-6-imiino-l-methyl- 
2-oxopyrimidine (CLIII). On hydrolysis these gave respectively 5,5- 
diethylbarbituric acid and its N-methyl derivative (CLIV). 

Thiourea on the other hand readily reacts with malononitrile to 
give 4,6-diamino-2-mercaptopyrimidine.s3al~~~7 Ethylmalononitrile 
similarly gives 4,6-diamino-5-ethyl-!2-mercaptopyrirnidine, and diethyl- 

malononitrile gives 4,6-diamino-5.5-diethyl-!?,5-dihydro-2-thiopyrim- 
idine.557 Alkyl thioureas seem to have escaped notice in these reactions. 

Guanidine reacts with malononitrile in e t h a n 0 1 ~ ~ ~ ~  and in the 

In the case of urea, O-methyl- and N-methyl-urea, this statement has 
been kindly checked for the author by Mr. J. Harper. No pyrimidines were 
obtained. 
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presence of sodium ethoxide,aeO to give 2,4,6-triaminopyrimidine. By 
using ethyl-,=* isopropyl-, benzyl-, or substituted benzyl-malononitrile 
appropriately 5-substituted triaminopyrimidines have been obtained;W' 
phenylmalononitrile fails in this reaction.Wl It has been claimed in the 
pa tent literature369 that diethylmalononitrile and guanidine yield 
2,4( 4,6)-diamino-5,5-diethyl-5,6 (2,5) -dihydro-6 (2) -iminopyrimidine 
(CLV or tautomer). NN-Dirnethylguanidine and maiononitrile con- 
veniently serve to prepare 4,6-diamin0-2-dirnethyladnopyrimidine.~~' 
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CHAPTER I11 

Other Methods of Primary Synthesis 

1. General Remarks 

Although the other general syntheses of pyrimidines are not 
comparable in scope to the Principal Synthesis, they are almost entirely 
complementary to it. On this account they are, considered collectively, 
the more useful and important. A Iogical classification of the methods 
is very difficult. Reviews written by various members of the Cambridge 
S c h o ~ P - ~  usually classify syntheses as Type I (Common Synthesis; 
-C-C-C-- + -N+N-), Type 11 (4-G-C-N- + 
-C-N-), Type I11 (-N-C--C---C---N- + -G-), and miscel- 
laneous. In the present review, all but the first item in this classification 
is abandoned in favour of a more discursive treatment designed to help 
in the selection of a useful method for a given synthesis. To this end 
the known scope of each reaction is outlined. 

2. Syntheses Involving Preformed Aminomethylene Groups 

The intermediates that have been used in these syntheses are 
typified on the one hand by ethyl 8-aminocrotonate (I) and on the 
other by ethyl aminomethylenemalonate (11). The latter type is 
normally prepared from the corresponding ethoxymethylene derivative, 
itself prepared from a compound (e.g. diethylmalonate) having a 
methylene activated by two groups such as cyano, keto, or ester. One 
of these activating groups will finally appear in the .%position of the 
resulting pyrimidine. 

A. Aminomethylene Derivatives with Isocyanates 

When ethyl @-aminocrotonate (I) reacts with methyl isocyanate, 
the substituted urea (111) is formed, and this readily cyclises to 3,6- 
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dime t h yluracil [ 2,3 (3,4) -di hydro-4(2)-hydroxy-3,6-dime t hyl-2 (4) -ox0 - 
pyrirqdine] (IV).' The analogous reaction with phenyl isocyanate leads 
to 6-methyl-3-phenylurad [2,3(3,4)-dihydro-4(2)-hydroxy-6-methyI- 
2(4)-0~0-3-phenylpyrimidine] 0, but at the same time the unwanted 
ethyl #?-amino-a-phenylcarbamoylcrotonate (VI) is formed.' Phenyl 
isothiocyanate similarly gave a poor yield of 6-methyl-3-phenyl-2-thio- 
uracil* and methyl isothiocyanate gave only 10 % of 3,6-dimethyl- 
2-thiouracil at  150" (or at 100" in the presence of water), but only the 
unwanted ethyl 8-amino-a-me t hylthiocarbamoylcro tonat e at I 00 * 
without water.s Other examples are known: and 1-amino-2-ethoxy- 
carbonylcyclohexene reacts with cyanic acid to give 5,6-cyclopenteno- 
uracil, with phenyl isocyanate to give 5,6-cyclopenteno-3-phenyluracil, 
and with methyl isothiocyanate to give 5,6-cyclopenteno-3-methyl- 
2- thiouracil' 

,CO,Et 
C-CONHPh /CO,Et OH OH 

CH U NHMe I - L;LMe MA,N<ph + /% 
/ c \NH/CO Me Me NH, Me 

When the aminomethylenemalonate (11) is treated with phenyl 
isocyanate and the resulting ureido compound cyclised with alkali, 
5carboxy-3-phenyluracil (VII) is formed? Similarly ethyl amino- 
methyleneacetoacetate gives 5-a~etyl-3-phenyluracil.~ 

The above reactions may be applied to intermediates lacking the 
double bond (e.g. &amino esters) when 5,6-dihydropyrimidines 
result.@-= B-Alkylamino esters10 react similarly so that ethyl ,!%methyl- 
aminopropionate (VIII) and cyanic acid give 5,6-dihydro-l-methyl- 
uracil (IX),la and the reaction has been extended to yield a number of 
1-alkyldihydroura.eiP~ arid 1-alkyldihydrothymine derivati~es.1~ These 
dihydro derivatives were converted to the pyrimidines by bromination 
and dehydrobromination. The analogous dihydro derivative (1,2,5,6- 
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tetrahydro- l-methyl-2-oxo-4-phenylpyrimidine) (XI) from a p-alkyl- 
amino ketone (/I-methylaminoethyl phenyl ketone) (X) and cyanic 
acid is interesting in that it disproportionates into 1,2-dihydro-1- 
methyl-2-0~0-4-phenylpy-rimidine and 1,2,3,4,5,6-hexahydro- I-methyl- 
2-0~0-4-phenylpyrimidine.~~ The synthesis and oxidation of hydro- 
pyrimidines is treated more fully in Chapter XII. 

Ph 
Fh 
I OH 

/CO&t MeNCO ,co MeNCO 

-+ C?% FHP - gLo YH* 
I CH, I CHa 

“HMe Me ‘XHEne Me 

(VIII) (1x1 (XI (XI) 

An unusual reaction which is best classified with the present reac- 
tion is that of N-allylcyanoacetamide (XII) with ethyl isocyanate to 
give N-allyl-N-cyanoacetyl-W-ethylurea (XIII) by refluxing for one 
day in toluene. On dissolving in aqueous sodium hydroxide cyclisa- 
tion “occurs with great violence” to 1-allyl-4-amino-3-ethyl-1,2,3,6- 
tetra -hydro - 2,6 - dioxopyrimidine (XIV).17t 19 The thio analogue (1- 
allyl-4-amino-3-ethyl- 1,2,3,6-tetrahydr0-6-0~0-2-thiopyrimidine) and 
4-amino-I -butyI-3-ethyl-l,2,3,6-tetrahydro-2,6-dioxopyrimidine~ seem 
to be the only other examples of this potentially good method. 

The above general method of synthesis is applicable to pyrimidines and 
dihydropyrimidhes with 0- or S- in the 2-position, carrying if required 4- and 
5-substituents, and I -  or 3- alkyI groups. It has been very little explored to date. 
Attempts to extend it by ring closing N-@-cyanoethyl-N‘-methylthiourea and 
N-@-cyanoethyl-N’-ethylurea to4-amino-2,3,5,6-tetrahydro-3-methyl-Z-thiopyri- 
midine (and analogue) have f a i l e d . M  

B. Aminomethylene Derivatives with Imino-ethers or Imidoyl Chlorides 

The first of these reactions is typified by that between amino- 
methylenemalononitrile (XV) and ethyl acetimidate giving ~-amino- 
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5-cyano-2-methylpyrimidine (XVI).*b 23 Table VI contains a summary 
of other examples, and Dornow's paper is perhaps relevant.lW 

The imidoyl chloride reaction is represented by the conversion of 
2-alkyl-~-aminocrotonic esters (XVa) with imidoyl chlorides into 
3-dkyl-4-oxo-dihydropyrimidines (XVII). A variety of examples have 
been reportedaZ where R = aryl group, R' = aryl or ethyl group, and 
R" = awl group. 

NI% 
NC 

NC-CN NH 
It 

/f? - x$lw 4- I 

\Nq EtO Me 
CH, 

(XV) WVI) 

The only examples of the imino ether reaction are those quoted above. 
There seems little reaSOn why it should not be extended to other types of amino- 
rnethylene derivative (to avoid %substitution}, and to dihydropyrimidines. The 
imidoyl chloride reaction is potentially very useful but no simple examples seem 
to be known. The imidoyl chlorides were easily obtained22 by rearranging 
ketoximes with phosphorus pentachloride" and the condensation has been 
applied to the synthesis of quinazo1ones.m 

C. Aminomethylene Derivatives with Thioamidcs 

Aminomethylenemalononitrile and ethyl aminomethylenecyamo- 
acetate (XVIII) react with thioacetamide to give respectively 4-amino- 
5-cyano-2-methylpyrimidine and 4-amino-5-ethoxycarbonyl-2-methyl- 
pyrimidine (XIX)."s~ae*ss The synthesis is otherwise unexplored. 

D. Use of an Acylated Aminomethylene Derivative 

When 5-amino-3-phenylisoxazole (XX) is hydrogenated, amino- 
cinnamamide (XXI) is formed. Acylation of the amino group gives an 
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intermediate, e.g. (XXII), which cydizes by warming in aqueous alkali 
to 4-hydroxy-2,6-diphenylpyrimidine (XXIII). Cydization to 4-hy- 
droxy-2-methyl-6-phenylpyrimidine requires heating without alkali.go 
When the corresponding 5-acetamidoisoxazole is used, the same 
pyrimidine is obtained by way of Ph.C(NBJ : CHCONHCOMe and an 
equally gentle cyclization.Jo Other examples are known.*' 

Although the pyrimidine (XXIII) is much more easily made by a Common 
SynthesisaP the method has possibilities where gentle conditions of cyclization 
might be dictated by the presence of a labile group. Thus a strictly analogous 
method has been used to make 5~-chlorophenyl-2-dichloromethyl-4-ethyl-6- 
hydroxypyrimidine from dichIoroacetyl chloride and 2-amino-1 -carbamoyl-I-p- 
chlorophenyl-1-butene [obtained from an oxazole), the dicbloromethyl group 
surviving the synthesis.Y3 The structure was checked by a Common Synthesis 
(Table 111). 

0 0 
II n OH 

E. The Shaw Synthesis from Aminornethy lcneocy lne~  

A general synthesis of uracil and thiouracil derivatives applicable 
to the preparation of nucleosides because of the gentle conditions used, 
has been developed since 1955 by G. Shaw and his It is 
best thought of in simple general terms as the cyclization of an amino- 
methyleneacylurethane, such as (XXIv), under mildly alkaline condi- 
tions to give the pyrimidine (XXV). 

The preparation of the intermediate follows two general routes 
according to whether a CN or other group is to appear in the 5-position 
of the pyrimidine or whether it is to be free. 

For example, the preparation of 5-cyano- 1-phenyl-3-methyluracil 
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(XXIX) started from cyanoacetic acid, methylurethane and acetic 
anhydride which gave N-cyanoacetyl-N-methylurethane (XXVI) .38 

This with ethyl orthoformate and acetic anhydride gave the ethoxy 
rnethylene derivative (XXVII) which on treatment with aniline gave 
(XXVIIX) and thence the pyrimidine (XXIX).m A very simiIar route 
led to tj-cyano-l-2'-hydroxyethyIuracil and related derivatives." 

0 0 
II u 

NLCAN-Me - 
I U I  

C0,Et CH C0,Et 
'OEt 

(XXVI) (XXVI I) 

NCCH,CO,H 

+ - N%H,/GN-Me --+ 

+ 

0 0 

Ph 

(XXVIII) (XXIX) 

When dithiourethanes are used in such a synthesis, the reaction 
takes a slightly different course."Thus on forming the ethoxymethylene 
derivative (XXXI) from cyanoacetyldithiourethane (XXX), ring 

0 r 0 
ll 

CH CS& 

(XXX) (=XI) 1 (XXXII) 

N%%/q~~  
I 

CqEt - 
\OEt 

closure occurs to give 5-cyano-2-ethylthio-4-0x0-1 ,Sthiazine (XXXII) 
which however reacts with, say, methylamine under mild conditions 
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giving first the intermediate (XXXIII) and thence 5-cyano-1-methyl- 
2-thiouracil (XXXIV).% The cyano group has been replaced by fi-tolyl- 
sulphonyl and similar groups." 

When the 5-position is to be free, or occupied by a methyl group 
(for thymines), the route is different in detail. Thus propiolic anhydride 
and urethane give inter alia propioloylurethane (XXXV). This reacts 
vigorously with aniline giving (XXXVI) which cyclizes to l-phenyl- 
uracil (XXXVII). An alternative route from ethyl propiolate and 
urethane passes through ethoxymethyleneacetylurethane (XXXVIII) .= 
The analogous hydroxymethylmethyleneace t ylurethane (HO (Me) C I 
CH.CO-NH.CO,Et) alsoreactswithamines and the resulting analogues 
of (XXXVI) cyclize to give for example 6 - methyl - 1 - phenyluracil 
(XXXVII) and several other 1-substituted analogues.m 

A related reactionqa leading to similar pyrimidines is typified by 
the reaction of @-methoxy-a-rnethylacryloyl isothiocyanate (MeOCH : 
CMeCONCS) with propylamine to give the thiourea (MeO. CH: CMe. 
CO - NH * CS * NH - C,H,) which on alkaline ring closure gave l-propyl- 
2-thiothymine. SimiIarly the analogous acylurea, N-8-chlorocrotonoyl- 
N'-phenyhrea (MeCC1: CH.CO.NH.CO-NH-Ph) cyclized to 6-methyl- 
1 -phenyluracil.qO 

0 - 
II 
/c\ OH CH NH 

&H d-O,Et + fi 
urethane PbNH, 

(HC i CCO),O - HC i CCONHC0,Et 

(XXXV) 

y-0 UrethaM 
HCiCCOSEt etc. -t EtO * CH : CHCONHC0,Et PhNH,+ 'yH 

(XXXVIII) Ph Ph 

(XXXVI) (XXXVII) 

A route to 6-carboxy-2,4-dihydroxypyrimidine (orotic acid) and 
its 3-alkyl derivatives also follows these genera1 lines. Oxaloacetic acid 
with urethane gives ethoxycarbonylaminomaleic anhydride (XXXIX) 

OH 

which with ammonia gives (XL). This is recyclized to the hydantoin 
(XLI) and with alkali converted into orotic acid (XLII). When am- 
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monia is replaced with amines, 3-substituted orotic acids result.% By a 
similar route, 3-phenyl-2-thio-orotic acid has been prepared.w 

The above methods (and those described in Sect. 5.A) have 
been successfully applied to the preparation of nucleosides (8.g. uridine, 
thiouridine, and related  compound^}.*^^^ For example the ribosyl- 
amine (XLIII) with (XLIV) followed by debenzoylation, gives uridine 
W V ) .  

H 
HOCH, ,0, oY.,FJo 

B z O - C q  ,0, ql--.-- H(NH,) + EtOCH:CHCONHCOtEt + 

(XLIV) 
HO OH 

5-;> 
BzO OBz 

(XLIII) (XLW 

3. Syntheses Involving an Aminomethylene Group Formed In Situ 

There is fundamen tally little difference between the syntheses 
requiring preformed aminomethylene compounds and those in which 
the aminomethylene group is formed during the reaction. Indeed in 
the following section it will be noticed that the intermediate has in 
fact been isolated in several instances although this is neither necessary 
nor advantageous. 

A. ~-Dinitrilea or 8-Ester Nitriles with Addines 

The fact that unsubstituted malononitrile and amidines first 
condense to form aminomethylenemalononitriles and these react with 
more amidine giving 4-amino-5-cyanopyrimidines, has already been 
noted (Ch. 11, Sect. 10). This mechanism is upheld by the fact that 
aminomethylenemalononitrile readily condenses with formamidine to 
form 4-amin0-5-cyanopyrimidine.~ In one case the actual intermediate 
p- (a-f ur yl) -/?-aminome th ylenemalononi trile (XLVI I) was isolated from 
the condensation of a-furoamidine (XLVI) and malononitrile. At a 
higher temperature it reacted with fresh amidine to give the expected 
4-amino-5-cyano-2,6-di-a-furylpyrimidine (XLVIII) .a Further it seems 
almost certain that the second stage of this reaction proceeds by the 
elimination of N’ (as NH3) from the new molecule of amidine rather 
than from the NH, of the aminomethylene intermediate, because the 
corresponding imino ether can replace the amidine and give the same 
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product.88 The second stage is not therefore a Common Synthesis since 
the amidine does not supply both nuclear N-atoms in the final 
pyrimidine. 

9 1  

(XLVI) (XLVII) (XLVIII) 

Ethyl cyanoacetate and formamidine (or other reactive amidines) 
give the expected ethyl aminomethylenecyanoatate [ H a C H :  
C(CN)CO,Et] but this does not cydize with more amidhe.% They can, 
however, be cyclized by other methods. "he less reactive amidines tend 
to undergo a normal Common Synthesis with ethyl cyanoacetate 
(Ch. 11, Sect. 1O.A). 

€3. Formamide with Compound6 Containing an Active Methylene Group 

The first example of this reaction was the preparation of 4-phenyl- 
pyrimidine (L) from formamide, acetophenone, and zinc chloride at a 
high temperature" via (XLIX). 4-Methylpyrimidine results from 
trisformamidomethane and acetone with toluene sulphonic acid.Iga 

When phenylacetonitrile and formamide are heated under am- 
monia for 7 hours at cu. 180" and the volatiles allowed to distil, 4- 
amino-5-phenylpyrimidine (LIIJ (in 54% yield) and some amino- 
methylenephenylacetonitrile (LI) remain." The latter (which can be 
readily made from ammonia and formylphenylacetonitrile) gives the 
pyrimidine (520/) in only 1 hour on similar treatment. These data 
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suggest that the aminomethylene compound (LI) is indeed the inter- 
mediate in the pyrimidine synthesis. The reaction fails with acetamide, 
thioacetamide, and thioformamide ; also with simple aliphatic nitriles 
which have an insufficiently activated methylene group. The same 
pyrimidine was, however, obtained when a-acetyl- or a-phenylamino- 
methylenephenylacetonitrile was heated with f~rmarnide .~~ u- and 
$-Methoxy-, whloro-, and +nitro-phenylacetonitrile underwent reac- 
tion to 4-amino-5-o-methoxyphenyI-, 4-amino-5-P-methoxyphenyl-, 
4-amino-5-#-chlorophenyl-, and 4-arnin0-5-p-nitrophenyl-pyrimidine.~~ 
It is saida that the similarly prepared product described as 2-benzyl- 
1 ,3,5-triazine4’ is in fact 4-amino-5-phenylpyrimidine. This being so, 
the product called 2-naphthylmethyl- I ,3,5-triazine is probably 4-amino- 
5-a-naphthyIpyrimidine. 

Ph\CH*/CN Ph\C/CN 
laO* II + -4. CH + I OCH 

HCO \NH, 
I 
NH, (LI) (LII) 

A more recent addition to the reaction has been made in a brief 
letter,& and 1-amino-2-cyanocyclopentene reacts with formamide to 
give 4-amino-5,6-cyclopentenopyrirnidine.7 

Me 
I + H,N. CHO 

A 0  - 
(LIII) 

Ph 

Me 
I 

Me 
I 

Hsc/C = N . CHO 
I ,co ? 

Ph 

Me 
I 

H s f = N H  - ,co t 
Ph 

(LIVa) 

HC”C-N% 
I 0 

,CO + ,CH - 
C. Formamide with B-Dicatbonyl and Related Compounds 

A closely related synthesis has been developed by Bredereck and 
who used a variety of &&carbony1 and related com- 
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pounds with a tenfold excess of formamide at ca. 200”. For example, 
benzoylacetone (LIII) with formimide at 220” gave 4-methyl-6-phenyl- 
pyrimidine (LV) (60%). The course of the reaction was indicated by 
using a lower temperature, 150°, when the intermediate “benzoyl- 
acetone-imide” (1-benzoyl-2-iminopropanej (LIV) was isolated ; it  gave 
the pyrimidine on refluxing with fommide. The condensation of 
I-chloro-2-formyIcyclopentene with f o m m i d e  to give 4,5-trimethyl- 
enepyrimidine,” of a,p-dimethyl-/hAloroacrolein with formamide to 
give 4,5-dime t hylp yrimidine, 55 and of a-me thyl-p-die th ylaminoacrolei n 
with formamide to give 5-methylpyrimidine,~?55 are all essentially the 
same reaction. Table VII  summarizes examples of these reactions. 

The scope of the above reaction is parallel to that of formamidine in 
Common Synthesis: if formamidine will theomtically give a certain pyrimidine 
from a certain intermediate, by a Common Synthesis, then formamide can 
potentially do the same by the synthesis of Bredereck ~t ut. 

One further pyrimidine synthesis involving formamide is described 
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later (Sect. 4.Bj in a more logical context. 

D. The Ftankland and Bolbc Synthesis fkom Nitriles and Alkali Merd 

Simple nitriles having a CH, group adjacent to the cyano group 
undergo trimerization in the presence of alkali metals giving 4-amino- 
2,5,6-trialkylpyrimidines, the “kyanalkine” or “cyanalkines” (LVI). 
The 5-substituent will have one less CH, group than the 2- and 6-alkyl 
groups. 

N 

NH, 111 
R-.A i_’s --+ 

R\cq /C N 
Ill 

RCH/% ‘ \ c ~ R  RCH, I V X ~ R  

(LVV 

As a practical synthesis the scope is severely limited as indicated 
above. However, the best way of making 4-amino-2,6-dimethyl- 
pyrimidine is from acetonitrile and potassium ethoxideW or sodium 
methoxide.” The mechanism of the reaction is not understood, and 
indeed in some cases a sym-triazine intermediate may be implicated. 
Thus it is reported6’ that propionitrile trimerizes under high pressure 
without catalyst to 2,4,6-triethyl-l,3,5-triazine (LVII). This can be 
converted into 4-amino = 2,6- diethyl- 5 - met hylpyrimidine (LVIII) by 



94 Chapter 111 

TABLE V I I .  Examples of Pyrimidine Synthesis from @-Dicarbonyl (or 
Equivalent) Compounds and Formamide**-m 

g-DicYbanyl Derivative or Equivalent Pyrim~dic foamed Yield 

I ,3,3-Triethoxy-I -methoxypropane; unsubstituted 65%- 

1,3,3-Triethoxy-I-propene; (EtO) ,CHCH:CHOEt unsubstituted 20% 
3,3-Diethoxy-l-propyne; (EtO) ,CHCi CH unsubstituted 25% 
I11-Dimethoxy-3-butanone; (MeO) ,CHCH,COCH, 4-methyl- 70% 
1 -Dimethylamino- 1 -buten-3-one ; Me,NCH : CHCOCH, 4-methyl- 40% 
1 -Ethoxy- 1 -buten-3-one : EtOCH : CHCOCH, 4-methyl- 40% 
I-Chloro-1 -buten-3-one; ClCH : CHCOCH, 4-methyl- 40% 
3-Diethylamino-2-methylpropenal ; Et ,NCH : CMeCHO 5-methyl- 85% 

(EtO) ,CHCH,CH(OEt)OMe 72% 

I-Chloro-I-penten-3-one; ClCH :CH.CO.CH,CH, 4-ethyl- 55% 
3-Dimethylamino-2-ethylpropenal; Me,NCH : CEtCHO 5-ethyl- 71% 
I -Chloro-I -hexen-3-one; ClCH : CHCO(CH,) $Ha 4-prop yl- 60% 
3-Dimethylamino-2-ispropylpropenal ; 

1 -Chloro-5-methyl- 1 -hexen-3-one; 

3-dimethy lamino-2-hep t ylpropenal ; 
Me,NCH : C(C,H,,)CHO 5-heptyl- 93% 

Acet y lacetone ; CH,COCH ,COCH 4.6-dimethyl- 35% 
2-Imino-4-pentanone ; CH,COCH,C( : NH)CH, 4.6-dimethyl- 25% 
2-Methylimino-4-pentanone; CH,COCH,C(: NMe)CH, 4,6-dimethyl- 25% 
3-ChIoro-2-methyl-2-bu tenal ; MeCCl : CMeCWO 4,5-dimethyl- 64% 

6-methyl- 60% 

Benzoylvinylacetate; PhCOCH : CHOCOCH, 4-phenyl- 45% 
I -Benzoyl-2-dimethylaminoethylene; PhCOCH : CHNMe, 4-phenyl- 65% 

1 -Benzoyl-2-chloroethylene; PhCOCH : CHCl 4-phenyl- 38% 
Benzoylacetone : PhCOCH,COCH, 4-methyl- 

6-phenyl- 60% 
Sodiobenzoylacetone; PhCOCHNaCOCH, 4-methyl- 

6-phenyl- 35% 
1-Benzoyl-2-iminopropane; PhCOCH,C( : NH)CH, 4-methyl- 

6-phenyl- 36% 
2-Acetylimino-l -benzoylpropane ; 4-methyl- 

PhCOCH,C(: NCOCH,)CH, 6-phenyl- 25% 
1-Methoxy-1 -phenyl-I-buten-3-one; 4-methyl- 

Ph(Me0)C: CHCOCH, 6-phenyl- 20% 
1 -Benzoyl-Z-ethoxy-l -propene; PhCOCH : C(OEt)CH, 4-methyl- 

6-phenyl- 40% 
1 -Chloro-l-phenyl-l-buten-3sne; Ph(C1)C : CHCOCH, 4-methyl- 

6-phenyl- 60% 

Me,NCH :C(CHMe,)CHO 5-isopropyl- 72% 

ClCH : CHCOCH,CH(CH,) ,, 4-isobutyl- 60% 

4-ChIoro-3-octen-2-one ; C,H,C(CI) : CHCOCH, 4-b~tyl-  

Sodiobenzoylacetaldehyde; PhCOCHNaCHO 4-phenyl- 38% 

1 -Benzoyl-2-diethylaminoethylene; PhCOCH : CHNEt, 4-phenyl- 60% 
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TABLE vrI ( ~ n t i ~ ~ d ~  
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/J-Dicarbonyl Derivative or E q u i y a t  Pyrimidine formed Yield 

3-Chloro-2-methyl-3-phenylpropnal; PhCCl : CMeCHO 

I-Benzoyl-2-butanone; PhCOCH,COCIH, 

I -Phenyl-2-propionylacetylene ; PhC : CCOEt 

1 Xhloro- I -phenyI- 1 -penten-3-one; Ph(C1)C : CHCOC,H, 

l-Chlom-l-phenyl-l-hexen-3-one; Ph(CI)C: CHCOC,H, 

Dibenmylmethane; PhCOCH,COPh 
1 -l3enzoyI-2-phenylacetylene; PhCOCi CPh 
1 -Benzoyb2-methoxy-2-phenylethylene; 

Benzoyl+nitrobenzoylmethane : PhCOCH,Co(aH,NO 

2-Acetylcyclohexanone ; (CHJ ,COCHCOCH , 

PhCOCH E C(0Me)Ph - 
I 7  

2-Formylcyclohexanone ; (CH&XCHCHO 

&Imino-#T-phenylpropionitde; NCCH ,C( : NH) Ph 

Ethyl benzoylacetate; PhCOCH,CO,EEt 

l-chloro-2-formylcyclopntene; (CH,),CCl: CCHO 
- 

5-methyl- 

4ethyl- 
4-phenyl- 60% 

6-phenyl- 22 yo 

6-phenyl- 46% 
4ethyl- 

6-phenyl- 42% 
4phenyl- 

6-propyl- 50% 
4.6-diphenyl- 32% 
4,6-diphenyl- 35% 

4,64phenyl- 30% 
4+-nitrophenyl- 

ti-phenyl- 20% 
Cmethyl-5,Q 

tetra- 
methylene- 25% 

5.6-tetra- 
methyIene- 30% 

+amino- 

4-ethyl- 

6-phmyl- 55% 
4-hydr0~y- 

4.5-tri- 
6-phenyl- ? 

methylene- 7 
(homologuts 
similarly) 

alkali, and the pyrimidine can be made (directly) from the nitrile by 
use of strongly basic catalysts, or by weak bases when combined with 
high pressure. 

The trimerization of glycolonitrile (cyanornethanol) under alkaline 
conditions has been reported68 to give 4-amino-5-hydroxy-2,6-bis- 
hydroxymethylpyrimidine, but the extraordinary instability of the 
compound, even to boiling water, is puzzling. 

In an analogous reaction benzonitrile reacted with methyl lithium, 
giving a triazine which lost ammonia at 300" giving 2,4,6-triphenyl 
pyrimidine. Ethyl lithium and propyl lithium gave respectively 5- 
methyl- and 5-ethyl-2,4,6-triphenylpy~5nidine.~ 
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A rather analogous reaction,B0 between two molecules of a nitrile 
and one of an acetylene at 20 atmospheres in the presence of potassium, 
yields pyrimidines. Thus acetonitrile and acetylene give 2,4-dimethyl- 

3 EtCN < 

r 

\ 

MeOH; 7000 p.5.i.; 60" 

MeOH: < lOOOp.s,i.; 60" 
__--__I_______ -/-+ Et/bN"-Et 

(LVII) 

b NH, NaOMe; 60" 

NH,; 7000 p.s.i.; 150' 
E 

-+ 

NH,; < 3OOOp.s.i.: 150' * (LVIII] 

NaOMe 
7000 p.s,i. 

pyrimidine (LIX) while pent-1-yne with acetonitrile gives a product 
analysing for 4 (and/or 5)-butyl-2,6-dimethyIpyrimidine (LX). With 
excess of acetylene 2-alkylpyridine (LXI) is formed. 

Me Me Me 

BU<&& LIR A N  
' N A S  

CH kT 
CH 
111 

N b C b e  ( L W  (LX) &XI) 

Frankland and Kolbe's synthesisel in 1848 of "Kyan2ithin" from pro- 
pionitde and metallic potassium was the first primary synthesis of a pyrimidine. 
I t  was performed in Bunsen's laboratory at Marburg and their paper "ober die 
Zersetsungsprodukte des Cyangthyls durch Einwirkung von Kalium" makes 
interesting reading with its spirited and precise description of their experiments 
and the ultimate analyses of the products. 

The topic was kept alive by two papers of Baye+" on Kyanmethin and in 
1880 Ernst von Meyer and his colleagues a t  Leipzig began a fascinating series of 
papers on the reaction. They first improved the experimental conditions, extended 
it to other homologues, converted them to "hydroxy bases" with nitrous acid, 
and degraded them by bromine oxidation to aliphatic acids, and generally 
explored related topics.'*-Bl 

In 1889 a brief notess announced the structure of kyanathin proved as 
4-amino-2,6-diethyl-5methylpyrimidine by synthesis of 2,4-diethyl-6-hydroxy- 
5rnethylpyrimidine, identical with the nitrous acid deamination product of 
Kyanlthin. A few months later Meyer summarized** the relevant papers to that 
date. Hereafter a little appeared from Leipzig4-8" and later Dresden,a7@ and 
Meyer virtually concluded the work in 1905 by reviewing the reaction at  length. 
The originaP is not widely available but it provides more detail and interest than 
the abstract0 might suggest. 
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4. Syntheses from Malondiamides and Malondiamidine 
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In this class of synthesis both N atoms destined for inclusion in 
the pyrimidine ring are supplied already attached to the threecarbon 
fragment : it only remains to insert the carbon for position-2. The scope 
of the reaction is limited by the fact that malondiamides dl lead to 
4,6-dihydroxypyrimidines and the diamidine to 4,6-diaminopyrim- 
idines. The carbon for ring closure can be supplied in a variety of 
reagents leading to the resulting 2-position being either unsubstituted 
or substituted. The 5-position can be substituted by preattachmen t of 
the required group to the malonic acid moiety. 

A. Malondiamides with Esters: The Remiky-Hull Synthesis 

In 191 1 Remfryel showed that alkylmalondiamides reacted with 
diethyl malonate (or its alkyl derivatives) in alcoholic sodium ethoxide 
to give 2,5-dialkyl-4,6-dihydroxypyrimidines. Thus methylmslon- 
diamide (LXII) and diethyl methylmalonate (LXIII) yield 2-ethyl- 
4,6-dihydroxy-5-methylpyrimidine (LXIV) by the route shown, The 
simplest possible reaction of this type (malondiamide with diethyl 
malonate to give 4,6-dihydroxy-2-methylpyrirnidine) failed, although 
several other dialkylpyrimidines were made successfully. 

0 
H 

(LXII) (LXIII) 

OH 

‘C0,Et 

Forty years later, HullQ2, le3 simplified this synthesis by condensing 
malondiamide and ethyl fonnate to give 4,6-dihydroxypyrimidine 
(until then made by a Common Synthesis from diethyl d o n a t e  
and formamidine).28 By presubstitution of the malondiamide, 5-ethyl 
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and 5-phenyl derivatives of the dihydroxypyrimidine were producedB8 
as well as the 5-tetrahydropyran-2'-yloxy derivative.*3 The reaction was 
later extendedad to the use of methylaminomalondiamide with ethyl 
formate giving 4,6-dihydroxy-5-methylaminopyrimidine, and also to 
the use of other esters. Thus malondiamide with ethyl valerate gave 
mainly 2-butyl-4,6-dihydroxypyrimidineJ along with an easily sepa- 
rated by-product (~i.). 

B. MalondiamIdea with Amides 

The ester of the Remfry-Hull synthesis can often be replaced to 
advantage by the corresponding amide.' Thus malondiamide and its 
methylamino derivative with formamide gave respectively 4,6-di- 
hydroxypyrimidine in better yield, and 4,6-dihydroxy-5-methylamino- 
pyrimidine in comparable yield to that prepared with ethyl formate. 
Similarly propionamide and malondiamide in alcoholic sodium ethoxide 
gave 2-ethyl-4,6-dihydroxypyrimidine (LXV)." Further it was shown 
that the considerable by-product formed from the reaction of higher 
esters with malondiamide (v.s.) was independent of the ester and in 
fact was formed by self condensation of malondiamide. Thus malon- 
diamide (LXVI) in alcoholic sodium ethoxide quickly yields 2-car- 
bamoylrnethyl-4,6-dihydroxypy~imidine~ (LXVII) which had been 
synthesized unambiguously in another connection.w No evidence was 
observed of a dipyrimidinylmethane derivative formed from further 
condensation of the carbamoyl group with more rnalondiamide.gl 

0 
n 

/c\ OH 

+ NH, f %O 
?HI NH, yH1 

W G - T H ,  @\Et - 
(Lxv) 

0 

tLmrI) (LXVII) 

At least one example exists of the use of an acid chIoride in place of an 
ester, in the preparation of 1,5-diethyltetrahydro-2-methyl-4,6-dioxo-5-phe11yl- 
pyrimidine.m 
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C. Malondiamides with Oxalyl Chloride and Carbonic Acid Derivatives 

This synthesis has been used to make barbituric acid and its 
5-alkyl and dialkyl derivatives only, 

Malondiamide and oxrtlyl chloride when refluxed in benzene slowly 
give barbituric acid@ while monophenyl and diphenyl- or dialkyl- 
malondiamide give respectively 5-phenyl-, 5,5-diphenyl-, and 5,5-di- 
ethyl-barbituric acid.ge* The addition of acetic anhydride facilitates 
such ring closures which then proceed at 20".f01 The mechanism of the 
reaction has not been investigated. 

Although carbon dioxide does not seem to have been used to 
supply the 2-carbon atom of barbituric acid, carbon bisulphide and 
carbon oxysulphide when heated with alcoholic sodium ethoxide and 
dieth ylmdondiamide (LXVI I I) give respectively 5,5-die th yl-2- t hio- 
barbituric acid (LXIX) and diethylbarbituric acid.lO* 

0 
". " II OH 

(LXVIII) (LXIX) 

Phosgene has been used similarly (at 150" without Catdyst)sB*108 
and esters of carbonic acid such as diphenyl carbonate (LXX) or diethyl 
carbonate react with diethylmalondiamide giving diethylbarbituric 
acid (LXXI).lWt 5-m-Chlorophenyl-5-ethylbarbituric acid has been 
made by a similar route using diethyl carbonate.g5 Similar condensations 
on 20" in liquid ammonia containing sodium hydroxide have given 
barbituric acid and a variety of 5-alkyl and 5,5-dialkyl derivatives in 
good yield.lW 

A closely related reaction was described by Traube. Diethyl- 
malonyl chloride (LXXII) reacted with urethane giving NN'-diethoxy- 
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carbonyldiethylmalondiamide (LXXIII) . l W s  lML Ring closure of this 
under a variety of conditionslW-ll0 including the addition of urea or 
diphenyl carbonate.ll1 gave 5,5diethylbarbituric acid (LXIV). 

OH 
0 0 
U I 

,C--Cl ,C-NHCO%Et =,As 
-4 Et& -& Et I 

‘C--NHCO,Et Hcr-==N& 
EGG 

‘ c r l  
II n 
0 0 

(LXXII) (LXXI I I) (LXXIV) 

D. The Use of Malondiamidine 

Although it is less easy to prepare, malondiamidine (LXXV) is 
naturally a much more reactive intermediate than the diamide. Thus it 
reacts in the cold with ethyl formate,* ethyl acetate, and ethyl benzoate 
giving good yields of 4,6-diaminopyrimidine,l12 4,6-diamino-2-methyl- 
pyrimidine112 (LXXVI), and 4,6-diamino-2-phenylpyrimidine1ls. The 
first of these can, however, be now made more easily by an indirect 
rne th~d .~ ‘  Both diethyl carbonate and ethyl chloroformate yield 4,6- 
diamino-2-hydroxypyimidine (LXXVII) (also better made indirect- 
ly),115 while diethyl oxalate gives 4,6-diamino-2-carboxypyrimidine 
(LXXVIII) and no trace of the possible tetra-aminodipyrimidinyl. 
Acetic anhydride gives 4,6-diacetamido-2-methylpyrimidine. Ethyl 
butyrate, ethyl pyruvate, diethyl malonate, urethane (and derivatives), 
and methyl dithioacetate gave no pyrimidines.x13 

N-Substituted malondiamidines have been used with success. 
Thus for example ethyl formate with A”‘-diallylmalondiamidine or 
NN’-dioctylmalondiamidine gives respectively 4,6-bisallylamino-, or 
4,6-biso~tylarnino-pyrirnidine.~~ 

(LXXV) (LXXVI) ( LXXVi I ) (LXXVI r 1) 

* Hot formamide gives 4-amino-6-formamidopyrimidine, but when phenpl- 
azomalondiamidine is used, 4.6-diamino-5-phenylazopyrimidine (not its formyl 
derivative) is formed.118 
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When the monoamide-monoamidine of malonic acid (u-carbamoyl- 
acetamidine) was condensed with ethyl formate it gave 4-amino-6- 
hydroxypyrimidine (isolated as its 5-nitro derivative).l17 I t  is easier to 
make it indirectIy.'l* In a rather similar way the monoamfde-mono- 
amidine of phenylazomalonic acid gives with formamide, 4-amino- 
6-hydro~y-5-phenylazopyrimidine.~~ 

5. Other Syntheses of Pyrimidines 

A. Ethoxymethyleneacetic Acid to Uracil Derivatives 

Ethoxymethyleneacetic acid (LXXIX), which is the enol ether of 
formylacetic acid, is readily converted to the acid chloride and thence 
with potassium t hiocyanat e to e t hoxymethyleneace t yl is0 t hioc yanat e 
(LXXX). This treated with an amine (e.g. methylamine) gives the 
intermediate N-ethoxymet hyleneace tyl-N'-methylthiourea (LXXXI) , 
which cyclizes on warming in aqueous alkali to l-methyl-2-thiouracila 
(LXXXI I). 

0 0 0 
li II n 

/% cw N -----f 

/% 
U u II n t  

/\ OH cw NH - 
H N ~  Bs 

CH OH - 
EtOCH EtOCH CNS EtOCH C 

Me 
(LXXIX) (LXXX) (LXXXI) (LXXXII) 

Several variations can be introduced. Thus by addition of an 
a-methyl group on (LXXIX), the final product is 1,5-dimethyl-Z- 
thiouracil (I-methyl-2-thiothymine) or the alkyl substituent on N(d 
can be varied." Further, thiocyanate can be replaced by cyanate 
leading to 1-methyluracil by an analogous route, to I-methylthymine, 
or to other uracil derivatives.11s It has been applied to nucleoside 
formation .a 

The ease 01 the above sequences of reaction suggested their use in nucleoside 
formation. In addition, the method is useful as a direct way to 1-alkylthiouracils 
and uracils when a Common Synthesis using an aldelydo ester with N-alkyl- 
thiourea or urea would normally lead to 3-alkylpyrirnidines (Ch. 11, Sect. 2.C). 
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B. Maleic Diamide to Uracil 

When maleic diamide is treated with sodium hypochlorite, 2,4- 
dibydroxypyrimidine (LXXXIV) results in a good yield.lm I t  would 
seem that one amide group undergoes a Hofmann reaction to an iso- 
cyanate (LXXXIII) which then ring closes on to the other amide 
group. Although there is no other example in the pyrimidine series, 
fused pyrimidines have been made this way (Sect. 6,D), and also 
several dihydropyrimidines. Thus for example phthalic diamide 
(LXXXV) gives 2,4-dihydroxyquinaoline (LXXXVI),lal succindi- 
amide gives 5 ,6-dihydroura~iI ,~~~~ and phenyl- and a-methyl-/?- 
phenylsuccindiamide give 6-phenyldihydrouracil and (probably) 5- 
methyl-6-phenyldihydrouracil r e s p e c t i ~ e l y . ~ ~ ~ ~  lZ5 

0 0 

(LXXXII I) (LXXXIV) (LXXXV) (LXXXVI) 

C. The Alkylamidine-Acetic Anhydride Synthesis 

It has been shown126 that acetamidine reacts with acetic anhydride 
to give P-acetarnid0-2,6-dimethylpyrimidine (the acetyl derivative of 
kyanmethin). Propionamidine gives 4-acetamido-2-ethyl-5,6-dirnethyI- 
pyrimidine (LXXXVII) which indicates that the condensation takes 
place so that the amidine supplies C(&, C(d, and C(61 while the an- 
hydride supplies C(*,. (Acetic anhydride is written below as acetic acid 

D. Amidincs with c$- Unsaturated Ketones 

An interesting reaction of simple q%unsaturated ketones with 
amidines has been reported." The first product is probably a dihydro- 
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pyrimidine which is oxidized by the unsaturated ketone to pyrimidine 
and saturated ketone. Thus benzamidine and p-benzoylstyrene 
(LXXXVXII) probably give in alcoholic potassium hydroxide, 4,5- 
dihydro-2,4,6-triphenylpyrimidine (LXXXIX) which is oxidized by the 
excess of ketone (or less efficiently by an air stream) to 2,4,6-triphenyl- 
pyrimidine (XC) in 85 % yield. 

Ph 
I 

Ph 

f: y H I  -----, [ $N j oxihtioa HC 
I1 

HCLPh HNHckPh Ph NaPh Ph’ N Ph 

/ co  

(LXXXVIII) (LXXXIX) (XC) 

By variation of the ketone and amidine several other analogues 
were prepared. Substitution of S-benzylthiourea for the amidine led to 
a 5 % yield of 2-benzylthio-4,6-diphenylpyrimidine. The synthesis 
seems to be confined to aryl or tertiary alkyl derivatives. 

€2. Synthesis of Pyrimidines from Other Ring Systems 

It is occasionally useful to prepare pyrimidines from other hetero- 
cyclic systems, either by rearrangement in the case of a mono-cyclic 
compound or by degradation in the case of di- or poly-cyclic types. 
Often in the latter case, the lareer molecule has itself been made from 
a pyrimidine, and not infrequently from the self-same pyrimidine to 
which it reverts on degradation. Such cases will be ignored. Some ex- 
amples of useful syntheses are given briefly below. 

(1) Pyrimadanes from Hydudoins 

Hydantoins sometimes arise from reactions designed to produce 
pyrimidines. In these cases they readily undergo rearrangement (gener- 
ally under hydrolytic conditions) to pyrimidines. The hydantoins are 
seldom if ever desired, or intended as precursors of pyrimidines. For 
example may be taken the condensation of ethyl oxalacetate with 
urea, which does not give 4-ethoxycarbonyl-2,6-dihydroxypyrimidine 
directly as would be e ~ p e c t e d l ~ - l ~ ~  by a C o m o n  Synthesis. Instead, 
the 5-ethoxycarbonylmethylene hydantoin (XCI) is formed. Gentle 
alkaline treatment gives the corresponding 5-carboxymethylene- 
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hydantoin (XCII) and more vigorous treatment isomerizes this to 
6-carboxy-2,4-dihydroxypyrimidine (orotic acid) (XCIV) through the 
open chain compound (XCIII).131 In a parallel sequence from ureido- 
succinic acid (XCV) use has been made of the hydantoin stage to 
introduce a missing double bond (by bromination and dehydro- 
bromination) into 5-carboxymethylhydantoin (XCVI) giving 
(XCII).1327 The synthesis does not seem very versatile as 5-carboxy- 
ethylidene-, 5-benzd-, and 5-cinnamal-hydantoin failed to rearrange 
to pyrirnidines.la4 

C o p t  0 0 
n U 

;“NH --3 /‘\NH ---...-3 CO,H NH, 
NH, I 

co 

FH2 I EtOaCCH=C,N,C+O HO,CCH=C-.N,C,,O HO&CH=C,N,CO 
I + & -  / I  t \ I  

CO&t NH, H H H 

(XCI 1 (XCII) (XCI 11) 

Other exarnpIes of hydantoin intermediates in pyrimidine synthe- 
sis are k n ~ ~ n ,  such as the routes to 4-carboxy-2,6-dihydroxy-5-methyl- 
pyrimidine and to 2-amino-4-carboxy-6-hydroxy-5-methylpyrimidine 
which are similar to the above,l=-l% and so on.38 

(2) Pyrimidines from Isoxazoles and Thiazines 

The preparation of pyrimidines from isoxazole derivativesm and 
from thiazines%a 13* is indirect in that aliphatic intermediate products 
have been isolated. Examples have already been discussed (Sects. 2.D 
and E; Ch. 11, Sects. 5.A and 6.A). Diketen reacts with derivatives 
of urea to give, often via 1,3-oxazine derivatives, a wide variety of 
N-alkylated o x ~ p y r i m i d i n e s . ~ ~ - ~ ~ ~  
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(3) Pyrimidines from Hydroxyiminopyrrobs 

ro5 

A rearrangement which is interesting, if of little use, involves 
4-hydroxyimino-2,3,5-triphenylpyrrole (XCVI I). On treatment with 
phosphorus pentachloride in ether, two intermediate products (XCVIII 
and XCIX) are isolated. The former on heating gives 4-hydroxy-2,5,6- 
triphenylpyrimidine (C), and the latter on reduction with zinc and 
acetic acid gives 4-amino-2,5,6-triphenylpyrimidine (C1).14* If the 
3-position of the pyrrole is unoccupied, the 5-position of the pyrim- 
idine is also free,'"* ICLd When phosphorus pentachloride in chloroform 
is used no intermediates are isolated.l"* The author's theoretical 
discussion of the mechanisms14 is unconvincing. 

(XCVIII) (Cl I NOH 

(4) Pyrimidines from Quinazolines and Pzcrines 

When quinazoline (CII) is oxidized with permanganate, 4,5-di- 
carboxypyrimidine (CIII) results1& and from this, 5-carboxypyrimidine 
was prepared by removal of the more labile 4-carboxy group. On 
hydrolytic degradation, quinazolines naturally give benzene rather 
than pyrimidine derivatives. 

2-Hydroxypurine (CIV), 2-mercaptopurine, and 2-methylthio- 
purine are hydrolysed to give 4,5-diarnino-Z-hydroxypyrimidine (CV) 
4,5-diamino-2-mercaptopyrimidine and 4,5-diamino-Z-rnethylthiopyr- 

* It is remarkable that both Chemical Abstracts and British Abstracts 
made complete (and different) errors in naming the major product (C) of this 
reaction,143 
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i~nidine.l*~ 9-Methylpurine is almost quantitatively degraded by alkali 
to 5-amin0-4-methylaminopyrimidine,~~ These syntheses are of little 
value because the pyrimidines are normally the precursors of the 
purines. On the other hand, the readily available natural uric acid 
(2,6,8-trihydroxypurine; CVI) can be converted by treatment with 
acetic anhydride and pyridine into the “triacetate” (CVII) ;* then to 
“monoacetate” (CVIII), which on alkaline hydrolysis gives 4,Sdiamino- 
2,6-dihydroxypyrimidine (CIX) in good yield. This routelq is the best 
available to the intermediate €or xanthine, lumazine (2,4-dihydroxy- 
pteridine), and a host of derivatives. 

Of the variety of possible procedures presented in the paper it is 
best to purify the “triacetate”, convert it to “monoacetate”, and then 
use rnethanolic hydrogen chloride to give the hydrochloride of diamino- 
dihydroxypyrimidine. Sulphuric acid hydrolysis of crude “triacetate” 
is less satisfactary.lqB There are other relevant papers.lasI lS0 

HOaC,/yq H A  \N 

(CW (CIII) (CIV) (CV) 

CX‘Y N‘ - HO,C J-d <j~;:oH H ---t H , N ~ L J ~ H  

OH OH OH OH 

As other examples of the useful preparation of pyrimidines from 
purines may be mentioned: alloxan (hexahydrotetraoxopyimidine) by 
oxidation of uric acid with nitric acid,lS1 chlorate,l58t 15B or chlorine;lM 
6-thiouramil (5-amino-2,4-dihydroxy-6-mercaptopyrimidine) from uric 
acid with ammonium b i s ~ l p h i d e ; ~ ~ ~ + ~ ~ ~  and l-methyl-ls and 1,3-di- 
methyl-6-thiouramiP55. 15B from the corresponding methylated uric 
acids in a similar way. 

(5) Pyrimidirns from Ptevidines 

Most pteridines are made from 4,5-diaminopyrimidine derivatives : 
some of the less stable ones revert to their precursors under hydrolytic 

* (CVII) was once thought to be the isomeric triacetyl derivative of (CIX), 
and so arose the name “triacetate”. 
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conditions.1~7 This process could be useful if the pteridine was made 
by another method or if the pteridine was altered ( e g .  methylated) 
after formation. In this way was foundl@ a convenient synthesis of 
4-amino-5-carboxymethylaminopyrimidine (CXII) by reduction of 
7-hydroxypteridine (CXI), which was prepared from 4,5-diamino- 
pyrimidine (CX) and ethyl glyoxylate. Analogously, 5-amino-4-carboxy- 
methylaminopyrimidine was prepared from 7,8-dihydro-6-hydroxy- 
~ter idine. '~~ 

Attempts to prepare 4,5-bismethylaminopyrirnidine (CXV) failed 
by ordinary meansm but it is conveniently made by methylation of 
6,7-dihydroxypteridine (CXIII) to 5,6,7,8-tetrahydro-5,8-dimethyl- 
6,7-dioxopteridine (CXIV) followed by hydrolysis.lW 

6, Formation of Pyrimidine Ring in Fused Heterocycles 

Many examples of the completion of the pyrimidine part of a 
fused heterocyclic system are closely related to ordinary methods of 
pyrimidine synthesis. Such reactions logically belong not here, but in 
reviews of the resulting systems. The brief following sections indicate 
where such information has been reviewed, and a short summary is 
given in the case of pteridines where no complete review exists. 

A. Quinazalines from Bcnxenc Derivativea 

The application of many pyrimidine syntheses to the preparation 
of quinazolines has been well reviewed.fe1 
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B. Purines from Glyoxalines 

Apart from the implication of 5-amino-4-carbamoylglyoxaline in  
the biosynthesis of purines,162* several examples of purine syntheses 
from glyoxalines are known. They have been briefly reviewed.'= More 
recent noteworthy contributions have been made.1651166 

C. Thiazolo[S ddlpyrimidines from Thiazoles 

Known examples of the conversion of thiazole derivatives into 
thiazolo[5,4-d]pyrimidines are analogues to the preparation of purines 
from glyoxalines. They are contained in two papers.lmslBB 

D. Pteridines from Pyrazines 

2-Amino-3-carbarnoylpyrazine and 2-amino-3-thiocarbamoyl-pyr- 
azine (CXVI) cyclize with ethyl orthoformate (or formic acid) in the 
presence of acetic anhydride to 4-hydroxypteridine and 4-mercapto- 
pteridine (CXVII) respectively,lW while 2-amino-3-methylcarbamoyl- 
pyrazine similarly gives 3 , 4  - dihydro - 3 - methyl - 4 - oxopteridine 
(CXIX).1J7 A particularly interesting example is the similar conversion 
of 2-amino-3-hydroxycarbamoylpyrazine (CXX) to 3,4-dihydro-3- 
hydroxy-4-oxopteridine (CXXI).170 More complicated pteridines have 

likewise been preparedl7l9 17* and 2-amino-3-hydrazinocbonylpyrazine 
(as its isopropylidene derivative) similarly yields 3-amino-3,4-dihydro- 
4-0xopteridine.~~~ 2,3-Dicarbamoylpyrazine (CXXII) when treated 
with sodium hypochlorite undergoes a partial Hofmann rearrangement 
and 2,4-dihydroxypteridine (CXXIII) results in good yield.17' 
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Several other routes to pteridines have been described. Thus for 
example 2-amino-3-carbamoyl-5,6-diphenylpyrazine (CXXIV) with 
phenyl isocyanate gives 3,6,7-triphenyl-lumazine (CXXIII) and with 
benzoyl chloride gives 4-hydroxy-2,6,7-triphenylpteridine (CXXV).175 
2-Chloro-3-methoxycarbonylpyrazine (CXXVI) and its 5,6-diphenyl 
derivative with guanidine give respectively 2-amino-4-hydroxy- 
pteridine and its 6,7-diphenyl derivative (CXXVII) .176 2-Chloro-3- 
cyano-5,6-diphenylpyrazine (CXXVIII) with guanidine, urea or thio- 
urea gives the 2,4-diamino-, 4-amino-2-hydroxy- (CXXIX) and 
4-amino-Z-mer~apto-pteridine.~~ Some of the above work has been 
reviewed,lls and other such syntheses have been reported.ln 

0 OH 

(CXXIII) (CXXIV) (CXXV) 

OH NH. 

(CXXVI) (CXXVII) (cxxvr I I )  (CXXIX) 

E. Pyridopyriddinee from Pyridinee 

Pyridopyrimidines are easily formed from pyridines by analogous 
methods to those outlined above. A few random examples follow to 
illustrate this. 

3,4-Dicarbamoylpyridine (CXXX) with sodium hypochlorite gives 
one compound, 2,4-dihydroxypyrid0[3,4-d]pyrimidine (CXXXI).uo~ 
The same compound is obtained from 3-amino-4-carboxypyridine 
(CXXXII) by fusion with wealB1 and formamide, acetamide,lsl and 
thioureals2 give the expected analogous products. Similarly 2,3-di- 
carbamoylpyridine (CXXXIII) yields 2,4-dihydroxypyrido[2,3-d]pyr- 
imidine (CXXXIV), but not the other possible [3,2-d]i~omer.l~~ The 
substance obtained from 4-carbamoyl-3-cyano-6-methylpyridine with 
hypochlorite and said to be 2,4-dihydroxy-6-methylpyrido[3,4-d]- 
pyrimidine'" has been shownlS3 to be an altogether different type of 
isomeric compound. 3-Amino-2-carbamoylpyridine (CXXXV) and 
formamide give 4-hydroxypyrido [S,Z-d]pyrimidine (CXXXVI),u6 while 
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3-amino-2carboxypyridine (CXXXVII) can be converted into the thio- 
ureide (CXXXVIII) and thence to 4-hydroxy-2-mercaptopyrido- 
[3,2-d]pyrimidine (CXXXIX) analogous reactions using guanidine 
and cyanic acid yield respectively 2-amino-4-hydroxy- and 2,4-di- 
hydroxy-pyrido [3,2-d]py~imi&ne.~~ * 

OH 

(CXXX) (CXXXI) (CXXXII) 

OH 

(CXXXIII) (CXXXIV) 

OH 

P. Pytazolopyrimidinee from Pyrnzoles 

A number of pyrazolo[3,4-d]pyrimidines have been madew7-m 
from pyrazole intermediates. Typical are the condensations of 4-cyano- 

CH&N NCCH, NH, Me OH 

N SN A‘- N I  F f g H *  

‘N NJ ““NH, 
I I H H 
Me Me 

(CXL) (CXLI) (CXLIX) (cxu I 1) 

3-cyanomethyl-5-ethoxymethyleneamino- I-methylpyrazole (CXL) with 
ammonia to give 4-amino-3-cyanomethyl-l-methylpyrazolo[3,4-d]- 

These compounds are mistakenly named in the experimental section of 
reference 186. 
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pyrimidine (CXLI), or the refluxing of 5-amino-4-carbamoyl-3-methyl- 
pyrazole (CXLII) with formamide to give 4-hydroxy-3-methylpyzolo- 
[3,4-d]pyrimidine (CXLIII). Several pyrazolo[2,3-d]pyrimidines have 
also been made from pyrazoles,m and some pyrazolo [4,3-d]pyrimidines 
sirnilarly.lw* 1 8 ~  
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CHAPTER IV 

Pyrimidine and Its C-Alkyl and 
C-Aryl Derivatives 

Pyrimidine was first prepared in Berlin by S. Gabriel and James 
Colman in 1899, some eighty years after the beginning of pyrimidine 
chemistry. But even then, it and the simple alkyl derivatives remained 
end-products and chemical curiosities for many years. 

I. Pyrimidine (Unsubstituted) 

Until recently, pyrimidine was an exceedingIy rare substance, but 
several good methods of preparation have now made it readily available 
in quantity. 

A. Preparation of Pyrimidine 

The best way of making pyrimidine (111) in quantity is by the 
direct synthesis (Ch. 111, Sect. 3.C) of Bredereck, Gompper, and 
Morlock14 from the commercially available lJ3,3-triethoxy-1-rnethoxy- 
propane (I) or other equivalent to malondialdehyde (11), and form- 
amide. The process has even been made continuous by use of a hetero- 
geneous catalyst.6s6 The earliest methods of preparation were by de- 
carboxylation of 4-carboxy-, or 4,6-di~arboxy-pyrimidine~~~ (IV), and 
the latter has now been described as a useful preparative method on a 
reasonable scale.* Pyrimidine has also been made by dehalogenation 
of its 2,4,6-trichloro-, or 2,4,5,6tetrachloro- derivative with zitdo, l1 

but catalytic hydrogenations over palladium are much better. Thus 
2-chloropyrimidine yields pyrimidine under a variety of conditions,1a 
as do also 2,4,5,6-tetracNor0-,~~ 2,4,6-trichIor0-,~~.~~ 5-bromo-2,4-di- 
chloro-,16 2,5-dich1oro-,l6 4,6-&chlor0-,~~ and 2,4-dichloro-pyrim- 
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idinela*16 (V). The last of these (in the presence of magnesium oxide) 
seems to be the most practical hydrogenation route to pyrimidine. 
Other less satisfactory but interesting methods have made use of 
2-mercapto- or 2,4-dimercapto-pyrimidine (VI) with Raney nickel*p l e v  l7 

or hydrogen peroxide? and have started from 2,4-bisbenzenesulphonyl- 
hydrazinopyrimidine and 2,4-dihydrazinopyrimidinefa (VII). 5-Bromo- 
2-methylthiopyrimidine (VIII) on boiling with Raney nickel gives 
pyrimidine (as mercurichloride) in 38 ?!, yield,= and Z-carboxymethyl- 
thiopyrimidine (IX) does so in 14 % yield.s 

H JPd/M@ 
d 

B. Properties of Pyrimidine 

Pyrimidine is a water-soluble colourless hygroscopic solid of 
m.p. 22.5" and b.p. 124" (758 mm).16 As a supercooled liquid it has 
1z#':1.4960;* it has a dipole moment of 2.4D,W and a resonance 
energy calculated at 26 Kcalw or 38 Kca.I.19 Electron density diagramslR 
(Ch. I, Sect. 5.A) and polarographic reduction datae1 have been 
published. I t  is a weak base (pK, 1.3 and CIZ.  -6.1) and forms a picrate 
(m.p. 156"),8p7 an oxalate (m.p. 160°), a reineckate (m.p. 284-286"),1* 
a methiodide (m.p. 136-137"),16 and other salts and metal salt com- 
plexes as well as monoquaternary salts with dialkyl sulphates, p 
toluenesulphonic esters, and bromoacetophenone.606 Isolation of pyr- 
imidine from aqueous solution is probably best done by continuous 
chloroform extraction8 but use has been made of the insoluble mercuric 
chloride complex14*16 from which it is best recovered by distillation 
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with sodium sulphide.le Other metallic salt complexes are known,5f7 
and a complex with a Aavan has been used to isolate and purify 
pyrimidine.'* 

C. Reactions of Pyrimidine 

Unsubstituted pyrimidine resists nitration16 but despite the widely 
held belief that pyrimidine would need at  least one electron-releasing 
substituent to permit halogenation, it does in fact brominate in the 
5-position.5t6 This takes place onIy when pyrimidine hydrochloride is 
used as starting material, and it is not unreasonable to suppose that the 
mechanism is analogous to that of pyridine. In that case, a temperature 
of 500" is needed for the direct bromination of pyridine, but if the 
hydrochloride is used, a red perbromide can be isolated, and on heating 
to only 160" it gives 3-bromopyridine.** Diazotized #-nitroaniline does 
not couple with pyrimidine, but some 2- and 4-fi-nitrophenylpyrim- 
idines are formed,LB The mono-N-oxide is formed in small yield by 
hydrogen peroxide in acetic the bulk of the pyrimidine 
being degraded by oxidation.& Hydrogenation of pyrimidine in the 
presence of acid yieIds tetrahydropyrimidine (as hydrochloride), and it 
has also been characterized as  oxalate and benzoyl derivatives.18 
Pyrimidine is stable to cold alkali, but is slowly decomposed by boiling 
N-sodium hydroxide, and yields 60% of its nitrogen as ammonia in 
60 hours. I t  leaves what is probably a polymer of acrolein.ah It is 
advantageous to use alkali during the isolation of pyrimidine made by 
dehdogenation, in order to decompose any tetrahydropyrimidine 
present.131 IS 

At room temperature, Grignard reagents readiIy add to the 3,4- 
bond of pyrimidine. The product (X) from phenylmagnesium bromide. 
after hydrolysis to (XI) and permanganate oxidation, yields 4-phenyl- 
pyrimidine (XII). (I-FToIyl-, 4-$-anisyI-, 4-a-f-furyl-, and 42'-thiazolyl- 
pyrimidine have been made 

Pyrimidine is even more reactive towards lithium derivatives. 
Thus 2-thiophen-lithium at 30" gives (XIII) which is hydrolysed to 
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(XIV) and then oxidized to the fully aromatic 4-2'-thienylpyrimidineSe6 
(XV). 4-Phenylpyrimidine, 4-$-tolylpyrimidine and other analogues 
were made similarly.u 
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(XIII) ( X W  (xv) 

2. C-Alkyl and GAryl Pyrimidines 

A. Preparation of Alkyl Pyrimidina 

Most alkyl or aryl pyrimidines can be made by a direct synthesis 
with only the required groups already in place. The intermediates are, 
however, not always easy of access, and it is often easier to make a 
pyrimidine containing additional functional groups which can be later 
removed to obtain the required pyrimidine.* In any case, the alkyl 
groups are almost invariably put in position during the initial ring 
synthesis. 

(1) Direct Sy?ztheses of Alhylpyrimidims 

Condensation of /3-dialdehydes, p-aldehydo ketones, or #?-diketones 
with an amidine could yield a great variety of alkyl and polyalkyl 
pyrimidines. Thus, for example, acetylacetone and methylacetylacetone 
with acetamidine yield 2,4,6-trimethylpyri1nidine*~-~ and 2,4,5,6- 
tetramethylpyrimidine" respectively ; other examples can be found in 
(Ch. 11, Sect. 4). The condensation of amidines with ap-unsaturated 
ketones" has also been used to produce polyary1 and alkyl aryl 
pyrimidines, such as 5-methyl-2,4,6-triphenylpyrimidine (Ch. 111, 
Sect. 5.D). When no group is required in the 2-position, the direct 
synthesis of Bredereck, Gompper, and Morlockf+6* is very useful 
and a variety of simple alkylpyrimidines have been so made (Ch. 111, 
Sect. 3.C). Two other syntheses of alkyl and aryl pyrimidines by rather 
obscure routesmv31 from simple nitriles have been already discussed 
(Ch. 111, Sect. 3.D). 

* The dangerous practice of considering alkyl and aryI groups as entirely 
non-functional has led to the indiscriminate introduction of these groups into 
pyrimidines simpIy because the intermediates may be more easily available, 
While this i s  clearly very undesirable in principle, it is only in recent years 
that unwanted and irrevelant alkyl groups are being avoided at all. 
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(2) Alkylpyrimidi.nes from AlkyLchloro@rimadins 

Alkylpyrimidines with 2-, 4-, or 6 - hydroxy groups are readily 
made, and are easily converted into alkylchloropyrimidines. Pynm- 
idines with halogen in the 5-position are also readily available. Dehalo- 
genation of all these compounds yields alkylpyrimidines, and in addi- 
tion the 2-, 4-, and 6-chloro groups can sometimes be repIaced by 
another alkyl group through the use of a Grignard reagent, or phenyl- 
lithium, or the reaction described in (Ch. VI, Sect. 5. J). 

Thus for example 4,6-dichloro-2-methylpyrimidine (XVII), on 
hydrogenation over palladized charcoal in the presence of a base, yieIds 
2-methylpyrimidine (XVI) in 96 % 38 The same compound on 
treatment with ethyl magnesium bromide gives 4,6-diethyl-Z-methyl- 
pyrimidine= (XVIII). Another Grignard example is the treatment of 
4-chloro-5-ethyl-2,6-diphenylpyrimidine with phenyl magnesium bro- 
mide to give 5-ethyl-2,4,6-triphenylpyrimidine," (XIX) and similarly 
phen yl-lithium reacts with 4-chloro-2,6-diphenyl-5-propylpyrimidine to 
give 2,4,6-triphenyl-5-propylpyrimi~line.~~ Other examples of the use 
of alkyl-lithium derivativesw and a replacement of chloro by benzyl 
under Friedel-Crafts conditions are known.96 Other examples of alkyl- 
pyrimidines produced by dehalogenation are contained in Table VIII. 
Perhaps it scarcely needs emphasizing that hydrogenation is now 
normally the best method of reductive dehalogenation. 

c1 Et Ph 

(3) Alkylpyrimidims from their Carboxy, * Mevcafito and 
Other Derivatives 

Alkylpyrimidines have also been prepared by removal of groups 
other than halogen. Thus Z-carboxy-4,6-dirnethyl-, 5-carboxy-4- 
methyl-2,6-diphenyl-, and 5-carboxy-2,4,6-triphenyi-pyrirnidines yield 
on distillation, respectively 4,6dimethyl-,7 4-methyl-2,6-dipheny1_,54 
and 2,4,6-triphenyl-pyri~nidine,~~ Removal by Raney nickel of a mer- 
capto group from the 2-position of the appropriate pyrimidine gives 

* The reactions described in (Ch. VI, Sect. 5. J) are also relevant. 
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TABLE VI  I I. Some Alkyl and Aryl pyrimidines Produced by Dehalogenation 

pyrimidine Produced 
and Yield starting Pyrimidine Reagcnt References 

2-methyl-; 47% 
2-methyl-; 38% 
2-methyl- ; 84% 
2-methyl-; 92% 
2-methyl- 
4-methyL; 65% 
4-methyl-; 35% 
4-methyl- 
+methyl-; 30 & 
68 & 75% 

&methyl-; 93% 
Cmethyl-; 38% 
tmethyl-; 43% 

5-methyl-; 70% 
5-methyl-; 87% 
Imethyl-; 55% 
2-phenyl-; 90% 
Z-phenyl- 
2-phenyl-; 84% 
Not 2-phenyl-;a 
46% 

4phenyl- 
4phenyI- 
4-phen yl- 
5-phen yl- 
4amyI-@ 
2,Gdimethyl- ; 

65% 
2,5-dimethyl- 

2-butyl-4-methyl- 

4-methyl- 

&methyl- 
2-phenyl- 

6-phen yl- 

4-methyl- 

6-methyl- 

2-benzyl- 

4-benz y l- 

4-chloro-2-methyl- 
4-chloro-2-methyl- 
4-chloro-2-methyl- 
4,6-dichloro-2-methyi- 
4.6-dichloro-2-methyl- 
4-chloro-6-methyl-c 
2,4-dichlor0-6-methyl- 
2.4-dichloro-6-methyl- 
2,4-dichlor0-6-methyl- 

2,4-dichloro-6-methyI- 
2,4-dichloro-6-methyl- 
5-bromo-2,4-dichloro- 

4-chloro-5-methyl- 
2.4-dichloro-5-methyl- 
2,4,6-trichloro-5-methyl- 
khloro-2-phen yl- 
4-chloro-2-phenyl- 
4-chloro-2-phenyl- 
5-bromc-4-chloro- 

2-phenyl-( ?) 
4-chloro-6-phenyl- 
P-chloro-4phenyl- 
2.4-dichIoro-6-phenyl- 
4chloro-5-phenyl- 
4-amyl-2,6-dichloro- 
4-chloro-2.6-dimethyl- 

4,6-dichloro- 
2.5-dimethyl- 

2-butyl4chloro- 
6-methyl- 

4-chloro-6-methyl- 
2-phenyl- 

P-chloro4methyl- 
6-phenyl- 

2-benzyl-4-chloro- 
6-methyl- 

6-methyl- 

6-methyl- 

4-be1~yl-Z-~hl010- 

H,; Pd/BaCO,; NH, 
Z n P  a 0  

H,; Pd/C: NaOH 
H,; Pd/C; MgO 
Ha; Pd/BaCO,; NH, 
Zn/H 8O 
H,; Pd; CaCO, 
H,; Pd/C; MgO 

H,; Pd/C; NaOH 
H,; Pd/C; NH, 
H,; Pd/C; MgO 

H,; Pd/BaCO,; NH, 
H,; Pd/C; NaOH 
H,; Pd/C; MgO 
H,; Pd/BaSO,; NaOH 
H,; Pd/BaS04; NaOH 
H,; Pd/BaCO,; NH, 

Ha; Pd/C; N H S  

Zn/H*O 

H,; Pd/BaCO,; NHa 
H,; Pd/BaSO,; NaOH 

H,; Pd/BaSO,; NaOH 
H,; Pd; CaCO, 
Zn/H ,O 

H,; Pd/C; MgO 

33,; Pd; CaCOt 

Ha; Pd; CaCOa 

ZnlH,O 

HI/red pb 

zn/HPo 

Zn/H*O 

36 
37 
38 
13 
32 
36 
7. 36,39 
40 
36,41, 

42 
13 

43 

36 
13 
42 
16 
16 
36 
44 

36 
16 
40 
16 
46 
48 

32 

46 

48 

50 

51 

51 

38 

a This compound described as 2-phenylpyrimidine44 melted 90° above that 

b A compound previously described as 4-amylpyrimidin@ was shown to 
obtained later in three other ways.16 

be so described in emr.46 
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4-methylpyrin1idine,~ 5-phenylpyrimidine, s3 4-methyl-6-phenylpyrim- 
idine,58 and 4,6-dimethylpy1imidine.~~ l8 The last compound is better so 
prepared than by the above decarboxylation. It has also been made by 
the oxidative removalla of the hydrazino group from 2-hydrazino-4,6- 
dimethylpyrimidine (prepared from the P-chloro analogue), and in the 
same way 4-methylpyrimidine has been made from its 2-hydrazino 
d e r i v a t i ~ e . ~ ~  AIthough direct removal of a hydroxy group is a most 
uncommon process in the series, Z-ethyl-4-hydroxy-6-methylpyrimidine 
when distilled with zinc dust gives 2-ethyl-4-methylpyrimidine.ss 

(4) Interconversion of Alkyl Groups in Pyrimidines 

There are several examples of the preparation of one alkyl pyrim- 
idine from another. 2,4,6-Trimethylpyrimidine with phenyl-lithium, 
followed by methyl iodide or dodecyl bromide, gives respectively 
4-ethyl-2,6-dimethylpyrimidines or 2,4-dimethyl-6-tridecylpyrim- 
idine."6 By less direct means, 4-methylpyrimidine (XX) can be con- 
verted by formaldehyde into 4-hydroxyethylpyrimidine (XXI) which 
on treatment with molten potassium hydroxide yields 4-vinylpyrim- 
idineP1 (XXII), and hydrogenation gives 4-ethylpyrimidine4' (XXIII). 
Rather analogously 2- and 4-methylpyrimidine condense with benz- 
aldehyde giving respectively 2-styrylpyrimidinesa and the 4-isomer ;" 
the latter has been hydrogenated to 4-phenylethylpyrimidine61 and 
other such reductions are known.= Conversion of methyl into styryl 
groups is more fully treated in section 3.C(1). One other method of 
producing a styrylpyrimidine can be mentioned here: it is the condensa- 
tion of a pyrimidine aldehyde with the active methylene group of 
+-nitrophenylacetic acid (followed by decarboxylation). 

RCHO + H,C(CO,H)C,HaNO, + RCH:CHCaHdNOI + CO, I- H i 0  

The compound produced in this way was 4-hydroxy-6-methyl- 
5-@nitro~tyry1-2-piperidinopyrimidine.~ 

c 2-Chloro-4-methylpyrimidine did not give satisfactory results. 
d Dechtorination with hydriodic acid can have surprising results as in the 

formation of 4-hydroxy-,46 4-hydro~y-5,6-dimethyI-,~~ and 4-hydroxy-6-ethyl-47 
pyrimidine from the corresponding 2.4-dichIoro derivatives; as in the formation 
of 4-hydroxy-6-methyl- or 4-iodo-6-methyl-pyrimidine according to conditions 
from 2,4-dichlor0-6-nethylpyrimidine;~~~~ and as in the formation of 4-iodo- 
6-methylpyrimidine from the 4-chloro ana10gue.'~ 
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It was at one time believed51 by analogy with a pyridine 
~ I I Z L ~ O ~ U ~ ~ * ~ ~  that 4-methylpyrimidine when treated with sodamide 
and but yl bromide gave 4-amylpyrimidine. The same authors showed 

later that it was, however, neither 4-amylpyrimidine nor 2-butyl-4- 
rnethylpyrimidinem by unequivocal syntheses of these substances. 

(5) Direct Introductwlz of Alkyl G o z ~ p s  

Besides the examples mentioned in Sects. 2.C and 3.A(4), and in 
Ch. VI, Sect. 5.5, there are cases of introduction of alkyl or aryl 
groups. 4-Methyl-2-phenylpyrimidine (XXIV) adds phenyl-lithium to 
give (XXV), and hydrolysis yields 1,6-dihydro-4-methyI-2,6-diphenyl- 
pyrimidine (XXVI) which has been isolated, and oxidized with 
perrnanganate to 4-methyl-2,6-diphenylpyrimidine (XXVII). Similar 
treatment of 4-methylpyrimidine gave a mixture of the 2- and 6-phenyl 
derivatives which, however, were not isolated." 2-Aminopynrmdine and 
phenyl-lithium give only 2-amin0-4-phenylpyrimidine.~ When 2-di- 
methylaminopyrimidine was treated with one equivalent of butyl- 
lithium, 4-butyl-2-dimethylaminopyrimidine was formed ; with three 
equivalents, 4,6-dibutyl-2-dimethylaminopyrimidine.~ The above re- 

actions are more of theoretical than of synthetic importance at this 
stage of their deveIopment, but the conversion of 5-methylpyrimidine 
into its 4-phenyl derivative goes with phenyl-lithium in 37 % yleld.8g 

Barbituric acid and its derivatives with a free 5-position, condense 
with benzaldehyde or with em-dichlorodiphenylmethane giving respec- 
tively the 5-phen ylmethylene and 5-diphenylmethylene derivatives."S*l 
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These can be reduced with zinc and acetic acid to the corresponding 
5-benzyl or 5-diphenylmethyl derivatives.61 Hexamethylenetetramine 
and barbituric acid gives the rather unstable 5-methylenebarbituric 
acid, as the ammonium Salke2 Alkylation in the 5-position of barbituric 
acid has been occasionally reported: for example ally1 bromide and 
sodium acetate is said to yield 5-allyl- or 5,5-diallylbarbituric acid 
according to the amount of ally1 

(6) Ethylzyl&rkmidines 

5-Acetyl-4-methyl-2-phenylpyrimidine (XXVIII) has been con- 
verted with phosphorus pentachloride into the 5-a-chlorovinylpyrim- 
idine (XXIX) which with potassium hydroxide gave 5-ethynyl-4- 
methyl-2-phenylpyrimidine (XXX). The 2-dimethylamino analogue 
(XXXI) has been similarly made.B7 

B. Properties of Alkylpyrimidines 

The alkylpyrimidines are liquids or low melting solids similar to 
pyrimidine (Sect. 2.B) in properties and forming similar salts and 
complexes. The lower members are highly soluble in all kinds of solvent 
and being rather more lipophilic than the parent, they are the more 
readily removed from aqueous solution by continuous extraction with 
chloroform or even ether. Boiling points and melting points rise as 
would be expected with molecular weight, for example from 2-methyl- 
pyrimidine (b.p. 138"; m.p. -4") to 4,6-diphenylpyrimidine (b.p. 
190"/0.01 mm; m.p. 103"). The methyl pyrimidines are slightly 
stronger bases than pyrimidine, e.g. 4-methylpyrimidine has pKa 2.0. 

C. Reactions of Auryl and Aryl Pyrimidines 

Besides analogous reactions to the parent pyrimidine, the akyl 
pyrimidines undergo several reactions directly associated with the 
alkyl groups. When they occur in the 2-, 4-, or &position, methyl 
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groups are active in the sense of that in 2,4-dinitrotoluene, but in the 
5-position a methyl group resembles more closely that of toluene itself. 

(1) Methyl- to Styryl-pyrimidines 

Methyl groups in the 2-, 4-, or 6-position of a pyrimidine can 
generally be converted to styryl derivatives by condensation with 
benzaldehyde or fi-dimethylaminobenddehyde. Thus 2-methyl- 
pyrimidine or 4-methylpyrimidine with benzaldehyde in the presence 
of zinc chloride gives 2-styry1pyrimidinesa (XXXIII) or the 4-is0mer.~~ 
2,CDimethylpyrimidine similarly gives 2,4-distyrylpyrimidine6' and 
4,6-dimethyl-2-phenylpyrimidine gives 2-phenyl-4,6-distyryIpyrim- 
idine.@ 2,5-Dimethylpyrimidine (XXXIV), however, gives only 5- 
methyl-2-styrylpyrimidine (XXXV) because the 5-methyl group is 
inactive.3a 2,4,6-Trimethylpyrimidine on the other hand gives with 
an excess of benzaldehyde (zinc chloride) 2,4,6-tri~tyrylpyrirnidine,*~~@ 
and with less benzaldehyde a mixture of dimethylstyrylpyrimidine and 
methyldistyrylpyrimidine.g9p70 The first of these was said to  be 4,6- 
dimethyl-2-styrylpyrimidine on the evidence of oxidation studies70 but 
it seems more likely to be 2,4-dimethyl-6-styrylp~rimidine.~ It would 
seem therefore that 4-methyl groups are more reactive towards 
aldehydes than are 2-methyl groups. Styryl group formation is also 
successful in the presence of other groups as shown by the formation 
(with zinc chloride) of 5-bromo-2-styrylpyrimidine from 5-bromo-2- 
methylpyrimidine.l* 

(XXXII) (XXXIII) (XXXIV) (XXXV) 

Zinc chloride is not always the catalyst of choice: this is particu- 
larly true when the starting methylpyrimidine contains hydroxy 
groups, which deactivate the methyl group. Thus 2,4-dihydroxy-6- 
methylpyrimidine does not condense with benzaldehyde in the presence 
of zinc chloride, acetic anhydride, alcoholic sodium hydroxide, or even 
piperidine,?l but when the methyl group is partly reactivated by 
insertion of a 5-nitro group (2,4-dihydroxy-6-methyl-5-nitropyrim- 
idine), the styryl compound can be formed at least in the presence of 
~iperidine.~' Likewise p-dimethylaminobenzaldehyde condenses neither 
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with 2,4-dihydroxy-6-methylpyrimidine nor its 2-mercapto analogue 
in the presence of zinc chIoride, but does so in aniline; the aniI seem to 
be almost certainly implicated7% in preparation of the 2,4-dihydroxy- 
and 4-hydroxy-2-mercapto-6-styrylpyrimidine. Benzaldehyde itself 
does not condense under these conditions.78 Again, while p-dimethyl- 
aminobenzaldehyde is catalysed by zinc chloride to react with 4-methyl- 
pyrimidine to give 4-P-dimethylaminostyrylpyrirnidine,73 it reacts 
better with 2-hydroxy-4,ti-dimethylpyrimidine in the presence of a 
piperidine or hydrochloric acid catalyst to give 4-p-dimethylamino- 
styryl-6-methyl- or 4,6-bis-~-dimethylaminostyryl-2-hydroxypyrim- 
idine according to the amount of aldehyde.731'4 2-Amino-4,6-dimethyl- 
pyrimidine condenses similarly in acetic anhydride to yield P-acet- 
amido-4-p-dimethylaminostyryl-6-methylpyrimidine,l5 Among other 
aldehydes used to form styryl compounds in the series are 3,4-di- 
hydroxybenzaldehyde, 4-hydroxy-3-methoxybenzaldehyde,79 and p-  
nitrobenzaldehyde?l 

(2) Chloral with Methylpyrimidines 

When the aliphatic aldehyde, chloral, is condensed with 2-methyl- 
pyrimidine (XXXVI) no elimination of water occurs (as would happen 
with benzaldehyde) , and 2-( 3,3,3-trichloro-2-hydroxypropyl)pyrimidine 
(XXXVII) is formed. Treatment of this with sodium hydroxide yields 
the unsaturated 2-~-carboxyvinylpyrimidine (XXXVIII), which on 
reduction gave 2-p-carboxyethylpyrimidine (XXXIX). These reactions 
have also been done with 4-methylpyrimidinea as starting material. 

GtM, NaOH 'N 4" 
- L A  ------+ OHC-CCI. ' N 

C h H s c H o H c c i 8  CACH : cHco ,H N C~CH,CO,H 

(XXXVI) (XXXVII) (XXXVIII) (XXXIX) 

(3 )  Permanganate Oxidation of Alkyl- to Carboxy-fiyrimidines: 
Rentoval of Alkyl Groufis 

Oxidation to  a carboxy group and decarboxylation constitutes the 
only effective way to remove an alkyl group from a pyrimidine. The 
process is therefore of some importance. For example, 4-methylpyr- 
imidine on treatment with permanganate yields 4-carboxypyrimidine,? 
the decarboxylation of which once constituted an important prepara- 
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tion of pyrimidine. Similarly 4,6dimethylpyrimidine with a limited 
amount of permanganatee ( X L )  gives 4-carboxy-6-methyl- or, more 
easily, 4,6-dicarboxy-pyrimidine (XLL),8:@ but (as with formation of 
styryl derivatives) 4,5-dimethylpyrimidine (XLII) gives only 4-carboxy- 
5-methylpyrimidine (XLIII) , the 5-methyl group being resistant to 
attack ;7s decarboxylation gave 5-methylpyrimidine. Phenyl groups are 
also resistant to oxidative attack in any position. Thus 4,6-dimethyl- 
2-phenylpyrimidine (XLIV) with permanganate gives (according to the 
amount of reagent) 4-carboxy-&methyl- or 4,6-dicarboxy-Z-phenyl- 
pyrimidine (XLV).Z6 When, however, the phenyl group carries a p- 
hydroxy group as in 2 - f i  - hydroxyphenyl - 4 , 6  - dimethylpyrimidine 
(XLVI) it  is even more easily oxidized than are the methyl groups, and 
controlIed oxidation yields 2-carboxy-4,6-dimethylpyrimidine7 (XLVII) 
which was decarboxylated to 4,6-dimethylpyrimidine. Quinazoline is 
oxidized under vigorous conditions to 4,5-dicarbo~ypyrirnidine?~ 

As in other series it often seems advantageous to convert methyl 
to styryl groups before oxidation to carboxylic acids. Thus while 
5-bromo-4-carboxy-2-methylpyrimidine (XLVII I) resisted both nitric 

C0.H 

(XLVIII) (XLIX) 

acid* and permanganate oxidation,l8 the closely related 5-bromo- 
2-methylpyrimidine (XLIX) after prior conversion into 5-bromo-2- 

* However, at least with nitric acid, the corresponding 4-carboxy-5-chloro- 
2-methylpyrimidine gave 2.4-dicarboxy-5-chloropyrimidine.”7 
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styrylpyrimidine (L) readily gave with permanganate, 5-bromo-2- 
carboxypyrimidinela (LI). Similarly 2-styrylpyrimidine and its 5-methyl 
derivative gave respectively 2-carboxy- and 2-carboxy-5-methyl- 
pyrimidine.s2 Unfortunately no direct experiments are recorded on the 
efficacy of forming a styryl group prior to oxidation. 

(4) O t h r  Oxidations of Alkylpyrirnidines; N-Oxides 

When 2,4,6-tristyrylpyrimidine (LII) was treated with ozone, 
2,4,6-triformylpyrimidine (LIII) was formed and isolated as a mono- 
fl-nitrophenylhydrazone.w Aldehydes are similarly formed from a 
dimethylstyrylpyrirnidine and from a methyldistyrylpyrimidine,70 but 
the isomeric configurations are not yet beyond doubt.Np70 

Although pyrimidine is largely destroyed during N-oxide for- 
mation, the alkylpyrirnidines give much better yields. Of the two 
methods which have been used, hydrogen peroxide in acetic acid 
solution at 70" is the better. In this way 4-methylpyrimidine-N-oxide 
is formed in 2 8 - 4 3 % ~ i e I d , ~ p ~ 9 ~ , ~  but by the use of peracetic acid in 
ether only 8 % was 0b ta ined .7~~~~  Other preparations using the former 
method include 2-methylpyrimidine- 1-oxide, 3 1 Yo ;as Ei-methylpyrim- 
idine-1-oxide, 36 % ;23 2,4-dirnethyIpyrimidine-N-oxide, 44 % ;78 4,6-di- 
methyl- I -oxide, 75 %;5***B 4-methyl-6-phenylpyrimidine-N-oxide, 
74 %;5~6  2,4,6-trimethylpyrimidine-I-oxide, 36 %.23 It is not yet known 
which ring nitrogen atom is involved in oxide formation in such a case 
as 4-methylpyrimidine-N-oxide, (LIV) or (LV). 2-Phenylpyrimidine 
and several other derivatives failed to give N-oxides.* Pyrimidine-N- 
oxides have been revieweds0 (in Japanese). 

CH: CHPh CHO Me Me 

A N  LA 34 
CH:CHPh OHC N CWO 

When attempts were made to nitrate 4-methylpyrimidineS only 
oxidation occurred and a base C,,H,N,O, was isolated. On reduction 
with hydrogen iodide, a stronger base Cl0H,,N, was formed. By com- 
parison with benzene analogues these compounds were forrnulated*l 
respectively as the oxadiazole (LVI) and the diaminoethane derivative 
(LVII). 2,4-Dimethylpyrimidine forms a similar compound, but it is 
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not known whether the 2- or the 4-methyl groups are invoIved in the 
new ring.B1 

0 

N’ 

(LVI) (LVII) 

At least one example of simultaneous nitration and methyl group 
oxidation is known.* 3-Ethyl-6-methyluracil (LVIII) on treatment 
with nitric and sulphuric acids gives in 43 % yield, 6-carboxy-3-ethyl- 
5-nitrouraciPS (LIX). Nitrous acid has also been implicated as an 
oxidizing agent of 4-hydroxy-2-methylpyrimidine (LX) to 2-carboxy- 
4-hydroxypyrimidine (LXI) but unfortunately experimental details are 
lacking.84DW An interesting oxidation of the C-methyl group in I,2,3,4- 
tetrahydro-l,3,6-trimethyL2,4-dioxopyrimidine (LXII) to an aldehyde, 
occurs on treatment in ether with isoamyl nitrite in the presence of 
potassium ethoxide. A Claisen type of condensation ensues giving the 
nitroso compound (LXIII) which is in fact the aldehyde oxime, 
1,2,3,4- tetrahydro-6- hydroxyiminomethyl- 1,3-dimethyl- 2,4- dioxo- 
pyrimidine42 (LXIV). The structure was established” by unambiguous 

OH OH OH OH 

synthesis with hydroxylamine from the corresponding diethylacetal, 
4-diethoxymethyl- 1,2,3,6-tetrahydro- I ,3-dimethyl-2,6-dioxopyrimidine 
(LXV), which was made by methyIation of the known 4-diethoxy- 
methyl-2,6-dihydro~ypyrirnidine.~ 

* An example of nitric acid oxidation after nitration is  the conversion of 
2,4-dihydroxy-6-methyl-5-nitropyrimidine into4-carboxy-2,6ihydroxy-5-nitro- 
pyrimidine in 78% yield.** 
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Methylpyrimidines have been directly converted into carbamoyl 
derivatives by oxidation with potassium ferricyanide and ammonia. 
Examples are the preparation of 4-carbamoyl-2,6-dihydroxypynm- 
idine,m 6-carbamoyl-l-methyluracil,Bs and 4-carbamoyl-l,2,3,6-tetra- 
hydro-1 ,3dimethyl-2,6-dioxopyrimidine.88 

(5) Halogeltation of Atkylpyrimidines 

Little use has been made of the ability of methyl or other alkyl 
pyrimidines to halogenate either on the alkyl group or in the 5-position. 
Indeed it was for a long time considered that 5-bromination was im- 
possible in a pyrimidine unless an electron-releasing group waspresent.m 
Pyrimidine itself, however, can be- brominated6 and when P-methyl- 
pyrimidine (LXVI) is brominated “in glacial acetic acid in the presence 
of fused sodium acetate” not only is the methyl converted into a 
tribromomethyl group but a 5-brOmO group is also introduced, giving 
5-bromo-2- tribromome t hyl~yrimidine~ (LXVI I). Treat men t with silver 
nitrate and acetic acido1 gave 5-bromo-2-carboxypyrimidine (LXVIII) 
which on decarboxylation gave 5-bromopy~imidine (LXIX) and on 
dehalogenation, 2-carboxypyrimidinew (LXX). These reactions not 
only confirmed the structure of (LXVII) but also formally constitute 
another route whereby a methyl group may be removed. 4,6-Dimethyl- 
pyrimidine gives similarly 4,6-bistribromomethypyn’midine,D and 4- 
methyl- gives 4-di(or tri)bromo(or chloro)methyl-pyrimidine.lm 

Other brominations of methyl groups have been recorded. 5-Acetyl- 
4-methy1-2-phenylpyrimidine on treatment with bromine in chloroform 
gives 5-acetyl-4-bromomethyI-2-phenylpyrimidineO* (LXXI). 2-Amino- 
4,6-dimethylpyrimidine when brominated in boiling acetic acid in 
ultraviolet light and with peroxide gives mainly 2-amino-5-bromo- 
4,6-&methylpyrimidine (LXXII) but a little 2-amino-5-bromo-4- 
bromomethyl-6-methylpyrimidine (LXXIII). When the reaction is 
done in water there is formed in addition to (LXXII) and (LXXIII), 
some 2-amino-5-bromo-4,6-bisbromomethylpyrimidine0~ (LXXIv). 
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N-Bromosuccinimide is a convenient reagent for bromination of 
methyl groups, and has been used with pyrimidines. In this way 
2,4,6- tnchloro -5- methylpyrimidine yields 5- bromomethyl -2,4,6- tri- 
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CHsBr CH,Br CH,Br 
Br 

Me N NH, Me Brt'NHa BrHaC tL, Mew, B r T L  

(LXXII) (LXXIII) (LXXrV) 

C L  
(LXXI) 

chloropyrimidine (LXXV) in 78 % yield. Direct bromination in strong 
light gives a comparable yield (85 %). 4,6-Dichloro-2,5-dimethyl- 
pyrimidine (LXXVI) likewise with N-bromosuccinimide gives 5- 
bromomethyl-4,6-dichloro-2-rnethylpyri~dine (LXXVII) (74 %) and 
in this case is more specific than is direct bromination, which also 
substitutes a bromine for one chlorine atom, giving 4-bromo-5-bromo- 
methyl-6-chloro-2-methylpyrimidineM (LXXVIII) in 45 % yield. 

Br, 
-7 

Me A N  N-bnxmr B r H * C ~ ;  BrH,C, 
CI Cl Br 

L%& BrHztLi cl&he succMdde+ CI N 'Me c1 
(LXXV) (LXXVI) (LXXVII) (LXXVIII) 

The chlorination at 140" of 2,4-dichloro-6-methylpyrimidine 
(LXXIX) gives a single pentachloro compound which is probably 
2,4,5-trichloro-6dichloromethylpyrimidine (LXXX) or 2,4-dichloro-6- 
trichloromethylpyrimidine~ (LXXXI). The formation of 5-chloro- 
methyluracil is discussed in Chapter VI, Sect. 3.A, because its reported 
direct preparation has proven wrong. 

c1 Cl C1 

(LXXIX) (LXXX) (LXXXI) 

(6) CZaisen Reactions uf Methy&yrimidines 

The Claisen condensation of a nitrite ester with a methyl pyrim- 
idine has already been mentioned (Sect. 3.C(4)), and, not surprisingly, 
carboxylic esters also undergo such condensation. Thus 4-methyl- 
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pyrimidine (LXXXII) and diethyl oxalate with potassium ethoxide in 
ether gives 4-ethoxyoxalylmethylpyrimidine (LXXXIII) in 60 % 
yielda; sodamide catalysis gives only 12% yield.26 Further study 
of some twenty varied methylpyrimidine derivatives, with the same 
ester and potassium ethoxide, has indicated the scope of the reaction :42 

only “active” 2-, 4-, or 6-methyl groups condense; “inactive” N- or 
5-methyl groups do not ; 4- and 6-methyl groups are rather more active 
than 2-groups; the presence of methoxy or 0x0 groups does not preclude 
condensation of active methyl groups but more than one amino group 
does so, by deactivation. Nitro groups strongly activate methyl groups 
but introduce untoward side issues. When two or three active methyl 
groups are present in the molecule, only one undergoes condensation. 

Ethyl benzoate and phenyl acetate have also been used,% in these 
cases with 2,4,6-trimethylpyrimidine in the presence of sodamide, 
giving respectively 2,6-dimethyl-4-phenacylpyrirnidine (LXXXIV) and 
4-ace tonyl-2,6-dime thylpyrimidine (LXXXV). The fact that condensa- 
tion had taken place at  position-4 was checked by independent syn- 
thesis of (LXXXIV). 
Me CH,COCO,Et CH,COPh CHICOMe 

I I I 

(LXXXIX) (LXXXI 11) (LXXXIV) (LXXXV) 

(7) Mannich Reactions of Methylfiyrimidines 

4-Methylpyrimidine reacts with formaldehyde and dimethylamine 
in acid solution to give a 70% yield of the Mannich base 4-dimethyl- 
aminoethylpyrimidineU (LXXXVI). 2,6-Dimethyl-4-hydroxypyrim- 
idine (LXXXVII), formaldehyde, and piperidine (or morpholine, but 
not dimethylamine) react less simply to give 2-bis(piperidinomethyl)- 
methyl-4-hydroxy-6-methylpyrimidine (LXXXVIII) and probably 
2 - bis (piperidinomethyl) methyl- 4- hydroxy - 6 - piperidinomet hyIpyrim- 
idine (LXXXIX) (or the corresponding morpholino derivatives).% The 
structure (LXXXVIII) was based largely on neutral reductive cleavage 
to butyramide (XC) and alkaline hydrogenation to 4-hydroxy-2-iso- 
propyl-6-methylpyrirnidine (XCI). It would seem that the 2- is more 
reactive than the 4-methyl group in this reaction, whereas on the 
available evidence the reverse is true in styryl group formation (Sect. 
3.C(l)), and in the Claisen Reaction (Sect. 3.C(6)). 
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When a similar Mannich condensation was tried with 4-hydroxy- 
2-mercapto-6-methy~pyrimidine (XCII) (or its S-ether, 4-hydroxy-6- 
methyl-2-methylthiopyrimidine), the methyl group was not involved. 
Instead, a piperidinomethyl group was introduced in the 5-position, 

CJ3&H,NMe, Me Me 

(LXXXVI) (LXXXVII) (LXXXVIII) 

giving 4-hydroxy-2-mercapto-6-me thyI-5-piperidinomethylpyrimidinen 
(XCIII). The structure was based mainly on the isolation of Z-methyl- 
butyramide (XCV) after vigorous hydrogenation of the desulphurized 
product (XCIV). I t  would not be easy to predict that the reaction 
would take such a fundamentally different course with (LXXXVII) 
and with (XCII), but it is clearly associated with the further deactiva- 
tion of the methyl group by the added electron-supplying group in 
(XCII). Since the type of Mannich reaction with an active methyl is no 
longer possible, the alternate “phenol type“ of MannichDg takes place 
at the site now ready for electrophilic substitution, the 5-position. 

Other examplessspgs are known. They include the preparation of the 
following from the corresponding 5-unsubstituted pyrimidines: 4,6- 
dihydroxy-2-methyl-, 4-hydroxy-2-methyl-6-methylamino-, and 4- 
amino-6-hydroxy-2-methyl-, 5-piperidinomethylpyrimidine (and ana- 
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lopes). The last-named compound gave, with an excess of formaldehyde 
and piperidine, 4-hydroxy-2-methyl-5-piperidinomethyl-6-piperidino- 
methylaminopyrimidine.m* lo3 

A compound produced from (XCII) under acid conditions with 
piperidine and formaldehyde and also formulated as (XCIII) without 
structural evidence,lW has been showns? to be different to the authentic 
(XCIII). The structure of the analogous “5-diethylaminomethyl-4- 
hydroxy-2-mercapt0-6-methylpyrimidine”~~ must therefore be treated 
as doubtful. 

The methyl group of thymine (2,4-dihydroxy-5-rnethylpyrimidine) 
can be involved in a Mannich reaction1@ to give 2,4-dihydroxy-5- 
morpholino(or piperidino)methylpyrimidine. The structures of these 
products were proven,lo4 and a previous suggestion106 for the second 
one, is therefore in error. 

(8) 0 t h  Reactions of Alkyl and Aryl Pyrimidines 

Pyrimidines containing only alkyl groups have not been success- 
fully nitrated, but oxidation takes place under nitrating conditions 
(Sect. 3.C(4)). 2- And 4-phenylpyrimidine on the other hand readily 
nitrate in the benzene ring giving respectively 2- and 4-mnitrophenyl- 
pyrimidine.l8 This behaviour should be contrasted with that of 2- and 
4-phenylpyridine which yield a threefold mixture of 0-, m-, and +nitro- 
phenylpyridine in each case.lol The mononitro derivative obtained 
from 4,6-dimethyl-2-phenyIpyrimidinese has been shown by direct 
synthesis to be 4,6-dimethyl-2-m-nitrophenylpyrimidine,l 

4-Methylpyrimidine can be directly aminated with sodamide 
in decalin. The product contains 2-amino- and 2,4-diamino-6-methyl- 
pyrimidine. lo2 

Several other reactions of methylpyrimidines have been dealt with 
under the heading of “interconversion of alkyl groups” (Sect. 3.A(4)) 
and with them should now be mentioned the polymerizationU of 
4-vinylpyrimidine (in the presence of 2,2‘-azobisisobutyronitrile) to a 
polymer of molecular weight around 870. 
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CHAPTER V 

Nitro-, Nitroso-, and Arylazo-pyrimidines 

Nitro, nitroso, and arylazo derivatives have several points in 
common. They are known only in the 5-position of pyrimidine (with 
a very few exceptions). They can all be introduced by direct synthesis 
or by an electrophilic substitution. These electrophilic substitutions 
are permitted only when electron-releasing groups are already attached 
to the ring: one is sufficient for arylazo introduction; two are normally 
required for nitrations or nitrosations. On reduction, all these deriva- 
tives give a 5-amino pyrimidine, and indeed this is their main use in 
pyrimidine chemistry. 

1. The Nitropyrimidines 

The most interesting aspect of the nitro group is its activating 
effect on other groups such as halogeno, methylthio, methoxy, mer- 
capto, and even methyl. Being strongly electron-withdrawing, the 
nitro group activates such substituents towards nucleophilic replace- 
ment to a marked degree. Thus, while 2,4-dichloropyrimidine requires 
ammonia at 100" for 2 hours1 (or at 20" for 18 hours)* to replace one 
chlorine atom, 2,4-dichloro-5-nitropyrimidine undergoes a similar 
reaction at  0" in a few minutes.g These effects are dealt with under the 
heading of the activated group: e.g. the activation of a methyl by a 
nitro group in styryl group formation has been covered in Chapter IV. 

A. Preparation of Nitropyrimidines 

Because nitration is such a widely applicable process in the series, 
relatively few direct syntheses of nitropyrimidines have been done. 
They have been necessary, however, to make the simpler nitropyrim- 
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idines because the electron-releasing groups required to allow nitration 
cannot subsequently be removed easily without reduction at some 
stage in the process, and nitro groups cannot withstand reduction. 

(1) Nitropyrimidines by Direct Synthais 

In a few cases aliphatic residues carrying nitro groups have been 
converted by direct syntheses in 5-nitropyrimidines. Thus nitromalon- 
dialdehyde reacts readily with arylamidines, giving a variety of 2-aryl- 
5-nitropyrimidines (I) in good yield,4 but fails with alkylamidines, 
although a 1 % yield has been reported with a~etamidine.~.~ I t  also 
condenses with S-methylthiourea,B with guanidine? and with urea8 to 
give respectively 2-methylthio-, 2-amino-, and 2-hydroxy-, 5-nitro- 
pyrimidine. Further examples are given in Chapter 11, Sect. 2. Another 
direct synthesis of a nitropyrimidine, made useful by the fact that the 
raw material for nitration is unknown, is the preparation of 4-amino- 
2,3-dihydro-3-methyl-5-nitro-2-oxopyrimidine (11) from nitroaceto- 
nitrile, ethyl orthoformate, and methylurea (Ch. 11, Sect. 8.E).14 At 
least one direct synthesis leading to a N-nitroamine has been described: 
nitroguanidine and ethyl acetoacetate give 4-hydroxy-6-methyl-2- 
nitroaminopyrimidineQ (111). The structure seems well authenticated. 
A nitro group on the 2-substituent has been introduced by using for 
example mnitrobenzamidine with chloromalondialdehyde or acetyl- 
acetone giving respectively 5-chloro-2-mnitrophenylpyrimidine and 
4 6-dime t hyl-2-m-ni tr~phenylpyrirnidine.~~ 

NH, OH ,CHO 
O&-CH f HSN - '$ /LN 'IN A,>e 

CHO I HN=C-R I L J ~  L A O  M e L I N H N o s  

(1) (11) (IJI) 

(2) Nitropyrimidines by Nitration 

Nitration of pyrimidines normally requires the presence in the 
molecule of at least two electron-releasing groups. Thus 2- or 4-hydroxy- 
pyrimidine will not nitrate but 2,4-dihydroxypyrimidine (uracil) does 
so in boiling fuming nitric acid to give 2,4-dihydroxy-5-nitropyrim- 
idine.3~11 When alkyl or amino groups are present, less vigorous condi- 
tions are called for so that Z-amin&-hydroxy-,1* 4-amin0-2-hydroxy-,~~ 
4 - butylamino - 2 - hydroxy -,14 4- hydroxy - 6 - methylamino -,16 4,6 - di- 
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amino-,1'3* and 2,4dihydro~y-6-methyl-pyrirnidine~~1 l8 are best nitrated 
in sulphuric acid, by the theoretical amount of nitric acid, generally 
at 40-50". Similar conditions are satisfactory for N-alkyl derivatives 
such as 1- and 3-methylura~il~~ and 1,2,3,4-tetrahydro-l,3-dimethyI- 
2,4-dio~opyrirnidine.~*~ Even milder conditions are often called for 
especially when 4,6-dihydroxypyrimidine or a derivative is to be 
nitrated. This is achieved by nitrating in acetic acid, often about 20" 
or below. In this way are prepared 4,6-dihydroxy-,219 82 2-butyI-4,6- 
d i h y d r o ~ y - , ~ ~  and 4,6-dihydro~y-2-methyl-5-nitropyrimidine.~~~ e4 

It is possible that the unusual sensitivity of 4,6-dihydroxy- 
pyrimidines to normal treatment with nitric acid may be connected 
with the fact that one of the hydroxy groups (unlike 2,4-dihydroxy 
derivatives) is truly phenolic and cannot be in the 0x0 form save by 
donating its hydrogen atom to 

Nitrations in the presence of 3 electron-releasing groups are less 
common because nitrosation is so readily applicable for the usual 
purpose of introducing a 5-amino group: 2,4,6-Trihydroxy-5-nitro- 
pyrimidine is readily formed from barbituric acid,=-@ and its chief use 
(for which it cannot be replaced by the corresponding nitroso derivative) 
is to prepare 2,4,6- trichlor o-5ni trop yrimidine . 2,4,6-Triamino- 5-ni tro- 
pyrimidine,* 2-amino-4,6-dihydroxy-5-nitropyrimidinel~ 4-amino-2,6- 
dihydro~y-5-nitropyrimidine,~~ and other such compounds have a11 
been prepared by nitration. 

The process of nitration can sometimes displace other groups from 
the 5-position to make room for the nitro group. Thus 2,4,6-trihydroxy- 
5-nitropyrimidine has been formed not only from barbituric acid (see 
above) but also by nitration of hydurilic acida2 (2,4,6 : 2',4',6'-hexa- 

: an unnatural procedure. 

OH OH OH OH OH HN 
HS,J-.N ON A H  H,p%A, HIINOC [ H x ' O A z  H O k J \ O H  H@L3"OH HO/hNKOH HO C T l O H  

(W (v) (VI) (VW (mw 

hydroxy-5,5'-dipyrimidinyl; IV), 2,4.6-trihydroxy-5-mercaptopyrim- 
i&neaa (V), violuric acidaDl 34 (2,&6-trihydraxy-5-nitrosopyrimidine ; 
VI) [an oxidation?96], 2,4,6-trihydroxy-5-isothioureidopyrimidine~~ 
(VI I), and 5-carbarnoyl-2,4,6-trihydroxypyrimidine~ (VIII). 

* 2,4-L)iaminopyrimidine did not nitrate under a variety of conditions; 
conditions vigorous enough for nitration hydrolysed an amino group ;a6 2,4- 
diamino-6-methylpyrimidine gives a 5-nitro derivative normally." 
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Although 4-amino-6-hydroxy-2-methylthiopyrimi&ne has been 
nitrated at O0,= mercapto and related groups cannot normally be used 
in their electron-supplying capacities for making nitration possible, 
because they are oxidized so readily. Thus 4-hydroxy-2-mercapto- 
pyrimidine (thiouracil ; IX), 2-ethylthio-4-hydroxypyrimidine, and 
2-ethyIthio-4-chloropyrimidine on treatment with nitric acid all give 
2,4-dihydro~y-5-nitropyrimidine~ (X) but the vigour of the reaction 
and its indifferent yield preclude it as a large-scale method of prepara- 
tion. Methyl groups may also be oxidized during nitration. In this way 
2,4-dihydroxy-6-methylpyTimidine gives, under gentle conditions, 2,4- 
dihy&oxy-6-methyl-5-nitr0pyrimidine,~~~~ but 4-carboxy-2,6-di- 
hydro~y-5-nitropyrirnidine"-'~ under vigorous conditions. A fine 
preparative routeU to the last compound (XII) is from 4-hydroxy- 
2-mercapto-6-methylpyrimidine (XI) with nitric acid which converts 
mercapto into hydroxy, methyl into carboxy, and nitrates in one 
operation and in 55 % yield! 

The trifluoromethyl group is stable during nitration as shown in 
the preparation of 2,4dihydroxy-5-nitro-6-trifluoromethylpyrimidine.~ 

OH OH OH OH 

Alkyloxy groups function satisfactorily as electron donors for 
nitration purposes, and are remarkably stable to nitrating conditions 
considering their lability to acid hydrolysis. ZJ4-Diethoxypyrirnidine 
and its 6-methyl derivative both nitrate readi lp  giving respectively 
2,4-diethoxy-5-nitropyTimidine and its &methyl derivative. 

Examples of nitration of phenylpyrimidines in which the nitro 
group enters the phenyl group have been mentioned in Chapter 11, 
Sect. 2.C(8). Occasionally a nitro group attaches itself to an amino 
group: thus nitration of 4-amino-6-methyIpyrimidine (XIII) gives 
4-methyl-6-nitroaminopyrimidinef7 (XIV) which was shown to be 
different from 4-amino-6-methyL5-nitropy~imidine (XV) made by an 
unequivocal route, and to be reduced to 4-hydrazino-6-methyl- 
pyrimidine, not 4,5-diamino-&rnethylpyrimidine. 4-Amino-2-chloro- 
6-methylpyrimidine similarly gives 2-chloro-4-rnethyl-6-nitroamino- 
pyrimidinef7 (XVI) on nitration, likewise shown not to be 4-amino- 



142 Chapter V 

2-chloro-6-methyl-5-nitropyrimidine (XVII). The claim*' to have 
nitrated 2-amino-4-hydroxy-6-methylpyrimidine (XIX) to give 4- 
hydroxy-6-methyl-2-nitroaminopyrimidine (XX) was withdrawnu on 
discovering that the proposed nitroamine was in fact simply 2-amino- 
4-hydroxy-6-methyl-5-nitropyrimidine (XVIII) and that its reduction 
product, thought to be 2-hydrazino-4-hydroxy-6-methylpyrimidine, 
was only 2,5-diamino-4-hydroxyy-6-methylpyrimidine. All these struc- 
tures were meanwhile confirmeds by a direct synthesis of the authentic 
nitroamine (XX) (Sect. I.A(l)), reduction of it to authentic hydrazino 
derivative, rearrangement of it  in sulphuric acid to the 5-nitro com- 
pound (XVIII), and other reactions. 

OH- OH OH ,CO,Et 

O S N e  ~ moa HNOa\ 

Y e  KNH, Me N ?I.--+ NH, 

(3)  Nitropyrimidines by Indirect Syntheses 

Apart from the possibility that the conversion of 2,4,6-trihydroxy- 
5-nitrosopyrimidine to the 5-nitro derivative is an oxidation,8at 96 the 
only indirect syntheses lead to nitro groups not directly attached to the 
pyrimidine ring. Thus nitrophenyl compounds have been made by a 
type of Gomberg reactionlo (Ch. IV, Sect. l.C). A nitro group on an 
aliphatic side-chain has been achieved by treatment of 5-formyl-4- 
hydroxy-6-me thyl-2-piperidinopyrimidine (XXI) or the corresponding 
5phenyliminomethyl derivative, with nitromethane to give 4-hydroxy- 
6-methyl-5-~-nitrovinyl-2-pipendin0pyrimidine~~ (XXII). 

Nitrophenylazopyrimidines such as 4,6-di&o-5+-nitrophenyl- 
azopyrimidine (XXLII) have been formed by coupling pyrimidines with 
diazotized nitroanilines,mn and nitrostyryl derivatives from fi-nitro- 
benzaldehyde and methylpyrimidines have been mentioned in Chapter 
IV, Sect. 2.C(1). Schiff's bases such as 5-$-nitrobenzylideneamino- 
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pyrimidinesa (XXIV) have been made, and 2- (m- and +aminophenyl)- 
pyrimidine have been converted by diazotization and treatment with 
cupric sulphate and sodium sulphite into 2-(m- and finitropheny1)- 
pyrimidine.lO 

OH 
O,NCH= HC, 

(XXI) (XXII) 

(XXIII) (XXnr) 

B. Reactions of Nitropyrimidinea: Reduction 

Reduction to amino is the only reaction which the nitro group in 
a pyrimidine undergoes. It can be done in many ways, and the choice 
often depends on what other groups may be present. 

Hydrogenation over Raney nickel or palladium has the widest 
application and is contraindicated only in the presence of mercapto 
groups which “poison” the catalyst and sometimes halogeno groups 
which may be removed by such treatment. F’rtxsures greater than one 
atmosphere are unnecessary, and insolubility of the nitro compound or 
product in ethanol or methanol is generally no bar to the use of these 
solvents as vehicles for hydrogenation. 4-Amino-2-hydroxy-5-nitro- 
pyrimidine (nitrocytosine ; XXV) although virtually insoluble in 
methanol is hydrogenated over Raney nickel therein to give 4,5- 
diamino-2-hydroxypyrimidine (XXVI) (which is also little solubIe in 
methanol) in good yield.6g These remarks apply equally to the similar 
preparation of 4,5 - diamino - 1,2 - dihydro - 1 - methyl - 2 - oxopyrimidine 
(XXVII) and of 5 - amino - 2 - hydroxy - 4 - methylaminopyrimidinel& 
(XXVIII). That hydrogenations can be applicable in the presence of 
chloro- and alkylthio-groups is shown by the reduction to 5-amino- 
derivatives of 2 -chloro - 4- methyl - 6 - methylthio - 5 - nitropyrimidine 
(XXIX), Pbenzylaminomethyl-6-methyl-2-methyIthio-5-nitropyri~- 
idine and other similar compounds,”* and also of 4-amin0-2,6-dichloro,~~ 
4,6-dichloro-, and 2,4,6-trichloro- 5-nitropyrirni&r1e,~ as well as other 
cornp0unds.~1 Hydrogenation over palladium (but not nickel) success- 
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fully reduced 5-nitro-2-phenylpyrimidine (and analogues) to 5-amino 
derivatives when a variety of classical reducing agents had failed.4 The 
use of massive quantities of Rmey nickel (without added hydrogen) 
reduced the nitro group of 2-methylthio-5-nitropyrimidine at the same 
time as desulphurising the molecule to give 5-amin0pyrimidine.~ 

Hydrogenation over palladium in the presence of alkoxy groups is 
exemplified in the formation from corresponding Snitro derivatives of 
5- amino- 2,4- diethoxypyrimidine, 5 -amino- 4- methoxy - 2,6-dimethyl- 
pyrimidine, and ~ t h e r s . ~ ~ * ~ *  

NH, NH, Me 
O*N.AN Ni H P . A N  

LJYm I 
L$.oH -K-+ 

Mi? 
(XXV) (XXVI) (XXVII) (xxvIII) (XXIX) 

Although 2,4-diamino-5-nitropyrimidineW~ 56 and the 4,6-diamino 
analogueb* hydrogenate normally, catalytic reduction of 2,4dihydroxy- 
5-nitropyrimidine is unsatisfactory.w*@ Classical methods such as tin 
and hydrochloric acid,6l zinc and hydrochloric acid,4a aluminium 
amalgam and ammonia,m~6a zinc dust and ammonia6* also met with 
only moderate success and the acidic of these gave large amounts of 
2,4,5-trihydroxypyrimidine (isobarbituric acid) which constitutes the 
best preparation of it."* The best method of reducing nitrouracil 
seems to be ferrous hydroxide which gives up to 70 % yield of 5-arnino- 
2,4-dihydroxypyrimidine.B5.8S This method is also satisfactory in the 
presence of easily hydrolysed groups, so that it has been used to reduce 
2,4-dichlor0-5-nitropyrimidine,~~ 4,6-dichIor0-5-nitropyrimidine,~ 2- 
hydroxy-4-methylamino-5-nitropy~imidine,~~ and 4-amino-2-hydroxy- 
5-nitr0pyrimidine.~~ In the case of the last two compounds the method 
is rather inferior to h y d r o g e n a t i ~ n . ~ ~ ~ ~ ~  Zinc dust and wateldev" is also 
a gentle reducing agent and has been used successfully on 4chlor0-6- 
furfurylamino-5-nitropyrimidine without loss of the chlorine (which is 
the danger),V7 probably on account of its partial deactivation by the 
furfurylamino group." Stannous chloride has also been used in the 
presence of a partly deactivated chloro group to reduce 4,6-diamino- 
2-chloro-5-nitropyrimidine3' to the triamine in 70 % yield. 

methyl-2.4-dioxopyrimidine) is made similarly.64 
1,3 -  ethyli isobar bit uric acid ( I ,  2,3,4 - tetrahydro- 5 - hydroxy -1,3 - di- 
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A good reducing agent for nitro pyrimidines is sodium bisulphide: 
it can be used in the presence of mercapto groups but is generalIy 
reserved for those occasions when a nitro group is to be reduced at the 
same time as active chloro groups are to be converted into mercapto 
groups. In this way 2,4-dichloro-5-nitropyrixnidine (XXX) and its 
6-methyl derivative yield respectively 5-amino-2,4-dimercaptopyrim- 
idine5z (XXXI) and its 6-methyl derivative.M Similarly 4-amino-2- 
(and 6-)chlor0-5-nitropyririmidine and 4-chloro-6-methylamino-5-nitro- 
pyrimidine (XXXII) give 4,5-diamino-2-mercaptopyrimidine,3~~~ its 
6-rnercapto analogue,18 and 5-amino-4-mercapto-6-methylaminopyr- 
imidine.= These operations are done in one step but it is probable that 
the chloro groups are replaced first, followed by the reduction, because 
the sequence of reactions can be sometimes stopped half way, as in the 
conversion of 4-benzylmethylamino-2-chloro-6-methyl-5-nitropyrim- 
idine into 4-benzylamino-2-mercapto-6-methyl-5-nitropyrimidine,5" or 
2,4-dichloro-5-nitropyrimidine into 2,4-dimercapto-5-nitropynmidine'* 
at 20". 

Cl SH NIWde NHMe 
Nm.5 N NaHS H I N , & k ~  OSNx/ N ~ CJW c),sH 08NF; Cl'-N - HS A .N' / '  

(XXW (XXXI) (XXXII) (XXXIII) 

As well as those mentioned above in connection with nitrouracil, 
most of the other agents commonly used to reduce nitro groups have 
occasionally been used to advantage in the pyrimidine series. Thus for 
example nitrobaxbituric acid is reduced to uramil (5-amino-2,4,6- 
trihydroxypyrimidine) in 70 % yield with tin and hydrochloric acid,'l 
and 4-hydroxy-6-methyl-2-nitroaminopyrimidine to 2-hydrazino-4- 
hydroxy-6-methylpyrimidine with hydrazine hydrate itself .Q Although 
sodium dithionite has been used so extensively to reduce nitroso- 
pyrimidines (see below), it has not been widely used for nitropyrim- 
idines. However, 2,4-dimercapto-5-nitropyrimidine,B6.70 2,4-diamin0-5- 
nitropyrimidine75 and related c o m p ~ n d s , 7 % ~ ~  gave the 5-amino deriva- 
tives satisfactorily, although the second one is better reduced by 
hydrogenation.* 5-Amino-4-carboxy-2,6-dihydroxypy1i~dine is also 
made with sodium dithionite." The action of dithionite on nitrouracil 
(XXXIV) is not simple, and gives a product analysing for aminouracil 
plus a sulphonic acid residue. The compound was first formulated 
2,4-dihydroxy-5-~ulphoaminopyrimidine~~ (XXXV), but later evidence, 
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as well as analogy with aromatic systems suggested 5-amino-ZJ4-di- 
hydroxy-6-sulphopyrirnidine (XXXVI) as a more reasonable struc- 
ture.”* The compound is of some importance because with urea or 
formamide it gives respectively uric acid (XXXVII) and xanthine,?6 
and its alkylated derivatives also give purines.80 With suitable after- 
treatment, dithionite reduction of nitrouracil, however, gives a good 
yield of 5-amin0-2,4-dihydroxypyrimidine~~~~ and its 6-rnethyl-, 6- 
ethyl-, and 6-carboxy-derivatives can be made similarly.*~82 

The gentle agent, iron powder with aqueous or methanolic acetic 
acid, should not be overlooked. From the corresponding 5-nitro com- 
pounds it has been used to prepare 5-amino-2,4-diethoxy(or methoxy)- 
pyrirnidineJs7~ ’* 2,5-diamin0-4-ethoxypyrimidine,7~ 5-amino-Z-cMoro-4- 
thioc yanatopyrimidine ,7* 5-amino-Z14( or 4,6) -dichloropyrimidine,78 I ao 
and 5-amin0-2-chloropyrimidine.~ 

(XXXVII) 

2. Nitrosopyrimidines 

The nitroso group in pyrimidine chemistry is used as a convenient 
means of introducing a ti-amino group. Very little else has been done 
with it and its activating effect on other substituents (apart from that 
on the hydrolysis of 4-amino groupss1) and potential reactions, are 
virtually unknown territory. Indeed, it is uncertain whether they exist 
as -N=O or as =N-OH or as both forms since they always have this 
possibility of tautomerism because of necessary neighbouring groups. 
This last tautomeric formulation is upheld by the fact that violuric acid 
(2,4,6-trihydroxy-5-nitrosopyrimidine ; XXXIX) can be made either 

This inevitably poses the question whether “4-sulphoaminouracil”Bo from 
chlorosulphonation of 4-amino-2,6-dihydroxypyrimidine might be 4-amino- 
2,6-dihydroxy-5-sulphopyrimidine. 
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by nitrosation of 2,4,6-trihydroxypyrimidine (XXXVIII) with nitrous 
acid83 or by treating the ketone, alloxan (XL), with hydro~ylamine.8~38~ 
Methylation of (XXXIX) gives the methoxyimino derivative84.86 (XLI) 
which has been synthesized from alloxan (XL) with O-methylhydroxyl- 
amine.8’ 

OH OH 

4 7 
AN HONO+ I I1 .___. 

HO’’h/‘OH H 
(XXXVI 11) (XXXIX) 

metbylation 
/- -7 

OH OH OH 
HON, M e o N \ A N  

04‘NeOH 0”‘” IA OH 

(XU (XLV 

Nitroso groups are known only in the 5-position (with two excep- 
tions: Sect. 2.C). They are coloured compounds (pink, green, blue, 
orange-brown, etc.), and although this has fascinated chemists for 
many years little meaningful scientific work has resulted. A very 
large number of the salts of 5-nitrosopyrimidines have been made and 
they vary widely in colour according to the metal or base used, as well 
as with the structure of the pyrimidine. The latter has been vaned 
through violuric acid (2,4,6-trihydroxy-5-nitrosopyrimidine,)~J@~~ 4- 
amino-2,6-dihydroxy-5-nitrosopyrimidine,B3 5-nitroso- 1,3-diphenyl-2- 
thiobarbituric acid and a n a l o g ~ e s , ~ ~ ~ * ~  5-nitroso- 1,3-diphenylbarbituric 
acid,BB 4,6-dihydroxy-2-mercapto-5-nitrosopyrimidine,~~ and 2-amino- 
4,6-dihydro~y-5-nitrosopyrimidine.~ Explanations of the various 
colours, along the line of “strained structures” associated with iso- 
nitroso-keto-nitroso-hydroxy tautomerism in the molecules, are 
presented in several papers quoted above but the overall picture is not 
clear. The modern general review of C-nitroso compoundsea is helpful 
in conjunction with any attempt to clarify the picture. 

A preliminary study of the co-ordinating properties of violuric acid 
and its 1,3-dimethyl derivative with iron, copper, and cobalt has been 
made.= 

A. Preparation of Nitrosopyrimidines 

Nitrosopyrimidines are generally made by nitrosation of a pyrim- 
idine, but the presence of at least two and sometimes three electron- 
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releasing groups, is required for success. A few nitroso pyrimidines 
have been made by direct synthesis. 

( 1) Nttroso$yrinadines by Nitrosatiow 

When three electron-releasing groups are present, as for example 
in 4-amino-6-hydroxy-2-mercaptopyrimidine1~ (XLII), treatment of 
the pyrimidine in aqueous acetic acid with sodium nitrite at room 
temperature produces good yields of the 5-nitroso compound, e.g. 
(XLIII). Most threefold combinations of amino, hydroxy, and mercapto 
groups have been used, as well as a variety of their derivatives alkylated 
on the substituents (q. 4,6-diarnin0-2-methylthiopyrimidine~~~) (XLIV) 
or on the ring N-atom, as in 1,3-diethylbarbituric acidloa (XLV). A 
study has been made of optimum conditions of time and pH for 
nitrosation of barbituric acid.lm Some pyrimidines containing only two 
electron-supplying groups will nitrosate, but normally not with acetic 
acid/sodium nitrite, but with mineral acid/sodium nitrite. Further, 
4-(and 6-) groups seem more effective than 2-groups so that 4,6-di- 
aminopyrimidinem* lod, Io5 and its 2-methyl derivative,lo1 yield 5-nitroso 
derivatives in the presence of mineral acid, but 2,4.-diaminopyrimidine 
will not ;z5 likewise 4,6-dihydroxy-, but not 2,4-dihydroxy-, pyrimidine 
nitro sate^.^^ Further examples are presented in a table50 but apparently 
the observations are based on colour formation rather than on isolation. 

NH, NH8 NH, 

I 
Et 

SMe HO'>N''OH HO"W"'CHp0 

(XLII) (XLI I I) (XLIV) ( X W  (XLVI) 

An interesting nitrosationlo6 is that of 4,6-dihydroxy-2-methylpyrim- 
idine which inserts not only a 5-nitroso group, but also one on the 
methyl group giving 4,6-dihydroxy-5-nitroso-2-nitrosomethylpyrim- 
idine (XLVI) which was reduced to 5-amino-2-aminomethyl-4,6-di- 
hydroxypyrimidine. One nitrosation of a pyrimidine containing only 
one electron-releasing group has been claimed :lo7 Z-hydroxy-4,6-di- 
methylpyrimidine is said to give a nitrite salt which on warming in 
water gives 2-hydroxy-4,6-dimethyl-5-nitrosopyrimidine, 
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( 2 )  Nitrosopyrimidines by Direct Synthesis 

By employing ethyl nitrosocyanoacetate (XLVII) several 5- 
nitrosopyrimidines have been made directly. Thus condensation with 
acetamidine gives 4-amlno-6-hydroxy-2-methyl-5-nitrosopyrimidine1w 
(XLVIII), with urea gives 4-amino-2,6-dihydroxy-5-nitrosopyrirn- 
idine, 8 108 with thiourea gives 4-amino-6-hydroxy-2-mercap to-5- 
nitrosopyrimidine,lW with dimethylurea gives 4-amino-1,2,3,6-tetra- 
hydro- 1 ,3-dimethyl-5-nitroso-2,6-dioxopyrimidine1~ (XLIX), and with 
guanidine gives 2,4 - diamino - 6 - hydroxy - 5 - nitrosopyrimidine.lO-l10 
Similarly diethyl nitrosomalonate with thiourea or guanidine gives 
4,6-dihydroxy-2-rnercapto-5-nitrosopyri1nidine~~~ (L) or Z-afino-4,6- 
dihydroxy-5-nitrosopyrimidine.lW 

There seems little reason why this type of synthesis of nitroso 
pyrimidines should not be extended (in particular to simple nitroso 
pyrimidines where nitrosation is difficult or impossible), provided the 
aliphatic nitroso compound can be made and is sufficiently stable to 
withstand the conditions of synthesis. 

m, *Ha OH ON,,CN 

t 
C0,Et O N , C i M e  ";t:; :XYbH acetamidinc CH - 

H W  
I 
Me 

(XLVI I) (XLVIII) (XLIX) (Ll 

B. Reactions of Nitrosopyrimidines 

Almost the only used reaction of the nitroso group in pyrimidines, 
is its reduction to an amino group. 

(1) Redwtion of Nitrosopyrimidines 

This has been done in a variety of ways. In the days of Traube* 
ammonium sulphide was a favoured reagent and it was used to reduce 
such compounds as 4,6-diamin0-2-mercapto-,~~ 4-amino-6-hydroxy- 

* Not only was Wilhelm Traube a great pyrimidine and purine chemist, but 
he contributed significantly to other fields both organic and inorganic. An 
account of the life and work of this beloved man was written by his colleaguesl1*a 
for his 60th birthday in 1926. 



150 Chapter V 

2-mercapto-lW and 4-amino-2,6-dihydroxy- 5-nitrosopyrimidine,112 as 
well as 4-amino-l,2,3,6-tetrahydro-l,3-dimethyl-5-nitroso-2,6-dioxo- 
pyrirnidine.ll8 In regard to the last compound, a survey of 11 methods 
of reduction showed that ammonium sulphide was in fact the best,l1S 
so that it still finds occasional use for compounds similar to the lastl14 
and in the reduction of 4,6-diamino-2-methylthio-, and 4,6-diamino- 
2-methyl- 5-nitrosopyrimidine.lol Yields are normally 50-80 %. 

Sodium dithionite is now generally used in place of ammonium 
sulphide to convert the above nitroso compounds into their %amino 
analogues. As exampres of its use may be quoted the preparation of 4,5- 
diamino-2,6-dihydroxy-,”. lo8, 4,5-diamino-6-hydr0xy-2-rnercapto-,~~ 
4,5-diamino- I ,2,3,6- tetrahydro- I ,3-dimethyl-2,6-dio~o-,~~~~ 2,5-di- 
amin0-4,6-dihydroxy-,1~* 5-amin0-2,4,6-trihydroxy-,~~~ 5-amino-2,4-di- 
hydroxy - 6 - methyramin0 -,lm and 4,5 - diamino - 6 - dimethylamino - 2- 
rnethylthio- pyrimidine.ll@ Although generally done in solution (or 
suspension) in aqueous alkali, such reductions can be carried out in 
acetone as for example in the preparation of 4,5-diarnino-&diethyl- 
amino-2-methylthiopyrimidine and analogues.lm 

Catalytic hydrogenation has been little used with nitroso com- 
pounds, but proved useful to reduce 2,4-diamino-6-hydroxy-5-nitroso- 
pyrimidine113 and 4,6-diamino-5-nitrosopy~imidine.~~~ Excess of Raney 
nickello* (without added hydrogen) has also been used to reduce 
4-amino-6-hydroxy-2-methyl-5-nitrosopyrirnidinc, and 4-amino-6- 
hydroxy-2-mercapto-5-nitrosopyrimid~ne (LI) ; from the latter it also 
naturally removed the mzrcapto group giving 4,5-diamino-6-hydroxy- 
pyrimidine (LII). Zinc and sulphuric acid proved effective for reducing 
4-arnin0-2,6-dihydroxy-5-nitrosopyrimidine,~~3 and hydrogen iodide has 
been used to reduce 1.3-&ethyl- I ,2,3,4-tetrahydro-6-hydroxy-5-nitroso- 
2,4-dioxopyrimidine in 95 Yo yield,la2 The use of zinc dust and formic 
acid has found some favour in purine work because it yields directly 
a 5-formamido group ready for ring closure: in this way 4-amino- 
1,2,3,6- tetra hydro- 1,3 - dimet hyl-5-nitroso- 2,6-dioxopyrimidine (LI 11) 
yields 4-amino-5-formamido- 1,2,3,6- te trahydro- 1,3-dime thyl-2,&dioxo- 
pyrimidine (LLV)laa which cyclizes to 1,3-dimethylxanthine (theo- 
phylline ; LV) ; a similar reduction gave 6-amino-5-formamido-1-methyl- 
u r a c i P  in 90 % yield for the preparation of 3-methylxanthine. An 
electrolytic method for the reduction of 2,4diamino-6-hydroxy-5- 
nitrosopyrimidine in 97 % yield, has been published,lM and iron with 
hydrochloric acid reduces 4- amino - 1,2,3,6- tetrahydro- 1,3-dimethyl- 
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5-nitroso-2,6-dioxopyrimidine in 95 % yield.la5 Stannous chloride has 
been used to efficiently reduce 4-amino-2,6-dihydroxy-5-nitrosopyrim- 
idine to diaminouracil in a micro-isotopic synthesis.Im 

(2) Other Reactions of Nitroso#yrimidines 

The nitrosopyrimidines react with active methylene groups in the 
important unambiguous synthesis of pteridines devised by Timrnis.la7 
For example, 2,4,6-triamino-5-nitrosopyrimidine (LVII) condenses 
with benzyl phenyl ketone (LVI) giving 2,4-diamino-6,7-diphenyl- 
pteridine (LVIII) which corresponds with that prepared in the usual 
way.lae 

The possible oxidation of violuric acid (LIX) to dilituric acid 
(5-nitroso- to 5-nitro-barbituric acid) (LIX) has already been mentioned 
in (Sect. l.A(Z)). Violuric acid also yields 5,5-dichlorobarbituric acid 
(LX) on treatment with chlorine.x8g 

C. 4-Nitrosopyrimidines 

Just as violuric acid can be made from barbituric acid so isovioluric 
acid (LXII) comes from isobarbituric acid (LXI) on treatment with 
nitrous acid.I3l It is tautomeric with the hydroxyimino form (LXIIa) 
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on account of the proximity of the 5-hydroxy group. The position of the 
nitroso group was sh0wnl8~ by reduction to 4-amino-2,5,6-trihydroxy- 
pyrimidine and the formation with hydroxylamine of the dioxime 
(LXIII) which on reduction with ammonium sulphide gave 4,5-di- 
amino-2,6-dihydroxypyrimidin e (LXIV). 

Similarly 2-amino-4,5-dihydroxypyrimidine with nitrous acid 
yielded a 4-nitroso derivative which on catalytic reduction gave 2,4- 
diamino-5,Gdihydroxypyrimidine (divicine),l30~ 138 

3. The Aryhzopyrimidines 

Like the nitro- and nitroso-pyrimidines, 5-arylazopyrimidines have 
generally been made simply as a means of introducing a 5-amino group 
into the molecule by subsequent reduction. Because they can be formed 
and reduced under very mild conditions, the process has been used 
especially where sugar residues or other labile groups are already 
present. 

A. Preparation of Arylazopyrimidines 

Most arylazopyrimidines have been made by direct synthesis or 
by coupling of a pyrimidine in the 5-position with a diazo compound. 
A few less direct ways have been used occasionally. 

( I >  Direct Sydiesis of 5-AryZazo~yrimidilzas 

The direct synthesis of an arylazopyrimidine is typified by the 
condensation of the B-diketone phenylazoacetylacetone or phenylazo- 
benzoylacetone (LXV) with guanidine to give respectively 2-amino- 
4.6-dimethyl-5-phenylazopyrimidine or 2-amino-4-methyl-6-phenyl-5- 
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phenylazopyrimidine (LXVI).l= Other examples are the formation of 
4,6-diarnino-5-phenylazopyrimidine~~~ (LXVII) or its 2-methyl deriva- 
tivew from phenylazornalononitrile and respectively formamidine or 
acetamidine. fi-Chloro- but not pnitro-phenylazomdononitrile behaves 
similarly,m and several other substituted-phenylazo derivatives are 
known.1as 

A direct synthesis which is not a Common Synthesis has also been 
used to make 4-amino-6-hydroxy-5-phenylazopyrimidine (LXVIII) 
from phenylazomalonamide-amidine (LXVII) and forrnamide.136 

Me 

PhN : N, 

PhNCO I + H N H ~ N H ,  7% - Ph Z? N NH, 

?j 

20 
W N  : N-CH 

(Lm) (LXVI) 

0 
II 

PhN : N, 
/% 

H,p/C"H 

PhN:N-CH NH, 
I 

%" 
f 

(LXVII) (LXVIII) 

(2) A rylazopyvimidiws by Couplieg 

The conditions under which pyrimidines can be coupled in the 
5-position with diazo compounds have been suTVeyed.BO*137 When at  
least two electron-releasing groups are present, coupling takes place 
readily and generally in good yield; thus under alkaline conditions 
4,6-dihydroxy-2-methyl-5-phenylamp~midne is formed in 87 % 
yieldI1% 4-amino-2,6-dihydroxy-5-phenylazopyrimidine in ca. 90 % 
yield,m and 2,6-diamino-5-P-chlorophenylaz~pyrimidine in 35 Yo yield.u 
4,6-Diamino-2-methylpyrimidine couples with diazotized p-chloro- or 
pnitro-aniline, but not aniline.60 Many other examples are known.* 
Coupling is much less ready when only one electron-releasing group is 
present ; indeed a 4-hydroxy or a 4-amino group does not seem to permit 
coupling at  all, although a 2-hydroxy group does so in that 2-hydroxy- 
4-methyl- and 2-hydroxy-4,6-dimethyl-5-phenylazopyrimidine can be 
so prepared in appreciable yield.lg? The presence of mercapto groups 

*See refs. 105, 106, 133. 135, 139-147. 
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can cause abnormalities such as the production of Z-p-chlorophenylthio- 
4-hydroxypyrirnidine from diazotized p-chloroaniline and 2-thio- 
uracil,l& so that the reported positive coupling between diazotized 
p-nitroaniline and 4-hydroxy-2-rnercapto-6-methylpyrimidine and re- 
lated compounds60 must be accepted with reserve. 4,6-Diamino-2- 
mercaptopyrimidine gives both normal and abnormal products.lP4 

Despite the occupied 5-position in isobarbituric acid (2,4,5-tri- 
hydroxypyrimidine ; LXIX), it was early noticed1@ that coupling 
appeared to take place with diazotized sulphanilic acid. This was later 
confirmedlm and the product shown to be almost certainly 2,4,5-tri- 
hydroxy-6-~sulphophenylazopyrimidine (LXX) which was reduced to 
4-amino-2,5,6-trihydroxypyrimidine (LXXII) and which was reported 
to give in acid 2,4,6 - trihydroxy - 5 - 2, - sdphophenylazopyrimidine 
(LXXI). Diazotized aniline similarly gave 2,4,5-trihydroxy-&phenyl- 
azopyrimidine.lm 4,5-Dihydroxypyrimidine and its 2-amino derivative 
have been coupled with diazotized amines, giving respectively 4-+- 
chlorophenylazo-5,6-dihydroxypyrimidine and 2-amino-4,5-dihydroxy- 
6-p-sulphophenylazopyrirnidine. Dithionite reduction gives 4-amino- 
and 2,4-diamino- 5,6-dihydroxypyrimidine, of which the latter is 
d i v i ~ i n e . ~ ~ ~ ~  

OH 

------f 
HO A N  

b O H  

(LXIX) 

Reduction 
/ \ 

HO,SH,C,N : N AN 
OH OH HoNG ___f HW ‘I 

H08SH,C,N : N’”N ’OH 
(L=) (LXXI) (LXXII) 

In the case of thymine (2,4-dihydroxy-5-methylpyrimidine), 
coupling apparently takes place with diazotized sulphanilic acid, but 
the red product is too unstable for analysis;l5l this observation was 
confirmed later, but variation of the 5-alkylpyrimidine and coupling 
agent failed to give a product any more stable.so As a result of work 
during development of a colorimetric method for estimating thymine,l68 
a theory of coupling on the ring-N (position I )  has been advan~ed.1~3 

A 5-amino group in pyrimidine can often be diazotized, so that the 
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reverse of the usual type of coupling is possible. Although these diazo 
compounds were once reported not to couple with phenols or amines,l" 
this was shown to be in error first q~alitativeIyl~~ and later by isolation 
of am compounds such as 2,4-dihydroxy-5-(2'-hydroxy- 1 '-naphthyl- 
azojpyrimidine (LXXIV) from diazotized 5-amino-2,4-dihydroxy- 
pyrimidine (LXIII) and &naphtho1.lm Coupling of these diazopyrim- 
idines with other pyrimidines (such as barbituric acid) gives for example 
uracilazobarbituric acid [2,4,6-trihydroxy-5-(2',4'-dihydroxy-5'-pyrim- 
idinylazo)pyrirnidinel1" (LXXV). 

(LXXIII) (LXXIV) (LXXV) 

(3) Other Preparations of Arylazo+yrimidines 

When alloxan (LXXVI) is treated with phenylhydrazine hydro- 
chloride, the phenylhydrazone (LXXVII) is formed ;lS the same 
compound was made by coupling barbituric acid (LXXVIII) with 

> 5 b Y H N K  , 

OH OH OH - PhN:N,fi 
~ PhN,Cl f2 PhHN:N\ 

w &OH HO N"OH HO N 0 
(LXXVI) (LXXVII) (LXXVIIa) (LXXVIII) 

0 PhHNN,,kN,Ph 0 PhMsNN$N,l?h 

0 d o  
I 

OQt N& 
I 
Ph Ph 

(LXXX) (LX xx I I) 

OH 

I 
Ph 

(LXXIX) 

OH 

(LXXXI) 

diazotized aniline indicating the existence of a tautomeric system 
(LXXVII-LXXVIIa) or at least the capacity of one to rearrange to 
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the other. The latter expIanation in favour of the hydrazone (LXXVII) 
was proposed by Whiteley :15' she made 1,3-diphenyIalloxan-5-phenyl- 
hydrazone (LXXX) from 5,5-dibromo- 1,3-diphenylalIoxan (LXXIX) 
and the same compound (LXXXa) by coupling diazotized aniline with 
1,3-diphenylbarbituric acid (LXXXI). This product in its general 
properties closely resembled 1,3-diphenylalloxan-5-methylphenyl- 
hydrazone (LXXXII), in which no tautornerism is possible, The in- 
ference was drawn that the hydrazone form (LXXX) is probably a better 
representation of such a compound than is (LXXXa). A similar 
product has been made from 2-naphthylhydrazine and 5,[idibromo- or 
5,5-dichloro-barbituric a~id .*5~ 

The simple 5-phenylazopyrimidine (LXXXIII) has been prepared 
by the action of nitrosobenzene on 5-a~ninopyrimidine.~~ There seems 
little reason to preclude the extension of this reaction to substituted 
pyrimidines and/or phenyl groups; perhaps even the reverse conden- 
sation of a nitroso pyrimidine with aniline (or derivatives) might be 
possible. 

PhN : N, ,,N CJ PhNO + H * N , q  
----t 

/ 

(LXXXIII) 

B. The Reduction of Arylazopytimidinee 

The only general reaction of the arylazo group in pyrimidines is its 
reductive clearage to a 5-aminopyrimidine and an aromatic arnine. 
Many reducing agents can bring this about although catalytic reduction 
is now generally used. Thus for example 4,6-diamino-5-phenylazo- 
pyrimidine151 (LXXXIV) has been hydrogenated to 4,5,6-triamino- 
pyrimidine (LXXXV) over Raney nickel at  100" and 60 atm; 2- 
g~anidino-4,6-dirnethyl-5-phenylazopyrirnidine~~~ to 5-amino-Z-guan- 
idino-4,6-dimethylpyrimidine over Raney nickel at n.t.p. ; 4-amino- 
2,6-dihydroxy-5-phenylazopyrimidine1~ to 4,5diamino-2,6-dihydroxy- 
pyrimidine over palladized charcoal at n.t.p. ; and 2,4-diamino-5-fi- 
chlorophenylazo- 6 -  methylaminopyrimidinels to 2,4.5 - triamino- 6 -  
methylaminopyrimidine over Raney nickel at 95" and 50 atm. Many 
other examples are known; cf. refs. 21, 50, 105, 133, 139, 159. The use 
of pressures above 50 atm and temperature above 90" is rare in these 
reductions; indeed the use of conditions above n.t.p. seems to be 
more a convenience than a necessity. 
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Among the more common chemical reducing agents for arylazo- 
pyrimidines are zinc dust with acid, and sodium dithionite. Zinc dust 
(or iron) with sulphuric acid has been used to reduce 4-amino-2,6-di- 
hydroxy-5-phenyhzopyrimidine (LXXXVIJ138 to 4,5-diamino-2,6-di- 
hydroxypyrimidine. The same reduction of (LXXXVI) with zinc and 
formic acid188 yields directly 4-amino-5-formamido-2,6-dihydroxy- 
pyrimidine (LXXXVII), which is useful in purine syntheses. There are 
many examples of the use of zinc with acetic acid.105*143~1~ Sodium 

(LXXXVI I) 

dithionite has been used to reduce 2,4-diamino-6-hydroxy-5-phenylam- 
pyrimidine142 to 2,4,5,-triamino-6-hydroxypyrimidine, for reducing 
several related 2-aryl derivatives,l6' for 2-hydroxy-4,6-dimethyI-5- 
phenylazopyrimidine,la2 for 4-amino-6-hydroxy-2-me thyl-5-phenylazo- 
pyrirnidine,lqB and related compounds.1p3 
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CHAPTER VI 

Halogenopyrimidines 

I t  has already been pointed out (Ch. I) that halogen atoms in the 
2-, P, or 6-position of pyrimidine have activity akin to those in 
aliphatic halogeno compounds, or perhaps more nearly to that of the 
chlorine atom in chJoro-2,4-dinitrobenzene. Most 5-halogenopyrim- 
idines on the other hand are unreactive almost in the sense of chloro- 
benzene. Because of their reactivity, halogens in the 2-, 4-, or 6- 
position are the most useful substituents in synthetic pyrimidine 
chemistry. Most such halogenopyrimidines are in fact chloro compounds 
because not only is chlorine the most easily introduced halogen, but 
it is at  least as reactive as is bromine or iodine in the same position. 

1. The Preparation of 2-, 4, and 6- Halogenopyrimidines 

Halogens in the active positions cannot be introduced in the course 
of a direct synthesis nor can they be introduced by halogenation of a 
preformed pyrimidine. The chloro compounds are almost invariably 
made by the action of phosphoryl chloride or phosphorus pentachloride 
on hydroxy (or occasionally mercapto) derivatives. Bromo and iodo 
compounds are often made from the corresponding chloro compounds. 
The latter give fluoro derivatives with sulphur tetr&uoride.la 

A. Phoapholpl Chloride on 2- and 6- Hydroxypyrimidines 

In simple cases such as Z-chloro-,l Pcbloro-,* and 2,4-di&oro-* 
pyrimidines, mere boiling of the corresponding hydroxy compounds 
with phosphoryl chloride is suI5cient. This applies equally to C-alkyl 
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derivatives such as 2-chloro4-methyl~~ 2-chloro-4,6-dimethyl-> 4- 
chlor0-6-methyl-,~*~ 4-chloro-5-methyl-,8 4-chloro-2-methyl-,@ 2,4-di- 
chloro-6-methyl-,'s lo and 4-arnyl-2,6-dichloro- pyrimidine.11 C-Aryl- 
hydroxypyrimidjnes react similarly to give, for example, 4-chIoro-6- 
phenyl-& and 2,4dichloro-6-phenyl- pyrimidine.l* 

(2) I% the Preseme of Nitro Grotq5s 

When other substituents (particularly a nitro group) are present, 
and in the case of barbituric acid and its derivatives, treatment of the 
hydroxy compound with phosphoryl chloride alone is often unsuccess- 
ful. The addition of a molecular proportion of NN-dimethyl- or better 
diethyl- aniline almost invariably rectifies this, and indeed greater 
yields with dimethylaniline in even such a simple case as 2,4-dichloro- 
pyrimidine have been reported.**la Barbituric acid reacts with phos- 
phoryl chloride alonel4*l6 under pressure and with agitation only at 
140", but on addition of dimethylaniline, 2,4,6-trichloropyrimidine is 
easily produced on refluxing and in 59 % yield.m* l7 2,4,6-Trihydroxy- 
5-nitropyrimidine (nitrobarbituric acid ; (I)) failed to yield 2,4,6-tri- 
chloro-5-nitrop$rimidine (11) with phosphoryl chloride and dimethyl- 
aniline,lS but did so in 20% yield when diethylaniline was used." 
Other examples of the use of dimethyl- ordiethyl-aniline are theprepara- 
tion of 4,6 - dichloro - ,lee an 4,6 - dichloro - 2 -methyl 2,4 - dichloro-5- 
nitro-,19? *** 4,6-dichloro-!'hnitro-,~ 2,Pdichloro-6-methyl-5-nitro-,"$,6- 
dichloro-2-methyl-5-nitro- (38 % yield with dimethylaniline ;I7 78 % 
with diethylanilhew), and 4,6-dichloro-5-nitro-2-phenyl-pyrimi&ne.~ 
Pyridine also serves as base in the preparation of 4,6-dichloropyri1n- 
idine." 

Phosphoryl chloride with the sodium salt of a hydroxy pyrimidine 
has occasionally been used; such a case is the formation of 2-chloro- 
5-nitropyrimidine from 2-hydroxy-5-nitropyrimidine sodium salt.% 

Conversion of hydroxy into chloro goups in the presence of amino 
groups is not always easy. On the whole, 2-amino groups are less 

* The older methodg8 of heating nitrouracil under pressure with phosphoryl 
chloride gives poor and inconsistent yields; moreover, opening of the reaction 
vessel is fraught with danger." 
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troublesome than are 4- or 5-amino groups. A practical difficulty can 
also arise when the basic pKa of the product is close to that of the 
dialkylaniline catalyst (which is often necessary). In such cases it is 
very troublesome to separate the two, and if possible it is better to 
avoid dialkylaniline by using phosphorus pentachloride or a strong and 
volatile base such as triethylamine. As examples of the successful 
preparation of 2-amino-chloro- from 2-amino-hydroxy- pyrimidines may 
be quoted : 2-amino-4-chloropyrimidine (phosphoryl chloride alone,30 
with sulphuric acid,31 or with chlorosulphonic acid3%), 2-amino-4,6-di- 
chloropyrimidine (phosphoryl chloride alone33 or with dimethylaniline ; 
> 80 %* yield"), 4-chloro-2-dimethylamino-5-nitropyrimidine (phos- 
phoryl chloride alone ; 55 Yo yield) 4-chloro-5-cyano-2-dimethyl- 
aminopyrimidine (phosphoryl chloride; 90% yield),w 2-anilino-4-chloro- 
pyrimidine (phosphoryl chloride) ;w examples of 4-amino-chloro deriva- 
tives similarly prepared are, 4-amino-6-chloropyrimidine (phosphoryl 
chloride and diethylaniline ; 60 % yield) ,% 4-amino-6-chloro-2-methyl- 
pyrimidine (phosphoryl chlorides or with dieth~laniline'~) its homo- 
logues similarly," 2,4-diamino-6-chloropyrimidine (phosphoryl chloride 
and dimethylaniline; poor yield)," 4-amino-6-chloro-2-rnethylthio- 
pyrimidine (phosphoryl chioride alone gives CG. 25% yield;42 with 
dimeth ylaniline, yield 62 you) ; 5-amino-4-chIoro-6-hydroxy-2-methyl- 
pyrimidine similarly gives 5-amino-4,6-dichloro-2-methylpyrimidine.~ 

(4) In the Presence of Other Grou9s 

Conversion of hydroxy into chloro groups with phosphoryl 
chloride (sometimes with diethylaniline) is also successful in the presence 
of some other groups (including alkoxy, styryl, 5-halogeno, 5-cyano, 
alkylthio, ethoxycarbonyl and carboxy, but not including mercapto).** 
Thus for example, were prepared 2-chloro-4-rnethoxy-6-methylpyrirn- 
idine,& 4-chloro-6~-dimethylaminostyryIpyrimidne,4s 5-bromo-2,4- 
di~hloropyrimidine~~~ 5-bromo-4,6-dichloropyrimidine,~ 5-bromo-2,4- 
dichlor0-6-rnethyIpyrimidine,~ 2,5-dichloropyrimidineso (from 5-chloro- 
2-hydroxypyrimidine), 2,4,5- and 4,5,6-trichloropyrimidineM (from 5- 
chloro - 2,4 - or - 4,6 - dihydroxypyrimidine) , 4,6 - dichloro - 5 - cyan0 - 2- 

* This yield would seem to refer to very crude material. The better process 
is with phosphoryI chloride alone and even that gives but 25% of pure material.' 

** Phosphoryl chloride i s  unsatisfactory in the presence of mercapto groups: 
for example, 4-hydroxy-2-mercaptopyrimidine gives mainly what appears to 
be di(4-chloropyrimidin-2-yI) disulphide.eg 
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methylpyrimidine (1%') (from 5-carbamoyl-4,6-dihydroxy-2-methyl- 
pyrimidine (111) with phosphoryl chloride alone (40%) or with added 
dimethylaniline, 76 % : the amide group is dehydrated to a nitrile during 
the reaction,)61 4- chloro - 2 - methylthiopyrimidine,6 2 - benzylthio - 4- 
chloropyrimidine,62 5-bromo-4-chloro-2-methylthiopyrimidine,~~ 5-car- 
boxy-2,4-di~hloropyrirnidine,~ and 2,Pdichloro-5-ethoxycarbonylpyr- 
imidine.64 In the last two examples repeated efforts without dialkyl- 
aniline present produced no product .Ms iw The conversion of 1,3-di- 
methylbarbituric acid (1,2,3,4-tetrahydro-6-hydroxy-1,3-dimethyl-2,4- 
dioxopyrimidine) into 4-chloro-l,2,3,6-tetrahydro-l,3-dimethyl-2,6-di- 
oxopyrimidine67 was readily carried out in good yield with partly 
hydrolysed phosphoryl chloride (4 % water). The 5-methyl derivative 
was made similarly.68 

OH CI OH C1 

€5. The Use of Phosphorus Pentachloride to Produce Chloropyrimidhes 

Phosphorus pentachloride is less convenient to use than phosphoryl 
chloride but, especially in the older literature, it has been widely used 
to convert hydroxy- into chloro-pyrimidines. It is rather more powerful 
than is phosphoryl chloride and the two are sometimes used together 
when the phosphoryl chloride functions as a solvent for both hydroxy 
compound and the phosphorus pentachloride. As examples of products 
from the use of phosphorus pentachloride may be quoted, 4-chloro- 
Z-phenylpyrimidineb* and 4,6-dichloro-2-methylthiopyrimidine~ (both 
phosphorus pentachloride alone) ; 2-chloropyrimidine>* 5-bromo-2,4- 
dichloropyrimidine>l and 2-butylthio-4-chloro-5-rnethylpyrimidinees 
(all with a mixture of phosphoryl chloride and phosphorus penta- 
chloride). 

The use of phosphorus pentachloride involves the peculiar danger 
of C-chlorination of the pyrimidine in the 5-position. Thus 2-wino- 
4,6-dihydroxypyrimidine and 4,6-diamino-2-hydroxypyrimidine give 
respectively 2-amino-4,5.6-trichloropyrimidinees (V) and 4,6-diamino- 
2,5-dichloropyrimidineM (VI), and barbituric acid (VIII) gives 2,4,5,6- 

Addition of phosphorus pentachloride to phosphoryl chloride decreases 
reaction time from 12 hours to 1 hour. 
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tetra,chloropyrimidne@* (VII) although by using phosphoryl chloride 
and dialkylaniline only 2,4,6- t r ichlorop~dine (IX) is formed.l6# l7 
4-Chloro-2,6-dimethoxypyrimidine with phosphorus pentachloride 
gives 4,5-dichlor0-2,6-dimtho~yp~dine.~ 

Cl Cl OH c1 

Phosphorus pentachloride is sometimes successful in converting 
mercapto groups into chloro groups : in this way 4-hydroxy-2-mercapto- 
pyrimidine gives 2,4-di~hloropyrimidine.~ An analogous reaction is the 
conversion of 2,4-dimethoxy-6-sulphopyrimidine (X) under gentle con- 
ditions into 4-chloro-2,6-dimethoxypyrimidine (XI) and under vigorous 
conditions one step further into 4,5-dichlor0-2,6-dirnethoxypyrimidine.~~ 

OMe OMe OMe 

C. Other Ways of Preparing 2-, 4-, and 6- Chloropyrimidines 

When 4-chloro-5-ethoxycarbonyl-2-ethylthiopyrimidine (XIII) is 
treated with chlorine at O”, the expected sulphone (XV) (4-chloro-5- 
ethoxycarbonyl-2-ethylsulphonylpyrimidine) is the chief product. At 40”, 
however , 2,4- dichloro-5-ethoxywbonylpyrimidine (XVI) predomin- 

c1 

(XIII) 

CC/40* 
I L 

c1 1 c1 c1 

ates.The mechanism of Its formation is not from the sulphone (XV) which 
is stable to chlorine and i t  has been suggested that the sulphoxide (XIV) 
is the common precursor of both products.” Similarly, 2-chloro-5- 
ethoxycarbonylpyrimidine is formed from 5-ethoxycarbonyl-2-ethyl- 
thiopyrimidine.55 
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2-Chlorosulphonyl-4,6-dimethylpyrimidine, prepared by chlorine 
oxidation of 2-mercapto-4,6-dimethylpyrimidine, spontaneously looses 
sulphur dioxide to give 2-cNoro-4,6-dimethyIpyrimidine.@ 

Although aminopyrimidines are often prepared from chloro deriva- 
tives, it is sometimes useful to do the reverse, and in particular in, the 
2-position where an amino group can be so easily inserted by a direct 
synthesis. The treatment of such an amino group with nitrous acid 
(under diazotizing conditions, in the presence of an excess of hydro- 
chloric acid) achieves this. The best preparation of 2-chlaropyrimidine 
(from the commercially available 2-aminopyrimidine) can be so done,@Vm 
and likewise a variety of derivatives such as 2-chloro4-methyl-, 2,5- 
dichloro-, 2-chloro-4-methoxy-, and 2-chloro-4-phenyl- pyrimidine,@ as 
well as 2-chloro-4-meth0xy-6-methylpyrimidine.~1 

D. The P-tion of 2-, 4-, and 6- Bromopyttmtdirtctrr 

Phosphoryl bromide has been used to change several hydroxy- 
pyrimidines to the corresponding bromo derivatives. Barbituric acid (or 
its 5-benzyl derivative) gives a 61 % yield 2,4,6-tribromopyrimidine7~~~ 
(or its 5-benzyl deri~ative),?~ and other products from the appropriate 
hydroxy derivatives include 2-amin&-bromo-,78 2-amino4,6-di- 
bromo-,7* 2-amin0-4-bromo-6-methyl-,’~ 4,6-dibrom0-2-ethyl-,’~ and 
4-bromo-2-ethyl-6-hydroxy- pyrimidines,76 as well as a sulphonamide?* 
Phosphorus pentabromide (diluted with phosphoryl chkwide) converts 
tetrahydroxypyrimidine into 2,4,5,6-tetrabrornopyrimidine.~ It has 
been reportedn that 3-bromo-l,3-dichloroprop-l-ene and guanidine in 
fuming sulphuric acid give not only the expected 2-adnopyrimidine 
(by a Common Synthesis) but also in comparable amount, a 2-amino- 
bromopyrimidine. The authors report analyses and the fact that 
dehalogenation gives 2-aminopyrimidine, but do not give a structure. 
Chemical Abstractsn has recorded it as 2-amino-4-bromopyrirnidine, 
which is undoubtedly wrong since the m.p. is not that of the 4-brom0-~* 
but that of the 5-bromo derivative.78*m Further, Japanese workers have 
recorded8O the production of 2-amino-5-bromopyrirnidine in a very 
similar reaction. 

Chlorine may sometimes be replaced by bromine, as for example 
during the bromination of 4,6-dichloro-2,5-dimethylpyrimidine, which 
gives 4-bromo-5-bromomethyl-6-chloro-2-methylpyrimidine.8~ 
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E. The Preparation of 2-, b, and 6- Iodopytimidhes 

Pyrimidines substituted with 2-, 4-, or 6-iodo atoms are made 
from the corresponding chloro compounds with hydrogen iodide. There 
are not many known, and most of these seem to have arisen by mistake 
during attempted removal of a chlorine atom by reduction with 
hydriodic acid. They appear to be in no way more useful than the 
chloro compounds. 

2,4-Dichloro-6-methylpyrimidine (XVII) gives with hydriodic acid 
under different conditions, 2,4-di-iodo-, 4-iOdO-, and 2-chloro4-iodo- or 
4-chloro-2-iodo- 6-methylpyrimidine7* l1 (XVIII-XXI) . 2-Amino-4,6- 
dichloro- gives 2-arnino-4,6-di-iodo-pyrimidine,82 and 2,4-dianino-6- 
iodopyrimidine,33 2,4-diamino-5-benzyl-6-iodopyrimidine8~ and 2-benz- 
yl-4-iodo-6-methylpyrimidine1* are likewise made from the correspond- 
ing chloro compounds. 4-Amino-2,6-dichloro-5-ethylpyrimidine gives 
4-amino-5-ethyl-6-iodopyrimidine ;8' the available evidence suggests 
that when a 2,4-dichloropyrimidine is treated with hydriodic acid, the 
P-chloro tends to be replaced by hydrogen, and the 4-chloro by an iodo 
substituent. 

2. The Preparation of 5-Halogenopyrimidines 

Direct halogenation leads always to 5-halogenopyrimidines. This 
operation goes easily if one or more electron-releasing groups are 
present, but even pyrimidine hydrochloride will brominate under 
abnormal conditionsm (Ch. IV, Sect. l.C) to give 5-bromopyrimidine. 
Direct halogenation is therefore the most used method of preparation, 
although direct synthesis and other minor methods have been used 
necessady for fluoro, often for iodo, and sometimes for chloro and 
bromo derivatives. From compounds such as barbituric acid it is 
possible to produce for example a stable 5,5-dibromo derivative (XXII) 
which is strictly comparable with alloxan (XXIII) or with a 5,5-dialkyl- 
barbituric acid (XXIV) in configuration; from such a compound. one 
bromine can be removed by reduction, leading to normal 5-brOmO- 
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barbituric acid (XV). The action of halogens on uracil and cytosine 
derivatives also sometimes gives dibromo compounds but the picture 
is far less simple (Sect. 2.A(6)(b)). 

0 0 0 OH 

(XXII) (XXIII) (XXIV) 

A. 5-Halogenopyrimidines by Direct Halogenation 

(1) 5Halogenation of Alkylflyrimidims 

The halogenation of pyrimidine and alkylpyrimidines has already 
been discussed (Ch. IV, Sects. l.C and 2.C(5)). 

(2) Swalogenation of Amino- m Hyd~oxy- $yrzmidines 

2-Aminopyrimidine and its C-methyl derivatives have been both 
chlorinated and brominated in warm aqueous solution,?s most satis- 
factorily in the presence of calcium carbonate, or other solid base, to 
neutralize the acid formed.?8 When one of these, 2-arnino-4,6-dimethyl- 
pyrimidine, was brominated in aqueous alcohol at  O”, a perbromide was 
formed which on reduction with sulphur dioxide gave the 5-bromo 
derivative.@ 2,4- and 4,6- Diaminopyrimidine brominate readily in 

2-Aminopyrimidine has been iodinated in the presence of 
mercuric acetate,6O and 4-minopyrimidine (XXVI) has been iodinated 
directly with iodine monochloride giving 4-amino-5-iodopyrimidine 
(XXVII),87 although this same reagent with 4,6-dihydroxypyrimidine 
(XXVIII) gave 5-chloro-4,6-dihydroxypyrimidine (XXIX) instead of 
the expected iodo derivative.@ 5-Bromo-4,6-dihydroxypyrimidine has 
been made by bromination in acetic acid@ or better, in water.ee 
5-Bromo- and 5-chloro- 4-hydroxypy~imidine have been formed by 
halogenation in acetic acid@ and 5-bromo-4-hydroxy-2,6-dimethyl- 
pyrimidine in watei .@ 2-Hydroxypyrimidine has been 5-haIogenateds7a 
and 2-hydroxy4,6-dimethylpyrimidine gives a 5-bromo derivative 
either with bromine in dilute acetic acid or with sodium hypobromite;89 
under other conditions these last brominations lead to several distinct 
“perbromides”.m 2,4-Dihydroxypyrimidine (uracil) has been normally 
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brominated in warm w a t e $ 0 ~ ~ ~  and iodinated by iodine and aqueous 
sodium hydroxide;= the best yield of 5-chlorouracil is obtained from 
uracil with Nchlorosuccinimide in acetic acid;83 1,3-diethyluracil (1,3- 
diethyl- 1,2,3,4-tetrahydr0-2,4-dioxopyrimidine) has been brominated 
in ethanolw and 4-benzyl-2,6-dihydroxypyrimidine in acetic acid.e6 The 
introduction of 2 bromine atoms into the 5-position is dealt with in 
Sect, 2.A(6), and other procedures for brominating uracil and orotic 
acid, such as the use of dioxane dibromide in dioxane, or treatment 
with a mixture of aqueous sulphuric acid, sodium bromide, and hydrogen 
peroxide, are recorded.w-g% 

(3)  SHalogenati~n of Anainohydvoxy$yrinaidines* 

Halogenations of aminohydroxypyrimidines are typified by the 
preparation of bromoisocytosinem (2-amino-5-bromo-4hydroxypyrim- 
idine) in an aqueous medium, bromocytosinem (4-amino-5-bromo-2- 
hydroxypyrimidine) in acetic acid, and iodocytosinega (4-amino-2- 
hydroxy-5-iodopyrimidine) or 2,4-diamino-6-hydroxy-5-iodopyrim- 
idinem with iodine and aqueous potassium hydroxide. 

(4) Halogefiation of Mercapto- 01 Alkylthio- $yrinaidiws 

Mercaptopyrimidines cannot normally be halogenated although 
4-amino-5-brorno-6-hydroxy-2-mercaptopyrimidine (XXX) has ex- 
ceptionally been produced by bromine in acetic acid.48 Mkylthio groups, 
however, are unaffected by halogenation and among alkylthiopyrim- 
idines with a directly introduced 5-halogen may be quoted, 5-chloro- 
2-methylthio-4-hydroxypyrimidinees~ loo* lol and 5-chloro-2-ethylthio- 
4-hydroxy-6-methylpyrimidine and its isopropylthio analoguelOOpxO1 
(chlorine and ferric chloride catalyst in acetic acid), 5-bromo-2-methyl- 
thiopyrimidine (XXXI) and its ethylthio analoguelOa (bromine in 

* A s  an example of 5-halogenation of a nucleoside may be quoted the 
photocatalysed bromination and chlorination of cytidine in acetic acid and 
pyridine mixture,106 and of deoxycytidine under similar conditions.lw 
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carbon tetrachloride at  1259, 5-bromo-2-ethylthio-4-hydmxypyrim- 
idinelm and its methylthio analogueloo (bromine and acetic acid), 
2-benzylthi&-hy&oxy-5-iodopyrimidine1O'J and its ethylthio ana- 
logue,m 2-aUylthio-4-hydroxy-y-5-iodo-6-methylpy~5midine (XXX1I)l" 
(iodine in methanol) and its 3-methyl derivative (XXXIII)lw (iodine 
and alkali). 

B i  A N  NH, B r y "  15 1 ; y e  

H O A N J b H  -=WASMe Me %CH,CH : CH, Me"* 'SCH&H : CH, 

(XXX) (XXXI) (XXXII) (XXXIII) 

(5) IHalogerautiora of Miscellarteous Pyrimidines 

A variety of other pyrimidines have been directly halogenated in 
the 5-position. Included in these may be quoted for example the 
chlorination of orotic acid (4-carboxy-2,6-dihydroxypyrimidine) by 
hydrochloric acid and hydrogen peroxide,'m the iodination in the 
presence of mercuric acetate of 2-~ulphanilamid0-~*8 to give (XXXIV) 
and phenylsulphonamido-pyrimidine,w as well as the chlorination and 
bromination of the latter without mercurym and the iodination of 
several phenyl-substituted derivatives.s0e102 Alkoxypyrimidines have 
been brominated as in the preparation of 5-brorno-Z-ethoxy-4,6-di- 
methylpyrimidine108 and 2-amino-5-bromo-4-methoxypyrimidine.~ 5 
Brom&-carboxy-€i-hydroxypyrimidine has been made with sodium 
hypobromite.ll0 4-Chloro-2,6-dimethoxypyrimidine and 2,4-dimethoxy- 
6-methylaminopyrimidine, 5-brominate readily with N-brornosuccin- 
imide in a mixture of acetic anhydride and acetic acid.109 

OH OH 

(XXXIV) (XXXV) (XXXVI) 

There are some examples where one halogen displaces another, as 
in the formation of 5-cNoro-l,3-dimethylbarbituric acid from the 
5-bromo analogue with hydrochloric acid;xlL in the case of ti-chloro- 
methyl-3,6-dimethyluracil (XXXV), bromination dispIaces the whole 
5-substituent in favour of bromine, giving 5-bromo-3,6-dimethyl- 
uracillla (XXXVI). 



172 Chapter VI 

(6) 5,5-Dihakogenation of Pyrimidines 

When barbituric acid is bro- 
minated, 5-bromobarbituric acid (XXXVIX) is first formed,l18 and this 
then possibly reacts in the tautomeric form (XXXVIIa) with more 
bromine,* to give 5,5-dibromobarbituric acid1l3-U6 (XXXVIII). The 
dibromo derivative can, however, best be made by bromination of 2,4,6- 
trihydroxy-5-nitro~opyrimidine~~~ (violuric acid; XXXIX), and also 
from 2,4,6-trihydroxy-5-nitropyrirr~idine,~~~ 5-acetyl-2,4,6-trihydroxy- 
pyrimidine,l16 or 5-benzylidene-2,4,6-trihydro~ypyrimidine;~~* in these 
cases the original 5-substituents are displaced. The dibromo gives the 
monobromo derivative (XXXVII) conveniently on treatment with 
ammonia,lllt If* but also by reduction with sodium amaIgam,ll' zinc,ll7 
hydrazine,ll* hydrogen iodide,ll9 and cyclohexene.lX0 

(a) Barbitzcric Acid Derivatives. 

OH OH OH OH 

(XXXVII) (XXXVIIa) (XXXVIII) (XXXIX) 

The N-alkyl derivatives of barbituric acid behave similarly to the 
parent in the above bromination reactions.'11*1X6 Chlorinations are 
very similar to brominations. Thus 5-chlorobarbituric is obtained by 
chlorination of barbituric acidl*l or better, by treatment of 5-bromo- 
barbituric acid with hydrochloric acid.111* Further chIorination gives 
5,5-dichlorobarbituric acid,-* lS1 and the 1- and 3-alkyl derivatives 
behave again like the parent.111* 122 I t  is possible to convert 5,5-dichloro- 
into 5-chloro-barbituric acid with e.g. hydrazine118 but not with 
stannous chloride, which gives barbituric acid.lll Excessive chlorination 
of barbituric acid in aqueous alkali gives dichloroacetylurea,123 

@) Uracil, Cytosine, and Derivatives. Halogenation of the uracil 
family is normal as far as mono-5-halogenation is concerned. The intro- 
duction of a second halogeno atom at position 5 is, however, fundamen- 
tally different to the case of barbituric acid above, No true 5,5-di- 
halogeno-uracil is formed but (in the presence of water) only 5,5- 
dibromo-4,5-dihydro-2,4,6-trihydroxypyrimidine** (XL; R=H), or the 

* It is emphasized that the mechanism i s  unknown. It could well be an 
addition of HQBr across the 4,5-bond followed by dehydration. 

* * The configuration of the homologous 5,5-dibrom0-4,5-dihydro-2,4,6-k-i- 
hydroxy-4-methylpyrimidine (or its dichloro analogue) has been shown by 
oxidative removal of the methyl group (and oxidation) with nitric acid to give 
5,5-dibromo- (or dichloro-) barbituric acid. lZ8 
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dichloro analogue, is obtained.lo7~ 124p la5 Although it is relatively stable, 
the dibromo compound is reconverted into 5-bromouracil by prolonged 
boiling with 2N -hydrochloric acid.'" The dichloro-4-methyl compound 
strangely gives 5-chloro-4-chloromethyl-Z,6-dihydroxypyrimidine.la7 
When the halogenation is done in an alcohol, the appropriate alkoxy 
group replaces the 4-hydroxy group, giving a compound of the type of 
(XL ; R = dkyl) 6.g. 4-benzyl- 5,5 - dichloro- 4,5-dihydro- 2,4,6- tri- 
hydro~y-4-methoxyp~midine;~~ in other solvents no &halogenation 
takes place. If a 5-group is present an additional halogen may enter 
or the group may be displaced and two hdogen atoms enter. Thus 
5-nitrouracil and 5-methyluracil (thymine} give, with the appropriate 
halogen, respectively 5-chloro-4,5-dihydro-2,4,6-trihydroxy-5-nitropyr- 
imidinelm (XLI) and 5-bromo (or chloro)-4,5-dihydro-2,4,6-trihydroxy- 
5-methylpyrimidine.107* lae, 180 On the other hand, 5-carboxy-2,4-di- 
hydroxypyrimidinelW gives 5,5-dichloro-4,5-dihydro-2,4,6-trihydroxy- 
pyrimidine (XLIII) and 5-iodouracillw (XLII) gives the same product 
(XLIII). In contrast to the last example, 5-bromo-5-chbro-4,5-dihydro- 
2,4,6-trihydroxypyrimidine (XLV) is formed1% either by chlorine water 
and 5-bromouracil (XLIV) or bromine water and 5-chlorouracil 

OH OH OH OH 

(XLVI). The halogen sometimes affects groups in other positions. For 
example, 4-hydroxy-2-rnercapt0-6-methylpyrimidine,~~~ as well as 2,4- 
dihydro~y-6-methylpyimidine,~~ with chlorine gives 5,5-dichIoro-4,5- 
dihydro-2,4,6-trihydroxy-4-methylpyrimidine (XLVII), 2-ethylthio-4- 



I74 Chapter VI 

hydroxypyrimidine gives 5,5-dichloro-4,5-dihydro-2,4,6-trihydroxy- 
pyrimidinelw (XLIII), and 4-amino-2-hydroxypyrimidine (cytosine) 
gives also the same productfw (XLIII) or the dibromo analogue.m 
Under less vigorous conditions, however, cytosine gives some +-amino- 
5,5-dibromo-5,6-dihydro-2,6-hydroxypyrimidine.O'J 

1,S-Dimethyluracil and isocytosine (2-amino-4-hydroxypyrimidine) 
behave similarly to uracil in giving respectively 5,5-dibromohexahydro- 
4-hydroxy-l,3-dimethyl-2,6-dioxopyrimidine~~~(XLVIII), and 2-amino- 
5,5-dichloro-4,5-dihydro-4,6-dihydroxypyrimidine.~~ Prolonged heat- 
ing of the reaction mixture from the first of these gives the mono- 
bromo derivative.'W 

Renewed interest has recently been shown in the mechanism of 
halogenation of the uracil group of pyrimidines.1N~1s6 Wang,B1#le6 has 
advanced a sequence of reaction based on careful experiments with 
uracil and 1,3-dimethyluracil, and his scheme for the bromination of 
uracil is briefly outlined in formulae (XLIX) to (LIII). The evidence is 
convincing, and has been independently confirmed and extended.'= 

OH OH OH 

OH OH 

B. 5-Halogenopyrimidines by Direct Synthesis 

Aliphatic compounds already containing a halogen atom have 
sometimes been used to make a 5-halogenopyrimidine by a direct 
synthesis. This approach has been particularly useful in the case of 
very simple pyrimidines which do not halogenate readily, for pyrim- 
idines with oxidizable substituents or groups which would be sensitive 
to halogens, and in the case of the important 5-fluor0 derivatives, 
which have been made only in this way. 

Chlorodondialdehyde (Lzv) has been condensed with guanidine 
in fuming sulphuric acid or chlorosulphonic acid to give 2-ambo-5- 
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chloropyrbicline1s1~198 (LV), and with benzamidine (or its m- or p- 
nitro derivative) in alcoholic alkali, to give 5-chloro-2-phenylpyrimidine 
(LVI) and its m- or $-nitro derivatives.1gB Mucobromic acid (LVII) and 
mucochlonc acid give with acetamidine, respectively 5-bromo-4-car- 
boxy-2-methylpyrimidine (LVIII) and the chloro Similarly, 
condensation with benzamidine gives 5bromo-4-carboxy-2-phenyl- 
pyrimidine or the chloro analogue,l" and the use of S-methylthiourea 
gives 5-bromo-4-carboxy-2-rnethylthiopyri~dine.~ Chloromucic acid 
with guanidine in methanolic sodium methoxide yields crude 2-amino- 
4carboxy-5-chloropyrimidine (?), which on dry distillation gives 60 Yo 
overall yield of 2-amino-5-chloropyri~nidine.~~ (The preparation, which 
includes details for making chloromucic acid, is described in English, 
and is more convenient than the synthesis uiu chloromalondialdehyde 
above.) Ethyl bromocyanoacetate and guanidine give 2,4-diamnio- 
5-brom0-6-hydroxypyrimidine.~~ 

5-Fluoro-2,4-dihydroxypy~imidine (LXI) and ricarboxy-5-fluoro- 
Z,f%dihydroxypyTimidine (LXIII) have been shownl"* to have anti- 
tumour activity.* The first of these (LXI) was made by condensation 
of ethyl fonnylfluoroacetate (LIX) with S-ethylthiourea to give 2-ethyl- 
thio-5-fluoro-Phydroxypyn'midine (LX) followed by acid hydrolysis.l& 
An analogous condensation of diethyl fluoro- oxalacetate and S-ethyl- 
thiourea gave 4-ethoxycarbonyl-2-ethylthio-5-fluoro-6-hydroxypyrim- 
idine (LXII) which was acid hydrolysed to P-carboxy-5-fluor0-2,6- 
dihydro~ypyrimidine~~~ (LXIII). Other examples of 5-fluoropyrimidines 
are given in Table 11. 

C. Other Methods of Preparing 5-€€aIogenopyrimide~ 

There is at least one example of the formation of a 5-halogeno 
d2rivative from the corresponding 5-amino derivative. 2,S-Diamino- 
4,6-dimethylpyrimidine, on diazotization and treatment with potassium 

The fluoro derivatives and related compounds have been reviewed from 
the metabolic antagonist point of view.'" 
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iodide gave a good yield of 2-amino-5-iodo-4,6-dimethylpyrimidinel~ 
(Ch. IX, Sect. 5.E). 

The 5-bromo group in several cases has been exchanged for chlorine 
or iodine. Thus treatment of the ammonium salt of 5-bromo-1-ethyl- 
barbituric acid with hydrochloric acid gave 5-chloro-1-ethylbarbituric 
acid,l" and 2,4-diamino-5-bromo-6-hydroxypyrimidine with potassium 
iodide in boiling dilute acetic acid gave 87 % of the 5-iodo analogue.B8 
5- Bromo - 1 ,2,3,4- t etrahydro- 1,3-dime thyl-6- methylamino- 2 4-dioxo- 
pyrimidine when heated with ammonium chloride in alcohol gives the 
5-chloro analogue,lW 

OH OH 

I . I  

,c%=t 
F-CH S-ethylthiourea 

(LXII) (LXI 11) 

3. The Preparation of Extranuclear Halogenopyrimidines 

Compared with the large number of other halogenopyrimidines, 
those with a halogen atom on a side chain are very few. They have been 
made by a variety of methods. The best-known compound of this type is 
4-amino-5-bromo-methyl-2-methylpyriddine (LXV) which, condensed 
with 5-hydroxyethyl-4-methylthiazole (LXIV) yields14s vitamin B, 
(LXVI) ; the necessity of the commercial synthesis of this pyrimidine 
in the years 1935-1940 stimulated interest in this type of halogeno 
derivative. 

HQCH,CH,"S li J + 

NHS NH, 

Me-N Br%cx/ N Me\-$-CH 
/I ,!J CAM, - HOCH,CH,"S 

(LXIV) ( L W  (LXVI) 

A. By Direct Halogenation 

The direct bromination or chlorination of Wlpyrimidines is 
rather uncertain in the extent of substitution, and moreover is almost 
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sure to introduce a %halogen atom if that position is unoccupied. 
Thus 2-methylpyrimidine on vigorous bromination gives 5-bromo-2-tri- 
bromomethylpyrimidinele (LXVII) and 4,€Ldimethylpyrimidine simi- 
larly gives 4,6-bistribromomethylpyrimidine.1bo Bromination of 2- 
amino-4,6-dimethylpyrimidine gives first the 5-bromo derivative and 
then a mixture of 2-amino-5-bromo-4-bromomethyl-6-methylpyrim- 
idine and 2-amino-5-bromo-4,6-bisbromomethylpyrimidine.1~1 Less 
well-authenticated structures resulting from direct halogenation have 
also appeared in the l i t e r a t ~ r e . ~ ~ * ~ ~ ~ ~  One of the few definite mono- 
brominations is that producing 5-acetyl-4-bromomethyl-2-phenyl- 
pyrimidine. 15( 

C q B r  OH 

(LXVII) (LXVIII) (LXIX) 

N-cbknmuccinimide 
CHCl,+patoxide * 

(LXW (LXXL) 

The disadvantages of direct halogenation are largely overcome 
by the use of N-bromo- or N-chloro-succinimide. In this way 2,4,6- 
trichloro-3-methylpyr.imidine gives the 5-bromomethyl derivative 
(LXIX), but direct bromination also gives the same product in this 
case.8l 4,6-Dichloro-2,5-dimethylpyrimidine is selectively brominated 
on the 5-group by N-bromosuccinimide to give 5-brornomethyl-4,6- 
dichloro-2-methylpymidine, but direct bromination also replaces 
one of the chlorines to give 4-bromo-5-bromomethyl-6-chloro-2- 
methylpyrimidine.*l In glacial acetic acid, N-chlorosuccinimide 
causes nuclear substitution of uracil and related compounds converting, 
for example, 4-hydroxy-6-methyl-2-methylthiopyrimicline (LXX) into 
the 5-chloro derivatives (LXIX). The claim that in chloroform (and 
with benzoyl peroxide present) the same reagent causes only side chain 
chlorination and gives, from (LXX), 4-chloromethyl-6-hydroxy-2- 
methylthiopyrimidinee3 (LXXI) defies repetitionl5*&. With thymine, 
the same reagent is said to give 5-chloromethyl-2,4dihydroxypyrim- 
idine?a but it seems16a*155 that the product depends on the use of 
chloroform containing ethanol, and that it probably is 5-ChlOrO-4- 
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ethoxy-4,5-dihydro-2,6-dihydroxy-5-methylpyrim~dine. Authentic 5- 
chloromethyluracil has, however, been made by treatment of uracil 
with formaldehyde and hydrochloric 16' and its structure has 
been confirmed. 

The direct halogenation of an aryl moiety attached to pyrimidine 
i s  rare, but a brief studylw of the bromination of three anilino pyrim- 
idines has indicated that both 5-substitution in the pyrimidine ring and 
+substitution in the benzene ring occur. 2-Amino-4-anilino-6-methyl- 
pyrimidine (LXXII) gives first the 5-bromo derivative (LXXIII), and 
then (with more bromine) the 5,#-dibromo derivative (LXXIV). The 
behaviour of 4-anilino-2,6-dimethylpyrimidine is similar, but 2-anilino- 
4,6-dimethylpyrimidine even with one equivalent of bromine gives a 
mixture of 5-bromo, p-bromo, and 5,#-dibrorno derivatives. 

Me Me 

(LXXII) (LXXIII) (LXXIV) 

B. From the Corresponding Hydroxyalkylpyrimidine 

Several hydroxymethylpyrimidines have been converted into 
halogenomethyl derivatives with thionyl chloride or hydrogen bromide 
in acetic acid. 4-Amino-2-chloro-5-hydroxymethylpyrimidine (LXXVJ 
yields Pamino-5-bromomethy1-2-chloropyrimidine (LXXVI) (or the 
5-chloromethyl analogue) by these reagents,lbs and 4-amino-5-bromo- 
methyl-2-methylpyrimidine has been made ~ i r n i l a r l y . ~ ~ ~ - ~ ~ ~  They have 
also been used to make 4-amino4-chloro(or bromo)methyl-2-ethylthio- 
pyrimidine,'5B 4-@-~hloropropyl-2,6-diethoxypyrimidine~~, 5-(2-bromo- 
isobutyl)-4-chlor0-2-methylpyrirnidine~~ and halogeno methyl~racils16~~ 
from their hydroxy analogues.* Phosphorus halides have also been 
used, in particular when hydroxy groups directly attached to the pyrim- 
idine ring (as well as that indirectly attached) need converting into 
chloro groups. Thus phosphoryl chloride converted 4-hydroxy-5- 
hydroxymethyl-2-methyl-pyrimidine into 4-chloro-5-chloromethyl-2- 
methy1pyrimidine,ls5 and phosphorus pentachloride, 2,4-dihydroxy-5- 

* It is reported17s that 5-bis(@-chloroethyl)- 
amino-2,4-dihydroxypyrimidine, was made with thionyl chloride from the cor- 
responding hydroxy derivative.'" 
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hydrox yme th yl- into 2,4-dichloro- 5 - chlorometh yl- 6-methylpyrim- 
idine.la Other cases are the formation of 4-amino-5-chloromethyl-2- 
me thylpyrimidine,16* and 4-amino-5-chloromethyl-2,6-dihydroxypyri- 
idine.'= 

C. From the Corresponding AUryloxyalkylpyrimidine 

Extranuclear ethers such as 4-amino-5-ethoxymethyl-2-methyl- 
pyrimidine (LXXVII) are split by hot hydrogen bromide in acetic acid 
to give for example 4-amino-5-bromomethyl-2-methylpyrimidine1~-170 
(LXXVIII). The method has been used for the 2-ethyP7l and 2 - b ~ t y P ~ ~  
analogues of (LXXVIII), and to convert 2-amino-5-ethoxyethy1-4- 
methylpyrimidine into 2-amino-5-bromoethyl-4-methylpyrimidine.17~ 
Hydrochloric acid at  150" likewise splits such ethers to give for example 
5-chloroethyl-4-hydroxy-6-methylpyri~dine,174 and another good ex- 
ample is the fission (at 140" with hydrochloric acid) of the extranuclear 
ether group of 2,4-dihydroxy-5-phenoxy-6-phenoxymethylpyrimidine 
(without affecting the similar 5-ether group) to give 4-~Noromethyl-2, 
6-dihydro~y-5-phenoxypyrimidine.~~ 

D. By Direct Synthesis 

Pyrimidines bearing a trifluorornethyl group have been made by 
direct synthesis. For example guanidine and ethyl cc-phenylazotri- 
fluoroacetoacetate give 2-amino-4-hydroxy-5-phenylazo-6- trifhoro- 
meth~lpyrimidine.1~~ The corresponding 2-mercapto derivative was 
made similar1y.Im Ethyl triiluoroacetoacetate has been condensed 
directly with urea in the presence of sodium ethoxide to give 2,4-dihyd- 
roxy-6-trifiuoromethylpyrimidine,1~ and with thiourea to give 4-hyd- 
roxy-2-mercapto-6-trifluoromethylpyrimidine.180 In order to put a 
trifluoromethyl group in the 2-position, trifluoroacetamidine has been 
condensed with diethyl ethoxymethylenemalonate and with ethoxy- 
methylenemalononitrie to give respectively 5-ethoxycarbon yl-4-hydr- 
oxy- and 4-amino-5-cyano- 2-trifluoromethyIpyrimidine.181 The com- 
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pounds mentioned above have been used to make other trifluoromethyl 
derivatives by metathesis. Fluoroacetamidine gives 2-fluoromethyl- 
4,6-dihydroxypyrimidne.~l= 

The development of the anti-malarial “Daraprim”~2s 188 led to the 
preparation of a large number of pyrimidines with fluoro-, chloro-, or 
bromo-phenyl p u p s  attached directlyw4, or through an etherm or 
methylenem linkage, to the 5-position of a pyrimidine. These were made 
by direct synthesis, typified by the condensation of guanidine with the 
enol ether of a-(p-chloropheny1)propionylacetonitrile (LXXIX) to 
give 2,4-diamino-5-chlorophenyl-6-ethyIpyrimid (“Daraprim”; 
LXXX), or by the condensation of guanidine with ethyl (2,4-dibromo- 
phenoxy)formylacetate to give 2-amino-5-(2,4-dibromophenoxy)-4- 
hydroxypyrimidinelB6 (LXXXI). 

C ---”Q-O - 
II gladdine 

COMe ------ 
E d  

(LXXIX) (LXXX) (LXXXI) 

When 6-methyluracil was heated at 100” with chloromethyl 
methyl ether (ClCH20Me) a chloromethyl group entered the 5-psi- 
tion to give 5-chloromethyl-2,4-dihydroxy-6-methylpyri1nidine.~~ 

Me OH 
*Ha AN,CH&H : CH, 

c1 

(LXXXII) (LXXXI I I) (LXXXIV) (LXXXV) 

OH 
AN,CHCHBrCH,Br 
I 

Me&% 
(LXXXVI) 

2,4-Dichloro-5-chethyl-6-methylpyrine has been converted 
into its 5-iodornethyl analogue (LXXXII) with sodium iodide in 
acetone.lWl 188 



Halogenopyrimidines 181 

Many 5-fi-chlorophenylazo derivatives such as 2,4-diamino-5-$- 
chlorophenylazopyrimidine8~ (LXXXIII) have been made by coupling 
diazotized fichloroaniline with the appropriate pyrimidines, and the 
reaction has been covered in Chapter V, Sect. 3.A(2) ; p-chlorophenylhyd- 
razones of pyrimidines have been described.m8 

5-Acetyl-4-methyl-2-phenylpyrimidine has been converted into 
5-a-chlorovinyl-4-methyl-2-phenylpyrimidine (LXXXW) by phospho- 
rus pentach1oride.m 3-Allyl-6-methyluraciI (LXXXV) adds bromine 
across its double bond to give 3-(2,3-dibromopropyl)-6-methyluracil 
(LXXXVI), and the 5,6-dimethyl analogue was made simi1arly.lm 
Hydrogen chloride has been added across 5-allyl-2,Pdihydroxy-6- 
methylpyrimidine to give 5-~-chloropropyl-2,4-dihydroxy-6-rnethyl- 
pyrimidine1B1, and another example has been described.l98 

Chloroalkylamino derivatives of pyrimidines have been made by 
condensation of a chloropyrimidine with a chloroalkylamine, as in the 
preparation of 2-chloro-4-~-chIoroethylamino-6-meth~xycarbonyl-5- 
nitropyrimidine (LXXXVII) from the 4-chIoro analogue.lg5 

An interesting, but isolated, preparation of a chloromethyl deriv- 
ative is that of 5-chloro-4-chlorornethyl-2,6-dihydroxypy~imidine~ 
(LXXXIX) by the action of hydrochloric acid on 5,5-dichloro-4,5- 
dihydro-2,4,6- trihydroxy-4-methylpyrimidine (LXXXVIII) . The prod- 
uct (LXXXIX) was previously wrongly described as a derivative of a 
“bicyclouracil”.lO~~ 195 

NHC,H,CI Me OH CH,Cl 

(LXXXVII) (LXXXVIII) (LXXXIX) 

4. Properties of Halogenopyrimidhes 

Pyrimidines containing only halogeno substituents are oils or low 
melting colourless solids, with characteristic odour. The melting points 
of the chloro compounds are given in Table IX. Most of them are a t  
least mildly irritating to the skin and eyes. Alkyl derivatives are similar, 
but 5-nitro derivatives are more active (Ch. I), rather less stable on 
keeping, and more irritating. 

The kinetics of the nucleophilic displacement reactions of several 
2- and 4- chloropyrimidines with organic bases, as well as the effect of 
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TABLE IX. Melting Points of Simple Chloropyrimidines 

P-chloro-, 64.5" 2,4-dichloro-, 62" 2,4,5-trichloro-, oila 
4-chloro-, oil" 2,5-dichloro-, 57.5" b 2,4,6-trichloro-, 2 1 " 
5-chloro-, 36.5" 4,5-dichloro-. oilc 4,5,6-trichloro-, 49-51 ' 

4,6-dichloro-, 67.5" 2,4,5,6-tetrachloro-, 66-68' 

* unstable; hydrochloride, m.p. 193-194" (decomp.) 
b non-imtating 
c b.p. 82" (34 mm) 
d b.p. 73-74" (3 mm) 

nuclear methyl groups on the reactivity of chloropyrimidines, has been 
studied.'" In such work, aromatic amines were unsatisfactory because 
the formation of the cation of the chloro compound has a catalytic 
effect on the reactionlm and aromatic amines were too weak to prevent 
this. The rate of reaction with pyridine was too low to make the rather 
slow self-quaternization of the chloro compounds negligible. Work with 
piperidine and morpholine in ethanol, however, indicated a series of 
regular second-order reactions. The constants1= are summarized in 
Table X and indicate that the 4-chloro substituent is more active than 
the 5-chloro, and that m-methyl groups decrease the activity in both 
cases. This is parallel to preparative experience. 

TABLE X. Rate Constants of the Reaction of Chloropyrimidines with 
Piperldine and Morpholine 

Average of extreme values of 10' K in 1. mole-I sec-1: 
Piperidine Morpholine 

F'yrimidine 20" 30" 40" 20" 300 10' 

2-chloro 33.3 68.6 129 7.7 15.1 28.5 
2-chloro-4-methyl- 13.7 28.6 54.1 3.3 6.7 14.0 
2-chloro-4.6-dimethyl- 5.7 11.3 21.4 1.37 2.8 5.45 
4-chloro-2-methyl- 165 300 522 43.2 77.3 I35 
4-chloro-ti-meth yl- 115 215 369 28.8 55.6 98.2 

Other significant contributions to the study of rate of reaction of 
chloropyrimidines have been made,w-lBg and an interesting comparison 
of the rates of reaction of active chloro derivatives in several n-defi- 
cient N-heterocydic series (including pyrimidine) has been given by 
AlberLsM 
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5. Reactions of 2-, 6, and 6-Halogenopyrirnidher, 

Pyrimidines with halogen substituents in the active positions 
undergo a great variety of reactions. Most of these have naturally been 
done with the chloro compounds which are easier to make, and much of 
what follows will therefore describe the reactions of chloropyrimidines. 
In the come of a synthetic route it is often essential to react each 
chloro group of a di- or trithloro-pyrimidine derivative singly, and 
with different reagents. Thus for example, 4,6-dichIoro-5-nitropyrim- 
idine (XC) can with care be monoaminated to 4-amino-6-chloro-5- 
nitropyrimidine” (XCI). Treatment with dimethylamine then gives 
4- amino- 6-dimethylamino- 5 - nitr~pyrimidine~l (XCII) which, after 
reduction of the nitro group, can be condensed with glyoxal to yield 
4-dimethylaminopteridinea0’ (XCIII). Such differential reactions are 
very important in synthetic pyrimidine chemistry. 

c1 c1 

A. Removal of 2- 4-, and 6-Halogeas 

(1 1 In the Presence of O@ Alkyl Groups 

The complete removal of the halogen from pyrimidine derivatives 
initially carrying only halogeno or halogeno plus aIkyl or aryl groups, 
has been fully treated respectively in Chapter IV, Sects. l.A and 2.A(2). 
The partial removal of halogen from such compounds is also possible 
under controlled conditions. Thus 2,Pdichloropyrimidine (XCIV), on 
boiling with zinc dust in aqueous ammonium chloride or aqueous al- 
coholic ammonia, yields Z-chloropyrimidine** l* (XCV), and 2,4-dichloro- 
6-methylpyrimidine (XCVII) and its 6-phenyl analogue yield re- 
spectively 2-chloro-4-methylpyrimidine (XCVIII) and 2-chloro-4- 
phenylpyrimidine in good yield.’% In contrast, 5-bromo-2,4-dichloro-6- 
methylpyrimidine (XCVI), under almost the same conditions except for 
a shorter boiling period, loses only the 5-bromo group, giving 2,4- 
dichloro-6methylpyrimidine18 (XCVII) : an extraordinary reaction. 
Attempts, for example,*’* selectively to remove by hydrogenation one 
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halogen and leave others, have generally failed even when the halogeno 
substituents involved have widely differing activities; exceptional to 
this is the preparationla of 5-chloropyrimidine by partial hydrogena- 
tion of 2,5-&chloropyrimidine, under conditions not precisely stated. 

c1 c1 c1 

(XCIV) (XCV) (XCVI) (XCVII I) 

(2) In the Presence of Amim GrozCps 

There are many examples of the removal of active halogen in the 
presence of amino groups. A simple illustration is the preparation of 
2-amin0pyrimidine"-~~~ by the action of zinc dust and aqueous 
ammonia on 2-amino-4-chloropyrimidine (itself prepared from isocy- 
tosine208). Yields are said to be improved by the addition of a little stan- 
nous or bismuth salt.207 2-Amin0-4-ethyl-~ and 2-amino-Pmethyl- 
pyrimidines were also prepared with zinc dust and water' or ammonia,m 
from Z-amino-4-chloro-6-ethyl (or methyl)pyrimidine, but the process 
is quicker and more reliable if some ammonium chloride and a catalytic 
amount of Raney nickel is added.210 Again, heavy metal salts improve 
the of the above, and also of 2-minopyrimidine from 2-amino- 
4,6-dichloropyrimidine, when compared with the older method." 
Zinc and boiling water reduce 4-chloro-I ,6-dihydro-6-imino- 1,2- 
dimethylpyrimidine hydriodide to 1,6-dihydro-6-imino-l,2-dimethyl- 
pyrimidine hydriodide.Zl8 The removal of a 2-chloro group with zinc is 
not usually possible; for example failure has been reported in de- 
chlorinating 4-amin0-2-chloropyrimidine~~~ and 4-amino-2,6-dichloro- 
pyrimidinega (XCIX). Hydriodic acid and red phosphorus, however, 
converted the first of these directly into 4 -amin0pyr imid ine ,~~~~~  and 
the second dichloro-compound (XCIX) with the same reagents gave 
4-amino-6-iodopyimide (C) which gave 4-aminopyrimidine (CI) by 
boiling in water with zinc.83 4-Methylaminopyrimidine was first 
prepareda4 by an exactly analogous route. Similarly 2,4-diamino-6- 
chloropyrimidine with hydriodic acid gave 2,4diamino-6-iodopyrim- 
idine which with zinc yielded 2,4-&amin0pyrimidine.~ 

~-Ch.loro-l,4-dihy&0-4-imino-l -methylpyrimidine hydriodide and 
its &methyl derivative on warming with hydriodic acid give respec- 
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tively 1,4-dihydro4-imino-l-methylpyrimidine hydriodidea15 (CII), 
and its 6-methyl derivative."* An electrolytic dechlorination of 2- 
amino-4chloropyrimidine to 2-aminopyrimidine has been recorded.*l8 

Hydrazine hydrate in dcoholic alkali and in the presence of 
palladium on strontium carbonate, has been used to dehdogenate 4 , s  
diamin0-6-ethyl-2-chloropyrirnidine.~*~ 2-Aminopyrimidine results sim- 
ilarly in 87 % yield from its 4-chloro derivative.8f' 

Hydrogenation over palladium also affords a good means of deha- 
logenation in the presence of amino groups. A proton acceptor such as 
barium oxide, magnesium oxide, or alkali, is generally needed if 
nuclear reduction is to be av~ided,~' but neither pressure nor high 
temperature is required. Examples of this method are recorded in 
Table XI. 

zn 

N d  NH, 'k NH, NH 

c1 ck -% cJ cT HI 
I 

(XCIX) (C) (CI) Me (CII) 

(3) I@ ~YM Presence of 0 t h  Groups 

Relatively few examples of dechlorination are known when the 
pyrimidine carries groups other than amino or e l .  2-Methylthi0-,~8 
2-ethylthio-,Bas and 2-hydroxy-M pyrimidine have been prepared from 
their 4-chloro derivatives, as well as 4-ethyl-2-ethylthiopyrimidine2m 
and 2-ethylthio-4-methylpyrimidinem from their hh lo ro  derivatives, 
all by the action of zinc dust in aqueous ethanol, in an approximately 
70 % yield. The same reagent has also been used to convert 4-chloro-5- 
ethoxy-2-ethylthiopyrimidine into 5-etho~y-2-ethylthiopyrimidine,~ 
and to remove only one chloro group of 2,4-dichloro-5-ethoxyyrim- 
idine to give 2-chloro-5-ethoxypy1imidine.~~ 5-Ethoxycarbonyl-2- 
ethylthiopyrimidines6 has been made from its 4-chloro derivatives with 
zinc and ethanol, and 2,4-dieth0xy-~~' and 2,4-dimethoxypyrimidne~* 
have been prepared from their 6-chloro derivatives with zinc dust in 
alcohol and hydrochloric acid. 

Especially in the presence of more easily hydrolysed groups, 
hydrogenation has been useful for dehalogenation. Thus 4-chloro-2,6- 
dimethoxy- and 2,4-dichloro-6-methoxy-pyrimidine give respectively 
2,4-dimethoxy- and 4-methoxy-pyrimidine when hydrogenated in 
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ether over palladiumlcharcoal in the presence of sodium hydroxide,M 
and rather similarly 2-amino-4-methoxypyrimidine and 5-amino-4- 
methoxy-Z-methylpyrimidine are formed from the 6-chloro deriva- 
tives.8afs IP4 2,4-Dichloro-5-ethoxycarbonylpyrimidine gave 5-carboxy- 
pyrimidinew under the same conditions, in contrast with the action of 
hydriodic acid, which gave 5-carbo~y-4-hydroxypyrimidine~~ (Ch. VII, 
Sect. 4.C). 

(4) Indirect Removal of 2-, 4, and 6 Chloro Substitwnfs 

It is occasionally convenient to remove chlorines by conversion into 
mercapto groups (Sect. 5.G) which can then be oxidized or reduced 
respectively with hydrogen peroxide (Ch. VIII, Sect. I.D(I)) or Raney 
nickel (see Table XIII). An illustration of this method is the conversion 
of 4-amino-2-chloro-5-nitropyrimidine (CIII) with sodium bisulphide 
into 4,5-diamino-2-mercaptopyrimidinez2~ s131 (CIV) and treatment of 
this with Raney nickel to give 4,5-diaminopyrimidineza (CV). The 
reactions can equally weU be applied to a 4-chloro atom as in the 
sequence from 4-amino-2-butyl-6-chloro-5-nitropy~imidine to 4,5- 
diamino-2-butyl-6-mercaptopyrimidine to 4,5-diamino-2-butylpyrim- 
idine.88* 

Another potentially useful wayu” of removing an active chIorine 
has been applied at least once in the pyrimidine series. Z,4Dichloro- 
pyrimidine was condensed with benzene sulphonhydrazide to give 
2,4-bisbenzenesulphonylhydrazinopyrimidine (CVI) , which on a.lkaline 
hydroIysis gave pyrimidine in 66 % yield.89A 

Another potentially useful removal of chlorine is conversion into 
the corresponding sulphonic acid- followed either by direct hydrolysis, 
as in the oxidative removal of mercapto groups, or by conversion into 
the nitrile,8m hydrolysis to carboxylic acid and decarboxylation. 

B. Replacement of 2-,4, and 6-Halogens by Amino Groups 

There are almost as many examples of a chloro’s being replaced by 
an amino or substituted amino group as there are amino pyrimidines 
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known. This very important topic is treated below in some detail, 
especially in regard to selective amination when more than one active 
halogen atom is present. 

( 1) AmirtaEion of Halogeno- and Alkyliralogeno$yrimis 

(a) With One Active Halogen. The kinetics of the amination of 
chloropyrimidines have already been briefly treated in Sect. 4, but 
the examples that follow will indicate the general conditions for such 
reactions in preparative chemistry. 

2-Chloropyrimidine with alcoholic ammonia at 130" gives 2- 
aminopyrimidine= (which is, however, better made in practice by 
other means); methylamine and dimethylamine similarly give at 
80-1 20" 2-methylamin0pyrimidine~~~ W 237 and Z-dimethylaminopyrim- 
idine.70eaS7 2-Chloropyrimidine and aniline when warmed at  100" 
give 2-anilin~pyrimidine.~~ 888 

C-Alkyl-2-chloropyrimidines behave similarly with amines, giving 
for example 2-amino-5-me t h yl-," 2-amino-4-e t h yl-m 2-amin0-4~6- 
dimethyl-,lW and 2-anilino-4,6-dimethylpyrimidine as well as others. 

4-Chloropyrimidine, being unstable, is normally avoided, and its 
amination products have been made by other routes. 4-Chloro-2- 
methyl-s and 4-chloro-6-methyl-pyrimidine,l however, give with alco- 
holic ammonia at 100" respectively 4-amino-2- and 4-amino-6-methyl- 
pyrimidine. 4-Chloro-2,6-dimethylpyrimidine and piperidine give 2,4- 
dimethyl-6-piperidin0pyrimidine,~~~ zao and 4-chloro-6-methylpyrimid- 
ine with dimethylamine at 50" gives 4-dimethylamino-6-methyl- 

or with aniline on a water bath gives 4-anilino-6-methyl- 
pyrimidine.' Many other such reactions lead, for example, to 4-amino-6- 
ethyl-,24a 4-amin0-2,6-dimethyl-,~~ 4amino-5,6-dimethyl-,e" and 4- 
amino-2-phenyl- pyrimidinem and the like.a40 Reactions with tertiary 
bases are discussed in Chapter IX, Sect. 8.G. 

There is at least one case of a simple active monoiodopyrirnidine's 
undergoing amination. When treated with alcoholic ammonia at 100" 
(as for the corresponding chloro analogue), 4-iodo- gave 4-amino-6- 
methyl pyrimidine.^^ 

On treating 2,4-dichloro- 
pyrimidine (CVII) with alcoholic ammonia at room temperature a 
mixture of 2-chloro-4-aminopyrimidine (CVIII) (40 %) and 4-chloro- 
2-aminopyrimidine (CIX) (60 %) r e~u l t s .~  Early attempts a t  separa- 

(b) With Two or Move Active Halogeras. 



Halogenopyrimidines 189 

tionm met with little success, and even the best separation by steam 
distillationS was attended by considerable loss. The structures were 
shown by hydrolysis respectively to cytosine (CXI) (water at 140", 
with some uracil also formed) and isocytosine (CX) (water at 100"). 
Better routes to these compounds have been found. 

After one chloro has been replaced by an amino group, the second 
chIorine in (CVIII) or (CIX) becomes rather deactivated and more 
vigorous conditions are required for this replacement. Thus 2-amino-4- 
chloxopyrimidine requires methanolic ammonia at 180 " to produce 
2,P.diaminopyrimidine from kZa7 The diamine is best made directly 
from 2,4dichloropyrimidine in phenol at  190" with a stream of am- 
monia,87 and the reaction is catalysed by copper, which improved the 
yield in comparable experiments from 65 % to 80 %. 

H.0: 140° 
I \ 

c1 . NH, c1 OH - 100* C-LN& c$&+ CJYI + LANH, A N  

(CV1I) (CVIII) tax) (CX) (CXI) 

In the case of the analogous 2,4-dichloro-6-methylpyrimidine, 
treatment with ethanolic ammonia at 90" gives' Pamino-P-chloro-6- 
methylpyrimidine (47 % yield) and 2-amino-4-chloro-6-methylpy- 
rimidine (40 % yield). The solubility of the latter in hot benzene served 
to separate them cleanly.*a7 Amination under more vigorous condi- 
tions (6 hours at  105" with methanolic ammonia) gives mainly 2,4- 
diamin0-6-methylpyrimidine.~ Similarly 2,4-dichloro-5,6-dimethylpy- 
rimidine gives8" a separable mixture of 2-amino-4-chloro- and +amino- 
2-chloro-5,6-dimethylpyrimidine (alcoholic ammonia at IOO"), and 
either of these can be diaminated to 2,4-diamino-5,6-dimethylpyrim- 
idine only at 150". 2,4-Dichloro-6-a-fuurylpyrimidine on amination 
gives only P-amino-4-chloro-6-a-furylpyrimidine without any of the 
4-amino-2-chloro isomer; the structure was checked by a direct syn- 
thesis.- 2,4-Diamino-6-ethylpyrimidine is formedsb* 249 from P-amino- 
4-chloro-6-ethylpyrimidine with ethanolic ammonia at 180". An inter- 
esting series of replacementszs0 which make use of the catalytic effect 
of amine cation in these nucleophilic reactions is typified by the prepa- 
ration of 2-amino-4-anilino- from 2-amino-Pchloro-pyrimidine by 
boiling with an aqueous suspension of aniline containing a little aniline 
hydrodoride, which gives a 92 %, yield in 30 minutes. 
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Being symmetrical, 4,6-dichloropyrimidine (CXIII) can yield with 
ammonia only one mono-aminated isomer, 4-amino-6-chloropyrim- 
idine (CXIV), and this it does at 100" in ethanol.2" Heating to 180" is 
required to replace the second chlorine, and in this particular case the 
4,64iaminopyrimidine (CXV) formed is largely destroyed.l0 Similar 
treatment of 4-amino-6-iodopyrimidine (CXVI) gives also a very small 
yie1d.w 4,6-Dichloro-2-methylpyrimidine, however, behaves normally, 
giving 4-amino-6-chloro-2-methylpyrimidine at 130" and 4,6-diamino- 
2-methylpyrimidine at  200" with methanolic ammonia.25a The corre- 
sponding bromo derivatives seem to be comparably reactive if judged 
by the formation76 from 4,6-dibromo-2-ethylpyrimidine of 4-amino-6- 
bromo-2-ethylpyrimidine in 95 % yield (aqueous ammonia, 70") and 
of 4,6-diamino-2-ethylpyrimidine in 81 % yield (150"). 

The reactions of 2,4-dihalogenopyrimidines with primary or 
secondary alkylamines have not been worked out well. The patent liter- 
ature= describes, however, the selective preparation of 2-bromo-4- 
dimethylamino- 6 - methylpyrimidine from 2,4- dibromo- 6- methylpy- 
rimidine with alcoholic dimethylamine, and analogous preparations of 
2-chloro-4dimethylaminopyrimidine and several other such com- 
pounds. Diamination of 2,4-dihalogeno compounds proceeds readily to 
give for example 2,4-bisdirnethylamin0-6-methylpyrimidine~~~ (at 
40") and 2,4-dianiIin0-5,6-dimethylpyrimidine~~, but other simple 
examples seem to be missing. 2-Amino-4-chloro-6-methylpyrimidine 
and dimethylamine at  110" give 2-amino-4-dimethyl--0-6- 
meth~lpyrimidine,~~~ and 4-chloro-6-methyl-2-piperidinopyrimidine 
with ammonia at 150" gives 4-amino-6-methyl-Z-piperidinopyrim- 
idine.= The amination of 5-benzyl-2,4-dichloropyrimidine has been 
investigated.@j8* z67 Thus methylamine or dimethylamine at room tem- 
perature gives exclusively 5-benzyl-2-chloro-4-methylamino- or 5-benz- 
yl-2 -chloro-4-dimethylaminopyrin-1.idine, and at 100 O 5 - benzyl-2,4- 
bismethylamino- or 5-benzyl-2,4-bisdimethylaminopyrimidine. 

The simple alkylarninations of 4,6-dichloropyrimidine (CXVII) are 
rather better understood. Thus alcoholic methylamine and dimethyl- 
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amine at  100" give respectively 4-chloro-6-methylaminopyri1nidine~ 
and 4-chloro-6-dimethylaminopyrimidine (CXVIII)=l in good yield, 
aqueous piperidine at 100' gives 4-chlor0-6-piperidinopyrirnidine,~ 
and aniline (containing a little hydrochloride) readily gives 4-anilino-6- 
chloropyrimidine.26Q Diamination is typified by the conversion25B of 
4 , 6  - dichloropyrimidine into 4 ,6  - bismethylaminopyrinidine with 
aqueous methylamine at  170', or by the preparation of 4,6-bisdirnethyl- 
amino-2-methylpyrimidine,8"' but it has often been done in two steps: 
in this way the two substituted amino groups may be the same or 
different as required. Thus a great variety of 4-amino-6-alkyl(or ary1)- 
aminopyrimidineP and their 2-methyl derivativesm has been made by 
treating 4-amino-6-chloropyrimidine with the appropriate amine at 120" 
or by long reffux at m. 100". Further, 4-chloro-6-dimethylamino- 
pyrimidine (CXVIIX) (see above) gives851 with dimethylamine 4,6-bis- 
dimethylaminopyrimidine (CXIX), or with methylamine, 4-dimethyl- 
amino-6-methy laminopyrimidine (CXX) . Similarly, Pchloro-6-anilino- 
pyrimidine (with methylamine) at 150" gives 4-anilino-6-methyl- 
aminopyrimidine, and its 2-alkyl and 2-aryl derivatives behave simi- 
larly.%* 

MeNH.; I7O9 
7- 

c1 c1 NMe. 

(CXVII) (CXVIII) (CXIX) 

Amination of 2,4,6-trichloropyrimidine (CXXI) proceeds in a 
surprisingly orderly way.8a~28' Alcoholic ammonia at 20-100" gives a 
separable mixture of Z-amino-4,6-dichloropyrimidine (CXXXII) and 
4-amino-2,6-dichloropyrimidine (CXXIII). At 160", each of these or 
the trichloro compound gives only 2,4-diamino-6-chloropyrimidine 
(CXXIV), and at 200" any of the foregoing gives 2,4,6-triaminopyrim- 
idine (CXXV). Exactly similar behaviour was observeda1* with 
ethylamine at slightly lower temperatures: Z O O ,  70"' and 170". 
Aniline, on the other hand, gives214 only one product (4-anilino-2,6- 
dichloropyrimidine (CXXVI) ) at 20 ', one product (a dianilinochloro- 
pyrimidine (CXXVII) ) at 80', and ha l ly  2,4,6-trianilinopyrirnidine 
(CXXVIII) at 190". It would be interesting to confirm the aniline series 
of reactions with aids such as paper chromatography and electropho- 
resis, which were unavailable at the time of the original work. With 
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the secondary amine, dimethylamine, the first stage, at  Ieast, resembles 
ammonia in giving at room temperature 2,4-dichloro-6-dimethylamino- 
pyrimidine and 4,6-dichloro-2-dimethylaminopyrimidine.z6z~2sS Here- 
after, the series is incomplete although the second of these was aminat- 
ed with ammonia, methylamine, and dimethylamine (at 120") to give 
respectively 4-amino-6-chloro-2-dmethylaminopyrimidine, 4-chloro- 
2-dimethylamino-6-methylaminopyrimidine, and 4-chloro-2,6-bis-di- 
methylaminopyrimidine.Zs3 Treatment of 2,4,6-trichloropyrirnidine 
with the tertiary amine, trimethylamine, is said to give at  room temper- 
ature 2,4,6-tris(trimethylammonium)pyrimidine trichloride (CXXIX ; 
R = Me) .= Similarly, boiling NN-dimethylaniline with 2,4,6-trichloro- 
pyrimidine gives 2,4,6-trismethy~anilinopyrimidinees5 (CXXX), presum- 
ably by loss of three molecules of methyl chloride from the tris 
quaternary intermediate (CXXIX: R = Ph). This type of reaction has 
also been encounteredm in the formation of a little dichloromethyl- 
anilinopyrimidine during the preparation of 2,4,6-trichloropyrimidine 
by the action of phosphoryl chloride and dimethylaniline on barbituric 
acid, and in a similar case.qv287 Incomplete data have been reported on 
the products from 2,4,6-trichloro-5-ethylpyrimidine84 and 5-benzyl- 
2,4,6-trichloropyrimidine~ with ammonia. 

(2) A minatiola of Ha~genoni t ropyr imas  

The electron-withdrawing 5-nitro group further activates halogeno 
groups in the 2-, 4-, and 6-positions (Ch. I}. 

(a) Amiwtwns of Momchbronitro Derivatives. In  the simple 
cases of the monochloronitropyrimidines, there is little to uphold the 
above statement because most of the known 2-(substituted) amino-5- 
nitropyrimidines (and corresponding 5-phenylazo derivatives) have 
been made by direct synthesis. However, although 2-chloropyrimidine 
requires alcoholic dimethylamine at 120" for 1 houra37 or 80" for 
5 hours70 to give 2-dimethylaminopyrimidine, Z-chloro-5-nitropyrim- 
idine requires only 80" for 30 minutes to give a comparable yieId of 2- 
dimethylamino - 5 - nitropyrimidine.% 2 - Methylaniino - 5 - nitropyrim- 
idine and other secondary and tertiary amino derivatives have been 
similarly 0btained.m 

In the case of 
2,4-dichloro-5-nitropyrimidine (CXXXI), monoamination takes place 
at 0" in a few minutes with alcoholicB8 or aqueous22pa69 ammonia, in 

(b) Aminations of 2,4-Dichlormitm Derivatives. 
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contrast to the long standing at 20" required for 2,4-dichloropyrimidine. 
Moreover only one product 4-amino-2-chloro-5-nitropyrimidine 
(CXXXII), is formed, instead of the two, 2-amino-4-chloro- and 4- 
amino-2-chloro-pyrimidine, when no nitro group is present. The nitro 
group has clearly activated the 4-chloro more than the 2-chloro group, 
although this could scarcely be anticipated. The phenomenon is also 
seen with 6-alkyl-2,4-dichloro-5-nitropyrimidines in the exclusive 
formation of 4 - amino - 2 - chloro - 6 - methyl(or ethyl) - 5 - nitropyrim- 

When monoamination of 2,4-dichloro-5-nitropyrimidine was at- 
tempted under similar conditions with methylamine, only diamination 
to 2,4-bismethyIamino-5-nitropyrimidine resulted,aas probably because 
of the higher basic strength of methylamine compared with ammonia. 
When conditions were made exceptionally mild, 2-methoxy-4-methyl- 
amino-5-nitropyrimidine (CXXXV) (an intermediate of the above) was 
isolated.aas* 272 2,4-Bisdimethylamino-6-methyl-5-nitropyrimidine was 
the only product when dimethylamine was used similarlye73 on the 
appropriate dichloro derivative, but F.L. Rose was able to achieve 
monoamination to 4-dimethylamino-2-chl0ro-5-nitropyrimidine~~ (and 
to its 6-methyl deri~ative1~6~ m8) by using dimethylamine acetate (salt)* 
in aqueous dioxane at  room temperature. The technique was applied 
also to make 2-chloro-4-methylamino-5-nitropyrimidine,~~ and 4- 
benzylmethylanino-2-chloro-5-nitropyrimidine.~~~ Further monoami- 
nations are known in less simple systems, such as the formation of 2- 
chloro-4-~-chloroethylamino-6-methoxycarbonyl-5-ni tro-pyrimidinele3 
from the 2,4-dichloro analogue with 2-chloroethylamine, or the for- 
mation of 2-chloro-4-2'-pyridylamino-5-nitrop~~imidine~~ (CXXXVI) 
from 2,4-dichloro-5-nitropyrimidine (CXXXI) and 2-aminopyridine 
in methanol at 0"; in the latter case, a considerable by-product, 
the quaternary derivative (CXXXVII), is formed. Further examples 
are provided by the preparation from 2,4-dichloro-5-nitropyrimidine 
of 2 - chloro - 4 - ethoxycarbonylmethylamino - 5 - nitropyrimidineas*n6 
(CXXXVIII) (with glycine ester), of 4-acetonylamino-2-chloro-5-nitro- 
pyrimidinem (with aminoacetone), and of their 6-methyl and other 
derivatives.27? These and derived compounds are important as inter- 
mediates in an unambiguous synthesis of 7,8-dihydropteridine deriva- 
tives, which has been briefly reviewed.lW 

cation. 

idine.24, 218,246,070,271 

* Aqueous dimethylamine neutralized to pH 8 (brilliant-yellow) i.e. 100% 
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2,4-Dichloro-5-nitropyrimidine (CXXXI) and 4-amino-2-chloro- 
5-nitropyrimidine (CXXXII) are both readily converted into 2,4- 
diamino-5-nitropyrimidine (CXXXIII) by passing ammonia into a 
solution in phenolase at  140" (ct. 190" for the similar reaction without a 
nitro group present), or by heating at 100" with alcoholic ammonia.B8*8?g 
Methylamine and dimethylamine readily replace both chlorine atoms 
even at  room temperature, giving 2,4-bismethylamino-5-nitropyrim- 
idineees and 2 ,4-bisdimethylamino-6-methyl-5-nitropyrimidinewa from 
the appropriate dichloro compounds. Similar repIacements led to diami- 
nes such as 2,4-dianilino-, alo? B80 2,4-bispropylamino-,~'J 2,4-diazirid- 
ino-,z6 and 2,4-bisetho~ycarbonylmethylamino-,~~ and otherwl? w2 5-ni- 
tropyrimidines. Moreover, by monoamination in the 4-position, followed 
by treatment with a different amine, there have resulted such mixed 
diamines as, 4-amino-2-diethylamino- (CXXXIV),876 4-amino-2-dirnet- 
hylamin0-,2~~ 4-amin0-2-methylamino-,~~~ 4-amino-Z-diethylamino-6- 
meth~l-,~Ol and 2-amin0-4-dimethylamino-6-methyl-,~~* and Z-amino- 
4-fi-hydroxye thylamino- 5-nitr0pyrimidine.~~~ 

(c) A rnimtzons of 4,6-DiChlOrorzitro Derivatives. The behaviour 
of 4,6-dichloro-5-nitropyrimidine with ammonia and amines is closely 
parallel to that of the 2,4-isomer, except that there is even greater 
tendency to diamination. This is because both chbrines are in the 
most favoured positions for activation by the nitro group. Thus treat- 
ment with alcoholic ammonia (2 rnol.), diluted with a large volume of 
ether at 20", gave 4-amino-6-chloro-5-nitropyrimidine (50 %) but also 
some dichloro and diamino derivatives."# Bgl The 4,6-diamino-5- 
nitropyrimidine is conveniently preparedas in 95 % yield by warming 
with alcoholic ammonia at  60" for 5 minutes (cf. 2,4-analogue: 100" 
for several hours). 4,6-Dichloro-2-methyl- and Z-butyl-4,6-dichloro- 
5-nitropyrimidine behave similarly to the above in forming 4-amino- 
6-chIor0-2-methyl-,~ 4-amin0-2-butyl-6-chloro-,~~~ and 4,6-diamino-2- 
methyl- 5-nitropyrimidine.17." 

Monoamination of 4,6-dichloro-5-nitropyrirnidine with amines is 
represented by the formation of 4-chloro-6-dimethylamino for methyl- 
amino)-5-nitropyrimidine with the amine acetate salt at  room temper- 
ature."~2~* If the amine is not neutralized, diamination occurs** at 

* Made by dimetbylamination of 2-amino-4-chloro-6-methyL5-nitro- 

**The relativeIy weakly basic arnine, morpholine, is exceptional and at 
pyrimidine which was not made by an amination. 

4' in methanol gives 4-chIoro-6-rnorphalino-5-r1itropyrimidine.~~ 
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room temperature to give for example 4,6-bismethylamin0-,~~5 4,6- 
biscyclohexylamino-,2sS 4.6-bisfurfurylamino-,ZB7.~ 4,6diaziridino-,Z5 
and 4,6-bisethoxycarbonyl1nethylarnino-,~*~~~ 5-nitropyrimidine.23 
Diamination has also been performed in two steps to give different 
amino substituents in 4- and 6-positions. Thus 4,6-dichloro-5-nitropyr- 
imidine was taken to 4-amino-6-chloro-5-nitropyrimidine, and this 
with the appropriate amine under fairly mild conditions gave diamines 
such as 4-amin0-6-methylamino-,@~ 4-amin0-6-anilino-,~~ 4-amino-6- 
dieth~lamino-,”~ 4-amino-6-dimethylamino-,201.2BB and 4-amino-6- 
cyclohexylamino-5-nitropyrimidine.2Bs SimiIarly 4-acetonylamino-6- 
chloro-5-nitropyrimidine (itself a monoamination product) with mor- 
pholine gave 4-acetonylamino-6-morpholino-5-nitropyrimidine,276 and 
similar processes produced 4-furfurylamino-6-morpholino- and 4- 
dimethylamino-6-furfurylamino- 5-nitr0pyrimidine,~~ and other ana- 
logues.aao 

(d) Aminations of TrichZor0-5-nitro~yyrimidirte. Trichloro-5-nitro- 
pyrimidine on treatment with etherial ammonia at 0” gives 4-amino- 
2,6-dichlor0-5-nitropyrimidine.~~ This, or the trichloro compound, in 
alcoholic ammonia at ZOO, gives 4,6-diamino-2-chloro-5-nitropyrim- 
idine.@*271 (This behaviour is in contrast with that found when the 
5-nitro group is missing: monoamination to mixed 4- and 2- amino 
derivatives at  20” and diamination at 160°.) 4,6-Dichloro-2-dimethyl- 
amino-5-nitropyrimidine (itself not made by amination) gives with 
aziridine, 4,6-diaziridino-2-dimethylamin0-5-nitropyrimidine.~~ 

(3) Aminatiort of 5-AminochloroPyrimidines 

It will be realized that the amination of chloro substituents in the 
presence of 2-, 4, and 6-, amino groups is being dealt with throughout 
this section (Sect. 5.B) in the replacement of the second (or third) 
chloro group of a di- or trichloro derivative. The presence of a 5- 
amino group has much the same deactivating effect as such groups in 
other positions. Thus while 4,6-dichloropyrimidine and its 5-nitro 
derivative are monomethylaminated under mild conditions .5-amino- 
4,6-dichloropyrimidine “did not react with 15 % aq. ammonia”,18 and 
yields 5-amino-4-chlor0-6-rnethylaminopyrimidine~~~ with met hylamine 
only at 130”. This has been useful in achieving monoamination without 
the diamination so often troublesome in the presence of a nitro group 
(assuming the latter is to be reduced later in any ~ a s e ) . ~ ~ ~ ~ ~ * ~ @  Being 



Halogenopyrimidines I97 

less powerful in aminations than methylamine, ammonia requires 200" 
in order to aminate for example 5-amino-2-chloro- to 2,5-diamino-4- 
methylp~rimidine.~~~ Such reactions have not been extensively used, 
but boiling aqueous alcoholic aniline containing some hydrochloride 
converts 5-amino-4,6-dichloropyri1nidine into 5-amino-4-anilino-6- 
chloropyrimidine in good yield.2g1 

(4) Amination of Chho-(hydroxy-, alhxy-, or oxo-)@rimidines 

Hydroxy, alkoxy, and 0x0 groups deactivate chloro substituents 
but to a far less extent than do amino groups. There are, however, 
relatively few examples of such aminations because the known starting 
materials are themselves limited in number. Examples in the presence 
of hydroxy groups are the conversion of 4-chloro-2,6-dihydroxypyrim- 
idine with methylamine at 130" into 2,4-dihydroxy-6-methylamino- 
pyrimidine,16 or with D-ribamine at  120" to give the 6-ribitylamino- 
pyrimidine,as3 of 4-bromo- into &amino- 2-ethyl-6-hydxoxypyrimidine 
with aq. ammonia at IOO", of 4-ChlOrO- into 4-amino- 6-hydroxy-2- 
methylpyrimidineW with aq. ammonia at I 70°, of 5-alkyl-4-chloro- 
into 5-alkyl-4-amino- 6-hydroxy-2-methylpy1ixnidine under the same 
conditions,= and of 4-chloro-5-ethyI-6-hydroxy-Z-methy~pyrimidine 
with fwhloroaniline (containing a little hydrochloride) at  165" into 
4-~-chloroanilino-5-ethyl-6-hydroxy-2-methylp~~d~ne.~ 

Amination of chloropyrimidines which have alkoxy groups (which 
themselves can be replaced by amino groups if they occupy an "active" 
position; Ch. VII, Sect. 7.C) are exemplified in the transformation 
of 2,4-dichloro-6-methoxypyrimidine to 2-amino-Pchloro-6-methoxy- 
pyrimidineso with ammoniaat 100",of 5-benzyl-2,4-dichloro-6-methoxy- 
pyrimidine to 2 -amino - 5 - benzyl - 4 - chloro - 6 - methoxypyrimidines3 
under the same conditions. of 2-anilino-4-chloro-5-ethoxypyrimidine to 
4-amin0-2-anilino-5-ethoxypyrirnidine~~ with ammonia at 180",* of 2,4- 
dichloro- 6-ethoxypyrimidine to 4-chloro- 6-ethoxy- 2-methylamino- 
pyrimidine214 with methylamine at < 60", and of 4-chloro-2,6-diethoxy- 
pyrimidine to 2,4-dietho~y-6-rnethylaminopyrimidine~~~ with methyl- 
amine at  100". It will be noticed above that with the 4-alkoxy-2,6- 
dichloropyrimidines amination at the %-position occurred. The 
evidence of structure in each case seems convincing, but there are 

Additional deactivation by the anilino group accounts for the high 
temperature required. 



198 Chapter VI 

too few examples to determine whether this is a general phenomenon. 
Amination of chloro substituents in the presence of 0x0 groups 

are seen in the preparation (from the corresponding chloro derivatives) 
of the following: 4-amino-1,Z-dihydro- 1-methyl-2-oxopyrimidinem by 
methanolic ammonia at  150"; 1,2,3,4-tetrahydro- 1,3-dimethyl-6- 
methylarnin0-2,4-dioxopyrimidine~~ by alcoholic methylamine at room 
temperature, and the 6-ethylamino-, 6-@-hydroxyethylamino-, 6- 
dimethylamino, and 6-butylamino analoguesJ7 by warming with the 
appropriate amine for a few minutes; 4-aniIino-l,2,3,6-tetrahydro-l,3- 
dimethyl-2 ,6-dioxopyrimidineM by boiling in aniline for 6 hours ; 
1,2,3,4-te trahydro- 1,3,5- trime thyI-6-methylamino-2,4-dioxopyrimidine 
and its 6-butylamino analogue,68 by warming with the amine for a few 
minutes. 

(5) Amination of Ch~oro-alkyltkiopyr~midines 

Like its oxygen analogue, the methylthio group seems to be very 
mildly deactivating to chloro substituents. A great many examples of 
amination of 4-chloro in the presence of 2-alkylthio groups are known, 
but other combinations are rare. Although alkylthio groups can be 
replaced also by amino groups, in the usual relationship above, the 
4-chloro is far more reactive than is the 2-alkylthio group. Thus 4- 
chloro-2-ethylthiopyimidine heated with alcoholic methylamine at 50 " 
gives 2-ethylthio-4-methylaminopyrimidinez~~ 289 but at 150" gives 2,4- 
bismethylaminopyrimididine; at 105" a mixture is obtained with 
alcoholic methyIamine,aw but only the monoamine with aqueous 
methy1arnine.m The same compound reacts with aqueous ethylamine, 
at  100" or alcoholic ammonia at cu. 120" to give respectively 4-ethyl- 
amino-sQ1 or 4-&0-, 2-ethylthiopyrimidine ;42z,es with ammonia at  
190" 2,4-diamonopyrimidine is formed.4g Besides examples closely 
related to the above,B1,66s 103~30e-s10 some interesting transformations 
are : 4-chlOrO- to 4-amino- 5-methyl-2-octylthiopyrimidines2 (alcoholic 
ammonia at 145 ") ; 4,6-dichloro-2-methylthiopyrimidine to 4-amino-6- 
chloro-2-methylthiopyrimidir1e~ (alcoholic ammonia at 125 "), to 4,6- 
diamino-2-methylthiopyrimidine4* (aqueous ammonia at 185 O), to 
2,4,6-triaminopyrimidine@J (alcoholic ammonia at 220") ; 4-chloro-1,2- 
dimethyl-6-methylthiopyrimidinium iodide to 1,4-dihydro-4-imino- 
1,2-dimethyl-6-me thylt hiopyrimidine hydriodidem (by stirring with 
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aqueous ammonia*) or to the corresponding phenylimino derivativeam 
(by warming with aniline). Further examples appear below. 

(6) Amination of Chhro&wzmidines Substituted by Other Groufis 

Aminations of chloropyninidines with other groups present are 
scattered through the literature. Examples are furnished by conver- 
sions such as 4,6-dichloro-5-cyano-2-methylpyrimidine into 4-amino-6- 
chlor0-5-cyano-2-methylpyrimidine6~ with alcoholic ammonia at 50 ", 
5- bromo-4- chloro-2-ethylthiopyrimidine into 4-amino- 5 - bromo-2- 
ethylthi~pyrimidine~~at with ammonia at 150°, the corresponding 5- 
iodo compounds,m 4-chlor0-5ethoxycarbonyl-2-ethylthiopyrimidine 
into 4-amino-5-etho~ycarbonyl-2-ethylthiopyridine~~~~ 5-carboxyme- 
thyl-4-chloro-2-ethylthio-6-methylpyrimidine into the 4-amino com- 
pound,312 4-chloro-2-ethylsulpholphonyl-5-methylpyrimidine into 4-amino- 
2-ethyl~ulphonyI-5-methylpyrimidine~~~ with ammonia at 100". and 
4-chlora- into $-&no- 5-etho~ycarbonyl-2,6-dimethylpyrimidine~~~ at 
100". Finally, the aldehyde 4-chloro-2-ethyltho-6-formy~pyrirnidine is 
said to give with ammonia at 120" 4-amino-2-ethylthio-6-iminome- 
thylpyrimidi1~,~16 and other products. 

Amination of 2,4-diamino-6-chloro-5- p-chlorophenylazopyrim- 
idine with dimethylamine (or morpholine etc.) takes place at loo", indi- 
cating the activating effect of the arylazo The product, 2,4- 
diamino-6-dimethylamino-5-~-chloropheny~a~op~~idine, is equally 
well made by heating the chloro derivative with dimethylformamide 
and guanidine in ethanol. at 80". Several examples of this peculiar 
reaction have been described.316 On the other hand, 2-amino-4-chloro- 
6-hydroxy-5-phenylazopyrimidine heated at 90" with ethylamine in 
aqueous dimethylformamide gives only 2-amino-4-ethyfamino-6- 
hydroxy-5-phenyIa~opyrimidine,~~~ and other analogues are de- 
scribed.317 

C. Replacement of 2-, 4, and 6-Chloro by 
Hydrazino, Hydroxyamino, Azido, and Related Groups 

2-Chloropyrimidine reacts with hydrazine in boiling ethanol to give 
2-hydrazinopyrimidine (CXXXIX). The melting point of the product 
was first recorded'l as 8&88", but laters1* as 110-111". The latter 

Being a strong base the iminopyrimidine was recovered as hydriodide 
even from aqueous ammonia. 
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range was confirmed by a preparation from 2-meth0xypyrimidine.M 
2-Chloro-4-methyIpy~5rimidine similarly gives 2-hydrazino-4-methyl- 
pyrimidine316-3zo and again an earlier recorded melting point is quite 
wrong.321 4-Chloro-&methylpyrimidine gives 4-hydrazino-6-methyl- 
pyrimidine31sv 322 and other simple compounds known include 2-hydra- 
zin0-4,6-dirnethylpyrimidine,~~ 2-hydrazine-4 (and 5)-phenylpyrim- 
idine,m 5-bromo (and chloro)-4-hydrazinopyrimidine.~ Less simple com- 
pounds, also prepared with hydrazine from the corresponding chloro 
derivatives, include 2-hydrazin0-4-methoxy-6-methylpyrimidine,’~*~~ 
2-hydrazino-4- (and 5)-metho~ypyrimidine,~~6~ 323 4-ethoxy-2-hydra- 
zin0-6-rnethylpyrimidine,~~~ 4-hydrazino-6-methyl-2-methylthiopyrim- 
idine3l8 (with a by-product of 2,4-dihydrazino-6-methylpyrimidine), 4- 
hy drazino- 1,2,3,6-tetrahydro- 1,3-dime thyl-2, 6-dioxopyrimidineS7 (and 
its 5-methyl derivative=), 4-hydrazin0-5-methoxypypyrirnidine~~~~ 323& and 
its 2-methylthio derivati~es.3~~ 

The successive repIacement of halogeno by hydrazino groups is 
possible. Thus 4,6-dichloropyrimidine gives at  room temperature 4-chlo- 
r0-6-hydrazinopyrimidine,~ 2,4,5-trichIoropyrimidine gives 2,5-di- 
chlor0-4-hydrazinopyrimidine~ but 2,4-dichloropyrimidine (apparently 
even under similar conditions but with more hydrazine) gives 2,4- 
dihydrazinopyrimidine.2us 324 2,4-Dihydrazin0-6-rnethylpyrimidine?~ 
4- a- furyl- 2 6-dihydra~inopyrimidine~ and 2-chloro-4- hydrazino -5- 
methoxypyrimidine3B were made by warming the dichloro compounds 
with hydrazine, and the related 2-amino-4-hydrazino-6-methylpyrim- 
idine from the 4-chbro compound similarly.7f~ 322 

Being derived from a difunctional base, the acid hydrazides 
can still react (albeit less readily) with chloro pyrimidines. Thus 2- 
chloropyrimidine and its 4-methyl derivative yield with benzoyIhy- 
drazine, respectively 2-benzoylhydrazinopyrimidine (CXLJ and the 
4-methyl derivative.71 The second compound was also obtained by 
benzoyIating 2-hydrazino-4-methylpyrirnidine.?’ Similarly 2,4-dichlo- 
ropyrimidine yields with benzenesulphonhydrazide, 2,4-bisbenzenesul- 
phonylhydrazinopyrimidine= (CXLI). 

The formation of hydroxyamino from chloro derivatives is typi- 
fied by the conversion of 4-chloro-l,2,3,6-tetrahydro-l,3dimethyl- 
2 6-dioxopyrimidine by boiling with alcoholic hydroxyIamine into 
1,2,3,4-tetrahydr0-6-hydroxya.mino- 1 ,3-dimethyl-2,4dioxopyrimidinebs 

Several azidopyrimidines have also been made. Thus 2,4-dichloro- 
(CXLII). 
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pyrimidine boiled with sodium azide in ethanol, or hydrazoic acid in 
benzene, gave 2,4-&azidopyrirnidine (CXLIII). The same compound 
resulted from 2,4-dihydrazinopyrimidine and nitrous acid.ge4 The 6- 
furyl, 6-methyl. and 6-phenyl derivatives were made simiiarly by the 
first method,3M and 4-chlora- 1,2,3,6-tetrahydro- I ,3-dimethyl-2,6-dioxo- 
pyrimidine on boiling with aqueous sodium azide gives the correspond- 
ing azidopyrimidine.6T 

NHNHS0,Ph NHOH N, 
A N / M e  A N  
I 1  

'N 'N , A N  

G A N H N H ,  CJxNHNACOPh 'N'\NHNHSO,PB O@'N'nO I 'N'\N$ 

M e  
(CXXXIX) (CXL) (CXLI) (CXLII) (CXLIII) 

D. Replacement of Z-, 4-, and 6-Halogcns by A.lkoxy Groups 

Simple kinetic studies indicate a range of reactivities of chloro- 
pyrimidines towards sodium &oxides. From a preparative point of 
view, however, the state of activation (e.g. in a nitrochloropyrimidine) 
or deactivation (e.g. in an aminochloropyrimidine) is of little conse- 
quence, and replacement with an alkoxy group is easily done in good 
yieId. By careful control of conditions, alboxy groups can be successively 
substituted for chloro groups in a di- or tri-chloropyrimidine. In the 
exampIes that follow it may be assumed, unless otherwise indicated, 
that the corresponding chloro compound was warmed or refluxed with 
the appropriate anhydrous alcohol (or phenol) which had previously 
reacted with at Ieast one atom of sodium per chlorine to be replaced. 

In this way were prepared for example 2- and 4-methoxypyrim- 
idine,efn237 2-metho~y-4-methylpyrimidine,~ 4-methoxy-6-methy~pyr- 
i m i d i ~ ~ e , ~  2-methoxy (and etho~y)-4,6-dirnethylpyrimidine,~~ and 2 
(and 4)-benzyloxy-4,6 (and 2,6)-dimethyIpy1-imidine.~~~v 326 2-Phenoxy- 
pyrimidine was prepared normaUy,l0% but better by treating 2-chloro- 
pyrimidine with phenol and potassium carbonate at 150" without 
solvent,387 or by reffuxing the same mixture in toluene.328 Analogues 
were made similarly."OI 381 

When 2,4-dichloropyrimidine is treated with one mole of sodium 
methoxide in methanol at  room temperature, only 2-chloro-4-methoxy- 
pyrimidine is formed.297* 329 Similarly, 4,ti-dichloropyrimidine gives 
4-chloro-6-methoxypyripyrimidine in 77 % yield. a3 The use of two or more 
moles readily (even at room temperature) gives for example 2,4-dirne- 
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tho~y-6-methylpyrimidine*~~~~~~~ and 2,4-diethoxy (and dimethoxy)-6- 
methyl-5-propylp~rirnidine~~~ from the corresponding dichloro com- 
pounds. An interesting comparison of the reactivity of bromo and 
chloro groups has been given 5-bromomethyl-4,6-dichloro-~-methyl- 
pyrimidine (CXLIV) and 4-bromo-5-bromomethyl-6-chloro-2-methyl- 
pyrimidine (CXLVI) were both treated with sodium methoxide in 
methanol under the same conditions. The first gave 4-chloro-6-me- 
thoxy-5-methoxymethyl-2-methylpyrimidine (CXLV), but the second 
gave 4,6-dimethoxy-5-methoxymethyl-2-methylpyrimidine (CXLVII). 
The explanation is not obvious. 

The chlorines of 2,4,6-trichloropyrimidine and its 5-dkyl derivatives 
can be replaced stepwise by alkoxy groups. Treatment at 0" with one 
mole of sodium alkoxide gives 4-alkoxy derivatives such as 2,4-dichIoro- 
6-metho~ypyrimidine,~3~ 3o 2,4- dichloro- 6- e tho~ypyrimidine,~~~ and 
2,4-dichl0ro-5-ethyl-6-methoxypyrimidine~~ At room temperature or 
lower, two moles of sodium aIkoxide give 2,4-dialkoxy derivatives 
exemplified by 4 - chloro - 2 , 6  - dimeth~xypyrimidine,~~? *% 

4-chloro-2,6-diethoxypyrimidine,al" 4-chloro-5-ethyl-2,6-dimethoxypy- 
rimidine,8" and 4-chloro-2,6-dimethoxy-5-methylpyrimidine.~ Com- 
plete replacement of chlorine occurs at 70-100" with an excess of 
sodium alkoxide to give for example 2,4,6-trimethoxypyrimi&ne,88. 834 

its 5-ethyl derivativeF4 and its 5-s-butyl derivativeSgB 2,4,6-triethoxy- 
pyrin1idine,~14~ 397 and its 5-s-butyl derivativeJW as well as 5-s-butyl 
derivative of 2,4,6 - tripropoxy- and -tribu toxy -pyrimidine.sw 2,4,6- 
Tribromop yrimidine has been conver ted in to 4-bromo-2,6-die t hoxy- 
pyrimidine.73 

As would be expected, chloronitropyrimidines react extremely 
readily with alkoxides. 2-Chloro-5-nitropyridine gives for example 
2-butoxy-5-nitropyrimidine, and 2,4 (and 4,6)-dichloro-5-nitropyrim- 
idine give 2,4 (and 4,6)-dimethoxy-5-nitropy~imidine at room temper- 
ature."* 335 At least in the cases of 4,6-dichloro-5-nitropyrim- 
idine and its 2-methyl derivative, reaction in the cold with sodium 
ethoxide limited to I mole876 gives 4-chloro-6-ethoxy-5-nitropyrim- 
idine (and its 2-methyl derivative); more sodium ethoxide gives for 
example 4,6-diethoxy-2-methyl-5-nitropyrimidine, and 2 ,4-diethoxy-5- 
nitropyrimidine has been reported by a similar route.*24? 3~ 

The ease of formation is indicated by the unintentional preparation of it 
during an attempt to dechlorinate catalytically 2.4-dichlor0-6-methylpyrimidine 
in methanol in the presence of magnesium oxide and paIladium.*s7 
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An interesting facet of the last reaction is the necessity for completely 
anhydrous ethanol: when it contains one or more moles of water per mole of 4,6- 
dichloro-5-nitropyrimidine (as do the many samples of "absolute alcohol" which 
are not better than 99.5% ethanol), a mixture of 2-ethoxy-4hydroxy- and 
4-ethoxy-2-hydroxy- 5-nitropyrimidine is formed. 2.4-Diethoxy- 5-nitro- 
pyrimidine under the same conditions gives a similar mixt~re.~*o Rather analo- 
gous behaviour has been reportedg*l with Z,.Q-dicNoro- and 2,4-diethoxy- 
pyrimidine. 

Other representative examples of the conversion of a chloro into 
an alkoxy pyrimidine are provided by the following: 4-amino-2,6- 
dirnetho~y-5-nitropyrimidine,~~~ 5-chloro-2,4-dimethoxypyrimidine,48 
4-methoxy-6-methyl-2-methylthiopyrimidine,~~ 319* 2-dimethylamino- 
4-metho~y-5-nitropyririmidine,~~ 4-ethoxy-l,2,3,6-tetrahydro-l,3-dime- 
thyl-2,6-dioxopyrimidine,57 1,2,3,4-tetrahydro-6-methoxy-1,3,5-trime- 
thyI-2,4-&0xopyrimidine,~ 2-amin0-4-rnethoxy-6-methylpyrirnidine~~ 
(methanolic potassium hydroxide), 2-methoxy-4-methylamino-5-nitro- 
pyrimidine,wa 4-amino-2 (and 6)-metho~y-5-nitropyrirnidine,~~~ an 
ethoxy 4-chloro-5-cyano-6-ethoxy (and methoxy)-2- 
methyl-pyrimidineS1 (from the dichloro compound by warming in the 
appropriate alcohol containing 10 % water and zinc dust), and 5-cyano- 
4,6-dietho~y-2-methylpyrimidine.~~ Even such a compound as 5- 
amino-2,4-dichloropyrimidine reacts readily with sodium methoxide in 
boiling methanol to give the dimethoxy compound.2a4 On the other hand 
2-amino-4,6-dichloropyrimidine seems to require sodium methoxide at  
140" to give 2-amino-4,6-dimethoxypyrimidine, although at 20" 2- 
amino-4-chloro-6-methoxypyrimidine is f0rmed.W 2-Amino-Bchloro- 
pyrimidine gives 2-amino-4-ethoxypyrimidine at reflux temperatwe.ls7 

Sodium phenoxide readily reacts with 2,4-dichloreS-nitropyrimi- 
dine to give 5-nitr0-2,4-diphenoxypyrimidine.~~~ 

C1 c1 Br OMe 

E. Replacement of 2-, 4-, and 6- Halogens by Hydroxy Groups 

The conversion of an active halogeno into an hydroxy group is 
rather uncommon, and not always easy. In fact it  is often advantageous 

* The apparently anomalous melting point (I  37") given in CherniGaZ 
Abstract988 i s  that of the picrate."' 
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to pass through a methoxys*250 group rather than to take the direct 
hydrolytic route. 

The partial hydrolysis of dihalogeno compounds has, however, been 
found useful. Thus 4,64i~hloropyrimidine,~~ its 2-methyl derivative 
(CXLVIII),294~ar? its 2-phenyl derivative,25* and its 5-ethyl-2-methyl 
derivative,m on boiling with hydrochloric acid give 4-chloro-6-hydr- 
oxy-, 4-chloro-6-hydroxy-2-methyl (or phenyl) (CXLIX), and 4- 
chloro- 5 -ethyl- 6- hydroxy - 2 -methyl- pyrimidine in good yield. 5- 
Amino-4,6-dichloro-2-methylpyrimidine yields 5-amino-4-chloro-6-hy- 
droxy-2-methylpyrimidine satisfactorily with boihg  6~-hydrochIoric 
acid." Hydrolysis by alkali is also effective, although yields seem 
rather lower. In this way, 4-chloro-6-hydroxy-2-methylpyrimidine 
(CXLIX) and its 5-methyl and 5-ethyl derivatives and analogues were 
prepared by boiling the appropriate dichloro compound with N-sodium 

4,6-Dibrorno-2-ethylpyrimidine likewise gave 4-bromo- 
2-ethyl-6-hydro~ypyrimidine.~~ The acid hydrolysis of 2,4-dichloro-6- 
methylpyrimidine to 2-chloro-4-hydroxy-6-methylpyrimidine has been 
reported,3@ but the preparation is unsatisfactory. Vigorous hydrolysis 
(with hydrochloric acid at  160') has been used to convert 2,4-dichloro- 
6-phenylpyrimidine into 6-phenyluraci1,360 but the same compound 
was obtained less vigorously from 4-chloro-2-ethylthio-6-phenyl- 
~yrimidine.30~ 

The hydrolysis of 2-amino-4chloro- and 4-amino-2-chloro-pyrim- 
idine is interesting. The first isomer on boiling for a day with water 
gives 2-amino-4-hydroxypyririmidine (isocytosine) , but the second 
isomer (CL) is unchanged by such treatment, and only at  140" does it 
give 4-amino-2-hydroxypyrimidine (cytosine) (CLII).3 Hydrochloric 
acid at 100" is better,133 but it must be added that the indirect hydro- 
lytic route to the last compound via 4-amino-2-methoxypyrimidine 
(CLI) is ~referred.~ 

HClj140" 
/ -7 

c1 NH, NHa NHa 

AE NaOMe AN HCI ' N 
/If: 4>,- + L"NB\oMe -+ CJ,, z N  HCIor,  

HO N Me N CI 
,!,Me NaOH c1 

(CXLVIII) (CXLIX) (CL) ( C W  ( C W  

The action of hydriodic acid on dichloropyrimidines often leads 
to hydrolysis of the 4chloro group and reductive removal of the 2- 
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group. For example, 2,4-dichloropyrimidine gives 4-hydroxypyrim- 
idine,e13 and its C-alkyl derivatives behave similarly.'* lo, 3423244 

F. Replacement of 2-, 4, and 6- Chloro by Alkylthio Groups 

Most pyrimidine thieethers have been made by alkylation of the 
corresponding mercapto compound, but occasionally a chloro has been 
directly converted in to an alkylthio group. Thus 4-chloro-6-methyl- 
pyrimidine refluxed for 5 hours with alcoholic sodium methyl mercap- 
tide gives 4-methyl-6-methylthiopyrimidine ;4 2.4-dichloropyrimidine 
and sodium ethyl mercaptide in toluene gives 2,4-bisethylthiopyrim- 
idine $7 and 4-chlora-2-e thylthio-5-methylpyrimidine gives 2,4-bisethyl- 
thio-5-methylpyrimidine,67 under similar conditions. 4-Amino-2-chloro- 
5-nitropyrimidine with boiling methanolic sodium methyl mercaptide 
for 15 minutes yields 4-amin0-2-methylthio-5-nitropyrimidine,~~~ and 
similarly 5-amino-2,4-dichloropyrimidine with sodium ethyl mercaptide 
yields 5-amin0-2-chloro-4-ethylthiopyrimidine.~~ 4-Chlor0-3~6-dihy- 
dro-6-imino-2,3-dimethylpyrimidine hydriodide and sodium methyl 
mercaptide with added methyl mercaptan gives 1.4dihydro-4-imino- 
1,2-dimethyI-6-methylthiopyrimidine hydriodide.XSB 

Aryl thiophenols have been used for the same purposes, either as 
sodium derivatives or free. An example is the conversion of 2-chloro-4-#?- 
diethylaminoethylamino-6-methylpyrimidine with 9-chlorothiophenol 
at 130" into the corresponding 2-P-chlorophenylthio derivative.SO 
Sodium $-chlorothiophenate in ethanol was used for an isomeric com- 
pound, and many other analogues were made by both methods.=O 

G. Replacement of 2-, 4, and 6- Halogens by Mercapto Groups 

A mereapto group in the 2-position can be readily introduced 
during initial synthesis of a pyrimidine, but this cannot often be done 
in the 4- or 6-position. Most such groups have therefore been made 
from hydroxy derivatives through a chloro intermediate, and even 2- 
mercapto derivatives are sometimes made in this way. Chlorines may be 
replaced by mercapto groups by the action of sodium hydrogen sul- 
phide or by treatment with thiourea to give a thiouronium salt (e-g. 
CLIV) which undergoes alkaline hydrolysis to a mercapto derivative. 
The examples which follow illustrate the use of the methods. 

2-Chloropyrimidine has been converted into P-mercaptopyrirn- 



206 Chapter VI 

idine by both the above methods : rnethanolic sodium hydrogen sulphide 
gives 30 % yield,s8 but alcoholic thiourea gives 50 % without isolation 
of a thiouronium intermediate.2 4-Chloru- similarly gives 4-mercapto- 
pyrimidine by both  method^,^^^^* and 4-chloro- gives 4-mercapto-6- 
methylpyrimidine in better yield by thiourea' than by alcoholic po- 
tassium hydrogen sulphide.' Although the conversion of 2-chloro-4,6- 
dimethylpyrimidine (CLIII) into 2-mercapto-4,6-dimethylpyrimidine 
(CLV) is similarly less satisfactory with potassium hydrogen sulphidelW 
than with thiourea,2 the latter method in this case does require isolation 
of the thiouronium chloride (CLIV) followed by alkaline hydrolysis. 
The same is true in the preparation of the isomeric 4-mercapto-2,6- 
dime t h ylp yrimidine. mo 355 

2,4-Dichloropyrirnidine readily gives 2,4dimercaptopyrimidine by 
warming with aqueous (or alcoholic) potassium hydrogen sulphide,356* 357 

but more easily (and directly} in 90 Yo yield with thiourea.2 The 
same applies to the 6-methyl de r iva t i~e , l~*~7~  but in the formation 
of 4,6-dimercaptopyrimidine, the intermediate is isolated.= 2,4,6- 
Trimercaptopyrimidine has been made in 50 % yield from the trichbro 
compound with alcoholic potassium hydrogen sulphide and the heat of 
reaction seems to have been sufficient to complete it.= 

When a chloronitropyrimidine is treated with aqueous (or alcohol- 
ic) sodium hydrogen sulphide, the chloro groups are replaced first and 
then the nitro group is reduced. The second step can be sometimes 
avoided by using a limited amount of reagent and gentle conditions. 
Thus 2,4dichloro-5-nitropyrimidine gives a good yield of 5-amino-2,4- 
dimercaptopyrimidine,lS 4-amino-Z(and 6)-chloro-5-nitropyrimidine 
give 4,5-diarnino-P(and 6)-mercaptopyrimidineJ28. 24r 231 and P-chloro- 
4-methylamino-5-nitropyrimidine gives 5-amino-2-mercapto-4-methyl- 
aminopyrimidine ;n2* isomersw2 and C-alkyl analogues2** 2a2 have also 
been made in this way. Reduction of the nitro group has been avoided 
in making 4-benzylmethylamino-2-mercapto-6-methyl-5-nitropyrim- 
i ~ € i n e , ~ ~ ~  and also in 2-chloro-4-mercapto-6-methyl-5-nitropyrimidine 
(CLVI) (isolated as S-methyl derivative) which is in addition a rare 
example of the preferential reaction of a 4-ChlOrO group (in a 2,4- 
dichloro compound) with sodium hydrogen ~ulphide,~ '~ Another way to 
avoid reduction of the nitro group is to use the thiourea method. With 
its help have been made 2,4-dimercapto-5-nitropyrimidine (thiouro- 

* A considerable amount of 5-amino-2,6-dimercapto-4-methylaminopyri- 
idine was also formed by an unproven 
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nium salt its 6-methyl derivative,=O 4-amino-2-mercapto-6- 
methyl-5-nitr0pyrimidine,~% 270 and others. 

The metathesis of chloro- to mercapto-pyrimidines has been done in 
the presence of a variety of other groups to give, for example, 5-amino- 
4-mercaptopyrimidine (KHS),aSS 5-amino-4-chloro-6-mercaptopyrim- 
idine (with KHS from the 4,6-dichloro compound) ,356 5-amino-2-chloro- 
4-mercaptopyrimidine (with KHS from the 2,4-dichloro 
4-hydroxy-6-mercapto-2-methylpyrimidine (NaHS),869 5-chloro-2(and 
4)-mercaptopyrimidine (thiourea),5s8 2,4-dimethoxy-6-mercaptopyrim- 
idine (NaHS) ;sss 2-ethylthio-4-mercaptopyrimidine* (KHS)=, and 
its 6-methyl derivative (thiourea) ;356 5-ethoxy-4-mercapto-2-methyl- 
thiopyrimidine* (KHS);Wz 2-amino-4-mercapto-6-methylpyrimidine 
(KHS) ,7 its 4-amino-2-mercapto isomer' and C-alkyl anaIogues.m* 361 
The use of NaHS in glycol at 140" has been reported in the difficult 
case of 4-hydroxy-6-mercaptopyrimidine.3a 

Finally must be mentioned the formation of 2,4-diselenylpyrim- 
idine from 2,4-dichloropyrimidine and alcoholic sodium hydrogen 
~elenide.~'  

KHS 
/ L 

M e  Me M e  SH 

(CLIII) (CLIV) (CLVI) 

H. Replacement of 2-, 4-, and 6- Chloro by Sulpho, Thiocyanato, 
Isothiocyanato, and Isocyanato Groups 

Ochiai and Yamanakaea5 have described the conversion of 4- 
chloro-2,6-dimethylpyrimidine with aqueous sodium sulphite into 2,4- 
dimethyI-6-sulphopyrimidine which was analysed as the dihydrate of 
its sodium salt. 2-Sulphopyrimidine and 4-methyl-2-sulphopyrimidine 
were also prepared but used in the crude state to prepare the corre- 
sponding cyan0 derivatives by the action of potassium cyanide. 

There is a large number of thiocyanatopyrimidines known and 
the majority have been made by the action of potassium thiocyanate on 

* The possibility of replacing an alkylthio group by a mercapto group while 
using sodium hydrogen sulphideal1 should not be overlooked in exploring 
reactions of this type. 
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a chloro derivative. Most of them contain in addition an alkylthio 
group, although there is no apparent reason for this except conserva- 
tism. A typical example of the reactionsa is the conversion of 4-chloro- 
2-ethylthiopyrimidine (CLVII) with potassium thiocyanate in boiling 
acetone, into 2-ethylthio-4-thiocyanatopyrimidine (CLVIII); heating 
a t  90" for several hours rearranges this (and others at slightly varying 
temperatures) to the corresponding isothiocyanato derivative (CLIX). 
The following derivatives of 2-ethylthio-4-thiocyanatopyrirnidine have 
been rather similarly prepared : 5 - m e t h ~ 1 , ~ ~ ~  6-methy1,W 5-ethyl,m 
5,6-dimeth~l,=~ 5-pheny1,3B6*367 6 - p h e n ~ 1 , ~ ~  5-carbo~ymethy1,~~~ 5- 
etho~ycarbony1,3~0 Sethoxy, 371 and 5-brorn0.~~~ 2-Amino-4-chloro-6- 
methylpyrimidine fails to undergo this reacti0n.3~8 

When 2,4-dichloropyrimidine is treated with potassium thiocy- 
anate in boiling ethanol, 2-chloro-4-thiocyanatopyrimidine is formed,'*' 
and 2,4-dichloro-5-nitropyrirnidine similarly treated (at 10" in acetic 
acid) yields 2-chloro-5-nitro-4-thiocyanatopyrimidine.339 

It has been mentioned that thiocyanato rearrange to isothiocy- 
anato derivatives by heating in an inert solvent. This process can be 
combined with the initial thiocyanate formation so that an iso- 
thiocyanate is formed directly. Thus for example 4-chloro-2-ethyl- 
thiopyrimidine (CLVII) and potassium thiocyanate in boiling toluene 
(cf. acetone for thiocyanate formation) yields directly 2-ethylthio-4-iso- 
thiocyanatopyrimidine (CLIX) and the 5-bromo derivative is made 
~imilarIy.37~ 

The formation of 5-ethoxycarbonyl-2-ethylthio-4-isocyanatopy- 
rimidine (from the corresponding chloro derivative with potassium 
cyanate) has been inferred by amination to the corresponding ~ re ide .~~ '  

I. Replacement of 2-, 4-, or 6- Chloro by Other Groups 

Sodio diethyl malonate condenses readily with the chlorine of 
Z-amino-4-chloro-6-methyl-5-nitropyrimidine (CLX; R = Cl) to give 
2-amino-4-diethoxycarbony~methy~-6-methyl-5-nitrop~~ne (CLX ; 
R = CH(CO,Et),), which on acid hydrolysis is decarboxylated to 
2-amino-4,6-dirnethyl-5-nitropyrimidine (CLX ; R = Me), the original 
chloro group being now replaced by a methyl group.n3 The process has 
been applied to the transformation of 4-amino-2-chloro-6-methyl-5- 
nitropyrimidine to 4-amin0-2,6-dimethy1-5-nitropyrimidine,~~ of 2,4- 
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dichloro-6-methyl-5-nitropyrimidine to 2-chloro-4-diethoxycarbonyl- 
methyl-6-methyl-5-nitropyrirnidine~ (but no further), of 4,6-dichloro- 
2-methyl-5-nitropyrimidine to 4-chIoro-6-diethoxycarbonylmethyl-2- 
methyl-5-nitropyrimidine and thence to 4-hydroxy-2,6-dimethyl-5-ni- 
tr~pyrirnidine.~~Application of the process to 4,6-dichloro-.5-nitropyr- 
imidine, however, does not yield normal products (as first described”$) 
but involves the free 2-position in the nucleophilic introduction of a 
diethoxycarbonylrnethyl group, at  the same time reducing the 5-nitro 
group : the product is therefore 5-amino-4,6-dichloro-2-diethoxy- 
carbonylmethylpyrimidine (CLXI ; R = CH(C0,Et) A, which on acid 
hydrolysis (with decarboxylation) gave 5-amino-4-chloro-6-hydroxy-2- 
methylpyrimidineM. A similar reaction to that with diethyl malonate 
occurs when ethyl acetoacetate or acetylacetone is condensed with 4,6- 
dichloro-5-nitropyrimidine,“ to give (CLXI; R = MeCOCH(C0,Et)- 
or (MeCO) &H-). 

If the original ester (CLX; R = CH(CO,Et),) is hydrolysed by 
alkali instead of acid, partial decarboxylation only takes place, giving 
4-carboxymethyl-2-hydroxy-6-methyl-5-nitrop~imidine in which, in 
addition, the 2-amino group has hydrolysed to hydroxy.n3 

Other more direct replacements of chloro by alkyl groups by using 
Grignaxd or lithium derivatives have been mentioned in Ch. IV, 
Sect. 2.A(2). Similar replacement by a carboxy group is known.?3 

KCNS; I LOo 
/ I 

c1 SCN NCS R c1 

(CLVII) (CLVIII) (CLIX) (CLW (CLXI) 

The reaction of chloropyrimidines with other substances containing 
an active methylene group has been reported.376* Thus 2-chloro-4,6- 
dimethylpyrimidine condensed with sodio benzyl methyl ketone to 
give 4,6-dimethyl-2-1 ‘-phenylacetonylpyrimidine. Ethyl phenylacetate 
and benzyl cyanide reacted similarly with the pyrimidine to give re- 
spectively 2-a-ethoxycarbonylbenzyl- and 2-a-cyanobenzyl- 4,6-dime- 
thylp~rimidine.~~ 

*This work is  not easily accessible, but the conditions used are closely 
analogous to those for similar reactions with a chlorothiazole.m 
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6. Reactions of 5-Halogenopyrimidines 

Until Bredereck et produced 5-bromopyrimidine in quantity, 
examples of 5-halogenopyrimidines had been confined to those carry- 
ing in addition electron-releasing groups (to facilitate halogenation) or 
such groups as 2- or 4-chloro. The first of these deactivated the 5- 
halogen and the second type reacted preferentially with any nucleo- 
philic reagent to become new electron-releasing groups. The 5halogeno 
group therefore acquired a reputation for unreactivity, which is unde- 
served when it stands in isolation. Thus 5-bromopyrimidine reacts with 
sodium methoxide in methanol at 100" to give 70% of 5-methoxy- 
pyrimidine,"' and with sodium ethylmercaptide in refluxing ethanol 
to give 60 % of 5-ethylthi0pyrimidine.3~~ Although 5-chloropyrimidine 
is known,l" no reactions have been reported. 

A. Amination of 5-Bromopyrimidine Derivatives 

Despite early failures to react 4-amino-5-bromo-6-methylpy~im- 
idinea*5 and 5-bromo-2-ethylthio-4-hydroxypyrimidine1*~ with am- 
monia*, 5-bromouracil (CLXII) and its C- and N-methyl derivatives 
were shown to react at about 180" with methylamine and dimethyl- 
aminc, to give such compounds as 2,4-dihydroxy-5-methylamino- 
pyrimidine,378 its 6-methyl derivative,W 1 (and 3)-methyl-5-methyl- 
a m i n o u r a ~ i l ~ ~ ~ ,  and 5-dimethylamin0-2,4-dihydroxypyrimidine.~~ The 
bromo group of .5-bromo-l,2,3,4-tetrahydro-l,3-dimethyl-6-methyl- 
amino-2,4-dioxopyrimidine is peculiarly reactive. With the appropriate 
amine in boiling alcohol it quickly gives the 5-methylamino, 5-hydroxy- 
ethylamino, and other ana1ogues.l" Similarly, 4-benzylamino-5- 
bromo-l,2,3,6-tetrahydro-I,3-dimethyl-2,6-dioxopyn~dine with di- 
methylamine at 70" yieldss8 its 5-dimethylamino analogue, and other 
amines have aIso successfully reactedaD with 5-bromouracil (CLXII) to 
give among others the following 5-derivatives in good yield: ethyl- 
amino, cyclohexylamino, N-benzylethylamino, piperidino (CLXIII), 
and anilino. Hydrazine reacts with 5-bromo-2,4dihydroxy-6-methyl- 
pyrimidine at 120" to give the 5-hydrazino analogue.981 5-Bromo-4,6- 

In a supreme example of scientific optimism. Gabriel and C~lrnan*~~ 
heated their bromo compound with alcoholic ammonia for many hours at 300", 
and rather sadly report a product consisting of a black water-insoluble powder( !) 
and a smelly tar. Wheeler and Johnson1@ simply record that their aminations 
"did not lead to a smooth result". 

\ 
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dihydroxypyrimidine (CLXIV) , however, with piperidine under 
rather similar conditions gave, not the 5-piperidino derivative but 
a-piperidinomalondiamide (CLXV), because the ring of 4,6-dihydroxy- 
pyrimidine derivatives opens easily in the presence of alkali or even 
strong organic bases.832 

As would be expected, the bromine of 2-amino-5-bromo-4- 
hydroxypyrimidine (5-bromoisocytosine) is less active than that in 
5-bromouracil. and only limited success has been reported in its re- 
placement. Thus piperidine and morpholine give 2-amino-4-hydroxy-5- 
piperidino (or morpholino)pyrimidine,w2 but butylamine, ethyl- 
amine, or benzylmethylamine failed to react. Amination of 4-amino- 
5-bromo-6-hydroxypyrimidine with methylamine under a variety of 
conditions was unsuccessful in producing a pyrimidine, although the 
bromine became quantitatively ionic during the reaction." However, 
2,4-diamino-5-bromo-6-hydroxypyrimidine aminates in morpholine.38s 
5-Bromocytidine and 5-bromouridine when treated with liquid am- 
monia at  40-50" for 5 days give respectively 12 % and 63 % of 5- 
aminocytidinelM and 5-amino~ridine.~ 5-Bromo (or chloro)-4-carboxy- 
2-phenylpyrimidine with ammonia at 180 O gives 5-amino-4-carboxy-2- 
phenylp~rimidine,~'~ but the related 5-bromo-4-carboxy-2-methyl- 
pyrimidine has been shown1u to give the 5-amino-4-carboxy-2- 
methylpyrimidine satisfactorily at 100" for 2 hours with aqueous 
ammonia provided that copper is present. The anilino analogue is made 
rather similarly.a@ Treatment of 2 -amino - 5 - bromo - 4 ~ 6 - dimethyl- 
pyrimidine with alcoholic ammonia and copper powder at 240", on the 
other hand, resdted not in amination, but in loss of the bromo group 
to give 2-amin0-4,6-dimethylpyrimidine.~ 

B. Other Reactions of 5-Halogenopyrimidine Derivatives 

5-Halogeno groups are readily removed by hydrogenation, as in 
the cases of 4-amino-5-chl0ro-Z-rnethylpyrimidine,~*~ 5-bromo-2,4-di- 
chl~ropyrimidine~~ and its 5-me thy1 derivative, l* 2,5-dichloropyrim- 
idine,l= 5-chlor0-2-phenylpyrimidine~~~ 5-bromo-2-carbarnoylpyrim- 
idine,a5 and 5-bromo-l,2,3,4-tetrahydro- 1,3-dimethyI-2,4-dioxopyrim- 
idine.386 

In addition , 5-chloro-2 (N-m-aminobenzenesulphon yl-N-me t h yl- 
amino)pyrimidine can be reduced with Raney nickel alloy in aqueous- 
methanolic potassium hydroxide solution to give the dechlorinated prod- 
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U C ~ . ~ O  Raney nickeI (catalyst) has been used to convert 5-bromo-4- 
carboxy-2-methylthiopyrimidine into 4-carboxy-2-methylthiopyrim- 
idine (or under more vigorous conditions to 4-carboxypyrimidine), and 
5-bromo-2-methylthiopyrimidine into pyrimidine.w7 Hydrazine readily 
debrominates 5-bromo- 1,2,3,4-tetrahydro-l,3-dimethyl-6-methylami- 
n0-2,4-dioxopyrimidine+l* 

5-Bromo-4-hydroxypyrimidine is dehalogenated by boiling in 
water with zinc dust.l1° 5-Halogen has several times been replaced by 
cyano. Thus 2-amino-5-bromopyrimidine when heated with cuprous 
cyanide in quinoline for 40 minutes gave a 40 % yield of 2-amino-5- 
cyan~pyrirnidine,~~ and its 4-methy1 derivativem was made similarly. 
2-Benzenesulphonamido-5-cyanopyrimidine resulted in an analogous 
way from the 5-iodo anal~gue.~O 

Replacement of a 5-bromo by a hydroxy group can sometimes be 
readily done. Thus  5-bromo-2,4-dihydroxypyrimidine and 5-bromo- 
I ,2,3,4-tetrahydro-l,3-dirnethyl-2,4-dioxopyrimidine are converted into 
their 5-hydroxy analogues by simple boiling with sodium bicarbonate 
solution.3ss In the past, much more drastic conditions have been 
used when thesew and similar transformations required to be done. 
Examples are the conversion of 2-amino-5-bromo-4,6-dimethylpyrim- 
idine into 2-amino-5-hydroxy-4,6-dimethylpyrimidinem by aqueous 
barium hydroxide and copper powder at  180" and of 5-bromouridine 
into 5 - h y d r o x y ~ r i d i n e ~ ~ ~ ~ ~ ~  by the addition of lead oxide to the hot 
aqueous solution. 

Although simple replacement by a mercapto group has not been 
reported, treatment of 5-bromo-2,4,6-trihydroxypyrirnidine with 
thi0ureas9~. Q93 gives the intermediate 5-amidino thio-2,4,6-trihydroxy- 
pyrimidine, whence alkali gives di-(2,4,6-trihydroxypyrimidin-5-y1)- 
disulphide.3ga* Di-(4-arnino-2,6-dihydroxypyrimidin-5-y1) sulphide (not 
disulphide) was made by a similar process, or in one step with aqueous 
alkaline thiourea.392 The disulphide was later obtained by using sodium 
disulphide (Nags2) with the bromo compound, and N-alkylated deriv- 
atives were made similarly.386 A mixed sulphide with 6-mercapto- 
purine has also been described.m Thiourea has also been successfully 
condensed with 5-bromo-2-(5-carboxyamylamino)pyrimidine to give 
the corresponding 5-amidinothio derivative, but no hydrolysis was 
attempted.= Thiosalicylic acid and 2,4-diamino-5-bromo-6-hydroxy- 

* Early reports of 2,4,6-trihydroxy-5-rnercaptopyrirnidine made sirnilarlyS*' 
or via the thiocyanato interrnediatea*6 require substantiation. 
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pyrimidine give the 5-thioether,w3 and 5-iodo-2-fi-nitrobenzenesulphon- 
amidopyrimidine on heating at  190" with cupric thiophenolate in 
quinoline gives 58 % of the 5-phenylthio analogue.s9? 

5-Bromo-2,4-dimethoxypyrimidine reacts in one minute at -80" 
with butyl-lithiurn, and immediate treatment with carbon dioxide gives 
5-carboxy-2,4-dimethoxypyrimidine in 75 '$i, yield.73 The bromine may 
also be replaced by an alkyl gr0up.M 

Although the 5-bromo group in 5-bromo-2,4,6-trihydroxypyrim- 
idine (and its N-alkyl derivatives) has been described as sufficiently ac- 
tive to participate in the formation of thiazolo [ 4,5-d 3 pyrimidines (e.g. 
CLXVI) when treated with thioforrnamide or t h i o a ~ e t a m i d e , ~ ~ ~ ~ ~ ~  
this work has been retracted408 and shown to be ~ n r e p e a t a b l e , ~ ~ ~ ~ ~ ~ ~ ~  
but a more recent p a p e 9  should be read. 

OH OH O H  ,CONH, OH 
Br A (CHa)EN ,A, B r X A N  piwidbe ( C % ) P - y  

k CONH, <>&;bH 

(CLXV) (CLXVI) 

x/L&+ l N A O H  HO' 42 
(CLXII) (CLXIII) (CLXIV) 

C. Reactions of 5,5-Dihalogeno and Related Pyrimidines 

As can be gathered from Sect. Z.A(6a), one of the halogen atoms in 
5,5-dihalogenobarbituric and derivatives is very reactive, and normal 
monohalogenobarbituric acids can be produced from them by removal 
of the reactive halogen with ammonia, hydrazine, hydrogen iodide, 
and other reducing agents. By the same mechanism, the dibromo 
compounds can act as brominating agents and in this way dibromo 
barbituric acid (CLXVII) loses half its bromine in converting aniline 
into $-bromoaniline ;m5 a similar reaction with dimethylaniline in 
ethanol was said to be vigorous and gave 75 % yield of fi-bromo- 
dimethylaniline.m 

The analogous 5-alkyl-5-halogenobarbituric acid derivatives (e.g. 
CLXVIII) also have an active halogen. Thus it is easily removed by 
reduc t i~n '~  and the kinetics of the catalytic hydrogenation over 
colloidal platinum and tungsten have been studied.=#- It can also be 
replaced by prolonged treatment with an m i n e  at 50-60" to give for 
example 5-diethylamino-5-methylbarbituric acid (CLXIX) and its 
homologues,flOl *lZ and 5-/?-hydroxyethylamino-5-methylbarbituric acid 
and its homologues.qla More vigorous treatment with an organic base 
produces a hydant~in.~l* 
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The action of pyridine on 5,5-dibromobarbituric acid is of interest. 
It gives a nicely crystalline compound, shown414 to be "1-[5-(2,4,6- 
trioxohexahydropyrimidyl)] pyridinium betaine" (CLXX) ; 5,5-&- 
chloro- or 5-bromo-5-nitro-barbituric acid gives the same product, but 
monohalogenobarbituric acids do not react ; 5,5-dibromo-l,3-dimethyl- 
barbituric acid gives a similar product [ 1,3-dimethyl-(CLXX)], and 
y-picoline, but not a-picoline, forms andogous products. 

The reactions of dihalogenated uracil (e.g. 5,5-dibromo-4,5- 
dihydro-2,4,6-trihydroxypyrimidine) and related compounds have been 
outlined in Sect. ZA(6b). 

0 0 0 

(CLXVII) (CLXVIII) (CLXIX) (CLXX) H 

7. Reactions of Extranuclear Halogenopyrimidines 

Halogen atoms attached only indirectly to the pyrimidine nucleus 
(at any position) react generally as an independent aliphatic entity 
might be expected to behave. For that reason, such reactions are 
treated but briefly below. 

A. Replacement by an Alkoxy, Hydroxy, or Acetoxy Group 

Both 5-br~momethyl-4,6-dichloro-2-methylpyrimidine and 4- 
bromo-5-bromomethyl-6-chloro-2-methylp~dine react readily with 
sodium methoxide in methanol at 20" in 12 hours after the initial 
reaction. The first compound gives 4-chloro-6-methoxy-5-methoxy- 
methyl-2-methylpyrimidineD but the second gives 4,6-dimethoxy-5- 
metho~ymethyl-2-methylpyrimidine.~~ Sodium ethoxide reacts simi- 
larly. 

Hydrolysis of halogenoalkyl pyrimidines seems to be best done 
under alkaline conditions or with silver carbonate. Thus 5-Chl01-0 
methyl-4-hydroxy-2-methylthiopyrimidine (CLXXI) with hydrochloric 
acid at 100" for 4 hours gives only 5-chloromethyl-2,4-dihydroxypy- 
rimidine (CLXXII) but treatment of the latter with silver carbonate in 
water gives hydrolysis to 2,4-dihydroxy-5-hydro~ymethylpyrimidine~~~ 
(CLXXIII). Similarly 4-chloromethyl-2,6-dihydroxypyrimidine on 
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treatment with silver sulphate followed by barium hydroxide gives 
2,4-dihydroxy-6-hydroxymethylp~rimidine,~~~ 2-amino-5-@-bromo- 
ethyl-4-methylpyrimidine by heating with aqueous potassium cab* 
nate gives Z-amin0-5-~-hydroxyethyl-4-methylpyrirnidine,~~~ and 5-#I- 
chloroethyl-Phydroxy-6-methylpyrimidine by heating with water at 
150" gives 4-hydroxy-5-#I-hydroxyethyl-6-methylpy1imidine.~~~ 

Silver acetate in acetic acid is said (without detail) to convert 5- 
bromomethyl-4,6-dichoro-2-methylpyrimidine into 5-acetoxymethyl- 
4,6-dichloro-2-methylpyrimidine and 5-acetoxymethyl-4-chloro-6-hy- 
droxy- 2- methylpyrimidine>l 4-AcetoxymethyI- 2,6 -dih ydroxy - 5 -me- 
thylpyrimidine is formed similarly and hydrolysis yields the hydroxy- 
methyl analogue.41**41' This furnishes one of the few examples in this 
series of the conversion of an active halogen group to hydroxy via 
acetoxy, a process elsewhere found to be quite useful. 

B. Replacement by Other Group 

Aminoalkyl pyrimidines are commonly made by reduction of 
nitriles or by Mannich reactions, so that the replacement of extranu- 
clear halogeno by amino groups is unexplored, although several exam- 
ples are known.lMJwv W 

Such halogens have, however, been replaced by mercapto and relat- 
ed groups although sometimes rather indirectly. Thus 4-a~nino-5- 
bromomethyl- 2 - methylpyrimidine with thioacetic acid in pyridine 
yields a mixture of 4-amino-5-mercaptomethyl-2-methylpyrimide and 
the corresponding disulphide, with sodium methyl mercaptide it 
yields 4-amino-2-methyl-5-methylthiomethylpyrimidine mixed with 
some di(4-amino-2-methylpyrimidin-5-yImethyl) sulphide, with po- 
tassium thiocyanate it yields 4-amino-2-methyl-5-thiocyanatomethyl- 
pyrimidine, and with thiourea it yields a mixture of the above sulphide 
and di~ulphide.*~O Similar reactions of 4-amino-5-bromomethyl-Z- 
methylthiopyrimidine are recorded.aa0 PChloromethyl-2,6-diydroxy- 
5-phenoxypyrimidine on boiling in ethanol with potassium thiocyanate 
yields the Pmercaptomethyl derivative," and 4-amino-5-chloromethyl- 
Z-methylpyrimidine with thiourea or N-substituted derivatives gives 
thiouronium salts. These all give the one dipyrimidinyl sdphide (not 
the mercapto derivative) on warming with sodium bicarbonate. 
Alkaline peroxide oxidation of the thiouronium compounds furnishes 
one di~ulphide.~l* Finally, the disulphide with peroxide in acetic acid 
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gives 4-amino-2-methyl-5-sulphomethylpyrimidine.~1 The analogously 
formed t hiour onium salt from 4-amino-5-chlorome thyl-2 6-dime t hyl- 
pyrimidine undergoes similar reactions.las Both 4-amino-2-methyl- and 
4-amin0-2~6-dimethyl- 5-sulphomethylpyrimidine have also been made 
directly from the chloromethyl compounds by treatment with aqueous 
sodium hydrogen sulphite at 100"J421 and the first of these from the 
bromomethyl compound similarly;s14 it is the same sulphonic acid ob- 
tained from vitamin B, with sodium bisulphite.48a*a 

OH OH OH 

(CLXXI) (CLXXI I) (CLXXI 11) 

Me Me 
C W ~ H y -  ----3 " H y ;  

H 'N N(CH,), H N N(CH,), 

The trihalogcnomethyl group on treatment with silver nitrate 
yields a carboxypyrimidine. Thus 4J6-bistribromornethylpyrimidine 
gives 4,6-dicarboxypyrimidine160 and 5-bromo-2-tribromomethylpyr- 
imidine gives 5-brom0-2-carboxypyripyrimidine.~~* A rather similar reac- 
tion is that, for example, of Il-hydroxy-6-methyl-2-piperidin0-5-(2,2,2- 
trichloro-1-hydroxyethy1)pyrimidine (CLXXIV) (the product from 
condensing chloral with Phydroxy-6-rnethyl-2-piperidinopyrimidine) 
with alkali to give 5-formyl-4-hydroxy-6-methyl-2-piperidinopyrim- 
idine*m (CLXXV). 

The replacement of an extranuclear halogen atom by hydrogen is 
represented in the reduction of 5-chloromethyIuracil to thymine,166* 
and 4-trichloromethyl- to 4-methyl-pyrimidine.4M 

(CLXXIV) (CLXXV) 
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CHAPTER V I I  

Hydroxy- and Alkoxy-pyrimidines 

The hydroxypyrimidines fall naturally into three divisions ac- 
cording to whether the hydroxy group occupies the 2-, 4-, or 6-position, 
the 5-position, or is separated from the nucleus as in a hydroxymethyl 
derivative. They are of peculiar interest, for in the class occur several 
important natural products (uracil, thymine, vicine), and the barbituric 
acid derivatives which are so important as sedatives in medicine. 

1. Preparation of 2-, 4-, and 6-Hydroxypyrimidines 

At least half of all known pyrimidines contain a hydroxy, 
alkoxy, or 0x0 grouping in the 2- or 4-position. Alkoxy and 0x0 deriva- 
tives are nearly always obtained from the hydroxy in some way, so 
that the preparation of hydroxypyrimidines is of great importance. 

A. By the Principal Synthesis 

A great many examples of the preparation of hydroxy pyrimidines 
by the Principal Synthesis have been discussed in Chapter 11. It  will 
be recalled that the use of urea as the one-carbon fragment in this 
synthesis yields a 2-hydroxy derivative, and that the use of an ester or 
I. ,3-diester as three-carbon fragment yields respectively a 4-hydroxy- or 
4,6-dihydroxypyrimidine. Thus urea condenses with malondialdehyde 
to give 2-hydroxypyrimidine,1m la acetamidine with ethyl fomylacetate 
gives 4-hydro~y-2-rnethylpyimidine,~ and formamidine with diethyl 
malonate yields 4,6-dihydro~ypyrimidine.~ Combinations are exempli- 
fied by the reaction of urea with formylacetic acid to give 2,4-dihydroxy- 
pyrimidine,' or with diethyl malonate (I) to give 2,4,6-trihydroxy- 
pyrimidines (11). 
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B. By Other Primary Syntheses 

Several other ways of making hydroxypyrimidines by primary 
synthesis have been treated in Chapter 111. To avoid repetition, only 
the more useful methods are briefly mentioned below. 

A variety of uracil derivatives with or without 5-substituents can 
be made by the Shaw synthesis in its various forms (Ch. 111, Sect. 2.E), 
and it can be applied to simple nucleoside Synthesis. 

Related to this synthesis i s  the condensation of, for example, 
ethyl 19-aminocrotonate with phenyl isocyanate to give after cycliza- 
tion, 6-rnethyl-3-phenylura~i1,~ and other examples are given in 
Chapter 111, Sect, 2.A. Malondiamide (111) condenses with ethyl for- 
mate in the Remfry-Hull synthesis7** or with formamidea to give 4,6- 
dihydroxypyrimidine (IV), and the synthesis is applicable to 2- and 
5-substituted derivatives by using appropriate starting materials 
(Ch. 111, Sects. 4.A and B). Some more complicated ring systems yield 
hydroxypyrimidines on degradation; one of the more useful of these is 
the preparationg of 4,5-diamino-2,6-dihydroxypyrimidine from the 
readily available uric acid by acetic anhydride in pyridine followed by 
hydrolysis of the intermediate “triacetate” (Ch. 111, Sect. 5.E(4)). 

A small yield of 4-hydroxypyrimidine has been obtained by the 
action of hydrogen peroxide on pyrimidine.’O 

0 
OH II 

,CO,Et STHI /c\ 
CH, NH, f 0 

\NH, HO’ 

y* + c=o I n 
CU*Et H,” HO NP‘OH CO CH H 

C. By Hydrolysis of Halogenopyrimidines 

The conversion of halogeno into hydroxypyrimidines has been 
treated in Chapter VI, Sect. 5.E. Since most 2-, 4, or 6- halogenopyr- 
imidines are derived from the corresponding hydroxy derivatives 
themselves, the synthesis is of utility only in a small number of cases. 
Most of these involve a partial hydrolysis of a dihalogeno compound. 
Thus the best route to 4-chloro-6-hydroxy-2-methylpyrimidine is by 
acid or alkaline hydrolysis,ll. l2 of 4,6dichloro-2-methylpyrimidine 
which is readily available. Sometimes it is better to convert a halogeno 
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into an akoxy and thence into a hydroxypyrimidine; a example of 
the process is in the conversion of 4-chloro-6-methylaminopyrimidine 
into Pmethoxy- and then 4-hydroxy-6-methy1aminopyrimidine,'5 be- 
cause when direct hydrolysis was attempted the methylamino group 
was also hydrolysed at a comparable rate. 

D. From Aminopyrimidines 

Conversion of amino- into hydroxypyrimidine can be done most 
easily by acid hydrolysis, less easily by the action of nitrous acid, and 
sometimes by alkaline hydrolysis. Acid hydrolysis is easier with 
4-amino groups than with those in the 2-position. There seems to be 
little difference in reactivity between analogous primary and secondary 
amfnes. 

(1) Simple Examples 

The following pyrimidines have been prepared from their 4-amino 
analogues : 4-hydroxy-2,6-dimethyIpyrimidine (VI) by heating (V) at 
180" with hydrochloric acid1' or with nitrous acid,15 4-hydroxy-2,6- 
diphenylpyrimidine by hydrochloric acidla and its 5-methyl derivative 
by hydrochloric acid or nitrous l' 2,4,5,6-tetrahydroxypyrimidine 
by warm hydrochloric acid,= uracil with nitrous acid,'* 1,6-dimethyl- 
uracil with alkali,2o 2,4-dibenzyl-6-hydroxy-5-phenylpyrirnidine by 
strong acids or nitrous acid,% 22 and andogous compounds,21? 2~ 

From their 2-amino analogues were prepared : Z-hydroxypyrim- 
idine (VIII) from (VII) with nitrous acid or better at  120" with sodium 
hydroxide,24 5-chloro-2-hydroxypy1imidine with nitrous acid,e5 2,4- 
dihydroxy-6-phenylpyrimidine with nitrous acid or at 200" with hy- 
drochloric acid,% 2-hydroxy-4,6-dimethylpyrimidine with nitrous 
acidm or better alkali,2B and 2,4-dihydroxy-5-methylpyrimidine at 160" 
with diluted sulphuric acid.% Hydrochloric acid at  160", but naturally 
not nitrous acid, converted 2-methylaminopyrimidine and its 4,6-di- 
methyl derivative into the 2-hydroxy 

Other simple examples are furnished by the conversion of 4,5- 
diamino-2-hydroxypyrimidine into 2,4,5-trihydro~ypyrimidine,~~ of 
4 - hydroxy - 2 - hydroxyamino - 6 -methyl - (IX) into 2,4-dihydroxy-6- 
methyl- pyrimidine with tin and hydrochloric acid,s1* of 4-hydroxy- 

It seems possible that the acid would have been equally effective without 
the tin I 
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6-methyl-2-phenylhydrazino- and 2-benzylidenehydrazino-4-hydroxy- 
6-methyl- into 2.4-dihydroxy-6-methyl- pyrimidine by acid hydrol- 
ysis, 32, 33 and of 2,4,6- triamino-5-e thyl- in to 5-ethyl-2.4,6- trihydroxy- 
pyrimidine at  120" with acid.34 

The last example indicates a method of preparing barbiturates 
which has found considerable use, because of the relative ease of in- 
troducing an amino group into the 2- or 4-position during a Common 
Synthesis. Thus 5,5-diethylbarbituric acid (X) has been made by 
acid hydrolysis of 2-amino(or aniIino}-5,5-diethyl-4,5-dihydro-6- 
hydroxy-4-oxopyrimidines6 (XI), of 2,4-diamino-5,5-diethyL5,6-dihy- 
dro-6-oxopyrimidinew* 37 (XII), or of 5,5-diethyl-"triaminobarbituric 
a~ id"~4  (XIII) . 4-Amino- 1,2,3,6-tetrahydro- 1,3-dimethyl-2,6-dioxopyr- 
imidine with hot hydrochloric acid gives in a few minutes I,2,3,4- 
tetrahydro-6-hydroxy- 1,3-dimethyl-2,4-dioxopyrimidine (1,3-dime- 
thylbarbituric acid).38s39 Some of the same conversions have also been 
done with nitrous acid." Other examples of the technique have been 
given in Chapter 11, Sect. 7.B. 

NH, OH 

Preferential acid hydrolysis of the 4-arnino group in 2,4-diamino- 
5-~-chIorophenyl-6-ethy~pyrimidine to give 2-amino-5-$-chlorophenyl- 
4-ethyl-6-hydroxypyri1nidine~ points to a potentially useful procedure. 
When a nitroso group occupies the 5-position, the picture is parallel in 
that 2,4,6-triamino- and 2,4-diamino-6-hydroxy- 5-nitrosopyrimidine 
both give 2-amino-4,6-dihydro~y-y-3-nitrosopyri~dine,~~ but when the 
nitroso is changed to a 5-amino group, the resulting analogues are 
stable at  least under the gentle conditions of hydrolysis used." 
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(2) In the Presertce of Other Grot+ 

The conversion of amino- into hydroxy-pyrimidines in the presence 
of other groups falls naturally into two divisions. The first is where the 
other group is neither easily hydrolysed nor attacked by nitrous acid, 
and the second is where the other group reacts as well as the amino 
POUP. 

The first division is typified by the brief hydrolysis of 2-amino-5- 
nitropyrimidine with dilute alkali or even aqueous ammonia at 100" to 
give 2-hydro~y-5-nitropyrimidine.~ The ease of this reaction should be 
contrasted with the 12 hours at 120" with ION-sodium hydroxide 
required for hydrolysis when no nitro group is present.*4 Several 
methylated derivatives of 5-nitrocytosine have been hydrolysed with 
25 % sulphuric acid at  ca. 150" to the corresponding known uracil 
derivatives in order to check the position of methylation. Thus &amino- 
1,2-dihydro-l-methyl-5-nitro-2-oxopyrimidine~ (XIV) and 1 ,Z-dihydro- 
I-methyl-4-methylamino-5-nitro-2-oxopyrimidine~ (XV) both give 

1-methyl-5-nitrouracil (XVI), and 4-amino-1 ,2-dihydro-l,6-&rnethyl- 
5-nitro-2-oxopyrimidineM gives 1,6dirnethyl-5-nitrouracil. A similar 
derivative, 3-methyl-5-nitrocytosine, did not hydrolyse sati~factorily.~~ 
Other examples are the alkaline hydrolysis of 4-amino-9carboxy- 
2,3-dihydro-3-methyl-2-oxopyrimidine (XVII) to karboxy-3-methyl- 
uracil,13 the acid hydrolysis of 4-amino-5-cyano-3-cyclohexyl-2,3- 
dihydro-2-oxopyrimidine to 5-cyano-3-cyclohexyluracil,~ the nitrous 
acid conversion of 4-amino-5-bromo-2,6-dimethylpy~imidine into 
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5-bromo4-hydroxy-2,6-dimethylpyrimidine,16~ and the similar con- 
version of 4-amino-5-bromomethyl (or chloromethyl)-2,6-diethyI- 
pyrimidine (XVIII) and similar halogenated derivatives into their 4- 
hydroxy anaIogues.mB 61 

The second division (where another group is also hydrolysed or 
reacts with nitrous acid) may be briefly exemplified by the preparation 
of 5,5-diethyl- and dimethyl- barbituric acid respectively from 6-amino- 
5,5-diethyl- and 6-amino-5,5-dimethyI- 2-thiouracil by hydrolysis at 
150" with acid,6a and also by the acid hydrolysis of 4-amino-5-ethoxy- 
2-ethylthiopyrimidine (XIX) which gave,m under slightly different 
conditions, four isolated products: 2,4,5-trihydroxypyrimidine (XX), 
5-e t hoxy-2,4-dihydroxypyrimidine (XXI) , 4-amino-5-e t hox y-2-hydr- 
oxypyrimidine (XXII), and 4-amino-2,5-dihydroxypyrimidine (XXIII). 
Other examples can be found but they are of little utility. 

E. From Alkoxypyrimidines 

2-, 4-, and 6-Alkoxypyrimidines are readiIy hydrolysed to hydroxy 
derivatives, but this process is not often of use except to show the 
structure of the alkoxypyrimidine or in the rare conversion of a chloro 
into a hydroxypyrimidine via an alkoxy derivative. 

An illustration of the first use is furnished by the isolations4 of a 
methoxy methylamino-5-nitropyrimidine in methylamination of 2,4- 
dichloro-5-nitropyrimidine. It was shown to be the 2-methoxy-4- 
methylamino isomer by hydrolysis at 100" with hydrochloric acidS5 to 
2-hydroxy-4-methylamino-5-nitropyrimidine. 

The second use mentioned above is illustrated by the preparation of 
4-hydroxy-6-methylaminopyrimidine from 4-chloro-6-methylani~o- 
pyrimidine. Direct hydrolysis is unsatisfactory but the chloro com- 
pound easily gives 4-methoxy-6-methylaminopyrimidine which at 100" 
with hydrochloric acid gives the hydroxy compound.13 The 4-dimethyl- 
amino-6-methoxy analogue has been similarly used for preparing 4- 
dimethylamino-6-hydroxypyrimidine.6B 

Other instances of the hydrolysis of alkoxypyrimidines are 2- 
benzyloxy- to 2-hydroxy- 4,6-dimethylpyrimidine by boiling with 6 N- 
hydrochloric acid,l I ,2 - dihydro - 4-methoxy- 1,6-dimethyl-Z-oxopyr- 
imidine to 1,6-dimethyluracil with boiling acid,67 and 4-amin0-1,6- 
dihydro-2-methoxy-l-methyl-6-oxopyrimidine to 6-amino-3-methyl- 
uracil with hydrochloric acid at room temperature.s* 
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F. From Mucaptopyrimidines and Related Derivatives 

A 2-, 4-, or 6-mercapto group can seldom be conveniently changed 
into a hydroxy group by direct hydrolysis. Exceptionally, 2-ethylthio- 
4-mercaptopyrimidine gives uracil on prolonged hydr~lysis,~@ and 
4-hydroxy-2-rnercapto-6-me t h ylpyrimidine gives 6-me t hylur acil at 
150" with hydrochloric acid.bo The conversion of mercapto to hydroxy is 
very often done by S - e l a t i o n  followed by  acid hydrolysis, by oxi- 
dation (to sulphonic or sulphinic acid; e.g. XXIX) followed by hy- 
drolysis, or even less directly by alkylation followed by mild oxidation 
to a sulphone and subsequent hydrolysis, 

(1) By S-Alkylation and Hydrolysis of the AZkyllhio$yrimidine 

Most rnercaptopyrimidines are readily S-methylated by dissolu- 
tion in alkali and shaking with methyl iodide or dimethyl sulphate. 
The resulting alkylthio derivative is then boiled with 6 N-hydrochloric 
acid to give the hydroxy derivative with the evolution of methylmer- 
captan. The alkylation part of this process is treated in Chapter VIII, 
Sect. 1 .D(2) and the following examples of the acid hydrolysis of alkyl- 
thio groups are typical : 2-hydroxy-* from 2-ethylthi0pyrimidine;~1 
2,4-dihydroxypyrimidine from 4-hydro~y-Z-methylthio-,~* 2-benzyl- 
thi0-4-hydroxy-,~ or 4-ethoxy-2-ethylthio- pyrimidine 4,6-diamino- 
2-hydroxypyrimidine by brief hydrolysis, and 2,4,6-trihydroxypyrim- 
idine by long hydrolysis of 4,6-diamino-2-methylthiopyrimidine ;M 1- 
and 3-methyluracil from 1,4(and 1,6)-dihydro-l-rnethyl-Z-methyl- 
thio-4-tand 6-}0xopyrimidine;~ 4-amino-2-hydroxy- from 4-amino-2- 
cthylthio- pyrimidine by boiling with hydrobromiP or hydrochloric 
acid.% 

A widely used version of this process for converting rnercapto- into 
hydroxy-pyrimidines involves alkylation of the former with aqueous 
chloroacetic acid to give a carboxymethylthio derivative in solution. 
This may often be isolated if desired, but generally hydrochloric acid is 
simply added to the solution and on further refluxing hydrolysis to 
thioglycollic acid and the hydroxypyrimidine ensues. In this way, for 
example, is best made 4,6-diamino-2-hydroxypyrimidine. It will be 
recalled that malononitrile does not condense satisfactorily with urea to  

* Isolated and analysed as hydrochloride. The (unanalysed) base supposedly 
made from it did not correspond in m y  way to  authentic materialprepared 
later,8* but the hydrochlorides had the same m.p. 
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give this compound. Thiourea, however, does so readily, to give 4.6- 
diamino-2-mercaptopyrimidine (XXIV) which on treatment with 
chloroacetic acid followed by 2 N-sulphuric acid gives the required 
hydroxypyrimidine (XXVI) in good yield?' the intermediate (XXV) 
may be isolated if an excess of chloroacetic acid is avoided, or if it is 
neutrdized before starting the reaction. The process is also a step in 
convenient preparations of uraci163~88~eB from 2-thiouracil (which is 
available in quantity), and in preparing c y t o ~ i n e ~ ~ ~ ~ 0  from 2-thiocy- 
tosine (XXVII) which is readily made. In  these cases, the intermediates 
are not normally isoIated. Other hydroxypyrimidines made from their 
2-mercapto analogues in this way include 2,4-dihydroxy-5-methyl- 
pyrimidine,'l 2-hydro~y-4-methyIaminopyrimidine,~~ 4-amino-5-eth- 
o~ycarbonyl-2-hydroxypyrimidine,~~* 2,4-dihydroxy-5-methoxy-6-me- 
thoxymethylpyrimidine (and h o m o l ~ g u e s ) , ~ ~ ~ ~ ~  4-amino-2-hydroxy-5- 
methylpyrimidine,'O 2,4-dihydro~y-6-methylpyrimidine,'~ and related 
compounds.76f 'I7 

Since 4- or 6-mercapto groups are invariably introduced either 
directly or indirectly from hydroxy groups, there is little call for the 
reverse process. A good example, however, is the conversion of P-hydr- 
oxy-4-mercaptopyrimidine into uracil with chloroacetic acid in 70 % 
yield.6a 

Any analogous grouping may be substituted for the carboxy- 
methylthio group, and hydrolysis still gives a hydroxypyrimidine. 
Thus 2-a-carboxy-a-methylethylthio-4-hydroxy-6-methyIpyrimidine 
with boiling dilute hydrochloric acid gave 2,4-dihydroxy-6-methyI- 
pyrimidine in 95 % yield.78 

NH, NH, 

--3 

H,N '' N SK - H,N L'SCH&O& H,N 
(XXIV) WXV) (XXvI) (XXvII) 

(2) By Oxidation to Sulphinic or Szclfilaonic Acid a d  Hydrolysis 

Oxidative hydrolysis of mercaptopyrimidines can lead to removal 
of the mercapto group either in favour of hydrogen (desulphurization) 
or in favour of hydroxyl. Sometimes both productsm are formed. The 

* Experimental details are lacking. The ester might have been expected to 
hydrolyse during the acid treatment. 
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picture is rather confused and would benefit from a systematic study; 
at present it is not easy to  forecast which course the reaction will take 
in a given case. For preparative purposes, and in the present state of 
knowledge, it is better to avoid the process. 

Dilute nitric acid, at least, seems to give only hydroxy from mer- 
capto derivatives. Thus 4-ethyl-6-hydroxy-2-mercaptopyri1nidine on 
warming with 2.5 N-nitric acid gives 4-ethyl-2,6-dihydro~ypyrimidine,8~ 
and 4,5-diamino-6-hydroxy-2-mercaptopyrimidine with “25 % ni- 
tric acid” gives (presumably) 4,5-diamino-2,6-dihydroxypyrimidine, 
which was isolated as a triazolopyrimidine because it reacted with the 
nitrous acid produced during the oxidation by nitric acid?‘ 5-Ethoxy- 
carbonyl-4-hydroxy-2-mercaptopyrimidine (XXVIII) with dilute ni- 
tric acid gives 5-carboxy-2,4-dihydroxypyrimidine (XXX) in good 
yield,s*~&s with chloroacetic acid it gives the same product (XXX),aB 
but with hydrogen peroxide in dilute acid it gives the same product 
mixed with the desulphurization product, 5-ethoxycarbonyl-4-hydr- 
~xypyrimidine~~ (XXXa) . The rather analogous 4-hydroxy-5-8- 
hydroxyethyl-2-mercapto-6-methylpyrimidine with alkaline hydrogen 
peroxide gives a good yieId of only the 2,4-dihydroxy derivative?‘ and 
other e x a m p l e s ~ ~ ~  are known. The normal reaction, however, with 

(XXVIII) (XXIX) 

OH OH 

hydrogen peroxide is replacement of mercapto by hydrogen (Sect. 1 .D( 1)). 
Concentrated nitric acid in glacial acetic acid has been used to convert 
5-ethoxycarbonyl-3-octyl-2-thiouracil into the corresponding uracil, 
and 7 +N-nitriC acid for the analogous preparation of 5-carboxy-3- 
phenyluracil from 5-ethoxycarbonyl-3-phenyl-2-thiouracil,s both in 
good yield. 
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(3) By S-Alkykztion, Oxidation 80 Slclfihone, and Hydrolysis 

The S-alkylation of mercaptopyrimidines and the subsequent 
oxidation to (isolated) sulphones are dealt with in Chapter VIII, Sects. 
1 .D(2) and 5.A respectively. The present section gives some examples of 
the hydrolysis of sulphones to hydroxy derivatives, and of the sulphone 
formation as well when this intermediate is not isolated. 

Sulphones can be hydrolysed conveniently by boiling with 6 ~ -  
hydrochloric acid or more gently with aqueous alkali. Thus 4-methoxy- 
6-methyl-2-rnethylsulphonylpyrimidine (XXXII) (from the corre- 
sponding thioether (XXXI) by chlorine oxidation) with aqueous 
sodium hydroxide gave Z-hydroxy-4-methoxy-6-methylpyrimidine~ 
(XXXIII), and 4-ethoxy-2-ethylsulphonyl-5-methylpy~imidine or its 
5-bromo analogue gave with alkali respectiveIy 4-ethoxy-2-hydroxy-5- 
methyl- and 5-bromo-4-ethoxy-2-hydroxy- pyrimidine.88 Similarly 
2 - ethylsulphonyl - 4 - ethoxy(and methoxy) - 6-methyl-5-propylpyrim- 
idine give the corresponding 2-hydroxy derivatives,~~'Jl and the 5- 
ethyl and 5-methyl analogues did On the other hand, hy- 
drolysis with 6 N-hydrochloric acid converted P;unino-2-ethyJsulphonyl- 
into 4-amino-2-hydroxy- 5-methylpyrimidine@ and simiIar hydrolysis 
of nine more 2-ethylsulphonylpyrimidines (all containing in addition 
a hydrolysable 4-group) have been reportedM without experimental 
detail, to give the Corresponding dihydroxy derivatives. This list in- 
cludes hydrolysis of 2,4-bisethylsulphonylpyrimidine, 4-chloro-2- 
ethylsulphonylpyrimidine, and 4-ethoxy-2-ethylsulphonylpyrimidine, 
to uracil, and of the similar formation of some 5-substituted uracils. 

The action of hydrogen peroxide on ethanolic solutions of alkyl- 
thiopyrimidines has been studied by Yuoh-fong Chi and his colleagues. 
With ethylthiopyrimidines represented by (XXXIV; R = C1, OMe, 
OEt, NH,, NHMe, or NEtJ alcoholic hydrogen peroxide gives the 
corresponding 2-hydroxy derivatives (XXXV; R as before). A sulphone 
intermediate was postulated but could not be isoIated; in one case (4- 
chloro-2-ethylsulphonylpyrhidine) it was made by the cold chlorine 
oxidation of (XXXIV; R = C1) and hydrogen peroxide on this sulphone 
gave the appropriate 2-hydroxy d e r i v a t i ~ e . ~ ~ . ~  When a 5-methyl group 
was present in the ethylthiopyrimidine (XXXVI; R as before), the 
intermediate sulphone (XXXVII) was easily isolated after peroxide 
treatment in each case, and further oxidation gave the appropriate 
hydroxy compound (XXXVIII). In one case (R = C1) partial loss of 
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the 2-group occurred giving some 4-chloro-5-methylpyrimidine (XL), 
and in other cases the 2-hydroxy products in part underwent further 
reaction to thymine (XXXIX).Q?sm The best conditions for obtaining 
maximum yields of products from (XXXIV) and (XXXVI) have been 
explored and tabuIated.ge* 

OMe OMe OMe R R 

(XXXI) (XXXII) (XXXIII) (XXXIV) (XXXV) 

alc. H.0,; (R-U oaly) 
/ I 

R R R OH c1 

(XXXVI) (XXXVII) (XXXVIII) (XXXIX) (XL) 

G. By Reductive Cleavage of Benzyloxypyrimidines 

The formation of hydroxypyrimidines by reductive fission of ben- 
zyloxy derivatives could be of great use when hydrolysis is contra- 
indicated because of other labile groups in the molecule. The process 
has been little used in the series, but is represented by the conversion of 
4-benzyloxy-2-carbamoyl-6-methylpyrimidine (by hydrogenation over 
palladium) into 85 % of 2-carbamoyl-4-hydr0~-6-rnethy~p~dine,~~~ 
and less simply by the conversion of 4-benzyloxy-6-methylpyrimidine- 
N-oxide into 4-hydro~y-6-rnethylpyrimidine.~~~ 

2. Preparation of 5-Hydroxypyrimidines 

Although not a great many 5-hydroxypyrimidines have been 
made, there are now two good general methods of producing them as 
well as the older and more limited ways. These less generally useful 
procedures will be treated first. 

A. Miscellaneous Useful Methods 

5-Hydroxypyrimidines have been made from 5-bromo derivatives. 
Thus aqueous barium hydroxide and copper powder at 180” converted 
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2-amino-5- bromo-4,6-dimethylpyrimidine into the 5-hydroxy analo- 
gue,lW and 5-bromouridine and deoxyuridine, when treated in hot aque- 
ous solution with lead oxide gave respectively 5-hydroxy-uridine1mg 1M 
and -deoxyuridine.lW 5-Bromo-l,2,3,4-tetrahydro- 1,3-dirnethyl-2,4-&- 
oxopyrimidine similarly gives the 5-hydroxy analogue,lw but it (and 
2,4,5-trihydroxypyrimidine) are best made by simple boiling with aque- 
ous sodium bicarbonate.lw 

The direct hydrolysis of a 5-amino- to a 5-hydroxy-pyrimidine 
has been used in the preparation of 2,4,5-trihydroxypyrimidine (from 
5-nitrouracil by tin and hydrochloric acid reduction with subsequent 
hydrolysis),lO& 2-amino-4,5-dihydroxypyrimidine (from 2,5-diamino- 
4-hydroxypyrimidine with 20 % sulphuric acid at 140°),111 2-methyl- 
4,5-&hydroxypyrimidine (from the 5-ethoxycarbonylamino derivative 
with hydrochloric acid at 120°),112 and 4,5-dihydroxypyrimidine {from 
4,5-diamin0-,~~~ 5-amin0-4-hydroxy-,*~~ or 5-benzamid0-4-hydroxy-,~~~ 
pyrimidinell4 with 6 N-hydrochloric acid). AlIoxan (hexahydrotetraoxo- 
pyrimidine), on stannous chloride or other reduction, yields dialuric 
acid (te trahydroxypyrimidine) . 116-1x7 

The first serious attempt to make 5-hydroxypyrimidine itself was 
the treatment of 5-aminopyrimidine with nitrous acid. Nitrogen was 
evolved but no product was isolated.116 However, successful prepara- 
tion of 2-carboxyamylamino-5-hydroxypyrimidine by diazotization of 
the corresponding 5-amino derivative has been described.ll9 

The assignment of a 2,4-diaryl-5-hydroxypyrimidine structure to 
several cornpoundslz0t lZ1 was later shown to be wrong.llgP 12* 

B. Through Primary Synthesis of a 5-“Protected”-hydroxypyrimidine 

The most versatile method of making 5-hydroxypyrimidines is by 
primary synthesis of a pyrimidine-5-ether of a type which can be 
easily hydrogenated or hydrolysed to a 5-hydroxy derivative. The 
most satisfactory “protected”-hydroxy groups (ethers) have been 
methoxy, benzyloxy, and tetrahydropyran-2-yloxy groups. 

The use of the methoxy group is typified in the preparation of 5- 
hydroxypyrimidine itself. Methyl-a-formyl-a-methoxyacetate (MeOCH- 
(CHO)CO,Me) was condensed with thiourea to give 4-hydroxy-2- 
mercapto-5-methoxypyrimidine (XLI) which was desdphurized with 
nickel to 4-hydroxy-5-methoxypyrimidine (XLII). Treatment with 
phosphorus pentasulphide (or with phosphoryl chloride followed by 
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thiourea) gave 4-mercapto-5-methoxypyrimidine (XLIII) which was 
desulphurized to 5-methoxypyrimidine* (XLIV). Hydrolysis with 
potassium hydroxide in gIycol gave 5-hydro~ypyrimidine~~~ lS38 ( X W .  

OH OH SH 

(XLII) (XLIII) (XLIV) 

Benzamidine was then used in place of thiourea in the initid 
Common Synthesis above and an analogous sequence gave ti-hydroxy- 
2-phenylpy~imidine.l*~* l238 By employing benzyl formylbenzyloxy- 
acetate in the initial synthesis the penultimate 5-benzyloxypyrimidine 
was made similarly, but the last step to 5-hydroxypyrimidine was 
unsatisfactory.113 

4,5-Dihydroxypyrimidine was prepared by aqueous hydrobromic 
acid hydrolysis of 4-amino-, 4-methylthio-, and 4-hydroxy- 5-methoxy- 
pyrimidine.113 There are also a few examples of 5-ethoxypyrimidines 
(produced initially by primary synthesis) being converted into 5- 
hydroxy derivatives : 4-amino-5-ethoxy-2-ethylthiopyrimidine gives a 
mixture of 4-amino-2,5-hydroxy- and 2,4,5-trihydroxy- pyrimidine,68 
and rather similar routes lead to 1 (and 3)-benzy1-5-hydroxyura~il~*~ 
5-hydroxy- I -methylura~i l ,~~ and 5-hydroxy- 1 (and 3j-methyl-2- 
thiouracil.lM An interesting ether hydrolysis is that of 4-hydroxy-5- 
isobutoxy-6-isobutoxymethyl-2-mercaptopyrimidine with hydnodic 
acid,'s The extranuclear ether is first split and reduced to give 4- 
hydroxy-5-isobutoxy-2-mercapto-6-methylpyrimidine which on pro- 
longed boiling is again split at the 5-ether to give 4,5-dihydroxy-2- 
mercap to-6-me th ylp yrimidin e. The homologue with isopropox y groups 
gives the same final prod~ct , '~  and the analogous 2,4-dihydroxy-5- 
isobutoxy-6-isobutoxymethylpyrimidine likewise gives finally 2,4,5- 
trihydro~y-6-methylpyrimidine.~~ 

The use of a benzyloxy group on the way to a 5-hydroxypyrim- 
idine is particularly useful because the protective part can be finally 
removed either by hydrolysis or by hydrogenation. A typical synthesis 
started with ethyl a-benzyloxy-a-formylacetate and guanidine to give 
2-amino-5-benzyloxy-4-hydroxypyrimidine (XLVIII) which was hy- 

* This could be more easily made now from 5-bromopyrimidine, itself ob- 
tained directly from pyrimidine.IM 
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drogenated over palladium to yield 2-amino-4,5-dihydroxypyrim- 
idinelm* (XLIX). The 2-hydroxy and 2-methyl analogues were 
prepared by using urea and acetamidine in the initial synthesis, and the 
benzyloxy group was removed by hydrogenationlm or hydrolysis.113 
Use of thiourea resulted in 5-benzyloxy-4-hydroxy-2-mercapto- 
pyrimidine which was desulphurized, and the 5-benzyloxy-4-bydroxy- 
pyrimidine (XLVI) was either hydrogenated,l27 or acid hydrolysedll3in 
slightly poorer yield, to 4,5-dihydroxypyrimidine (XLVII). Similar 
syntheses starting with diethyl benzyloxymalonate gave finally after 
hydrogenation 2-amino-4,5,6-trihydroxypyrimidine, its 2-methyl ana- 
logue, its 2-hydroxy analogue (dialuric acid), and 4,5,6-trihydroxy- 
pyrimidine.129 4-Amino-5-hydroxypyrirnidine has been made113 by hy- 
drogenation or hydrolysis of the corresponding benzyloxy derivative. 

Another “protected” hydroxy group is tetrahydropyran-2-yloxy ; 
it is much more easily hydrolysed to hydroxy than is a benzyloxy 
group. I ts  utility is exemplified by condensation of ethyl a-formyl- 
a-tetrahydropyran-2-yIoxyacetate* and guanidine to give !?-amino-& 

OH OH 

Hof; CiJ WHa ’ 
PhCHzo” N hotHCI 

(XLVI) (XLVII) 

OH 

cold 

(XLVI 11) (XLIX) 

hydroxy-5-tetrahydropyran-2‘-yloxypyrimidine (L) which on shaking 
with dilute sulphuric acid for an hour gave 92 % of Z-amino-4,5-dihy- 
droxypyrimidinelm (XLIX). Other pyrimidines made by appropriate 
modifications of this synthesis include 4,5-dihydroxy-2-methylpyrim- 
idine, 2-amino-4,5-dihydroxy-6-hydroxymethylpyrimidi11e, 2,4-diami- 
no-5,6-dihydroxypyrimidine (divicine), 4(and 2)-amino-2(and 4),5,6- 
trihydroxypyrimidines, tetrahydroxypyrimidine, 4,5,6-tnhydroxypyr- 
imidine and its 2-mercapto, 2-phenyl, and 2-methyl derivatives.12* 

* Made by addition of ethyl glycollate to 2,bdihydropyran, and treatment 
of the resulting ethyl tetrahydropyran-2-yloxyacetate with sodium and ethyl 
formate. 
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Finally, 5-hydroxy derivatives have been made with the hydroxy 
group protected only as an ester instead of an ether: 3-acetoxypentane- 
2,4-dione LMeCOCH(0Ac)COMe J on condensation with urea and 
thiourea gave respectively 2,5-dihydroxy-4,6-dimethylpyrimidine and 
5-hydroxy-2-rnercapto-4,6-dimethy~pyrimidine directly. The latter on 
desulphurization with Raney nickel gave 5-hydroxy-4,6-dimethyl- 
pyrimidine.l13 

C. By Perrulphate Oxidadon 

A very valuable extension of the Elbs persulphate oxidation of 
mono- to di-hydroxybenzenes was introduced to the pyrimidine series 
by R. Hull.lso Treatment, for example, of 2-hydro~y-4~6-dirnethyl- 
pyrimidine (LI) with cold alkaline persulphate gave 2-hydroxy-4,6- 
dimethylpyrirnidin-5-yl hydrogen sulphate (LII) and this ester was 
hydrolysed by boiling 5 N-hydrochloric acid to 2,5-dihydroxy-4,6- 
dimethylpyrimidine (LIII). Other 5-hydroxy derivatives similarly 
produced1** include 2-amino-4,5-dihydroxypyrimidine, its &methyl 
derivative, 4,5-dihydroxy-6-methy1-2-piperidinopyrimidinel 2,4-di- 
amino-5-hydroxypyrimidine, and its 6-methyl derivative. 4-Amino-5,6- 
dihydroxypyrimidine has been made by the same route.lls The reac- 
tion was further explored, without isolating products, by treating 
several pyrimidines with persulphate, hydrolysing, and taking the 
production of a blue colour with ferric chloride as a criterion of the 
insertion of a 5-hydroxy group. Positive reactions to this procedure 
were given by 2-dimethylamino-4-hydroxy-, 2,4-dihydroxy-6-methyl-, 
4,6-dihydroxy-2-methyl-, and other pyrimidines.lS0 Persulphate oxi- 
dation of pyrimidines requires the presence of at least one electron- 
releasing group. 

3. Preparation of Extranuclear Hydroxypyrirnidines 

There are not a great many known pyrimidines with hydroxy 
groups attached indirectly to the nucleus, but they have been made 
by a variety of methods. 
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A. By Direct Synthesis 

This rarely used route is exemplified in the following cases: hydr- 
oxyacetamidine and ethyl acetoacetate condense in aqueous alkali to 
give 4-hydroxy-Z-hydroxymethyl-6-methylpyrimidine~1~1 The same 
amidine with ethyl a-ethoxy-cc-methylacetoacetate [EtOCH,COCH 
( Me)C02Et J gave 4-ethoxymethyl-6-hydroxy-2-hydroxymethyl-5-me- 
thylpyrimidine whence, by refluxing with aqueous hydrobromic acid, 
4-hydroxy-2,6-bishydroxymethyl-5-methylpyrimidine was obtained.lsl 
a-Ethoxycarbonyl-a-butyrolactone (LIV) has been condensed with 
formamidine, acetamidine, benzamidine, and other amidines to give 
4,6-dihydroxy-5-@-hydroxyethylpyrimidine (LV) and its 2-akyl deriv- 
atives.1s2 Similarly a-acetyl-y-butyrolactone and thiourea give 4- 
hydroxy-5-hydroxymethyl-2-mercapto-6-~ethylp~~dine,1~ and a- 
ethoxycarbonyl-a-ethyl-y-butyrolactone and guanidine gave P-amino- 
5-ethyl-4,5-dihydro-6-hydroxy-5-hydroxyethyl-4-oxopyrimidine (LVI) . 
Several other 5-alkyl derivatives have been made and the mechanism 
of the reactions discussed.132 Direct syntheses have also been used to  
make pyrimidines typified by 2-amino-4-hydroxy-5-hydroxyethyl-6- 
methylpyri1nidine,13~ and by 2,4-diamino-5-(2,3-dihydroxypropyI)-6- 
hydro~ypyrimidine,~~~ 

B. From Amino Derivatives 

Several hydroxymethyl intermediates of vitamin B, or analogues 
have been made by the action of nitrous acid on the corresponding 
aminomethyl derivative (e.g. LVII). In this way was prepared 4-amino- 
5-hydro~ymethyl-2-methylpyrirnidine~~~~ 137 (LVIII), its 6-methyl deriv- 
ative,l= and 4-hydr0xy-5-hydroxymethyl-2-methylp~i~dine.~~~-~~~ 
The general conditions used were to add sodium nitrite to an aqueous 
solution of the amine hydrochloride, and warm at 60-70”. The method 
has also been used to make 5-hydroxymethyluraciI.’Pa 
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C. From Halogeno Derivatives 

The conversion of extranuclear halogenopyrimidines into the 
corresponding hydroxy derivatives has been discussed in Chapter VI, 
Sect. 7.A. 

D. By Reduction of Eaters 

Pyrimidines with an ester grouping in the 5-position (e.g. LIX) 
have been reduced with lithium aluminium hydride to the conespond- 
ing 5-hydroxymethyl derivatives. There seems to be no reason why 
this reaction should not be extended to other positions. As examples 
may be quoted the preparation of 4-amino-2-ethylthio-5-hydroxy- 
met hylpyrimidine, 14* 4-amino-5-hydroxyme t hyl-2-me t hylthio- 
pyrimidine,145 4-amin0-2-hydroxy-5-hydroxymethylpyrirnidine~~~~~~ 
(hydroxymethylcytosine; also made from the above ethylthio deriva- 
tive by acid lPB), 4-amino-2-chloro-5-hydroxymethylpyr- 
irnidine,l" and 4-amino-5-hydroxymethyl-2-trifluoromethylpyrim- 
idine.148 5-Hydroxymethylcytosine and 5-hydroxymethyluracil occur 
in some virus nucleic acids.14e 

E. By the Action of Formatdehyde 

2,4-Dihydroxy-6-methylpyrimidine, on boiling with an excess of 
aqueous formaldehyde, gave 2,4-dihydroxy-5-hydroxymethyl-6-me- 
thylp~rimidine,'~* and the hydroxymethyl derivative corresponded in 
properties and melting point to material made by another route.l61 
Although failure to make the lower homologue, 2,4-dihydroxy-5- 
hydroxymethylpyrimidine, by similar means was reported14e in 1936, 
more recently Cline, Fink, and Fink162 have shown that pa.raformaIde- 
hyde and uracil do in fact give the desired product in 80 % yield. The 
condensation is best done in aqueous alkali but even acidic media 
permit a small yield. Material obtained from the original 5-hydroxy- 
methyluracil synthesis from 5-aminomethyl9,4-dihydroxypyrimidine 
and nitrous acid142 is identicaP with the directly made material. 
Furthermore, its supposed in~tabiI i ty '~~ is largely illusory; and despite 
loss of a little formaldehyde on prolonged boiling in water, only a trace 
of uracil is reformed.ls2 
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Other 5-hydroxymethyl derivatives made with formaldehyde in- 
clude those of uridine (20 %), deoxyuridine (20 %), and orotic acid (8 %), 
the last being isolated as its 1act0ne.l~~ 

Active methyl groups on pyrimidines have been converted into 
p-hydroxyethyl groups with formaldehyde. Thus 4-methylpyrimidine 
and paraformaldehyde a t  165" gave 87 % of 4-~-hydroxyethylpyrimm- 
idine .153 2-Dimethylamino-4-~-hydroxyethylpyrimidine was made simi- 
larly, but in this case some dehydration took place to give a consider- 
able amount of a by-product, 2-dimethylamino-4-vinylpyrimidine.153 

An interesting case of hydroxymethyla tion with formaldehyde is 
the conversion of the dihydropyrimidine, 5-ethylhexahydro-2-methoxy- 
4,6-diox0-5-phenylpyrimidine with aqueous alkaline formaldehyde into 
5-ethylhexahydro- 1,3 -bishydroxymethyl-2-methoxy-4,6-dioxo-5- 
phenylpyrimidinelS4 (LXI) . 

F. From Pyrimidine Aldehydes 

The Cannizzaro reaction has been used to make hydroxymethyl- 
pyrimidines, but since the number of pyrimidine aldehydes known is 
limited, the method is not of wide application. The simplest example is 
the conversion of 4-formyl-6-hydroxypyrimidine (LXII) (as its diethyl 
acetal) with alkali at 100". into 4-hydroxy-6-hydroxymethylpyrim- 
idine (LXIV) and the corresponding carboxylic acid (LXIII), in 
reasonable yield.155 Other aldehydes gave 4-hydroxy-6-hydroxymethyl- 
Z-mer~aptopyrimidine,~~~ 4- hydroxy -6- hydroxyme thyl- 2 -met hylthio- 
pyrimidine,155 and 2,4-dihydro~y-6-hydroxymethylpyrimidine.~~~ 

Pyrimidine aldehydes have also been reducedlm with sodium 
borohydride to give for example 4-hydroxy-6-hydroxymethylpyrim- 
idine (LXIV) and its 2-methylthio derivative. The yields are better 
than by using a Cannizzaro reaction. Catalytic reduction of aldehydes 
has also been used : for example, 4-amino-5-formyl-2-methylpyrim- 
idine hydrogenated over platinum oxide gives 70 Yo of 4-amino-5- 
hydro~ymethyl-2-methylpyrimidine,~~~ and the reduction can also be 
done over nickel or palladium cata1y~ts . l~~ 

G. By Other Means 

2,4-Dichloro-6-me thyl-5-nitropy-rimidine reacts with et hanola- 
mine at  - 10" in methanol to give 2-chloro-4-~-hydroxyethylamino-6- 
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methyl-5-nitropyrimidine.1m Examples of this type of hydroxy 
derivative (such as the condensation products of hydroxybenzalde- 
hydes with hydrazinopyrimidineslw) could be multiplied but their 
preparation is generally obvious (although not by any means always 

Extranuclear hydroxy derivatives may be prepared from the 
corresponding ethers, provided the rest of the molecuIe will withstand 
vigorous hydrolysis. The chloro or bromo analogue is generally formed 
by treatment with hydrochloric or hydrobromic acid (Ch. VI, Sect. 3.C), 
and then hydrolysed by alkali, Ch. VI, Sect. 7.A. 

easy). 

NaBH. 

(LXII) (LXXXI) (LXIV) 

4, Preparation of Alkoxy- and Aryloxy-pyrimidines 

In the 2-, 4, and 6- positions alkoxy groups are normally prepared 
from hydroxy via chloro derivatives, but in the 5-position or as extra- 
nuclear substituents, they are usually made by the Principal Synthesis. 
There are, however, sufficient exceptions to this statement to justify 
care in choosing a convenient route to a given alkoxypyrimidine. 

A. By the Principal Synthesis 

A few 2-alkoxypyrimidines have been made by using an 0- 
akylurea in a Common Synthesis. Thus 0-methyl- and 0-ethyl-urea 
condense with ethyl acetoacetate to give 4-hydroxy-2-methoxy-6- 
methylpyrimidine (LXV) and the 2-ethoxy homologue,161* and 0- 
me thy Iur ea with e thy1 e thylacet oace t at e gives 5-ethyl-4-hydroxy-2- 
metho~y-6-methylpyrimidine.~~~ Similar condensation with ethyl 
formylfluoroacetate gives 5-fluoro-4-hydroxy-2-1nethoxypyrimidine.~~ 
0-Allylurea with ethyl acetoacetate and diethyl malonate yields 
respectively 2-allyloxy-4-hydroxy-6-methylpyrimidine and 2-allyl- 
oxy-4,6-dihydroxypyrimidine.lM Now that 0-methylurea is readily 
available in quantity,lG*'" its use in direct syntheses may increase. 
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The exceptional production16? of 6-ethoxypyrimidines by a Common 
Synthesis involving diethoxymethylenemalononitrile has been de- 
scribed at  the end of Chapter 11, Sect. 9. 

Many 5-alkoxy- and 5-aryloxy-pyrimidines have been made by 
Common Synthesis and examples can be found in Chapter 11. Typical 
are the preparation of 2-amino-5-benzyloxy-4-hydroxypyrimidine1~7~ 1w 
(from ethyl benzyloxyformylacetatc and guanidine), 2,4-diamino-5- 
ethoxy-6-hydro~ypy~imidine~~~ (from guanidine and ethyl ethoxy- 
cyanoacetate}, the variety of 5-aryIoxypyrimidines describedle9 in 
connection with antimalarial studies, and 4-hydroxy-Z-mercapto-5- 
methoxy - 6 - metho~yrnethylpyrimidine~~ (LXVII) (from s - butyl my- 
dimethoxyacetoacetate (LXVI) and thiourea). 

The last example above includes an extranuclear ether (in 6- 
position) preparcd by the Principal Synthesis. Other such compounds 
(4- and 5-positions) are 2-amino-5-ethoxyethyl-4-ethyI-6-hydroxy- 
pyrimidine17* (from guanidine and ethyl ethoxyethylacetoacetate), 
5-ethoxymethyl-2-ethyl-4-hydroxypyrimidine17~ (from ethyl @-ethoxy- 
formylpropionate and propionamidine), 4-aminod-methoxymethyl-Z- 
met hylpyrimibinc172 (from @-met hoxy-a-me t hoxymethylenepropioni- 
trile and ace tamidine}, 2-amino (and hydroxy j-$-me thoxymethyl-6- 
methylpyrimidine,17s and a variety of similar  compound^.^^^?^^^ Extra- 
nuclear ethers attached to the 2-position are represented by the con- 
densation of anisamidine with ethyl acetoacetate to give 4-hydroxy-2- 
fi-methoxyphenyl-6-methylpyrimidine.17s 

I 11 
MeOH&-N"SH 

(LXVII) 

B. From Halogenopyrimidines 

The replacement of 2-, 4-, and 6- halogeno by alkoxy groups has 
been discussed in some detail in Chapter VI, Sect. 5.D. Most such alkoxy 
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or aryloxy groups are made in this way. Examples of extranuclear 
ethers made similarly have also been given in Chapter VI, Sect. 7.A. 

5-Halogeno groups cannot normally be replaced by alkoxy, but 5- 
bromopyrimidine gives knethoxypyrimidine by treatment at 120" 
with methanolic sodium methoxide.124 

C. By Other Means 

Although a number of 2-alkyIsulphonylpyrinidines have been 
made, and although such groups have been converted into alkoxy 
groups in related systems (e.g. in making 8-methoxyp~rine~~),  there 
seem to be only a few examples of its use in pyrimidines. 4-Ethoxy-2- 
ethylsulphonyl-5-methylpyrimidine on boiling with alcoholic sodium 
hydroxide gave 2,4-diethoxy-5-methyIpyrimidine in about 40 % yield,w 
and other alkoxypyrimidines made in this way, but with sodium alk- 
oxide in an alcohol,89 include 2,4-dimethoxy-5-methylpyrimidine, 5- 
bromo-2,4-diethoxypyrimidine, and 4-amino-2-ethoxy-5-ethoxycarbo- 
nylpyrirnidine, as weU as 5-ethyl-2,4-dimethoxy-6-methylpyrimidine 
and its diethoxy analogue?% Since sulphones are easily made from 
thio-ethers, this transformation appears a facile route from mercapto- 
or methylthio- to methoxy-pyrimidines: 

Me1 C1 NaOMe R-SH NaOH+ R-We 1 3  R-S0,Me --+ R-OMe or R-OH 
or HIO, or NaOH 

Alkylation of hydroxypyrirnidines is not satisfactory for preparing 
alkoxy derivatives because the process (even with diazomethane) almost 
invariably gives an N-alkylated oxopyrimidine (Ch. X), sometimes with 
a little of the alkoxy derivative. Thus 2-hydroxypyrimidine with diazo- 
methane gave 52 % of 1,2-dihydro-l-methyl-Z-oxopyrimidine and only 
17 % of Z-meth~xypyrimidine.~~ PHydroxypyrimidine similarly treated 
gave 51 % of 1,6-dihydro-l-rnethyl-6-oxopyrimidine and only 9 % of 
4-rnetho~ypyrimidine,6~ and 4-chloro-6-hydroxypyrimidine gave ten 
times as much 4-Chl0~0-~,6-dihydro-l-methyl-6-oxopyrimidine as 4- 
chlor0-6-methoxypyrirnidine.~ The literature contains several claims 
of at least predominant O-alkylation, for example in the formation of 
2-benzoylmethylthio-4-ethoxy(and methoxy)-6-methylpyrimidine,17* 
4-amino-6-methoxy-2-methylthiopyrimidine17s (which was later shown 
to be an N-methyl derivativeu0), 4-etho~y-2-phenylpyrimidine,~' 
and its 6-methyl derivative.182 These structures must be accepted 
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with some reserve at  present although the last compound seem also to 
have been made from 4-chloro-6-methyl-2-phenylpyrimidinewith sodium 
ethoxide.ls3 Even 5hydroxypyrimidine. which is a phenolic substance, 
does not methylate satisfactorily with methyl iodide,lla but 2,4,5- 
triliydroxypyrimidine with diazomethanelM or dimethyl sulphatelw 
fully methylates to give 1,2,3,4-tetrahydro-5-methoxy-1,3-dimethyl- 
2,4-dioxopyrimidine. Extranuclear hydroxy groups should methylate 
normally, but as most known examples of such pyrimidines also carry 
nuclear tautomeric groups, the additional complication of N-methyl- 
ation would exist. This has been obviated in the case of 2,4-dihydroxy- 
5-hydroxymethylpyrimidine by forming the extranuclear ethers by 
boiling with excess of an alcohol containing a little hydrochloric acid. 
In this way were made152 5-butoxymethyl-, and 5-ethoxymethyl-2,4- 
dihydroxypyrimidine as well as the methoxymethyl analogue, all in 
good yield. 

Several simple alkoxypyrimidines have been satisfactorily made by 
removal of other groups, notabIy chloro and mercapto. Thus 4-methoxy- 
pyrimidine was obtained by hydrogenation (PdjBaSO,) of its 2-chloro 
derivative in the presence of magnesium oxide,"v  lei^ and 5-methoxy- 
pyrimidine by Raney-nickel desulphurization of 4-mercapto-5-me- 
thoxypyrimidine.118*123 There are many less simple examples such as 
the preparation of the extranuclear ether, kthoxymethyl-6-hydroxy-5- 
methylpyrimidine, from its 2-mercapto derivative with hydrogen 
peroxide,171 and these processes (and decarboxyla tion) should not be 
overlooked in planning the synthesis of an alkoxypyrimidine. 

Under vigorous conditions, one akoxy group may replace another. 
Thus 2-amino-4-chloro-6-methoxypyrimidine with an excess of sodium 
ethoxide at 170" gives 2-amino-4,6-diethoxypyrimidine, and similarly 
2-amino-4-chloro-6-ethoxypyrimidine with sodium rnethoxide gives 2- 
amino-4,6-dimethoxypyrimidine. When less than 1 mole of alkoxide is 
used some 2-amino-4-ethoxy-6-methoxypyrimidine is formed in each 

Other examples are knOwnmel lel under much gentler conditions. 
Cyan0 groups in the 2-, 4-, or 6- position have been replaced by 

alkoxy groups. Thus 4-cyano-2,6-dimethylpyrimidine on boiling with 
methanolic sodium methoxide gives 4-methoxy-2,6-dimethylpyrim- 
idine in good yieldt1W1#1 2-cyano-4-methoxy-6-methylpyrimidine 
gives 2,4-dime t hox y-6-me t hylpyrimidine,lw 2-cyano-4-me t hox yp yrirn- 
idine gives 2,4-dimethoxypyrimidine,lgg and other butoxy and methoxy 
examples are known.1Q' 
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5. Properties and Structure of Hydroxy- and Alkoxy-pyrimidines 

The monohydroxypyrimidines are more soluble in water (and 
Iower melting) than are the di- and tri-hydroxy derivatives. In this 
they resemble the hydroxy derivatives in other N-heterocyclic series 
having a deficiency of z-electrons, and these phenomena have been 
discussed and explained.lD2 Table XI1 contains the relevant figures. 

TABLE XII. Solubility in Water and Melting Point of Simple Hydroxy- 
pyrimidines 

Solubility, 
parts water (20”) Melting point 

Unsubstituted 
P-Hydroxy- 
4-H ydroxy- 
5-Hydrox y- 
2,4-Di hydroxy- 
4,6-Dihydroxy- 
4,5-Dihydroxy- 
2,5-Dihydroxy- 
2,4,6-Trihydroxy- 
2,4,5-Trihydroxy- 
4,5,6-Trihydroxy- 
2.4.5.6-Tetrahydroxy- 

< l  22.5” 
2 180” 
3 165‘ 
“very sol.” 2 1 1  ” (dec.) 
300 ca. 340” (dec.) 
400 300” (dec.) 

cu. 300” fdec.) 

150 ca. 246” (dec.) 
GQ. 355” (dec.) 

“slightly sol.” cu. 2 15” (dec.) 

The alkoxypyrimidines on the other hand are liquids or low melting 
solids, and have the expected solubilities according to the size of the 
dkoxy or aryloxy group. Thus the methoxy derivatives are highly 
soluble in water, and all the alkoxy derivatives soluble in organic 
solvents. 

As has been mentioned in Chapter I, the 2-, 4-, and 6- “hydroxy” 
group (e.g. in LXVIII) is in tautomeric equilibrium with the 0x0 form 
(LXVIIIa) where the hydrogen has removed to a ring nitrogen atom. 
The position of this equilibrium in aqueous solution has been studied by 
ultraviolet spectra and ionization constants (as explained in Ch. XIII, 
Sect. 2.A), and so far all such “hydroxy” derivatives have been found 
to be almost entirely in the 0x0 form. To save confusion and to simplify 
nomenclature, it seems best to retain the name “hydroxy” whenever 
this form could be present, even if the experimental evidence points to 
the compound’s being predominantly 0x0 in form. Infrared spectra give 
some idea of the equilibrium in the solid state or in solution in lipophilic 
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solvents (Ch. XIII, Sect. 2.C). 5-Hydroxy groups are truly hydroxyl 
(or phenolic) in character. They are 8- to the ring nitrogen atoms and 
therefore no tautomerism of the hydroxy-oxo type can take place. 
Moreover, even in water the ratio of zwitterionic form (LXVIIIb) to 
en01 form (LXVIIIc) is very low.lv3 They give colour reactions with 
ferric c h l ~ r i d e . l ~ ~ . I ~ ~  Extranuclear hydroxy groups differ from 5-hy- 
droxy groups only in that they are insulated from the aromatic ring 
and therefore have the hydroxyl character of an alcohol rather than 
that of a phenol. Excepted from this are those hydroxylphenyl deriva- 
tives of pyrimidines which naturdIy have phenolic properties by virtue 
of the phenyl entity. Ionization of the various hydroxy derivatives is 
treated in Chapter XILI, Sect. 1.B. 

6. Reactions of Hydroxypyrimidines 

A. Conversion into Halogenopyrimidines 

By far the most important reaction of a 2-, 4-, or 6-hydroxypyrim- 
idine is its conversion into a halogenopyrimidine. This is normaIly 
done by heating with a phosphorus halide, often in the presence of 
dimethylaniline, and the processes have been already discussed in 
detail in Chapter VI, Sect. 1. Iodo groups cannot be thus introduced 
directly, but only via chloro or bromo derivatives. Hydroxy groups 
have not yet been successfully replaced by fIuoro groups. 

5-Hydroxy groups do not respond to treatment with phosphorus 
halides, and there is no general way of converting them into halogeno 
groups. Dialuric acid, however, gives tetrabromo- or tetracfiloro-pyrim- 
idine by heating with phosphorus pentahalide at 120°.1" 

Extranuclear hydroxy groups behave as alcohols and can be trans- 
formed to halogeno groups with phosphorus halides, thionyl chloride, or 
hydrogen bromide in acetic acid. Details and examples have been given 
in Chapter VI, Sect. 3.B. 
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B. Conversion into Metcaptopyrimidines 

2-, 4-, and 6-(but not 5- or extranuclear) hydroxy groups can often 
be directly transformed into mercapto groups with phosphorus pen- 
tasulphide. Alternatively the change can be achieved indirectly via a 
chloro derivative. 

The direct change of amide to thioamide with phosphorus penta- 
sulphide is well known.ln6 It  was first applied to the cycIic amides of the 
pyrimidine series by Henze and SmithlS'3 who converted 5,5-diethyl- 
and 5-ethyl-5-phenyl- barbituric acid (LXIX) to their trithio ana- 
logues (LXXII) by refluxing with phosphorus trisulphide in tetralin. 
CarringtonlP7 expanded this study by thiating twelve similar barbituric 
acid derivatives with a mixture of phosphorus pentasulphide and alkali 
polysulphides. In boiling toluene 2-thio- and 2,4-dithio-barbiturates 
(LXX and LXXI) were formed, and in xylene the same dithio and 
2,4,6-trithio derivatives (LXXI and LXXII) resulted. The presence of 
even one branched alkyl group in position 5 virtually halted thiation at 
the mono stage. 

Elion and Hitchingsls8 first applied the technique to simple pyrim- 
idines, and as examples of its use may be quoted the conversion of 
2,4-dihydroxy- or 4-hydroxy-2-mercapto-pyrimidine into 2,4-dimer- 
captopyrimidinesa~ m* in tetralin or xylene at 14@-t80°, of 4-hydroxy-2- 
mercapto-5 (or 6)-methylpyrimidine (LXXIII) into 2,4-dimercapto-5- 
(or 6)-methylpyrimidine (LXXIV) in tetralinfmpZm~ 201 or ~ylene ,~ '  of 
4-hydroxy-2-mercapto-6-phenylpyrimidine into 2,4-dimercapto-6-phe- 
nylpyTirnidine,18p and of 5-benzyluracil into 5-ben~yl-2~4-dimercapto- 
pyrimidine.m Thiation of barbituric acid and of 2,4-dihydroxy-5- 
nitropyrimidine was unsatisfactory,lm and experience indicates that the 
presence of nitro or of amino groups often inhibits thiation. Excep- 
tionsZo3. ma include 5-amino-4-bydroxypyrimidine being converted into 

* The crude "dimercapto" compound made from uracil contains considet- 
able amounts of 2-hydroxy-4-mercaptopyrimidine identified by amination to 
cytosine.= 
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5-amino-4-mercaptopyrimidine in reasonable yield.209 Some non- 
tautomeric hydroxy groups have been shown, in the quinoline series 
for example, to resist thiation,2M and 5-hydroxypynmidines are 
likewise resistant. Further, 4,6-dihydroxypyrimidine in which onIy 
one hydroxy group can be tautomeric does not satisfactorily thiate 
under a variety of conditions.205 Alkylthio groups which are present 
during thiation are converted into mercapto groups as in the prepara- 
tion of 2,4-dimercapto-5-methylpyrimidine (LXXIV) from 2-ethyl- 
thio-4-hydroxy-5-rnethylpyrimidinelBB (LXXIII ; R = SEt) and of 3- 
methyldithiouracil from 1 $-&hydro- 1-methyl-2-methylthio-6-oxopy- 
ximidine." 

The last example indicates that 0x0-groups can be thiated and 
several other cases are known : 1,2,3,4-tetrahydro-l,3-dirnethyl-2,4- 
dioxopyrimidine (LXXV) at  120" gives 1,2,3,4-tetrahydro-1,3-dime- 
thyl-2-oxo-4-thiopyrimidine1@* (LXXVI), but at 180 O is completely 
thiated to 1,2,3,4- tetrahydro- 1,3-dimethyl-2,4-dithiopyximidine~ 
(LXXVII). 1 (and 3)-Methyluracil thiate at  180" in tetralin to give 1 
(and 3)-methyldithio~raci1,~~~ 56 and 1,6(and 1,4)-dihydro-l-methyl-6 
(and 4j-oxopyrimidine give their thio analogues by refluxing with 
phosphorus pentasulphide in pyridine.2M 

The use of pyridine as a solvent for thiation is further exemplified 
by the preparation from the corresponding hydroxy compounds of 
4-mercapt0-5-rnethoxypyrirnidine,~~~~~~~~ 5-benzyloxy-4-mercaptopy- 
r i rn id i r~ , l~~* and 4-mercapt o-5-metho~y-2-phenylpyrimidine,~~~a and by 
the formation of 2-hydroxy-4-mercaptopyrimidine by thiation in 
damp pyridine of 2-etho~y-4-hydroxypyririmidine.~~ I-Methyluracil is 
likewise thiated in pyridine to l-methy1-4-thioura~il.~~ 

OH SK 0 S S 

(R= OH, 
sH, or SEt) 

I 
Me 

I 
Me 

I 
Me 

(LXXI 11) (LXXIV) (LXXV) (LXXVI) (LXXVII) 

C. Other Reactions o t  Hydmxypyrimidines 

Acylation of 2-, 4-, and 6-hydroxypyrimidines is normally un- 
successful, but uracil and thymine do in fact acetylate on the ring 
nitrogen atom at position 1 .zlo The products, 1-acetyIuracil (LXXVIII) 
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and 1-acetylthymine, are very labile, function as powerful acetyl- 
ating agents, and are rapidly hydrolysed in aqueous solution. Two 
acetylated derivatives of 4-hydroxypyrimidine, described in the nine- 
teenth century as 4-acetoxy-6-methyI-2-phenylpyri1nidine~~~* and 4- 
acetoxy-2,6-dibenzyI-5-phenylpyrimidine,z1 are likely in fact to have 
been N-acetyl derivatives. Acetylation of Phydroxypyrimidine gives 
an N-acetyldihydro-4-0xopyrimidinel~~ distinct from authentic 4- 
acetoxypyrimidine prepared from the N-oxide. 

5-Hydroxypyrimidines form 0-acetyl derivatives. 2,4,5-Trihy- 
droxypyrimidine and its 6-methyl derivative, with acetic anhydride 
yield 5-acetoxy-2,4-dihydroxypyrirr~idine~~ (LXXIX) and its 6-methyl 
derivative.a11 Tetrahydroxypyrimidine yields 5-acetoxy-2,4,6-trihy- 
droxypyrimidine,212 2,5-dihydroxy-4,6-dimethylpyrimidine gives 5- 
a~etoxy-2-hydroxy-4,6-dimethylpyrimidine,~~~ and 2-amino-4,5-dihy- 
droxy-6-methylpyrimidine gives 2-acetamido-5-acetoxy-4-hydroxy-6- 
methylpyrimidinela with acetic anhydride, although benzoylation 
yields 2-amino-5-benzoyloxy-4-hydroxy-6-met hy1py1-imidine.l~~ 5-Ace t- 
oxy derivatives have also been produced by abnormal reactions.leS.al3 
Being alcohols, extranuclear hydroxypyrimidines should acylate, but 
most such acetoxy derivatives have been made from the haIogenated 
analogues with silver acetate. Thus 4-chloromethyl- gives 4-acetoxy- 
methyl- 5-chlorome t hyl- 
gives 5-acetoxymethyl- 2,4-dihydro~y-6-methyIpyrimidine,l~~ and 5- 
bromomethyl- gives 5-acetoxymethyl- 4,6-dichloro-2-methylpyrim- 
idine.%16 However, 2,4-dihydroxy-5-hydroxymethylpyrimidine has been 
converted directly into 5-acetoxymethyl- and 5-propionyloxymethyl- 
uracil by treatment with acetic or propionic acids containing a little 
hydrochloric acid.15* 

The conversion of hydroxypyrimidines into alkoxy derivatives 
has beendiscussed (Sect. 4.C), and into oxopyrimidines (by N-alkylation 
etc.) is treated in Chapter X, Sect. l.A(3). 

The direct removal of a hydroxy group is uncommon in pyrim- 
idines, but 2-ethyl-4-hydroxy-6-methylpyrimidine when heated with 
zinc dust under distillation conditions gave 2-ethyl-4-methylpyrim- 
idine.217 Further, 2,4-dihydroxy-6-hydroxymethylpyrimidine (LXXX ; 
R=CH,OH) and its 5-methyl derivative, on treatment with hydriodic 
acid and red phosphorus gave respectively 2,4-dihydroxy-6-methyl- 
pyrimidine218 (LXXX ; R=Me) and the 5,6-dimethyl a n a l o g ~ e . ~ ~ ~ ~  215 

Reduction of 2,4dihydroxy-5-hydroxymethyl-6-methylpyrimidine 

2,6-dihydroxy-5-me t h ylp yrimidine, 2149 215 
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with tin and hydrochloric acid, like the 6-hydroxymethyl ana- 
logues, yields 2,4-dihydroxy-5,6-dimethylpy~irnidine,~~~ and hydroge- 
nation of 2,4-dihydroxy-5-hydroxymethylpyrimidine over platinum 
yields 2,4-dihydroxy-5-methylpyrimidine in 95 % yield.lSa Although it 
is agreed that 6-hydroxymethyl groups are stable to hydroIysis, it 
has been lS0 that 5-hydroxymethyl groups are removed 
hydrolytically. This has been shown to be incorrect.15* Hydroxy groups 
are normally removed via chloro or mercapto derivatives, 

The condensation of 00-diethy1 chlorothiophosphate [Cia 
(S :)P(OEt), J with the alkali salt of 4-hydroxy-2-isopropyl-6-methyl- 
pyrimidine gives the powerful insecticide “Diazinon”, or 00-diethyl 0- 
(2-isopropyl-4-methyl-6-pyrirnidinyI) phosphorothioate (LXXXI). Re- 
lated phosphoric esters were also made.afet Beo 

The oxidation of (extranuclear) hydroxymethylpyrimidines to 
formyl- or carboxypyrimidines is treated in Chapter XI, Sects. l.A(3) 
and 5.A(4). 

OH OH 

OEt S = P )  “OEt 
OH 0 

(LXXVI 11) (LXXIX) (LXXX) (LXXXI) 

7. Reactions of Alkoxy- and Aryloxy-pyrimidines 

A. Hydrolysis to Hydroxypyrimidines 

The ready hydrolysis of 2-, 4, and 6-pyrimidine ethers has dready 
been discussed in Section 1.E, the difficult hydrolysis of those in the 
5-position in Section 2.B, and the indirect hydrolysis of extranuclear 
ethers via halogeno derivatives in Section 3.G. 

B. Conversion into Haiogeno Derivatives 

Only extranuclear ethers may be converted in the corresponding 
halogeno compounds by fission with hydrochloric or hydrobromic 
acid (Ch. VI, Sect. 3.C). 
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C. Amination of Alkoxypyrimidines 

The 2-, 4-, or 6-pyrimidine ethers can be aminated to give amino- 
pyrimidines, and they normally undergo this reaction rather less 
readily than the corresponding chloro compounds. It is possible that 
alkoxypyrimidines are sometimes transitory intermediates in the con- 
version of halogeno into aminopyrimidines when alcoholic amines are 
used. Indeed 2,4(and 4,6)-dichloro-5-nitropyrimidine on very mild 
treatment at 0" with methanolic methylamine give respectively 2- 
methoxy-4-methylamino- and 4-methoxy-6-methylamino- 5-nitro- 
pyrimidine, and at 10" give entirely 2,4-(and 4,6)-bismethylamino-5- 
nitr~pyrimidine.~' However, the methoxy "intermediates" do not in 
fact yield any bismethylamino derivatives even on attempted amina- 
tion at 30", so that two competing reactions must be postulated in this 

4-Methoxypyrimidine (LXXXIII) has been aminatedm to 4- 
aminopyrimidine (LXXXII) (isolated as 4-acetamidopyrimidine), and 
l12-dihydro-4-methoxy- 1 -methyl-2-oxopyrimidne with ammonia, me- 
thylamine, and dimethylamine gave respectively 4-amino-1,2-dihydro- 
1-methyl-2-oxopyrimidine ( I-methylcystosine)lss9 2z1 and the 4-me- 
thylamino and dimethylamino analogues.lW Phenoxy groups can be 
replaced with difficulty as in the conversion of 2-;6-chIorophenyl-4- 
methyl-6-phenoxypyrimidine into 2-~-chloropheny1-4-diethylamino- 
ethylamin0-6-methylpyrimidine~~~ in 30 % yield, or 4-methyl-2- 
phenoxy- into 2-hydrazino-4-methyl- pyrimidine.22s In contrast to the 
last example, 2- and 4-methoxypyrimidine readily yield 2- and 
4-hydrazinopyrimidine by refluxing with methanolic hydrazine hy- 
d~-a t e ,~~ '  and 4-ethoxy- similarly gives 4-hydrazino- 2-hydroxypyrim- 
idine.409 

Alkoxy groups, like chloro groups, are deactivated by the presence 
of hydroxy and amino groups, Despite this, successful preparations of 
cytosine and isocytosine have been based on the amination (120" for 
8 hours) of 4-ethoxy-2-hydroxypyrimidine and 2-ethoxy-4-hydroxy- 
pyrimidine,225 and although 2-amino-4-methoxypyirnidine will not 
aminate at 1 IO", at 200" it yields 2,4-diaminopyrimidine."5 This 
temperature should be contrasted with the 110" required for amina- 
tions when the existing amino group is acylated, as in the conversion of 
4-methoxy-2-sulphanilylaminopyrimidine into its 4-amino or 4-3'- 
diethylaminopropylamino anal0g~es.l'~ Similar conditions are adequate 

56 



256 Chapter VII 

for the aminationad of 2 (and 4)-ethoxy-4(and 2)-hydroxy-5-nitropy- 
rimidine to 5-nitrocytosine and 5-nitroisocytosine ; in these cases the 
deactivating effect of the hydroxy is counterbalanced by the activation 
caused by the nitro group. 

D. Rearrangement of Alkoxypyrimidines 

When some 2-, 4-, or 6-methoxypyrimidines are heated (partic- 
ularly easily in the presence of methyl iodide), they rearrange to the 
oxopyrimidines, methylated on the ring nitrogen atom adjacent to the 
0x0 group. Thus 4-methoxypyrimicline (LXXXIII) at 190" gave 1,6- 
dihydro- 1 -methyl-6-oxopyrimidines5 (LXXXIV) . Such rearrange- 
ments are dealt with fully in Chapter X, Sect. l.A(4). 

NHa OMe 0 

5 C y M '  f-; c; N" 

(LXXXII) (LXXXI11) (LXXXIV) 

8. Some Naturally Occurring Hydroxypyrimidines 

No attempt will be made to discuss the pyrimidine nucIeosides and 
nucleotides, because this has been done in detail by experts in that 
field. 

Thus the book of Levene and Bass227 in 1931 forms the first great 
review of the subject, and the two volumes of Chargaff and Davidson2% 
in 1955 the reference work. More recent reviews, which are more re- 
stricted in scope, have appeared.22EBtZa0 and the Nobel Prize Lecture of 
Todd231 is a fitting contribution from such a prominent name in the 
field. Less detailed introductions to the subject have appeared."D 2w 

The isolation from natural sources, synthesis and reactions of 
uracil, thymine, and vicine are, however, summarized below; similar 
treatment will be given later to cytosine, 5-methylcytosine, and 5- 
hydroxymethylcytosine (Ch. IX, Sects. 9.A,B, and C). The electronic 
structure of the natural pyrimidines has been discussed."* z378 

A. Uracil; 2,4-Dihydroxypyrimidine 

Uracil was first i so l a t eda~ .~6  by hydrolysis of herring sperm in 
1900, and its structure proven by synthesiszw in the following year. It 
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has dso been obtained from bovine thymus or spleen2gB,a3s and from 
wheat germ.239 

Controlled hydrolysis of material containing the polymeric 
ribonucleic acid first gives the several nucleotides, phosphoric acid 
esters of uridine ( 1-&D-ribofuranosido-uracil), known under various 
names such as uridylic acids a and b. and uridine monophosphate* etc. 
The next stage in hydrolysis is removal of the phosphate giving uridine 
itself, and finally this glycoside undergoes fission to uracil. 

The best synthetic routes to uracil at present are the Principal 
Synthesis from fonnylacetic acid (made in sitw from malic acid) and 
urea in fuming sulphuric acid,* or the treatment of the easily obtain- 
able 2-thiouracil with chloroacetic acid followed by acid hydro ly~is .~3*~ 

Uracil is readily nitrated to 2,Pdihydro~y-5-nitropyrimidine,~ 
converted into 2,4-dichloropyrimidine with phosphoryl chloride and 
dimethylaniline,lX8* 240 and methylated with dimethyl sulphate to 1,2,3, 
4-te trahydro- 2,S-dimet hyl-2,4-dioxopyrimidine.* It gives with po- 
tassium chloroacetate l -carboxymethyluracil,ul and acetylation gives 
the labile I-acetyluracil.210 Oxidation by air or hydrogen peroxide in 
the presence of Fe++ yields urea,zpB as does also iodine in aqueous bi- 
carbonate solution.w Iodine in sodium hydroxide, however, gives 2,4- 
dihydro~y-5-iodopyrimidine,~~ and other 5-halogenation and “dihalo- 
genation” has been discussed in Chapter VI, Sect. 2.A. As early as 1923 
hydrogenation in the presence of platinum was shownm to give a 5,6- 
dihydrouracil. The rather complicated WheeIer-Johnson colour test for 
uracilM although rather non-specific is sometimes useful. A good way 
of detecting uracil, thymine, and cytosine on paper chromatograms by 
spraying with phenol and sodium hypochlorite to give a bright blue 
spot has been described.247 

Although it has been long known that the ultraviolet spectra of 
natural pyrimidines suffer profound changes on exposure to ultraviolet 
light,2@* iw it is only more recently that the precise nature of the changes 
has been investigated. I t  has been shown2so that uracil (LXXXV) on 
irradiation in solution yields 4,5-dihydro-2,4,6-trihydroxypyrimidine 
(LXXXVI) in which H,O has added across the 5,6 double bond 
of uracil, The product was also made by an independent synthesis, 
and treatment with acid reversed the process of hydration to yield 

Because of the confusion in meaning of these names to various types of 
chemist, it is best to indicate the position of attachment of the phosphatemoiety 
by names such as uridine-5’-monophosphate. 
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uracil. This work with uracil was based on a similar and more detailed 
initial study25'9 452 of 1,3-dimethyluracil ( I  ,2,3,4-tetrahydro-l,3-dime- 
thyl-2,4dioxopyrimidine) (LXXXVII) which is likewise hydrated on 
irradiation to hexahydro-4-hydroxy-l,3-dimethyl-2,6-dioxopyrim- 
idine (LXXXVIII). The constitution of the latter was proven beyond 
doubt,lwl m4 and its reconversion into I ,3-dimethyluracil by acid or 
alkaline treatment studied,lM and it was shown2m to ring-open irre- 
versibly on further irradiation to give the bismethylamide of malonic 
acid (LXXXIX). 

The whole subject of the photochemistry of nucleic acids and of 
simple pyrimidines has been carefully reviewed in English (with nearly 
200 references) by Shugar and Wier~chowslci,a5~ and the subject is 
being actively p~rsued.2~89 ass* 

OH OH 0 0 0 

(LXXXV) (LXXXVI) (LXXXVII) (LXXXVIII) (LXXXIX) 

B. Thymine: 2,4-Dihydroxy-5-methylpyrimidine 

Thymine was isolated in 1893, several years before uracil. Kossel 
and Neumann8%859 obtained it from bovine thymus and spleen, and 
by the time it was first synthesizedas7 in 1901 its structure was already 
virtually beyond doubt.w-s2 With exceptions,as** thymine does 
not arise from ribonucleic acids, but from the deoxyribonucleic acids 
derived from a variety of sources. The hydrolysis of these is not as 
easily controlled as is that of ribonucleic acids, but the same general 
stages can be isolated. The nucleoside thymidine is 3-~-2'-deoxyribo- 
furanosido-thymine, but whether a- or /?-configuration at the glycosidic 
link is yet unknown. 

The best laboratory synthesis of thymine (XCI) is probably from 
j3-methylrnalic acid (XC) (or ester) with urea in sulphuric acid giving a 
50 % 

Having an occupied Sposition, thymine does not nitrate or halo- 
genate normally. Fuming nitric acid, however, adds across the 5,6- 
double bond to  give 4,5-dihydro-2,4,6- trihydroxy-5-me t h yl-5-ni tro- 
p y ~ i m i d i n e ~ ~ ~ ~  (XCII), and aqueous bromine in a similar way gives 
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5-bromo-4,5-dihydro-2,4,6-trihydroxy-5-methylp~dine.~~ !M@ Phos- 
phoryl chloride gives 2,4-di~hloro-5-methylpyrimidine,~~~ and me- 
thylation gives IJ3-dimethylthymine (1,2,3,4-tetrahydro-1,3,5-trime- 
thyl-2,4-dio~ypyrimidine).~~ Thymine undergoes oxidative ring-fis- 
sionmR =* similarly to uracil, and a fairly specific colour test for thymine 
(or 5-methylcytosine) has been described.ns Thymine is relatively un- 
affected by ultraviolet irradiation of its so1ution.m 

C. Divicine : 2,4-Diamino-5,6-dihydtoxypyrimidine 

Vicine was first isolated from the seeds of a vetch (vicia sativu) in 
1870 by R i t t h a u ~ e n ~ ~ * ~ ~ ~  but only in I896 did he realizez7@ that it was 
theglycoside of a base, "divicine". Vicine was first considered877 in 191 1 
as a pyrimidine glycoside, and in 1914 Johnsonz78 suggested 4,5- 
diamino-2,6-dihydroxypyrimidine as the structure of divicine. In the 
same year Levene ~ la i rned~**~O that the structure was really 2,5- 
diamino-4,6-dihydroxypyrimidine, and there the matter rested, a p  
parently for forty years. In 1953 Bendich and Clements 
published a monumental paper1@ which traces first a f d y  documented 
history of vicine and divicine, and then goes on to consider both the 
old structural evidence and new experimental findings. The conclusion 
i s  inescapable that divicine is in fact 2,4-diamino-5,6-dihydroxy- 
pyrimidine (XCIV) and that vicine is represented as its 5-p-~-gluco- 
pyranoside. 

Two syntheses of divicine were achieved in 1956 by Bowman, 
Davoll and Laney.1Z8~mz and by McOmie and ChesterfieId.la3 The first 
of these1% made use of a Common Synthesis from ethyl tetrahydropy- 
ran-2-yloxycyanocetate and guanidine, to give 2,4-diamino-6-hydroxy- 
5-tetrahydropyran-2'-yloxypyrimidine (XCIII), which on gentle acid 
hydrolysis gave divicine (XCIV). The second routells*lm made use of a 
Common Synthesis to get 2-amino-5-benzyloxy-4-hydroxypyrimidine 
(XCVI), which was converted into 2-amino-4,5-dihydroxypyrimidine 
(XCV; R = H) ; this nitrosated in position 6 to (XCV; R = NO) and 
the nitroso compound reduced to divicine (XCIV). 
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The divicine work has, among other things, led to a mass of data 
on colour reactions as applied to reducing pyrimidines. TheseWlW and 
related  paper^^^^^^^ should be consulted for details. 

Another pyrimidine glycoside, "convicine", was also isolated at 
an early ~ t a g e . ~ ~ 5 ~ ~ *  Its aglycone is probably 4-arnino-2,5,6-trihydroxy- 
pyrimidinem4 and this has now been synthesized,l%l" although no 
careful comparisons seem to have been made. 

R 

(XCIII) Divicine (XClV) (XCV) (XCVI) 

9. The Alloxan Group of Pyrimidines 

The relationship of alloxan, aIIoxantin and dialuric acid, is best 
shown by their oxidative and reductive interconversion. 

GentIe oxidationrn5 of the true pyrimidine, dialuric acid (tetrahy- 
droxypyrirnidine; XCVII) , yields alloxantin, generally formulated as 
(XCVIII), and more vigorous oxidation,= alloxan (Soxobarbituric 
acid, mesoxalylurea, or hexahydrotetraoxopyrimidine ; XCIX). The 
process can be reversed by reducing alloxan with hydrogen sulphide to 
all ox ant in,^' and thence with sodium amalgamw or directly with more 
hydrogen s ~ l p h i d e ~ ~ '  or stannous chloride,ll@* am to dialuric acid. 
Alloxantin can also be made by mixing equal parts of alloxan and 
dialuric acid in water.117 The redox potentials of the system have been 
studied." 

OH OH 

(XCVII) 
Dialuric acid 

(XCVIII) 
Alloxantin 

(XCIX) 
Alloxan 

A. Alloxan 

The preparation of alloxan by Brugnatellim1Paa8 in 1818 was the 
first pyrimidine synthesis. He oxidized uric acid with nitric acid, 
chlorine, or iodine, and the preparation was modified later by Wohler 
and Liebig115 to give good yields. In 1845 SchlieperB3 performed the 
oxidation with chlorine, generated in sit% from potassium chlorate and 
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hydrochloric acid; the solution of aIloxan was reduced to the less sol- 
uble alloxantin, which was isolated and oxidized back to alloxan. This 
forms the basis of one modem process of preparation,aeas287 but in 
others the alloxan is isolated directly after the initial oxidation.ll6.” 
Mloxan (CI) can be conveniently made by the direct oxidation of uric 
acid (C) with chlorine,”6*= of barbituric acid (CIII) with chromium 
trioxide,m7 or of 5-benzylidenebarbituric acid= (CII). 

Alloxan crystallizes as a tetrahydrate from water, but also forms 
other hydrates and alcoholates. Spontaneous explosive decomposition 
of old specimens was recorded in the mid-nineteenth ~ e n t u r y ~ - ~ * ~  
and the phenomenon was rediscovered* in 1910 by Wheelers08 and by 
0thers .~w-3~ Oxidation with nitric acid gives parabanic acid3m (CIV) 
with loss of carbon dioxide, and hydrolysis gives alloxanic 
(probablym CV) which hydrolyses further to aliphatic products.30g 

Being ketonic in the 5-position, alloxan forms a sodium bisulphite 
complex,8XO an which is the same substance as the violuric 
acid (CVI) obtained by nitrosating barbituric acid,314 a phenylhy- 
drazone315~s16 (CVII) which can also be prepared from barbituric acid 
(CIII) by coupling with diazotized aniline,317 and a derivative with 
semi~arbaz ide .~~~ 

cfl* 
r( \ 

OH OH OH OH 

Alloxan reacts with two molecules of benzene in concentrated 
sulphuric acid to give 5,5-diphenylbarbituric acidw (CIX), which 
cannot be made by the obvious Principal Syn thes i~3~~  owing to the 

*The four delightful notes begotten of this rediscovery should not be 
missed by any student of humanism in chemistry. 
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lability of the required intermediate, diethyl diphenylmalonate.320 With 
u-diaminobenzene, alloxan yields a l loxa~ine~*~* 322 (CVIII), and its reac- 
tions with mono-amines, phenols, ketones, and other reagents, are dealt 
with in the review by Whiteley and T h ~ r p e . ~ ~  The diabetic condition 
produced by administration of alloxan is of great interest,324+325 and the 
removal of zinc may be implicated in the destruction of the beta cells 
of Langerhan’s islets which is the mechanism of diabetogene~is .~~~ 327 

OH OH OH 

(CVIII) FIX) 

B. Alloxantin 

Despite a great deal of work, the structure of alloxantin is still 
uncertain. Early ~ o r k ~ ~ ~ ~ ~ ~ ~  seems to have finally narrowed the 
field to two possibilities, the pinacol form (CX) and the hemiacetal 
form (CXI). Although the opinion of more recent workers is still 
divided,%* 934336 the rather authoritative statement of Moubasher and 
Othmanw that “the pinacol formula (CX) has to be accepted” seems 
probably correct. 

Alloxantin is made by the partial reductions of alloxan with hy- 
drogen sulphide.w Alternatively, equimolar quantities of dialuric acid 
and alloxan in waterLL6# 117 give alloxantin which crystallizes out, being 
only 0.3 % soluble in water at 25”. An aqueous solution of alloxantin 
is about 80 % dissociated into alloxan and dialuric acid.=% It forms an 
acetylsl* and a benzoylsla derivative, and many alkylated homoIogues 
are Redox measurements have been recorded.=* =OTreatrnent 
with methylamine gives 2,4,6-trihydro~y-5-rnethylaminopyrimidine.~~~ 

C. Dialuric Acid and Isodialuric Acid 

Dialuric acid (CXII) (tetrahydroxypyrimidine) has normally been 
made by reduction of alloxan with stannous chloride116 or hydrogen 
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su1phide.l" More recently it has been made by a Common Synthesis 
from dimethyl tetrahydropyran-2-yloxymalonate and urea with 
hydrolysis of the resulting 5-ether.la I t  is a strong acid (pKa 3.15) and 
is easily oxidized to alloxantin or alloxan. Amino analogues of dialuric 
acid include uramil(5-amino-2,4,6-trihydro~ypyrimidine ; CXIV) made 
by reduction of 5-nitrobarbituric acid with tin and hydrochloric acid,=' 
and also isouramil (4-amino-2.5,6-trihydroxypyrimidine; CXV). The 
latter is probably the aglycone of convicine, and was synthesized from 
ethyl tetrahydropyran-2-yloxycyanoacetate and urea with subsequent 
hydrolysis,l= and also by less direct means.18 

Isodialuric acid (from 2,4,5-trihydroxypyrimidine and bromine 
waterlw) has been formulated as (CXIII) on the grounds that it is iso- 
meric with dialuric acid, is converted into it by treatment with alkali,= 
and gives an oxime, a methyl ether, and a phenylhydrazone.'@sM If 
(CXIII) really represents isodialuric acid, it must be considered simply 
as an extraordinarily stable tautomer of dialuric acid (CXII). Isodia- 
luric acid is said to be one step in the Wheeler-Johnson colour test for 
uracil and cytosine.M7 

OH OH OH 

(CXII) (CXIII) VXIV) (CXV) 
Uramil Isonramil 

D. Murexide and Purpuric Acid 

Murexide is the ammonium salt of purpuric acid.849 It was first 
made in 1819 by the oxidation of uric acid followed by treatment with 
ammonia116~3*b and virtually by the same process when alloxantin is 

OH OH 

HOAN ' Ojx&\O€X 

NA-.~+-AN 

(CXVI) 

treated with ammonium acetate in acetic acid.*& Murexide is currently 
formulated= as (CXVI), based on oider work.aa* w* 3~ The well-known 
murexide reactions47 for detecting uric acid and other purines is simply 
a crudely executed preparation of murexide. 
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CHAPTER v m  

Sulphur-containing Pyrimidines 

The sulphur-containing pyrimidines are a c1oseIy knit family. Thus 
the parent mercapto derivative (RSH) may be alkylated to a thio ether 
(alkylthio derivative; RSR') which may be oxidized to a sulphone (al- 
kylsulphonyl derivative; RS0,R). The parent may also be oxidized 
directly through sulphide (RSR) or disulphide (RSSR) to a sulphinic 
acid (sulphino derivative; RSO,H), and finally to a sulphonic acid 
(sulpho derivative; RS0,H). Consideration of the thiocyanato (RSC :N), 
isothiocyanato (RN : C : S), and derived thioureido (RNHC( :S)NH,) 
compounds is deferred to Chapter XI, and the r i n g 4  alkylated 
dihydrothiopyrimidines are treated with 0- and N- analogues in 
Chapter X. 

1. The Mercaptopyrirnidines 

A. Preparation of 2-, 4-, and 6-Mercaptopyrimidines 

Many examples of all the chief methods ol  preparing 2-, 4-, and 
6-meraptopyrimidines have already been given. Here follows a brief 
summary of each method with cross references. 

(1) By the Principal Syatkasis 

Many 2-mercaptopyrimidines may be directly made by the 
Principal Synthesis using thiourea as the one-carbon fragment, but the 
use of dithio esters (or possibly monothio esters) as par tof the three- 
carbon fragment in order to introduce 4- or 6-mercapto groups, is 
almost entirely unexplored. 

The simplest example of a 2-merapto derivative is furnished by 
the condensation of thiourea with rnalondiaIdehyde (as diacetal) to 
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give 2-mercaptopyrimidinel (I), and many other examples will be found 
with all types of three-carbon fragments in Chapter 11. Indeed thiourea 
is probably the most successful one-carbon fragment used in the Common 
Synthesis. It reacts readily even when urea is unreactive. Thus with 
malononitrile no product is obtained with urea, but with thiourea 
4,6-diamino-2-mercaptopyrimidine (11) is formed in good yield and can 
be converted into the missing hydroxy analogue.8 

N 

(2)  By Other Primary Syntheses 

The Shaw synthesis (Ch. 111, Sect. 2.E) can give certain 2-mercapto- 
pyrimidines among which are 5-cyano-l-methyl-2-thiouracil,3 5- 
methyl-l-propyl-2-thiouracil,4 3-phenyl-2-thio-orotic acid6 (111), 2- 
thiouridine,6 and 1-methyl-2-thiouracil' (IV). This gentle synthesis is 
particularly useful when labile groups are required as in a molecule such 
as thiouridine. 

Other primary syntheses lead to 6-methyl-3-phenyl-2-thioura.cil~* 
and 3,6-dimethyl-2-thiouracils (Ch. 111, Sect. 2.A), to 5,5-diethyl-2- 
thiobarbituric acids (from diethylmalondiamide and carbon bisulphide), 
and to 5-amino-2,4-dihydroxy-6-mercaptopyrimidine (VI) by fission of 
uric acid (V) at 100" with ammonium sulphide.lOlll 

Attempts to use malondithioamide in a Remfry-Hull synthesis 
with ethyl formate to give 4,6-dimercaptopyrimidine have failed,= but 
the compound has been obtained indire~t1y.I~ 

OH OH OH OH d?:sph N/% H < t I O H  "HAS 16'* H2Nxe, Hs/ N OH 

I H 
HOS 

(111) (Iv) &Ie (v) (VI) 

(3) From Chbropyrimidines 

2-, 4-, and 6-Mercaptopyrimidines may be prepared from the 
corresponding chloropyrimidines by treatment with sodium hydrogen 
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sulphide, or with thiourea followed if necessary by alkaline hydrolysis 
of the thiouronium salt formed. 2-Chloropyrimidine has been converted 
into 2-mercaptopyrimidine by both methods giving 30 % yield by the 
first" and 50% by the second,16 but these figures cannot be taken as a 
general comparison of the methods which are quite comparable in 
utility. They are discussed fully in Chapter VI, Sect. 5.G. 

(4) From Hydroxypyrimidims 

The direct thiation of 2-, 4-, or 6-hydroxypyrimidines with 
phosphorus pentasulphide is generally successful when nitro and amino 
groups are absent but occasionallyl6J9a with an amino group present. 
A good example i s  the preparation of 2,4-dimercaptopyrimidine (IX) 
from 4-hydroxy-2-mercaptopyrimidinel7. l8 (VIII) or from 2,4-dihydr- 
o ~ y p y r i m i d i n e . ~ ~ ~ ~ ~  The thiation reaction is fully treated in Chapter 
VII, Sect. 6.B. 

(5) From Alkylthiopyrimidilzes 

An alkylthio can be changed to a mercapto group by phosphorus 
pentasulphide as in the preparation of 2,4-dimercapto-5-methyl- 
pyrimidine from 2-ethylthi0-4-hydroxy-5-methylpyrinidine~1~ and of 
3-methyldithiouracil from 1,6-dihydro-l-methyl-2-methylthio-6-oxo- 
pyrimidine.?+* Another way is to split such thio ethers by treatment of 
the molten compound with hydrogen chloride. At 170" in this way 
2-ethylthio-4-hydroxypyrimidine (VII) and its 4-mercapto analogue 
gave respectively 4-hydroxy-2-mercaptopyrimidine (VIII) and 2,4- 
dimercaptopyrirnidine.e' The method proved unsatisfactory when 
applied to 5-halogenated thiouracils in which the mercapto group had 
been protected by alkyl groups during halogenation. Anhydrous 
hydrogen iodide in glacial acetic acid, however, proved effective, and by 
such meansZ2 5-chloro-4-hydroxy-2-methylthiopyrimidine and its 
ethylthio homologue and their &methyl derivatives were split in good 
yield to 5-chloro-4-hydroxy-2-me~captopyrimidine and its 6-methyl 
derivative. Similarly were prepared 5-bromo-4-hydroxy-2-mercapto- 
pyrimidine,4-hydroxy-5-iodo-2-mercaptopyrimidine, and their 6-methyI 
derivatives.22 The above iodo compounds were in fact prepared from 
their benzylthio ethers, and although the method was satisfactory on a 
small scale, the use of aluminium bromide in toluene was later re- 
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ported=. 2* superior for large-scaIe preparations of 5-iodo-2-thiouracil 
4-Amino-6-benzylthio5-formamidopyrimidine is elegantly debenzylated 
by sodium in liquid ammonia.25 

The peculiar transformation of 1,4-dihydro-4-imino- I16-dimethyl- 
2-methylthiopyrimidine (X) into 4-amino-l,2-dihydro-l,6-dimethyl-2- 
thiopyrimidine (XI) has been reportedSB to proceed in alcoholic sodium 
hydrogen sulphide on the water bath. 

(6) From Thiocyanatofiyrimadkes 

A thiocyanatopyrimidine has been shown to react with aqueous 
thiourea to yield the corresponding mercapto derivative, as in the case 
of 2-chloro-5-nitro-4-thiocyanatopyrimidine (XII) passing to 2,4-dimer- 
capt0-5-nitropyrimidine~ (XIII). When the analogous 2-amino (and 
anilino) -5-nitro-4-thiocyanatopyrimidine were treated with sodium eth- 
oxide in ethanol, two products were obtained in each case: these were 
the expected 2-amino(and anilino)-4-ethoxy-5-nitropyrimidine and also 
2-amino(and anilino)-4-mercapto-5-nitrop,pyrimidine. Other conversions 
from thiocyanato into mercapto pyrimidines have been done with 
thioacetic or thiobenzoic acids generally at 100". In this way, from 
their 4-thiocyanato analogues, e.g. (XIVJ, were made 2-ethylthio-4- 
nercapt0-5-methylpyrimidine~ (XV), its 6-me thy1 derivative,% its 
5-phenyl analogueI3* its 6-phenyl analogue,31 and its 5-bromo analogue.as 

(7) F 7 m  Amimpyrimidiwes 

The preparation of 5-~-chlorophenyl-4-ethyl-2,6-dimercaptopy- 
rimidine by the action of phosphorus pentasulphide in tetralin at  190" 
on either 2-amino-5-;b-chlorophenyl-4-ethyl-4,5-dihydro-~hydro~- 
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pyrimidine or 2,4-diamino-5-fi-chlorophenyl-6-ethylpyrimidine has been 
reported.32 This points to a possible new general use of the thiation 
technique. Alcoholic hydrogen sulphide at 150" converts 6-amino-5,5- 
die thyluracil in to 5,5-die thyI-4-thiobarbi turic acid,= 

When 2-chloro-4-methylamino-5-nitropyrimidine is treated with 
hot aqueous sodium hydrogen sulphide, not only the expected 5- 
amino-2-mercapto-4-methylaminopyrimidine was isolated, but also the 
less soIuble 5-amino-2,4-dimercapto-6-methylaminopyrimidine, in which 
a mercapto group had been introduced into the 4-position directly.84 
It is possible that such introductions are not-unusual in these commonly 
used conditions of reaction, but the dimercapto derivatives being 
rather insoluble may be thrown away in the sulphur debris from the 
reaction. 

B. +ration of 5-Metcaptopyrimidines 

There are only a few 5-mercaptopyrimidines known. Diazotization 
of 5-amino-2,4-dihydroxypyrimidine to (XVI) and treatment with 
thiourea gave a thiouronium salt which by alkaline hydrolysis in 
nitrogen gave 13 % of 2,4dihydroxy-5-mercaptopyrimicline~5 (XVIII). 
Alternatively, treatment of the diazo solution with sodium disulphide 
gave the dipyrimidiny1 disulphide (XVII) which was reduced with zinc 
dust in glacial acetic acid to give 25% of the mercapto compound36 

ThiourealNaOH Zn +. H,SO, hot 

OH /' f OH 1 OH \ OH 

(XVII) (XVIII) 

EtOCS,K/NaOH 

(XVIII). In a third method, the diazotized aminourad (XVI) was trea- 
ted with potassium ethyl xanthate and the product hydrolysed in alkali 
to yield 22 % of 5-mercapto~raUl.~~ 

Difficulties were experienced at first with the zinc reduction of 
4-amino-5-chlorosulphonyl-2,6-dihydroxypyrimidine to 4-amino-2,6- 
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dihydroxy-5-mercaptopyrimidine and of 5-chlorosulphonyl-2,4-dihy- 
droxypyrimidine (XIX) to 5-mercaptouracil~ (XVIII). They were 
overcome, however, at least in the latter case, and the mercapto 
compound was finally obtained in good yield by reducing with an excess 
of zinc in cool dilute sulphuric acid.“ When less zinc was used in warm 
solution, the disulphide (XVII) was formed.87 Overall processes of 
chlorosulphonation followed by reduction have been described to give 
25% of mercapto compound or 41 Yo of disulphide as required.= 
5-Mercaptouracil has anti-tumour activity.” 

C. Preparation of Extranucleat Mereaptopyrimidines 

This type of pyrimidine is represented by two examples. An 
attempt to prepare 4-amino-5-mercaptomethyl-2-methylpyrimidine 
from 4-amino-5-chloromethyl-2-methylpyrimidine with thiourea gave 
the corresponding sulphide, but the thiol was obtained= by alkaline 
degradation of the pyrimido-m-thiazine derivative (XX). 4-Chloro- 
methy1-2.6-dihydroxy-5-phenoxypyrimidine on boiling with potassium 
thiocyanate in alcohol yields the 4-mercaptomethyl malogue .~  

D. Reactions of 2-, 4-, and 6-Mercaptopyrimldhes 

Despite the fact that the investigated cases of mercaptopyrimidines 
have proved to be almost entirely thione in structure when in aqueous 
s o l ~ t i o n , ~ ~ ~ ~  they naturally undergo reactions to be expected of 
mercaptans, as well as of thioamides. 

(1) Removal of Mercafto Grot+ 

Mercapto groups may be replaced by hydrogen (“desulphurized”) 
either by boiling a solution with Raney-nickel catalyst or by oxidation 
(generally with hydrogen peroxide) to a sulphonic or sulphinic acid 
followed by hydrolysis. 

The nickel process is of comparatively recent origin and the first 
example in the pyrimidine seriesa seems to be the desulphurization in 
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1945 of 4,5-diamino-6-hydroxy-2-mercaptopyrimidine (XXI ; R=SH) 
to give 4,5-diamino-6-hydroxypyrimidine (XXI; R=H). Since that time 
the process has become of immense importance, The normal technique 
is to dissolve completely one part of the mercaptopyrimidine in hot 
dilute ammonia, add about four parts of wet k e y  nickel catalyst and 
boil for one hour. Water, alcohol, and other solvents, have been used 
especially with thio ethers, but generally they are less satisfactory with 
mercaptans. Although the quality of Raney nickel is important in this 
reacti0n,a.4~*~ it is generally convenient because of the large quantities 
involved, to use a quickly prepared gradem rather than the laboriously 
prepared types sometimes used for catalytic hydrogenations. Table XI11 
indicates some of the desulphurizations carried out with Raney nickel; 
naturally most of them involve removal of a mercapto group from the 
2-position where it was placed by any primary synthesis. In order to 
keep all such reactions together, the table also includes exampIes of 
desulphurization of thio ethers. In this regard, better yields are almost 
invariably obtained by desulphurizing a mercapto compound than 
from the corresponding alkylthio derivative. Further, 2-mercapto- 
pyrimidines are generally desulphurized in better yield than are 4- 
mercapto derivatives, and since it has been reported4' that P-hydroxy- 
4-mercaptopyrirnidine and 1 -methyl-4-thiouraciI with Raney nickel give 
respectively "trimethylene urea" (XXII) and its N-methyl derivative, 
in this nuclear reduction may lie the reason for poor yields. 

5-Hydroxypyrimidine and 1 ,Z-dihydro- 1 -methyl-2-oxopyrirnidine are easily 
reduced under similar conditions by Raney nickel to (XXII) and N-rnethyl- 
(XXII), but 4-hydroxypyrimidines are stable. It has therefore been inferred" 
that the 4desulphurizations proceed normally, and when 2-hydroxypyrimidines 
are formed they are then reduced further. This is upheld by u.v.-spectral changes 
during such reactions. Whether this expianation can be applied to cases where 
2-hydroxypyrimidines are not formed awaits experimental evidence. Several 
authors1948 have previously raised the question of whether nuclear reduction 
occurs during desulphurizations. 

5,5-Dialkyl (or ary1)-2-thiobarbituric acids, e.g. (XXIII), desulphu- 
rize abnormally to give dihydropyrimidines such as 5-ethyl-2,5-dihydro- 
4,6-dihydroxy-5-phenylpyrimidine,@ (XXIV) and indeed thiobarbituric 
acid itself has been reported to give a dihydro-4,6-dihydroxypyrim- 
i d i ~ ~ e . ~ ~  5-Phenyl-2-thiobarbituric acid, however, behaves normally to 
give 4,6-dihydro~y-5-phenylpyrimidine,~ while 1,3-diphenyl-Z-thio- 
barbituric acid gives hexahydr0-4,6-dioxo-l,3diphenylpyrimidine.~* 
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TABLE XI  I I. 

PyrimidJne produced Derivative desulphurlzed Yield (%) 

Some Raney nickel Desulphurizations 

-- 

Unsubstituted 2-SH 2 5' 
2,4-diSH 17 

5-Br-2-SMe 38 
4-Acetamido-l,6-dihydro- I-methyl-6-0~0 - 2-SMe ca. 70 
4-Acetamido-6-methox y- 2-SMe ca. 35 
4-Amino- 2-SH 61 
5-Amino- 2-SMe-5-NOS 75 

5-Amino-4-chIoro- 6-SH ca. 30 

P-SCH&OpH I4 

4Amino-5-carboxy- 2-SHb 47 

2-Arnino-5-#-chlorophenyl-4-ethyl- 6-SMe - 
4-.4mino-5+chlorophenyl-6-ethyl- 2-SMe - 

6-hydrox y-k 2-SH 75 
4-Amino-5-#3~-diethoxyethyl- 

4-Amino-6-diethylamino-5-formamido- 2-SMe 86 
4-Amino-l,6-dihydro- 1,5-dimethyIb-oxo- 2-SMe ca. 30 
4-Amino-3,6-dihydr0-3,5-dimethyl-6-0~0- 2-SH ca. 70 
4-Amino- 1,6-dihydro- 1 -methyl-6-oxo- 2-Sble ca. 50 
4-Amin~-3,6-dihydro-3-methyl-6-oxo-c 2-SH ca. 50 

2-Amino-4-hydroxy- 6-SH 80 
4-Amino-6-hydroxy- 2-SH 16 

87 
60 

5-Amino-e-h y drox y- 2-SEt ca. 50 
4-Amino-6-methoxy- 2-SMe ca. 40 
&Amino-5-me thylamino- 2-SMe ca. 40 
5-Amino-4-methylamino- 6-SMe 25 

4-Amylamino- 2-SH 67 

5-Amino-4,6-dihydroxy- 2-SH-5-NO 56 

2-Amino-4,5-trimethylene- 6-SH 55 

5-Benzamido-4-hydroxy- 2-SMe - 
4p-Anisidino- 2-SCH pC0 $4 good 

5-Benzyl-4,6-dihydroxy- 2-SH 69 
5-Benzylox y- 4-SH 42 
5-Benzyloxy-4-hydroxy- 2-SH 62 
4t-Butyl-6-hydroxy- 2-SH 97 
4-Carbox y- d 5-Br-2-SMe 47 
5-Car boxy-4-h ydroxy- 5-COpEt-2-SH 14 
4-Diacetylamino-l,6-dihydro- 

1,5-dimethyl-S-oxo- 2-SMe ca. 40 
4,5-Diamio- 2-SH 65 
4,6-Diamino- 2-SH 24 

87 

4,6-Diamino-5-/3,~4iethoxyethyl-~ 2-SH 70 
4,5-Diamino-Z-bu tyl- 2-SH 87 

References 

I, 48 
48 
1 
51 
52 
52 
18 
15 
53 
16 
32 
32 

54 
56 
52 
52 
52 
52 
55 
57 
58 
18 
52 
59 
52 
60 
34 
61 
62 
62 
59 
63 
64 
64 
65 
51 
66 

52 
67 
58 
18 
68 
54 

(Table coniinucd} 
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TABLE X I I I (continued) 

Pyrimidine produced Derivative desulphurized Yield [ye) References 

4,5-Diamino-l.6-dihydro-l-methyl-6-0~0 2-SMe 
4,5-Diamino-6-hydroxy- 2-SH 

4,5-Diamino-Z-methyl- 
4,5-Diamino-6-rnethyl- 
4-Diethoxymethy l-6-h ydrox y- 
1.4-Dihydr0-4-imino- 1 ,&dimethyl-* 
1,4-Dihydro-l -methyl-4-oxo- 
1,6-Dihydro- 1 -methyl-6-oxo- 
4,6-Dihydroxy-5-isoamyE 
4,6-DimethyE 

4-Dimethylamino- 
5-Ethyl-4,6-dihydroxy- 
4-H ydroxy- 

6-SH 
2-SH 
2-SH 
2-SH 
2-SMe 
2-SMe 
2-SH 
2-SH 
2-SMe 
2-SH 
2-SH 
2-SH 

5-Hydroxy-4,6-dime thyl- 2-SH 
4-Hydroxy-5-&hydroxyethyl-6-methyl- 2-SH 

2-SMe 
2-SEt 

4-Hydroxy-5-methoxy- 2-SH 

4-Hydroxy-6-methyl- 2-SH 
4-Hydrox y-5-methyl- 2-SH 

2-SMe 
di-SCH,Phj 

4-Hydroxy-6-methyl-5-piperidinomethyI- 2-SMe 
2-SH 

4-Hydroxyd-phenyl- 2-SH 
5-Methoxy- 4-SH 
5-Methoxy-Z-pheny I- 4-SH 
4-Methyl- 2-SH 
4-Methylb-phenyl- 2-SH 
4-Methyl-6-piperidino- 2-SH 
4Methylamino- 2-SH 
5-Phenyl- 2-SH 
4,5,6-T&&0- 2-SH 
4.5-Trimethylene- 6-SH 

ca. 45 
76 

CQ. 90 
80 
82 
77; 90 

57 
34 
58 
55' 

50 
37 
30 
82 
25 
82 
68 
70 
70 

ca. 80 
93 
25 
48 
10-61f 
83 

ca. 40 
42 
47 
20 

65 
54 

78 
58p 

- 

- 

- 

- 

68a 
69 
43 
70 
70 
71, 73 
26 
72 
26, 72 
63 
1, 48 
1 
74 
63 
75 
18 
64 
76 
76 
76 
64, 78 
52, 77 
45, SO, 77 
45, 81, 77 
79 
45 
45 
77 

64 
1 
82 
62 
74 
82 
83 
61 

7 8 , ~  

a Hydrogen peroxide gave a better yield.' 
b 5-Ethoxycarbonyl- analogue as starting material. 
@ Rearranged during reaction to  4-hydro~y-6-methylamino-pyrimidine.~~ 
d Isolated as nickel salt. 

f Ordinary Raney nickel gave 10%. an active grade46 gave 61 %. 
0 Isolated as picrate. 
a Product isolated as hydriodide. Starting material 4-amino-I,24ibydro- 

Best desulphurized in aqueous alcoholic hydrochloric acid. 

1.6-dimethyl-2-thiopyrimidine. 
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Oxidative removal of sulphur-containing groups is an old process 
which gives very variable results. Except where the scale of an operation 
demands a cheap reagent, it is now preferable to remove mercapto 
groups with Raney nickel. Desulphurization via isolated sulpho- and 
sulphino-pyrimidines is treated in Section 4.B. 

( X X I )  (XXII) (XXIII) (XXIV) 

The action of alkaIine hydrogen peroxide on a mercaptopyrimidine 
may remove the sulphur in favour of hydrogen or in favour of a 
hydroxy group. The reactions may occur simultaneously and in this 
way 4-hydroxy-2-mercaptopyrimidine (XXV) gives 40 % yield of 4- 
hydroxypynmidine (XXVI) plus 44 % yield of 2,4-dihydroxypyrim- 
idin@ (XXVII). Desulphurization alone has been recorded in the 
preparation of unsubstituted pyrimidine,' of 4-hydroxy-5(and 6)- 
methylpyrimidine,BS of 4-hydroxy-5,6-dimethylpyrin~idine,8~ of 4- 
ethoxymethyl-6-hydroxy-5-methylpyrimidine,w and of 5-p-ethoxy- 
ethyl-4-ethy1-6-hydr0xypyrimidine,~ all from their 2-mercapto deriva- 
tives. On the other hand, replacement by a hydIoxy group alone has 
been recorded in the cases of 4-amyl-6-hydroxy-2-mercaptopyrimidine 
to 4-amyl-2,6-dihydroxypyriroxypyrimidine,ss and 44iethoxymethyl-6-hy- 
droxy-2-mercaptopyrimidine to4-diethoxymethyl-2,6-dihydroxypyrixn- 
idhe,@ and the other cases in Chapter VII, Sect. l.F(2). 

Although nitric acid oxidation has resulted in desulphurization in 
the purine series,9o the normal reaction with mercaptopyrirnidines is 

OH r OH 7 OH OH 

mxv) (XXVI) (XXVII) 

replacement by a hydroxy group (Ch.VI1, Sect. 1 .F(2)) as, for example, 
in the conversion of 4-ethyl-6-hydroxy-2-mercaptopyrimidlne into 4- 
e thy1-2,6-dihydroxypyimidineP 

f Starting material 2-benzylthio-4-be~lthiomethyl-6-hydrox~~mi~~e.  
k And two analogous compounds.M 



2 82 Chapter VIII 

(2) Alkylation of MercaQtopyrimidines 

Alkylation of mercaptopyrimidines invariably proceeds quickly 
and easily to give an S-alkyl derivative. Any possible 0- or N-alkylation 
of the molecule is always less ready and hence easily av~ ided .~~a  

Many mercaptopyrimidines, e.g. (XXVXII), can be methylated by 
dissolving in N -sodium hydroxide (1.1 mol.), adding methyl iodide 
(1.1 mol.) and shaking at room temperature when the S-alkylthio- 
derivative precipitates if insoluble in water. In this way for example 
were prepared 4,5-diamino-Z(and 6)-methylthi0pyrimidine,70.9~ and 
5-a mino-4-me t hylamino-6-me thyl thi0pyrimidine.M Dimethyl sulpha te 
can be used rather similarly as in the preparation of 2-methylthio- 
pyrimidine,DS its 4,6-dimethyl derivative,l 4,6-dihydroxy-5-isopropyl- 
2 - methylthiopyrimidine,94 and 5-carboxy - 4- hydroxy-2-methylthio- 
pyrimidine.s6 Methylation with methyl iodide in methanolic sodium 
methoxide is represented by the formation of 4-hydroxy-2-methyl-6- 
rnethylthi~pyrimidine,~~ and 4-hydroxy-5-methyI-2-methylthiopyrim- 
idine,ge as well as in the older literature.zltw-ga 

The usual procedures for methylation give poor results with 
4-hydroxy-2-mercaptopyrimidine and its 6-methyl derivative. Use of 
molecular proportions of methylating agents gives a very poor yield;100 
two moles give about 25 %, and three moles give largely SN-dimethyl- 
ated derivatives.lW However, by using methyl iodide in aqueous 
dcoholic sodium hydroxide first at  30" and then at 60", a 63 % yieId of 
4-hydroxy-2-methylthiopyrirnidine~a was attained, and 90 % of its 
6-methyl derivative.zz 

Although no simple cases are recorded, there is an indication that 
2,4-dimercaptopyrimidines may preferentially methylate in the 4- 
position. Thus 5,5-diethyl-2,4,6-trithiobarbituric acid on treatment in 
aqueous alkali with dimethyl sulphate gave only 5,5-diethyl-6-methyl- 
thio-2,4-dithiouracil, the structure of which was shown by acid hydrol- 
ysis (with loss of methanthiol) to 5,5-diethyl-2,4-dithiobarbituric acid.lol 

S-Alkylations other than methylations are not quite so ready, and 
are generally done in alcoholic sodium alkoxide with alkyl halide. They 
are typified by ethylations leading to 4-amin0-2-ethylthiopyrimidine,~~* 
to 2-ethylthio-4-hydroxypyrimidine,81.8~~103 to its 6-methylz29 lMI, 

and other alkyl  derivative^,^^ 104--107 to 2-ethylthio-4-hydroxy-5-p- 
hydroxye thyl- 6- me th~lpyrimidine,'~ to 5 - ethox y -2 - ethylthiopyrim- 
idinelm (XXIX), to 4-diethoxymethyl-2-ethylthio-6-hydroxy-py14n-1- 
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idine,laa and to 5-amin0-2-chloro-4-ethylthiopyrimidine.~~~ Other similar 
alkylations include as products 2-allylthio-4-hydroxy-6-methylpyrim- 
idine,lll 2-benzylthi0-4-forrnyI-6-hydroxypyrimidine~~~~ 2-benzylthio- 
4-hydro~ypyrimidine,~~ 4-amino-2-benzylthio-6-hydro~yp~midine,~~ 
other benzylthio derivatives,lOO* 1% 113 4-(2,4-dinitrophenylthio)-2,6- 
dimethoxypyrirnidine,ll4 and 2 - diphenylmethylthio - 4-  hydroxy - 6 - 
methylpyrimidinelo5 (XXX). The anomalous N-benzylation and N-  
methylation of 4-carboxy-6-hydroxy-2-mercaptopyrimidine, reported 
by Bachstez,l*s was later shown112 to be imaginary, the products being 
in fact 2-benzylthio-Pcarboxy-6-hydroxypyrimidin and its methyl- 
thio analogue. 5-Amino-4,6-dimercaptopyrimidine can easily be mono- 
S-benzylated.l16 

S-Alkylation by using chloroacetic acid is common because the 
resulting carboxymethylthio derivative is easily hydrolysed to hydroxy 
(Ch. VII, Sect. 1.Ftl)) or replaced by an amino group.62 For the latter 
process, isolation is necessary and this can be assured by boiling the 
mercapto compound in 1 equivalent of aqueous sodium hydroxide or 
carbonate, with chloroacetic acid: the sodium hydroxide can often be 
omitted, especially in the presence of amino groups which stabilize the 
derivative towards hydrolysis. The preparation of such derivatives 
is exemplified in the following 2-carboxymethylthiopyrimidines: un- 
subs t itu t ed,l 4-amino ll? 4,6-diamin0,~ 4-amino-5( and 6-)-methyl,6ae 117 
4-benzylamino,sa 4-anilino and analogues,Ba all made without alkali 
present, and also the following made in the presence of alkali: 4- 

methy1,l 4,6-di1nethyl,~ 4,6-dihydr0xy,~ 4-hydroxy (as ethyl ester by 
using ethyl chloroacetate),al 4-hydroxy-6-methyl-5-propyl (as ethyl 
ester),l18 liphenylazo (as methyl ester)ll9 and 4-hydr0xy-6-propyl.*~~~ 
The condensation of diethyl bromomalonate with 4-amino-6-hydroxy- 
2-mercaptopyrimidine in aqueous alkali gives 4-amino-2diethoxy- 
carbonylmethylthi0-6-hydroxypyrimidine.~~~ Exceptionally, 2-carboxy- 

* This 2-carboxymethylthiopyrimidine was also made by an interesting 
Principal Synthesis from S-carboxymethylthiourea and ethyl butyrylacetate in 
aqueous alkali.l"plEd 
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methylthio - 5 - ethoxypyrimidinelg and 2,4 - biscarboxymethylthio- 
pyrimidinezl (XXXI) are stable enough to be made without alkali 
present. 

Although selenylpyrimidines have not been methylated, 6-selenyl- 
purine on treatment in aqueous sodium hydroxide with methyl iodide 
gives 6-methyl~elenopurine.~~~ 

(3)  Mercapto- to Hydroxy-pyrimidines 

This important transformation has been discussed in detail in 
Chapter VII. Sect 1 .F. 

The direct conversion of mercaptopyrimidines into their corre- 
sponding chloro analogues is almost unknown, but 2,4-dichloropyrim- 
idine has been reported as prepared in ca. 50 % yield by the action of 
phosphorus pentachloride on 4-hydroxy-2-rner~aptopyrimidine.~~~ 
Repetition of this work has revealed7& that under normal conditions 
(bath at 120" for one hour) the only product is almost certainly di(4- 
chloropyrimidin-2-yl) disulphide, but at  110" for 20 minutes about 30 % 
of 2,4-dichloropyrimidine is indeed formed. It is much better made 
from 2,4-dihydroxypyrirnidine,~~ laS and this indicates the most general 
route from mercapto- to chloro-pyrimidine via a hydroxypyrimidine. 

(5) Mereupto- to Amino-pyrimidines 

The preparation of amidines from thioamides is a well-known 
reaction, but it was applied to the mercaptopyrimidines only in 1944. 
In  that year, Carrington recordedxo1 the amination of 5,5-diethyl-2,4- 
dithiobarbituric acid (XXXII) to 6-amino-5,5-diethyl-2-thiouracil 

SH OH 

(XXXII) (XXXIII) (XXXIV) 

(XXXZII) which was identified by acid hydrolysis to 5,5-diethyl-2- 
thio bar bi t uric acid (XXXrV) . Similarly 5,5-diethyl-ZI 4,6- t ri t hiobarbi- 
turic acid gave 6-amin0-5,5-diethyl9,4-dithiouracil.~~~ 
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The logical development of the above reaction by Hitclings, Elion, 
Falco, and Russell, followed. They showedlM that a 2,4dimercapto- 
pyrimidine could be aminated subject to certain steric factors. Further- 
more, with ammonia or amines it gave only a 4-amino-Bmercapto- 
pytimidine, no isomer, and scarcely ever any diamine. Thus with a free 
5-position, 2,4-dinercaptopyrimidine reacted with ammonia, primary 
aliphatic or aromatic amines, secondary cyclic amines, and those 
secondary aliphatic or aromatic amines in which one dkyl  group was 
methyl. 6-Substituents did not interfere, but 5-substituents precluded 
reaction with all secondary amines and with a few bulky primary 
amines. 

Examples are furnished by the preparation (in good yield) from 
2,4-dimercaptopyrimidine (XXXV) with aqueous amine generally at 
ca. loo", of the following derivatives of 2-mercaptopyrimidine: 4- 
amino117 (XXXVI), 4-methylamino,'*#10* 4benzylamino,10a 4-piper- 
idino,'Oa 4-dimethylamino,74* loa 4-anilino,loa 4-N-methylanilino,1Oa but 
not102 4-diethylamino or diphenylamino even at  180". Similarly from 
2,4-dimercapto-6-methylpyrimidine were prepared 4-amin0, 4-pi- 
peridino, and 4-anilino derivatives of 2-mercapt0-6-rnethylpyrimidine.~~~ 
2,4-Dimercapto-5-methylpyrimidine aminated similarly to give 4- 
amino(and anilino)-2-mercapto-5-rnethylpyrirnidine10* but did not 
react with piperidine or dimethylamine. Some 20 more positive and 
negative cases are recorded.lo2 1-Methyl-4-thiouracil is aminated easily 
at  120" to give 4-amino-l,2-dihydro-l-methyl-2-oxopyrimidine (1- 
methylcytosine) .la' 

In 5-amino-2,4-dimercaptopyrimidine, the 4-mercapto group i s  so 
deactivated by the amino group that no amination occurs even under 
vigorous conditions;lW conversely, 2,4-dimercapto-5-nitropyrimidine 
with methylamine under very mild conditions produced Z14-bismethyl- 
amin0-5-nitropyrimidine~~ but no monoaminated product. Exception- 
ally, 5-~-chlorophenyl-4-ethyl-2,6-dimercaptopyrimidine on amination 
gives a separable mixture of 2-amino-5+-chlorophenyl-4-ethyl-6- 
mercaptopyrimidine and the expected 4-amino isomer.3a These last 
cases and the production of 2,4-diamino-6-methylpyrimidine (25 % 
yield) from 2,4-dimercapto-6-methyIpyrimidine under forcing condi- 
tions,lOa are the only examples of the direct amination of 2-mercapto 
groups known. They can normally be aminated only after S-alkylation 
(Sect. 2.C(3)). 

The utility of the above preferential 4-amination is shown in the 



286 Chapter VIII 

useful synthesis of cytosine (XXXVIII) from 2,4-dimercaptopyrimidine 
(XXXV), v i a  4-amino-2-mercaptopyrimidine (XXXVI) and 4-amino- 
2-carboxyme thy1 thiopyrimidinew * 117 (XXXVII). 

2 SH NH, wi - A N  @ "SH -?:- N SH 'N?C,C,SO,H '"%H 
(XXXV) (XXXVI) (XXXVIl) (xxxvm) 

(6) A cylation of Merca@tofiyrimidines 

S-Acylation of rnercaptopyrimidines has been rather neglected. 
I t  is represented by the benzoylation, under Schotten-Baumann 
conditions. of 2-amino-4-rnercapto-6-methylpyrimidine to 2-amino-4- 
benzoylthio-6-methylpyrimidine (the S-acylation of which was confirmed 
by its insolubihty in alkali"), and by the acetylation of 5-amino-2,4- 
dimercapto- to 5-acetamid0-2,4-diacetylthiopyrimidine.1~* 

(7) Oxidatwn of Merca$JEo#yrimiaines 

The 2-, 4-, and 6-mercaptopyrimidines, unlike the 5-isomers, are 
stable in air. Their oxidation to  disulphides and sulphonic acids is 
treated in Sections 3.A and 3.B. 

E. Reactions of 5- and Extranuclear Mercaptopyrimidines 

Apart from ready oxidation, no reactions seem to be recorded for 
5-mercaptopyrimidines. 4-Amino-5-mercaptomethyl-2-methylpyrim- 
idine diacetylates to 4-acetamido-5-acet ylt hiome t hyl-2-me thylpyrim- 
idir~e.~@ The oxidation of both types of mercaptan is treated in Sections 
3.A and 3.B 

2. The Thioethers : Alkylthio- and Arylthio-pyrimidines 

Although the dipyrimidinyl sulphides bebng in this class, they are 
treated with the disulphides in Section 3. 

A. Preparation of 2-, 4-, and 6- Alkylthiopyrirnidines 

The three ways of making these dkylthiopyximidines have already 
been discussed, but here follows a summary of the methods. 
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(1) By the Princifial Synthesis 

Syntheses of the common type may be used to make a variety 
of 2-alkylthiopyrimidine. Thus, for example, S-methylthiourea with 
nitromdondialdehyde (XXXIX) gives 2-methylthio-5-nitropyrim- 
idine15 (XL), with acetylacetone it gives 4,6-dimethyl-2-methylthio- 
pyrimidine," and with ethyl a-formylpropionate it gives 4-hydroxy-5- 
methyl-2-methylthiopyrimidine.1s1 Other S-alkyl-thioureas are equally 
effective as exemplified in the preparation of 2-benzylthio-5-ethoxy- 
carbonyl-4-hydro~ypyrimidine~~~~ lS3 (XLI), 2-ethylthio-4-hydroxy-5,6- 
dime thylpyrimidine,8ly 131 5-benzyloxy-2-ethylthio-4,fj-dihydroxypyrim- 
idine,134 and 4-amino-5-cyan0-2-ethylthiopyrimidine.~~~ Further Com- 
mon Syntheses with an S-alkylthiourea and almost all the possible 
types of three-carbon fragment will be found in Chapter 11. 

,CHO OH 

(2) By Alkylation of Mercaptopyrimidims 

This is the most used way of making the thioethers and it has been 
discussed fully in Section l.D(2). 

(3 )  From Chloro+yrimidzlzes 

It  is occasionally useful to prepare an alkylthiopyrimidine directly 
from a chloropyrimidine with sodium alkylmercaptide. without passing 
through a mercaptopyrimidine. Thus in the conversion of 4-amino-2- 

NaSMe 
/------ \* 

NIf, NH, NH, NH: 

O'NIAN NaHS O a N , A N  NaHS ~ H'Nfl OaNf.L* 
4+c1- IN%* N SH 

(XLW\ /"(XLIW \ (XLIV) /" WLV) 
\---/ \ / 

thiourea? Me1 

chloro-5-nitropyrimidine (XLII) into 4-amino-2-methylthio-5-nitro- 
pyrimidine (XLV), the usual route through treatment with sodium 
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hydrogen sulphide to give the mercapto compound (XLIII), followed 
by methyhtion, is precluded by the unwanted r e d u c t i ~ n ~ ~ ~ ~ ~  of the 
nitro group to give (XLIV). Thiourea could possibly be used to make 
the mercapto compound in two stages, but in any case the complete 
conversion can be safely done with methanolic sodiummethyl mercaptide 
in a few minutes.gs Other examples of the metathesis are quoted in 
Chapter VI, Sect. 5.F. 

€5. Preparation of 5-Alkylthiopyrimidines 

The simple 5-ethylthiopyrimidine (XLVI) has been made in 60 % 
yield by the action of ethanolic sodium ethyl mercaptide on 5-bromo- 
py~imidine.~a~ The only other example is at  the opposite extreme of 
complexity: 4-amino-5-bromo-2,6-dihydroxypyrimidine on treatment 
with 6-mercaptopurine gives a small amount of 4-amin0-2,Fi-dihydroxy- 
5-purin-6'-ylthiopy~5midine~~ (XLVII) . 

H NH. <:xNxx&* 
(XLVI I)  

EtYy 
(XLVI) 

C. Reactions of Alkylthiopyrimidines 

The 2-, 4-, and 6- thioethers have a lability towards hydrolysis, 
amination, and reductive removal, intermediate between that of the 
corresponding chloro and mercapto analogues. Very little is recorded 
about 5-thioethers, but they would be expected to be more stable in 
these respects. 

(1) Reductive Removal of AlkyZthio G r o ~ p s  

Alkylthio groups can be removed from pyrimidines by boiling in 
water or alcohol with Raney-nickel catalyst. Unlike mercapto-group 
removal, no ammonia or base is used, rather more nickel is usually 
required (6 parts perhaps), and yields are generally rather 1ower.Typical 
examples are the conversion of 1,4-dihydro- I -methyl-Z-methylthio-4- 
oxopyrimidine (XLVIII) into lJ4-dihydro-I-methyl-4-oxopyrimidine 
(XLIX) in 57 % yield,'% the desulphurization of 4-hydroxy-6-methyl-2- 
methylthiopyrimidine in 25 % yield46981 (c f .  93 % from 2-mercapto 
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a n a l ~ g u e ~ ~ ~ ~ ~ )  and the preparation of pyrimidine (14 %) from 2-carboxy- 
methylthiopyrimidine.' Other examples will be found in Table XIII.  

(2) Alkyylthio- 80 Hydroxy-pyrimidines 

This metathesis of (L) to (LII) can be done by direct acid hydrolysis 
or indirectly by oxidation to a sulphone (LI) followed by acid or alkaline 
hydrolysis. The methods are discussed respectively in Chapter VII, 
Sects. I.F(1) and (3). 

( 3 )  Amination of Alkylthiopyrirnidines 

Mercapto groups can be replaced by amino groups only when they 
occupy the 4- or 6-position, but alkylthio groups even in position 2 
undergo amination fairly readily. This was utilized, for example, in 
converting 2,4-dimercaptopyrimidine into a series of 2,4-bis (substituted 
amino) pyrimidiness8 2,4-Dimercaptopyrimidine (LIII), for instance, 
was aminated to 4-anilino-2-mercaptopyrimidine10a (LIV), this con- 
verted with aqueous chloroacetic acid to 4-anilino-2-carboxymethyl- 
thiopyrimidineloa (LV) and this aminated at  150" with aqueous 
methylamine to give 4-anilino-2-methylaminopyrimidines2 (LVI). 
Other amines similarly prepared through 2-carboxymethylthio inter- 
mediates are exemplified in 2-amino-4-anilino-, 2-amino-4-piperidino- 

and 4-anilino-2-benzylamino- pyrimidine.s8 The preparation of 2- 
h ydrazino-5-phenylazopyrimidine from 2-methoxycarbon ylmethy~thio- 
5-phenylazopyrimidine and aqueous-alcoholic hydrazine is analogous.lJg 

The amination of methylthio- and ethylthio-pyrimidines has a 
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large literature which is full of apparent anomalies. Any analysis of the 
situation from the literature can but be subjective, and the reaction 
needs a new, simple, systematic, and extensive experimental study. 
Meanwhile, the following treatment will give an idea of the scope of the 
reaction as a preparative procedure. 4-Chloro-2-ethylthiopyrimidine 
(LVIII) reacts with ammonia at 115" to give 85 % of 4-amino-2-ethyl- 
thiopyrimidinelW (LVII), but at 190" the ethylthio group is also 
replaced yielding 2,4-diamin0pyrimidine~~ (LIX). With aqueous 
methylamine,l" the first stage goes at  50", and 2.4-bismethylamino- 
pyrimidine is formed at  150". Similarly 4-amino-6-chloro-2-methylthio- 
pyrimidine with aniline at 100" gives only the 6-aniiino analogue, but 
at 150" 4-amino-2,6-dianilinopyrimidine is formed ;la in the same case 
ammonia seems to require 220" to form 2,4,6-friamin0pyrimidine.~ 
2-Et hylthio-4-hydroxypyrimidine reacts with N-me thylaniline at 100 " 
to give 75 % of 4-hydro~y-2-lV-methylanilinopyrimidine,~~~ and 5- 
bromo-2-ethylthio-4-hydroxypyrimidine gives at 100" with aniline the 
2-anilin0-5-bromo-4-hydroxypyrimidine.~~ The presence of a 4-hydroxy 
group seems rather strangely to activate a 2-methylthio group towards 
amina tion. Thus 4-hydroxy-6-methyl-2-methy~thiopyrimidine and 
aniline at 130 O give ca. 60 % of 2-aniIino-4-hydroxy-6-methylpyrim- 
idine, but 4,6-dimethyl-2-methylthiopyrimidine and aniline require 180" 
to yield 10 % of Z-anilin0-4,6-dimethy~pyrirnidine,~~ 4-Hydroxy-5,6- 
dimethyl-2-methylthiopyrimidine and /?-diethylaminoethylamine at 
160" gave 98 % of 2-~-diethylaminoethylamino-4hydroxy-5,6-dimethyl- 
pyrimidine, but 4-amino-5,6-dime thyl-2-me t h yl t hiopyrimidine and the 
same amine give 4-arnino-2-@-diethylaminoethylamino-5,6-dimethyl- 
pyrimidine in only 10 % yield even at  Deletion of the 5-methyl 
group makes little difference.lM Comparison of the results of amination 
of 2-hydro~y-4-methyl-6-methylthio-~~ and 4-hydroxy-6-methyl-2- 
methylthio- with aromatic amines indicates that the 
methylthio group shows comparabIe activity in these positions. 
5-Ethoxycarbonyl-4-methyl-2-methylthiopyrimidine has been readily 
aminated at  115" with several alcoholic primary amines to give for 
example 2-amino-, 2-ethylamino-, and Z-benzylamino-,* 5-ethoxy- 
carbony1-4-methylpyrimidine.~~ On the other hand secondary amines 
such as dimethylamine and piperidine, and hindered ( 1 )  primary 

*The benzylamino derivative has also been madel58 by an interesting 
Common Synthesis from ethyl ethoxymethyleneacetotate, S-methylthiourea 
and benzylamine in aqueous alkali. 
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amines such as isopropylamine and aniline, "did not react even at a 
higher temperature".lM The related derivative, 4-chloro-li-ethoxyca rb- 
onyl-2-ethylthiopyrimidine with alcoholic ammonia at 170" gives 2,4- 
diamino-5-ethoxycarbonylpyrimidine,1~ and 4-carboxy-Z-ethylthio-6- 
hydroxy-5-methylpyrimidine gives with aqueous methylamine at 140", 
4-carboxy-6-hydroxy-5-methyl-2-methyla~n0p~midine.~~~ Simple 
cases are exemplified in the formation of P-benzylaminopyrimidine.lB1 
Hydrazines and alkyl hydrazines readily replace dkylthio groups, 
as in (LX), to give for example 2-hydrazino-4-methyl (LX1)-, P-hydr- 
azino-4-hydroxy-6-methyl-, 4-hydroxy-6-methyl-2-methylhydrazino-, 
4-hydroxy-6-methyl-2-phenylhydrazino-, and 1,6-dihydro-Z-hydrazino- 
1,4-dimethyl-6-oxo- pyrimidine," as well as 2-hydrazino-4hydroxy- 
pyrimidine,l@ Gentle treatment of 4-chloro- (or methoxy)-6-methyl-2- 
methylthiopyrimidine, gave 4-hydrazino-6-methyl-2-methylthiopyrim- 
idine, and more vigorous conditions the 2,4-dihydrazino-6-methyl- 
pyrimidine." 5-Ethoxycarbonyl-4-methyl-2-methylthiopyrimidine re- 
acted with hydrazine to give the 2-hydrazino analogue, but with 
phenylhydrazine no reaction took p1ace.la 

(4) Alkylthio- to Mercapto-$yrimidines 

The change, which can be done with phosphorus pentasulphide or 
by acidic ether cleavage, has been discussed in Section l.A(5). 

(5)  Oxidatiola of AZkyZthiopyrimzdiwes 

The oxidation of thio ethers to sulphones is found in Section 5.A. 

3. Dipyrimidinyl Disulphides and SuIphides 

A. Preparation 

2-, 4-, and 6- Mercaptopyrimidines do not normally oxidize in air, 
but 5- and extranuclear types do so. 
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When 4-mercapto-6-methylpyrimidine (LXII) in aqueous alkali is 
treated with iodine in potassium iodide solution, di(4-methylpyrimidin- 
6-yl) disulphide (LXIII) is formed.laS Similarly 4-hydroxy-2-mercapto- 
pyrimidine and 2-hydroxy-4-mercaptopyrimidine give respectively 
di(4-hydroxypyrimidin-2-yl) and di(2-hydroxypyrimidin-4-yl) disulph- 
ides. The reactions also proceeded in pH 6.8 buffer.153 “4-Thiouridine 
disulphide” and “4-thiothymidine disulphide” were made similarly.1~~ 
Hydrogen peroxide has also been used to effect such oxidations as in 
the formation of di(2,4-dimethoxypyrimidin-6-yl) disulphide in 73 % 
yield.114 When poor quality dioxane was used as a solvent in the above 
reaction there was sufficient organic peroxide present for the oxidation 
without addition of hydrogen peroxide.”* Di(4-chloropyrimidin-2-yl) 
disulphide has been made from thiouracil and phosphorus pentachlo- 
ride7& (Sect.l.D(4}). 

Me Me Me 

(LXII) (LXIII) 

When 2-amino-4-hydroxy-6-phenyl-5-thiocyanatopyrimidine is 
allowed to stand in aqueous sodium hydroxide at room temperature, 
a quantitative yield of di(2-amino-4-hydroxy-6-phenylpyrimidin-5-yI) 
disulphide results,154 and other cases are known.155 

Diazotized 5-amino-2,4-dihydroxypyrimidine (LXIV) and alkaline 
sodium disulphide give 40 % of di(2,4-dihydroxypyrimidin-5-y1) 
d i ~ u l p h i d e ~ ~  (LXVII), and the same compound can be obtained by 
iodine oxidation of 2,4-dihydroxy-5-rner~aptopyrimidine~~ (LXV), or in 
82 % yield by controlled zinc/sulphuric acid reduction of 5-chloro- 
sulphonyl- 2,4-dihydroxypyrimidine~~” (LXVI). Di(4- amino -2,6 - 
dihydroxypyrirnidin-5-yl) disulphide (LXVIII) has also been made, 
albeit unsatisfactorily, by reduction of a 5-~Norosulphonyl derivative,sO 
but it is more easily made in good yield by refluxing 4-amino-5-bromo- 
2,4-dihydroxypyrimidine (LXIX) with aqueous sodium disulphide.l= 
This last method has also been used to prepare di(6-amino-l-methyl- 
uracil-5-yl) disulphide. Treatment of 5-bromo-2,4,6-trihydroxypyrim- 
idine (or even 5,5-dibromobarbitwic acid) with thioureagave 5-amidino- 
thio-2,4,6-trihydroxypyrimidine which on alkaline hydrolysis yielded 
di(2,4,6-trihydroxypyrimidin-5-y1) di~ulphide ,~~ but attempted appli- 
cation of the reaction to 4-amino-5-bromo-2,6-dihydroxypyrimidine 
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(LXIX} gave not the disulphide (LXVIII) but di(4-amino-2,6-di- 
hydroxypyrimidin-5-yl) sulphides (LXX}. Similar formation of mono- 
sulphides has been reported in thecase of di(2-amino-4-methylpyrimidin- 
6-yl) sulphide,156 and in other heterocyclic series.ls7-lm 

An interesting Common Synthesis of an  unsymmetrical sulphide is 
furnished by the condensation of 5-bromo-2-carboxyarnylamino- 
pyrimidine (LXXI) with thiourea to give the 5-amidinothio analogue 
(LXXII) which was then condensed with nitromalondialdehyde to 
give 2-carboxyamylamino-5-(5-ni tropyrimidin-2-yl) thiopyrimidine"' 
(LXXIII), Another example is given in Chapter XI, Sect. 5.A(2). 

O , N A @  6NANHC,H,,C0,H 

(LXXIII) 

Extranuclear sulphides and disulphides are by 
di(4-amino-2-methylpyrimidin-5-ylmethyl) sulphide (LXXVI) and 
disulphide (LXXVII). 4-Amino-5-chloromethyl-2-methy~pyrimidine 
(LXXIV) was condensed with A'-methyl-, phenyl-, or benzyl-thiourea 
to give e.g. 4-amino-2-methyl-5-methylam~dinothiomethylpyr~~d~ne 
salt (LXXV; R=Mej (or homologue). All of these on neutralizing with 
sodium bicarbonate and boiling, deposited the same sulphide (LXXVI). 
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On the other hand, treatment of an alkaline solution of (LXXV) with 
hydrogen peroxide gave the disulphide (LXXVII). The use of thio- 
semicarbazide in place of a thiourea was equally effective in producing 
(via LXXV; R=NH,) the sulphide and disulphide.l6% Di(4-amino-2,6- 
dimethylpyrimidin-5-ylmethyl) sulphide and disulphide have also 
been made by similar routes using thiourea itself in the initial con- 
densation.164 Di(4-amino-2-methylthiopyrimidin-5-yImethyl) disulphide . 
was made similarly.163 

(LXXVI I) 

B. Reactions 

Disulphides are oxidized to sulphonic acids, and sulphides to 
dipyrimidinyl sulphones. Thus di(2,4-dimethoxypyrimidin-6-y1) di- 
sulphide (LXXVIII) on treatment in formic acid with hydrogen 
peroxide gives 78 % of 2,4-dimethoxy-6-sulphopy~imidine~~* (LXXIX), 
and similarly, di(4-amino-2,6-dimethylpyrimidin-5-ylmethyl) disulphide 
gives 4-amino-2,6-dirnethyl-5-sulphomethylpyrimidine.~@ Oxidation of 
sulphides is exemplified in the treatment of di(2-amino-4-methyl- 
pyrimidin-6-yl) sulphide (LXXX) with acid permanganate to give the 
corresponding sulphonelW (LXXXI), and by the peroxide treatment 
of 2-carboxyamylamino-5-(5-nitropyrimidin-2-yl) thiopyrimidine to give 
the corresponding pyrimidmylsulphonylpyrimidine.161 

Reduction of a disulphide gives the parent mercaptopyrirnidine 
as shown in the reactions of di(2,4-dimethoxypyrimidin-6-ylj disulphide 
with lithium aluminium hydride to give 75% of 4-mercapto-2,6- 
dimeth~xypyrimidine,~~~ of di(4-hydroxypyrimidin-2-yl) disulphide 
with sodium hydrogen sulphite (at pH 9) togive 4-hydroxy-2-mercapto- 
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pyri~16dine.l~~ and of di(2,4dihydroxypyrimidin-5-yl) disulphide with 
zinc and acetic acid to give 63 % of 2,4-dihydroxy-5-mercaptopyri- 
midine.$& 

4. Pyrimidine Sulphonic Acids and Related Compounds 

A. Preparation 

Although many pyrimidine sulphonic acids must have been made 
and immediately hydrolysed during the oxidative removal of mercapto 
groups with hydrogen peroxide (Sect.l.D(l)), only a relative few have 
been isolated. Moreover most of these have been made by non-oxidative 
methods, although several oxidations of disulphide to sulphonic acid 
have been given above (Sect. 3.B). 

Several sulphonyl chlorides have been prepared by the direct 
0xidationl6~ of mercaptopyrimidines by chlorine at 0-5'. In this way 
were obtained 2-~hlorosulphonylpyrimidine, its 4,6-dimethyl derivative, 
and its 5-chloro derivative.I4 They were converted into the corresponding 
sulphonamides with liquid ammonia.14 

Some halogenopyrimidines have been converted directly into 
sulphonic acids with sodium sulphite. Thus 5-chloropyrimidine 
(LXXXII) and boiling aqueous sodium sulphite gave P-sulphopyrim- 
idine its the sodium salt (LXXXIII) , and 2,4-dimethyl-6-sulpho- 
pyrimidine and 4-methyl-2-suJphopyrimidine were made in the same 
way," Sodium hydrogen suIphite was used rather similarly to convert 
4-amino-5- bromomethyl- 2-methylpyrimidine or 4-amino-5-chloro- 
met hyl-%met hyl( and 2,6-dime thy1)pyrimidine in to 4-amino-2-me thy1 
(and 2,6-dimethyl)-5-sulphomethylpyrimidine.~~ lrn 

The monomethyl compound was first isolated from the fission 
of vitamin B, with sodium hydrogen ~ u l p h i t e . ' ~ - ~ ~ ~  Acid hydrolysis 
gave 4-hydroxy-2-methyl-5-sulphomethylpyrimidine16e which was syn- 
thesized by heating 5-ethoxymethyI-4-hydroxy-2-methylpyrimidine 
with aqueous sodium ~u1phite.l~~ 

Chlorosulphonation of uracil at 1 10' gives reasonable yields of 
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5-chloro~ulphonyl-2,4-dihydroxypyrimidine~~~~~~~~ (LXXXIV) which 
with sodium carbonate or acetate gives 2,4-dihydroxy-5-sulphopyr- 
imidine.1'8 SimiIar treatment of cytosine and 6-methylcytosine, howev- 
er, gave not the sulphonyl chlorides, but the sulphonic acids, 4-amino- 
2-hydroxy-5-sulphopyimidine (LXXXV) and its 6-methyl derivative, 
directly in good yield.172~ 173 

2,4-Diamino-6-methylpyrimidine on chlorosulphonation gives 2,4- 
diamino-5-chlorosulphonyl-6-methylpyrimidine, but if the quenched 
reaction mixture is allowed to stand at room temperature for a day or 
warmed for a short time, 2.4-diamino-6-methyl-5-sulphopyrimidine is 
isolated. 2-Amino-4-methylpyrimidine even immediately after chloro- 
sdphonation gives only the 5-sulpho derivative.l73 

The sulphopyrimidine obtained by reduction of nitrouracil with 
sodium dithionite has been described as 2,4-dihydroxy-5-sulphoamino- 
pyrimidine and also as 5-amino-2,4-dihydroxy-6-sulphopyrimidine. It, 
and analogous compounds, have already been discussed in Chapter V, 
Sect. 1 .B; the related 2,4,6-triamino-5-sulphoaminopyrimidine has 
been made in three ways :I74 by reduction of 2,4,6-triamino-5-nitro- 
pyrimidine with sodium hydrogen sulphite, by treating tetra-amino- 
pyrimidine with sulphuryl chloride, and from the tetramine by fusion 
with sulphamide (H,N.SO,H). 

OH 

(LXXXII) (LXXXIII) (LXXXIV) (LXXXV) (LXXXVI) 

Several sulphophenylazopyrimidines have been made. Typical is the 
coupling of diazotized sulphanilic acid with 2,4-diamino-6-rnethylpyrim- 
idine to give 2,4diamino-6-methyl-5-~-sulphophenylazop~imidine.~~~ 

At least two sdphinic acids have been described. 4,5,6-Triamino- 
8-mercaptopyrimidine on treatment with cold alkaline hydrogen 
peroxide gave 4,5,6-triarnin0-2-sulphinopyrimidine~~~~~~~ (LXXXVI). 
4,6-Diamino-2-sulphinopyrimidine was similarly made.17' 

The direct sulphonation of 2-aminopyrimidine with fuming 
sdphuric acid at 180", yields 23 % of 2-hydroxy-5-sulphopyrimidine, 
but not any of the 2-amino analogue.178 2-Chloro-5-chlorosulphonyl- 
pyrimidine results from the hydroxy compound and phosphorus 
pen tach l~ r ide .~~~  
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B. Reactions 

Sulphonic and sulphinic acids are readily hydrolysed by acid and 
sometimes by alkali, and this property has been extensively used during 
the oxidative removal of mercapto groups (Sect. I.D(l}). Examples of 
the acid hydrolysis of isolated acids are furnished by the conversion of 
2,4-dimethoxy-6-sulphopyrirnidine into 2,4,6-trihydroxypyrimidinex" 
in which the sulpho group has been replaced by a hydroxy group, and 
of 5-chlorosulphonyl-2,4-dihydroxypyrimidine into 2,4dihydroxypyr- 
imidine,17a in which the chlorosulphonyl group has been replaced by 
hydrogen. 4,5,6-Triamino-2-sulphinopyrirnidine is stable to alkali but 
in N-acid it quickly gives 4,5,6-triaminopyrirnidine.l7B. m7 4,6-Diamino- 
2-sulphinopyrimidine, on the other hand, with x-acid gave a mixture 
of 4,6-diaminopyrimidine and its 2-hydroxy derivative. However, the 
use of concentrated hydroc hloricacid, or, better, 2 0 ~ -  sulphuric acid 
gave excellent yields of 4,6-diaminopyrimidine. A theoretical expla- 
nation of this behaviour has been 0ffered.l" 

The sulpho group of 2,4-dimethoxy-6-sdphopyrimidine can be 
replaced by chlorine by treatment with phosphorus pentachloride; 
according to conditions, either 4-chloro-, or 4,5-dichloro- 2,g-dimethoxy- 
pyrimidine179 is formed. 

The sodium salts of 2-sulphopyrimidine, its 4-methyl derivative, 
and 2,4- dimethyl- 6- sulphopyrimidine, on distilling with potassium 
cyanide gave the corresponding nitriles, 2-cyano-, 2-cyano-4-methyl-, 
and 4-cyano-2,6-dime t hyl- pyrimidine.lW 

Reduction of sulphonyl chlorides to mercaptopyrimidines or 
dipyrimidinyl disulphides and sulphides, has already been discussed 
(Sect. l.B). 

The formation of sulphonic esters is exemplified in the preparation 
of 2,4-dihydroxy-5-phenoxysulphonyIpyrimidine (LXXXVII) from the 
corresponding suIphonyl chlorides7 (LXXXVIII). Sulphonamides are 
readily produced from the sulphonyl chlorides, with liquid or alcoholic 
ammonia or amines.* In this way were made 5-(NN-dimethyl- 
sulphamoy1)-2,4-dihydroxypyrimidines7 (XC), 2,4-dihydroxy-5-@" 
pher~ylsulphamoyl)pyrimidine,~~ 2,4-dihydroxy-5-sulphamoylpyrim- 
idine,Nt17e 2-~ulphamoylpyrimidine,14 its 5-chloro derivative,14 4,6- 

* These sulphamoylpyrimidine derivatives must be distinguished from the 
useful "pyrimidine sulphonamide" drugs which are sulphanilyl derivatives of 
aminopyrimidines (Ch. IX. Sect. 5.D(6) (e.g. LXXXIX). 
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dime thyl- 2 -~ulphamoylpyrimidine.’~ 2 - ( N -  benzylsulphamoyl) -4,6- di- 
rnethylpyrimidine,l*o and other such derivatives.lW1 mo 

An interesting routelm to a sulphamoylpyrimidine started with 
4-mercapto-2,6-dimethoxypyrimidine. Treatment of an alkaline solution 
with chloramine gave 4-aminothio-2,6-dimethoxypyrimidine (XCI) 
which on permanganate oxidation gave 64 % of 2,4-dimethoxy-6- 
sulpharnoylpyrimidine (XCII) the structure of which was confirmed by 
acid hydrolysis to the known 5-sulphamoyl~raci1,~~ 

The pyrimidin-5-yl hydrogen sulphates (ROS03H) prepared by 
the action of ammonium persulphate on appropriate pyrimidines,=’ 
have been treated in Ch. VII, Sect. 2.C. 

OH OH OH 

(LXXXVII) (LXXXVIII) 

5. Alkylsulphonylpyrimidines 

The alkylsulphonylpyrimidines are useful intermediates in metath- 
esis, but in this role they have been rather neglected. However, a num- 
ber of 2-alkylsulphonyl derivatives are known. 

A. Preparation 

Most alkylsulphonylpyrimidines have been made by oxidation of 
the corresponding alkylthiopyrimidines with chlorine or hydrogen 
peroxide. Another method is represented only by the condensation of 
2-amino-4-chIoro-6-methylpyrimidine (XCXV) with the potassium salt 
of P-sulphinoaniline (XCIII) or fi-sulphinoacetanilide to give respec- 
tively 2-amino-4-aminophenylsulphonyl-6-methylpyrimidine (XCV) 
and ~~-acetamidophenylsulphonyl-2-amino-6-methylpy~mi~ne.1*z If 
these products are indeed sulphones, a rearrangement of the inter- 
mediate ester must have taken place. 
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The oxidation process using chlorine in aqueous solution is 
exemplified in the change from 2-alkylthio derivatives such as (XCVI) 
to 4-chloro-2-ethylsulphonylpyrimidine (XCVII), its 5-bromo and 5- 
methyl derivatives, 4-ethoxy-2-ethylsulphonylpyrimidine, its 5-bromo 
and 5-methyl derivatives, and 4-chloro-5-ethoxycarbonyl-2-ethyl- 
sulphonylpyrimidine.l= Other examples so prepared include 5-ethyl- 

M e  Me 

(XCIII) (XCIV) 

2-ethylsulphonyl-4-methoxy-6-methylpyrim its 4-ethoxy and 
4-chloro analogues,'M 2-ethylsulphonyl-4-methoxy-5,6-dimethylpyr- 
imidine,'85 its 4-ChlOrO analogue,lSs 4,6-diamino-2-rnethylsulphonyl- 
pyrimidine,~*15-ethoxycarbonyl-2-ethylsulphonylpyrimidine132 in small 
yield, 2,4-bi~ethylsulphonylpyrimidine,~ and 4-methoxy-6-methyl-2- 
methylsulphonylpyrimidine.lss The formation for example of (XCVIII), 
with 4-chloroamino- in place of 4-amino-, 2-ethylsulphonyl-5-methyl- 
pyrimidine" is a warning against careless use of the method in the 
presence of amino groups. The presence of hydroxy groups also inter- 
feres with the normal oxidation.m7 

The oxidation of alkylthiopyrimidines using hydrogen peroxide is 
exemplified in the preparation (80 %) of 2,4-dimethoxy-6-methyl- 
sulphonylpyrimidine (XCIX) by treatment of the corresponding 
methylthio derivative in formic acid with 30% hydrogen peroxide at  

c1 CI NHCl OMe 

(XCVI) ( XCVI I) (XCVIII) (XCIX) 

room temperature,17g and also in the preparation of Z-benzylsulphonyl- 
4,6-diphenylpynmidine.lm The action of hydrogen peroxide in ethanol 
on alkylthiopyrimidines,lmp lW) which sometimes leads to isolated 
sulphones, has already been discussed in Chapter VII, Sect. l.F(3). 
Di(2-amino-4-methylpyrimidin-6-yl) sulphone was prepared from the 
corresponding sulphide by permanganate oxidation.lM 
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B. Reactions 

The ready conversion of alkylsulphonylpyrimidines into alkoxy- 
and hydroxy-pyrimidines has been discussed in Section 4.C and I.F(3) 
respectively. Alkylsulphonyl derivatives may also be aminated, but 
since the alkylthio derivatives from which they are made also aminate 
readily, there is little point in the procedure, and examples are in 
fact few. 4-Amino-5-ethoxycarbonyl-2-ethylsulphonylpyrimidine on 
heating at 100" with alcoholic ammonia gives about 90% of 2,4- 
diamino-5-ethoxycarbonylpyrimidine, but 4-chloro-2-ethylsulphonyl- 
5-methylpyrimidine under similar conditions gives only 4-amino-2- 
ethylsulphonyl - 5 - methy1py1imidine.l~~ Finally, 4 - ethoxy - 2 - ethyl - 
sulphonyl-5-methylpyrimidine with aniline at 100-1 30" gives rather 
surprisingly 2-anilino-4-ethoxy-5-methylpyrimidine,lg1 

6. Thiouracil and Homologues 

Because of their use in the treatment of thyrotaxicosis, Z-thio- 
uracil and its 6-alkyl homologues have become important, well known, 
and readily available substances. Thiouracil (CI ; R=H) is made commer- 
cially by the Principal Synthesis from the aldehydo-ester, ethyl a- 
formylacetate (C; R=H) and thiourea in alcoholic sodium ethoxide, 
by a modification of Wheeler and Liddle's method?' Its homologues 
result from the appropriate keto-ester such as ethyl acetoacetate (C; 
R=Me) used rather similarly (Ch. 11, Sect. 6.A) to give for example 
6-methyl-2-thiouraci18*~ l@* (CI ; R=Me) or 6-propyl-2-thioura~i1~~3~1~ 

(CI ; R=C,H,). The pyrimidines so formed are not only useful as drugs, 
but are some of the best starting materials available for the synthesis 
of a large variety of pyrimidines, purines, and pteridines such as 
u r a ~ i l , ~ ~ ~ 6 ~  cytosine,B~~~' 4-hydroxypyrimidine,18 4,5-diaminopyrim- 
idine,", pteridine,w purine,Da alkyl derivatives of these,70a80 and a host 
of other related compounds. The thiouracils may be conveniently 
estimated by a bromide-bromate titrimetric rneth0d.l" 
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The first observation of goitrogenic activity seems to have been that of 
Chesney, Clawson, and Webster,l@7 in 1928, who showed that rabbits fed on 
cabbage developed thyroid hyperplasia. The sulphur compounds contained 
therein, and later thiourea-like compounds in general, were slowly 
in this activity. In 1943, Astwoodzoz showed that thiouracil was the most active 
of a large group of the structural derivatives of thiourea, and reported its clinical 
use in human hyperthyroidism.z".*04 By preparation of a series of 5- and 6- 
substituted derivatives a maximum activity a t  6-propyl- or 6-butyl-2-thiouracil 
was indicated,2w and other types of substituent removed activity. Thiouracil 
was incorporated into the British Pharmacopoeia in 1948, but was deleted in 
favour of its more effective 6-methyl and 6-propyl derivatives in 1953. The 
U.S.P. currently lists the last two pyrimidines as well as Methiminazole (2- 
mercapto-I-methylglyoxaline). In addition the N.N.R. lists Iothiouracil or 5- 
iodo-2-thiouracil (for preparation see Sect. 1 .A(5) ) which is said to combine the 
antithyrotoxicotic actions of thiouracil and of iodine. PharmacoIogical aspects 
of the thiouracil group of drugs have been revieweda06 in the context of the other 
antithyroid drugs. 
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CHAPTER I X  

The Aminopyrimidines 

The number of aminopyrimidines known is second only to that of 
hydroxypyrimidines, Not only is the amino group found in natural 
pyrimidines such as cytosine and divicine, but it occurs in the pyrimidine 
breakdown products from purines, pteridines, and other fused systems, 
and in the many pyrimidine intermediates used for synthetic work in 
those series. The term “aminopyrimidine” in this chapter will often be 
used in a generic sense to include primary, secondary, and tertiary 
amines. 

1. Preparation of 2-, 4-, and 6-Aminopyrimidines 

Although all the important methods of preparation have already 
been discussed elsewhere in this book, the sub-sections following 
indicate the scope of each method and where the detailed discussion 
can be found. 

A. By the Principal Synthesis 

A primary amino group results in position 2 when guanidine is 
used as the one-carbon fragment in a Principal Synthesis. The same 
group in position 4 and/or 6 arises by using a nitrile or dinitrile as a 
three-carbon fragment. These possibilities are briefly exemplified in the 
condensation of guanidine with acetylacetone to give 2-amino- 
4,6-dimeth~rlpyrimidine,~~ of thiourea with ethyl cyanoacetate to give 
4-amino-6-hydroxy-2-mercaptopyrimidine,3~* and of guanidine with 
malononitrile to give 2,4,6-triaminopy~imidine~-~ (I). 

Secondary and tertiary amino groups cannot be placed in position 
4 or 6 by the Principal Synthesis, but tertiary and sometimes secondary 
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groups can be put in position 2, by using respectively an NN-dialkyl- 
guanidine or an alkylguanidine. Using the latter reagent, one or 
(theoretically) even two isomeric pyrimidines may be formed in place 
of (or as well as) the expected 2-alkylaminopyrimidine. These isomers 
carry the alkyl group on one or other ring nitrogen. Thus ethyl aceto- 
acetate with NN-dimethylguanidine unequivocally gives Z-dimethyl- 
amino - 4- hydroxy - 6 - methylpyrimidine? but with methylguanidine 
givese both 4- hydroxy - 6-methyl-2 - methylaminopyrimidine (11) and 
2-amino- 1,4-dihydro- 1,6-dimethyl-4-oxopyrimidine (111) ; the third 
isomer was not isolated in this case. 

Further examples of aminopyrimidines made by the Common 
Synthesis will be found in each section of Chapter 11. 

,CO,Et 
H%. 

H,N’ 
C-NHMe 3 + ,CN HN, 7% f C-NH, + 

CN 
N,” 

B. By Other Primary Syntheses 

Aminopyrimidines may be made by many of the syntheses described 
in Chapter 111, but on the whole they are rather restricted in scope. The 
Frankland and Kolbe Synthesis (Ch. 111, Sect. 3.D) is typical: the 
trimerization of simple nitriles, in the presence of alkali metals, gives 
4-amino-2,5,6-trialkylpyrimidines such as (IV) in which the 2- and 
6-alkyl groups have one more carbon atom than has the 5-alkyl group. 
It is, for example, the best method of preparing 4-amino-2,6-dimethyl- 
pyrimidine (IV; R=H).l0*l1 

Another useful synthesis (Ch. 111, Sect. 4.D) is that of 4,6-diamino- 
2-alkylpyrimidines (V) from malondiamidine and simple esters. 4,6- 
Diaminopyrimidine (V; R=H) and its 2-methyl derivative (V; R=Me) 
can be conveniently made in this way.12 The synthesis may be modified 
by using, for example, the monoamide-monoamidine of malonic acid 
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with ethyl formate, when 4-amino-6-hydroxypyrimidine (VI) results.1a 
The degradation of the cheaply available uric acid with acetic 

anhydride and pyridine (Ch. 111, Sect. 5.E(4)) is the best way to make 
the important intermediate 4,5-diamino-2,6-dihydroxypyrimidine1* 
(VII), and degradation of 5,6,7,8-tetrahydro-5,8-dimethyl-6,7-dioxo- 
pteridine (itself easily derived by methylation of 6,7-dihydroxy- 
pteridine} is a good (and the only known) way of preparing 4,5-bis- 
rnethylamin~pyrimidine~~ (VIII). 

NHa NH, NHa OH 
% A N  crc, ‘ 1  

RH,C N-CH,R 

( IV) (V) (W ( V W  (VIII) 

C. By Direct Amination 

Very little has been reported about the direct arnination of 
pyrimidines, but when $-methylpyrimidine is treated with sodium 
amide in decalin, 2-amino- and 2,4-diamino-6-methylpyrimidine have 
been isolated, as well as other unidentified products.le 

D. From Chlotopyrimidines 

The treatment of a chloropyrimidine with ammonia or amine is thc 
most usual way to make aminopyrimidines. The huge literature of the 
process has been discussed in detail in Chapter VI, Sects. 5.B and C, 
and the kinetics of such nucleophilic displacements in Chapter VI, 
Sect. 4. 

The veterinary drug “hntrycide” was first made by this general method. 
4,6-Diarnino-P-methylquinoline was condensed in aqueous acid with 2-amino- 
4-chloro-6-methylpyrimidine to give 4-amino-6-(2-amino-4-ntethylpyrimidin-6- 
ylamin0)-2-methylquinoline.~~ “Antrycide”, the bismethochloride,18 is one of the 
best prophylactics for trypanosome infection in cattle reared in tropical A4frica. 

E. From Mercapto- and Alkylthio-pyrimidines 

4-Mereaptopyrimidines can usually be converted into 4-amino- or 
substituted-amino-pyrimidines by treatment with ammonia or an 
amine. 2-Mercapto groups, however, resist such treatment except when 
activated, for example, by a nitro group. Thus 2,4-dimercaptopyrim- 
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idine (IX) with methylamine at 120" gives 2-mercapto-4-methyl- 
aminopyrimidine (X) and not any of the is0ner.1~ On the other hand, 
2,4-dimercapto-5-nitropyrimidine even under gentle conditions gives 
2,4-bismethylamino-5-nitropyrimidine.~ The reaction has been dis- 
cussed in Chapter VIII, Sect. l.D(5). 

Even 2-alkylmercaptopyrirnidines generally react with ammonia 
or amines as exemplified in the amination at 190" of 4-amino-2-ethyl- 
thiopyrirnidine (XI) to 2,4-diaminopyrimidine21 (XII). As they can be 
so readily made from the parent 2-mercaptopyrimidines, 2-carboxy- 
methylthio derivatives have often been used as starting materials for 
such aminations.n These reactions have been treated in Chapter VIII, 
Sect. 2.C(3). 

F. From Allcoxypyrimidines 

There is generally little point in using alkoxypyrimidines to 
prepare minopyrimidines since the former are normally made from 
chloro derivatives and these can be equally well aminated directly. 
However, the method is occasionally useful and is typified in the 
conversion of Cmethoxy- into 4-amin0-pyrimidine,~s and in the old 
preparations of cytosine (XIV) and isocytosine (XV) by amination 
respectively of 4-ethoxy-2-hydroxypyrimidine (XIII) and 2-ethoxy- 
4-hydroxypynmidine." A further discussion is given in Chapter VII, 
Sect. 7.C. 

OEt OH 

G. From Thiocyanatopyrirnidinee 

Under strongly basic conditions the thiocyanato group has been 
replaced directly by amino groups. Thus 2-chloro-5-nitro-4-thiocyanato- 
pyrimidine (XVI) with ammonia in benzene and alcohol solution, or 
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aniline, gives 2-amino(or anilino)-5-nitro-4-thiocyanatopyrimidine, but 
with aqueous ammonia or ethylamine under similar gentle conditions 
gives 2,4-diamino- or 2,4-bisethylamino- 5-nitropyrimidines (XVII). 
Earlier, a similar conversion was done by a completely different route: 
5-ethoxycarbonyl-2-ethylthio-4-thiocyanatopyrimidine (XVIII) heated 
with alcohol at 150" gave a good yield of 4-amino-5-ethoxycarbonyl- 
Z-ethylthiopyrimidine= (XXI)*. It is likely that the route involved an 
initial rearrangement to the isothiocyanato derivative (XIX), alcohol- 
ysis of this to a thiourethane (XX), and final degradation to the 
amine (XXI). 

SCN NHEt 

O A A N  
02NAAN EtNH, I 

LNAC1 'PN-%HEt 

( X W  (XVII) 

H. By Other Methods 

Although 4-nitrosopyrimidines are very rare, the few known such 
as (XXII) have been reduced to the corresponding amino derivatives, 
4-amin0-2,5,6-trihydroxypyrirnidine,~~ 4,5-diamino-2,6-dihydroxypy- 
ri~nidine,~' and 2,4-diamino-5,6-dihydroxypyrimidine~~~ (XXIII). 

Parallel to these reactions is the reduction of the uncommon 
4-arylazopyrimidines (as XXIV) to give 4-amino-2,5,6-trihydroxy- 
pyrirnidine,3O 4-amin0-5,6-dihydroxypyrimidine,~~ and 2,4-diamino-5,6- 
dihydroxypyrimidine2vm (XXIII). 

The Hofmann reaction has been used to convert 5-bromo-4- 
carbamoyl-2-methylpyrimidine (XXV) into 4-amino-5-bromo-2-methyl- 
pyrimidine (XXVI) in good yield.31 The 5-chloro analogue has been 
made similarly.31 

Many simple aminopyrimidines have been made by dechlorination 
of amino-chloropyrimidines. Such a reaction is the production of 

*The authors' assurance%* that "this compound gave no test for sulphur", 
need not perhaps be taken too seriously since their analytical figures indicate 
the presence of 14.4% ! 
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2-aminopyrimidine by hydrogenation of its chloro derivatives2 or its 
4,6-dichloro or by chemical means from the 2-amino- 
4-~hloropyrirnidine.~-~~ The reaction is treated in Chapter VI, Sect. 
5.A(2) and Table XI. Simple aminopyrimidines have also been made 
by desulphwization of their mercapto derivatives as in the formation 
of 4-aminopyrimidine from its 2-mercapto derivative with Raney 
nickel.40 Other examples will be found in Table XIII. 

Aminopyrimidines can be produced from their benzyloxy deriva- 
tives by reduction. Thus 2-amino-4-benzyloxyamino-S-methyl-5-nitro- 
pyrimidine (from the 4-chloro compound with benzyloxyamine) is 
reduced to 2,4,5-triamino-6-methylpyrimidine by hydrogenation, 
ferrous hydroxide, or hydrazineP1 An interesting partial reduction to 
2,4-diamino-6-methyl-5-nitropyrimidine (73 %) resulted when aqueous 
ethanolic ammonium sulphide was usedS41 

Some substituted-amino- and hydrazino-pyrimidines have been 
made from the corresponding nitroamino-pyrimidines (Sect. 8.A). 

XO NHa N : NC,H,SO,H($) 

Na,S,O. +-- 
HO\.& 

HO'X NH, " 
H O A N  Na.W.+ 

HO %''NIT, " HO N"NH, 

(XXII) (xxrrx) (XXIV) 

I. Secondary and Tertiary Aminopyrimidines Mainly by Alkylation 

As will be seen (Chapter X, Sect. 2.A) 2-, 4-, or 6- aminopyrim- 
idines normally alkylate on a ring nitrogen atom with the formation 
of an irninopyrimidine. A typical example is the conversion of 2-amino- 
pyrimidine with methyl iodide into 1,2-dihydro-Z-imino-l-methyl- 
pyrimidineP2 (XXVII). However, if this product is treated with hot 
alkali, rearrangement occurs in good yield to 2-methylaminopyrimidine4* 
(XXVIII), and this is the isolated product if the methylation is carried 
out in the presence of potassium carbonate.43 The indirect conversion 
of 2-amino- into 2-methylamino-pyrimidine could not be extended to 
the 4-position because initial methylation occurs at Nh) instead of 
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Nt3) and is followed by ready hydrolysis of the intermediate l,4- 
dihydro-4-imino-1 -methylpyrimidine to 1,4-dihydro-l-methyl-4-0~0- 
pyrimidine,42* '4 but the rearrangement did lead in several Iess simple 
cases to ultimate alkylation of a 4-amino group. Thus 4-anilino-6-chloro- 
pyrimidine (XXIX) with methyl iodide gave 4-chloro-3,fj-dihydro- 
3-methyl-6-phenyliminopyrirnidine (XXX) (as the hydriodide), which 
on treatment with alcoholic ammonia gave 4-anilino-6-methylamino- 

(XXXI) . Its  2-methyl and 2-phenyl derivatives were 
obtained by rather similar means,& The rearrangement is more fuUy 
treated in Chapter X, Sect. 2.B. 

NaOH - T'N 
P /I N NHMe 

(XXVII) (XXVIII) 

c1 c1 NHMc 

(XXIX) (XXXI) 

When 2-methylaminopyrimidine is treated with lithium amide 
followed by methyl iodide, the product is 2-dimethylaminopyrim- 
idine.43 2-Aminopyrimidine has also been converted to its stable 
sodium salt by sodium amide in boiling benzene, and subsequent 
treatment with /l-dirnethylaminoethyl chloride (and such Eke) gave 
2-j3-dimethylaminoethylaminopyrimidine and analogues." 2-Amino- 
4-methoxypytimidine behaved similarly to give €or example 2-j?-diethyl- 
aminoethylamino-4-methoxypyrimidine. No structural confirmation of 
the compounds was presented. Some alkyl chlorides such as ethylene 
chlorohydrin, l-cNoro-3-cyanopropane, and l-bromo-3-chloropropane, 
failed to react satisfactorily.46 

Another method of alkylating primary minopyrimidines is the 
so-called reductive alkylation, typified in the treatment of 2-amino- 
pyrimidine (XXXII) with benzaldehyde in refluxing formic acid. There 
is reasonable evidence that the alkylation proceeds not through the 
obvious Schiff's base (C,H,N,N :CHPh), but through di(2-pyrimidinyl- 
amin0)methylbenzene (XXXIII) which is reduced by formic acid to 
2-aminopyrimidine (which is used again) and to the product, 2-benzyl- 
a m i n ~ p y r i m i d i n e ~ ~ ~ ~  (XXXIV). The yield was 50 %. Substituted 
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benzaldehydes were also eff e ~ t i v e , ~ ' ~ ~  and more complicated examples 
are known.# The reductive benzylation of 2-amino-4-methylpyrimidine 
might reasonably be expected to follow that of 2-aminopyrimidine 
above. Indeed the product was reported as 2-benzylamino-4-methyl- 
p y r i r ~ ~ i d i n e . ~ * ~ ~  I t  has been claimed,51-Se however, that the product is 
really a mixture of 2-amino-4-styrylpyrimidine and 2-benzylarnino- 
4-styrylpyrimidine. PBenzylamino-2-hydroxypyrimidine and analogues 
may be made by heating cytosine with benzylamine etc.508 

\ 

"N 
NHCH,Ph + <%Ha 

(XXXII) (xxxur) (XXXIV) 

A good, but little used, indirect way of alkylating amino groups 
is represented in the 4-position by acetylation of 4-amino- to 4- 
acetamido- 6-dimeth yIamino - 2 -methylthiopyrimidine (XXXV and 
XXXVI) followed by reduction with lithium aluminium hydride to 
4-dime t h ylamino-6-e th ylarnino-2-methyl thiopyrimidine (XXXVI I) in 
65% overall yield,S8 The method has also been used for alkylating 
5-aminopyrimidines (Sect. 2.E). 

NHCOMe 

- AGO+ LIAIH, F;t 
Me,N N"SMe 

-.+ 
MqN' N SMe 

(XXXV) (XXXVI) (XXXVII) 

2. Preparation of 5-Aminopyrimidines 

A. By Primary Synthesis 

5-Aminopyrimidines can rarely be made by any primary synthesis. 
However, methyIaminomalondiamide condenses with ethyl formate 
or forrnamide to give 4,6-dihydroxy-5-methylaminopyrimidine~ 
(XXXVIII), and the degradation of several fused pyrimidine systems 
often gives 4,5-diaminopyrimidines. Examples of these are 4,5-diamino- 
Z,€i-dihydroxypyrimidine from uric acid,14 5-amino-4-methylaminopyr- 
imidine (XL) from 9-methylp~rine~~ (XXXIX), 4,5-diamino-2-hydroxy 
(or mercapto, or rnethy1thio)pyrimidine from 2-hydroxy,- rnercapto-, 
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or methyl t hio-purine ,55 5-amino-2,4-dihydroxy-6-mercap topyrimidine 
from uric acid with ammonium bi~ulphide,6~.6' 4-(and 5)-amino-5(and 
4)-carboxymethylaminopyrimidine from 7- and 6-hydroxypteridine 
by reduction and hydrolysis,58* 5s and 4,5-bismethylaminopyrimidine by 
hydrolysis of 5,6,7,8- te trahydro-5 ,&dirnet hyl-6,7-dioxop teridine.15 

Me 

(XXXVIII) (XXXIX) ( XL) 

B. By Reduction of %Nitro-, Nitroso-, or Arylazo-pyrimidines 

This is the usual way of producing 5-amino derivatives. The 
methods of reduction have been discussed in detail in Chapter V, Sects. 
I.B, 2.B(1), and 3.B. 

C. From 5-Halogenopyrimidines 

The amination of the rather unreactive 5-halogenopyrimidines is 
seldom easy. Typical of the few which are of preparative value is the 
conversionm of 5-bromo-2,4-dihydroxypyrimidine into 2,4-dihydroxy- 
5-methylaminopyrimidine by heating with methylamine at 180". I t  
has been showns1BBa that the above reaction takes place with a variety 
of amines, but its scope is very restricted when the starting material 
is 2-amino-5-bromo-4-hydroxypyrimidine. Other positive and negative 
examples are given in Chapter VI, Sect. 6.A. 

D. From 5-Carbamoylpyrimidines 

There are examples of 5-carbamoylpyrimidines being changed into 
5-aminopyrimidines. Thus 5-carbamoy18,4-dimethylpyrimidine (XLI) 
in methanol containing sodium methoxide, when treated with bromine, 
gives 94 % of the urethane, 5-me t hoxycarbonylamino-2,4-dime t hyl- 
pyrimidine (XLII). Hydrolysis of this compound in boiling aqueous 
barium hydroxide gave 5-amino-2,4-dimethylpyrimidine (XLIII) in 
85 % yield.@ In the same way, 5-amino-2-ethyl-4-methylpyrimidine 
was made.68 A rather analogous reaction involved a hydrazide. 5- 
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Hydrazinocarbonyl-2,4,6-trimethylpyrimidine (XLIV) on treatment 
with alcoholic nitrous acid gave 5-amino-2,4,6- trime thylpyrimidinee3 
(XLV) . 

Me Me Me 

(XLII) (XLIII) 

Me Me 

E. Secondary 5-Aminopyrimidines by Alkylation 

Reductive alkylation of a 5-aminopyrimidine has been successful 
in at least one case: 5-amino-4-methylpyrimidine (XLVI) and acetal- 
dehyde were hydrogenated in ethanol over palladium. 5-Ethylamino- 
4-methylpyrimidine (XLVII) resulted in 7% % yield.s4 

5-Methylamino derivatives have been prepared via the formamido 
derivatives. Thus formylation of a 5-amino derivative as (XLVIII) 
gives 4-amino-5-formamido-2-methylthiopyrimid (XLIX) and its 
6-dimethylamino d e r i ~ a t i v e , ~ ~  which on reduction with lithium 
aluminium hydride gave 4-amino-5-methylarnino-2-methylthiopyrim- 
idine (L) and its 6-dimethylamino derivative. Attempts to reduce 
4-amino-5-formamidopyrimidine failed due to insolubility of the 
starting material.@ 

When the possibility of ring-nitrogen alkylation is absent, 5-amino- 
pyrimidines may be alkylated normally. Thus 5-amino-1 -butyl- 
1,2,3,4-tetrahydro-3,6-dimethyl-2,4-dioxopyrimidine and related com- 
pounds, with dimethyl sulphate and calcium oxide in methanol, give 
their 5-dimethylamino analogues.BB The chief product from a similar 
ethylation is 1 - cyclohexyl-5 - ethylamino - 1,2,3,6- tetrahydro -3,4- di- 
methyl-2,6-dioxopyrimidine, which can be further alkylated to give 
for example its 5-ethylmethylamino analogue.68 The alkylation of 5- 
aminopyrimidines with ethyl chloroformate to give the corresponding 
urethane is treated later (Sect. 6). 

The direct arylation of a 5-aminopyrimidine is known. Thus 
5-amino-2-methoxypyrimidine on heating in amyl alcohol with 2,4- 
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dichlorobenzoic acid (in the presence of copper and potassium carbonate) 
gives 5-(2-carboxy-5-chloroanilino)-2-methoxypyrimidine.67 5-Amino- 
uracil is similarly arylated in an aqueous medi~m.6~ 

Me Me 

(XLVI) (XLVII) 

3. Preparation of Extranuclear Aminopyrimidines 

Most of the known extranuclear aminopyrimidines have been 
derived by reduction of a nitrile, by the Hofmann reaction from an 
amide, or by a Mannich reaction. 

A. By Reduction of a Nitrile 

The reduction of a cyano group to an aminomethyl group has been 
used extensively. The best method seems to be hydrogenation in 
alcoholic ammonia over Raney nickel (rather than palladium or 
platinumBs) at 20-100" under pressure, but other conditions and 
reducing agents have been used successfully. Catalytic reduction is 
exempIilied by the preparation, from the corresponding nitrile, of 
4-amino-5-aminomethylpyrimidine6@ (LII from LI), its 2-methyl 
d e r i v a t i ~ e , ~ ~ ~ * ~ ~ ~  its 2-benzyl d e r i v a t i ~ e , ~ ~  its 2,6-dimethyl derivative,?a 
its 2-ethyl (and phenyl) derivatives both in acid media with palladi~m,~' 
and 2,4-diamin0-5-aminomethylpyrirnidine.~~~~ Reduction of a nitrile 
and reductive removal of chlorine have been done together in the 
preparation of 4-amino-5-arninomethyl-2-methylpyrimidine from 4- 
amino-6-chloro-5-cyano-2-methylpyrimidine.?6 Other methods of nitrile 
reduction include electrolytic reduction with a palladium black 
cathode, in the preparation of 4-amino-5-aminomethyl-2-butyI- 
pyrimidine,n and the use of lithium aluminium hydride in making 
5-arninomethyl-4-chloro-2-ethylthiopy1-imidine~~ (LIV) from (LIII), 
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and 4-amino-5-aminomethyl-2-ethylthiopyrimidine.18 This last method 
should be of great use in the presence of groups which preclude catalytic 
hydrogenation, and yields were excellent. 

B. From Amides and Hydtazides by Hofrnann and Curtius Reactianr 

There are several examples of an extranuclear amide serving as 
starting materia1 to make the corresponding amine. Thus 4-amino- 
5-carbamoylmethyl-2-methylpyrimidine (LVJ on treatment in alkaline 
solution with bromine gives 4-amino-5-minomethyl-2-methylpyrim- 
idine79-81 (LVI), isolated conveniently as a benzddehyde Schiff's base, 
which was hydroIysed by acid to give the product. The isomeric 4- 
amino-5-aminomethyl-6-methylpyrimidine was made similarly:* as 
was aIso 4-amin0-5-aminomethyl-2-benzylpyrimidine~~ and 4-amino- 
5-aminomethyl-2-ethy1p~rimidine.B~ A Hofmann reaction was used on 
2-@-carbamoylethylpyrimidine to give in good yield 2-@-aminoethyl- 
pyrimidine, and also for the 4-is0mer.~~ 

HCl --f 

9 

I t  
-:"\OH 

(LVI I I ) 

The related Curtius reaction has been used to convert 5-hydrazino- 
carbonylmethy1-4-hydroxy-2-methylpyrimidine into 5-aminomethyl- 
4-hydroxy-2-methylpyrimidine.Bf The reaction (in the broadest sense) 
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has also been useds3 to convert 2-ethylthio-5-hydrazinocarbonylmethyl- 
4-hydroxypyrimidine (LVII ; R=SEt), v ia  the azide and the isocyanate 
or urethane, into 5-arninomethyI-2,4-dihydroxypyrimidine (LVIII), the 
ethylthio group being hydrolysed in the process. The same compound 
has also been madeM by similar routes from 5-hydrazinocarbonylmethyl- 
2,4dihydroxypyrimidine (LVII ; R= OH). The 6-methyl derivative of 
(LVIII) has been made directly from the corresponding azide by treat- 
ment with 50 % acetic acid.e6 

C. By the Mannich Reaction 

The preparation of extranuclear amino derivatives by the Mannich 
reaction is typified by the condensation of 4-methylpyrimidine with 
formaldehyde and dimethylamine to give 70 Yo of 4-dimethylamino- 
ethylpyrimidine* (LIX). When methyl groups are deactivated as in 
4-hydroxy-6-methyl-2-rnethylthiopyrimidine, treatment for example 
with piperidine and formaldehyde involves the 5-position, giving 
4 - hydroxy - 6 - methyl- 2 - methylthio -5- piperidinomethylpyrimidine*6 
(LX). The reaction is fully discussed in Chapter IV, Sect. 3.C(7). 

Ancillary to the Mannich preparation of the tertiary base, 4-amino- 
5-dimethylaminomethyl-2-methylpyrimidine (LXI), is its quaterni- 
zation to (LXII) and conversion therefrom with aqueous ammonia 
into the primary base, 4-amino-5-aminomethyl-Z-methylpyrirnidin@7 
(LXIII). 

CH,CH,NMe, OH 

D. By Primary Synthesis 

There is at least one direct Principal Synthesis of an extranuclear 
amino compound, and several are known using “protected” amino 
groups. 
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The direct synthesis is the condensation of diethyl B-diethylamino- 
ethylmalonate with thiourea, which is reported as giving 5-B-diethyl- 
aminoe thyl-4,6-dihydroxy-2-mercaptopyrimidine~ (LXIV) . 

For example, in the second category l-phthdimidopentan-2,4- 
dione when refluxed with guanidine carbonate in ethanol gives 2- 
amino-4-methyl-6-phthallmidomethylpyri1nidine (LXV). On treatment 
of this with hydrazine, 2-amino-4-aminomethyI-6-methylpyrimidine 
(LXVIJ resulted.89 Again, a-benzamidoacetamidine, acetylacetone, and 
potassium carbonate in ethanol gave 2-benzamidomethyl-4,6-dimethyl- 
pyrimidine (LXVII), which on treatment with hot aqueous hydrochloric 
acid gave 2-aminomethyl-4,6-dimethylpyrimidine~ (LXVIII). Similar 
condensations with mdononitrile and with ethyl cyanoacetate failed 
to give pyrimidines.'@ 5-Acetamidomethyl-4-amino-2-methylpyrimidine 
has been made by a primary synthesis via an intermediate pyrimido- 
pyrimidine.*'tW 

OH CH, . N<g>C6€i4  CH,NH, 

E%NH&HZC,, N NH,NH, A N  

HO YJ, N SH Me f?. 'N NH, > M e L J 1 N H t  

(LXIV) (LXV) (LXVI) 

Me 

? -  
Me- C€&NH.COPh 

(LXVII) (LXVIII) 

E. By Other Routes 

Extranuclear bromopyrimidines such as (LXIX) have been 
aminated as in the preparation of 5-acetyl-4-diethylamino(or dimethyl- 
amino, or morpholino)methyl-2-phenylpyrimidineaa (LXX). 4 - h i n o -  
2-methyl-5-piperidinomethylpyrimidine and 4-amino-5-dimethylamino 
(or diethylamino)methyl-2-methylpyrimidine have been similarly 
made.@ Such aminations are very easily done in a few minutes in warm 
benzene. 5-Aminomethyluracil can be nicely made from the chloro 
ana l o p e  with hexame t hylene tetra mine.% 

Reduction of 4,6-dihydroxy-5-nitroso-2-nitrosomethylpyrimidine 
with ammonium sulphide gives 5-amino-2-aminornethyl-4,6-dihydroxy- 
pyrimidine?5 Similarly, 4-acetonyl-2,6-dimethylpy-rirnidine forms an 
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oxime (LXXI) which on hydrogenation over Raney nickel gives 
4-~-aminopropyl-2,6-dimethylpyrimidine0* (LXXII). The oxime of 
2,4-dimethyl-6-phenacylpyrimidine likewise gives 4-@-aminophenyl- 
ethyl-2,6-dimethylpyimidine.BB 

Some rather complicated examples of the direct attachment of a 
diethylaminoethyl residue on to an activated methylene group attached 
to pyrimidine are known.w The products are typified by (LXXIII). 

CHpBr CH,N% 
MeOC.& 

R,NH_t 
MeOC,,& 

LNAPh 
- I 

% A 

(LXIX) (LXW 

N Ph 

CH,C( :NOH)Me CH,- CH(NH,)Me Me 

n,m -+ 
Me"N"Me 

(LXXI) (LXXII) (LXXIII) dh 

4. Properties of Aminopyrimidines 

All the simple aminopyrimidines are readily solubIe in water. The 
primary amines are higher melting than are the corresponding methyl- 
amino derivatives, which are in turn higher than the dimethylamino 
derivatives. There is a general increase in melting point with the 
number of amino groups. Table XIV gives the available melting points 
for the simple compounds. The ionization constants of aminopyrimidines 
are discussed in Chapter XIII, Sect. 1, and spectra in Chapter XIII, 
Sect. 2. 

TABLE XIV. Melting Points of .4minopyrimidines 

Positionsof substitution Amino Methylamino Dimethylamino 

2- 
4- 
5- 
2,4-di 
2,5-di 
4,5-di 

2,4,6-tri 
2,4,5-tri 

2,4,5,6-tetra 

4,6-di 

4.5.6-tri 

128" 61" liq. 
151' 40" 
172" 
150" 130" 
208" 
202 142" 
270' 2090 107" 
252" 
179' 
257" 
205" 
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There is every indication that the aminopyrimidines are truly 
amino in form (LXXIV) and that the amount of the tautomeric imino 
form (LXXIVa) present at  equilibrium in aqueous solution, or in the 
solid state, is very smalLra This is in marked contrast to the state of 
affairs in hydroxy- and mercapto-pyrimidines. For discussion see 
Chapter XIII, Sect. 2.A. 

(LXXIV) (LXXIVa) 

5. Reactions of Aminopyrimidines 

A. Replacement of  Amino by Hydroxy Groups 

2-, 4-, and 6-Aminopy~imidines can often be converted into 
hydroxy derivatives by acid hydrolysis or by treatment with nitrous 
acid; less frequently, alkaline hydrolysis is effective. The reaction is 
discussed in Chapter VII, Sect. I.D. 5-Amino groups undergo the 
transformation less readily although 2,4,5-trihydroxypyrimidine is 
best made by acid hydrolysis of 5-amino-2,4-dihydroxypyrimidine.~ 
Other examples are given in Chapter VII, Sect. 2.A. Not surprisingly, 
the aliphatic type of amino group in extranuclear aminopyrimidines 
has been converted into hydroxy with nitrous acid. The formation of 
4-hydroxy-5-hydroxymethyl-2-methylpyrimdine is a good example 
of the reaction.*01g8 Other examples are given in Chapter VII, Sect. 3.B. 

B. Replacement of Amino by Chloro Substituente 

2-Aminopyrimidinea~ 100 and several derivatives have been 
converted into their chloro analogues by treatment with nitrous acid 
in the presence of an excess of hydrochloric acid (Ch. VI, Sect. l.C). 
2,5-Diamino-4,6-dirnethylpyrimidine, on diazotiza tion and treatment 
with potassium iodide gives 2-amino-5-iodo-4,6-dimethylpyrimidine1C'1 
and this is probably the only example of the metathesis in the 5- 
position. 

C. Formation of A n i l s  (Schiffs Bases) 

There is remarkably little straightforward literature on pyrimidine 
anils. I t  is likely, however, that primary aminopyrimidines in all nuclear 
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positions do form such derivatives,* although the 5-position is most 
favourable. Thus 5-aminopyrimidine on heating with pnitrobenzal- 
dehyde in acetic acid at 160” gives a good yield of 5-fi-nitrobenzyl- 
ideneaminopyrimidinelm (LXXV) . 2-Amino-4-hydroxypyrimidine has 
been reportedxDa to give with benzaldehyde, 2-benzylidenamino-4- 
hydroxypyrimidine (LXXVI), but its extraordinary stability to acid 
makes some confirmation of structure desirable. 

It is the anil cation which is unstable towards acid hydrolysis. Thus if itll 
amine is substituted so that its basic strength is progressively weakened, its anil 
will resist more and more concentrated acid. It is known,104 for example, that 
benzylidene-p-nitroaniline is f a r  more stable than is benzylideneaniline itself. As 
the base-weakening effect of the nuclear nitrogen atoms in pyrimidine approxi- 
mates to that exerted on aniline by two nitro groups, it would perhaps not be too 
surprising to fin& that pyrimidine a d s  are rather stable. This stability should. 
however, be decreased by the presence of electron-releasing p u p s .  

Preferential a d  formation at position 5 in a 4,5-diarninopyr- 
imidine has been recordedlo5 in the reaction of benzaldehyde or 
o-hydroxybenzaldehyde with 4,5 -diamino-l,2,3,6- tetrahydro- 1,3 -di- 
me thyl-2,6-dioxopyrimidine or 5,6-diamino- 1 -methyluracil to give 
respectively 4- amino - 5 - benzylideneamino - 1,2,3,64etrahydro - 1 , 3 - di- 
rnethyl-2,6-dioxopyrimidine (LXXVII) and its three analogues. When 
2-amino-4-methylpyrimidine is heated at 200” with benzaldehyde, 
not an anil, but 2-amino-4-styrylpyn’midine (LXXVIII) is said to be 
the product ;61 on the other hand, 2,5-diamino-Phydroxy-6-methyl- 
pyrimidine and benzaldehyde in aqueous ethanol do give an anil, 

OH 0 CH:CHPh 
PhHC:N,f#k (... 

0.N N N.CHPh H,N f% ’N NH, 

Me 
(LXXV) (LXXVI ] (LXXVI I) (LXXVIII) 

2-amino-5-benzylideneami~04-hydroxy-6-methylp~imi~ne.~~ T h e  2- 
acetamido analogue was made similarly.lO8 In the preparation of 4- 
amino-5-aminoethyl-2 (and 6)-methylpyrimidine from the corresponding 
amide, the product was isolatedm as a “Kondensationsprodukt mit 
Benzaldehyd” or “Benzylidenverbindung” (unanalysed) which was 

The 4 s  from pyrimidine aldehydes and aromatic amines are mentioned 
in Chapter XI, Sect. 5.B(4). 
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then split by acid. It is tempting to think of these compounds as 5- 
benzylideneaminoethyl derivatives ( i e .  extranuclear) but in fact there 
is little clue to their structure. 

Several patents exist107-108 which relate to resinous materials 
prepared from polyaminop yrimidines (e.g. 2,4,5,6- te tra-aminopyr- 
imidine) and aliphatic aldehydes. Phenols were sometimes included. 

Compounds very closely related to Schiff’s bases are the “hydra- 
zones” or condensation products of hydrazines with aldehydes. On 
account of their interest €or tuberculostatic testing, these are well 
represented in this series by the condensation in dilute acetic acid of 
2-hydrazino-4-hydroxy-6-methylpyrimidine with a great variety of 
aromatic and heterocyclic aldehydes and ketones. A selection of the 
carbonyl compounds was also condensed with other hydrazines includ- 
ing 4-hydroxy-6-methyl-2-a-methylhydrazinopyrimidine, 2-hydrazino- 
4-hydroxy-6-hydroxymethylpyrimidine, Z-hydrazino-4-hydroxy-5-rne- 
thylpyrimidine, 2-hydrazino-Pmethoxypyrimidhe and others. In all, 
over 100 benzylidenehydrazino compounds are described.l1° They 
are typified by 2-benzylidenehydrazino-4-hydroxy-6-rnethylpyrid- 
dine110#111* (LXXIX), 2-(2-hydroxy-a-methylbemylidene)hydrazino- 
4-hydro~y-6-methylpyrimidine~~~ (LXXX), 4-hydroxy-6-methyl-2-y- 
pyridyImethylenehydrazinopyrimidineJ1l@ and 4-methyl-2,6-bis-o-hy- 
droxybenzylidenehydrazinopyrimidine.ll0 Other types of related hy- 
drazone had been made and tested by Japanese workers.lll-lf* 

OW 

Me 4’NEIN:CHPh 
(LXXIX) 

CHO + 

I 
CHO 

The condensation 

(LXXX) 

(LXXXI) (LXXXII) 

of 4,5-diaminopyrimidine or a derivative 
(LXXXI) with glyoxal to give pteridine or a derivative, (LXXXII), is 
at least on paper, simply the formation of a double Schiffs base. The 

* This compound was first madells in 1898 by a delightful Principal Synthesis 
from benzylideneaminoguanidine and ethyl acetoacetate in alcohol containing 
nitric acid! 
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product is, however, so conjugated that thereis in fact little resemblance 
to the classical Schiff's base. Thus pteridine gives derivatives of 
pyrazine with acid. 

D. Acyl Dexivativee of Ainhopyi5midines 

Most acylamidopyrimidines are made by acylation of the amines. 
The 5- and extranuclear-amino derivatives acylate very easily, but 
2-, 4-, and 6-amino derivatives rather less readily. Thus a 2,5(or 4,5)- 
diaminopyrimidine always acylates first at position 5, and there the 
reaction normally stops, unless conditions are sufficiently vigorous to 
acylate the other amino group. 

(1) Acetylatiulz 

Simple 2- and 4-aminopyrimidines have been acetylated by 
boiling with acetic anhydride to give for example 2-acetamidopyrim- 
idinell@* 11' (LXXXI I I), its 4,6-dime t hyl derivative, lm 4-ace tamido- 

116* 11# 2-acetamid0-4-hydroxypyrimidine,~~~~ lZo 4-acet- 
amido - 2 - hydroxypyrimidine,laOIlal 4 - acetamido - 6 - hydroxypyrim- 
idine,lB* 2-acetarnid0-5-piperidinopyrimidine,~~~ 2-acetamido-5-nitro- 
pyrimidinela3*1z* (and with boiling acetic acid*aS), 4,6-bisacetamido- 
pyrimidine,laB its 2-methyl derivative,'%' 2,4-bisacetamido-6-hydroxy- 
pyrirnidine,l17 2 ,4,6-tri~acetamidopyrimidine,l~~ and others.la1. 1w 
Treatment with acetic anhydride in pyridine is a good method, used for 
example in making 4-acetamido-6-dime thylamino-2-me thylt hiopyrim- 
idine,s* 2-acetamido-4-mercapto-5-methyl-6-ph~nylpyrimidine,~~ and 
4-acetamido-6-amin0-2-methylthiopyrimidine.~~ The last compound 
was also made with acetyl chIoride in ethyl acetate.ls0 

5-Aminopyrimidine is acetylated to 5-acetamidopyrimidine by 
warming with acetic anhydride in benzene;loa 5-acetamido-2-phenyl- 
pyrimidine and 5-acetamido-2,4-dirnethy1pyrimidines3 are also easily 
formed ;lal 2,4,5-triamino-6-hydroxypyrimidine gives its 5-acetamido 
analogue (LXXXIV) by treatment at 5" in aqueous sodium hydroxide 
with acetic anhydride;la8 and other preferential 5-acetylations are 
the formation of 5-acetamid0-4-amino-6-hydroxypyrimidine~~~ and of 
5 -acetamido- 2-amino-4,6- dimethylpyrimidine.lO1 Thioacetylation is 
represented by 2,4-dihydroxy-6-methyl-5-thioacetamidopyrimidine1~ 
(LXXXV), and extranudear acetamido derivatives by 5-acetamido- 
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methyl-2-methyl-4-methylaminopyrimidine,1~~ made from the 5-amino- 
methyl analogue with acetic anhydride and triethylamine or by the 
reduction of the 5-cyano analogue in the presence of acetic anhydride. 

Despite the seeming unlikeIiho0d,11~ aminopyrimidines with two 
acetyl groups attached to the one amino group, have been made by 
Pfleiderer and colleagues. Thus 4-amino- 1 ,Gdihydro- 1,5-dimethyl-6- 
oxopyrimidine on boiling with acetic anhydride for 20 minutes yields 
the 4-acetamido analogue, but on treatment with boiling acetic 
anhydride in pyridine for one hour it yields the 4-diacetylamino 
analogue.las 4 -Amino - 1,2,3,6 - te trahydro - 1,3,5, - trime t h yl - 2,6 - dioxo- 
pyrimidine on boiling for 6 hours with acetic anhydride gives the 4- 
diacetylamino andogue (LXXXVI), and this on refluxing with dilute 
acetic acid for 8 hours is partly hydrolysed to the 4-acetamido (i.6. the 
monoacetykmino) analogue1w (LXXXVII). SeveraI similar 4-diacetyl- 
amino derivatives are described.'" Diacetylation of an amino group in 
position 5 can also be done I 5-amino-l,2,3,4-tetrahydro-I ,3,6-trimethyb 
2,4-dioxopyrimidine can givela with acetic anhydride either the 
acetamido (gentle warming) or diacetylamino analogue (reflux). 

BEeocHN,?; M.XHNfLOH 

G N H C * M e  Me/ N%H Me 
(LXXXIIL) (LXXXIV) (LXXXV) 

N [COMe), NHCOMe 

Me Me 
(LXXXVI) (LXXXVII ) 

Simple hydrazinopyrimidines are readily acetylated or formylated 
to give for example 2-acetylhydrazinopyrimidine,138 2-formylhydrazino- 
pyrimidine,1gB their 4,6-dimethyl and 2-acetylhydrazino- 
4-hydrox y-6-me t hylpyrimidine.lS 

(2) Formylatwtzs 

The monoformylation of 4,5diaminopyrimidines is very much 
used as an essential step in the usual synthesis of purines. These, and 
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other formylations, are generally done by boiling with formic acid 
(90-98 %). In this way were made 4-armno-5-formamidopyrimidine~~140 
(LXXXVIII) which cyclizes to purine (XC) on melting, 5-formamido- 
4-rnethylamin0pyrimidine~~ which cyclizes to 9-methylpurine on 
sublimation at its melting point, 4-amino-2-butyl-5-formamido- 
pyrimidinel*l which cyclizes to 2-butylpurine at 195 O, 5-formamido- 
4-me t hylamin0-6-methylthiopyrirnidine~~~ which cyclizes at  2 10 O ,  4- 
amino-5-formamido-2-methylthiopyrimidine5s* which cyclizes a t  185", 
4-amino-2-dimethylamino-5-formamidopyrimidine,~s its 2-diethylami- 
no homologue,la 4-amino-5-formamido-6-mercaptopyrimidine,1M and 
many o t h e r ~ . l ~ - l ~ ~  Where formic acid failed to yield a satisfactory 
formyl derivative, acetic formic anhydride at 50" has been used as in 
the preparation of 4,5-bisformarnido-2-methoxypyrimidine and (un- 
isolated} monoformylated d e r i v a t i ~ e . ~ ~  4-Amino-2,6-dihydroxypyrim- 
idine has been formylated with formic acid-formamide mixture at 
the boiL1M 

Thioformylation is likewise selective to 5-amino groups and was 
introducedw in 1936 and developed by A.R. Todd, F. Bergel, and their 
colleagues. Such thioformamido compounds are made with sodium 
dithioformate in aqueous solution or in pyridine at room temperature, 
and the products are cyclized to purines under conditions gentle enough 
to permit the presence of labile sugar groups for purine nucleoside 
synthesis. 

Typical examples of 5-thioformamidopyrimidines include 4-amino- 
(i-ethyl(and methyl)- (XCI),1s4 2,4-diamin0-6-rnethy1-,1~4 4,6-diamino- 
Z-methyl-,l@ 4,6-diamino-2-methylthio- and analogues,l@ 4,6-di- 
amino,18o 4-amino-2-methyl-6-methylamin0,~~~ 4-amino-2-methyl-6-d- 
xylosidoamino-,lS1 and such like compounds.lsZp lS3 

Extranuclear formamido and thioformamido pyrimidines have 
generally been made in connexion with the synthesis of vitamin B, 
or its analogues. Again, extranuclear amino groups are formylated in 
preference to 2- or 4-amino groups, but there seems to be no example 
to test the preference between extranuclear- and 5-amino groups. A 
typical 5-formamidomethylpyrimidine is the 4-amino-2-methyl deriva- 
tive (XCII) made by formylation with formic acid,154 or with form- 
amide,l6s by reduction of the nitrile in the presence of forrnamide,lw 

This is the first case of a 4,5-diaminopyrimidie in which monoformylation 
was rigornusly proveW to occur on the 5-amino group. Wilso~P~a had already 
shown this was the case for acetylation. 
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or by heating the corresponding thioformamido derivative with water 
at 120" for 2 hours.la6 Other examples are 5-forrnamidomethyl-2- 
met hyl-4-me thylaminopyrimidine,l% and 4-amino-2-benzyl (and ethyl) - 
5-formamidomethylpyrimidhe.1~7 

Extranuclear thioformamidopyrimidines are exemplified in 2-ami- 
no-4-me t hyl-lb8 2-met hyl-4-methylamino- 2,4-diamin0-'~ (XCIII) , 
and 4-amin0-~ 5-thioformamidometbylpyrimidine. They were all made 
by thioformylation with sodium dithioformate in aqueous solution 
at room temperature. 

H 

Enol-ethers of formamido (and other acylamido derivatives) can 
also be readily madels*S and appropriate ones are useful in purine 
syntheses. 4,5-Diaminopyrimidine, for example, on brief boiling with 
ethyl orthoformate yields 4-amino-5-ethoxymethylene-aminopyrim- 
idine, which is easily cyclized to  purine. 

(3) Benzoylation and Other Acylations 

Most benzoylations have been done with benzoyl chloride either 
in pyridine or under Schotten-Baumann conditions, No dibenzoylation 
of the same amino group has been recorded. Typical examples of the 
products include 2-benzamido-4,6-dimethylpyrimidinelZs (XCIV) , 2- 
benzamidopyrimidineM* (by heating at  180" with phenyl benzoate), 
5-benzarnidopyrimidine,108 2-acetamido-5-benzamidopyrimidine,l~ 4- 
benzamido- 1,2-dihydro- 1 -me thy1-2-oxopyrimidine,83. 2.4-diamino-5- 
benzamido-6-hydroxypyrimidine,ls2 2-amino-5-benzamido-4-hydroxy- 
6-methylpyrimidine,lW 4-arnin0-5-benzamidopyrimidine,~ and 4,5- 
bisben~amidopyrimidine.~~ A variety of substituted-benzamido pyrim- 
idines has been described.168 

The complete benzoylation of 4-amino-2-hydroxypyrimidine in 
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pyridine is particularly interesting in yielding 1,3-dibenzoyl-4-benzoyl- 
imino-l,2,3,4-tetrahydro-2-oxopyrimidine, which on gentle acid or 
alkaline hydrolysis is converted into 4-benzamido-2-hydroxypyrim- 
idine.'a +Amino- 1,2-dihydro- 1 -methyl-2-oxopyrimidine, on similar 
treatment with an excess of benzoyl chloride in pyridine, gives a 
dibenzoyl derivative which on gentle hydrolysis yield@ the mono- 
benzoyl derivative previously r e p 0 r t e d ~ ~ 5 . ~ ~ ~  (v.s.). 

Examples of other acylations (apart from sulphonylations q.v.1 are 
not numerous but are equally facile. As examples, might be quoted 
4,6-diamino-5-cyanacetamido-2-mercap topyrimidinela (XCV) (from the 
!%amino analogue with aqueous cyanocetic acid), 4-amino-5-B-carboxy- 
propionamido-6-hydroxypyrimidinelS (succinic acid at 200"), 2,4- 
diamino-5-a-hydroxypropionamido-6-hydroxypyrimidine13* (lactic acid 
at 1257, 4-amino-5-aa-dichloropropionamidopyri1nidine~~ (XCVI), 
4,5-bis - t l o ~  - dichloropropionamidopyrimidinelm (aa- dichloropropionyl 
chloride in boiling pyridine gives mainly monoacyl derivative), and 
4-amino-5-cyanoacetarnido-6-hydroxypyrimidine1~ from heating the 5- 
amino derivative with cyanoacetamide at 200". 

(4) Other Ways of Preparing Acy&zmim~yrimG€i~s 

Acylamino derivatives have occasionally been prepared by primary 
synthesis. Thus, 2-benzamidomethyl-4,6-dimethylpy1imidine was made 
by condensing benzamidoacetamidine with acetylacetone,80 5-benz- 
amido-4-hydroxy-2-methylthiopyrimidine from sodio ethyl benzamido 

NH, OH OH 
MeCI,COCHN, PhOCHN 

(XCVI) (XCVII) (XCVI 11) 

formylacetate and S-methylthiourea in aqueous alkali," 5-acetamido- 
2,4-diamino-6-hydroxypyrimidine from ethyl acetamidocyanoacetate 
and guanidine,laa 5-ace tamidomethyl-4-amino-Z-methylpyrimidine by a 
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complicated route,lg5 and many sulphonamido derivatives exemplified 
in the condensation of P-acetamidobenzenesulphonylguanidine and 
ethyl acetoacetate to give 2-p-acetamidobenzenesulphonamido-4- 
hydroxy-6-methylpyrimidine.1M 

Formylation can accompany reduction by using, for example, zinc 
and formic acid to reduce 4-amino-2,6dihydroxy-5-phenylazopyrim- 
idine to 4-amin0-5-formamido-2,6-dihydroxypyrimidine.~~ 

Interconversion of acylamino groups has been recorded. Thus, 
5-benzamido-4-hydroxy-2-methylthiopyrimidine (XCVII) on refluxing 
with acetic anhydride for 1 hour gave 5-acetamido-Phydroxy-2- 
methylthiopyrimidinelw (XCVIII), The rearrangement of 2-amino-4- 
benzoylthio-6-methylpyrimidine to 2-benzamido-4-mercapto-6-methyl- 
pyrimidine takes place by heating at 180” for 30 minutes.las 

(5)  Deacylation of Acylaminopyrimidines 

Acylaminopyrimidines need fairly vigorous hydrolysis to give the 
parent amine, and if other labile groups are present, the process may 
well be impractical. Examples of these hydrolytic conditions are 
furnished by 2-acetamido- to 2-aminopyrimidine by refluxing with 
methmolic hydrogen chloride,u7 4-amino-5-cyanoacetamido- to 4,5- 
diamino- 6-hydroxypyrimidine “by heating with concentrated sodium- 
hydroxy solution”,13 6-amino-5-formamido- to 5,6-diamino- 3-methyl- 
uracil by refluxing in 10 % methanolic hydrogen chloride for 5 
4-acetylimino-1,2,3.4-tetrahydro-l,3-dimethyl-2-oxop~midine to the 
4-imino derivative by refluxing with sodium methoxide in methanol,% 
2-benddomethyl- to 2-aminomethyl- 4,6-dimethylpyrimidine by 
boiling with 6 ~ -  hydrochloric acidJW and 2-acetamido-5-amino- to 
2,5-diamino- pyrimidine with N - sodium hydroxide.’86 Aqueous 
alcoholic hydrochloric acid at 50” has been A kinetic study of 
the acidic and alkaline hydrolysis of 2- and 5-formarnido-, acetamido-, 
and benzamido-pyrimidines has been reported.16* 

(6) ArylsuCpho~4nidoZr~mia~n~~ 

A great many aryl sulphonamidopyrimidines have been made. The 
two methods used have been direct acylation of aminopyrimidines with 
arylsulphonyl chlorides, and to a less extent the Principal Synthesis. 
The first is exemplified by the treatment of Z-amino-4,6-dimethyl- 
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pyrimidine with p-toluenesulphonyl chloride in pyridine at 100" to 
give 4,6-dime t h yl-2 -$- toluenesulphonamidop yrimidinefls (XCIX ; R= 
Me), by the similar preparations of 2-$-toluenesulphonanidopyrim- 
idine,17* Z-benzene~ulphonamidopyrimidine,1~0* 171 its 4-methyl deriva- 
tive,l71 and its 4,6-dimethyl derivative.1'8 Many similar sulphonamides, 
substituted both in the benzene part and in the pyrimidine ring, have 
been made with the appropriate sulphonyl chloride and aminopyrim- 
idine.172e173 A little-used variation of the method involves the conden- 
sation of a benzene sulphonamide with an active chloropyrimidine. 
Thus, orthanilamide and 2,5dichloropyrimidine on heating at 170" in 
nitrobenzene with potassium carbonate gave 2-o-aminobenzenesulphon- 
amid0-5-chloropyrimidine."~ 

The preparation of arylsulphonamidopyrimidines by the Common 
Synthesis is illustrated by the condensation of 2-$-nitrobenzene- 
sulphonylguanidine with acetyhcetone to give 4,6-dirnethyl-Z-$-nitro- 
benzenesulphonamidopyrimidine (XCIX ; R=NO,). Reduction with 
ferrous hydroxide gave 2-~aminobenzenesulphonamido-4,6-dimethyl- 
pyrimidinelB8 (XCIX; R=NH,). The same compound was made 
directly from p-arninobenzenesulphonylguanidine and acetylacetonelm 
and earlier by the acylation of 2-amino-4,6-dimethylpyrirnidine with 
P-acetamidobenzenesulphonyl chloride to give 2-p-acetamidobenzene- 
sulphonamido-4,6-dimethylpyrimidine (CXIX ; R=NHCOMe), followed 
by deacetylation,lad* 17**175~ Some confusion about low and high 
melting forms was shown by Rose and Swain1@ to be caused by the 
existence of a metastable hemihydrate, as well as the anhydrous 
material. Sulphaguanidine condensations also yield e.g. 4-methyl-6- 
octyl-2-sulphdopyrimidine.  1768 

An example of acylation of a hydrazino derivative is furnished 
by the formation from benzenesulphonyl chloride of P-benzenesulpho- 
n ylhydrazino-5-e th0xycarbonyl-4-methylpyrimidine.~~~ 

Of the relatively few sulphonamide drugs which are now prescribed, three 
are derivatives of pyrimidine. Their chief advantage over earlier heterocyclic 
sulphonamides was not any particular activity but much greater water solubility 
of their acetyl derivatives, which mitigated (especially in the dimethyl derivative) 
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the bogey of kidney blockage associated with sulphapyridine and sulphathiazole. 
The greatly increased water intake previously required could now be safely 
lessened, and even patients with impaired renal function could receive sulphon- 
amide therapy. The position was further improved by mixing several sulphon- 
amides, since their therapeutic action is additive but their tendency to precipitate 
in the kidneys as acetyl derivatives is not.177 

Sulphadiazine B.P., U.S.P. (2-#-aminobenzenesulphonamidopyrimidine) (C) 
and Sulphamerazine B.P.. U.S.P. (its +methyl derivative) (CI) were first 
described by Roblin, Williams, Winnik, and English= in 1940. They were made 
by acylation of 2-aminopyrimidine or its +methyl derivative with P-acetamido- 
benzenesulphonyl chloride in pyridine, followed by deacetylation. Alternatively, 
p-nitrobenzenesulphonyl chloride was used, and the resulting P-nitrobenzene- 
sulphonamidopyrimidine reduced to the amino derivative. The preparation 
of sulphadiazine by the Common Synthesis has also been described178 using 
p-acetamidobenzenesulphonylguanidine and 1, I -dichloro-3,3-diethoxypropane 
(virtually malondialdehyde) to give acetylated sulphadiazine, followed by 
deacetylation. 

The preparation of the third homologue, Sulphadimidine B.P., Sulpha- 
methazine U.S.P. or “Sulphamezathine” (2-f~-aminobenzenesulphonamido-4,6- 
dimethylpyrimidine) (XCIX; R=NH,) was first described by Caldwell, Kornfeld, 
and Donnelll” in 1941 and subsequently by others1Mp1w*17L (see above). Fulfilling 
the promise of early pharmacological ~ tudies , l~~a~ 1’9 Suphadimidine is still held 
in high regard, and renal complications are normally absent.177 

Me s u  

-J-N czsu LNAS” Me f; N Me Me0 &j\oMe 

A N  

(C) (CI) (W (CIII) 
(Su = p-aminoberuenesulphonarnido) 

Other pyrimidines include Sulphasomidine B.P.C. (4-paminobenzene- 
sulphonamido-2,6-dimethylpyrimidine) lm (CI I) which is an isomer of Sulpha- 
dimidine, and being but slightly acetylated in the body has not caused renal 
damage, and the more recent “Madribon” (4-#-aminobenzenesulphonamido-2,6- 
dimethoxypyrimidine) (CIII) which is claimed to be long-acting and excreted 
in the urine as a solubIe glucuronide.181 Both of these compounds have been 
prepared by an interesting method188* involving fusion of s d i o  sulphanilamide, 
acetamide (as solvent) and 2,4-dirnethyl(or dimethoxy)-pyrimidin-6-yltrimethyl- 
ammonium chloride. The dimethyl compound a t  least has also been made by 
more usual means.1Hs1a6 

Some 5-aminopyrimidines can be diazotized, and a few 2- and 
h-amino derivatives undergo some reactions which could be the 
outcome of diazotization. 

5-Aminopyrimidine itself, when treated at 0’ with nitrous acid, 
evolves spontaneously about 80% of a mole of nitrogen, but no 5- 
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hydroxy pyrimidine could be isolated.lO* 5-Amino-2,4-dichloropyrim- 
idine (CIV), however, has been diazotized and coupled with @-napthyl- 
amine to give 5-(2-aminonaphth-l-ylazo)-2,4-dihydroxypyrimidine, the 
chlorine atoms having hydrolysed during the diazotization. When the 
same diazotized solution was neutralized, the heat-stable “diazouracil” 
(CVI) crystallized out.1oB Diazouracil was more normally obtained by 
diazotization of 5-amino-2,4-dihydroxypyrimidine (CV) followed by 
neutralization ms la’ the product dried at room temperature analysed 
for a diazonium hydroxide, but after drying at 100” for an anhydride 
which is generally assumed to be similar to those derived, for example, 
from sulphanilic acid, and therefore to be represented by (CVI) or 
perhaps (CVIa). Diazouracil was also made by the spontaneous 
decarboxylation of the diazonium hydroxide from 5-amino-4-carboxy- 
2,6-dihydro~ypyrirnidine~@ (CVII). Diazouracil has been coupled with 
a- and /?-naphthol and with “R-salt”, as well as with 2,4,6- and 2,4,5- 
trihydroxypyrimidines, respectively in the 5 and 6 p o s i t i ~ n . ~ ~ ~ ~ ~ ~  The 
action of nitrous acid on 5-amino-2,4-dihydroxy-6-methylpyrimidine 

las the homoIogue of diazouracil, additionally complicated by 
nitrosation of the 6-methyl group to give what is probably (CVIII). 

(CVIa) (CVII) 

The reaction of diazotized 5-amino-2,4-dihydroxyppimidine with 
sodium disulphide gives di(2,4-dihydroxypyrimidin-5-y1) disulphide , 
with thiourea gives (via the thiouronium salt) 2.4-dihydroxy-5- 
mercaptopyrimidine, and with potassium ethyl xanthate gives the 
same mercapto derivative.m 
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2,5 - Diamino- 4,6 - dunethylpyrimidine, upon diazotization and 
treatment with potassium iodide, gives 2-amino-5-iodo-4,6-dimethyL 
pyrimidinelOl and it may also be coupled readily with dimethylaniline 
to give 2 - amino - 5 - 9 - dimethylaminophenylazo - 4,6 - dimethylpyrim- 
idine.l*l 5-Amino-2-carboxyamylaminopyrimidine (CIX) has been 
diazotized, and warming the solution gives the 5-hydroxy analogue.lm 
The same amine, if diazotized with excess of nitrous acid, gives the 
N-nitroso derivative (CX), which undergoes the Sandmeyer reaction 
with cuprous chloride, and at  the same time has the nitroso group 
reduced, to give 2-or-(carboxyamylamino)hydrazino-5-chloropyrimidine 
(CXI). The 5-bromo analogue was prepared similar1y.m 2,5-Diamino- 
4-methyl-6-methylthiopyrimidine can be diazotised and then converted 
into Z-amino-5-cyano(or formyI)-Pmethyl-6-methylthiopyrimidine by 
the appropriate reagent.lsa 

Pyrimidines with 2-, 4-, or 6-amino groups have been converted 
into the corresponding hydroxy derivatives by the action of nitrous 
acid, possibly via an unstable diazo derivative. Typical examples are the 
preparations of 4-hydroxy-2,6dimethyIpyrimidine,lsl 2,4-dihydroxy- 
pyrimidine from 4-amino-2-hydroxypyrimidine,1sa and 5-chloro-2- 
hydro~ypyrimidine.~~~ Other examples are given in Chapter VII, Sect. 
1 .D. Extranuclear aminopyrimidines have also been converted into 
their hydroxy analogues, e.g. 4-amino-5-hydroxymethyl-2-methyl- 
py~imidine*~J’~ and other related comp0unds.8~~ lW-ln7 

Some 2-arninopyrimidines have been used to prepare 2-chloro 
analogues by the action of nitrous acid under diazotization condi- 
tions in the presence of concentrated hydrochloric acid. The best prep- 
aration of 2-chloropyrimidine (from the readily availabIe 2-aminopyrim- 
idine) is by these m e a n ~ , * ~ ~ ~ w  and other derivatives have been so 

The action of nitrous acid on 4,5-diaminopyrimidines is discussed 
made.100.114 

immediately below. 

IF. Bicyclic Heterocycles from Aminopyrimidinee 

Below are given a few brief examples of the use of aminopyrimidines 
in the formation of some representative bicyclic systems which in- 
corporate the amino nitrogen atom as part of the second ring. The list 
of systems is not intended to be complete. 

Purine (CXIII) is formed by thermal cyclization of 4-amino-5- 
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formamidopyrimidinesb*w (CXII). Preliminary reaction with bistri- 
methylsilylamine facilitates some cyc l i za t i~ns .~~  

8-Azapurine (CXV) is formed by the action of nitrous acid on 
4J5-diaminopyrimidine1w-2w (CXIV) and a great many derivatives 
have been made similarly,200-80a especially following the discovery that 
guanine in the living cell is powerfully inhibited by 8 - a z a p a n i n e . ~ 2 - ~  

8-Thiapurines have been madeeosam7 from aminopyrimidines. For 
example, 2,6-diamino-8-thiapurine (CXVII) was made either by the 
action of thionyl chloride on tetra-aminopyrimidine (CXVI) or by 
melting together 2,4,6-triamino-5-Ntrosopyrimidine (CXVIII) and 
thiourea.2m 8-Selenapurines have been similarly made,20s for example 
by the action of selenous acid on 4,5,6-triaminopyrimidine to give 
6-amin0-8-selenapurine.~ 

Pteridines have been made from 4,5-diaminopyrimidines since 
1901, when 4,5-diamino-6-methylpyrimidine was condensed with benzyl 
to give 4-methyl-6,7-diphenylpteridine201 (CXIX). Pteridine itself was 
later made from 4,5-diaminopteridine and glyoxal.210~a11 Other pteridine 
syntheses from monoaminopyrimidines are k n ~ w n . ~ ~ ~ - ~ ' *  The subject 
has been reviewed.216 

H 

(CXX) (CXXI) (CXXII) (cxxIII )  

Thiazolo[5,4-d]pyrimidine (CXXI) has been made by treating 
5-amino-4-mercaptopyririmidine (CXX) with formic acid,21* and many 
derivatives in the series by similar means."v l4l$ *l7~ 218 Thiazolo 
[4,5-d]pyrimidines (CXXII),21e 1,2,4,6-tetra-azanidenes (CXXIII)lol 
and other ring systemslol have also been made from amino pyrimidines. 
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G. Other Readone 

Aminopyrimidines have occasionally been converted into the 
corresponding mercapto derivatives with phosphorus pentasulphide or 
hydrogen sulphide, as described in Chapter VIII, Sect. l.A(7). 

Anyone who has handled 4,5-diaminopyrimidines will be familiar 
with the way many of these compounds darken on keeping as free 
bases. The triamines and alkoxy-diamines are particularly troublesome, 
and 4,5-diamino-2dimethylaminopyrimidine obtained by dithionite 
reduction of its nitro analogue, appears to be almost black.a11 Even the 
rapid filtration of the colourless alcoholic solution of 2,4,5-triamino- 
pyrimidine produced by catalytic hydrogenation of its 5-nitro-analogue, 
will result in a red solution, and f indy a red solid.188 It must be added 
that the decomposition is slight, and these dark solids are quite 
suitable as intermediates for pteridines, which are produced in good 
yield from such material. That the coloration is iideed due to aerid 
oxidation is shown by the production of 5-amino-4,6-bismethylamino- 
pyrimidine (CXXIV) as a white solid, by working in a nitrogen box 
throughout the isolation and r eays t a lha t ions .~  The salts of these 
amines are relatively stable, and they are often isolated and kept as 
such for this reason. No work has been done on the constitution of the 
coloured oxidation products, although observations on the fluorescence 
of some of them have been reported.8a1 

The oxidation of 5-amino-2,4-dihydroxypyrimidine with ferricy- 
anidea= is interesting in giving what is probably a symmetrical 
dipyrimidinopyridazine (1,3,6,8-tetrahydroxy-2,4,5,7,9,10 -hexa- 
azaphenanthrene) (CXXV). Oxidation with bromine - wateram gives 
"isodialuric acid", and permanganate oxidationm opens the ring to  
give (CXXVI). 

5-hinopyrimidine condenses with nitrosobenzene in boiling 
acetic acid to give 5-phenyla~opyrimidine.~')~ 
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6. Urethanes (Allcoxycarbonylaminopyrimidines) 

Urethanes of the pyrimidine series have been made by several 
methods. The Principal Synthesis has been used to make, for example, 
5-e t hoxycar~nylamino-4-hydroxy-2-me t h ylp yrimidin e from ethyl a- 
ethoxycarbon ylamino-a-formy lace ta te (CXXVII) and ace tamidine in 
aqueous The same aliphatic starting material (CXXVII) was 
used with S-ethylthiourea to give 5-ethoxycarbonylamino-2-ethylthio- 
4-hydroxypyrimidinesa6 (CXXVIII). The "open chain intermediate" 
isolated at  the same time has been shown184 to be really 2-ethylthio- 
5-formamido-4-hydroxypyrimidine, which arose from the use of crude 
starting material. Both pyrimidines were made1@* by unambiguous 
routes by treatment of 5-amin0-2-ethylthicr-4-hydroxypyrimidine 
(CXXIX) respectively with ethyl chloroformate and amyl formate. 

(CXXVII) (CXXVI 11) (CXXIX) 

Ethyl chloroformate has also been used to make other urethanes, 
generally by treatment of the corresponding amino derivative in dilute 
aqueous alkali. Secondary amines, as well as 4- and 5-primary amino 
derivatives, respond to such treatment, giving, for example, 4-ethoxy- 
carbonyIamino-2,6-diethyl-5-methylpyrimidine,~* 6-amino-5-ethoxy- 
carbonylamino- 1 -ethyluracil,Z" 4-amino-5-e t hoxycarbonylarnino-2,6-di- 
hydroxypyrimidine,zm 5-ethoxycarbonylamino-l,2,3,4, - tetrahydro-6- 
hydroxy- 1,3-dime thyl-2,4dio~opyrimidine,~~ the same compound 
without the 6-hydroxy group,828 5-(N-ethoxycarbonyl-N-methylamino)- 
2,4dihydroxy-6-methylaminopy1imidine,~~~ and the corresponding 5- 
(N-ethyl-N-methoxycarbonylamino) analogue.wl 

Hofmann or Curtius reactions can also give urethanes. The first is 
represented by the treatment of 5-carbamoyl-2,4-dimethylpyrimidine 
(CXXX) in methanol with bromine to give 94 % of 5-methoxycarbonyl- 
amino-2,4-dimethylpyrimidine6~ (CXXXI). A 2-ethyl homologue was 
made similarly." The Curtius reaction has been used in the conversion 
of 5-hydrazinocarbonylmethyI-2,4-dihydroxy-6-methyl~ynmid~e, by 

* These structures must be treated with some reserve. AlkyIation may well 
occur in some cases on N(l) or N(a). 
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treatment with nitrous acid, into the 5-azidocarbonylmethyl analogue, 
which loses nitrogen on heating with alcohol to give 5-ethoxycarbonyl- 
aminomethyl-2,4-dihydroxy-6-methylpyri1nidine.~~ Similar procedures 
were used to make the last compound lacking its 6-methyl and 
to make 5-ethoxycarbonylaminomethyE2-ethylthio-4-hy~ox~y~m- 
idines3 (CXXXV; R=Et) from (CXXXIII). The intermediate azide 
(CXXXII) for this, on treatment with benzyl alcohol in place of ethanol 
gave the corresponding bemylurethane, 5-benzyloxycarbonylamino- 
methyl-2-ethylthio-4-hydroxypyrimidine (CXXXV; R=CH,Ph), and 
the same azide (CXXXII) was also converted into the isocyanate 
(CXXXIV) by heating in toluene and this alcoholized, to provide83 a 
second route to the urethane (CXXXV; R=Et). Another example of 
the Curtius reaction is the treatment of 5-hydrazinocarbonyl-2,4,6- 
trimethylpyrimidine with alcoholic nitrous acid to give (unanalysed) 
5-e thoxycarbonylamino-2,4,6-trimethylpyri&dine.w 

(CXXX) 

OH 

(CXXXI) 

OH 
H,NHNOCH,C, AN 

aJJ,SEt 
(CXXXIII) 

Many thiourethanes have been made from isothiocyanates. The route 
generally involves treatment of a chloropyrimidine, e.g. (CXXXVI), 
with potassium thiocyanate, to give the thiocyanato derivative 
(CXXXVII), which is isomerized by heating in toluene or xylene to the 
isothiocyanato derivative (CXXXVIII). Warming this in an alcohol 
gives the thiourethane (CXXXIX). In this way have been made 
4 - ethoxythiocarbonylamimino - 2 - ethylthio - 5 - phenylpy~imidine~~~ 
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(CXXXIX ; R=Ph), its 6-phenyl analogue,23s alkoxy homologues of 
these,Ps21 2s3 5-ethoxycarbonyl-4-ethoxythiocarbonyla~no-2~~thylthio- 
pyrimidine,= and other analogues.284 An abbreviated form of the above 
route, whereby prolonged boiling of the chloro compound with alcoholic 
potassium thiocyanate serves rather poorly to perform all three steps 
in one operation, is exemplified in the conversion of 4-chloro9-ethylthio- 
pyrimidine (CXXXVI ; R=H), or its 5-ethoxy derivative, respectively 
into 4-ethoxythiocarbonylamino-2-ethylthiopyrimidine~5 (CXXXIX; 
R=H) and its 5-ethoxy derivative.296 

Prolonged heating almhdc K9.X 

/ \ 

?N)\S&.t TI,,, PhMe+ k , k . s ~ ~  - k A S E t  

c1 SCN NCS NHCSOEt 

A N  heat R A N  EtOH+ %J-N 

(CXXXVI) (CXXXVII) (CXXXVIII) (CXXXIX) 

The most important reaction of a urethane is its alkaline hydrolysis 
and decarboxylation to the corresponding amine (as in the Curtius 
reaction). Thus 5-ethoxycarbonylamino-2-ethylthio-4-hydroxypyrim- 
idine on heating with aqueous sodium hydroxide gives 5-amino-2- 
ethylthio -4-hydroxypyrimidine ,B;xs and 4-ethoxycarbonylamino-2,6- 
diethyl-5-methylpyrimidine (CXLI) with alkali, or more slowiy by 
boiling water, gives its 4-amino analogue2" (CXL). 5-Ethoxycarbonyl- 
amino-2,4-dimethylpyririmidine is conveniently converted (86 %) into 
5-amino-ZJ4-dimethylpyri~dine by boiIing with aqueous barium 

(CXLIII) (CXLIV) 

hydroxide,@ and 5-amino-2,4,6-trimethylpyrimidine is formed from its 
urethane by dry distillation with calcium hydroxide.s5 Acid hydrolysis 
of urethanes seems to be u n s a t i s f a c t ~ r y ? ~ ~ ~ ~  
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Urethanes, on treatment with ammonia or amines, give ureido or 
substituted ureido pyrimidines, as in the preparation of 2,4-diethyl- 
5-methyl-6-ureidopyrimidine (CXLII) or its 6-phenylureido analogue 
by warming the urethane (CXLI) with ammonia or CycIic 
ureido compounds can be formed when there is an amino group next to 
the urethane group. Thus 4-amino-5-ethoxycarbonylamino-2,6-di- 
hydroxypyrirnidine (CXLIII) on heating at 180' gives uric acid2z8 
(CXLIV), and other examples are known.2"*=0 

7. Ureidopyrirnidines 

Ureidopyrimidines have been used as intermediates in purine 
synthesis, but apart from this they are of no great interest. Several 
have been made2" by treatment of urethanes with ammonia or amines 
(see above), but the usual method of preparation is by the action of 
aqueous potassium cyanate on the hydrochloride of an arninopyrim- 
idine. 5-Amino-2,4-dihydroxypyrimidine in this way gives 2,6-di- 
hydroxy-5-ureidopyrimidine its 6-methyl derivative was made 

OH OH 

HNCO or H2NLAN CH,:CHCH.NCO 
c- 

heat urea ,I, A HO N OH 

(CXLV) (CXLVI) 

OH 
H,C : HCH,CHNOCHN,AN 

HO LJmi 
(CXLVII) 

Ma and also 2,4,6-trihydroxy-5-ureidopyrimidine or "pseu- 
douric acid"W3 (CXLV). The last compound may also be made by 
heating 5-amino-2,4,6-trihydroxypyrimidine with urea.2QP The use of 
substituted isocyanates is exemplified in the treatment of 5-amino- 
2,4,6-trihydroxypyrimidine (CXLVI) with ally1 isocyanate to give 
5 -allylureido - 2,4,6- trihydro~ypyrimidine~ (CXLVII). The 5 -amino 
group is preferentially attacked in this way, so that 4,5-diamino- 
2,6-dihydroxypyrimidine grves 4-amino-2,6-dihydroxy-5-weidopyrim- 
idine,= which cyclizes to uric acid, or using phenyl isocyanate gives the 
corresponding phenylureido derivative,ei6 which cyclizes to 9-phenyluric 



340 Chapter IX 

acid. 6-Amino- 1 -phenyl-5-ureidouracil and analogues were made 
~imilarly.2~' 

2-Ureidopyrimidines have been made by acid hydrolysis of the 
corresponding cyanoaminopyrimidines, which were generally made by 
primary synthesis. This route is illustrated by the condensation of 
dicyanodiamide (cyanoguanidine) with acetylacetone to give 2-cyano- 
arnino-4,6-dimethylpyrimidine* (CXLVIII), which on treatment with 
sulphuric acid gives 4,6-dimethyl-2-ureidopyrimidinew (CXLIX) . The 
same compound was made by heating at  190" 2-amino-4,6-dimethyl- 
pyrimidine (CL) and urethane.248 Cyanoaminopyrimidines were also 
hydrolysed by boiling with 10% hydrochloric acid to give 4-hydroxy 
5-methyl-2-ureidopyrimidine (CLI) and several related compounds." 

Me Me 
c0IIc. H,SO, 

Me 
(CXLVIII) (CXLIX) (CL) 

Thioureidopyrimidines may be made by treating aminopyrimidines 
with potassium thiocyanate or with thiourea. Thus 5-amino-2,4-di- 
hydroxy-6-methylpyrimidine (CLII) with thiocyanate gives252 2,4-di- 
hydroxy-6-methyl-5-thioureidopy~midine** (CLIII), and 5,6diamino- 
I-methyluracil with phenyl isothiocyanate gives 6-amino- l-methyl- 
5-phenylthioureido-uracil2" Fusion of 4-amino-5-bromo-2,6-dimethyl- 
pyrimidine with thiourea in a sealed tube at 180" gave 5-bromo-2,6- 
dimethyl-4- thioureidopyrimidine.g5$ 

* This compound was first made by Hale and Vilbransm who formulated 
it as I-cyano-l,2-dihydro-2-imino-4,6-dimethy~pyrimidine. This has been declared 
incorrect, and the structure written as a 2-cyanoamino derivative on the grounds 
of an unambiguous synthesis from 2-chloro-4,6-dimethylpyrimidine and sodium 
cyanamide.248 Despite this, Fabbrinis' has advanced evidence that the initial 
product is a mixture of the two isomers. 

** The Westem-language Su#-pbllPent,~zChemisckes ZentrdbEcrtl. and Chzmical 
Abstracts all err in giving "nitrouracil" instead of "the nitrouracil" (Le. methyl 
nitrouracil), as the starting point of this synthesis. The lack of the definite 
article in Japanese probably explains this error. 
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The other general method of preparing thioureidopyrimidines is 
treatment of isothiocyanatopyrimidines with ammonia or amines. An 
illustration is provided by the rearrangement of 2-chloro-4-thio- 
cyanatopyrimidine (CLIV) (by heating in toluene) to 2-chloro-4-isothio- 
cyanatopyrimidine (CLV) followed by gentle treatment with ammonia 

OH OH 
K K A N  KCNS %NSCHN,AN 

-+ 
Me /L NJ--OH * J + O H  

(CLII) (CLIII) 

SCN NCS NHCSNHR 

(CLIV) (CLV) (CLW 

or aniline to give*% respectively 2-chloro-4-thioureidopyrimidine 
(CLVI ; R=H) or 2- chloro -4- phenylthioureidopyrimidine (CLVI ; 
R=Ph). Similarly prepared were 2-ethylthi0-4-thioureidopyrimidine~3~ 
and its 6-rnethyl,z1s~266 5-1nethy1,*3~ 5,6-&1nethyl,~~ 5-ethyl, and 
other such  derivative^.^^^^^^ The corresponding phenylthioureido 
derivatives are also described in the same papers. 

A few semicarbazido- and thiosemicarbazidopyrimidines are known. 
Thus 2-hydrazino-4-methylpyrimidine hydrochloride with potassium 
thiocyanate gives 4-methyl-2-thiosemicarbazidopyirnidine113 (cf. an 
earlier attempta8). The same compound was also made from P-chloro- 
4-methylpyrimidine with thiosemicarbazide.llS The isomeric 4-methyl- 
6-thiosemicabazidopyrimidine was made by the thiocyanate method,llO 
and 4-methyl-6-semicarbazidopyrimidine from 4-hydrazino-6-methyl- 
pyrimidine hydrochloride with potassium cyanate.ll* 4-Hydroxy-6- 
methyl-2-semicarbazidopyrimidine was made simihrly.l1° 

8. Other Substituted-amino-pyrimidines 

Some examples of aminopyrimidines which carry groups (other 
than aIkyl) attached to the amino substituent, are given below. 

A. Nitroamines 

The nitroamino group is represented in pyrimidines by 4-methyl- 
6-nitroaminopyrimidine (CLVIII) and its 2-chloro derivative, made by 
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nitration of the corresponding aminopyrimidines.aOl Reduction of the 
first nitroamine (CLVIII) with tin and hydrochloric acid produced 
4-amino-6-methyIpyrimidine (CLVII), but gentle reduction with zinc 
and acetic acid at 0” gave 4-hydrazino-6-methylpyrimidine (CLIX). 
These facts, along with the solubility of the nitroamine in ammonia, 
constitute good evidence for the nitroamino structure of (CLVIII). On 
the other hand, the so-called “nitroamine” produced by nitration of 
2-amino-4-hydroxy-6-methylpyrimidine, and the “hydrazine” produced 
from it by reduction,% have been shown to be respectively 2-amino- 
4-hydroxy-6-methyl-5-nitropyrimidine (CLXI) and 2,5-diamino4- 
hydro~y-6-methyIpyrimidine.~~~* 25g Authentic 4-hydroxy-6-methyl-Z- 
nitroaminopyrirnidine (CLX) was, however, madell’ by condensing ethyl 
acetoacetate and nitroguanidine. I t  was converted into 2-hydrazino- 
4-hydroxy-6-methylpyrimidine by treatment with hydrazine hydrate, 
and the hydrazino group could be removed with cuprous hydroxide 
to give 4-hydroxy-6-meth~1pyrimidine.l~~ The nitroamine (CLX) 
rearranges to the 5-nitro derivative (CLXI) at 20” in concentrated 
sulphuric acid.lll 

(CLVII) (CLVIII) (CLIX) 

OH on 

This work has been greatly e~tendedw~a125~b by the preparation of 
more 2-nitroaminopyrimidines with nitroguanidine in a Principal 
Synthesis. Moreover, the nitroamino group in these compounds may 
be replaced not only by hydrazine and substituted hydrazines, but by 
primary and secondary amines. Thus, for example, 4-hydroxy-6-methyl- 
2-nitroarninopyrimidine on warming with aniline or hydroxylamine for 
a few minutes on the steam bath, gives respectively 2-anilino-4-hydroxy- 
Gmethylpyrimidine and 4-hydroxy-2-hydroxyamino-6-methylpyrim- 
idine. 
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B. Cyanoadnes 

Cyanoaminopyrimidines have been made by using dicyanodiamide 
as the "one-carbon fragment" in Common Syntheses. Despite some 
contrary statementsz5o% 251sm the cyanoamino isomer does seem a t  least 
to predominate in the product of such condensations, and the isomer 
with a cyan0 group attached to the ring nitrogen is a minor constituent, 
if indeed it occurs at  all.248,aa1 Thus dicyanodiamide and acetylacetone 
give mainly 2-cyanoamino-4,6-dimethylpyrimidine~ (CLXI I) and 
not* 1-cyano-1 ,2-dihydro-2-imino-4,6-dimethylpyrimidinem (CLXIII). 

Me 

fN,CN 

Me LJ'NHCN Me N'"H 
t 

A N  

(cLxrr) (CLXIII) 

Other 2-cyanoaminopyrimidines made in this way are typified by the 
4-hydroxy- 6- methyl, 4- hydroxy - 6-phenyl, and 4-hydroxy -5- methyl 
derivatives.aPg The acid hydrolysis of cyanoamino compounds produces 
ureido derivatives (Sect. 7). 

C. Sulphoamines 

The constitution of the product produced from nitrouracil1*V wa 
by dithionite reduction has been discussed in Chapter V, Sect. 1.B. 
Whether it is 5-amin0-2,4-dihydroxy-6-sulphopyrimidine or 2,4-di- 
hydroxy-5-sulphoaminopyrimidineJ is at present uncertain. This 
uncertainty does not apply to 2,4,6-triamino-5-sulphoaminopyrimidine 
made by the reduction of the corresponding nitroso derivative with 
sodium hydrogen sulphite or from tetra-aminopyrimidine with sul- 
phuryl chloride,w or to 2,4,6- trihydroxy-5-sulphoaminopyrimidine 
made from alloxan or viohric acid with ammonium sulphide.mlm 

D. Chlomarnines 

The action of chlorine in aqueous alcohoIic hydrochloric acid on 
4-amino-2-ethylthio-5-methylpyrirnidine is saidm to give 4-chloro- 
amino-2-ethylsulphonyI-5-methylpyrimidine. The only evidence ad- 
vanced for this formulation could equally well fit the simple hydro- 
chloride of 4-a.mino-2-ethylsulphonyl-5-methylpyrimidine ! 

* See, however, the footnote in Section 7. 
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E. Guanidinopyrimidines 

2-Guanidinopyrimidines may be made by the Principal Synthesis 
using diguanide (CLXIV). Thus, with diethyl malonate, 2-guanidino- 
4,6-dihydroxypyrimidine (CLXV) is or with phenylazoacetyl- 
acetone, 2-guanidino-4,6-dimethyl-5-phenylazopyrimidine is formed.101 

OH 
,NK 

NH-C 

(CLXIV) (CLXV) (CLXVI) 

Replacement of a chlorine by a guanidino group is naturally possible, 
and in this way from 2,4,6-trichloropyrimidine and guanidine in 
aqueous acetone was made 2,4-dichloro-6-guanidinopyrimidine~ 
(CLXVI). 

P. Hydroxyamines 

Hydroxyaminopyrirnidines have been made by replacing chlorine 
by hydroxylamine. Thus 4-chloro- 1,2,3,6-tetrahydro- 1,3-dimethyl-2,6- 
dioxopyrimidine (CLXVII) on refluxing with alcoholic hydroxylamine 
gives mainly 1,2,3,4-tetrahydro-6-hydroxyamino-1,3-~~ethyl-2,4-di- 
oxopyrimidine (CLXVIII). Acetylation gave the corresponding acetoxy- 
amino analogue, catalytic reduction gave the corresponding amino 

c1 NHOH 

aha 

(CLXVII) (CLXVI 11) 

derivative, and diazomethane the corresponding methoxyamino com- 
p0und.m 

The nitroamino group has also been replaced by hydroxylamine. 
For example may be quoted the formation of 2-hydroxyamino4,6- 
dimethylpyrimidine from the corresponding 2-nitroamino compound 
by warming with aqueous hydr0xylamine.~~8 
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G. Trimcthylpprimidinylaonium Chloride6 

Simple chloropyrimidines react slowly with trimethylamine in 
benzene to give quaternary derivatives. Thus 2-chloro-4,6-dlmethyl- 
pyrimidine (CLXIX) gives 4,6-dirnethylpyrimidin-2-yltrimethylam- 
monium chloride*Q (CLXX), and 4-chlor0-2~6-dimethyl- and 4chioro- 
2,6-dimethoxy-pyrimidine give similar quaternary compounds."o 2,4,6- 
Trichloropyrimidine gives a tris quaternary compoundnE (Ch. VI, Sect. 
5.€3(1)(b)). When the preparation of (CLXX) was attempted at loo", 
methyl chloride was lost, and the product (62 %) was 2-dimethylamino- 
4,6-dimethylpyrimidines70 (CLXXX). The same product was obtainednl 
by heating (CLXX) at 160", and the 4-isomer behaved similarly. 
Treatment of (CLXX) with sodium methoxide, sodium phenoxide, and 
sodium Fnitrophenoxide led to replacement of the entire quaternary 
grouping in favour of the dkoxy group, thus producing respectively 
2-methoxy-4,6-dimethylpyrinidine (CLXXII ; R=OMe) and its phen- 
oxy and enitrophenoxy analogues.m Similarly, sodium hydroxide gave 

Me Me Me 
/I 

Me 

(CLXIX) (CLXx) (CLXXI) (CLXXII) 
\ N:R- rl 

mainly 2-hydroxy4,6-dimethylphylpyrimidine (CLXXII ; R=H), and 
potassium cyanide 2-cyan&,6-dimethylpyririmidinen*~ =* (CLXXII ; 
R=CN}. The 4-cyano-isomer and 4-cyan0-2~6-dimethoxypyrimidine 
were produced similarly.n2~a?s The same reaction with, for example, 
sodium sulphanilarnide has produced useful sulphonamidesm2~18s 
(Sect. 5.D(6)). 

9, Some Naturally Occurring Aminopyrimidinee 

References to the major reviews of nucleosides and nucleotides 
have already been given in Chapter VII, Sect. 8. Below are summarized 
the isolation, synthesis and reactions of cytosine, 5-methylcytosine, 
and 5-hydroxymethylcytosine. 
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A. Cytosine: 4-Amino-2-hydroxypytimldine 

Cytosine (CLXXV) was first isolated in 1894 from the nucleic acid 
of calf thymus.274 By 1903 its structure was known,1s3*a75-2n and Wheeler 
and a78 synthesized it from 2-ethylthio-4-hydroxypyrimidine 
via the 4-chloro analogue. The acid hydrolysis of ribonucleic acid gives 
the nucleotides among which are the cytidylic acids, a and b. These are 
the 2’- and 3’-phosphates of cytidine, and further hydrolysis removes 
the phosphate ester to give cytidine (the I-@-D-ribofuranoside of 
cytosine), and thence cytosine itself. The deoxyribonucleic acids also 
yield deoxynucleotides including cytosine deoxyriboside-5‘-phosphateJ 
from which the phosphate can be removed to give cytosine deoxyribo- 
side and on glycoside-fission cytosine again results. 

There are two good ways to make cytosine in quantity: thiouracil 
is thiated to 2,4-dimercaptopyrimidine (CLXXIII), amination with 
ammonia gives 4-amino-2-mercaptopyrimidine (CLXXIV) which with 
chloroacetic acid gives cytosinems m*280 (CLXXV). The second method 
is a Common Synthesis from ,!I-ethoxyacrylonitriIe (CLXXVI) (virtually 
cyanoacetaldehyde) and urea.281 

Cytosine is oxidized by permanganate to oxalic acid, biuret, and 
other products,’W and with nitrous acid it yields uraci11s8 although it 
has been observed that much more than the theoretical volume of 
nitrogen is evolved.282 Nitration readily gives 5-nitro~ytosine,~~ but 
bromination can give 5-br0mocytosine,~~ 4-amino-5,5-dibromo-5,6- 
dihydr0-2,6-dihydroxypyrimidine,~ or 5,5-dibromo-4,5-dihydro-2,4,6- 
trihydroxypyrirnidineBs according to conditions. The dichloro analogue 

[CLXXIII) (CLXXIV) (CLXXV) (CLXXVI) 

of the last compound is also known.= Acetylation of cytosine gives 
4-acetamid0-2-hydroxypyrimidine,~~ and this formulation is upheld by 
the analogous behaviour of l-methylcytosine.29 Methylation of cytosine 
gives little 4-amino-lJ2-dihydro-l-methyl-2-oxopyrimidine~ which is, 
clearly impureJm and it is better made by less direct mea .ns .~+161~~  
For main products see Chap. x, Sect. 1. A (3) (e). 

Ultraviolet irradiation of cytosine and some of its derivatives leads 



The Aminopyrimidines 347 

to unstable products, which, however, revert to the starting materials in 
acid or alkali, or even on standing in a neutral medium. While these 
changes have been likened8881 to the reversible photochemical 
hydration of uracil, it has also been suggested that a tautomer with two 
hydrogen atoms attached to C, (i.e. 4-amino-2,5-dihydro-2-oxopyrim- 
idine) might be involved.rn1 

B. 5-Methylcytosine 

In 1904 Wheeler and Johnson882 synthesized 5-methylcytosine 
(CLXXVII) and suggested it as a likely constituent of nucleic acids. 
In 1925 Johnson and Coghillass reported its isolation as a picrate from 
tubercle bacilli hydrolysates, but in 1949 this "discovery" was shownas4 
to be mere wishful thinking by examination of the original specimen of 
the picrate which was in fact only impure cytosine picrate. 5-Methyl- 
cytosine was, however, found in295-Zgs and isolated from, the deoxyri- 
bonucleotide fractions from thymus, wheat germ, and other s o u ~ c e s . ~ ~ ~  
Both deoxy-5-methylcytidylic acid (nucleotidejml. and the corre- 
sponding nucleoside30~ have been prepared. 

The best route to 5-methylcytosine is that from 4-amino-2- 
mercapto-5-methylpyrimidine by treatment with chloroacetic acid." 

C. 5-Hydroxymethylcytosine 

In 1952 Wyatt and Cohen"*~30~ isolated 5-hydroxymethylcytosine 
(CLXXX) from the T-even bacteriophages of E.  cola, where it occurs in 
place of cytosine. Two good syntheses have been reported. Ethyl 

NH, NH, 

(CLXXX) (CLXXXI) 

ethoxymethylenecyanoacetate and S-ethylthiourea gave 4-amino-5- 
ethoxycarbon yl-2-ethylthiopyrimidine (CLXXVIII) which with lithium 
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aluminium hydride was reduced to 4-amino-2-ethylthio-5-hydroxy- 
methylpyrimidine (CLXXIX). Hydrolysis thence gave 5-hydroxy- 
methylcytosine78s (CLXXX). The other synfhesis is the direct 
lithium aluminium hydride reduction of 5-ethoxycarbonylcytosine~* 307 

(CLXXXI). 
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CHAPTER X 

The N-Alkylated Pyrimidines and 
Pyrimidine-N-Oxides 

Normal substitution of the ring nitrogen of pyrimidine is impossible 
as it lacks a hydrogen atom. However, the presence of a tautomerizable 
group (such as -OH, -SH, or -NH,) in the a- or y-position to a nitrogen 
atom permits at  least a portion of the substance to be in a form having 
hydrogen attached to the ring nitrogen. In these circumstances, 
substitution becomes possible and leads to the formation of N-alkyl- 
dihydro-0x0-, imino-, or thio- pyrimidines such as (I), (11), (111), (IV), 
and their analogues. The accepted nomenclature of such compounds, 
involving the pedantic term dihydro (or tetrahydro for an NN’-dialkyl 
derivative), is both misleading, in suggesting a reduced ring system, and 

quite unnecessary in that “1-methyl-4-oxopyriimidine” would be as 
precise a name for (111) as is 1,4-dihydro-l-methyl-4-oxopyrimidine; 
furthermore, from the shorter name it is much easier to visualize the 
structure of (III).The lengthier nomenclature is, however, followedin the 
present work, because it accords with the rulings of I.U.P.A.C. 

I t  is also possible for addition to occur at a ringnitrogen atom. 
Thus pyrimidine can be transformed into pyrimidine-N-oxide or into 
pyrimidine methohalides. I t  will be appreciated, however, that an a- or 
y-hydroxypyrimidine can give the same methohalide either by sub- 
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stitution or addition ; the hydriodide of 1,2-dihydro-1 -methyl-2-oxo- 
pyrimidine is, for example, the same as 2-hydroxypyrimidine methio- 
dide . 

1. The Oxopyrimidines 

A. Preparation of Oxopyrimidines 

In the methods of preparation given below, there is more often 
than not ambiguity of structure in the final product. This is simply 
illustrated by the methylation of 4-hydroxypyrimidine: will it give a 
1-methyl-, 3-methyl-, or 0-methyl derivative? There are all too many 
cases in the literature where this has been ignored or not been realised 
by authors, and structures have been boldly written down without 
adequate confirmatory evidence, In other cases, structures have been 
based on analogy to rather similar compounds, and this practice is 
almost as dangerous as the first. A good example in these matters is the 
history of the condensation of methylguanidine with ethyl cyanoacetate, 
outlined briefly in Chapter 11, Sect. 10.D. 

It should be recalled here that oxopyrimidines arising from 
acylation of hydroxypyrimidines on a ring nitrogen atom, are also 
known. Thus N-acetyldihydr0-4-oxopyrimidine~ and I-acetyluraciP 
were made by vigorous acetylation of 4-hydroxypyrirnidine and of 
uracil. They are readily hydrolysed. 

(1) By the Princifial Synthesis 

When an N-alkylurea is used as a one-carbon fragment in a 
Principal Synthesis, a 2-oxopyrimidine results. Thus N-methylurea and 
malondialdehyde give 1 ,2-dihydro-l-methyl-2-oxopyrimidine3 (V) and 
there is no ambiguity of structure because the molecule (apart from 
the methyl group) is symmetrical about a 2-5 line. For the same reason, 
the formation of 1,2-dihydro- I ,4,6-trimethyl-2-oxopyrimidine from 
N-methylurea and a~ety lace tone ,~~~ is also unambiguous. On the other 
hand, diethyl a-formylmalonate (in the form of diethyl ethoxymethyl- 
enemalonate) reacts as an aldehydo ester with N-methylurea to give 
what could be either 5-ethoxycarbonyl- 1 -(or 3-)methyluraci16 (VI or 
VII). In fact only one isomer was formed, and it proved to be the 3- 
methyl derivative because, after saponification, decarboxylation gave 
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3-methyluracile (VIII), and the structure of this was considered known; 
in any case it was later rigorously confirmed.’ When NN‘-dimethylurea 
is used in the same reaction, 5-ethoxycarbonyl-l,2,3,4-tetrahydro-l,3- 
dimethyl-2,4-dioxopyrimidine (IX) is formed! and there is now again 

OH OH OH 0 
EtO C A N  Et%C,J-.N>e A N P e  Et4C.JN,Me 

--3 [;TW ‘ ‘I1 XNJW 4 W ~ O  ‘PJJ\0 l J \ O  
I I I 
Me Me Me 

(v) (VI) ( V W  (VI I I) (IX) 

no ambiguity of structure. Many such examples of 2-oxopyrimidines 
will be found in all sections of Chapter 11, particularly in Section 8.E 
where the Whitehead Synthesis is discussed, and other examples are 
briefly noted in the sections following this. 

(2) B y  Other Primary Syntheses 

The use of other primary syntheses more often leads to an unam- 
biguous result than does the use of the Principal Synthesis. Thus ethyl 
#?-aminocrotonate and methyl isocyanate (after cyclization of the 
intermediate; X) give 3,6dimethyluraci18 (XI), and ethyl aminomethy- 
leneacetoacetate and phenyl isocyanate give 5-acetyl-3-phenyluracil? 
These reactions (and analogous ones which start with an aliphatic 
lacking a doubIe bond and hence yield first a dihydropyrimidine)7Jo-18 
have been particularly useful in checking the configuration of the 
1- and 3-alkyluracils made (more easily) by ambiguous routes. 

,CO,Et OH 0 0 OH 
CH NKMe A N , M e  Me-C-”~NCOMcNH Me-CHCXNH Me,,& 

I] II I 
CHOEt EtCHO C --t “Ao It 1 ,  

&/c\PJH/co &feR4”&) 
I 
Me 

M e H ” \ O  

(X) (XI) (XII) (XIII) F I V )  

The Shaw synthesis in its various aspects is most valuable in 
making N-alkylated pyrimidines (including nucleosides) and has been 
discussed in detail in Chapter 111, Sect. l.E. A rather analogous 
synthesisla of 1 ,%dimethyluracil (XIV) (and related compounds) via 
the amination of a-ethoxymethylene-a-methylacetyl isocyanate (XII) 
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with methylamine, and cyclization of the resulting urea (XIII), has 
also been applied to nucleoside synthesis-l' Details of the above and 
several other less important syntheses will .be found in Chapter 111. 

(3) By Alkylatian of Hydroxy@~imidines 

Although 2- and 4-hydroxy derivatives of pyrimidine normally 
yield N-alkylated 0x0 derivatives, a little alkoxy derivative is some- 
times formed, and occasionally appreciable amounts. Some examples 
have been given in Chapter VII, Sect. 4.C, and alkoxy compounds 
are easy to detect, for hydrolysis gives the corresponding hydroxy 
derivative. 

2-Hydroxypyrimidine with 
etherial diazomethane gives 52 % of 1,2-dihydro-l-methyl-2-0xopyrim- 
idine (XV) along with 1 7 %  of 2-methoxypyrimidine? PHydroxy- 

(a) Cases with One Hydroxy Grozlp. 

OH 0 0 OH 

I 

Me (XV) (XVI) (XVII) (XVIII) 

0 0 0 0 OH 

pyrimidine similarly gives 5 1 Yo of 1,6-dihydro- I -methyl-6-oxopyrim- 
idine (XVII) and some 9% of 4methoxypyrimidine.? The same 
oxopyrimidine is obtained by the action of methyl iodide in alcoholic 
potash on 4-hydroxypyrimidine,l6 and its structure was shown by 
making it by desulphurization of 1,6-dihydro-l-methy1-2-methylthio- 
6-oxopyrimidine7~l6 (XVIII), whose structure was in turn known 
because acid hydrolysis gives 3-methyluracil' (XIX). It was also made 
by oxidation and subsequent decarboxylation of I ,6-dihydro-l -methyl- 
6-oxo-2-styrylpyrimidine16 (XX) . When 4-hydroxypyrimidine was 
treated with methanolic methyl iodide, a small yield of the quaternary 
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salt, 1,4-(3,4)-dihydro-l,3-dimethyl-4-oxopyrimidinium iodide (XXI) 
was isolated? The same iodide was also obtained by treating either 
176-dihydro- I-methyl-6-oxopyrimidine (XVII) or 1,4-dihydro-l-methyl- 
4-oxopyrimidine (XXII) with methyl iodide.'6 The 1,4-dihydro- 1 - 
methyl4-oxopyrimidine (XXII) does not occur in the products of 
methylation of 4-hydroxypyrimidine, but has been made indirectly by 
desulphurizing 1,4-dihydro- 1 -methyl- 2-methylthio -4- oxopyrimidine7 
(XXIII), the structure of which was checked by hydrolysis to 1- 
methyluracil (XXIV). 

Many C-alkyl and aryl derivatives of 2- and 4-hydroxypyrimidine 
have been alkylated. Thus the silver salt of 2-hydroxy-5-phenyIpyrim- 
idine on boiling with methyl iodide is said to give 1,2-dihydro-1-methyl- 
2-0~0-5-phenylpyrimidine,~~ and this is probably true, although no 
evidence to exclude its being (the unknown) 2-methoxy-5-phenyl- 
pyrimidine was presented. 

4-Hydroxy-6-methylpyrimidine treated with diazomethane gives, 
besides a little 4-methoxy-6-methylpyrimidine, a single N-methyl 
derivatives which by analogy with 4-hydroxypyrimidine and on 
independent spectral evidence is probably 1,6-dihydro- 1,4-dimethyl- 
6-oxopyrimidine. Both this compound and its isomer have been pre- 
pared from the corresponding imino derivatives,15 but, being isolated 
only as picrates, no comparison of m.p. is possible. 4-Hydroxy-2 
methylpyrimidine in alcoholic potash gives with methyl iodide15 or 
diazomethane,16a 1,6-dihydro- 1,2-dimethyl-6-0xopynmidine. This struc- 
ture was proven by styrylation of the 2-methyl group and its oxidative 
removal to give the known 176-dihydro- I-methyL6-0xopyrimidine.~~ 
The isomeric 1,4-dihydro-l,2-dimethyl-4-oxopyrirnidine was made from 
the corresponding imino derivative.I5 4-Hydroxy-5-phenylpyrimidine 
on methylation with dimethyl sulphate and alkali gives two isomeric N-  
methyl derivatives'7 distinct from the methoxy compound, but which 
isomer represents the 1-methyl and which the 3-methyl derivative is 
unknown. 

(b) Cases with Two Hydroxy Grow+. Efforts to monomethylate 
2,4-dihydroxypyrimidine (and its 5- and 6-methyl derivatives), with 
diazomethane failed,18 although 1,2,3,4-tetrahydro-l,3-dimethyl-2,4- 
dioxopyrimidine, is readily formed (from uracil) with diazomethane 
methyl iodide in alcoholic potash,lS or best (94 %) with dimethyl sulphate 
in The N-monomethyluracils have therefore been made by 
less direct methods: 1-methyhracil has been made by an unambiguous 
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primary synthesis* via 5,6-dihydro-l-methyluraci~,' 3-methyluracil via 
its 5-ethoxycarbonyl derivative,e and both isomers can be made as 
follows : 2-ethylthio-4-hydroxypyrimidine can only monomethylate and 
gives a separable mixture of Z-ethylthio-l,4-(and 1,6)-dihydro-l-methyl- 
4(and 6)-oxopyrimidine (XXVI) and (XXVII). The first of these 
isomers on acid hydrolysis gives I-methyluracil (XXV), and the otheI 
isomer gives 3-methyluracil2*~ 28 (XXVIII). A more streamlined, but 
essentially similar process, starting with thiouracil is probably the best 
at  present available7 for both isomers. 3-Ethyluracil has been made by 
a rather similar route,22 but 1-ethyluracil has only been isolated as a 
by-product in nucleoside synthesis.24 1,3-Diethyl-1,2,3,4-tetrahydro- 
2,4-dioxopyrimidine has been made by alkylation of uracil with diethyl 
sulphate and alkali,2s@ and its 5-methyl derivative similarly.26 

The methylation of 2,4-dihydro-6-methylpyrirnidine has been 
extensively investigated. The use of methyl iodide and alcoholic alkali 
gives a separable mixture of 1,6- and 3,6-dimethyluraciI, and 1,2,3,4- 
te trahydro- 1,3,6-trime thyl-2,4-dio~opyrimidine,~ np1-32 and a similar 
mixture is obtained with dimethyl sulphate and alkali33 An excess of 
methylating agent5 or remethylation of the dimethyluracils, gives good 
yields of the trimethyluracil, and if,  for example, 3,6-dimethyluracil is 
ethylated, 1 -ethyl- 1,2,3,4-tetrahydro-3,6-dimethyl-Z,4-dioxop~imidine 
(l-ethyl-3,6-dimethyluracil) is formed.2* The l-butyP* and l-benzyP6 
analogues were made similarly and the latter also by initial benzylation 
of 6-methyluracil followed by methylation.as 3-Cyclohexyl-&methyl- 
uracil has similarly been ethylated and methylated to the appropriate 
NN'-dialkyl derivative.% 3,6-Dimethyluracil has also been made by 
the methylation of 4-hydroxy-2-mercapto-6-methylpyrimidine and 
2-ethylthio-4-hydroxy-6-methylpyrimidine respectively to 1,6-dihydro- 
1 ,4-dimethyl-2-methylthio-6-oxopyrimidine~~~w and its ethylthio homo- 
lope% (which has also been made by a Common Synthesis),= and 
subsequent acid hydrolysis. In the case of the methylthio compound, 
a small amount of 1,4-dihydro-l,6-dimethyl-2-rnethylthio-4-oxopyrim- 
idine can be separated and h y d r ~ l y s e d ~ ~  to 1,6-dirnethyluracil, which is, 
however, best made by an unrelated routeSB (Sect. 1 .A(4)). The isomeric 
1,5- and 3,5-dimethyluracils (the N-methylthymines) have been made 
by way of methylation of related thio ethersl*t'O and other examples 

* Despite their importance, the structures of 1- and 3-methyluracils 
provisionally based on work of Johnson and Heylax were not firmly established 
until 1955.7 
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of such methylation, ethylation, propylation, and butylation are 
k n o ~ n . ~ ~ ~ ~  1.2,3,4-Tetrahydro- l13,5-trimethyl-2,4-dioxopyrimidine was 
made by methylation of thymine,lssl@ but from the methylation of 
2,4- dihydroxy -6- me thyl-5 - prop ylpyrimidine only 3,6-dimethyl- 5- 
propyluracil (40 %) was isolated,@ whereas similar treatment of the 
5-butyl analogue gave the 1,3dimethylated product, 5-butyl-1,2,3,4- 
te t rahydro- 1,3,6- trime t hyl-2,4-dio~opyrimidine~~ in unstated yield. It 

0 0 0 0 

(c. y-y - CLSEt N' A SEt Vb-I 
L A O H  I Me I 
Me 
(XXV) (XXVI) (XXVII) (XXVIII) 

is not unlikely that this apparent anomaly is simply due to the solu- 
bilities of the products in the reaction media.The 1- and 3-benzyluracils 
have been made by benzylation of 2-ethylthio-4-hydroxypyrimidine, 
separation of the resulting isomers, and hydrolysis. When P-hydroxy- 
4-methylthiopyrimidine was treated similarly only one benzylated 
isomer was formed which gave finally 1-benzy1uracil.B 2,CDihydroxy- 
6-propylpyrimidine gives one N-monoethyl derivative with diethyl 
~ u l p h a t e , ~ ~  but assignment of the ethyl group to the 1-position "based 
on the work of Hilbert and JohnsonS5 who determined that the Nfd 
position was alkylated (preferentially) over the position in the case 
of 2,4-dimethoxypyrimidtine", cannot be taken seriously. 2,4-Di- 
hydroxy-6-phenylpyrimidine on alkylation with ethyl chloroacetate 
gives I-ethoxycarbonylmethyl-6-phenyluracil (and some dialkylated 
material) which can be further methylated to l-ethoxycarbonylmethyl- 
1,2,3,4-tetrahydro-3-methyl-2.4-dioxo-6-phenylpyri~idine. The isomer 
with alkyl substituents reversed was made similarly and structures have 
been authenticated.& A good general method of 1.3-dimethylating 
C-alkyluracils has been given."" 

Barbituric acid (XXX) and 
diazomethane give (as do also the 1-methyl and l,%dimethyl deriv- 
atives) I ,2,3,4- tetrahydro - 6 - methoxy- 1,3 - dimethyl- 2,4-dioxopyrim- 
idin&*' (XXIX), but dimethyl sulphate and alkali with barbituric 
acid gives only 1,2,3,4-tetrahydro-6-hydroxy-l,3-dimethyl-2,4-dioxo- 
pyrimidineM (XXXI). Methanolic methyl iodide and silver barbiturate 
give a different type of product ; 5,5-&methylbarbitc acid and the 

(c) Cases with Three Hydroxy Grozlps. 
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5.5-diethyl homologue (XXXII)* is formed similarly.18@ When such 
5.5-dialkylbarbituric acids are treated with diazomethane, 5,5-diethyl- 
1-methylbarbituric acids0 (XXXIII) (identical with that made by the 
Common Synthesissx) and its 5,5-dialkyl homologuesrn result. In each 
case, it  is accompanied by a separable monomethoxy derivative of 
unknown configuration. On the whole, a Principal Synthesis is generally 
more satisfactory to make 1-alkyl (or I ,3-dialkyl)-5-alkyl(or 5,Sdialkyl) 
barbituric 61-63 

2,4,5-Trihydroxypyrimidine (isobarbituric acid) gives with diazo- 
methane, a trimethylated compound, viz. 1,2,3,4-tetrahydr0-5-methoxy- 
1,3dimethy1-2.4-dioxopyrirnidine.~ The same compound is also 
obtained with dimethyl sulphate and alkaLS5 The N-monomethyl 

0 OH 0 

a;Ie 

(XXIX) 
Me 

(XXXI) 

Me 
(XXXII) (XXXIII) 

derivatives have been made indirectly by tin and hydrochloric acid 
reduction (and subsequent hydrolysis) of 1- and 3-methyl-5-nitro- 
uracils.W-68 

An interesting alkylation with diazoethane has been recorded.6B 
6-Hydroxy-1-methyl-5-ureidouracil on brief treatment gives the 6- 
ethoxy analogue, but on repeated treatment N-ethylates as well, to 
give 4-ethoxy- I-ethyl- I ,2,3,6-tetrahydro-3-methyl-2,6-dioxod-ureido- 
pyrimidine. 

(d) Ipb tlte Presence of Nib0 Groups. 2-Hydroxy-5-nitropyrimidine 
(as sodium salt) heated with methyl iodide is said to give 2-methoxy- 
5-nitr0pyrimidine,~ but the structure needs confirming. 2,4-Dihydroxy- 
5-nitropyrimidine (XXXIV) (nitrouracil) with methyl iodide at 140" 

It will be realised that this, and a11 5,5-disubstituted derivatives of 
barbituric acid and such pyrimidines, are 0x0 compounds by necessity. 
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gives 1-methyl-5-nitr0uracilea.8~ (XXXV), but it is more conveniently 
made with dimethyl s ~ l p h a t e ~ ' . ~ ~  or can even be obtained by nitrating 
l-methylura~il.~ In turn, 1-methyl-5-nitrouracil can be further methyl- 
ated to give I ,2,3,4-tetrahydro-1,3-dimethyl-5-nitro-2,4-dioxopyrim- 
idineSs61 (XXXVI), or this may be made directly from nitrouracil.62 
The dimethyl compound can also be made by nitration of dimethyl- 
uracil (XXXVII).' Nitrouracil has been ethylated to 1-ethyl-5-nitro- 
uracilZ8v61 which has then been methylated t o  l-ethyl-l,2,3,4-tetrahydro- 
3-methyl-5-nitr0-2,4-dioxopyrimidine,%@~ and this compound can also 
be made by ethylation= of 3-methyl-5-nitrouracil (itself obtainable not 
by methylation, but best by nitration of 3-methyl~racil).~* 1-Ethyl- 
1,2,3,6- te trah ydro-3-me t hyl-5-nitro-2,6-dioxopyrimidine can similarly 
be made by two distinct alkylations.6p 28 2,4-Dihydroxy-6-methyl-5- 
nitropyrimidine on methylation gives 1,2,3,4-tetrahydro-l,3,6-tri- 
met hyl-5-nitr0-2,4-dioxopyrimidine,~a but whet her its monomet h ylation 
has been achievedS1 seems doubtful in the light of later 

/ 4 
OH OH 0 0 0 

O B N f T E t  

O P \ &  + o'Nl@ O a N v ? N M e  c- HNO, 

Ho''Y''o \ A LNAOH N A * +  'N '0 N ' 0  
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Me Me Me Et 

(XXXIV) (XXXV) (XXXVI) (XXXVII) (XXXVIII) 

N-Alkylated nitro (or nitroso) barbituric acids have been generally 
made by nitration or nitrosation e.g. of 1,3-diethyl-l,2,3,+tetrahydro- 
6-hydroxy-2,4-dioxopyrimidine to its 5-nitro derivativese (XXXVIII), 
or 5-nitroso d e r i ~ a t i v e . ~ ~  

(e) In the Presence of Amiflo Groups. The monomethylation of 
amino hydroxypyrimidines is logically treated here because the hydr- 
oxy group rather than the amino group is the one affected (changed to 
an 0x0 group) by such N-methylation. 4-Amino-2-hydroxypyrimidine 
(cytosine; XXXIX) has been methylated.1D~167 The product melts 
25" lower than 1-methylcytosine (XL) made by another route. It 
is a mixture of a dimethyl derivative and 3methylcytosine (4- 
amino- 2,3-dihydro-3 -methyl- 2 - oxopyrimidine; XLI). A substance 
reported as the latter was in fact rearranged to 2-hydroxy-4-me- 
thylaminopyrimidine71p72 (XLII). I t  may be significant that a 

* The directions of Johnson and HeyP for this nitration at 100" lead to 
complete destruction of the product.? 
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picrate described as that of 3-methyl~ytosine~~ and made by the 
methylation and subsequent vigorous hydrolysis of cytidine. has almost 
the same m.p. as that of 2-hydroxy-4-methylaminopyrimidine picrate.71 
6-Methylcytosine (4-amino-2-hydroxy-6-methylpyrimidine) has not 
been methylated, but its 1-methyl derivative has been made by other 
means.'* 5-Methylcytosine, however, is saidL9 to yield 4-amino-I ,2-di- 
hydro-l,5-dimethyl-2-oxopyrimidine, and its structure seems to rest on 
reasonable evidence. 

(XL) (XLI) (XLII) 
Me 

(XXXIX) 

Isocytosine (2-amino-4-hydroxypyrimidine) has now been methyl- 
ated,1°0*168 giving both N - methyl derivatives not made by other 
means. The related 2 - anilino - 4 - hydroxypyrimidine on methylation 
gives, as well as some 2-anilino-4-methoxypyrimidine, 2-anilino- 1,6- 
dihydro- l-methyl-6-oxopyrimidine, the structure of which has been 
proven by unambiguous ~ynthesis.'~ 6-Methylisocytosine (2-amino-4- 
hydroxy-6-methylpyrimidine ; XLIII) on methylation gives 2-amino- 
1,6-dihydro-l,4-dimethyl-6-0xopyrimidine~-~ (XLIV). It has also been 
made by primary s y n t h e ~ e s , ~ ~ ~ 8 ~ ~ * '  and the structure indicated by 

OH 0 0 0 

I 

Me 
(XLIII) (XLIV) (XLV) (XLVI) 

hydrolysis to 3,6-dimethyluracills (XLV), and other means.sa The 
isomeric 2-amino- 1,4-dihydro- 1,6-dimethyl-Ci-oxopyrimidine (XLVI) 
has been made indirectly.sa 

4-Amino-6-hydroxypyrimidine (XLVII) on treatment with di- 
methyl sulphate gives a single N-methyl derivative837*4 (XLVIII), 
which on nitration, reduction to (XLIX) and condensation with 
glyoxal gave the known 3,4-dihydro-3-methyl-4-oxopteridine (L). The 
initial N-methyl derivative was therefore 4-amino- 1,6-dihydro- 1- 
methyl-6-oxopyrimidineM(XLVIII) .The same compound was also made 
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by desulphurizationa3 of its 2-methylthio derivative, 4-amino-l,64i- 
hydro-l-methyl-2-methylthio6-oxopyrimidine, which had been made 
by methylation of 4-amino-6-hydroxy-2-mercaptopysimidinP~~ but 
whose structure had not been rigorously proven.85 The isomeric 4-amino- 
3,6-dihydro-3-methyl-6-oxopyrimidine was attempted by desulphu- 
rizing 6-amino- l-rnethyl-2-thio~racil~~ but it rearranged during the 

OH 0 

(XLVIL) (XLVIII) 

0 0 

desulphuriza tion .84 4-Amino-6-hydroxy-Z-me t h ylpyrimidine on methyl- 
ation gives 4-amino-I,6-dihydro- 1,2-dimethyl-6-oxopyrimidine~ (LI), 
The structure, resting on ultraviolet evidence and analogy to the above, 
is beyond reasonable doubt. Other methylations of amino- and acet- 
amido-hydroxypyrimidines have been described.8s 

The major product of the methylation of 4-amino-2,6-dihydroxy- 
pyrimidine (LII) with one mole of dimethyl sulphate is 6-amino-l- 
methylura~i l~ (LIII). Its structure was proven by conversion con- 
secutively into its 5-nitroso and 5-amino derivatives, ring closure to 

3-methylxanthine and methylation to theobrominem (LV), and it has 
also been made by primary synthesis.@ The use of more dimethyl 
sdphate gives 4-amino- 1,2,3,6-tetrahydro- 1,3-dirnethyl-2,6-dioxo- 
pyrimidine (LIV) either from the unmethylated**~w or monomethylated 
c o r n p ~ u n d . ~ ~ ~ ~ ~  Primary syntheses, as for example by Blicke and Godt,83 
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have also been used. Combinations of the above methods have produced 
many di-alkylated homologues such as 4-amino-l-ethyl-l,2,3,6- tetra- 
hydro-3-me t hy1-2.6dioxopyrimidine,~ P 881 91 1 -dlyl-6-amino- 1, ‘2,3,4- te- 
trahydro-3-methyl-2,4-dioxop~dine,~ and the 1ike.m 

Analogues of the above are among the most potent diuretics known. 
“Amisometradine” for example, is indeed comparable with “Meralluride” in 
potency. Unlike the mercurial, which must be given by the intramuicular route, 
the pyrimidine may be given by mouth. An interesting pharmacological report 
on “Aminometradine” (I-allyl-6-amino-3-ethyl-l,2,3,4-tetr&ydro-’2,4-di~xopyr- 
imidine) and related compounds should be consulted for references to earlier 
literature.**% 

Methylation of 5-nitrocytosine (4-amino-2-hydroxy-5-nitropyrim- 
idine) with methyl iodidesS or, better, dimethyl sulphatee7 gives only 
4-amino-l,2-dihydro-l-methyl-5-nitro-2-oxop~midine (LVI), an im- 
portant intermediate for purine and pteridine syntheses. 

OH OH 

The position 

HaSOa 

aire Me 
(LVI) (LVII) (LVIII) 

of methylation was found by acid hydrolysis to 1-methyL5nitro- 
uraci17P (LVII). The isomeric, 4-amino-2,3-dihydro-3-methyl-5-nitro- 
2-oxopyrirnidine was made by primary synthesis.e* 4-Amino-Phydroxy- 
6-methyl-5-nitropyrimidine with dimethyl sulpha te similarly gives 
4- amino- 1,2- dihydro- 1 , &dimethyl- 5-nitro-2- oxopyrimidines5 (LIX), 
which was confirmed by hydrolysis to 1,6-dimethy1-5-nitrouracil 
(LVIII), and this in turn oxidized with fuming nitric acid, and 
decarboxylated to the known 1-methyl-5-nitrouracil~ (LVII). The 
closely related 2-hydroxy-4-methylamino-5-ni tropyrimidine also methy- 
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lated in the I-position to give 1 ,Z-dihydro-l-methyl-4-methylamino- 
5-nitro-2-oxopyrimidinew~~ (LX). I t  was also hydrolysed to l-methyl- 
5-nitrouracil (LVII). The methylation of 4-amino-6-hydroxy-5-nitro- 
pyrimidine was unsatisfactory,lW but 4-amino-l,6-dihydro-l-methyl- 
5-nitro-6-oxopyrimidine was obtained by nitrati0n.M 

(f) 1% the Presence of Alkylthio Groups. Several references to 
alkylation of hydroxypyrinidines containing thioether groups have 
already been made in Section I.A(3(b)). The utility of such a group is 

0 0 OH 0 0 

CH,W 

(=I) (LXII) (LXIII) (LXIV) (LXV) 

0 0 
NNMe PhCHCi I_, 

1 I I 
CH,CO,Et CH,Ph C%Ph 

(LXVI) (LXVII) (LXVIII) (LXIX) 

exemplified by the following : although 2,4-dihydroxypyrimidine can 
be dimethylated, it cannot be satisfactorily monomethylated, but if 
2-ethylthio-4-hydroxypyrimidine is methylated a mixture of 1- and 3- 
methyl derivatives is formed and acid hydrolysis gives respectively 
I- and 3 - r n e t h y l ~ r a c i l . ~ * ~ ~ ~  A useful preparative method uses the 
methylthio analogue? Furthermore, such alkylthio groups can be 
removed by Raney nickel and in this way were made 1,4-dihydro- 
1-methyl-4-oxopyrimidine and 1,6-dihydro-1 -methyl-6-oxopyrimidine 
from their 2-methylthio derivatives. Since the same derivatives were 
hydrolysed respectively to the known 1- and 3-methyluracil, the 
configurations of the desulphurized products were proven,? When the 
homologous 4-hydroxy-6-me thyl-2-rnethylthiop yrimidine is methylated 
only one N-methyl derivative has been isolated. By hydrolysis to 
3,6-dimethyluracil (LXII), it was shown to be 1,6-dihydro-1,4-dimethyl- 
2-methylthi0-6-oxopyrimidine~~~*~~ Io1 (LXI), and it has also been made 
by primary synthesis.80 This formation of only one isomer is exceptional, 
and 2-ethylthio-4-hydroxy-5-methylpyrimidine and 5-ethoxy-2-ethyl- 
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thio-4-hydroxypyrimidine both give two N-methyl is~rners~~g. lo2 and 
2-ethylthio-4-hydroxypyrimidine (LXIII) gives 3- and 1-benzyl 
derivativeslo3 (LXIV) and (LXV). Their structures were shown rather 
ingeniously by hydrolysing one (LXV) to the N-monobenzyluracil 
(LXIX) and rnethylating this to N-benzyl-N'-methyluracil (LXVIII). 
The known 3-methyluracil (LXVII) was then benzylated to 1 -benzyl- 
3-methyluracil (LXVIII), which was identical with the above isomer. 
The structures of the N-benzyluracils were thus found and this also 
fixes those of the original monobenzyl derivatives105 (LXIII) and 
(LXIV). This general process was used by the Yale School on several 
other occasions, as for example in finding the structure of the single 
N-ethoxycarbonylmethyl derivative produced by alkylating 2-ethyl- 
thio-4-hydroxypyrimidine with ethyl chloroacetate.lW It proved to  be 
1 -ethoxycarbonylmethyl - 2 - ethylthio-l,4 - dihydro - 4 - oxopyrimidine 

A 4-thioether is sometimes even more useful than one in the 2- 
position. Thus 2-hydroxy-4-methylthiopyrimidine (LXX) and its C- 
alkyl derivatives on alkylation give in each case only one isomer, 
which is a 1-alkyl derivative, such as 1 ,Z-dihydro-l-methyl-4-methyl- 
thio-2-oxopyrimidine2S (LXXI) (which is hydrolysed to l-methyl- 
uracil), I -benzyl-1 ,2-dihydro-4-methylthio-2-oxopyrimidine*s (LXXII) 

SMe SMe SMe 

(LXVI). 
* 

M e  bH,Ph 

(LXW (LXXI) (LXXII) 

(which is hydrolysed to 1-benzyluracil), and 1,2-dihydro-1,5-(and 1,6)- 
d~methyl-4-methylthio-2-oxopyrimidines40~ lo5 (which are hydrolysed 
respectively to 1,5(and 1,6)-dirnethyluracil). Combined with a new 
method of preparing 2-hydroxy-4-mercaptopyrimidine by thiation of 
uraci1,lw these should be useful routes to 1-alkyluracil derivatives. 

(g) In the Presertce of Other Groz@s, Hydroxypyrimidines substituted 
by several other types of group have been N-methylated. Thus, 4- 
chloro-6-hydroxypyrimidine with diazomethane gives a little 4-chloro- 
6-methoxypyrimidine and mainly 4-chloro- 1,6-dihydro- l-methyl-6- 
oxopyrimidine.84 The position of methylation was found by amination 
to the known 4-amino-l,6-dihydro-l-methyl-6-oxopyrimidine. The 



370 Chapter X 

analogous compound, 4-chloro- 1,2-dihydro-l-methyl-2-oxopyrimidne, 
was made by the action of phosphoryl chloride on I-methyluracil, and 
its structure determined similarly by amination.lm 5-Bromo-2-ethyl- 
thio-4-hydroxypynmidine has been benzylated and the resulting 1 - 
benzyl-5-brorno-2-e thylthio- 1,4-dihydro-4-oxopyririmidine hydrolysed to 
1 -benzyl-5-brornouracil, which was made unambiguously by bromina- 
tion of l-benzyluracil.lOs 

The alkylation of 4-carboxy-2,6-dihydroxypyrimidine (orotic acid ; 
XXIV) has been a vexed question for many years. Its history has been 
nicely summarized by Fox, Yung, and Wempen,'OB and should be read 

OH OH 0 
c--- AN/*@ 

Me0,C H O ~ C ~ N J ~ O H  
If MeOH 

(LXXII I) (LXX IV) (LXXV) 

I (LXXIX) 

A.4 
! I N  - A N  / I  NH, --)r 

~NOC''N-0H HO2CnN"0H Me/\N?I,OH K,Fe(CN), 

I I I 
Me Me Me 

(LXXVI) (LXXVII) (LXXVIII) 

before reference is made to the highly confused earlier literaturel~-xlb 
and later In fact10B orotic acid (LXXIV) is akylated as 
follows : methanolic and ethanolic hydrogen chloride give respectiveiy 
2,4-dihydroxy-6-methoxycarbonylpyrirnidine (LXXIII) and its ethoxy 
homologue, and the action of methyl iodide and ethyl iodide on the 
silver salt of orotic acid gives the same products. The condensation of 
ethyl oxalacetate and N-methylurea followed by alkaline saponification 
gives 6-caboxy-3-methyluracil (LXXV) shown by decarboxylation to 
3-methyluracil. The same product (LXXV) is obtained by methylation 
of orotic acid with dirnethyl sulphate and alkali, and further methyl- 
ation gives with difficulty some 4-carboxy-1,2,3,6-tetrahydro-1,3- 
dimethyl-2,6-dioxopyrirnidine (LXXIX). 6 - Carboxy - 1 - methyluracil 
(LXXVIII) may be obtained by ammoniacal ferricyanide oxidation of 
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1,6-dimethyluracil (LXXVI) followed by saponification of the amide 
(LXXVII), and (unlike its isomer) it is readily methylated to 4-carboxy- 
1,2,3,6-tetrahydro-1,3-dimethyl-2,6-dioxopyrimidine (LXXIX), which 
can also be obtained directly by oxidation of 1,2,3,4-tetrahydro-1,3,6- 
trime thyl-2,4-dioxopyrimidine. 

(4) By Rearrangement of AlkoxyPyrimidilzes 

2-,4-,or 6-Alkoxypyrimidines can often be rearranged to the isomeric 
N-dkyloxopyrimidines by heating. The alkyl group migrates only to the 
cc- and never to the y-nitrogen atom, A similar result is often attained 
by dissolution of the alkoxy compound in an alkyl iodide, best con- 
taining a little pyridine. In such a case transalkylation can occur, as, 
for example, when an ethoxypyrimidine is dissolved in methyl iodide 
and gives an N-methyloxopyrimidine. This process has been widely 
used to make nucleosides (see below), and is undoubtedly not a simple 
rearrangement, but a rather complex reaction proceeding via a quater- 
nary salt between the pyrimidine and alkyl halide. 

The rearrangement of alkoxypyrimidines was first described by 
Johnson and Hilbertlm in 1929, and has been used quite extensively 
since then. 2- and 4-Methoxypyrimidine on heating at 200" for 2-3 
hours give respectively 1,2-dihydro-l-methyl-2- and 1,6-dihydro-l- 
methyl-6- oxopyrimidine.' Of more preparative interest is the conversion 
of 2,4-dimethoxypyrimidine (LXXIX) into 1,2,3,4-tetrahydro-1,3- 
dimethyl-2,4-dioxopyrimidine (LXXXI) by heating at  230°, or into 1,2- 
dihydro-4-methoxy- I -methyl-2-oxopyrimidine (LXXX) by dissolution 
in methyl iodide for 12 hours.gs The structure of the last compound 
(which is also transformed into the 1,3-dimethyl derivative by heat) is 
known by its hydrolysis to  1-methyluracil (LXXXII) and it constitutes 
a useful route to this compound.26 The rearrangement of 2,4-diethoxy- 
pyrimidine is not so ready, and heating at  260" for 24 hours, or refluxing 
in ethyl iodide €or a week, is needed to convert it into 1,3-diethyl- 
l,2,3,4-tetrahydro-2,4-dioxop~midine.2b On refluxing for 24 hourswith 
ethyl iodide and a little pyridine it is converted into Pethoxy-l-ethyl- 
1,2-dihydro-2-oxopyrimidine ;% with methyl iodide, however, 4-ethoxy- 
1,2-dihydro-l-methy1-2-oxopyrimidine is formed in 12 hours at room 
temperature, and the rearrangement may be thermally completed at 
250 " to give 1 -ethyl- 1,2,3,6- t e t rahydro-3-me thyl-2,6-dioxopyrimidine.25 
2,4-D imethoxy-5-me t h yl-, 119 2,4-die thoxy-5-methyl- ,26: ll9 2,4-dime th- 
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0xy-6-methyl-,~~~ m* 2,4-dimetho~y-6-methy1-5-propyl-,~ and 5-butyl- 
2,4-dimetho~y-6-methyl-~ pyrimidine have all been rearranged to the 
N-monoalkyl and NW-dialkyl isomers under similar conditions to the 
above. 4-Cyano-2,6-dimethoxypyrimidine with methyl iodide at 120" 
gives 4-cyano-l,2,3,6-tetrahydro-l,3dimethyl-2,6-dioxopyrimidine.~~~ 

The phenomenon of transalkylation already mentioned has been 
used to make nucleosides by rearrangements analogous to the above. 
Thus 2,4-diethoxypyrimidine and 1-bromo-tetra-acetyl-D-glucose in 

/ 'L 
OMe OMe 0 OH 

AN 2 3 0 0 ~  A N y M e  
II wkJ 

- Me1 w I. ,'\ 
N O  
I t I 

Me Me Me 

\ HCI f 
(LXXIX) (LXXX) (LXXXI) (LXXXII) 

the presence of one equivalent of pyridine give 50% of 4-ethoxy-1,2- 
dihydro-2-0x0- 1 -tetra-acetyl-/?-~-glucosidopyrimidine,~~ 12* Other such 
compounds have been made,%- % 1 ~ ~ 1 ~ - 1 ~  

Other reports of such rearrangements are not numerous. 4-Hy- 
droxy-2-methoxy-6-methylpyrimidine was thermally isomerizedb and 
the product showna* to be 3,6-dimethyluracil. On the other hand, 2- 
hydroxy-4-methoxy-6-methylpyrimidine on heating, gave mainly 

(LXXXIIE) 

180" - 
NH NH, NH 

A"Me 

[NJ\O 
i I I 

Me /HI Me Me 

(LXXXIV) (LXXXV) (LXXXVI) 
\ heat f 

2,4-dihydroxy-6-methylpyrimidine, and exceptionally a little 1,6- 
dimethyluracil, but no 3,6-dimethyluracil which wodd be expected.58 
2,4,6-Trimethoxypyrimidine on prolonged treatment with methyl 

The melting points for 1.2-dihydro-4-methoxy-I ,6-dimethyl-2-oxopyrim- 
idine given by the American and Chinese authors differ by 23". Both, however, 
gave 1,6-dimethyluracil on hydrolysis and it has been described98 as a good 
preparative method for this compound. 
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iodide gives probably 1,2-dihydr0-4,6-dimethoxy- 1 methyl-2-oxopyrim- 
idine (or an isomer) which in any case on hydrolysis gives l-methyl- 
barbituric 4-Chloro-2,6-dimethoxypyrimidine with methyl 
iodide at  100" gives 4-chloro-l,2,3.6-tetrahydro-l,3-dimethyl-2,6-di- 
oxopyrimidine.~~~ 4-Amino-2-methoxypyrimidine (LXXXIII) on 
heating at 180" gives some 4-amino-I,2-dihydro-l-methyl-2-oxopyrim- 
idine (1-methylcytosine ; LXXXV; also made but 
treatment with methyl iodide to give a methiodide (LXXXIV) followed 
by boiling alcohol, silver sulphate, or aqueous hydrochloric acid gives 
a better yield.@ The methiodide is thermally converted into 1,2,3,4- 
tetrahydro-4-imino-1,3-dimethyl-2-oxopyrirnidiness (LXXXVI), which 
suggests that it is 1,4-dihydro-4-imino-2-methoxy-I-methylpyrimidine 

(5) By Hydrolysis of Imampyrimidines 

(LXXXIV). 

Imino-N-methylpyrimidines normalry undergo one of two reactions 
on treatment with alkali. If the methyl group occupies a ring nitrogen 
adjacent to the imino group, rearrangement to a methylarninopyrim- 
idine may occur and possibly be followed by hydrolysis to a hydroxy- 
pyrimidine (Sect. 2.Bj. If the methyl group is y to the imino group, 
hydrolysis to an N-methyloxopyrimidine will probably ensue. The 

NH 0 

Me Me Me 

(LXXXVII) (LXXXVIII) (LXXXIX) (XC) 

hydrolytic second reaction is exemplified by the formation of 1,4- 
dihydro-1-methyl-4-oxopyrimidine (LXXXVIII) by treatment of 1,4- 
dihydro-4-imino-1-methylpyrimidine (LXXXVII) with dilute alkali at 
room temperaturelS1 or in the water bath.l5 In contrast, 1,2-dihydro- 
2-imino-1-methylpyrimidine (LXXXIX) rearranges in alkali to 2- 
methylaminopyrimidinelal (XC). Other examples of the hydrolysis of 
irninopyrimidines are the formation of 1,4-dihydro-l,2(and 1,6)-di- 
methyl-4-oxopyrimidine1~with dilute alkali at 100" on the corresponding 
imine, of 1,2,3,4-t et rahydro- 1,3-dime thyl-2,4-dioxopyrimidine from 
IJ2,3,4-tetrahydro4-imino- lJ3-dimethyl-2-oxopyrimidine during a rath- 
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er involved process,ss and of (probably) I ,4-dihydro- 1 -methyl-4-oxo- 
5-phenylpyrimidine from the corresponding imine with a1kali.l’ There 
is no evidence for the position of the methyl group in the last compound 
apart from the fact that rearrangement, rather than hydrolysis, might 
have been expected had it occupied position 3. 

H+ nr OH- 

/ I 
c1 0 0 OH 

Me Me 

(XCI) (XCII) (XCIII) (XCIV) 

NHPh NPh 

, - 
(XCVII) (XCVIII) 

\ f 

Related hydrolyses are known, which appear to be imino-oxo 
transformations at  first sight, but which are not necessarily so because 
of tautomeric possibilities. Thus 4-chloro- 1 ,Z-dihydro-Z-irnino- 1,6-di- 
methylpyrimidine (XCI) with acid or alkali gives 1 ,6-dimethyluracils8 
(XCIV), but gentle treatment with water hydrolyses only the chlorine,8e 
giving “1,2 - dihydro - 4 - hydroxy - 2 - imino - 1,6 - dimethylpyrimidine” 
(XCII), which would immediately enter the preferred tautomeric form 
of 2-amino- 1,4-dihydro-l,6-dimethyl-4-oxopy1imidine (XCIII). Further 
hydrolysis to 1,6-dimethyluracil (XCIV) would then consist only in the 
conversion of an amino into a hydroxy group. Again, 4-anilino-1,Z- 
dihydro-2-imino- 1,6-dimethyIpyrimidine (XCV), which could equally 
well be 2 -amino - 1,4- dihydro- I ,6-dimethyl- 4 - phenyliminopyrimidine 
(XCVI), on vigorous acid hydrolysis gives 1 ,6-dimethyluracila2 (XCIV), 
but gentler conditions give 4-anilino- 1,2-dihydro- 1,6-dimethyl-Z-oxo- 
pyrimidine (XCVIII), which could be formed directly from (XCV) by 
hydrolysis of the imino group or from (XCVX) via “1,4-dihydro-2- 
hydroxy-1,6-dimethyl-4-phenyliminopyrimidine~’ (XCVII), by hydr- 
olysis of an amino group. 
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B. Properties and Reactions of Oxopyrimidines 

The 0x0-N-methylpyrimidines are more soluble in water and in 
organic solvents than are the parent hydroxy compounds or their 
corresponding C-methyl derivatives, but rather less so than are the 
corresponding methoxy derivatives. Their melting points also occupy 
an intermediate range between the other types, and this is clearly 
connected with the decreased intermolecular hydrogen bonding in the 
0x0 compound compared with the hydroxy derivatives. Table XV 
indicates melting points of representative members as nearly compa- 
rable in molecular weight as possible. The ultraviolet spectra are 
discussed in Chapter XIII, Sect. 2. In brief, those of the hydroxy and 
0x0 derivatives are similar, and differ markedly from the methoxy 
derivatives. 

TABLE XV. Comparison of Melting Points of Simple 2-,4-, and 6-Hydroxy, 0x0, 
and Alkoxy Derivatives 

H ydroxypyrimidiue Oxopyrimidina Methoxypyrimidine 

2-OH 180" 
1 -Me-2-0 128" 2-OMe 71°/15 mmb 

2-OH-4-Me 150" 
4-OH 165" 
4-OH-2-Me 2 12 " 1 -Me4-0 156" 4-OMe 70°/40 mmb 
4-OH-6-Me 150" 3-Me-4-0 126" 
4-OH-5-Me 154" 
2.4-diOH 340° (dec.) 
2.4-daOH-6-Me 320" (dec.) 
2,4-diOH-5-Me 340" (dec.) 1,3-diMe-2,440 124' 2 ,440Me 204'/?60 mmp 

4.6-&OH 300" (dec.) 

2.4-&OH- 
5,6-diMe 294" (dec.) 

4.6-&OH- 
2-Me > 300" -0 4.6-diOMe 85"/16 mm* 

2.5-diMe < 360" (dec.) 
4.6-dZOH- 

2,4,6-triOH 3.55" (dec.) 1,3,5,5-teefraMe- 
2,4,6-h-a0 110" 2,4,6-triOMe 53" 

2-4.6-t~iOH- 
5-BU 215" 5-Et-2.4.6- 

tviOMe 68" 

~~ 

a Simple NN'-dialkyl-4,6-dioxopyrimidines cannot exist for reasons of valency. 
b Boiling Point. 
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Singularly little can be done with the 0x0 group or with the N- 
akyl  group associated with it. Direct thiation is possible, and in this 
way 1,4(and Z ,6)-dihydro- 1 -methyl-4(and 6)-oxopyrimidines e.g. 
(XCIX) have been converted in pyridine with phosphorus pentasul- 
phide into the 4- and 6-thio analogues13a (C). 12-Dihydro-1-methyl- 
2-oxopyrimidine resisted such treatment.138 3-Methyluracil with 

phosphorus pentasulphide in tetralin at 180" gave 3-methyldithio- 
uracilw and 1-methyluracil (CI) similarly gave 1 -methyldithiouraciP 
(CIII). However, by using pyridine at 115" the thiation of l-methyl- 
uracil has been stopped at l-methyl-4-thiouracil133 (CII). Likewise, if 
thiated at  120°, 1,2,3,4-tetrahydro-l,3-dimethyl-2,4-dioxopyrimidine 
yields the 2-0x0-4-thio analogue,134 but at 180" the 2,4-dithio analogue 
is formed.84 

0x0 groups are quite stable during nitration, nitrosation, and 
halogenation of the molecule, and the associated N-methyl groups 
resist oxidation and styrylation even under conditions where C-methyl 
groups in the same molecde react. Direct amination of 0x0 groups is 

unexplored and little is known of the action of phosphorus halides' 
except that 1-methyluracil (CIV) and phosphoryl chloride give mainly 
4-chloro- 1 ,e-dihydro- 1 -met hyl-2-oxopyrimidine (CV) accompanied by 
a little 2,4-dichloropyrimidinelM (CVI). 
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2. The Irninopyrimidines 

377 

Although the imino form of a potentially tautomeric amino- 
pyrimidine is normally present in minute amount, alkylation usually 
occurs on a ring nitrogen and thus fixes the less usual form. Such 
iminopyrimidines are more strongly basic than the parent amino 
derivative, and the pKa is often confirmatory or even diagnostic of 
this condition. 

A. Preparation of Iminopyrimidincs 

It is theoretically possible to produce 2-iminopyrimidines by 
condensation of N-methylguanidine or N:N'-dimethylguanidine with, 
for example, acetylacetone. The first of these has been triedR and gave 
4,6-dimethyl-2-methylaminopyrimidine but not any lJ2-dihydro-2- 
imino-l,4,6-trimethylpyrimidine (CVII). The position is not as clear 
when cyanoguanidine (dicyanodiamide) is used. The product has been 
formulated as 1 -cyano- 1 ,2-dihydro-2-imin0-4,6-dimethylpyrimidine~~~ 

Me NH, NH, 
E L A N  E t A ,  A LA-. =CI J * E T  I 7: 

I 
Me"N'\NH Me"N'\NH Me 'N NHCN HN@'N''NH, €&N N'"NH 

I 
Me 

(CVII) 

(CVIII), as 2-cyanoamino-4,6-dimethylpyrimidine1~ (CIX), and even 
as a mixture of the two.1H Iminopyrimidines can also arise by virtue of 
5,5-dialkylation. Thus diethylmalononitriIe and guanidine are said188 
to give 2,4(4,6)-diamino-5,5-diethyl-5,6(2,5)-dihydro-6(2~-iminop~im- 
idine (CX). 

Most iminopyrimidines have been made by alkylation of the parent 
amino compound. Thus 2-aminopyrimidine (CX) and methyl iodide in 
methanol give 1,2-dihydro-Z-imino-l-methylpyrimidine hydriodide, 
which can be converted into the free base (CXII) with ice-cold sodium 
hydroxide.lS1 If warm sodium hydroxide is used at this stage or 
a base added in the methyIation, 2-methylaminopyrimidine is 
isolated (Sect. 2.B).136*15g 4-Aminopyrimidine (CXIII) treated with 
methyl iodide could give two isomers, but only one is formed,lb~lsl and 
it was shown to be 1,4-dihydro-4-imino-l-methylpyrimidine (CXIV) by 
alkaline hydrolysis to 1,4-dihydro-1 -methyl-4-0xopyrimidine.~~J*~ The 
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same imine has also been made indirectly by dehalogenation of its 
2-chloro derivative (CXV) with hydriodic acid and pho~phorus.~~ 
4-Amino-6-methylpyrimidine similarly gives 1,4-dihydro-4-imino- 1 $5- 
dimethylpyrimidine, which has been also made by dehalogenation of 
the 2-chloro derivative, and by desulphurization of the 2-thio derivative 
(4-amino- 1,2 -dihydro- 1,6-dimethy1-2- thiopyrimidine) with Raney 

C1 c1 
, A N  + \ I  ,&/Me 6 *  3 &Me 

HNPkNAMe HN@'N''Me Me"N-!!"HPh Me-N-NPh 'N'*O 
I I I I 

Me Me Me Me 

(CXVI) (CXVIa) (CXVII) 

ni~kel.1~ The isomeric 1,4-dihydro-Pimino- 1,2-dimethylpyrimidine was 
made by similar routes,15 and what is probably 1,4-dihydr0-4-imino- 
1 -methyl-5-phenylpyrimidine by methyl iodide and 4-amino-5-phenyl- 
pyrimidine.17 0 ther less simple derivatives of 4-aminopyrimidine, also 
made by the direct action of methyl iodide, include 2-chloro-I ,4-di- 
hydro-4-imino- 1-methylpyrimidinel' (CXV), its 1,6-dirnethylanalogue," 
a separable mixture of 4-chloro- 1,6(and 3,6-)dihydro-6-imino-l,2(and 
2,3)-dimethylpyrimidine'" (CXVI), I,4-dihydro-4-imino-1,6-dimethyl- 
2-met h ylt hiop yrimidine ,'4 2-aniIino- 1,4-dihydro-4-imino- 1,6-dime t hyl- 
pyrimidine7' (CXVIa)*, a separable mixture of 4-anilino-l,6(and 3,6)- 
dihydro-6-imino- 1 ,2 (and 2,3) -dimet hylpyrimidine,'5 4-amino- 1,6(3,6)- 
dihydro-6-imino- 1 (3) -methylpyrimidine,1m 1,2.3,4-tetrahydro-4-imino- 
1,3-dimethyI-2-oxopyrimidine (CXVII) (which was the first true 
imine, made by Hilbert in 1934 from methyl iodide and l-methyl- 
cytosinese and laterlw made more conveniently with diazomethane), 
and its 4-methylimino, 4-acetylimino, and 4-benmylimino analogues.lM 

Other miscellaneous imines which have been made directly, and 
the structures of which have been adequately confirmed, are exemplified 

These could equally well be written in their tautomeric amino-phenyl- 
imino forms. 
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in 4 - anilino - 1,2 - dihydro - 2 - imino -1,6 - dimethylpyrimidine,Ba* its 4- 
chloro analogue,88 1,4- dihydro - 1,6- dime thy1 - 2 - methylthio - 4-phenyl- 
iminopyrimidine,*Z 4-chloro-3,6-dihydro-3-methyl-6-pheny~iminopyrim- 
idinel'l (made with dimethyl sulphate), its 2,3-dimethyl 
and 4- but ylamino - 6- butylimino - 1,6(3,6) -dihydro - 1 (3)-methylpyrim- 
idine.lqa 

I t  will be noticed that in most of the above cases only one isomer 
is formed on quaternizing an aminopyrimidine, and that the methyl 
group (where possible) appears in the y-position to the resulting imino 
group. There is yet no case of both nuclear nitrogen atoms being 
methylated to give a di-imine. Thus 2,4-diaminopyrimidine gave only 
2 (4)-amino-l,4 (1,2)-dyhydro-4 (2)-imino-l-methylpyrimidine. loo,lal 

B. Reactions of Iminopyrimidines 

The chief reaction of iminopyrimidines is hydrolysis to 0x0 
derivatives, and in cases where the imino group is adjacent to the 
N-methyl group, rearrangement to methyIamino derivatives. Hydrol- 
ysis has already been discussed (Sect. l.A(5)). 

In 1954 the first examplela of the rearrangement of an imino- 
pyrimidine was unrecognized as such. Treatment of 2-aminopyrimidine 
with methyl iodide gave a methiodide, later to be 1,2-dihydro- 
2-imino-1-methylpyrimidine (CXVIII) hydriodide, which on warming 
with aqueous or alcoholic sodium hydroxide produced 2-methylamino- 
pyrimidine (CXIX). In the following year, Carrington, Curd, and 
Richardson141 described several such rearrangements typified by that 
of 4-anilino-lJ6-dihydro-6-imino-1 ,2-dimethylpyrimidine (CXX) to 
4-anilino-2-methyl-6-methylaminopyrimidine (CXXI) by heating with 
alcoholic piperidine or ammonia or with aqueous sodium carbonate, 
and the formation of the same compound during amination with 
ammonia of 4-chloro-3,6-dihydro-2,3-dimethyl-6-phenyliminopyrim- 
idine (CXXII), presumably via (CXX). Replacement of ammonia in the 
last reaction by methylamine might be expected to lead first to 4- 
anilino- 1 ,&dihydro- 1,2-dimethyl-6-rnethyliminopyrimidine and then 
by rearrangement to a dimethylmino derivative. The reaction 
sequence in fact stops short of the rearrangement,lu and no case is yet 
known where an alkylimino group is involved. Another simple example 

* These could equally well be written in their tautomeric amino-phenyl- 
imino forms. 
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is the transformation of 4-amino-l,6-dihydro-6-imino-l-methylpyrim- 
idine (CXXIII) into 4-amino-6-methylaminopyrimidine (CXXIV) 
simply by dissolution in N-alkali at 20" for a few hours,lcO and other 
cases are known.lOb 

Such rearrangements have also been observed under other 
conditions. Thus thermal decarboxylation of an indubitabIe specimen 
of 4-amino-5-carboxy-2,3-dihydro-3-methyI-2-oxop~midine (CXXV) 
gave not 3-methylcytosine, but 2-hydroxy-4-methylaminopyrim- 
idine70?71*1a (CXXVI). Again, ring ciosure of 1 -cyano- 1 -nitro-2-(3- 
ethy1ureido)ethylene (CXXVII} gave not 4-amino-3-ethyl-2,3-dihydro- 
5-nitro-2-oxopyrimidine, but mainly 4-ethylamino-2-hydroxy-5-nitro- 
pyrimidine@ (CXXVIII), identified by unambiguous synthesis. The 

NaOH - rp: W W I U  \N-'\N& 

(CXVIII) (CXIX) 

I 
Me 

NHPh NHPh NPh 

(CXXI) 
i i e  

(CXXII) 

*H, 
AN NaOH I #I - 

HW~N' 
I 

H,N"N' 
I 
Me Me 

[CXXIII) (CXXIV) 

corresponding methyl analogue did not rearrange under similar 
conditions. The rearrangement has also been reported under acid 
conditions : 4-amino-l,6-dihydro-6-imino-I-methylpyrimidine (CXXIX) 
on nitration under a variety of gentle conditions gave only 4-amino- 
6-methyIamin0-5-nitropyrimidine~~~ (CXXX). 

Perusal of a bibliography141 of such alkaline rearrangements in 
pteridinel" and other heterocyclic series, and of pyridine precedents 
under nitrating c0nditions,1*~1~& gives no real indication of mechanism, 
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but it is tempting to postulate a ring cleavage and recyclization as in- 
dicated in (CXXXI), (CXXXII), and (CXXXIII). In accord with this 
theory is the failure (mentioned above) of 4-anilino-l,6-dihydro-1,2- 
dimethyl-6-methyliminopyrimidine to rearrange to a dimethylamino 
derivative, and indeed the mechanism has recently been confirmedlW 
by use of 16N-labelled 2-aminopyrimidine. 

3. The N-Methybted Thiopyrimidinea 

Alkylation of a mercaptopyrimidine invariably leads to an S-alkyl 
derivative, and for this reason the N-alkyl isomers are a little- known 
family. 

N-Alkyl-2-thiopyrimidines have been made by the Principal 
Synthesis using N-alkylthiourea as one-carbon fragment. Thus malon- 
dialdehyde (as a diacetal) and N-methylthiourea in alcoholic hydrogen 
chloride give 1,2-dihydro-l-methy1-2-thiopyrimidine,~~~ and acetyl- 
ace tone and N-me thy1 t hiourea give I , 2 -dih y dro- 1.4,6-trime t h yl-2- t hio- 
pyrimidine4t5 (CXXXIV). *More complicated examples are the con- 
densation of NW-diphenylthiourea with malonic acid in phosphoryl 
chloride to give 1,2,3,4-tetrahydro-6-hydroxy-4-oxo-1,3-diphenyl-2- 
thi0pyrimidineI4~ (CXXXV), and the formation of 4-amino-5-ethoxy- 
carbonyl(or cyano)-2.3-dihydro-3-methyl-2-thiopyrimidine (CXXXVI) 

(CXXVI) (cxxv~ r (CXXVIII) 

Me Me 

(CXXIX) (cxxx) (cxxxr) (CXXXII) (CXXXIII) 

and homologues by condensing N-alkyl- or aryl-thioureas, respectively, 
with ethyl ethoxymeth ylenec yanoacet ate, or with e thoxymethyl- 
enemalononi trile.lQ 

The only other used method for forming such thiopyrimidines is by 



382 Chapter X 

direct thiation of N-alkyl-oxopyrimidines. I t  is typified in the formation 
of 3-methyldithiouracil (CXXXVII) by boiling %methyluracil in 
xylene with phosphorus pentasulphide,g8 and has been discussed in 
more detail in Section l.B. 

Although 1,2-dihydro-l,4,6-trimethyl-2-thiopyrimidine is stable 
to prolonged bo ihg  in hydrochloric acid, it is reportedla to yieId the 
2-0x0 analogue on treatment with aqueous chloroacetic acid. It is not 
easy to postulate a reasonable mechanism for this reaction. ' 

Me 0 S SH 

Me Ph 

(CXXXIV) (CXXXV) (CXXXVI) (CXXXVII) 

4. The Pyrimidine-N-Oxides 

The literature of pyrimidine-N-oxides although as yet very limited 
in scope, is full of interest. 

A. Preparation of Pyrimidine-N-Oxides 

The preparation of pyrimidine-N-oxide and of its C-alkyl deriva- 
tives has already been discussed in Chapter IV, Sect. Z.C(4}. Almost 
aJJ other examples are N-oxides of alkoxypyrirnidines, a study started 
by E. Ochiai and continued by H. Yamanaka. Thus 4-methoxy-,lc9 
2 -met hox y-4-me thy 1-, 150 Pme thoxy-Gme t h yl-, l5 l  2,4-dime t hoxy- 
6-rneth~l-,~~O 4-etho~y-6-methyl-,~~l 4-b~toxy-6-rnethyl-,l~~ 4-benzyl- 
0xy-6-methyl-~~l (CXXXIX), 4-rnethyl-6-pheno~y-,l~~ and 4-benzyl- 
oxy-2,6-dimethyl-15* pyrimidine-N-oxide were made, generally by the 
action of hydrogen peroxide in acetic acid solution at cu. 60" for 
several hours. Some, however, were made by treatment with per- 
phthalic acid in ether at  room temperature for several days. Oxida- 
tion is sometimes said to occur specifically in the y-position to the 
alkoxy group, but no structural confirmation is presented. A few 
N-oxides have been made by metathesis of the above alkoxy deriv- 
atives (see below). 
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B. Reactions of Pyrimidine-N-Oxides 

N-Oxides may be reduced to the parent pyrimidine by two 
methods. Phosphorus trichloride in chloroform may be used for 
example to remove the N-oxide to give 4-methy1pyrimidine,lrn 4- 
methoxy-6-methylpyrimidine,150 and 4-benzyloxy-6-methyIpyrimidine 

A better method is catalytic reduction. Thus 4-ethoxy(and 
methoxy)-6-methylpyriimidines are formed in good yield by hydrogen- 
ation of their respective N-oxides in methanol over Raney nickel.l61* Is* 

4-Benzyloxy-6-methylpyrimidine (CXXXVIII) can also be similarly 
formed from its oxide (CXXXIX) in 94 yield, but by using a palla- 
dium-charcoal catalyst reduction takes another course, giving152 first 
4-hydroxy-6-methylpyrimidine-l-oxide (CXL) with one mole of 
hydrogen, and then 4hydroxy-6-methylpyrimidine itself (CXLI) with 
2 moles of hydrogen. 4-Benzyloxy-2,6-dimethylpyri1nidine-N-oxide is 
similarly reduced over palladium+harcoal in two steps,162 to yield 4- 
hydroxy-2,6dime thylpyrimidine. 

4-Methyl-6-phenoxypyrimidine-N-oxide may be aminated with, 
for example, piperidine to give 4-methyl-6-piperidinopyrirnidine-N- 
oxide (CXLII), which on catalytic reduction with Raney nickel yieIds 
4-methyl-6-piperidin0pyrimidine.~~~ 

A third method of reduction, involving sulphur dioxide, has 
proven ineflective.lm 

(CXXXVII1).'~1 

OCH,Ph OH OH 

J. + j .  
O* O* O* 

(CXXXVIII) (CXXXIX) (CXL) (CXLI) (CXLII) 

A type of Reissert reaction'" has been appIied to pyrimidine-N- 
oxides : 4-e thoxy-6-me t h yIpyrimidine-N-oxide (CXLI I I) dissolved in 
aqueous potassium cyanide and treated with benzoyl chloride gives a 
product, which if dissolved in ether and treated with sodium hydroxide 
gives 2-cyano-4-ethoxy-6-methylpyrimidine (CXLIV) in 85 0/6 yield.151 
The same method has been used to make 4-benzyloxy-2-cya110-6- 
rnethyl-,l6l 2-cyano-4-methyl- 6-phenoxy-,151 4- but oxy - 2 -cyan 0- 6 - 

* The oxide may in fact be on in these and succeeding formulae. 
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met hyl-,l5* 2-cyano-+me thoxy-6-me thyl-, 150 4-cyano-2,6-dime t hyl-, 160 
2-cyano-4-rneth~l-l~~ and 2-cyano-4-rneth~xy-l~ pyrimidine. The 
structures of some of the above have been checked by conversion into 
amides and comparison with authentic materials, and by other means. 

If potassium carbonate replaces potassium cyanide, treatment with 
an acid chloride (e.g. toluene-fi-sulphonyl chloride) gives a C-hydroxy 
derivative. In this way 4-methoxy-6-methylpyrimidine-N-oxide 

OEt OEt 

d 
0 

(CXLIII) 

OMe OMe OMe 

4 
0 

(CXLV) (CXLVI) (CXLVI I) 

(CXLV) gave 2- hydroxy - 4- methoxy- 6-methylpyrimidine (CXLVI) ; 
which was identified by conversion with phosphoryl chloride into the 
2-chloro analogue (CXLVII) and treatment with sodium methoxide to 
give 2,4-dimetho~y-6-methylpyrirnidine.~~~ 

Pyrimidine-N-oxide on refluxing in acetic anhydride yields 4- 
acetoxypyrimidine,' and 4,6-dimethylpyrimidine-N-oxide yields 4- 
acetoxymethyl-6-methylpy~imidine.~~~ The same N-oxide with toluene- 
Fsulphonyl chloride probably gives 4-chloromethyl-6-methylpyrim- 
idine." 
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CHAPTER xr 

The Pyrimidine Carboxylic Acids and 
Related Derivatives 

This chapter includes the following derivatives of Pyrimidine : 
Carboxylic acids, Esters, Amides, Nitriles, Aldehydes, Ketones, 
Cyanates, thio analogues of all of these, and some related derivatives 
at present of minor importance. With one exception, they form a group 
of compounds, more important as intermediates in synthetic processes, 
than directly in the chemistry of naturally occurring or biologically 
active pyrimidines. The exception of course is orotic acid (4-carboxy- 
2,6-dihydroxypyrimidine), which, as orotidine, is probably an essential 
step in the biosynthesis of all pyrimidines. 

1. The Carboxypyrimidines 

A. Preparation of Carboxypyrimidinee 

Carboxypyrimidines have been made by three chief methods: by 
primary synthesis, by hydrolysis of the corresponding esters, amides, 
or nitriles, and by oxidation of alkyl or formyl derivatives. Moreover, 
the compounds used in the two latter methods are nearIy always 
themselves made directly by primary synthesis. 

(1) By Primary Sydkesas 

The Principal Synthesis cannot be widely used to produce car- 
boxypyrimidines directly. There is no convenient one-carbon fragment 
with which to make 2-carboxy derivatives. Three-carbon fragments 
bearing a carboxy group (which could appear in 4-, 5-, or an extranu- 
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clear position) react at that group instead of leaving it intact for attach- 
ment to the resulting pyrimidine. This can be obviated only by supply- 
ing two other groups more reactive in the synthesis. Thus bromomucic 
acid (I) reacts as an aldehydo-ketone with acetamidine, benzamidine, 
or S - methylthiourea to give respectively 5 - bromo - 4 - carboxy - 2- 
methylpyrimidinel (11), its 2 - phenyl analogue,* and its 2 - methylthio 
analogue.a Dicarboxyacetone (made in situ from citric acid) reacts with 
urea in fuming sulphuric acid to give 4-carboxymethyl-2,6-dihydroxy- 
pyrimidine* (111). Cyanoacetic acid has been used with ethyl ortho- 
formate and methylurea in the Whitehead synthesis to give directIy 
4-amino-5-carboxy-2,3-dihydro-3-methyl-2-oxopyrimidine~ (IV). 

CO,H 
I 

(VI) ( V W  ( V W  (IX) 

Other syntheses leading to carboxy derivatives are typified by 
the Shaw synthesis of 4-carboxy-2,6-dihydroxypyrimidine (V) and 
its I-alkyl derivative9 already described in Ch. 111, Sect. 2.E, by 
related syntheses via hydantoins'q described in Ch. 111, Sect. 5.E(1), 
and by the violent reaction of malondiamidine with ethyl oxalate to 
give (presumably via the ester) 4,6-diamin0-2-carboxypyrimidine.~~ 
Further, quinazoline (VI) is oxidized by permanganate to 4,5-dicarboxy- 
pyrimidinell (VII), and 7-hydroxypteridine on reduction to the 5,6- 
dihydro derivative (VIII) ring opens conveniently to give Paminod- 
carboxymethylaminopyrimidinel* (IX) . 

(2) By Hydrolysis of Eskrs, Amides, and Nitriles 

Because they can be made much more readily by primary synthesis 
than can the free acids, the hydrolysis of esters and nitriles is an im- 
portant way of preparing carboxypyrimidines. 
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Some typical examples of the hydrolysis of esters are the prepara- 
tion of 5-carboxy-4-hydroxy-2-mercaptopyrimidine by boiling 20 % 
sulphuric acid,13 4-carboxy-2,6-dihydroxypyrimidine by boiling N- 
sodium hydroxide.lq 4-amino- 5 -carboxy -3 -ethyl-2,3 -dihydro- 2 - oxo- 
pyrimidine by I2~-hydrochloric acid on the steam bath,ls 5-carboxy- 
1,6-dihydro-l-methyl-2-methylthio-6-oxopyrimidine by boiling 3 ~ -  
hydrochloric acid,1u 5-carboxy-2,4,6-triphenylpyrimidine by alcoholic 
alkali,17 5-carboxy-2-ethylthiopyrimidine by alcoholic alkali,lE 4- 
carboxymethyl-2-ethoxy-6-hydroxypyrimidine by alkali," and oth- 

Pyrimidine nitriles have been hydrolysed (via amides) to carboxy- 
pyrimidines, generally with aqueous alkali. Thus 2-cyan0-4~6-dimethyl- 
pyrimidine in  a alkali at 60" gives 75% of 2-carboxy-4,6-dimethyl- 
pyrimidine23, and 4 - carboxy - 2'6 - dimethyl -l*s 4 - carboxy - 2,6 - dime- 
thoxy-,= 4-amin0-5-carboxy-,~ and 4-amin0-5-carboxy-!2-methyl-*~ 
pyrimidine were made rather similarly. The conversion of amides into 
carboxypyrimidines is typified in the formation of 4-amino-5-carboxy- 
pyrimidine in 90 % yield with hot 10 % alkali,m of 4-carboxy-2,6- 
dihydroxypyrimidine under similar conditions,m and of 5-carboxy- 
methyl-2,4,6-trihydroihydroxypyrimidine with hot 20 % hydrochloric acid.%' 
4-Amino-6-carbamoylpyrimidine treated with warm dilute sulphuric 
acid and sodium nitrite yields 4-carboxy-6-hydroxyyrimidine.~ 

e=.BO-l2 

(3) By Oxidation of Methyl-, Styryl-, Formyl-, Hydroxymethyd, uttd 

Acetyl - &widdines 

Many examples of the permanganate or nitric acid oxidation of 
simple methyl- and styryl- pyrimidines to carboxy derivatives have 
been given in Ch. IV, Sect. 2.C(3) and (4). The process is of use in 
removing an unwanted alkyl group by means of decarboxylation. 

Pyrimidine aldehydes and their acetals have also been oxidized 
to the corresponding acids, but as the aldehydes are generally more 
difficult to make than are the acids by other means, the process is of 
infrequent use, except as a confirmation of structure. An example is the 
conversion of 4-formyl-6-hydroxypyrimidine (XI) into 4-carboxy-6- 
hydroxypyrimidine (X) by treatment with alkaline permanganate at 
room temperature,29 and the same reagent has been used to form 2- 
amino-5-carboxy-4-hydroxy-6-methylpyrimidine~ and 2,4,6-tricarb- 
oxypyrimidine31 from the corresponding aldehydes. One of the few 
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useful examples of this oxidation is the preparation of orotic acid 
(4-carboxy-2,6-dihydroxypyrimidine) by treatment of 4-formyl-6- 
hydroxy-2-mercaptopyrimidine, its acetal, its ethylthio analogue, or 
4-formy1-2,6-dihydroxypy~imidine, with dichromate in a~id .3~  The 
method had been adapted to a micro scale for making isotopically 
labelled orotic acid.= 

The Cannizzaro reaction has been used to disproportionate 4- 
formyl-6-hydroxypyrimidine (XI) (and its 2-methylthio derivative) 

c o p  CHO CO,H CH20H 

into 4-carboxy-6-hydroxyyrimidine (XII) and 4-hydroxy-6-hydroxy- 
methylpyrimidine (XIII) (and their 2-methylthio derivatives) in the 
usual way.2g 4-Carboxy-2,6-dihydroxypyrimidine and 4-carboxy-6- 
hydroxy-2-mercaptopyrimidine have also been made by this reaction.M 

2,4-Dihydroxy-5-hydroxymethylpyrimidine has been oxidized in 
63 Yo yield by chromic acid mixture,36 and in smaller yield by oxygen 
in the presence of platinum oxide to give 5-carboxy-2,4-dihydroxy- 
pyrimidine,36 and 5-acetyl-4-methyl-2-phenylpyrimidine on treatment 
with permanganate gives the 5-carboxy analogue without any 4,5- 
dicarboxy-2-pheny1pyrimidine.n 

(4) By Other Methods 

The device of treating tribromomethylpyrimidines with silver 
nitrate to give acids has been applied in the series. Thus 2-methyl- 
pyrimidine on vigorous bromination gave 5-bromo-2-tribromomethyl- 

Br 
I 

CO,H 
I 
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pyrimidine (XIV), which then gave 5-bromo-2-carboxypyrimidine~ 
(XV) on hydrolysis with aqueous silver nitrate. 4,6-Bistribromomethyl- 
pyrimidine likewise gave 4,6-dicarbo~ypyrimidine.~ 

Carboxypyrimidines have also been made from halogeno deriv- 
atives through Grignard and lithium derivatives. Thus a Grignard 
compound (XVII) was made from 4-brom0-2,Ei-diethoxypyrimidine 
(XVI) and treated with solid carbon dioxide at -80" to give 35% 
of 4-carboxy-2,tj-diethoxypyrimidine (XVIII). The same transfor- 
mation was done in 50 % yield via 2,4-diethoxypyrimidin-6-yl- 
lithium. 5-Carboxy-2,4-dimethoxypyrimidine has been made similarly 
via 2,4-dimethoxypyrimidin-5-yl-lithium in 75  % yield."0 

B. Reactions of Carboxypyrimidines 

(1) Decarboxylation 

The most useful reaction of carboxypyrimidines is their decarboxy- 
lation on heating. In this way, unwanted alkyl groups, which are often 
convenient during primary synthesis, may be oxidized to carboxy 
groups and then removed. Many simple examples of such cases are 
given in Chapter IV, Sect. 2.C(3), and the decarboxylation of the 
following acids are less simple examples : 4-amino-5-carboxypyrim- 
idine (XIX) at 280" in benz~phenone,~~ 5-bromo-2-carboxypyrim- 
idine at 250" without solvent,8*m 6-carboxy-3-methyluracil at 310" 
drylo or in poor yield in quinoline? 5-carboxy-3-methyluracil (and 
homologues) at 255" dry,u and 6-carboxy-3-phenyluracil catalysed by 
copper in boiling quinoline.6 YieIds are often better when such decar- 
boxylations are done in small quantities. 

(2) Esterificatiolt 

Carboxypyrimidines are seldom esterified : the opposite is more 
used. However, the preparation of the following esters from the corre- 
sponding acids exemplify the processes : 4-Ethoxycarbonylpyrimidine 
by hydrogen chloride in ethan01~~54a or sulphuric acid in ethanol,*& 
5-methoxycarbonylpyrimidine by hydrogen chloride in methanol,45 
2,4-dihydroxy-6-methoxycarbonylpyrimidine by hydrogen chloride 
in methanol or methyl iodide on the silver salt of the acid,l4,&-@ the 
ethoxycarbonyl analogue by similar methods,l49 @ 4-hydroxy-2- 
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mercapto-6-methoxycarbonylpyrimidine by hydrogen chloride in 
methanol,@ 2,4-dihydroxy-6-methoxycarbonyl-5-nitropyrimidine by 
sulphuric acid in 5-bromo-2-methoxycarbonylpyrimidine 
by diazomethane,M 5-bromo (and chloro)-4-ethoxycarbonyl-2-methyl- 
pyrimidine,' 2 - methoxycarbonyl - 5 - methylpyrimidine,6l and 2- and 
4- @-methoxycarbonylethylpyrimidine (unanalysed) by diazomethane 
or methanolic hydrogen chloride.5a Unable to be made by normal 
methods, 4-amino-5-methoxycarbonyl-2-methylpyrimidine resulted in 
76 % yield from dissolution of the carboxylic acid in concentrated 
sulphuric acid and slow addition of methanol.86 4-Ethoxycarbonyl- 
pyrimidine has been conveniently made from the acid via the acid 
chloride.63 

(3) Formation of Acid Chbrides 

Pyrimidine acid chlorides have but rarely been mentioned. 
Typical are 4-chloro-6-chlorocarbonyl-5-methyl-2-phenylpyrimidine 
(XXI) which was formed on treatment of 4-carboxy-6-hydroxy-5- 
methyl-2-phenylpyrimidine (XX) at 130" with phosphorus pentachlor- 
ide64 and 4-chloro-5-chlorocarbonyl-2-ethylthiopyrimidine prepared 
with phosphoryl chloride.65 Although esters have normally been used 
for this purpose in the pyrimidine series, acid chlorides are good inter- 

OH c1 

(XXII) (XXIII) 

mediates in the formation of amides. Thus the reaction of fi-bromo(or 
chloro)-4carboxy-:!-methy1pyrimidine with thionyl chloride and treat- 
ment of the resulting (crude) acid chloride with ammonia, gives the 
amides in 86 % yie1d.l Similarly, the 2-methylthio analogue has been 
used to yield amidess6 and the (unanalysed) acid chloride from 5- 
carboxypyrimidine gives a low yield of amide4s (which, however, is 
better made from the ester). 
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(4) Other Reactiolts 

395 

4-Carboxy-P,6-diethoxypyrimidine (XXII) when treated with 
methyl-lithium gives 4-acetyl-2,6-diethoxypyrimidine (XXIII) in 60 % 
yield. The structure was confirmed by hydrolysis to 4-acetyl-2,6- 
dihydro~ypyrimidine.~~ 

2. Alkoxycarbonylpyrimidines (Pyrimidine Esters) 

A. Preparation of Esters 

The esterification of carboxypyrimidines has already been discus- 
sed above. In addition, many esters can be made conveniently by 
primary synthesis, and a few by other means such as alcoholysis of 
nitriles. 

In the Principal Synthesis, the three-carbon fragment may carry 
an ester grouping besides two other more reactive functional groups, 

OH CH,CO,Et Me 
Et0SC.J.N A N  

'NAhle H O ' k T & S E t  

(XXVI) (XXVII) (XXVIII) 

and the intact ester finally occupies the 5, or less frequently, the 4 or an 
extranuclear position. Thus diethyl ethoxymethyleneoxalacetate, 
which is equivalent to the keto-aldehyde (XXIV), reacts with guanidine 
to give 2-amino-4,5-diethoxycarbonylp~midine57 (XXV). SimilarIy, 
diethyl ethoxymethylenemalonate reacts as an aldehydo-ester with 
acetamidine to give 5 - ethoxycarbonyl- 4 - hydroxy - 2 - methylpyrim- 
idinem- (XXVI), with urea to give 5-ethoxycarbonyl-2,4-dihydroxy- 
pyrimidine,ql with NN'-dimethylurea to give 5-ethoxycarbonyl- 
1,2,3,4-tetrahydro-l,3-dimethyl-2,4-dioxopyrimidine,'l or with thio- 
urea and its derivatives to give 2-thio-analog~es.l~?~~-~ Diethoxy- 
carbonylacetone and S-ethylthiourea give 90 % of the extranuclear 
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ester, 4 - ethoxycarbonylrnethyl - 2 - ethylthio - 6 - hydr~xypyrirnidine~~ 
(XXVII). There are many more e ~ a r n p l e s ~ ~ ~ ~ ~ ~ ~ ~ ~  in Chapter I1 
differing little in principle from the above, and a rather different type 
of synthesis is emplified in the condensations of ethyl aminomethyl- 
enecyanoacetate with thioacetamide to give 4-amino-5-ethoxycarbonyl- 
2-methyIpyrimidine.89 

Alcoholysis of a nitrile in the presence of hydrogen choride has 
been used to convert 2-cyano-4,6-dimethylpyrimidine into 2-methoxy- 
~arbony1-4,6-dimethylpyrirnidine,~~ but in poor yield because the 
major product was 4,6-dimethylpyrimidine. 

B. Reactions of Esters 

The hydrolysis of pyrimidine esters to the corresponding carboxy 
derivatives has been discussed above (Sect. l.A(2)), and the reduction 
of esters to hydroxymethylpyrimidines in Chapter VII, Sect. 3.D. The 
only other important reaction is their conversion into amides, hydra- 
zides, and related compounds. 

Amides are generally made from esters by treating them with 
alcoholic ammonia often at  room temperature for several days. In this 
way, 5-methoxycarbonyIpyrimidine gives a 64 %, yield of 5-carbamoyl- 
~yrimidine,~5but the use of aqueous ammoniareduces this yield to 34 %. 
Aqueous ammonia has also been used to make 4-amino-5-carbamoyl-2- 
hydr~xypyrimidine~~ and 4-amino-5-carbamoyl-2-methylpyrirnidine.5g 
Methanolic ammonia at 100" gives 82 % of 5-carbamoyl-2,4-dimethyl- 
pyrimidineP4 and 5-bromo-2-carbamoylpyrimidine.s~ Aqueous am- 
monia, however, gives a good yield of 4-~arbamoylpyrimidine,*~ and 
of 5-carbamoylmethyl-2,4-dihydro~ypyrimidine~~ Other extranuclear 
amides made from esters include 2- and 4-~-carbamoylethylpyrim- 
idine by alcoholic ammonia for several days,6z 4-amino-5-carbamoyl- 
methyl-2-methylpyrimidine (XXX) from 4-chloro-5-ethoxycarbonyl- 
methyl-2-methylpyrimidine (XXIX) at 120" with alcoholic am- 
m0nia,7~-'~ 4-amino-2-benzyl-5-carbarnoylme thylpyrimidine ~imilarly,'~ 
and 2-carbamoylmethyl-4,6-diethoxypyrimidine with aqueous am- 
rn~nia .?~ It should be noted that esters sometimes have remarkable 
powers of withstanding ammonia. Thus 4-amino-2-chloro-5-ethoxy- 
carbonylpyrirnidine (XXXI) and an excess of alcoholic ammonia at 
80-135 " gives 94 % of 2,4-diamino-5-ethoxycarbonylpyrimidineSB 
(XXXII), 5-ethoxycarbonyl-4-methyl-2-methylthiopyrimidine and al- 
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coholic ammonia at 120' gives only 2-amino-5-ethoxycarbonyl-4- 
rnethylpyrimidine,aO and, more understandably, 4-chloro-5-ethoxy- 
carbonyl-2-trifluoromethylpyrimidine and alcoholic ammonia at  5 ' 
gives only the 4-amino analogue.76 

Nearly all pyrimidine hydrazides have been made by the action 
of hydrazine hydrate (generally in alcohol} on an ester. Examples of the 
process are the conversion of 4-ethoxycarbonyl- to 4-hydrazino- 
carbonylpyrimidine (XXXIII) by warming with hydrazine hydrate 

CI NH. 

for 5-10 m i n ~ t e s , ~ ~ - ~ ~ V  and the rather similar preparation of its 2,6- 
dimethyl derivative7* (also made by treating the corresponding amide 
with hydrazine), 5-hydra~inocarbonylpyrimidine,~ its 2,4,6-trimethyl- 
derivative,a its 4-methyl-2-phenyl derivative,m 2.4-diamino-5-hy- 
drazinocarbonylpyrimidine,?8 5 - hydrazinocarbonyImethy1- 2,4 - dihy- 
droxypyrimidine,8O its 6-methyl derivativeP 4-amino-5-hydrazino- 
carbony1-2-hydro~ypyrimidine,~~ and its 2-methyl analogue.25~88. 

3. Carbamoylpyrimidines (Amides) and Related Compounds 
(Hydrazides and Azides) 

A. Preparation of Amides 

(1) From Esters and Acid Chhrides 

The amination of esters is an important way of making amides. 
I t  has been discussed immediately above. The little used route via acid 
chlorides is exemplified by the conversion of 5 - chlorocarbonyl- into 
5-carbamoyI-pyrimidine46 (see Sect. l.B(3}). 
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(2) By Primary syrrthesss 

Primary Synthesis of amides is represented rather poorly: diethyl 
malonate condenses with carbamoylacetamidine (XXXIV) to give 
2-carbamoylmethyl-4,6-dihydro~ypyrimidine~~ (XXXV) and the same 
compound is better obtained by the self condensation of malondiamide 

(XXXVI) in sodium ethoxide.83 The Whitehead Synthesis gives 4- 
amino-3 - butyl-5- carbamoyl-2,3-dihydro-2 -oxopyrimidine (XXXVII) 
by condensation of N-butylurea with ethyl orthoformate and cyano- 
acetamide, followed by cyclization of the ureide so formed, and in the 
Same synthesis an 5-N-alkylcarbamoyl group and different 3-substit- 
uent can be introduced by starting with the appropriate cyano-N- 
allcylacetamide and N-alkylurea.16 

(3) By Copttrolled Hydyolysis of Nitriles 

Some pyrimidine nitriles can be converted into the corresponding 
amides by warming with dilute aqueous ammonia. Klotzerm has illus- 
trated this process in making 2-carbamoyl-4,6-dimethylpyrimidine 

(XXXIX) (75 %) from (XXXVIII), 4-carbamoyl-2,6-dimethylpyrim- 
idine, 4-carbamoyl-2,6-dimethoxypyrimidine, and 4-carbamoyl- I ,2,3,6- 
tetrahydro-1,3-dimethyl-2,6-dioxopyrimidine. Acid hydrolysis of ni- 
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triles has also been used in the series: good examples are the conversion 
of 4-amino-5-cyano-2-methyl (and ethylthio) pyrimidine (XL) into the 
5-carbamoyl analogues (XLI) by dissolution in concentrated sulphuric 
acid,70pm and the similar preparation of 2,4-diamino-, 4-amino-2- 
hydroxy -, and 4 -amino - 2 - mercapto- 5 - ~arbamoylpyrirnidine.'~ The 
preparation of 5-carbamoyl-4-hydroxy-6-methyl-2-piperidinopyrim- 
idine from its 5-cyan0 analogue was done at 100" with sulphuric acid.w 

The Radziszewski reactionM4 involving treatment of a nitrile 
with aqueous hydrogen peroxide under basic conditions, to give an 
amide, has been found very useful in the pyrimidine series. Thus were 
made Pamin0-5-carbarnoylpyrimidine~ (XLI ; R= H), its 2-methyl 
derivative70 (XLI; R=Me), its 2-ethylthio derivative70 (XLI ; R=SEt), 
2-carbamoyl-4-methoxy-6-methyIpyrimidine~7 Pcarbamoyl-2,6-dime- 
thylpyrirnidine,% 2 - carbamoyl- 4- ethoxy - 6 - methylpyrimidine,88 and 
several Palkoxy homologues.ss 

Pyrimidine thioamides have occasionally been made from ni- 
triles. For example when 2-cyano-4,6-dimethylpyrimidine in ether con- 
taining a little diethylamine is saturated with hydrogen sulpbide and 
allowed to remain at  room temperature for 2 days, 4,6-dimethyI-2- 
thiocarbamoylpyrimidne results in 95 % yield.83 2,4 - Dimethyl(and 
dimethoxy)-6-thiocarbamoylpyrimidine were made similarly.aa 

(4) By Other Means 

When 4,6-dihydroxy-2-methylpyrimidine (XLII) is heated with 
potassium cyanate in molten urea, a 54% yield of the 5-carbarnoyl 
derivative (XLIII) is obtained.89 (Omission of the cyanate leads to a 

OH OH 0 0 

rather lower yield.@') This potentially useful reaction is almost unexplor- 
ed, although another example and a few early references have been 

So too, is the oxidation of a C-methylpyrimidine by ferricy- 
anide in the presence of ammonia, to give an amide. In  this way, 
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for example, 1,2,3,4-tetrahydro- 1,3,6-trimethyl-2,Pdioxopyrimidine 
(XLIV) yields 4-carbamoyl- 1,2,3,6- te trahydro- l13-dime t hyl-2,6-dioxo- 
pyrimidine14 (XLV) I and 6-carbamoyl-1 -methyluracil is made similar- 
ly.14 The reaction seems to have been first used in the series by Behrend 
and Struve* to convert 2,4-dihydroxy-6-rnethyl- into b-carbamoyl- 
2,6-dihydroxy-pyrimidine. 

B. Reactions of Arnides 

The hydrolysis of amides to carboxypyrimidines has been treated 
already in Sect. l.A(Z). The dehydration of an amide on the other 
hand gives a nitrile, and although the reaction has been but little used 
it is exemplified in the formation of 2-cyano- (XLVII) from 2-car- 
bamoyl-pyrimidine (XLVI) by boiling with phosphoryl chloride,50 and 

OH c1 

POCI, A N  
2 c: Isp: + M e L A C N  

p ' N  POCl 

h N 5, CONH, 

(XLVI) (XLVII) (XLVIII) (XLIX) 

N-cx Me' ~''CONH, 

the same reagent has been used to change 2-carbamoyl-4-hydroxy- 
6 - methyl - (XLVIII) into 4- chloro - 2 - cyano - 6 - methyl-pyrimidine90 
(XLIX), 5-carbamoyl-4,6-dihydroxy-2-methyl- into 4,6-dichloro-5- 
cyano-2-methyl-pyrimidineIsg 2-carbamoylmethyl-4,6-dihydroxy- into 
4,6-dichlor0-2-cyanomethyl-pyrimidine,~~ and 5-bromo (and chloroj- 
4-carbamoyl-2-methyl- into 5-bromo(and chloro)-4-cyano-2-methyl- 
pyrimidine1 There does not seem to be an example of the thiation of a 
carbamoyl- to a thiocarbamoyl-pyrimidine. 

The Hofmann Reaction has been used to convert carbamoyl- into 
amino-pyrimidines in the 4-position (Ch. IX, Sect. l.H), the 5-position 
(Ch. IX, Sect. 2.D), and the extranuclear positions (Ch. IX, Sect. 3.B). 

C. Preparation and Reactions of Hydrazides and Azides 

The formation of hydrazides from esters (or amides) has been 
discussed in Section 2.B. Azides are made by nitrous acid treatment of 
the corresponding hydrazides. This is illustrated by the formation from 
2-ethylthio-5-hydrazinocarbonylmethyl-4=hydrox~yrimidine (L) in 
aqueous nitrous and at  0", of 5-azidocarbonylmethyl-2-ethylthio-4- 
hydroxypyrimidine (LI) in 60 % yield,s0 and also by the similar 
preparation of 5-azidocarbonylrnethyl-2,4dihydroxypyrimidine,~ its 
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(uncharacterized) 6-methyl derivative,el 4-amino-5-azidocarbonyl-2- 
methyl(and hydro~y)-pyrimidine,7~ and 2,4-diamino-5-azidoarbonyl- 
~yrimidine.~P Other instances of the use of azides in the Curtius reaction 
without i s o l a t i ~ n ~ ~ ~ ~ ~ @ ~  have been discussed in Chapter IX, Sects. 2.D 
and 3.B. 

The chief reaction of hydrazides is their conversion into azides 
with nitrous acid (see above). Apart from this, 4-hydrazinocarbonyl- 
2,6-dimethylpyrimidine (LII) condenses with piperonal to give a 
type of Schiff's base, 2,4-dimethyl-6-piperonylidenehydrazinocarbonyl- 
pyrimidine (LIII), and with benzaldehyde and glucuronolactone to 
give probably similar compounds.?s 

Hydrazides can be acylated. Thus 4-amino-5-hydrazinocrbonyl- 
'2-methylpyrimidine with benzenesulphonyl chloride yields (indubitably) 
4- amino- 5- benzenesulphon ylhydrazinocarbonyl-2-me thylpy~imidine.~~ 

Azides readily react with alcohols to give urethanes. Thus 5- 
aztzidocarbonylmethyl-2-ethylthio-4-hydroxypyrimidine (LI) OR heat- 
ing with ethanol, looses nitrogen to give finally the urethane, 5-ethoxy- 
carbonylaminomethyl-2-ethylthio-4-hydroxypyrimi&ne~ (LV). The 
same azide (LI) on heating in toluene gives 2-ethylthio-4-hydroxy-5- 
isocyanatornethy1pyrimidinesO (LIV). Other simple examples of these 
reactions are given in Chapter IX, Sect. 6, and an interesting purine 
synthesism is based on the second (isocyanate) reaction. When 4-amino- 
5-azido-carbonyl-2-methylpyrimidine (LVI) is heated in xylene, the 
resulting isocyanate (LVII) cyclizes immediately to give 8-hydroxy-2- 
methylpurine (LVIII) ; 2-amino-8-hydroxy- and 2,8-dihydroxy- purine 
have been made similarly.m 

4. Pyrimidine Nitriles 

Although cyanopyrimidines are important intermediates in 
making all types of carboxylic acid derivative and aminomethyl- 
pyrimidines, and can be made in several ways, they form a relatively 
little explored family. 

A. Preparation of Cyanopyrimldincs 

(1) By Primary Syladhesis 

Pyrimidines with a cyan0 group in the 5-position can sometimes 
be made by a Principal Synthesis. However, the route is restricted by 
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the reactivity of the cyano group attached to the aliphatic starting 
material. This limitation is illustrated by the condensation of ethyl 
ethoxymethylenecyanoacetate (virtually ethyl formylcyanoacetate; 
LIX) with thiourea** to give a mixture of 54% 4-amino-5-ethoxy- 
carbonyl-2-mercaptopyrimidine (LX), with only 14 % of 5-cyano-4- 
hydroxy-2-mercaptopyrimidine (LXI). The first product predominates 
because thiourea reacts with the cyano group at the expense of the ester 
group in the aliphatic compound. On the other hand, when ethoxy- 
methylenemalononitrile (virtually LXII) is used, the choice is only 
between two cyano groups, so that 4-amino-5-cyano-2-mercapto- 
pyrimidine (LXIII; R=SH), is formed in good yield with thiourea,70 
4-amino-5-cyano-2-ethylthiopyrimldine with S-ethyl thi~urea,~~ and 
4-amino-5-cyano-2,3-dihydro-3-methyl-2-thiopyrimidine and its 3- 
alkyl homologues with N-methylthiourea and its homologues.16 
Similar reactions O C C U T S ~ ~ ~ O ~ ~ ~ - ~  with amidines, (Ch. 11, Sect. 8.C) and 
with urea and its N-alkyl derivativesls (Ch. 11, Sect. 8.E), leading 
to 4-amino-5-cyanopyrimidine substituted by a 2-alkyl (LXIII ; 

-+ + I -  
CHO I 'NASH L A S H  CHO 

( L W  (LX) (LXI) (LXII) (LXIII) 

R=alkyl) or 2-hydroxy group (LXIII; R=OH). The interesting reac- 
tion of unsubstituted malononitrile with formamidine to give 4-amino- 
5-~yanopyrimidine**~~ (LXIII ; R=H) hasbeen discussed in Chapter 11, 
Sect. 11 and Chapter 111, Sect. 3.A. The reaction of ethyl ethoxy- 
methylenecyanoacetate with acetamidine to give either 5-cyano-4- 
hydroxy-2-methylpyrimidine by alkaline ring closure or 4-amino-5- 
ethoxycarbonyl-2-methylpyrimidine by acidic cyclization, has been 
treated in Chapter 11, Sect. 8.C. 

When ethyl @-cyano-a-formylpropionate is condensed with acetam- 
idine, 5-cyanomethyl-4-hydroxy-2-methylpyrimidine is formed ;68 there 
are also other minor methods of primary synthesis, used to make cyano 
derivatives,"-@' and the Shaw synthesis (Ch. 111, Sect. 1.E) offers100-10* 

a variety of 5-cyanopyrimidines as products. The use of dicyanodia- 
mide in preparing 2-cyanoaminopyrimidines has been outlined in 
Chapter IX, Sect. 8.B. 
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(2) By Dehydration of Amides 

This useful but neglected method of making nitriles has been 
discussed above (Sect. 3.B). 

(3) By OCkr Means 

The sodium salts of 2-sulphopyrimidine (LXIV) and related C- 
alkyl derivatives, on distillation with potassium cyanide give 2-cyano- 
pyrimidine (LXV) and derivatives.60* Io9 Since the sulphopyrimidines 
are readily made from the corresponding chloro derivatives, the 
process allows the transformation of a 2- or 4-ChlOrO into a cyano 
group, which has not been done directly in the series. 

A quaternary amino group such as that in 4,6-dimethylpyrimidin- 
2-yltrimethylammonium chloride (LXVI) can be replaced by a cyano 
groupea* lO4 to give 2-cyano-4,6-dimethylpyrimidine (LXVIIJ and 
related compounds (Ch. IX, Sect. 8.G). 

The aldoxime, 4-hydroxy - 5 -hydroxyiminornethyl-6-rnethyl- 2- 
piperidinopyrimidine (LXVIII), on heating with acetic anhydride is 
dehydrated to 5-cyano-4-hydroxy-6-methyl-2-pi~ridinop~imidine~~ 
(LXIX). The dehydration is also successful with phosphoryl chloride, 
to give 4-chloro-5-cyano-6-methyl-2-piperidinopyrimidine (LXX), 
which can alternatively be made30 with the same reagent on (LXIX). 
Other cases of dehydration are recorded.30 

There are several examples of 5-cyanopyrimidines made directly 
from 5-halogeno derivatives. The reaction is sluggish, and it requires 
heating in quinoline with cuprous cyanide to prepare 2- (and 4-) 

arnho-5-cyanopyrimidine from their bromo analogues,lo5* or 2- 
benzenesulphonamido-5-cyanopyrimidine from its 5-iOdO analogue.lW 

2,5-Diamino-4-methyl-6-methylthiopyrimidine has been diazotized 
and then treated with sodium cyanide to yield 2-amino-5-cyano-4 
met hyl-6-me t h ylt hiop yrimidine .lO7 
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Direct introduction of a cyano group into the 5-position of barbi- 
turic acid has been reported108 by treatment with mercury fulminate 
plus potassium cyanide in aqueous solution. The cyano group is 
supplied by the fulminate because the same product is formed when 
the potassium cyanide is replaced by potassium iodide. A little-known 

/ 
OH 

H O N = H C + . ~  

0 
H8Nd'N>e H~~ 

tl I HCHO+ 
I-&N-"N'%~ 

I 
Me 

(LXXI) 

4 
OH CI 

Me 

(LXXII) 

M e  

(LXXIII) 

cyanomethylation reaction should here be mentioned. 4,5-Diamino- 
1,2,3,6-tetrahydro- 1,3-dimethyl-2,6-dioxopyrimidine (LXXI) treated 
successively with methanolic hydrogen cyanide and formaldehyde 
gives 72 % of the 4-amino-5-cyanomethylamino analogue (LXXII). 
The structure was indicated by cyclization and oxidation to 7-amino- 
I ,2,3,4- te trah ydro- 1,3-dimethyl-Z, 4-dioxop t eridinel" (LXXI I I). When 
4,5-diaminopyrimidine was treated in water as above, 50 % of the 
simple analogue, 4-amino-5-cyanome thylaminopyrimidine, was isolated 
as an unstable solid.110 

B. Reactions of Cyanopyrimfdines 

The hydrolysis of nitriles to carboxylic acids and to arnides has been 
discussed respectively in Sections 1 .A(2) and 3.A(3), and the action of 
hydrogen sulphide to give thioamides also in Section l.A(2). Reduction 
of nitriles by lithium aluminium hydride or by catalytic hydrogenation 
to give aminomethyl derivatives has been outlined in Chapter IX, 
Sect. 3.A. A cyano group in the 2-, 4-, or 6-position may be replaced 
by an alkoxy group (Ch. VII, Sect. 4.C), and indirectly by an aldehyde 
group (Sect. 5.A(3)). 

Amidines are normally made by treatment of a nitrile with 
hydrogen chloride and ethanol to give the imino ether, followed by 
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ammonia. This method of Pinner has been used to make 2-amidino- 
pyrimidine (LXXIV) from 2-cyanopyrimidineso (LXXV) and several 

(LXXIV) (LXXV) (LXXVI) 

arylamidinopyrimidines (e.g. 2-phenylamidinopyrimidine; LXXVI) 
have been made by treatment at 70" of 2-cyanopyrimidine (LXXV) 
and a primary amine with aluminium chloride.50 

5. Pyrimidine Aldehydes and Their Acetals 

There are now a reasonable number and variety of pyrimidine 
aldehydes and their acetals known. They are being made by a variety 
of routes, and undergo numerous reactions. 

A. Preparation of Formylpyrimidines 

(1) By the Principal Synthesis 

Although free aldehydes cannot be made by the Principal Synthe- 
sis, several of their acetals are best prepared in this way. They nearly 
all have the dialkoxymethyl group in position 4. The condensation of 
ethyl y y  - diethoxyacetoacetate (LXXVII) with thiourea leads to 4- 
diethoxymethyI-6-hydroxy-2-mercaptopyrimidine (LXXVIII) in 80 % 
yield,32r33p111 and its 5-methyl derivative can be made similarly.ll2 
These aeetals are converted into the free aldehydes, 4-formyl-6- 
hydroxy-2-mercaptopyimidine (LXXIX), and its 5-methyl derivative, 
by treatment with dilute hydrochloric acid. Related acetals, such as 
4-diethoxymethyl-6-hydroxypyrimidine29. 113 (LXXX) and its deriv- 
a t i ~ e ~ ~  (LXXXIII) which were made from (LXXXVIII) respectively 
with Raney nickel and by ethylation, although not so satisfactorily 
converted into free aldehydes with hydrochloric acidw* 32 readily gave 
4-formyl-6-hydr0xy-l~~ (LXXXI) and 2-ethylthio-4-formyl-6-hydr- 
O X Y - ~ ~ ~  113 pyrimidine by digestion with aqueous acetic acid. Treatment 
of the mercapto acetal (LXXVIII) with sulphuric acid and sodium 
dichromate furnishes orotic a~ id3~~33  (LXXXII), and treatment of the 
ethylthio derivative (LXXXIII) with phosphoryl chloride gives 
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4-chloro-2-ethylthio-6-formylpyrimidine (LXXXIV), which with am- 
monia gives irtter a h  4-amino-2-ethylthio-6-iminomethylpynmidine114 
(LXXXV) (the imino analogue of an aldehyde). 

Ethyl w - diethoxyacetoacetate has also been condensed with 
benzamidine to give 4 - diethoxymethyl- 6 - hydroxy - 2 - phenylpyrim- 
idine115 (converted into the 4-formyl analogue with acid) and with 
guanidine to give 2-amino-4-diethoxymethyl-6-hydroxypyrimidine.116 

CWOEt), 
I CH(OEt), CHO 

H,N 

Et0,C H,N s HO’\N-SH 

I AN HCI 
/co 

+ 1%. -+ I It -+ 

(LXXVII) (LX XVI I I )  (LXXIX) 

(LXXX) (LXXXI) ( L x x x ~  r)  

CH(OEt), CHO C H = N H  

NH A N  
--L I. I’ 

POCI, A x  
-+ I I )  

A N  t I/ 
CI/-N-SEt H,N”N“SEt HO’\N-SEt 

(LXXXIII ) (LXXXIV) (LXXXV) 

The latter product with phosphoryl chloride gave 2-amino-4-chloro-6- 
diethoxymethylpyrimidine and after dechlorination, 2 - amino - 4 - 
diethoxymethylpyrimidine.l16 The Principal Synthesis has also been 
used to make 2-amino-4-diethoxymethyl (or dirnethoxymethyl)-6- 
methoxyme thy1 (or methyl) pyrimidine.11u 

One pyrimidine with a 2-diethoxymethyl grouping has been 
made,lI7 albeit rather indirectly, by the Principal Synthesis. DichEoro 
acetamidine was condensed with ethyl a-p-chlorophenyl-a-propionyl- 
acetate (LXXXVI) in ethanol to give 5-p-chlorophenyl-2-dichloro- 
rnethyl-4-ethyl-6-hydroxypyrimidine (LXXXVII ; R=Cl), which was 
also made by another primary synthesis from 2-amino-l-carbamoyl-l-P- 
ch lorophen ylbut-1-ene (LXXXVI I I) and dichloroace t yl chloride .I1’ 
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Subsequent treatment with ethanolic sodium ethoxide at  160" gave 
5- $I - chlorophenyl -2- diethoxymethyl-4- ethyl - 6 - hydroxypyrimidine 
(LXXXVII; R=OEt). 

Et 

(LXXXVI) (LXXXVII) 
Et 
I 

($)CIH&-CHb~NHp 0, 
.c- I + C-CHC1, 

O ~ N H ,  a' 
(LXXXVIII) 

( 2 )  By Direct and Indirect C-Formylation 

When 4-amino-l,2,3,6-tetr~ydro-1,3-dimethyl-2,6-dioxopyrim- 
idine is treated with the vigorous formylating agent, acetic formic 
anhydride, the 5-formyl derivative (LXXXIX) is formed, although 
the amino group remains unattacked.lfs The spectral evidence for 
this peculiar reaction is reasonable, and the aldehyde easily gives a 
phenylhydrazone.fu Direct C-formylation of a side chain is known 
in the conversion of 2-ethoxycarbonylmethylthio-4-hydroxy-pyrim- 
idine (XC) with ethyl formate and sodium ethoxide, into 2-ethoxy- 

NH, OH 

HC0,Et 
NaOEt ' 

i 

carbonylformylmethyIthio-4-hydroxypynmidine11p (XCI) . The position 
of formylation was ingeniously shown by using (XCI) as an ddehydo 
ester with thiourea in a Principal Synthesis yielding 4-hydroxy-5- 
(4-hydroxypyrimidin-2-yl) thio-2-mercaptopyrimidine (XCII) . 
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There are several less direct ways of introducing a 5-formyl group 
into position 5.  Some 4-hydroxypyrimidines react with chloral to 
give 4-hydroxy-5-(2,2,2-trichloro-l-hydroxyethyl)p~imidines which 
can be hydrolysed to 5-formyl-4-hydroxypyimidines.30 Thus 4- 
hydroxy-6-methyl-2-piperidinopyrimidine (XCIII) heated with chloral 
in pyridine gives the 5-(2,2,2-trichloro-l-hydroxyethyl) derivative 
(XCIv), which is hydrolysed by hot aqueous-alcoholic alkali to 5- 
formyl-4-hydroxy-6-methyl-2-piperidinopyrimidine (XCV) in good 
yield. Its 2-dimethylamino, 2-methylamino, and 2-amino analogues 
were made similarly.30 In the absence of the 4-hydroxy group, the 
reaction fails, however. Thus, applied to 4-amino-6-methyI-2-piperidino- 
pyrimidine, the chloral attacks not the 5-position but the amino 
group to give 4-methyl-2-piperidino-6- (2,2,2-trichloro- l-hydroxy- 
ethy1amino)pyrimidine (XCVI), from which alkaline hydrolysis gives 
back the starting material. The same thing happens with 2-amino-4- 
chloro-6-rnethyl-, 2-amino-4-methyl-6-methylthio-, and 2-amino-4- 
chloro-6-methyl-5-nitro-pyrimidine. As well as attacking the 5-position 

OH YH on 
KOH -+ C C I * C 3  

(XCIV) 

Me 
- 

(XCIII) 

and primary amino groups, chloral also reacts with some methyl 
groups : 4,6-dihydroxy-2-methyl-5-nitropyrimidine yields 4,6-dihy- 
droxy-5-nitro-2-(3,3,3-trichloro-2-hydroxypropyl)pyrimidine, and with 
4-hydroxy-2,6-dimethylpyrimidine 4-hydroxy-6-methyl-5-(2,2,2-tri- 
chloro- 1 -hydroxye thyl) -2-(3,3,3- trichloro -2- hydroxypropy1)pyrimidine 
is formed.30 

The Reimer-Tiemann aldehyde synthesis has also been applied30 
to some 4-hydroxypyrimidines: 2-amino-4-hydroxy-6-methylpyrim- 
idine (XCVII), treated with chloroform and concentrated aqueous 
potassium hydroxide, gives 2-amino-5-formyl-4-hydroxy-6-rnethyl- 
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pyrimidine (XCVIII) in about 40 % yield. The 2-dimethyIamino, and 
2-piperidino analogues as well a5 5-formyl-2,4-dihydroxy-6-methyl-, 
5-formyl-4,6-dihydroxy-2-piperidino-, and 5-formyl-4,6-dihydroxy-2- 
phenyl- pyrimidine (and other derivatives) were made similarly.% 

Barbituric acid when fused with diphenylformarnidine (Ph.N : CH. 
N H Ph) yields 2,4,6- tr ih ydrox y-5-phenyliminomet h ylpyrimidine ( XCI X) , 

OH O H  OH OR 

(XCVII)  

On treating this anil with alkali, 5-formyl-2,4,6-trihydroxypy1-im- 
idine (C) is formed, and it is reconverted into the Schiff's base (XCIX) 
by warming with aniline.'*OThe aldehyde (C) is similarly formed from 
2,4.6-trihydro~y-5-iminornethylpyrimidine.~~~ 

(3) From Cyanufiyrimidines 

Although the conversion of 4-amino-5-cyano-2-methylpyrimidine 
(CI) into 4-amiiio-5-formyl-2-methylpyrimidine (CV) has been well 

worked out, the reaction has not been applied to other pyrimidines. 
In 1938, Del+ine122 showed that catalytic hydrogenation of (CI) 
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with a nickel catalyst gave not only 4-amino-5-aminomethyl-2-methyl- 
pyrimidine (CII) (the intermediate for vitamin B,) but also a complex 
compound which on treatment with acetic acid gave 4-amino-5- 
formyl-2-methylpyrimidine (CV) , The complex compound was later 
made in better yield and it was shown129-1SB on acid hydrolysis to give 
both (CII) and (CV), and to be reduced under vigorous conditions to the 
secondary amine (CVI), thus indicating it as the Schiff's base (CIII). 
Reduction of the nitrile (CI) over palladium gives the aldehyde (CV) 
directly in 77 % yield;'* under more vigorous conditions Pamino-5- 
hydroxymethyl-2-methylpyrimidine (CIV) is formed from either 
the nitrile'" (CI) or the aldeh~de2~9'2~ (CV). The aldehyde (CV) is 
best purified through its nickel complex128 (cf. refs. 122, 130). 

(4) By Oxidative Processes 

2,4-Dihydroxy-5-hydroxymethylpyrhidine (CVII) can be oxi- 
dized% to 5-formyl-2,4-dihydroxypyrimidine (CVIII) with manganese 
dioxide in hydrochloric acid, but after separation from unchanged 
material and the 5-carboxy-2,4-dihydroxypy~midine formed simd- 
taneousIy the yield is only 5 %. Oxygenation in the presence of 
platinum oxide is a more promising process for (CVIII) and analogues, 
but it has not been adapted to a preparative scale." 

2,4,6-Trimethylpyrimidine can bc converted with benzaldehyde 
into 4,6-dirnethyl-Z-styryl-, 4-methyl-2,6-distyryl-, and (CIX) 2,4,6- 

OH OH 

(CVII) (CVIII) 

CH:CHPh CHO 

tristyryl-pyrimidine. Ozonization of these (followed by catalytic 
reduction) yields 2-formyl-4,6-dirnethyl-, 2,4-diformyl-&methyl-, and 
2,4,6- triformyl-pyrimidine (CX), isolated as p-nitrophenylhydro- 
~ 0 ~ s . ~ ~ ~  131 



412 Chapter XI 

The processes are of little preparative importance. 
On the other hand, 4-amino-5-hydroxymethyl-2-methylthio- 

pyrimidine in acetic acid is oxidized by dichromate to give some 70 % 
of 4-amino-5-formyl-2-rnethylthiopyrimidine, which was further char- 
acterized as its oxime.l** 

(5)  By Other Means 

Treatment of diazotized 2,5 - diamino- 4 -methyl- 6 - methylthio- 
pyrimidine with a reagent made from hydroxylamine, formalde- 
hyde, and copper sulphate gives 2-amino-5-formyl-4-methyl-6-methyl- 
thiopyrimidine,IM but no other examples of such reactions seem to be 
described. 

Use has been madez5 of the McFadyen and Stevens aldehyde 
synthesis in the following interesting sequence : 4-amino-5-cyano-2- 
methylpyrimidine was converted, via the acid and ester, into 4-amino- 
5-hydrazinocarbonyl-2-methylpyrimidine and thence to 4-amino-5- 
benzenesulphonylhydrazinocarbonyl-2-methylpyrimidine (CXI) . So- 

OH 0 

(CXIII) 
I 

Me (CXIV) 

dium carbonate in glycol at 160" gave 4-amino-5-formyl-Z-methyl- 
pyrimidine (CXII) in 44 % yield. A similar sequence failed when ap- 
plied to the preparation of 5-fonnylmethyl-4-hydroxy-2-methyl- 
pyrimidine. 25 

Oxirnes of aldehydes have been made by direct nitrosation of a 
methyl group in pyrimidines. Thus 4,6-dihydroxy-2-methylpyrimidine 
gives 4,6-dihydroxy-5-nitroso-2-nitrosomethylpyrimidine1~ (tauto- 
meric with the oxime, 4,6-dihydroxy-2-hydroxyi~nomethyl-5-nitroso- 
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pyrimidine ; CXIII). Reduction gave 5-amino-2-aminomethy1-4,6- 
dihydroxypyrimidine.ls Likewise, 1,2,3,4-tetrahydro-1,3,6-trimethyl- 
2,4-dioxopyrimidine yields the oxime, 1,2,3,4-tetrahydro-6-hydr- 
oxyiminomethyl-l,3-dimethyl-2,4-dioxopyrimidine (CXIv), identical 
with material formed by an unambiguous route.la4 

B. Reactions of Pormylpyrimidints 

(1) Oxidation a d  Redwtion 

The oxidation of formylpyrimidines to carboxylic acids is dis- 
cussed in Sect. l.A(3), and examples of the Cannizzaro disproportion- 
ation are also included therein. The reduction of aldehydes to hydroxy- 
methylpyrimidines has been outlined in Chapter VII, Sect. 3.F. 

(2)  Formation of the Usual Aldehyde Derivatives 

The pyrimidine aldehydes are not exceptional in their formation 
of the classical derivatives. A few examples of each follow, and included 
are any reactions peculiar to each derivative. 

OH OH 

Fir CH = NOH 

SnCl, 

HO-N-Ph 
pf: 

HO'?N"Ph 
(CXVII) (CXVIII) 

Typical oximes are 4-hydroxy-6-hydroxyiminomethyl-2-phenyl- 
pyrimidine,1154-hydroxy-6-hydroxyiminome thyl-2-mercapto-5-methyl- 
py-rimidine,lla 2,4-dihydroxy-6-hydroxyiminomethyl-5- methylpyrim- 
idine,l12 and 4-hydroxy-5-hydroxyiminomethyl-6-methyl-Z-piperidino- 
pyrimidineSo (CXV). The last oxime has been dehydrated with acetic 
anhydride to give 5-cyano4-hydroxy-6-methyl-2-pipeRdinopyrim- 
idinem (CXVI), and reduction of an oxime is typified in the formatiod16 
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of 4- aminomethyl - 6 - hydroxy - 2 - phenylpyrimidine (CXVIII), from 
(CXVII) with stannous chloride, and by 5-amino-2-aminomethy1-4,6- 
dihydroxypyrimidine (ammonium hydrogen sulphidel13). 

The phenylhydrazone family of derivatives is exemplified by 2,4- 
dihydroxy-6-methyl-5-phenylhydrazonomethylpyrimidine~~ (CXIX) ,4- 
chloro-2-ethylthio-6phenylhydrazonomethylpy~midine,~~~ 4-hydroxy- 
6-p-nitrophenylhy drazonornet hy1pyrimidine,ll3 5- (2,4-dinitrophenyl) - 
hydrazonomethyl-4,6-dihydroxy-2-piperidinopyrimi~ne,~ and related 
derivatives.3% %112,lal  

OH OH /.. H,NOCHNN=HC, , PhNHN=HC,, + 

OH 

(CXXII) 

Me 
-N : H C , A N  

MeS' 

(CXXI) 

Semicarbazones and thiosemicarbazones are represented by 2- 
amino-4-hydroxy-6-methyl-5-semicarbazono(and thiosemicarbazono)- 
methylpyrirnidir~e~~ (CXX), and by 4-hydroxy-6-methyl-2-piperidino- 
5-thiosemicarbazonomethylpyrimidine.30 There are several aldazinesSo 
typified by "5-azinomethyl-4-methyl-6-methylthio-2-pi~ridinup~im- 
idine" (CXXI), and other less usual derivatives are reported by Hull. 

Brief warming of a pyrimidine aldehyde with an aromatic amine 
produces a Schiff 's base* such as 2,4-dihydroxy-5-methyl-6-phenyl- 
iminomethylpyrimidine112 (CXXII) or 4-amino-2-methyi-5-P-tolyl- 
irnin~methylpyrimidine.~~ This type of anil is readily hydrolysed back 
to the aldehyde by acid treatment. 

(3) Other Reactions 

Formylpyrimidines have been condensed with compounds con- 
taining an activated methylene or methyl Thus 5-formyl-4- 
hydroxy-6-methyl-Z-piperidinopyrimidine, with p-nitrophenylacetic 

* These should be distinguished from the Schiff's bases formed from amino- 
pyrimidines and aromatic aldehydes (Ch. JX, Sect. 5.C). 
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acid at 160" gives 4-hydroxy-6-methyl-5-fi-nitrostyryl-2-piperidino- 
pyrimidine (CXXIII), with acetophenone gives 5-benzoylvinyl-4- 
hydroxy-6-methyl-2-piperidinopyrimidine1 with malonic acid gives 
5-~-carboxyvinyl-4-hydroxy-6-methyl-2-pi~ndinopynmidine, and with 
nitromethane gives 4-hydroxy-6-methyl-5-~-nitrovinyl-2-piperidino- 
pyrimidine (CXXIV). 

OH OH OH 

(cxxr 11) (CXXIV) (CXXV) 

PFormyl-2,6dihydroxy-5-methylpyrimidine on heating with NN- 
dimethylaniline and zinc chloride gives an analogue of (leuco) malachite 
green, 4-bis(~dimethylaminophenyl)methyl-2,6-dihydroxy-5-methy1- 
pyrimidine (CXXV) and two analogues were made similarly.135 The 
formation of members of several other heterocyclic systems from 
pyrimidine aldehydes has been recorded.30 

6. Pyrimidine Ketones and Derivatives 

There are relatively few pyrimidine ketones described] and they 
are not representative of the potential family. 

A. Preparation of C-Acylpyrimidines 

The Principal Synthesis has been used to make 5-acylpyrimidines. 
Thus e thoxyme thyleneace tylace tone (virtually formylace t ylace tone 
CXXVI) with acetamidine gives 5-a~etyl-2,4-dimethyIpyrimidine~~~ 
(CXXVII) with guanidine (and NN-dimethylguanidine) it gives 5- 
ace tyl-2-amino( and dime thylamino) -4-methylpyrin1idine,~~g and wit h 
benzamidine it gives 5-a~ety1-4-methyl-2-phenylpyrimidine.~~ Ethyl 
ethoxymethyleneacetoacetate reacts with urea, N-alkylureas and 
N-alkylthioureas to give under some conditions, respectively 5-acetyl- 
2,4-dihydro~ypyrimidine,~J~~ 5-acetyl-3-alkyl~raci1,~~~ and 5-acetyl- 
3-alkyl-2-thiouracil.Is A discussion of these reactions has been given in 
Chapter 11, Sect. 5.C. The Whitehead type of synthesis has also been 
employed to make 5-acetyl-4-ethoxycarbonyl-2-hydroxypy1imidine.~~ 
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Barbituric acid and its N-alkyl derivatives can be acetylated in the 
5-position by boiling with acetic anhydride1m*141 to give, for example, 
5-acetyl-2,4,6-trihydroxypyrimidine, 5-acetyl-1-ethylbarbituric acid, 
and5-acetyl- 1,2,3,4-tetrahydro-6-hydroxy- 1,3-dimethyl-2,4dioxopyrim- 
idine. These compounds can also be made1$' by carrying out a Common 
Synthesis in acetic anhydride with a few drops of sulphuric acid; in this 
way, for example, 5-acetyl-1-ethylbarbituric acid was made from N- 
ethylurea and diethyl malonate. Direct acetylation has also been used 
to prepare 5-ace t yl-4-dime thylamino- 1,2,3,6- te t rah ydro- l13-dime t hyl- 
2,6-dio~opyrimidine.~l~ As might be expected, similar treatment of the 
corresponding secondary base, 1,2,3,4-tetrahydro-I,3-dimethyl-6-me- 
thylamino-Z,4dioxopyrimidine yields 5-acetyLl,2.3,4-tetrahydro-l,3- 
dimethyl- 6-N- meth ylacet amido- 2,4- dioxopyrimidinel~ (CXXVII X) . 
However, similar treatment of the corresponding primary base, 4- 
amino- 1,2,3,6- te trah ydro- 1,3-dimethyl-2,6-dioxopyrirnidine is report- 
ed118 to yield only the 5-acetyl derivative (CXXIX), the amino group 
remaining unacetylated. Furthermore, the acetyl group is removed 
by methanolic hydrogen chloride.lle 5-Ethoxycarbonylacetyl-Z,4,6- 

(CXXVI) (CXXVI I) (CXXVIII) (CXXIX) 

trihydroxypyrimidine can be made by treatment of barbituric acid 
with acetic anhydride and malonic acid followed by ethanol.l4Z 

Extranudear C-acylation is exemplified by the formation of 
4-benzoylmethyl-l,2,3,6-tetrahydro-l,3-dimethyl-2,6-dioxopyrimidine 
(CXXX) by the action of methyl benzoate in potassium t-butoxide 
on the unacylated compound,'% and other examplesMP1@ of such 
Claisen reactions are given in Chapter IV, Sect. 3.C(6). 

Other preparative methods of ketones are represented in the series. 
Several secondary alcohols have been oxidized to ketones : 2,4-diethoxy- 
6-a-hydroxybenzylpyrimidine (CXXXI) and the chromium trioxide- 
pyridine complex yields 90 % of 4-benzoyl-2,6-diethoxypyrimidinem 
(CXXXII). The related 2,4-diethoxy-6-a-hydroxyethylpyrimidine when 
similarly oxidized gave only a s m a l l  yield of ketone, but with activated 
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manganese dioxide in benzene, it gave 85 Yo of the 4-acetyl-2,6-diethoxy- 
pyrimidine.m Chromium trioxide in acetic acid proved successful in 
oxidizing 2,4-dihydroxy-6-a-hydroxybenzyIpyrimidne to 4-benzoyl- 
2,6-dihydro~ypyrimidine.~~ 

CH,COPh CHOHPh COPh 

Me 

(CXXX) (CXXX I) (CXXXII) 

Me Me 

(CXXXI 11) (CXXXIV) 

Z-Cyano-4,6-dimethylpyrimidine (CXXXIII) treated with phenyl- 
magnesium bromide in the usual way, yields Z-benzoyl-4,6-dimethyl- 
pyrimidine23 (CXXXIV), and 4-carbo~y-2~6-diethoxypyrimidine with 
methyl-lithium yields 60 % of 4-acetyl-ZJ6-diethoxypyrirnidine as a 
2,4-dinitrophenylhydra~one.~~ 

B. Reactions of C-Acylpytimidines 

There are few reactions recorded for pyrimidine ketones. PBenzoyl- 
2,6 - dihydroxypyrimidine is reduced by sodium borohydride to 2,4- 
dihydroxy-6-a-hydro~ybenzylpyrimidine~~ (CXXXV). Oxidation of 
5-acetyl-4-methyl-Z-phenylpyrimidine with permanganate gives 5- 
carbo~y-Prnethyl-2-phenylpyrimidine,~ and 5-acetyl-3-methyluracil 

CHOHPh y OH “p“ OH 
,Me HON = C , A N  

, A N  
r-IO%?--.OH HO‘kIAOH HO’ 

H,NOCHNN = 

(CXXXV) (CXXXVI) (CXXXVII) ( cxxxvII1 )  

with nitric acid undergoes oxidation, decarboxylation, and nitration 
to  3-methyl-5-nitroura~il.~~~ Z-Benzoy1-4,6-dimethylpyrimidine was 
oxidized by permanganate, but only benzoic acid was isolated.2s 
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Most of the usual ketone derivatives have been used in the series. 
Typical preparations are described for 5-a-hydrazonoethyl-I-methyl- 
barbituric acid'" (CXXXVI), 2,4-diethoxy-6-phenylhydrazonoethyl- 
pyrimidine,4o 2.4,6-trihydroxy-5-phenylhydrazonoethylpyrimidine,l~1 
5-a-(2,4-dinitrophenylhydraono)ethyl-2,4-dihydroxypyrimidine,~ 2,- 
4,6-trihydroxy-5-a-hydroxyiminoethylpyrimidine1~ (CXXXVII), 2,4- 
dihydro~y-5-a-hydroxyiminoethylpyrimidine,~ and I-ethyl-5-a-semi- 
carbazonoe thylbarbituric acidla (CXXXVI I I). 

7. The Isocyanato-, Thiocyanato-, 
and Isothiacyanato-pyrimidine Family 

The cyanato derivatives of pyrimidine are unknown and isocyanato 
ones have been very little investigated. On the other hand, thiocyanato- 
and isothiocyanato-pyrimidines are well known. 

A. Isocyanatopyrimidines 

The reaction of Pchloro-5-ethoxycarbonyl-2-ethylthiopyrimidine 
in benzene with potassium cyanate seems to give 5-ethoxycarbonyI-2- 
ethylthio-4-isocyanatopyrimidine (CXXXIX) in solution, because 

NCO OH O H  

(CXXXIX) ( C W  (CXLI) 
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subsequent treatment with ammonia or aniline gives 5-ethoxycarbonyl- 
2-ethylthio-4-ureido(or phenylureido)pyrimidinelu. The only charac- 
terized isocyanates axe extranuclear types, Z-ethylthio-4-hydroxy-5- 
isocyanatomethylpyrimidine (CXLI) which is made by heating 5- 
azidocarbonylmethyl - 2 - ethylthio - 4- hydroxypyrimidine (CXL) in to- 
luene, and 2 : 4-dihydroxy-5-isocyanatomethylpyrimidines0 (CXLVI) 
(and its unisolated 6-methyl derivatives1) are made similarly. 

The isocyanate (CXLI) on heating with water gives NN’-di(2- 
ethylthio-4-hydroxypyrimidin-5-ylmethyl)urea (CXLXI) and a little 
5-aminomethyl-2-ethyIthio-4-hydroxypyrimne. With hot mineral 
acid it gives 5-aminomethyl-2,4-dihydroxypyrimidine (CXLIII), and 
with hot ethanol the urethane, 5-ethoxycarbonylaminomethyl-2- 
ethylthio4hydroxypyrimidine (CXLIV). With ammonia and aniline 
it gives respectively 2-ethylthio-4-hydroxy-5-ureido(or pheny1ureido)- 
methylpyrimidineeo (CXLV). The other isocyanate (CXLVI) undergoes 
similar reactions.80 

B. Thiocyanatopyrimidines 

Thiocyanatopyrimidines are generally made from the correspon- 
ding chloropyrimidines by the action of potassium thiocyanate, and 
this method has been reviewed in Chapter VI, Sect. 5.H. Direct intro- 
duction of a thiocyanato group into the 5-position is also recorded:I& 
2-amino-4-hydroxy-6-phenyIpyrimidine (CXLVII) and sodium thio- 
cyanate in methanolic acetic acid are treated with bromine to give the 
5-thiocyanato derivative (CXLVIII). This reaction seems to require 
the presence of two electron-releasing groups, for failure is recorded 
with Z-amino-4-chlor0-6-rnethyl-, 2-amino-4,6-dimethyl-, and &amino- 

OH OH Me Me 

LzNH, --+ Ncsxc 
Ph Ph’ &NH, H,N‘ “NH, 

--+ H I N - h  

(CXLVII) (CXLVIII) (CXLI X) (CL) 

2-ethyIthio-6-methyl- pyrimidine,’& while success attended the reaction 
with (CXLVII), and with 2-amino-4-hydroxy- and 2,4-dihydroxy- 
6-methy1py1imidine.l~ In the last two cases the products could not be 
isolated as the thiocyanates but only as disulphides. When a primary 
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amino group occupies the 4-position (and another electron-releasing 
group the 2- or 6-position) the thiocyanate formed in the reaction 
immediately cyclizes to a thiazolo[4,5-d] pyrimidine. Thus 2,4-diamino- 
6-methylpyrimidine (CXLIX) treated with thiocyanogen as above, 
gives 2,5-diamino-7-methylthiazoIo[4,5-d]pyrimidine (CL), and seven 
other examples are r e ~ 0 r d e d . l ~ ~  A similar cyclization occurs on reduc- 
tion of the nitro group of 2-ethylthio-5-nitro-4-thiwyanatopyrimidine~ 
to give 2-amino-5-ethylthiothiazolo[5,4-d] ~yrirnidine.1~~ 

The structure of thiocyanatopyrinidines has generally been 
checked by their reactivity towards thioacetic acid (with which iso- 
thiocyanates dcl not react). In  some cases the corresponding mercapto 
derivative is formed by heating for 2-3 hours. 2-Ethylthio-4,5-dime- 
thyl-6-thiocyanatopyrimidine (CLI) is a case in point, yielding 2- 
ethylthio-4-mercapto-5,6-dimethylpyrimidine1~ (CLII), and other ex- 
a m p l e ~ ~ @ - ~ ~ ~  are given in Chapter VIII, Sect. l.A(6). I n  some other 
apparently similar cases, thiocyanates (under the same conditions) 

SCN SK SCN 

S 0 
U II 

S-C-KH-C-Me 

(CLII) (CLIII) (CLIV) 

yield the corresponding N-acetylthiocarbamoylthiopyrimidine, which is 
presumably an intermediate in the formation of such a mercapto- 
pyrimidine as above. Thus 5-ethyl-2-ethylthio-4thiwya~.-1atopyrim- 
idine (CLIIIJ gives 4-N-acetylthiocarbamoylthio-5-ethyl-2-ethylthio- 
pyrimidineE2 (CLIV) and 4-N-acetylthiocarbamoylthio-2-chloropyrim- 

is similarly made. A relevant general discussion on the action 
of thioacetic acid on thiocyanates was published at the beginning of the 
century.le4 

Thiocyanato groups, at  least when activated by a 5-nitro group, 
can be replaced (possibly indirectly) as can an alkylthio group. For 
example, 2-chloro-5-nitro-4-thiwyanatopyrimidine (CLVI) with so- 
dium phenoxide gives 5-nitro-2,4-diphenoxypyrirnidine (CLV), with 
aqueous ammonia gives 2,4-diamino-5-nitropyrimidine (CLVII) with 
ethylamine gives 2 , 4  - bisethylamino- 5 - nitropyrimidine, and with 
thiourea followed by alkali gives 2,4-dimercapto-5-nitropyrimidine15s 
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(CLVIXI). The reaction of a thiocyanate with the lower akoxides is 
exemplified in the formation from 2-amino-5-nitro-4-thiocyanato- 
pyrimidine and sodium ethoxide in ethanol at 0", of a mixture of 

r SC(:NH)NH, 1 SH rfi 1 NaOH ~ o'Nxc 
N"SC( :NH)NH, "SH 

(CLVIII) 

2 - amino-4- ethoxy - and 2 -amino - 4-mercapto- 5 - nit r~pyrirnidine.~~~ 
There is little information on the action of aqueous alkali on thiocy- 
anates, but 2,4,6-tnhydroxy-5-thiocyanato- with alkali gives 2,4,6- 
trihydro~y-5-nercapto-pyrimidine.~~~ Some interesting but incon- 
clusive observations on the action of chlorine on 2-chloro-4-thiocyanato- 
pyrimidine have been reported.lS7 

C. Isothiocyanatopyriddines 

When a thiocyanatopyrimidine, such as (CLIX), is heated in 
benzene, toluene, or xylene for a long period an isothiocyanate (CLX) 
is formed. For good yields, temperatures of 110" to 190", according to 
the pyrimidine, are generally needed. Examples of this rearrangement 
are provided in the formation of the following derivatives of 4-iso- 
thiocyanatopyrimidine : 2-chloro, a t  170" in benzene;158 5-ethoxy- 
carbonyl-e-ethylthio (CLX), at 190" in benzene,lM 5-ethoxycarbonyl- 
methyl-2-ethylthio, in boiling toIuene;159*160 2-ethylthio-5,6-dimethylP 
in boiling xylene;l& 5-ethyl-2-ethylthi0, in boiling toluene;152 and 
similar cornpound~.~~ -151p ld1, Some chloropyrimidines have been 
rather inefficiently converted into isothiocyanatopyrimidines without 
isolation of the thiocyanato intermediates. Thus 4-chloro-2-ethyl- 
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thiopyrimidine on prolonged heating in toluene with potassium 
thiocyanate yields 2-ethylthi0-4-isothiocyanatopyrirnidine.~~~ This and 
other examples indicate that the short-cut is better avoided. 

Isothiocyanatopyrimidines react with ammonia to give thio- 
ureidopyrimidines, and with aniline and other amines to give appro- 
priately substituted derivatives. The reaction is of great utility in 
distinguishing isothiocyanato from the unreactive isomeric thiocyanato 
derivatives, and examples are given in Chapter IX, Sect. 7. 

The reaction has in addition been used to prepare pyrimidopyrim- 
idines. Thus 5-ethoxycarbonyl-2-ethylthio-4-isothiocyanatopyrimidine 

conc. aq. NHf 

(CLlX) (CLXI) 

OH NHCSOR 

(CLXII) (CLXIII) 

(CLX) treated with gaseous ammonia in light petroleum gives 5-ethoxy- 
carbonyl-2-ethylthio-4-thioureidopyrimidine (CLXI), but with concen- 
trated aqueous ammonia gives the cyclized 2-ethylthio-5-hydroxy-7- 
mercaptopyrimido [4,5-d]pyrimidinelM (CLXII). 

Isothiocyanates react with alcohols to give thiourethanes (alkoxy- 
thiocarbonylaminopyrimidines ; CLXII I). The reaction is discussed 
in Chapter IX, Sect. 6. 

8. Qrotic Acid: Biosynthesis of Pyrimidines 

Orotic acid (4-carboxy-2.6-dihydroxypyrimidine) was isolated by Biscaro 
and Belloniu in 1905 from the whey of cow's milk. They showed that oxidation 
with perrnanganate gave urea, and proposed a seven-membered ring structure. 
Wheeler and his colleagues, convinced that orotic acid was a pyrimidine, syn- 
thesized both 5-carboxy-6P and 4-carboxy-2,6-dihydroxypyrimidine.L*~ They 
were discouraged by a large difference in melting point between their products 
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and that reported by the Italians,m failed to  make direct comparisons with 
natural material, and remained ignorant that they had in fact synthesized 
orotic acid. Johnson and CaIdwelP later prepared 4-carboxy-2,5-dihydroxy- 
pyrimidine, and again fairing to make a direct comparison. announced it as a 
synthesis of orotic acid. However, comparisons were at last made by Bachstez,*? 
and orotic acid shown to be 4-carboxy-2,6-dihydroxypoxypyrimidine. 

Wheeler's unfortunate synthesis of orotic acid'w had still to bear criticism, 
for it was s h o ~ n ' * ' ~ ~  to be not a simple Principal Synthesis as described, but to 
proceed to orotic acid through ring expansion of a hydantoin (Ch. 111, Sect. 
5.E(I)). The matter was all the more poignant as Wheeler began his paper by 
criticizing an earlier worker for omitting to consider that the condensation of 
ethyl oxaloacetate and urea might give a hydantoin f 

Orotic acid (CLXV) can be made by the Miiller-Wheeler meth- 
od16ap lffl or in poor yield by oxidation of 2,4-dihydroxy-6-methyl- 
pyrimidine% or 4-carboxymethyl-2,6-dihydroxypyrimidine4 with al- 
kaline ferricyanide (via the amide if ammonia is present). A better 
rnethodSZtS9* l(lS makes use of ethyl y-diethoxyacetoacetate and thiourea 

(CLXIX) (CLXX) 

to give 4-diethoxymethyl-6-hydroxy-2-mercaptopyrimidine (CLXIV) , 
and oxidation of this aldehyde accompanied by hydrolysis of the 
rnercapto to a hydroxy group, gives orotic acid (CLXV). Another 
useful starts with aspartic acid which is converted into 
the ureide (CLXVIII), this cyclized to 5 -carboxymethylhydantoin 
(CLXVII), a double bond inserted by the familiar brominationl 
dehydrobromination method giving (CLXVI), and finally the ring 
expanded in akali to yield orotic acid (CLXV). The intermediate 
5carboxymethylenehydtoin can also be made6 by the action of 
oxaloacetic acid with urethane to give N-ethoxycarbonylaminomaleic 
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anhydride (CLXIX), conversion into the imide (CLXX), and final 
alkaline treatment. 

The methylation and esterification of orotic acid has been dis- 
cussed in Chapter X, Sect. l.A(3) (g) and the chequered history of the 
methyl derivatives of orotic acid has been summarized.14 Bromine 

I -  co OH 

(CLXXI) (CLXXI I) / (CLXXIII) (CLXXIV) 

I I 
HO-P-0-P-0 

+ 
HO,C N OH 

(CLXXV) (CLXXVI) (cLxxv11) 

0 

water and orotic acid give 5,5 - dibromobarbituric lW cold 
hydrobromic acid and hydrogen peroxide give 5-bromo-orotic acid,'?* 
and potassium orotate in phosphorus pentachloride and oxychloride 
give a dichloro derivative without removal of the carboxy group.*? 
Nitration gives 4-carbo~y-2,6-dihydroxy-5-nitropyrimidine.~~ 

Orotic acid is a key-substance in the biosynthesis of pyrimidines for i t  
seems almost certain that all biologically occurring pyrimidines have been 
formed through it. The subject has been reviewed.171*lS7 

According to Baddiley and Buchanan171 (who should be consulted for a 
full bibliography), the biosynthesis begins with the union of ammonia and 
carbon dioxide in the presence of adenosine triphosphate to give carbamoyl 
dihydrogen phosphate17V73 (CLXXI), which has been made synthetically174. 
This substance i s  enzymically combined with 1-aspartic acid, with loss of 
phosphoric acid to give ureidosuccinic acid (CLXXII),176*17* This is in enzymic 
equilibrium with 5-carboxymethylhydantoin (CLXXIV) and with dihydro- 
orotic acid177 (CLXXIII), which was identified by synthesis.178 The next step is 
dehydrogenation by the enzyme, dihydro-orotate dehydrogenase,17B*'80 to give 
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the first pyrimidine, orotic acid (CLXXV). Ribose-5-phosphate-1-pyrophos- 
phate181*l** (CLXXVI) is combined with orotic acid in the presence of orotidylic 
pyrophosphorylase to give the nucleotide, orotidylic acid (CLXXVII ; R=COOH), 
which is irreversibly decarboxylated1aVa by orotidylic decarboxylase to 
uridine-5’-phosphate (CLXXVII; R=H), and so on, for example, to cytidine 
triphosphate.186 
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CHAPTER XI1 

The Reduced Pyrimidines 

It is necessary to define "reduced pyrimidines" because of the 
confusion caused by current nomenclature which would refer t o  (I) 
as 1,2-dihydro- 1 -methyl-2-oxopyrimidine. Reduced pyrimidines are 
those which have less than 3 double bonds as part of, or directly 

"N'"0 
rN 3-7 
\NA0 ""'OH 

i I I 
Me Me Me 

(1) (11) (111) (IV) (V) 

attached to, the nucleus. Thus (I) is not a reduced pyrimidine, but 
(II), (111), and (IV) are, being respectively a dihydro, tetrahydro, 
and hexahydro derivative. In such a compound as (V), a heightened 
state of confusion is reached, for although by common sense and 

$': q; /-. c; 
YYN r: -I?- AN) 

-N/ 
I 

(VIII) (1x1 (XI 
1.6-dihydro- 2.5-dihydro- 4,5-dihydro- 

I I 
(XIV (XIII) 

1,2,5,6-tetrahydro- 1,4.5.6-tetrahydro- 

definition it is a dihydropyrimidine, it is named as I ,2,5,6-tetrahydro- 
l-methyl-2-oxopyrimidine, where two hydrogens are real and two 
imaginary. The obvious way out of such folly is to delete imaginary 
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hydrogens from nomenclature, thereby ensuring clarity without loss 
in precision. 

It has been pointed out by Johnson1 that “there are eight theoreti- 
d y  possible pyrimidine derivatives, (VIJ-( XIII) , existing between 
pyrimidine, C,H,N2, and its completely reduced form hexahydro- 
pyrimidine, C4H1,,Ne”. Further, it is by no means certain that simple 
members of some of these series will be stable enough for isolation. 
Hence it is not surprising that, despite the number of known reduced 
pyrimidines, the field today remains largely unexplored, and this 
chapter inevitably has enormous gaps both in methods for preparing 
simple hydropyrimidines and in their reactions. 

1. Preparation of Dihydropyrimidines 

The diverse methods of making dihydropyrimidines fall into three 
groups: the first is closely related to the Principal Synthesis, the 
second consists of other primary syntheses, and the third is the chemical 
reduction or hydrogenation of pyrimidines. 

A. By a Modified Principal Synthesis 

Compared with its extensive use in making pyrimidines (see 
Chapter 11), the Principal Synthesis has been little used to prepare 
dihydropyrimidines. Since the one-carbon fragment (urea, etc.) cannot 
be supplied at a lower oxidation state, one of the remaining double 
bonds in any resulting dihydropyrimidine must be associated with C[%l, 
thereby excluding the preparation of the series represented by (VI). 
The three-carbon fragment can, however, be supplied at a lower oxida- 
tion state than in a normal synthesis. Thus for example urea condenses 
with the #?-carboxy-aldehyde, formylacetic acid, to give uracil, but by 
fusion with acrylic acid (XIV)a or ester3 (virtually a /l-carboxy-aJcohol; 
XIVa) it gives dihydrouracil (XV; “hydrouracil” : 4,5-dihydro-2,6- 
dihydroqpyrimidine), which is a substance of the series represented 
by (X). In the same way, urea with crotonic acide or este9 yields 
4,5-dihydro-2,6-dihydroxy-4-methylpyrirnidine, with a-methylacrylic 
acid it gives the 5-methyl isomere (“hydrothymine”), with cinnamic 
acid it gives 4,5dihydro-2,6-dihydr0xy-4-phenylpyrimidine,2~~ and so 
011.6 The reaction has been extended to ethyl /3-methylcrotonate (XVI), 
which on heating with alcoholic urea at 150” gives 4,5-dihydro-2,6- 
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dihydroxy-4,4-dimethylpy~imidine~ (XVII) in reasonable yield. Simi- 
larly, a-hydroxy-@-methylcrotonamide (XVIII) (made from chloro- 
acetamide, acetone and sodium) with urea gives 4,5-dihydro-2.5,6- 
trihydroxy-4,4-dimethylpyrimidine (XIX) in 75 % yield? An example 
of the use of a substituted urea is the condensation of acryloyl chloride 
with N-phenylurea to give 5,6-dihydro-l-phenyluracil:8 but the 
reaction is not always straightforward. Bachstez and CavallinP con- 
densed maleic acid with urea to give what analysed as, and appeared 
to be, 4-carboxy-4,5-dihydro-2,6-dihydroxypyrimidine (dihydro-orotic 
acid; XX). However, it  could not be oxidized to orotic acids, it behaved 
differently in microbiological systems to natural material,l@P and the 
structure was finally proven wrong by unambiguous synthesis of 
dihydro-orotic acid.18 A dihydro-orotic acid made laterla by catalytic 
hydrogenation of orotic acid differs by 6-9" from the m.p. of genuine 
material, and may therefore be an isomer. The compound of Bachstez 
and Cavallini seems to be "fumarylurea", k.e. N-(#l-carboxyacryloy1)- 
urea.l8 

An interesting case is the condensation of acetamidine with 
diethyl ethylidenemalonate. The latter reacts, not as a p-diester to give 
a pyrimidine, but as a derivative of ethyl crotonate to yield 5-ethoxy- 
carbonyl-4,5-dihydro-6-hydr~~y-2,4-dimethylpyrimidine.~~ 

When attempts were made to react acrolein (virtually /?-hydroxy- 
propionaldehyde) with urea to give 4,5-dihydro-2-hydroxypyrimidine, 
only faiiure is recorded.l6-I8 On the other hand, /i-unsaturated ketones 
have been used successfully. Thus mesityl oxide (XXI) with guanidine 
gives 2-amino-4,5-dihydr0-4,4,6-trirnethylpyrimidine~~ (XXII), and 
with ammonium thiocyanate (which may be thought of as  thiourea)* 

* In fact, thiourea itself yields a tetrahydropyrimidine (Sect. 23). 
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it gives in refluxing cyclohexanol, the 2-mercapto analogue of (XXII), 
4,5dihydro-2-mercapt0-4,4,6-trimethylpyrimidine.~ A similar con- 
densation is that of /?-benzoylstyrene (benzylideneacetophenone ; 
XXIII) with ammonium thiocyanate to yield 4,5-dihydro-2-mercapto- 
4,6-diphenylpyrimidines' (XXIV). Mesityl oxide also reacts with 
benzamidine to give 4,5-dihydr0-4,4,6-trimethyl-2-phenylpyrimidine,~~ 
although the related unsaturated carbonyl compounds, benzylidene- 
acetone, acrolein, and cinnamaldehyde, failed to react in this way.lg 

When @-benzoylstyrene (XXIII) reacts with benzamidine the 
reaction does not stop at 4,5-dihydro-2,4,6-triphenylpyrimidine (XXV) 
but this is oxidized by more (XXIII) (which becomes p-phenylpropio- 
phenone) to give 2,4,6-triphenylpyrimidine (XXVI) in 85 % yield 
under optimum conditions. Seved  analogues have been similarly 
made using benzamidine," and 2-benzylthio-4f-diphenylpyrirnidine 
results by using (XXIII), as its dibromide, with S-benzylthiourea.za 

Judging on the slender available evidenceag the use of a /?-unsatu- 
rated nitrile in such a synthesis is not straightforward. cc,p-Diphenyl- 
acrylonitrile (XXVII) indeed reacts readily with alcoholic guanidine, 
but ammonia is evolved, and the product is not 2,4-diamino-5,6- 

Me Ph 
I I 

CO Me co Ph 

II 

CH I .AN I L A N  
CH NH,SCN n 

* ?AI-&NH* CHPh Ph N&H m e *  
(XXI) (XXII) (XXIII) (XXIV) 

Ph Ph CN 
I >/.. +(XXIII) CPh guenidine 

PhXNdPh 

(XXV) (XXVI) (XXVII) (XXVIII) (XXIX) 

dihydro-5,6-diphenylpyrirnidine, but 2-amino-4,5-dihydro-6-hydroxy- 
4,5-diphenylpyrimidine (XXIX) ; analogues behave similarly, and it is 
suggested*s that hydrolysis precedes ring closure through the inter- 
mediate stages (XXVIII; R=NH& and (XXVIII; R=OH). In this 
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reaction the substituted acrylonitrile can be satisfactorily replaced by 
a mixture of phenylacetonitrile and benzaldehyde. The 2,e-diamino 
type of pyrimidine has in fact been attained83 by this synthesis in 
some rather complicated examples where a cycloalkylidene grouping 
appears at  position-6. 

B. From an Aminopropane Derivative and an Isocyanate 

The most used synthesis of dihydropyrimidines involves the 
reaction of a three-carbon fragment already carrying an amino group 
with cyanic acid, an alkyl isocyanate, or their thio analogues. The 
resulting ureido or thioureido compound is easily cyclized as a rule. 

The reaction was first used* by Lengfeld and StieglitzM in 1893, 
who combined methyl @-aminopropionate (XXX) with cyanic acid 
to give methyl 13-ureidopropionate (XXXI), which was thermally 
cyclized to 4,5-dihydro-2,6-dihydroxypyrimidine (XXXII). The reac- 
tion was later improved in detai1,26 and cyclization by boiling in dilute 
acid introduced, and it has been adapted to make a variety of analogues. 
Thus cyanic acid with 6-aminobutyric acid gives 4,5-dihydro-2,6- 
dihydro~y-4-methylpyrimidine,~ with &amino-@-phenylpropionic acid 
gives 4,5-dihydr0-2,6-dihydroxy-4-phenylpyrimidine,~~~-28** with @- 
amino-/?-styrylpropionic acid gives 4,5-dihydr0-2,6-dihydroxy-4-styryl- 
pyrimidine,B0 and with 13-amino-@-ethylpentanoic acid gives 4,4-diethyl- 
4,5-dihydr0-2,6-dihydroxypyrirnidine.~ Other examples are k n ~ w n . ~ l - ~ ~  

CO,H CO,H 
CO&e COJfe  O H  I 1 -  

I I 

CH,NH, 

yHB H CH, 
I 

+ CHNHCONH, -+ HC-N, 
CH,NHCONH, 'NAoH dooH I c=o 

CHz I HNCo-+ THZ 
O=C-N" 

(xxxt (XXXI) (XXXII) (XXXIII) (XXXIV) 

Thiocyanic acid behaves similarly with such amines to give for ex- 
ample (although in poor yield), 4,5-dihydro-6-hydroxy-2-mercapto-4- 
phenyl (and P-methoxyphenyl)pyrimidine.28 An interesting reaction 
is that between aminosuccinic acid and cyanic acid which gives ureido 

* Hoogewerf and van Dorp three years earlieP had heated phenylurea with 
@-aminopropionic acid and cyclized the resulting ureido compound with acetyl 
chloride to 5,6-dihydro-3-phenyluracil. 

** Chemical AbstractsPB omits the hydroxy groups in this and its analogues. 
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succinic acid (XXXIII) normally, but cyclization then preferentially 
gives the $membered ring, 5-carboxymethylhydantoin (XXXIV), in 
place of the dihydropyrimidine.34~ 86 

The use of p-alkylamino-acids leads to N(,+lkylated dihydro- 
uracils. In this way methyl p-methylaminopropionate (XXXV) and 
aqueous cyanic acid give (without isolation of a ureido intermediate) 
5,6-dihydro-l-methyluraciP (XXXVI). The reaction was again de- 
scribed laters8 and the 1-benzyl and 1-isopropyl analogues made.88 The 
method was unsuitable to 1-aryl analoguessg but it was further ex- 
tendedPo by using methyl cx-methyl-/3-methylaminopropionate, which 
gave 5,6-dihydro- 1,5-dinethyluracil, and alkyl40 analogues were 
prepared similarly. The reaction has also been used to make 5,6- 
dihydro-l-methyl-6-phenylura~i1,~ its  analogue^^^^ and rather indi- 
rectly 5-benzyl-5,6-dihydro-l-methyluracil.~ 

N[,,-Alkylated dihydrouracils may be made by using an alkyl 
or aryl isocyanate in place of cyanic acid. Thus @-aminopropionic acid 
(XXXVII) and methyl (or phenyl) isocyanate yield after cyclization, 
5,6-dihydro-3 - methyl(or phenylj~racil~.  P4 (XXXVIII). Ethyl 6- 
aminobutyrate simihrly gives 5,6-dihydr0-6-methyl-3-phenyluracil,~ 
and /?-amino-/?-phenylpropionic acid and its P-methoxy derivative have 
been condensed28r2s with several isocyanates to give for example 5,6- 
dihydro-3-@-naphthyl-6-phenyluracil and some 20 analogues. These 
include several, resulting from the use of phenyl isothiocyanate, with 
a mercapto group in the 2-position such as 5,6-dihydro-6-+methoxy- 
phenyl-3-phenyl-2-thiouracilas. Other examples are k n ~ w n . ~ ~ ~  48* 47 Acetic 

C O a e  C0,H 0 0 
I 6 C'HP I -JEs!L f- "Me gir 

I 
N OH 

FH8 - 7% 
I I -"+O 

Me NHMe Me "8 

(XXXV) (xxxvq (xxxv~r) (XXXVIII) (XXXIX) 

anhydride was found useful in ring closing some of the rather hindered 
intermediate ureido derivatives,% for which hydrochIoric acid had 
proved fruitless.& Other less effective agents include acetyl chloride,w*44 
methanolic hydrochloric sodium e tho~ide?~ and simple 
heatings0 Naturally, the combination of a secondary p-amino-acid and 
an alkyl or aryl isocyanate leads to a 1,3-disubstituted dihydrouracil, as 
in the reaction of p-rnethylaminopropionate and phenyl isocyanate to 
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giveq5 hexahydro-l-methyl-3-phenyl-2,4-dioxopyrimidine (or 5,6-di- 
hydro-1 -methyl-3-phenyIuracil; XXXIX). 

By using the appropriate opticalIy active /?-amino-acids, substitut- 
ed 5,6-dihydrouracils have been made which retain this activity at 

This report4' also contains a brief review of the reaction. 
@-Amino-ketones have been used in this reaction, resulting in 

dihydro-2-hydroxy(or mercapto)-4-alkylpyrimidines. For example, 
cyanic acid with b-methylaminopropiophenone (XL} yields a ureido 
intermediate, which on brief treatment with acid cyclizes to 1,2,5,6- 
tetrahydro-l-methyl-4-phenyl-2-0xopyrimidine~ (XLIJ. This dihydro- 
pyrimidine on prolonged boiling with hydrochloric acid disproportio- 
nates@ into the corresponding pyrimidine (1 ,Bdihydro-l-methyl-2- 
0x0-4-phenylpyrimidine) and tetrahydropyrimidine (hexahydro-l- 
methyl-2-oxo-4-phenylpyrimidine). Diacetonamine (XLII) reacts with 
cyanic and thiocyanic acid to give respectively 4,5-dihydro-2-hydroxy- 
(and mercapt0}-4,4,6-trimethylpyrimidine,~~ and with phenyl iso- 
thiocyanate to give I ,4-dihydro-2-mercapto-4,4,6-trirnethyl- l-phenyl- 
~y r imid ine~*~O (XLIII), the first compound so far encountered that is 
necessarily a member of the 1,4-dihydro-series represented by (VII). 
The P-tolyl analogue has also been made.s1 

The use of /?-amino nitriles in this reaction has failed because 
intermediates such as N-@-cyanoethyl-N'-ethylurea, although they are 
easily formed, have so far resisted cyc l iza t i~n .~~ 

Ph :>yH. Me-Me I co 
I 

CH,NHMe Me Me Ph 

d' f: $: y, PMG* HNCO ------+ 
"N-Q co MeAN"SH 7% f I I 

(XL) ( X W  (XLII) (XLIII) 

C. From an Isocyanatopropane Derivative and an Amine 

This synthesis, which is a reversal of the last, has been but little 
used to make dihydropyrimidines. The readily available fl-bromo- 
propionyl isocyanate (XLIV) reacts with aromatic amines to give, for 
example, N-@-bromopropionyl-N'-phenylurea (XLV) , which on treat- 
ment with silver carbonate in propionic acid cyclizes to 5,6-dihydro-1- 
phenyluracils (XLVII). Alternatively, (XLV) treated with triethyl- 
amine in refluxing dimethyiformamide gives N-acryloyl-N'-phenyl- 
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urea* (XLVI), which can be cyclized to (XLVII) by refluxing in 
dimethylformamide with acetic acid for 3 days.s9 The intermediate, 
typified by (XLVI), can be made in other ways.ms68 

A variation of the above has been described*'. 54 and is exemplified 
in the following sequence: Ethyl p-amino-/?-phenylpropionate is 
treated with phosgene to give ethyl B-isocyanato-B-phenylpropionate 
(PhCHfNCO)CH,CO,Et), which is converted with benzylamine into 
ethyl #I-benzylureido-@-phenylpropionate, and this cyclized in boiling 
hydrochloric acid to 3-benzyl-5,6-dihydro-6-phenyluracil. If benzyl- 
amine is replaced by phenylhydrazine, the 3-anilino analogue results.64 

Ag&O,/EtCO,H 
/ 'L 

OH 

coNco PbNH CONHCONHPh I E W  CONHCONKPh I MeCO,H + -*+ I 

CH,Br CHJ3r 

HCONMe, ' CH HCONMe. ' 
I 

?HI C'HP U 
CH, Ph 

(XLIV) ( X W  (XLVI) (XLVII) 

The synthesis has also been used to make one type af dihydromer- 
captopyrimidine. 

It will be recalled that mesityl oxide (XLVIII) and ammonium 
thiocyanate in cyclohexane give 4,5-dihydro-Z-mercapto-4,4,6-trime- 
thylpyrimidine.20 If, however, the same reactants are brought together 
in 50 % sulphuric acid, 2-isothiocyanato-Z-methylpentan-4-onecb* 
(XLIX) is formed, and when this is treated with an dkylamine in 
hydrochloric acid, a thioureido intermediate, and then a 1-akyl 
derivative(L) of the above pyrimidine is produced. Compounds so formed 

Me 
I co 
I 

CH 
ti 

Me 
I Me-Me 

CH 
co EtNH. 1 --3 

Me- N"SH 
I 

b e ,  Et 

(XLVIII (XLIX) (L) 

are 1 -ethyl- 1,4-dihydro-2-mercapto-4,4,6-trimethylpyrimidine from 
ethyla~nine,~~ the 1-phenyl analogue (previously made by another 
route@) from aniline,66 the I-amino analogue from hydrazine," the 
1 carboxymethyl analogue from glycine,6' and m h y  others." 

*This compound was first described as a thiocyanato derivative66*6? but 
later corrected.66 
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D. Prom an Aminopropane Derivative and 0-Methylurea 

This little used but potentially useful synthesis is striptly analogous 
to that using an isocyanate (Sect. l.B). It is exemplified58 by the con- 
densation of ~-amino-#l-phenylpropionic acid (LII) with 0-methylurea 
to give p-guanidino-&phenylpropionic acid (LIII), which can be con- 
veniently cyclized by boiling in hydrochloric acid to give 2-amino-4,5- 
dihydro-6-hydroxy-4-phenylpyrimidine (LIV) . The 4-methyl and other 
analogues were similarly made,58 but unexpectedly, &pnidino- 
propionic acid could not be cyclized. 

OH 
CO,H 

C0,H I 
0-methylurea NH HCl \ A N  

?HI II -----+ 
I 

PhXH-NH, PhKCH‘NH/ “NH, ph3_”\NH8 

(LII) (LIII) (LI’CT) 

E. Syntheses Involving Amide Intermediates 

One of the early syntheses59 of a dihydropyrirnidine made use of 
succindiamide (LV; R=H), which can be partly degraded by the 
Hofmann reaction, presumably to p-isocyanatopropionamide (LVI ; 
R=H). This then cyclizes to 4,5-dihydro-2,6-dihydroxypyrimidine 
(LVII; R=H). 

This synthesis of Weidel and RoithneId’J appeared in Austria while similar 
work of van Dam was in the press in the Netherlands. The latter’s papePO was 
curtailed with an explanatory editorial footnote “. . .Cependant M. van Dam 
avait fait quelques observations qui ne se trouvent pas mentionnkes dam le 
travail de M.M. Weidel et Roithner; je croyais utile pour cette raison de ne pas 
supprimer la publication de son travail.. .”. This graciousness of the editor was 
distinctly revised when he wrotee1 the very next paper as a chemist: “Quelques 
observations sur l’action des hypobromites alcalins sur les amides, B l’occasion 
d’un memoire de M.M. Weidel e t  Roithner”. In particular, he dismissed bluntly 
the theory contained in the Austrian memoire: “Cette discussion est assez 
superficielle”, and again, “Le memoue fait vou que ces savants ne connaissent 
qu’en partie la littkrature du sujet qu’ils traitent”. 

The synthesis was greatly improveda6 to give a 60 % yield, and it 
has been applied to a-rnethylsuc~indiamide~~ (LV; R=Me), from which 
it gives 4,5-dihydro-2,6-dihydroxy-4-methylpyrimidine (LVII ; R=Me). 
Since no 5-methyl isomer is formed,59 the intermediate must be @-iso- 
cyanatobutyramide (LVI ; R=Me) rather than the possible isomer. 
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Although attempts to condense CC-diethylmalondiaddee2*" 
(LVIII) or C-ethyl-C-phenyImalondiamideM with formaldehyde failed 
to give the expected dihydropyrimidines (e.g. LX), both amides 
readily condense with benzaldehyde or benzal chloride to give re- 
spectively 5,5-diethyl-2,5-dihydro-4,6-dihydroxy-2-phenylpyrimidines8 
(LXI) and 5 -ethyl- 2,5 - dihydro- 4,6-dihydroxy- 2,5 - diphenylpyrim- 
idine.BB 

0 
II 

0 1  

When formamide (or sometimes formic acid} was condensed with 
the above, and other such amides, the expected (fully oxidized) pyrim- 
idines (e.g. 5,5-diethyl-4,5-dihydro-6-hydroxy-4-oxopyrimidine; LIX) 
were not isolated,B(p88 but instead, the dihydro derivatives (e.g. 5,5- 
diethyl-2,5-dihydro-4,6-dihydro~ypyrimidine; LX). Regarding the 
mechanism" of this anomaly, "there is little doubt that the cyclization 
reaction proceeds vin the N-formyl malondiamide which then cyclizes 
with loss of water to the pyrimidine, which is in turn reduced by the 
excess of formic acid or formamide". The intermediate compounds 
have never been isolated (although they have been madeM otherwise). 

HCHO or CH,CI, 
/ I 

CONH, 0 OH 

I E t , h N  CEtt HCON&+ HCONH, 2. 

( LVIII) (LIX) (LX) (LXIJ 

OH 

g ; p N  
CONHp I HO Etl N" HO "APh 

\ 
PhCHO 

The cyclization of an acylated ,&arninoamide is a useful way of 
preparing dihydropyrimidines with a 4-hydroxy group. Thus #I- 
benzarnido-p-ethoxycarbonylpropionamide (LXII) when treated with 
phosphorus pentachloride in chloroform gives 4-ethoxycarbonyl-4,5- 
dihydro-6-hydroxy-2-phenyIpyrimidine6' (LXI 11). By N-substitution 
of the carbamoyl group of the starting material, an N-substituted 
dihydropyrimidine results. For example, p-benzamido-N-ethylpropion- 
amide with phosphorus pentachloride in chloroform gives 4-chloro- 
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3-ethyE3,6-dihydro-Z-phenylpyrimidine. The additional chIorination, 
which occurs after cyclization in this example, can be avoided by 
using phosphorus pentoxide in chloroform, when 1 -ethyl-l,4-dihydro-6- 
hydroxy-2-phenylpyrimidine is isolated.88 The complete sequence of 
such a synthesis is illustrated by the conversion of 8-aminononanoic 
acid into its acetyl derivative (LXIV) followed by treatment in turn 
with thionyl chloride and with ammonia to give 2-acetamido-l- 
carbamoyloctane (LXV) . Cyclization on boiling in acetic anhydride 
gives 4- hexyl- 4,5-dihydro-6 - hydroxy- 2-methylpyrimidinew (LXVI) . 
The 2-phenyl analogue may be made similarly, by using an initially 
benzoylated internediate,8**'* but benzoyl chloride must also be used 
in place of acetic anhydride for the cyclization, for otherwise trans- 
acylation occurs and the methyl derivative (LXVI) results in place of 
the phenyl one. Several other analogues have been made by related 

The isolated preparation of 5-ethoxycarbonyl-l,6-dihydro-2- 
methylpyrimidine from acetamidine and a-cyano-p-ethoxypropion- 
aldehyde probably involves an amino-imino ether as intermediate.7a 

C0,Et 
I 

A H \  ,CO,Et 

?Ha y-3 pcI,+ ZY 
co COPh HO -Ph 
"H, 

(LXII) (LXIII) 

yoHI. y-L 
,CH\ /CH\ 

\NH, 

FT CW, NHCOMe A+ SOCl 7H.I 'I" &O.+ 
I then NH. 

C0,H CO COMe HO N Me 

(=Jm (LXV) (LXVI) 

P. The Biginem Reaction 

FoUawing earlier studies'aJ4 of the action of aldehydes on urea, 
Biginelli in 1893 published76 the first examples of his synthesis. 
A mixture of benzaldehyde, urea, and ethyl acetoacetate in alcohol 
gave 5-ethox ycarbon yl- 1,6-dihydro-2-hydroxy-4-methy1-6-phenylpy- 
imidine (LXX). A variety of aromatic aldehydes was used and gave 
analogous After being neglected for many years, the 



The Reduced Pyrimidines 44 I 

synthesis was again studiedm and up to 60 % yield of (LXX) was ob- 
tained under the conditions of Hantzsch's pyridine synthesis. In 
addition, a small quantity of 3,5-dicarboxydihydro-4-phenylpyridine 
was isolated. Thiourea was also successfully used in the synthesis to 
give the thio analogue of (LXX) and it was directly converted into 
(LXX) by the usual means (chloroacetic acid)." Soon afterwards, the 
reaction was shown to be strongly catalysed by acid,n and the yield of 
(LXX) was thereby raised to 89 %. It has also been extended to the 
use of aliphatic aldehydes, and many analogues of (LXX) with alkyl 
and substituted aryl groups in place of phenyl are k n ~ w n . ~ ~ ' ~  Several 
analogues typified by 5-ethoxycarbon yl- 1,6-dihydro-Z-hydroxy(and 
mercapto)-6-phenyl-4-trifluoromethylpyrirnidine have been madem by 
using ethyl trifluoroacetoacetate, and replacement of this reactant by 
acetylacetone results in such derivatives as 5-acetyl-l,6-dihydro-2- 
hydroxy-4-methyl-6-phenylpyrimidine and its 6-alkyl and aryl ana- 
logues.8O When benzoylacetone is used, the structure of the dihydro- 
pyrimidine is ambiguous, and does not seem to have been yet deter- 
mined.s1 

The mechanism has been summarized by Folkers and Johnson:8a 
Urea reaxts with benzaldehyde to give au-bisureidotoluene (LXVII) 
and with ethyl acetoacetate to give ethyl @-ureidocrotonate (LXVIII). 
Each of these then further reacts with the third component (ethyl 

(LXIX) (LXX) 

PhCHO f 

ethyl amtoacetate E t o a C ~ ~  
H -+ 

/%NH/CO 
4- 

urea Me 
(LXVI 11) 

acetoacetate or benzaldehyde respectively) giving the dihydropyrim- 
idine (LXX), in one case via (LXIX). In this connection it is probably 
significant that ethyl a-ethylacetoacetate fails to undergo this reaction, 
presumably because it lacks one of the a-hydrogen atoms. 
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G. Other Syntheses 

Attempts to use phenylacetaldehyde, urea, and ethyl acetoacetate 
in a Biginelli synthesis indicated that the ethyl acetoacetate was not 
entering into the reaction, but that a pyrimidine was being formed.= 
In fact, phenylacetaldehyde and urea in ethanolic hydrochloric 
acid give 60 % of 4-benzyl-3,4-dihydro-2-hydroxy-5-phenylpyrimidine 
(LXXI). If, however, ethyl acetoacetate is first condensed with urea 
to give ethyl - ureidocrotonate (Et0,CCH: C( Me)NHCONH,) and 
this then treated with phenylacetaldehyde a mixture of (LXXI) and 
the Biginelli compound, 4-benzyl-5-ethoxycarbonyl-3,4-dihydro-2- 
hydroxy-6-methylpyrimidine (LXXII), is 0btained.m 

Acetophenone with urea also yields a dihydropyrimidine, 1,6- 
dih ydro - 2 - h ydroxy - 6- methyl - 4,6 - diphenylpyrimidines3 ( LXXI I1 ) , 
which was previously described84 as an isomeric uncyclized compound. 
Thiourea giveses the 2-mercapto analogue of (LXXIII). This poten- 
tially useful reaction is neglected. 

CH,Ph 
I 

*”CH 

(=XI) (LXXII) (LXXIII) 

The formation of such dihydro compounds as 5,5-dibromo-4,5-dihy- 
dro-2,4,6-trihydroxypyrimidine, by bromination and addition of HOBr 
across a double bond of uracil, has already been discussed in Chapter 
VI, Sect. 2.A(6b). Thymine similarly adds HOBr (without bromination 
being possible) and the resulting 5-bromo-4,5-dihydro-2,4,6-trihydr- 
oxy-5-methylpyrimidine, on treatment with silver o ~ i d e , ~ . ~ ’  or better 
silver carbonatelm yields 4,5-dihydro-2,4,5,6-tetrahydroxy-5-methyl- 
pyrimidine. The analogous 5-ethoxycarbonyl-4,5-dihydro-2,4,5,6-tetra- 
hydroxypyrimidine was made similarly.89 The light-catalysed addition 
of H 2 0  across the 5,6-double bond of uracil and related compounds to 
give dihydro derivatives, has been discussed in Chapter VII, Sect. 8.A. 

H. By Reduction of Pyrimidines 

The classical chemical reduction methods seldom affect the pyrim- 
idine nucleus, but in the eases where they do so, they reduce it beyond 
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the dihydro stage. Lithium aluminium hydride, however, reduces 
4-hydroxy-2-mercapt0-6-phenylpyrimidine and its 5-ethyl derivative 
to dihydro derivatives of unproven configuration,BO although in other 
cases tetrahydro derivatives were formed easily (Sect. 2.D). The 
electrolytic reduction in sulphuric acid of barbituric acid, dialuric 
acid, uramil, or alloxan yields in each case appreciable amounts of 
4,5-dihydro-2,6-dihydroxypyrimidine (as well as I ,4,5,6-tetrahydro-2- 
hydroxypyrimidine)@l* sp and 5-ethylbarbituric acid similarly gives 
the 5-ethyl derivatives of these pr0ducts.w Barbitone (5,5-diethyl- 
barbituric acid) is also similarly reducedB3 to 5,5diethyl-2,5-dihydro- 
4,6-dihydroxypyrimidine, 

Dihydropyrimidines may be produced during reductive desulphuri- 
zation of mercapto- or thio- pyrimidines. Thus 5,5-diethyl-Z-thio- 
barbituric acid with sodium amalgam gives among other products 
5,5-diethyl-2,5- dihydro - 4,6- dihydro~ypyrimidine.~ Raney -nic kel de- 
sulphwizations have been implicated in the reduction of pyrimidines to 
the tetrahydro statea5 (Sect. 2.D), but also occasionally dihydro 
derivatives are produced. Thus 4,6-dihydroxy-2-mercaptopyrimidine 
and the derived 1,3-diphenyI-Z-thiobarbituric acid with Raney nickel 
in ethanol give respectively 2,5(?)-dihydro-4,6-dihydroxypyrirnidine 
and hexahydro-4,6-dioxo- 1,3-diphenylp~rimidine,~ and 5-ethyl-5- 
phenyl-2-thiobarbituric acid yields 5-ethy1-2,5-dihydro-4,6-dihydroxy- 
5-phenylpyrimidine with Raney nickel, sodium amalgam, zinc and 
formic acid, or by electrolytic reducti0n.6~ Such Raney-nickel reductions 
of 2-thiobarbituric acids e.g. (LXXVI) to (LXXV) seem to be generally 
successful6* even with N-substituents, but exceptional are 4,6-dihy- 
droxy-2-mercapto-5-phenylpyrimidine (which gives only 4,6-dihydroxy- 
5-phenylpyrimidine), and other cases where groups such as cyclohexe- 
nyl or chlorophenyl are unstable to hydrogenation, and are also 
reduced during the desulphurkation.w 

Catalytic hydrogenation of a pyrimidine sometimes yields a 
dihydro derivative. The first example was the reduction by Levene 
and La Forge" in 1912 of uridine to dihydrouridine with hydrogen and 
colloidal palladium. This was extraordinarily important because there 
followed the observation that the sugar could be removed from the 
reduced nucleoside, to give dihydrouracil, under hydrolytic conditions 
much gentler than normally possible. 4,5-Dihydro-2,6-dihydroxy- 
pyrimidine can naturally be better made directly from uracil (or 
cytosine) by hydrogenation at 70" over colloidal platinium or palla- 
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dium,08-1w and the best results are obtained under a few atmospheres of 
hydrogen with Adams catalyst in glacial acetic acid,Io1 the product 
being identical13 in melting point with unambiguously synthesized 
materia,La 5,6-Dihydro- 1 -methyluracil is similarly made.105 Orotic acid 
has also been reduced's over Adams catalyst in ethanol at 80", to a 
dihydro derivative which may be 4-carboxy-4,5-dihydro-2,6-dihydr- 
oxypyrimidine although it melts rather lower than does unambigu- 
ously produced material.12 5-Ethoxycarbonyl-2-hydroxy-4-methyl- 
pyrimidine is reduced over platinum-black at 60" to give the 1,6-di- 
hydro derivativelo* (LXXVII), identical with authentic material, and 
I ,2-dihydro- 1-methyl-2-0x0-4-phenylpyrimidine on treatment with 1 
mole of hydrogen over palladium on charcoal gives a small yield of the 
dihydro derivative, 1,2.5,6- tetrahydro- 1 -methyl-2-0~0-4-phenylpy- 
iddine@ (LXXVIII). 4-Ethoxycarbonylmethyl-2,6-dihydroxypyrim- 
idine in 4 atmospheres of hydrogen over platinum yields the 43-  
dihydro derivative1O3* lo4 as does also 5-acetyl~racil.'~~ 2-Amino-, 2- 
amino-4-methyl-, 4-amino-, and 5-amino-pyrimidine when hydrogen- 
ated in dilute hydrochloric acid over palladium on charcoal yield 
dihydro derivatives of unknown configuration.lW Some observations 
on the reduction of naturally occurring pyrimidines have been re- 
ported. 108 

Boiling with an excess of Raney-nickel catalyst, or hydrogenation 
over rhodium on alumina, are good ways to reduce uracil and its 
1-methyl derivative to their 5,6-dihydro  derivative^.^^^ 

0 OH 0 

(LXXVII) (LXXVIII) 

An interesting reduction of pyrimidines, which inserts at the Same 
time an dkyl group in position 2 or 4, is typified in the reaction of 
pyrimidine with phenyl magnesium bromide. Addition of the Grignard 
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reagent occurs at the I,6-bond, and subsequent hydrolysis yields 1,6- 
dihydro-4-phenylpyrimidine (Ch. IV, Sect, 1 .C). Phepyl-lithium and its 
homolopes behave similarly (Ch. IV, Sect. 2.A(5).). 

2. Preparation of Tetrahydropyrimidines 

In the synthesis of tetrahydropyrimidines, any resemblance to 
the better known routes to pyrimidines is so attenuated as to be useless. 
In the following section therefore a purely descriptive classification 
of the methods is adopted. 

A. From 1,3-Diaminopropane or Derivative 

When a 1,3-diarnine is acylated (or diacylated) and then ring 
closed, a 2-substituted tetrahydropyrimidine results. In 1888 Hof- 
mannlm heated 1,3diacetamidopropane in a stream of hydrogen- 
chloride and isolated 1,4,5,6-tetrahydr0-2-methylpyrimidine (LXXX) 
as a brown oil. The 2-phenyl analogue was described as being similarly 
formed from 1 ,3-dibenzarnidopropane,'OS but the results could not be 
repeated elsewhere.lm The process was improved by simply treating 
the diamine dihydrochloride with fused sodium acetate. In this way 
from 1,3-diarninopropane, the 2-methyl compound (LXXX) was 
madell@ at 240" in 50 % yield, and from 2,4-diaminopentane resulted 
1,4,5,6-tetrahydro-2,4,6-trimethylpyrimidine in 62 % yield.I1l The 
last compound is described in cis and trans forms (?) with distinctly 
different melting points.111 The best variation of the method had to 
await a workable process for making monoacyl derivatives of 1,3- 
diaminopropane by Aspinall.112 He showed that when 1,3-diamino- 
propane and ethyl acetate or ethyl benzoate were refluxed for 12 hours, 
respectively 3-acetamido- (LXXIX) and 3- benzamido-propylamine 
were formed in good yield. When they were mixed with quicklime and 
heatedat 250", 90 %of 1,4,5,6-tetrahydro-2-methylpyrimidine (LXXX) 
and its phenyl analogue resulted. The latter compound has been made 
similarly but without lime dehydration, and the modified process 
applied to make several analogues such as 1,4,5,6-tetrahy&o-5,5- 
dimethyl-2-phenylpy1imidine.1~3 Rather similar processes have been 
used to make 2-heptadecyl-l,4,5,6-tetrahydropy~imidine,~~~ 1,4,5,6- 
tetrahydro-Z-hepty1-4,4,6-(or 4,6,6)-trimethylpyrimidine, (LXXXI) or 
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(LXXXII)*, from 2,4-diamino-2-rnethylpentane and octanoic acid,ll* 
and such compound~.11*-~~~ Other variations of the reaction are exem- 
plified in the formation of 1,4,5,6-tetrahydro-4,4,6(or 4,6,6)-trimethyl- 
2-fitolylpyrimidine by refluxing p-toluic acid, 2,4-diamino-2-methyl- 
pentane, #-toluenesulphonic acid, and xylene for a week,=' and in the 
formation of 1,4,5,6-tetrahydro-2-nonylpyrimidine by fusion of nonyl 
cyanide with the monobenzenesulphonate of 1,3-diaminopropane.118 

+ 
CH,NH, CH,NH M e - M e  Me-Me 

CH1 
I +  

CH,NH, CH,-NH, H 

I MeCO,Et dH, 'COMe CaO y" T N H  

I "Nb'Me MeAN"C,Hl, Me"xNbC$-Il, 

(LXXIX) (LXXX) (LXXXI) (LXXXII) 

1,3-Diaminopropane derivatives can also be condensed with 
carbonic and thiocarbonic acid derivatives, and with guanidine and 
such like compounds, to give tetrahydropyrimidines, generally with 
functional groups in position-2. The preparation of the parent 1,4,5,6- 
tetrahydropyrimidine (LXXXIII ; R=H) has been described in three 
ways by the reaction of 1,3-diarninopropane with ethyl formate follow- 
ed by c y c l i ~ a t i o n ~ ~ ~ ~  176 with ~yrn-triazinell~*l~~ (virtually a source of 
formamidine), and with f ~ r m a m i d i n e . ~ ~ ~  The last of these is rapid and 
gives excellent yields. It is of general application in that other amidine 
acetates give 2-substituted derivatives. 

With 1,3-diaminopropane at  180", diethyl carbonate,l20 diphenyl 
and dimethy1 carbonate121 yield 1,4,5,6-tetrahydro-2- 

hydroxypyrimidine (LXXXIII ; R=OH), and similar1y 2-amino-4- 
methyl-4-me thylaminopen t ane with diethyl carbonate at  200 O 

gives I ,4,5,6-tetrahydro-2-hydroxy- 1,4,6,6-tetramethylpyrimidine122 
(LXXXIV). Phosgene has also been used in such a reaction to give 
hexahydro-2-0x0- 1,3-diphenylpy~imidine~~ from 1,3-dianilinopropane. 
Although bold heating with urea has been used to convert 2,4-diamino- 
2-methylpentane into 1,4,5,6-tetrahydro-2-hydroxy-4,6,6-trimethyl- 
pyrimidine,la4 it has otherwise been neglected in this reaction; the 
more gradual approach by reaction with cyanic acid has, however, been 
used. Thus 3-anilinopropylamine hydrochloride with 1 mole of po- 

* Owing to the unsymmetrical molecule and lack of complication by tauto- 
meric groups, there is a clear case for the existence of two isomers depending 
on the position of the double bond. 
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tassium cyanate yields N-(3-anilinopropyl)urea (LXXXV) which at 
240" cyclizes with loss of ammonia to 1,4,5,6-tetrahydro-2-hydroxy-l- 
phenylpyrixnidinex26 (LXXXVI). The 1 -P-tolyl homologue was made 
similarly.lM 

Thio analogues have been made with carbon disulphide. Thus 1,3- 
diaminopropane with it yields (after boiling in water) 1,4,5,&tetrahy- 
dro-2-mercaptopyrimidine1m (LXXXIII ; R=SH), and its 4,4,6- 
trimethyl,'l* I-phenyl,lgs and 1-fi-tolyP derivatives were made 
rather similarly. 1,3-Bisbutylaminopropane with methanolic carbon 
disulphide at 20" followed by heating at 150" yields 30 % of 1,3- 
dibutylhexahydro - 2 - thiopyrimidine.l%s Heating the dithiocyanate 
(salt) of 1,3-diaminopropane at 140" has also been usedw" to make 
(LXXXIII; R=SH). The approach via an intermediate thiourea 
has also been used, for example in converting 3-9-toluidinopropylamine 
with thiocyanic acid into N-(3-fi-toluidinopropyl)thiourea which 
cyclizes spontaneously (unlike the oxygen analogue) to 1,4,5,6- 
tetrahydro-2-mercapto-1-fi-tolylpyrimidine.1~ A rather peculiar reac- 
tion is fusion of 1 - butylamino - 3 - (N-butylformamido)propane 
(BuHNCH,CH,CH,N(CHO)Bu) with sulphur to yield 25 % of 1,3- 
dibutylhexahydr0-2-thiopyrimidine1~ (LXXXVII) . 

J v f e  

CONH, +'""OH "N'% 

Y Y N H  

'\NAR Me-N-OH H,C 
I I 
Ph Bu I \NHPh Me 

(LXXXIII) (LXXXIV) (LXXXV) (LXXXVI) (LXXXVII) 

Condensation of guanidine-like compounds with 1,3-diamines is 
ill explored. The best synthesis of 2-amino-l,4,5,64etrahydropyrim- 
idine (LXXXVIII) is by heating S-methylthiourea with 1,3-diamino- 
propane in aqueous so1ution,lw but it can also be madelW by conden- 
sation at 140" of cyanoguanidine (dicyanodiamide) with I ,3-diamino- 
propane $-toluenesulphonate (salt). 2-Amino- 1,4,5,6-tetrahydro-S 
hydroxypyrimidine (LXXXIX) is made from l13-diaminopropan-2- 
01 with S-methylthiourea,lav or with S-methyl-N-nitrothiourea in 
ethanol.'" If the latter reagent is used in aqueous solution, the main 
product is 1 ,4 ,5 ,6- te t rahydro-5-hydroxy-2-n i t~o~i~op~i~dine1~ 
(XC), and it can also be made in 60 % yield with n i t r~guan id ine .~~~  
The simpler 1,4,5,6- te trahydro-2-nitroaminopyrimidine and its 4(or 
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6)-methyl derivative have been also made with n i t r~guanid ine ,~~~ and 
in lower yield with S-methyl-N-nitrothiourea.l% Other less simple 
examples have been recorded.ls2 

MeSC(: NH)NHNO, in H.0 
/ or H,NC(: NH)NHNO, I 

(LXXXVIII) (LXXXIX) IXC) 

B. From Catbonyl Compounds and Ammonia or Amines 

The fascinating compounds obtained from acetone and ammonia 
have been investigated for more than a century.l33-l3' In 1947, Brad- 
bury, Hancox, and Hatt124 and elsewhere Matter,'% (cf .  ref. 139, 
showed beyond doubt that the "acetoninJJ of Stadeler133 is 1,2,5,6- 
tetrahydro-2,2,4,6,6-pentamethylpyrimidine (XCIII). It is obtained 
in excellent yield when acetone and liquid ammonia, with the catalysts 
calcium and ammonium chloride, are kept at 20" for 24 hours. When 
cyclohexanone replaces ace tone, 1,2,5,6- te trahydr0-2~6-dipen tame- 
thylene-4,5-tetramethylenepyrimidine is formed in 95 % yield.140* I4l 
The mechanism of the first example is seen as invoIving the initial 
formation of mesityl oxide (XCI) followed by addition of ammonia 
to give diacetonamine (XCII), and further reaction with ammonia and 
acetone to give (XCIII). This basic reaction is capable of considerable 
variation. In the last stage, other ketones or aldehydes may be 
t ~ s e d . ~ ~ ~ ~  Thus diacetonamine with formaldehyde yields 1,2,5,6- 
tetrahydro-4,6,6-trirnethylpyrimidine (XCIV), with propionaldehyde 
it gives the 2-ethyl-4,6,6-trimethyl analogue, and with diethyl ketone 
it gives the 2,2-diethyl-4,6,6-trimethyl analogue.'" The reaction may 
also be carried out (without catalysts) by saturating mesityl oxide 
(or other unsaturated ketone) with ammonia and adding an aldehyde 
or ketone at once. As well as the above examples which were also made 
in this way, compounds such as 1,2,5,6-tetrahydro-4,6,6-trimethyl-Z- 
pentamethylenepyrimidine (from cyclohexanone) resulted in good 
yield.148 Another variation, which introduces N-substitution, is exem- 
plified in the following sequence: mesityl oxide (XCI) is first treated 
with met h ylamine to give 2-me t hyl-Z-methylaminopentan-4-0ne( XCV) , 
which with benzaldehyde and ammonia yields 1,2,5,6-tetrahydro- 
1,4,6,6-tetramethyl-2-phenylpyrimidine142 (XCVI). 
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A fundamentally different reaction of related type is exemplified 
in the condensation of ethyl acetoacetate, aniline, and benzaldehyde 
to give 5-ethoxycarbonyl- 1,2,3,4-tetrahydro-6-methyl- 1,2,3,4- tetra- 
phenylpyrimidine14* (XCVII). The reaction is based on earlier work146-f47 
and has been extended with observations on the possible mechanism.148 

While the condensation of thiourea with a @-unsaturated ketone, 
such as mesityl oxide, or with the corresponding p-hydroxy ketone, 
might reasonably be expected (Sect. 1 .A) to give a dihydropyrimidine, 
in fact a tetrahydro derivative is forrned.la8a Thus mesityl oxide and 
thiourea in sodium methoxide yield 1,4,5,6-tetrahydro-6-hydroxy-2- 
mercapto-4,4,6-trirnethylpyrimidine (XCVIIa), in which the elements 
of water have failed to  be eliminated from positions 1 and 6 to give 
the expected dihydro derivative. Several analogues have also been ’ 
made.l&a 

HCHO + NH, 
-% 

-- 
/ 

Me Me 
Me Me 

I 

(XCI) (XCII) (XCIII] (XCIV) 

Me,ONHMe I 
Me 

I 
Ph 

W V )  (XCVI) (XCVII) (XCVI Is) 

C. From 1,3-Dihalogenopropane Derivatives 

This reaction has been but little used. Pinnerl@ condensed benzam- 
idine with 1,3-dibrornopropane to give some 1,4,5,6-tetrahydro-2- 
phenylpyrimidine, and the reaction was later improved to be of some 
practical value.108 E ,3-Dichloro-2-hydroxypropane and urea (on boiling 
in pyridine) similarly gave 1,4,5,6-tetrahydro-2,5-dihydroxypyrim- 
idine.150 However, the product from thiourea with 1,3-dichloroacetone 
which was first enigmatically described151 as “2-thio-5-keto-4-carbeth- 
oxy- 1,3-dihydropyrimidine”, is in fact a thiazole.15z 
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D. By Reduction of Pyrimidines or Dihydropyrimidines 

A few tetrahydropyrimidines have been made by electrolytic 
reduction. Thus, for example, barbituric acidwf and related compounds** 
yield among other products, "trimethyleneurea" or 1,4,5,6-tetrahydro- 
2-hydroxypyrimidine (XCVIII), and 2,4-dihydroxy-6-methylpyrim- 
idine yields 1,4,5,6-tetrahydro-2-hydroxy-4(or 6)-methylpyrimidinelS* 
(XCIX)." The method is of little value. 

Several 5,5-dialkylbarbituric acids have been reduced with 
lithium aluminium hydride.w In this way, for example, 5-ethyl-5- 
phenylbarbituric acid gives 44 Yo of 5-ethyl-1,4,5,6-tetrahydro-2- 
hydroxy-5-phenylpyrimidine. This type of reduction is useful because 
it is possible to retain a 2-mercapto group during the process, and so 
5-et hyl-5-phenyl-2- thiobarbi turic acid yields 5-e thyl- 1,4,5,6-te trahy- 
dro-2-mercapto-5-phenylp~rimidine.8~ 

Speaking generally, catalytic hydrogenation of a pyrimidine is 
much more likely to give a tetrahydro than either a di- or hexa-hydro 
derivative. Further, the tetrahydro derivative seems likely to have its 
double bond in the 1,2(2,3)-position. As early as 1922, Mannich and 
Heilner reported& that hydrogenation of 1,2-dihydro-l-methyl-2- 
oxo-4-phenyIpyrimidine over palladium gave mainly 1,4,5,6-tetra- 
hydro-2-hydroxy- 1 -methyl-4-phenylpyrimidine. Several papers fo1- 
lowed from Johnson and colleaguesP3~@@, 15% 155 These indicated little 
apart from the fact that with Raney nickel or platinum (Adams 
catalyst), any aromatic group attached to the pyrimidine nucleus was 
likely to be fully reduced before reduction of the pyrimidine to 
the tetrahydro state. Compounds prepared were seldom simpler 
than 4-cyclohexyl-5-e t hoxycarbonyl- 1,4,5,6- tetrahydro-Z-hydroxy-6- 
methylpyrimidine,ls6 and there is little reward for perusal. 

More recent examples include the reduction (and reductive dehalo- 
genation) of 4-CMOrO- and ZJ4-dichloro- 5-phenylpyrimidine over palla- 

* Since these apparent isomers share the same tautomeric form, hexahydro- 
4methyl-2-oxopyrimidine. only one substance in fact exists. 
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dium to give probably 1,4,5,6-tetrahydr0-5-phenylpyrimidine,~~ and 
treatment of either 4-chloro-5-ethoxycarbonyl-2-methylpyrimidine 
or 5-ethoxycarbon yl-l ,6-dihydro-Z-rnethylpyrimidine with hydrogen 
over palladized charcoal to give 5-ethoxycarbonyl- 1,4,5,6-tetrahydro- 
2-methylpyri1nidine.~~ Other examples are contained in the valuable 
paper of Smith and Christensen:106 F’ynmidine (CII) and its methyl 
derivatives are readily reduced in aqueous hydrochloric acid over 
palladium on charcoal, to yield almost quantitatively (as hydro- 
chlorides) 1,4,5,6-tetrahydropyrimidine (CI) and its 2-, 4-, and 5- 
methyl derivatives.lW These same compounds were also prepared in 
comparable yield by reductive dehalogenation of chloropyrimidines, 
e.g. (C), in ether over palladium on charcoal when no alkali was present 
(a.e. when the solution was allowed to become acidic during hydrogena- 
tion). In this way, tetrahydropyrimidine (CI) was prepared from 2- 
chloro-, 2,4-dichloro- (C) , 4,6--dichIoro-, 2,4,6-trichloro-, and 2,4,5,6- 
tetrachloro-pyrimidine. The homologues were made When 
an equivalent amount of alkali (calcium carbonate is often ineffective, 
but sodium hydroxide, calcium hydroxide, magnesium oxide, and 
sometimes ammonia give good results) is added during dehalogenation, 
unreduced pyrimidine (CI) and its homologues are formed in good 
yield,la6 and this technique has been widely used (Ch. IV, Sect. 2.A(2), 
Table VIII). I t  mu stbe realized that while it seemed likely that the 
above hydropyrimidines were in fact 1,4,5,6-tetrahydro derivatives (i.e. 
2,3-unsaturated), the only experimental evidence was the fact that each 
forms only a monobenzoyl derivative.Im This may be reasonable 
negative evidence to exclude 5,6-unsaturation as in (CIII), but does 
not distinguish between 2,3- and 3,4-unsaturation as in (CI) and (CIV). 
However, the assumption is now proved,l76 and the tetrahydro-2- 
phenylpyrimidine formed from 5-chloro-2-phenylpyrimidine by reduc- 
tive dehalogenation over palladium is identicaP7 with 1,4,5,6-tetra- 
hydro-2-phenylpyrimidine made by an apparently unambiguous 
synthesis.l12 A tetrahydro-2-propylpyrimidine is formed by hydrogen- 
ating 4,6-dichloro-2-propylpyrimidine over nickel.IS7a 

The hydrogenation of simple 2-, 4-, and 5- aminopyrimidines and 
of 2-amino-4-methylpyridine over palladium ceases in each case at a 
dihydro derivative of unknown configuration,lO6 but acid reductive 
dehalogenation of 2(and 5)-adno-4,6-dichioropyrimidine and of 4- 
amino-2,6-dichloropyrimidine gives respectively 2-, 5-, and 4- amino- 
( ?) 1,4,5,6-tetrahydropyrimidine~.~~~ Similar treatment of 4-adno-6- 
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chloro-2-methylpyrimidine, however, is reported to give only 4-amino- 
2-methylpyrimidine.158 

W 

3-Y $‘”,” 
-N- 

A N  Pd/gl* y‘f pgL TN 
- N f  ”f -N- 

H H H 
L A C 1  

(C) (CI) ( C W  (CIII) (CIV) 

Besides the formation of dihydro derivatives during the desulphuri- 
zation of thiobarbituric acids (Sect. l.H), it was suspected15”16* that 
massive quantities of Raney nickel might sometimes reduce the nucleus 
of simple pyrimidines. This was confirmed in a reportlW that reduction 
of 1-methyluracil to 5,6-dihydro-l-methyluracil with Raney nickel 
in boiling aqueous ethanol was “essentially complete in five hours”. 
Fox and Van Praage5 further showed that this 34 % yield could be 
increased to 86 yo by using rhodium on alumina catalyst and hydrogen 
for the reduction. With Raney nickel they also reduced uracil to 
4,5-dihydro-2,6-dihydroxypyrimidine (CV) in 53 % yield, 2-hydroxy- 
pyrimidine to “trimethyleneurea” (1,4,5,6-tetrahydro-2-hydroxypyrim- 
idine) in 90 % yield, and I ,2-dihydro-l-methyl-2-oxopyrimidine (CVI) 
to 1,4,5,6-tetrahydro-2-hydroxy- 1-methylpyrimidine (CVII) in 72 % 
yield. Rhodium on alumina and hydrogen was similarly effective. 
Tetrahydropyrimidines are also formeds5 during desulphurization of 
simple 4-mercapto (but not 2-mercapto)-pyrimidines, Thus 2-hydroxy- 
4-mercaptopyrimidine yields 60 % of 1,4,5,6-tetrahydro-2-hydroxy- 
pyrimidine, I-methyl-4-thiouracil (CVIII) yields 70 % of 1,4,5,6- 
tetrahydro-2-hydroxy- 1-methylpyrimidine (CVII), and two thioribo- 
sides have been similarly reduced. 

OH SH 

~ RaneyNi AN 8,& 
I I I 
Me Me Me 

(CV) W I )  (CVII) (CVII I) 

3. Preparation of Hexahydropyrimidines 

Most of the known hexahydropyrimidines have been made from 
1,3-didnopropane derivatives and an aldehyde or ketone to supply 
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CL2]. Thus 1,3 - diaminopropane and aqueous formaldehyde yield 
hexahydropyrimidine ( "piperimidine" ; CIX) which is a liquid that 
appears to be in tautomeric equilibrium with 1-amino-3-methylene- 
aminopropane161*162 (CIXa). Similarly 2,4-diamino-2-methylpentane 
(CXIII) and formaldehyde yield hexahydro-4,4,6-trimethylpyrimidine 
( C X ) ,  which on benzoylation gives a dibenzoyl derivative and 2,4- 
dibenzamido-2-methylpropane, suggesting a ready cleavage of the 
ring and hydrolytic loss of formaldehyde.lm The Same pentane deriv- 
ative (CXIII) and acetone yield hexahydro-Z,2,4,4,6-pentamethyl- 
pyrimidine (CXII), which may also be obtained by careful treatment 
of acetonin (CXI) in alcohoI with sodium.l2*r1~ 

When N-substituted diaminopropanes are used, the resdting 
pyrimidines are N-substituted. Thus 1,3-dianiIinopropane with form- 
aldehyde gives hexahydro-l,3-diphenylpyrimidine*@* IB4 (CXIV), with 
benzaldehyde gives hexahydro- 1,2,3-triphenylpyrimidine,1s* but does 
not react satisfactorily with acetaldehyde, other aliphatic aldehydes, or 
salicy1aldehyde.lM Under different conditions, however, acetaldehyde 
is said to yield hexahydro-%methyl- 1,3-diphenylpyrirnidine and 

(CXII) (CXIII) (CXIV) 

(with 1,3-dianiIino-2-methylpropane) the tetrahgydro homologue.'@ 
1,3-Di-u-toluidinopropane seems to be too sterically hindered to 
undergo cyclization with aldehydes,las but 1,3-bisbenzylarninopropane 
does so with aromatic aldehydes giving with benzaldehyde, for ex- 
ample, 1,3-dibenzylhexahydr0-2-phenylpyrimidine. IB6 

A variety of hexahydro-5-nitropyrimidines has been made by 
having the nitro group present in the diamine before cyclization.167-l6Q 
Thus 1,3-bisisopropylarnino-Z-methyl-2-nitropropane and formalde- 
hyde give hexah ydro- 1,3-di-isopropyl-5-methyl-5-nitropyrimidine, and 
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the same compound can be made either from 2-methyl-2-nitropropan- 
1,3-diol, formaldehyde, and isopropylamine, or from nitroethane, 
formaldehyde, and the arnine.I6' Many other examples are known, 

Reduction of a pyrimidine to a hexahydro derivative is uncommon. 
However, 2-amino-4,6-dichloropyrimidine was reduced in acidic solution 
over palladium to give 2-aminohexahydropyrimidine, characterized as 
picrate and as a ~arb0nate.l '~ The reduction of acetonin to hexahydro- 
2,2,4,4,6-pentamethyIpyrimi~line~~~ has been mentioned above. 

4. Reactions of Reduced Pyrimidines 

The most noticeable aspect of hydropyrimidines is the very small 
number of their reactions recorded. In this respect they lag behind the 
pyrimidines by perhaps eighty years. Indeed there are so few metath- 
eses that for some c o m o n  transformations no example can be 
found at all. The sketchiness of what follows will therefore be under- 
standable. Reduced pyrimidines, unlike the pyridine analogues, are 
prone neither to self condensation nor rapid aerial oxidation. 

A. Reductions 

Nuclear reductions of dihydro- and tetrahydro-pyrimidines have 
been treated in the first three sections of this chapter. The fact that a 
dihydropyrimidine can retain its state of oxidation while an attached 
phenyl group is hydrogenated to cyclohexyP may sometimes be of 
use. 

Hydrogenation of 5-ethyl-4,5-dihydro-2,6-dihydroxy-5-mnitro- 
phenylpyrimidine (CXV; R=NO,) over Adams' catalyst gave a 
separable mixture of the 5-m-aminophenyl analogue (CXV; R=NH,) 
and the corresponding azoxy compound.BP Several nitro compounds 
such as hexahydro-lJ3,5-trimethyl- and 1,3-dibenzyl-hexahydro-5- 
methyl- 5 - nitropyrimidine, have been hydrogenated to the corre- 
sponding amino de15vatives.l~~ Even the severe conditions used (Raney 
nickeI/75 atm./75") caused no debenzylation of the second example. 

The reductionlM*1= of tetrahydro- or of hexahydro-2,2,4,4,6- 
pentarnethylpyrimidine (acetonin or CXVI) with sodium amalgam 
in moist ether i s  a good example of reductive ring cleavage. The 
product is 2 - ( or 4) - amino-4 (or 2)- isopr opy lamino - 2- me th ylpen tane 
(CXVII). 
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B. Oxidations 

At least one catalytic dehydrogenation is r e ~ 0 r d e d . l ~ ~  1,4,5,6- 
Tetrahydro-2-phenylpyrimidine (CXVIII) on heating with platinized 
carbon at 270" in a current of carbon dioxide yields 70 % of Z-phenyl- 
pyrimidine, Sulphur has been used at 170" to dehydrogenate %amino- 
4,5-dihydro-6-hydroxy-4,5-diphenylpyrimidine to 2-amino-4-hydroxy- 
5,6-diphenylpyrimidine in 70 % yield, and analogues were prepared 
similarly.25 In the same series dehydrogenations with chloranil were 
less satisfactory. Oxidation of tetrahydropyrimidines has been done 
with permanganate. In this way, 5-ethoxycarbonyl-l,4,5,6-tetrahydro- 
6-rnethyl-2,4-diphenylp~rimidine~~ was ~onvertedl"~ into 5-ethoxy- 
carbonyl-4-methyl-2,6-dipheny1pyrimidine, and the 2,4,6-triphenyl 
analogue was similarly made. 

The usual way to make pyrimidines from their 4,5=dihydro 
derivatives has been to brominate in position 5 (giving e.g. CXX) 
and then dehydrobrominate to produce a 4,5-double bond. This tech- 
nique seems to have been first applied by Fischer and Roeder* to 
make uracil (CXXI) from dihydrouracila5 (CXIX) and the products 
from other such oxidations include 2,4-dihydroxy-5(and 6)-methyl- 
pyrimidine,x 2,4-dihydroxy-6-phenylpyrimidine,~ 1 -methyluracil," 1- 
phenyl (and other aryl} uracilss, and similar c ~ r n p o u n d s . ~ ~ ~  The 
actual process of dehydrobromination has been done by simply 
h e a t i n g * ~ ~ * % * ~  the bromo dihydro derivative, or by boiling it in 
aqueous sodium hydroxide,2 in pyridine,a in dimethylformamideJW 
or in dimethylformamide containing lithium chloride.38 In the case of 
5,6-dihydro-l,5-dimethyluracil and other such derivatives of thymine, 
bromination in boiling acetic acid is followed immediately by dehydro- 
bromination to give directly 1,5-dimethyluracil and homologues."J 

C. Nitrosation and Nitration 

These processes are meagrely represented. 1,2,5,6-Tetrahydro- 
2,2,4,6,&pentarnethylpyrimidine on treatment with nitrous acid 
gives a 5-nitroso derivative (CXXII; CXXIIa) in 30 % ~ield.1~1 It 
forms a benzoyl derivative, and treatment of (CXXII) with warm 
hydrochloric acid opens the ring to give Z-amino-3-hydroxyirnino-2- 
methylpentan-4-0ne.l~~ The extranuclear nitro compound, 5-ethyl-4,5- 
dihydro-2,6-dihydroxy-5m-nitrophenylpyrimidine (CXV; R=NO,), 
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is conveniently made by nitration of the corresponding phenyl deriva- 
t i ~ e . ~ ~  A few nuclear 5-nitro-hydropyrimidines have been made by 
using in the synthesis an aliphatic fragment already carrying a nitro 

and the formation of 2-nitroamino compounds by using 
nitrc~guanidine~l or such like129 in synthesis, has already been discussed 
at the end of Sect. 2.A. 

(CXV) (CXVI) (CXVII) (CXVI I I) 

OH OH OH Me Me 

CXIX) (CXXI) (cxxrq (CXXIIa) 

D. N-Acylation 

The acylation of amino derivatives is exemplified in the benzoyl- 
ation of 2-, 4-, and 5- aminodihydropyrimidines to the corresponding 
benzamido derivatives.lO5 When , however, the corresponding I ,4,5,6- 
tetrahydropyrimidines, are submitted to the Schotten-Baumann 
reaction, nuclear benzoylation (except in the case of the 2-amino 
compound) also occurs, to give 4-(or 5-)benzamido-l-benzoyl-l,4,5,6- 
tetrahydropyrirnidine1O6 (CXXIII) . Another acyl derivative is the 1,3- 
dibenzoyl derivative of hexahydro-4,4,6-trimethylpyrimidine1z* which 
is accompanied by a ring opened dibenzamido derivative. Such ring 
cleavage is not uncommon in attempted benzoylations and this is 
shown in the benzoylation of 1,4,5,6-tetrahydro-Z-phenylpyrimidine 
which gives the tribenzoyl derivative of 1 ,3-diaminopropane.lm 

Folkers and Johnsonli2 have described several acetylations of 
reduced pyrimidines with a 5,6 - double bond. From dihydropyrim- 
idines such as 5-ethoxycarbonyl-l,6-dihydro-2-hydro~-4-methyl-6- 
phenylpyrimidine, they obtained N-monoacetyl derivatives, and 
from tetrahydro analogues came NN'-diacetyl derivatives which 
could be deacetylated with alcoholic alkali. The actual configurations 
of some of the acetyl compounds do not seem to be beyond doubt. An 
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example of ring cleavage during acetylation is the formation of 2,4- 
diace tamido-2-me thylpen tane (CXXV) from hexahydro-2,2,4,4,6-pen- 
tamethylpyrimidinel= (CXXIV) * 

E. Halogenation 

The ready monobromination of 5’6-dihydrouraci12 and its deriv- 
a t i v e ~ ~ ~ 3 ~ - * ~  has already been discussed in connection with oxidation 
of such compounds to pyrimidines (Sect. 4.B). 5-Bromo-5,6-dihy- 
drouracil on boiling with alcoholic potassium thiocyanate gives 
(probably) 5,6-dihydr0-5-thiocyanatouracil~~ and on warming with 
aniline gives 5-anilino-5,6-dihydrouracil (CXXVI) , which on vigorous 
acid hydrolysis is ring opened to fi-anilin~ethylamine.~~ Less simple 
brominations also occur. 1,2,5,6-Tetrahydro- l-methyl-2-oxo-4-phenyl- 
pyrimidine treated with bromine in acetic acid gives a tribromo 
derivative which with cold alkali gives the reasonably stable 5,6(?)- 
dibromo derivative.m Similarly, 5 - ethoxycarbonyl - 1,6 - dihydro - 2 - 
hydroxy-4-methyl-6-phenylpyrimidine on bromination yields76 a di- 
bromo compound, which has been formulatedf73 seemingly without 
evidence as an addition of bromine across the 4,5-double bond to give 

Bromination of 5,6-dihydrouracil with sodium hypobromite at 
a constant pH value of 6.5-8.5, gives a dibromo derivative formulated 
a s  I ,3-dibromohexahydro-2,4-dioxopyrirnidine. The analogous di- 
chloro derivative (prepared at  pH 1-3) is also described.17* 

(CXXVI I). 

OH 

I 
Me 

I H 
COPh 

(CXXIII) (CXXIV) (CXXV) (CXXVI) (CXXVII)  

P. Metatheses of Mercapto and Hydroxy Derivatives 

Conversion of a mercapto into a methylthio group is exemplified 
in the formation by means of methyl iodide of 1,6-dihydr0-6-methyl-Z- 
methylthi0-4,6-diphenylpyrimi&ne.8~ This compound can be changed 
to the 2-hydroxy analogue by heating with mercuric Mercapto 
groups may also be converted into hydroxy by treatment with chlo- 
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roacetic acid and acid hydrolysis of the carboxymethylthio intermedi- 
ate. 5-Ethoxycarbonyl-l,6-dihydro-2-hydroxy-4-methyl-6-phenylpy- 
imidine (CXXIX) was made7* in this way from (CXXVIII). Direct 
acylation of a mercapto derivative was used to make 2-benzoylthio- 
1,6-dihydro-6-me thyl-4,6-&-+- t0lylpyrimidine.8~ 

Although other examples are lacking, the following sequence17* 
demonstrates the possibilities of reduced hydroxypyn'midines in metath- 
esis : 5 - e t hoxycarbon yl- 1 ,6 - dihydro - 2 - hydrox y - 4 -methyl- 6 - phenyl- 
pyrimidine (CXXIX) with phosphoryl chloride gives a very easily 
hydrolysed 2-chloro analogue (CXXX). This with ammonia gives the 
2-amino analogue (CXXXI), which is also unusually sensitive to hy- 
drolysis so that dilute hydrochloric acid at 25" gives back the hydroxy 
compound (CXXIX). Sodium methoxide on the chloro compound 
gives what appears to be an N-methyl derivative, presumably by 
rearrangement of the initially formed methoxy compound. 

(CXXVIII) (CXXIX) 

'i.. 

G. N-Ablation 

Several N-alkyl derivatives of 4,5-dihydro-Z,6-dihydroxy-P-phenyl- 
pyrimidine have been made.4Thus refluxing its sodium salt with methyl 
iodide gives 5,6-dihydro-3-methyl-6-phenyluracil (CXXXII), which is 
opened under vigorous alkaline conditions to give ,B-methylureido-@- 
phenylpropionic acid (CXXXIII). Similar alkylation with ethyl 
chloroacetate gives 3-ethoxycarbonylmethyl-5,6-dihydro-6-phenylura- 
cil, which with acid or alkali gives the corresponding Scarboxymethyl 
analogue. Finally, 5,6-&hydro- 1-methyl-6-phenyluracil (made by 
synthesis) can be alkylated by ethyl chloroacetate to yield l-ethoxy- 
carbonylmethylhexahydro-3-met hyl-2,6-dioxo-4-phenylpyrimidine. 
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A quite different type of alkylation was carried outa by warm- 
ing 5-ethyl-2,5-dihydro-4,6-dihydroxy-2-metho~-5-phenylp~~- 
idine with aqueous formaldehyde and potassium carbonate to give the 
rather unstable 5-ethylhexahydro-l,3-bishydroxymethyl-2-methoxy- 
4,6-dioxo-5-phenylpyrimidine (CXXXIV) . 

H. Other Reactions 

Among the ring cleavages not already mentioned above are those 
of the 5.6-dihydrouracils. Vigorous acid hydrolysis converts 4,5- 
dihydro-Z,6-dihydroxy-4-isopropylpyrimidine (CXXXV ; R=-CHMe,) 
into /?-amino-y-methylvaleric acid in good yield,6 and analogues behave 
similarly. On the other hand, alkaline hydrolysis of the isobutyl 
analogue (CXXXV; R=-CH,CHMe$ stops at  the intact d-methyl- 
p-ureidohexanoic acid,47 which can be recyclized by gentle acid treat- 
ment. 

0 ,COP 0 OH 
+3e _L, NaOH 7% g+\g;" cT 

Ph/'NAOH I O"--NY R N' OH CHPh 

NHCONHMe I 
CH,OH 

(CXXXII) (CXXXIII) (CXXXIV) (CXXXV) 
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CHAPTER XI11 

The Ionization and Absorption Spectra 
of Pyrimidines 

1. Ionization of Pyrimidines 

It is beyond doubt that ionization constants which are now so 
easily measured’ potentiometrically or spectrophotometrically, are of 
immense use in heterocyclic chemistry. They are, for example, not only 
useful criteria of identity but also of homogeneity, which is strongly 
indicated by self consistency throughout the central 80 %of the titration 
range. But more important is their use in structural studies: thus 
isomers can often be distinguished, as when 2-aminopyrimidine (11) is 
methylated without alkali2 to give a strong base of pK, 10.75, or in the 
presence of alkali3 to give a rather weak base of pKa 3.82. The strong 
base is clearly the imino derivative (I), and the weak one, the methyl- 
amino derivative (111). Another important use of ionization constants 
in structural studies is for deciding which form of a tautomeric substance 
(such as 4-hydroxypyridine) predominates at equilibrium. Although this 
is perhaps more easily done qualitatively by the ultraviolet spectra 
(Sect. 2.A), the ionization constants can be used, at least in simple 

p Y  Me1 A‘hT “N 
I +-- - Lhre 

‘N”%NH b l i H ,  
I 
Me 
(1) (11) WI) 

cases, to determine the ratio of the forms, with a fair degree of accuracy. 
Finally, knowledge of the pKa values of a compound is a prerequisite 
for precise recording of ultraviolet spectra in aqueous buffer of such pH 
that only one ionic species of the compound is present (Sect. 2.A). 
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A most useful simple treatment of ionization constants, particu- 
larly as applied to heterocyclic chemistry, has been given by A. Albert,d 
and there are more general  work.^^?^ for background. 

A. The pK, of Pytimidine 

The weakly basic nature of pyrimidine7~8~*~ (V; pKa 1.31 and ca. 
- 6.3) is striking in relation to pyridine (IV; pKa 5.2). It is understand- 
able as an inductive effect (depletion of a-electrons), caused by in- 
sertion of the avidly electron-attracting second nuclear nitrogen atom. 
Pyrimidine may therefore be likened more to ~-ni t ropyridine~~Td (VI; 
pK, 0.8), which contains the equally strongly electron-attracting nitro 
group, than to the parent pyridine. 

Addition of the slightly electrondonating methyl group partly 
redresses the deficiency in the n layer, so that 4-methylpyrimidine haslo 
pKa 2.0 and 4,6-dirnethylpyrimidine,lf pK, 2.8. The same factor is seen 
in 4-methoxypyrirnidinela @K 2.5), and in 5-hydroxypyrimidine14 
(pK, 1.87). 

The basic strengths of 2-hydroxypyrimidine15 (pKa 2.24) and 4- 
hydro~ypyrimidinel~ (pK, 1.85) are also greater than that of pyrim- 
idine, but for a less simple reason: I t  is known that these substances 
exist in aqueous solution almost entirely as cyclic amide tautomers, and 
from a study of hydroxypyridines, it is also known that the basic 

strength of a ring nitrogen atom is considerably weakened when it 
becomes part of such a cyclic amide. The hydroxypyrimidines therefore 
owe their enhanced basic strength to the nitrogen atom not involved 
as amide. In uracil (pKB ca. 0.5) and thymine (pKa cu. 0) where both 
nitrogen atoms are so involved, little basic strength remains. 2-Hydroxy- 
pyrimidine probably has a slight exaltation of basic properties' through 
resonance stabilization of the symmetrical cation {VII). The N-methyl- 
ated derivatives, 1,2-dihydro- I-methyl-2-oxopyrirnidinelZ (pKa 2.5) 
and 1,6-dihydro-l-methy1-6-0xopyrimidine~~ (pK, 1.84) differ little 
from those of the parent hydroxy compounds. The 2- and 4-mercapto- 
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pyrimidine~W1~ (pK, values respectively 0.68 and 1.35) have even 
lower basic strength, as would be expected from the base-weakening 
character of the -C(:S)- compared with the -C(:Q)- grouping. Most 
other groups also weaken pyrimidine as a base as far as can be judged 
from the inadequate data available (see Table XVI). 

B. The Acidic pK, Values of Pyrimidines 

The carboxy-, hydroxy-, and mercapto-pyrimidines ionize as acids, 
and therefore the possibility of zwitterion or internal salt formation 
exists. At least in the first category this is more apparent than real, 
because even in the most favourable known example18 of P-carboxy- 
pyrimidine, the pKa values (2.85 and - 1.13) are almost 4 units apart, 
and this precludes all but minute amounts of zwitterion even at  the 
isoelectric point. The position is not at  present similarly clear with 
mercapto- and hydroxy-pyrimidines. 

2-, 3-, and 4-Hydroxypyridine (pKa 11.62, 8.72, and 11.09) 
might reasonably be expected to be stronger acids than phenol (pKa 
9.9) and comparable with nitrophenols (pKa 7-43), but because of being 
involved as cyclic amides (VIII) and (IX), the 2- and 4-isomers are 
in fact weaker than phenol. However, the 3-isomer, which is not so 
involved, does approach the expected figure. The presence of a second 
ring nitrogen atom in 2- and 4-hydroxypyrimidine (PKa 9.17 and 8.59) 
makes these substances about 1.5 pK, units stronger than the pyridine 
analogues, and 5-hydroxypyrimidinelP (pKB 6.78) reaches a figure 
between the mono- and 2,4-&-nitrophenols. 2-Hydroxy-sym-triazine, 
whose acidity would extend the series, is unknown. The insertion of 
methyl groups into 2- and4-hydroxypyrimidine is (as usual) rather acid- 
weakening, so that 2-hydroxy-4-methyl- and 4-hydroxy-6-methyl- 
pyrimidine have pK, 9.8 and 9.0 respectively.'@ The addition of a 
second hydroxy group to give ~ r a c i l ~ ~ ~ ~ ~ ~  (X; pKa 9.38 and 12) 
reduces the acidity a little, because both hydroxy groups are involved 
in cyclic amide formation, and the same mild acid-weakening effect of 
cyclic amide grouping is seen in 4,5-dihydroxypyrimidine1 (pK 7.48) 
when compared with 5-hydroxypyrimidine (pKa 6.78). In 4,M-  
hydroxypyrimidines,l where valency precludes diamide formation, the 
second hydroxy group ionizes as a strengthened phenol, (pKa 5.4), 
because the anion can form a resonance hybrid from the symmetrical 
structures (XI). 2,4,5-Trihydroxypyrimidine1 (pK8 8.1 1) is comparable 
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with 4,5-dihydroxypyrimidine, but in 2,4,6,-trihydro~ypyrimidine~~ 
(pKa 3.9) and 2,4,5,6-tetrahydroxyyrimidineal (pK, 2.83), the acid 
strength has increased markedly. There is evidence” suggesting that it 
is the (5-) methylene group of the former which deprotonates so easily 
to give the anion (XII), but this interpretation has been questi0ned.l 
Nitration of 2,4dihydroxypyrimidine increases22 the acidic strength by 
4 units to give nitrouracil (pKa 5.55), and the insertion of the strongly 
electron-attracting trifluoromethyl group into uracil similarly strength- 
ens= the acidity in 2,4-dihydroxy-6-trifluoromethylpyI-irnidine (pK, 
5.7). Acidic strength is less affected by the insertion of an alkoxy group. 
Compare for example2* 2 (and 4) -hydroxypyrimidine (pK, values 9.17 
and 8.59) with 4 (and 2) -ethoxy-2 (and 4) -hydroxypyrimidine (10.7 
and 8.2). The 5-nitro derivatives of these are much stronger acids of 
pK, 6.6 and 4.88 respectively.2* The acidic strength of derivatives of 
barbituric acid has been studied.l@r 26-59 

As acids, 2- and 4-mercaptopyrimidine ( p K a  7.2 and 6.7) are 
stronger’6 by two units than their hydroxy analogues, and C-methyl 
groups have their usual acid-weakening effect1@ in 2-mercapto-4-methyl- 
and 4-mercapto-6-methyl-pyrimidine (pKa 8.0 and 7.3). 2,4-Di- 
mercaptopyrimidine (pKs 6.46) is three units strongdo than is uracil, 

0 0 

and 4-hydroxy-2-mercaptopyrimidine (pKa 7.95) is31 of an intermediate 
order. In line with 4,6-dihydroxypyrimidine, and for a similar reason, 
4-hydroxy-6-mercaptopyrimidine~ (pKa 4.33) is an exceptionally 
strong acid. 

Discussion of the ionization of carboxy pyrimidines is impossible 
for lack of data. 2-CarboxypyrimidinelE has pK, 2.85, 4-carboxy- 
2,6-dihydroxypyrimidine has pKa 2.4 (and 9.45), and the figures for 
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4-carbo~y-6-hydroxypyrimidine~~ are 2.8 (and 8.4). The N-methyl- 
orotic acids (PK, values < 1) are stronger acids than the parent.83 

C. The Basic pK, Value8 of Pyrimidines 

The simple aminopyrirnidines, e.g. (XIII), are bases of moderate 
strength with p K e  4-6. When these are methylated on a ring nitrogen 
atom, the resulting imines, e.g. (XIX), form a class of far stronger bases 
in the region of pKa 10-1 2. Extranuclear aminopyrimidinesu have pK, 
ca. 9. 

For 2- and 4-aminopyrimidine, the figures? (3.54 and 5.71) are 
above unsubstituted pyrimidine (pKa 1.31) by an amount out of all 
proportion to the unit rise expected in passing, e.g., from aniline to 

'N 

L A N , ,  

(XIII) 

the diaminobenzenes. On the other hand, 5-aminopyrimidine @Ka 
2.8) is of the expected order. The large increase in the strength of the 
2- and 4-isomers arises from the fact that insertion of an amino group 
in these positions allows more resonance in the cations (XV) and (XVI) 
than in the neutral molecule, (XIII) and (XIV), and the molecule will 
therefore protonate at  a lower concentration of hydrogen ions, i.e. at 
a higher pH value. The 4-isomer (XIV) shows this effect more strongly 
than does the 2-isomer (XIII), because the preferred p-quinonoid form 
contributes to its cationic hybrid (XVI) in place of the o-quinonoid 
form in the case of the 2-isomer (XV). The addition of C-methyl groups 
has the usual base-strengthening effect, so that Z-amino-4-methyl- and 
2-amino-4,6-dimethyl-pyrimidine have' pKs 4.15 and 4.85, and the 
alkylation of aminopyrimidines on the extranuclear nitrogen atom has 
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a similar strengthening effect, seen in 2-methylaminopyrimidine (pK, 
3.82) and 2-dimethylaminopyrimidine (pK, 3.96) and the 4-isomers 
(pKa 6.12 and 6.35). Understandably, 4,5-diaminopyrimidine~ (pK, 
6.03), 4,6-diaminopyrimidineQ (pKa 6.01) and its alkyl derivatives5?** 
axe a little stronger than 4-aminopyrimidine (pK, 5.71), because of the 
electron-releasing effect of an amino group. In these cases, considera- 
tions of valency prevent the second amino group contributing to the 
resonance hybrid, but in 2,4-diaminopyrimidine (pKa 7.3) this can, 
and does, take place to give a stronger base. The same thing is seen in 
2,4,5-triaminopyrimidines (pK, 7.63) , but the slight lowering evident 
in 2,4,6-triaminopyrimidine (pKa 6.8) and 4B5-diamino-6-methyI- 
aminopyrimidine” (pKa 5.93) has not been explained, 

Apart altogether from the effect of acidic groups on aminopyrim- 
idines, which is treated below, other substituents can have effects on 
basic strength. For example, the insertion of a C-chloro group into 
4-aminopyrimidine reduces the basic strength by over three units in 
4-amino-6-ch1oropyrimidine98~ (PKa 2. l), and the corresponding 4- 
chloro-6-methylamino- and 4-chloro-6- dimethylamino-pyrimidine 
(pK, 2.24 and 2.42) are parallel.*‘ Likewise, 4-amino-2-methylamino- 
pyrimidine (whose pKa must be above that of 2,4-diaminopyrimidineJ 
7.3) is weakened by a chloro group in 4-amino-6-chloro-2-methylamino- 
pyrimidine to 3.73.O Alkoxy groups have a mild weakening effect on the 
strengths of aminopyrimidines. This is seen in passing from Pamino- 
(pKa 5.7) to 4-amino-6(and 2)-methoxy-pyrimidineP4.8’ (pK, 4.02 and 
5.3), and other exampless7 are parallel.The considerable base-weakening 
effect of a nitro group is seen in comparing” 4-amino-6-methylamino- 
pyrimidine (pKa 6.32) and its 5-nitro derivative (PKa  2.75) or 2-amino- 
pyrimidine (PKs 3.54) and its 5-nitro derivatives (pKa 0.35). 

Substitution of an aminopyrimidine wihch redistributes the double 
bonds removes the basis of base-strengthening resonance. Indeed, new 
resonance possibilities can be written in the cation of 4amino-1,2- 
dihydro-1-methyl-2-oxopyrimidine (XVII), but they are neither para- 
quinonoid nor benzenoid so that the basic strength40 (pKa 4.57) is well 
below that of 4-aminopyrimidine. In 4-amino-l,6-dihydro-l-rnethyl-6- 
oxopyrimidine (XVIII) the greatly diminished basic strength97 (pK. 
0.98) seems inexplicable. I t  should be noted that in all these discussions 
no account has been taken of resonances which might stabilize the 

*The figures in ref.- are not comparable because they were determined 
in 66% dirnethylformamide. 
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neutral molecde at the expense of the cation. Although the necessary 
separation of charge in these would make them second-order effects, 
they may not be trivial. 

The iminopyrimidines are bases comparable in strength with their 
pyridine analogues. Thus 1,2-dihydro-2-imino-I-methyl-pyridine (pKa 
12.2) and -pyrimidine (XIX) (pKa 10.7), and 1 ,b-dihydro-4-imino- 
1-methyl-pyridine (pK, 12.5) and -pyrimidine (pK, 12.2), are all 
bases of uncommon strength for heteroaromatic systems. 

;Jfe 

\ N A *  

NHa 

I II 
HN@\N/ 

rs“ A N  

‘NAO ‘W~NH 
I I I I 

z 
I 

Me Me Me Me Me 

(XVII) (XVIII) (XIX) txx) (XXI) 

Similarly 4-amino- I ,6-dihydro-6-imino- t-methylpyrimidine*l (XX) 
(pKs 1 I .98) and 4-butylamino-6-butylimino-I,6-dihydro-l-methyl- 
pyrimidines (pKa ca. 12.8) are strong bases, but in the presence of an 
0x0 group, as in 1,2,3,4-tetrahydro-4-imino-l,3-dimethyl-2-oxopyim- 
idine*O (XXI) (pKa 9.29), such a high value is not reached. 

D. The pK, Values of Amino-hydroxy and Related Pyrimidines 

The acid and basic pK, values of amino-hydroxypyrirnidines 
indicate that the presence of the amino group has weakened the 
acidity, and that the hydroxy group has generally weakened the basic 
strengths.* 

The origins of the loss of basic strength have already been discussed 
above, where the N-methylated hydroxypyrimidines offer convenient 
paralleIs. Thus in 2-amino-4-hydroxypyrimidine (isocytosine ; pKa 4.0 1) 
the basic strengthm is comparable with that of 2-aminopyrimidine, but 
in 4-amino-2-hydroxypyrimidineB0 (cytosine; p K a  4.60) and in 4- 
amino-6-hydroxypyrimidine53 (pK, 1.36), it has been impaired to the 
extent of one and four units respectively when compared with $-amino- 
pyrimidine. The alkylamino analogues of cytosineg0 have virtually the 
same basic strength. When these compounds axe methylated (thus 

* There seems no justification for reversing the values by assuming that, 
as in glycine, these compounds are zwitterions. This would lead for example 
to the untenable concept of 4-amino-6-hydroxypyrimidine as a strong acid of 
pK, 1.36. 
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losing their acidity) a curious phenomenon appears:40 the basic strength 
of 4-amino-] ,2-dihydro-l-rnethyl-2-oxopyrimidine (XXII ; R=R'=H) 
(pKa 4.57) is progressively decreased in its 4-methylamino analogue 
(XXII; R=H; R'=Me) (pKa 4.47) and its dimethylamino analogue 
(XXII; R=R'=Me) (pK, 4.2). Such behaviour is also encounteredw 
in comparing 4-amino-6-hydroxypyrimidine (basic pKa 1.36) with its 
4-dimethylamino analogue (pKa 1.22). 

The amino group is normally only slightly acid-weakening, as seen 
in a comparison of phenol (pKa 9.9) with P-aminophenol (pK, 10.3) and 
of benzoic acid (pKa 4.2) with P-aminobenzoic acid (PKa 4.9). Thus 
2-amino-4-hydroxypyrimidineeo (pKs  9.42), and 4-amino-6-hydroxy- 
pyrimidine53 (pKa 10.05) have become weaker acids than 4-hydroxy- 
pyrimidine by 1-1 K units. On the other hand, in 4-amino-2-hydroxy- 
pyrimidineeo (cytosine; pKa 12.16) a very marked decrease of three 
units compared with 2-hydroxypyrimidine has taken place, and it is 
unexplained. Similarly, the allcylamino analogues of cytosine3* have 
even less acidity (pK, cu. 13). 

The addition of nitro groups to amino-hydroxypyrimidines causes 
the usual marked decrease in basic function and strengthening of 
acidity, e.g., in 4-amin0-2-hydroxy-5-nitropyrirnidine~~ (pKa < 3 and 
7.39) or more obviously in 2- hydroxy-4-methylamino-5-nitropyrim- 
idine30 (pKa< 1 and 7.76).The addition of further amino groups to cyto- 
sine and its isomers does not affect the constants greatly (except to 
introduce a second basic figure). Compare for example% 4-amino-2- 
hydroxypyrimidine ( p K B  4.60 and 12.16) with 4,6-diamino-2-hydroxy- 
pyrimidines @Ka 6.5 and 1 1.5) or 4,5-diarnino-2-hydroxypyrimidine 
(4.37 and 11.45), and 4-amino-6-hydroxypyririmidine (1.36 and 10.05) 
with 4,5-diamino-6-hydroxypyrimidine (1.34, 3.57, and 9.86) or 2,4- 
diamin0-6-hydroxypyrimidine~~ (pK, 3.33 and 10.78). 

From the few data available, amino-mercaptopyrimidines are 
rather stronger acids and weaker bases than the corresponding amino- 
hydroxy compounds, Thus th iocyt~s ine~~ (4-amino-2-mercaptopyrim- 
idine) has pKs 3.32 and 10.63, and its 4,5-diamino analogue 3s(XXIII), 
pKa 2.96 and 10.39. 

An indication48 of the depression (by the hydroxy group) of basic 
strength in 2-hydrazino-4-hydroxy-6-methylpyrimidine (pK, 3.8) can 
be obtained by comparison with 2-hydrazino-4-methoxy-6-methyl- 
pyrimidine (pKs 6.2) and 2-hydrazino- 1,6-dihydro- 1,4-dimethyl-6- 
oxopyrimidine (XXIV) (pK, 5.5). 
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TABLE XVI. The pK, Values" of Some Pyrimidinesb in Water 

PYrimidim Acidic pK, Basic PIC. References 

(unsubstituted). (20") 

Pamino-, (20") 
4-amino-, (20") 
5-amino-, (25") 
4-aminod-butylamino-c 
4-amino-5-carboxymethylamino-, (20") 3.02 
4-amino-6-chloro-, (20") 
4-amino-6-chl0r0-2-methylarnino-, (20") 
2-amino4diethylaminoethylaminoJI (25") 

1.31 
M. -63 

3.54 
5.71 
2.60 
5.7 
6.67 
2.10 
3.73 
9.55 
7.5 

4-amino-l,6-dihydro-6-imino- 1 -methyl-, (20") 11.98 
4-amino-1,Z-dihydro-1 -methyl- 

4-amino-1 ,2-dihydro- 1 -methyl-2-oxo- 
4-amino-l,6-dihydro- 1 -methyl-6-oxo-, ( Z O O )  

2-amino-4.5-dihydroxy- 
2-amino-4.6-dihydroxy- 
2-amino-4,5-dihydroxy-6-hydroxymethyl- 
2-amino-4,6-dimethyl-, (20") 
2-amino-4-hydroxy-, (25 ") 
&amino-2-bydroxy- 

4-amino-6-hydroxp. (20") 
4-amino-T-hydroxy-5-methyl- 
4-amino-6-hydroxy-2-methylamino-, (20") 
2-amino-4-hydroxy-5-nitro-, (20 ") 
4-amino-2-hydroxy-5-Ntro-, (20") 

4-amino-2-mercapto-, (20") 
4-amino-2-methoxy- 
4-amino-6--methoxy-, (20") 
2-amino-4-methyl-, (20") 
4-aminob-methyl- 
5-amino-&methyl- 
4-amino-6-methylamino-, (20 ") 
4-amino-6-methylamino-5-nitro-, (20") 
2-amino-5-nitro-, (20") 
2-amino-9,5,6-trihydroxy- 
4-amino-2,5,6-trihydroxy- 
5-amyI-4,6-dihydroxy-2-mercapto-. (28 ") 
Barbituric acid/5.5-diethyl~ 

Barbituric acid/N-methyl- 
Barbituric acid/5,5-diethyl-N-methyl- 
4,6-bisdimethylamino-, (20') 

5-nitro-Z-oxo-, (20") 10.57 < 1 
4.57 
0.98 

9.60" 4.066 
7.40d or 7.3 
9.78" 4.0d 

9.42 4.01 
12.2 4.45 

or 12.16 or 4.60 
10.05 1.36 
12.4 4.6 
1 I .03 3.22 
6.70 
7.34 < 3  

or 7.39 
10.63 3.32 

5.3 
4.02 
4.15 
6.25 
3.15 
6.32 
2.75 
0.35 

4.85 

2.93' 
9.0d 
2.47; 11.41 
7.89 or 7.80; 
12.7 
4.2; 12.8 
8.45 or 8.2 

7, 8, 8a 

7 
7 
43 
39 
36 
37 
9 
34 

38 

30 
40 
37 
44 
44.51 
44 
7, 34 
20 
24.20 

53 
24 
52 
22 
22, 30 

30 
24 
37 
7 
10 
10 
38 
38 
9 
44 
44 
54a 
25, 19, 26 

19 
19. 26 

6,36; < I 37. 
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TABLE XVI(continwd) 

Pyrimidine Acidic pKs Besic pKs Referenun 

4,5-bismethylamino-, (20") 
4,6-bismethylamino-, (20") 
5-bromo4-carboxy-2,6-dihydroxy- 

4-butylamino-6-butylamino- 1,6-dihydm 

4-butylamino-2-hydroxyoxy-, (20") 
4-butylamino-2-hydroxy-5-nitro-, (20") 
4-butylamino-2-mercapto-, (20") 
P-carboxy 

1-methyl-0 

4-carboxy-2.6-dihydr0~y- 

4-~~boxyb-hydmxy- 
4-carboxy-1,2.3,6-tetrahydro-l,3-dimethyl- 

Z-chloro- 
4-chloro-6-dimethylaino-, (20') 
4-chloro-6-hydroxy-, (20 ") 
4-chloro-6-methylamino-, (20") 
2.4-diamino-, (20") 
4,5-diamino-. (20") 

4,6-diamino-, (20") 
4.6-diamino-5-bromo-, (20") 

2,4-dioxo- 

6.03 
6.39 

2.21 : 
7.59 

12.8 
> 13 4.69 
7.80 
11.13 - 3.2 
2.85 - 1.13 - 2.8 or 2.4; 
9.45; 
> 13 
2.8 

0.8 

7.43 

2,4-diamino-l,6-dihyd~-I-methyl~-oxo-, (20") 1 I .07 
2,4diamino-5.6-dihydroxy- GO. 9.2d 
2.5-diamino-4.6-dihydroxy- ca. 8.9 
2,4-diamino-6-hydroxy-, (20") 10.78 
4,5-diamino-2-hydroxy- 11.45 
4,5-diamino-6-hydroxy- 9.86 

4,6-diamino-2-hydroxy-, (20") 11.98 
4,5-diamino-6-hydroxy-2-methylam~no-~ (20") 10.63 
4,5-diamino-2-mercapto- 10.39 
2.4-diamino-6-methyl-, (25") 
4,5-diaminod-methylaino-, (20") 
Miethoxymeth yl-6-h ydrox y - 7.8 
4,5-dihydro-2,6-dihydroxy-, (25 ") - 11.5 
1.6-dihydro-I ,4-dimethyl-2-methylthiob-oxo- 
1,2-dihydro-2-imino-I-methyl-, (20") 
1,4-dihydro-4-imino-I -methyl-, (20") 
1.2-dihydro-1 -methyl4-methylamino-2-oxo- 
I,2-dihydro-l-methyl-2-oxo-, (20') 
1,4-dihydro-l -methylPoxo- 
1,6-dihydro-l-methyl-6-oxo-, ( Z O O )  

8.4 

< I  
2.42 

2.24 
7.26 
6.03; 

6.01 
4.22 
3.61 

< O  

ca. 3.8~ 
cu. 3.6 

3.33 
4.37 
3.57 ; 

6.49 
5.43 
2.96 
7.7 
5.93 
1.5 

0.9 
10.75 
12.22 
4.47 
2.50 
2.02 
1.84 

1.34 

53 
37 
45 

39 
30 
30 
30 
56 
24. 32 

32 

33 
16 
37 
37 
37 
7 
36 

9 
9 
52 
44 
51 
51, 52 
35 
35 

52 
52 
35 
34 
38 
32 
20 
54 
2 
2 
40 
12 
14 
I2 
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TABLE XVI(continued) 

Acidic pK, Bask pKg Referenas Pyrimidine 

I ,2-dihydro-1 -methyl-2-thio-, (20") 1.66 
I ,4-dihydro-1 -methyl-4-thio-, (20") 1.16 
1 ,fii-dihydro-l-rnethyl-6-thio-, (20") 0.56 
1 ,Z-dihyd~o- 1,4,6-trimethyl-2-0~0- 4.0 
1,2-dihydro-l.4.6-trimethyl-2-thio- 3.15 
2,4-dihydroxy-,f (20 ") 9.38; 

12 

11.61 
4,5-dihydroxy-, (20") 7.48; 1.99 

4,6-dihydroxy-, (20") 5.4 or 5.354 
4,6-dihydroxy-Z-mercapto-, (28") 2.8; 10.72 
2,4-dihydroxy-5-methyl- 9.9 or 9.94; 

> 13 
2,4-dihydroxy-6-methyl- 9.7 - 1.2 

or 9.64 
4,5-dihydroxy-2-methyl- 8.93d 
4,6-dihydroxy-Z-methyI- 6.556 

2,4-dihydroxy-5-nifro-, (20") 5.3 or 5.55; 

4,6-d ih ydrox y-2 -phenyl- 6.54d 
Di(4-hydroxypyrimidin-6-yl) sulphide, (20") 7.20; 8,48 

2,4-dihydroxy-6-methyIsulphonyl-, (25") 4.73 

11.7or 11.3 

4,6-dihydroxy-Z-selenyl-c 3.74 
2,4-dihydroxy-6-sulphamoyl-, (25") 5.43 
2,4-dihydroxyd-sulpho-, (25O) 7.26n 
2,4-dihydroxy-6-trifuoromethyl- 5.7; ca. 13 
2,4-dimercapto-, (20") 6.46 or 6.4; 

2,4-dirnercaptod-methyl-, (20") 6.87; 12.02 
4.6-dimethyl- 2.7 
2-dimethylamino-, (20") 3.96 
4-dimethylamino-, (20 ) 6.35 
4-dimethylamino-1.2-dihydro-1 -methyl-2-0x0- 4.2 

4-dimethylamino-6-methoxy-, (20") 4.29 
4-dimethylamino-6-methylamino-, (20") 6.39 

DitkiouraciI/3-methyi-, (20") 6.96 
2-ethoxy-4-hydroxy- 8.2 
4-ethoxy-2-hydroxy- 10.7 
2-ethoxy-4-hydroxy-5-nitro-, (20") 4.88 
4-ethoxy-2-hydroxy-5-nitro-, (20O) 6.6 
4-ethylamino-Z-hydroxy-, (20") > 13 4.58 

4-ethylamino-2-mercapto-, (20") 11.13 3.10 

11.19 

4-dimethylamino-6-hydroxy-, (20") 10.42 1.22 

2,4-diselenyl- 5.5 

4-ethylamino-2-hydroxy-5-nitro-, (20") 7.74 

P-ethylthio- 1,6-dihydro-l -methyl-6-oxo- 0.9 

17 
17 
17 
10 
10 
1 

1 

1, 44 
54a 
20,24 

10,zo 

44 
44 
46 
22,24 

44 
37 
25a 
46 
46 
23 
30,47 

30 
11 
13 
13 
40 
37 
37 
37 
47 
30 
24 
24 
22 
22 
30 
30 
30 
54 
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TABLE xvr(continued)  

Pyrimidine 
___ 

Acidic pK, Basic PK, References 

P-hydrazino-l,6-dihydro-I ,4-dimethyl-6-oxo- 
2-hydrazino-4-methoxy-6-methyl- 
2-hydrazino-4-hydroxy-6-methyl- 
2-hydroxy- 
4-hydroxy-, (20") 

5-h ydrox y - 
4-hydroxy-Z-mercapto-. (25") 
4-hydroxy-6-mercapto-, (20") 
4-hydroxy-2-mercapto-6-methyl- 
4-hydroxy-5-methoxy-, (20") 
4-hydroxy-2-methoxy-6-methyl- 
2-hydroxy-4-methyl- 
4-hydroxy-6-methyl- 
2-hydroxy-4-methylamino-, (20') 
4-hydroxy-6-methylamino-, (20") 
2-hydroxy-4-methylamho-5-nitro-, (20") 
4-hydroxy-6-methyl-2-methylthio- 
4-hydroxy-6-methyltho-, (20") 
4-hydroxy-2-selenyl- 
2-mercapto-, (20") 
4-mercapto-, (20") 
2-mercapto-4.6-dimethyl- 
2-mercapto-4-methyl- 
4-mercapto-&methyl- 
2-mercapto-4-methylamino-, (20") 
2-methoxy- 
4-methoxy-, (20') 
P-methoxycarbonyl- 
2-methaxy-4-hydroxy-6-methyl- 
2-methoxy-4-methyl- 
4-methoxy-6-methyl- 
4-methoxy-6-methylamino-, (2 0 ") 
4-rnethyl-, (20") 
4-methyl-2-methylthio- 
4-methyl-6-methylthio- 
2-methylarnino-, (22") 
4-methylamino-, (23") 
2-methylthio-, (20") 
4-methylthio-, (20") 
1,2,3,4-tetrahydr0-6-hydxy- 1,3-dimethyl- 

2.4-dioxo- 

5.5 
6.2 
3.8 

9.17 2.24 
8.59 1.85 

or 1.69 
6.78 1.87 
7.74; 12.7 
4.33; 10.52 
8.1 
8.60 
8.4 
9.8 
9.0 

> 13 
10.47 
7.76 
7.9 
8.52 
7.18 
7.14 
6.9 
8.5 
8.0 
7.3 
11.10 

8.4 

4.6 

l12,3,4-tetrahydro-4-imino- 1,3-dimethyl-2-0~0 
2,4,5,6-tetrahydroxy- 2.83 

2-thiobarbituric acid-5-bu€yl-5-ethyl-, (28") 7.37; 12.07j 
or 3.15;a 11 

1.75 

3.15 
2.15 
4.55 

- 1.6 

< 1.7 
< 1  

1.35 
< 0.68 

2.8 
2.2 
1.8 
3.09 

2.5 
( 1  

-0.68 

2.1 
3.65 
4.23 
1.98 
1.95 
3.25 
3.82 
6.12 
0.88 
2.48 

9.29 

42 
42 
42 
15 
12, 48 

14 
49,54 
9 
54 
1 
10 
10 
10 
30 
37 
30 
54 
9 
47 
16, 17 
16.17 
11 
10 
10 
30 
1 
12, 13 
56 
10 
10 
10 
37 
7 
10 
10 
13 
13 
17 
17 
19 

40 
1, 21,44 

54a 
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TABLE XVI (continued) 

Pyrimidine Acidic pKa Basic pKa R e f e r e m  

2-thiouracil/6-amino-I-methyl-, (20") 
Z-thiouracil/l -ethyl- 
2-thiouracil/3-ethyl- 
2,4,5-triamino- 

2,4,6-triain0-, (20") 
4,5,6-triamino- 

2,4,5-trihydroxy- 
2,4,6-trihydroxy- 
4,5,6-trihydroxy-Z-mercapto- 
4,5.6-trihydroxy-2-methyl- 
4,5,6-trihydroxy-2-phenyl- 
Uracil/G-carbamoyl- 1 -methyl- 
Uracil/6-carboxy- 1 -methyl-(Le. 1 -methyl- 

orotic acid) 
Uracil/G-carboxy-3-methyl-(i.e. 3-methyl- 

orotic acid) 
Uracil/I-methyl- 
Uracil/S-meth yl- 
Uracil/ 1 -methyl-!i-nitro- (20') 

9.84 
8.7 
8.65 

8.11; 11.48 
3.9; 12.5 
2.56d 
6.416 
6.57@ 
9.10 

0.7; 9.82 

< 1 : 10.52 
9.75 or 9.71 
9.95 or 9.99 
7.20 

0.0 37 
54 
54 

7.63; 35 
2.56 

6.84 7 
5.78; 35 

I .47 
1 
1, 19 
44 
44 
44 
33 

33 

33 
20,24 
20.24 
12 

The second place of decimal is seldom significant. 
b The list contains most of the pyrimidine pK, values published before 1960. 

And analogues. The values being determined in 66% dimethylformamide 
are not strictly comparable with other figures. 

d This pK, and that of the corresponding 5-tetrahydropyran-Z'-yloxy 
compound were determined" in 50% ethanol and are therefore not strictly 
comparable with other figures. In  seven1 casesu it is not evident whether a 
figure refers to proton loss or gain. 

The pK, values for several other barbiturates are reported=-m. 

Second acid pKa only recorded. 
f Cf. 9.3 and > 13," and 9.45.'O 

A Analogues and derivatives have similar values." 
f Five analogues have similar values. 

When 4- amino - 1,2 - dihydro- 1 -methyl- 5 -nitro -2 -0xopyrimidine 

0 NH, 

O N  A O t N S  H & F ;  pm 7 
N h SH Me N A NHNH, ' -lPk - N-OH 

I I 
\N& 

I 
Me Me Me 
(XXII) (XXIII 1 (XXIV) (XXV (XXVI) 

(XXV) (basic pKe < 1) is potentiometrically titrated with alkali an 
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apparent acid pKa value (10.57 &- 0.03) is obtained.30 Whether this 
represents simply the pKa of the hydroxy group in the tautomeric 
1,4-dihydro-2-hydroxy-4-imino- 1 -methyl-5-nitropyrimidine (XXVI) 
(which is the minority constituent and quite possibly a zwitterion), or 
whether it is some function of the equilibrium of (XXV) and (XXVI), 
is unknown. 

2. The Absorption Speara of the Pyrimidines* 

A. Ultraviolet Spectra: Experimental Studies 

The ultraviolet absorption spectra of the pyrimidines have been 
extensively investigated, but prior to about 1950 most pyrimidine 
spectra were recorded without reference to the ionization constants of 
the compound studied. A useful bibliography of such early work has 

I I I I 
H R R R 

(XXVII) (XXVIII) (XXIX) (XXX) (XXXa) (XXXI) 

been given by Marshall and Walker.'O All pyrimidines are basic, and 
thus they have both neutral (e.g. XXVII) and cationic (e.g. XXVIII) 
forms. Pyrimidines with a substituent bearing an ionizable hydrogen 
atom, namely, the carboxylic acids, amines, hydroxy-, and mercapto- 
compounds, can exist in these two forms and also in the anionic form 
(e.g. XXIX), a tautomeric neutral (e-g. XXX; R=H) or zwitterion 
(e.g. XXXa; R=H) form, and an isomeric cationic form (e.g. XXXI). 
Early pyrimidine spectra, measured in unbuffered aqueous solution or 
in solutions of arbitrary pH value, often refer to mixtures of two ionic 
species. Such spectra are misleading and incompletely characterize the 
compounds. Since about 1950 it has become customary to measure the 
ionization constants of the pyrimidines studied, and to determine the 
spectrum of each ionic form separately by adjusting the pH of the 
solution to be examined spectroscopically to a value at least two pH 
units above or below the pKa value or values of the substance. The 
spectra obtained serve to characterize the pyrimidine examined, to 

* By S.F. Mason, Chemistry Department, The University, Exeter, England. 
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correlate spectra with structure and permit unknown concentrations of 
the compound to be estimated from the maximum molar extinction 
coefficients of the absorption bands. The ultraviolet absorption spectra 
of the various ionic species of a number of pyrimidines, mainly mono- 
substituted, are given in Tables XVII and XVIII and in the Figures. 

The absorption spectrum of pyrimidine in the near ultraviolet 
consists of two bands (Table XVII, Fig. l), one at a slightly shorter 
wavelength than the 250 mp band of benzene, although more intense, 
and the other, a weaker band, at longer wavelength. The weaker band 
is ascribed55 to an electronic transition from a nitrogen lone-pair non- 
bonding orbital to an empty n-orbital of the ring (Le .  an n -+ n tran- 
sition), because this band shifts to shorter wavelengths on changing 
from cyclohexane to aqueous solution. The lone-pair electrons of the 
pyrimidine nitrogen atoms are engaged in hydrogen-bonding in aqueous 
solution, and the radiation absorbed must be of higher energy (shorter 
wavelength) in order to provide not only the electronic transition energy 
but also the energy required to break the hydrogen bonds. The more 
intense shorter wavelength band in the spectrum of pyrimidine is 
ascribed56 to an electronic transition from the occupied n-electron orbital 
of the ring with highest energy to the empty n-orbital with the lowest 
energy (i.e. a n + R transition), analogous to the transition giving rise 
to the 250 mp absorption band of benzene. The band due to the n -f R 
transition in both pyrimidine and benzene is not sensitive to a change 
of solvent. 

On substitution, the n + n  absorption band of pyrimidine is 
shifted to longer wavelengths and, in general, it increases in intensity, 
although a carboxy group in the 2- or the 5-position reduces the 
intensity16 (Tables XVII and XVIII; Figs. 2 and 3). In the mono- 
substituted pyrimidines the bathochromic shift and the change in the 
molecular extinction coefficient of the R + n  absorption band are 
characteristic of both the nature of the substituent and its position of 
substitution.ls The spectra of the polysubstituted pyrimidines showff 
that the wavelength shifts and the intensity changes due to each 
substituent separately are approximately additive, provided that not 
more than one potentially tautomeric substituent is present in the 
compound.Thus the4-methyl and the 2-chloro group give rise to batho- 
chromic shifts of 1 and 9.5 mp respectively and molecular extinction 
increases of 990 and 290 litre mole-l cm.-l respectively,ll whilst in 
2-chloro-4,6-dimethylpyrimidine the observed wavelength shift is 1 1.5 
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Fig. 1 .  The ultraviolet absorption spectra of benzene ..... . . ... in cyclohexane, 
and of pyrimidine - in cyclohexane, - - - - in water, pH 7, and 

- . - . - . -. in 4 N -sulphuric acid. 
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Fig. 2. The ultraviolet absorption spectra in cyclohexane of - P Y b -  
idhe,- - - - 2-rnethoxy-, and . , . . . . . . . . 4-methoxy-pyrimidine. 
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Figs. 4 and 5. The ultraviolet absorption spectra in water of - 4-h ydroxy- 
pyrimidine, . . . . , . . . , , 4-methoxypyrimidine, - - - - 1,4-dihydro-l -methyl- 
4-oxopyrimidine, and - . - ' - I - .  1 ,g-dihydro- 1 -methyl-6-oxopyrimidine. Fig. 4 

as cations; Fig. 5 as neutraI molecules. 
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Fig. 6. The ultraviolet absorption spectra in aqueous solution of 2-aminopyrim- 
idine ~ neutral molecule, arid ---- cation, and of .-.-.-. 1,Z- 

dihydro-I-methyl-24minopyrimidine (neutral molecule). 
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Fig. 7. The infrared spectrum of pyrimidine. The numbers of the bands refer 
to the vibration modes of Fig. 8, and the assignments of Table XIX. 
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m p  and the intensity increase 2300 litre mole-I cm.-l, in excellent 
agreement with the values obtained by addition of the changes due to 
each substituent singly.lx The additivity rule, in general, is only ap- 
proximate, particularly for substituents which conjugate strongly with 
the pyrimidine nucleus, such as the amino, hydroxy, or mercapto 
group,ll but the rule may aid the determination of the structures of 
isomeric pyrimidines, since the wavelength and the intensity of the 
pyrimidine n + n band varies markedly with the position of a given 
substituent in the ring.16 

The ultraviolet absorption spectra of the amino-, hydroxy-, and 
mercapto-pyrimidines have been used extensively to determine the 

+ 4- 
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0 (XXXIII) (XXXIIIa) 

I 
R’ 

0- 

‘Nl 
I 

R’ 

(XXXV) (XXXVa) 
0 

kf 
‘N’ 

I 
R R 

(XXXIV) (XXXIVa) 

tautomeric form of these compounds predominant in aqueous so- 
lution.2p lo* l% l 3 y  4-Hydroxypyrimidine, for example, can exist in the 
enol form (XXXII; R=H) and in two different pyrimidone forms 
(XXXIII and XXXIV; R=H).* These forms havc similar conjugated 

* The forms (XXXIIa) and (XXXIIb) are part of the resonance hybrid of 
(XXXII), and (XXXIIIa) and (XXXIVa) contribute respectively to those of 
(XXXIII) and (XXXIV). 
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structures, but the charges upon the oxygen and nitrogen atoms vary 
from one form to another, so that the energies of the n-electron orbitals 
are different in the various forms. The transition of an electron from a 
filled to a vacant n-orbital, due to the absorption of radiation, requires 
an energy and occurs with a probability, which governs the intensity 
of absorption, that differs from one tautomeric species to another, 
resulting in different absorption spectra. For each tautomeric form an 
0- or N-methyl derivative (XXXII, XXXIII, XXXIV; R=Me) with 
a fixed structure can be prepared, and these derivatives are found to 
have different absorption spectral8 in neutral aqueous solution (Fig. 5) .  
The methyl group substituted on an exocyclic group or in the pyrimidine 
nucleus produces only small spectral changes,IB and so the structure 
or structures of 4-hydroxypyrimidine in neutral aqueous solution may 
be inferred from a comparison of the spectra of 4-hydroxypyrimidine 
and the three methyl derivatives. The results (Fig. 5) show that the 
spectrum of 4-hydroxypyrimidine in neutral aqueous solution has the 
closest resemblance to that of 1,6-dihydro-l-methyl-6-oxopyrimidine,~* 
and more detailed considerations, based upon the intensity of absorp- 
tion at 240 mp where (XXXIII; R=Me) shows a minimum, and 
(XXXIV; R=Me) a maximum in the spectral curve, suggest1' that 
4-hydroxypyrimidine in neutral solution exists as (XXXIII ; R=H) 
and (XXXIV; R=H) in 5:2  ratio. The relative amount of the enol 
form (XXXII; R=H) cannot be estimated, but it is probably very 
small. The ionization constants of the 0- and N-methyl derivatives of 
the mono-aza N-heteroaromatic compounds with a hydroxy group a or 
y to the ring nitrogen atom indicate1*'* that the amide predominates 
over the enol tautomer in neutral aqueous solution by a factor in the 
range 10a-107. In the cases of 2- and 4-hydroxypyrimidine where both 
of the nitrogen atoms are a or y to the hydroxy group, the correspond- 
ing factor is probably very large, but it cannot be estimated from 
ionization-constant data since the method requires that the 0- and 
N-methyl derivatives of a given N-heteroaromatic hydroxy compound 
should form cations with similar structures.lS l4 The ultraviolet ab- 
sorption spectra (Fig. 4) show that the cation of 4-hydroxypyrimidine 
and those of its two N-methyl derivatives have similar structures 
(XXXV; R, R = H  or Me) which differ from that of the cation of 
4-methoxypyrimidine. Similar spectral evidence (Table XVIII) indi- 
cates that the cations of 2-hydroxypyrimidine and 1,2-dihydro-l-me- 
thyl-2-oxopy~imidine have the structure (XXXI; R=H and Me 
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respectively} and that the cation of 2-methoxypyrimidine has the 
structure (XXVIII ; R=Me). However, the ionization constants of 
1,4-dihydro-l-rnethyl-4-0~0- and 1 ,&&hydro- I-methyl-6-0x0-pyrim- 
idine afford an estimate of the constant of equilibrium (KO,,) between 
the two 0x0 forms (XXXIII; R=H) and (XXXIV; R=H), of 4- 
hydroxypyrimidine in neutral aqueous solution, independent of 
spectroscopic data.14 If the equilibrium constant, KO,,, is defined as 

[orfho-quinanoid N-H form (XXXIII; R = H)] 
= [para-quinonoid N-H form (XXXIV; R = H ) j  

then 
Kop = K(XXXIII; R = H)/K(XXXIV; R = H) 

KO, = K\XXXIII, R - M~J/K(XXXIV; R = Me) (1) 

where each K refers to the ionization constant of the structure des- 
ignated in the subscripts. The ratio of the ionization constants of 1,4- 
dihydro-l-methy1-4-0~0-, and 1,6-dihydro-l-methyl-6-oxo-pyrimidine 
indicates that 4-hydroxypyrimidine in neutral solution exists as 
(XXXIII; R=H) and (XXXIV; R=H) in the ratio of 3:2, a value in 
satisfactory agreement with that derived from the spectral data. 

that 2-hydroxy- 
pyrimidine assumes largely the amide (XXX; R=H) or zwitterion 
(XXXa; R=H) form in neutral aqueous solution, and that 5-hydroxy- 
pyrimidine tautomerizesl* to the zwitterion form (XXXVI) to the extent 
of about 1 part in 50. The spectraa of 2- and 4-aminopyrimidine, 
compared with those of the corresponding exocyclic and nuclear 
N-methyl derivatives, indicate that the amino forms predominate in 
aqueous solution, and that the cations of these amines and their methyl 
derivatives have similar structures (e,g. XXXVII; R=H or Me). Thus 
the ionization-constant method may be employed to determine the 
tautomeric equilibrium constant, Kt, where 

Similar spectroscopic studies have shownl0* 

Kt = [amine form]/[imine form] 
so that 

K t  = K,(amine form)/Ka(imine form) (2) 

The ratio of the ionization constants ( K B )  of the exocyclic and nuclear 
N-methyl derivatives of 2- and 4-aminopyrimidine (Table XVIII) 
indicates, from equation (2), that the amino predominates over the 
imino form in aqueous solution by a factor of about 108 in both cases.% 
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The spectra of 2- and 4-mercaptopyrimidine, and those of the 
available S- and N-methyl derivatives, indicatelo* that these com- 
pounds exist largely in the thio (=S) form in neutral aqueous solution.* 

4-Mercaptopyrimidine and its 6-methyl derivative in neutral 
solution may exist as an equilibrium mixture of the two thio-forms, 
analogous to the pyrimidones (XXXIII) and (XXXIV), as their spectra 
show two high-intensity absorption bandslo* 16(Table XVIII), which may 
be due to the two thio-pyrimidone forms respectively, whilst the 
anionic and cationic species show a single high-intensity absorption 
band. The ionization constants of 2- and 4-mercaptopyrimidine and 
their S- and N-methyl derivatives do not give an estimate of the 
thiol-thione tautomeric equilibrium constant in aqueous solution, since 
the spectra show that the cations of these mercaptopyrimidines and 
their S-methyl derivatives have different structures, which are probably 
analogous to those of the cations of the corresponding oxygen analogues, 
e.g. (XXXI) and (XXVIII) respectively. 

The pyrimidine carboxylic acids, like the pyridine acids,b8probably 
edst  in the zwitterionic form to some degree in aqueous solution, since 

4" 

b N R ,  -. K t  ' PY &AWR 
4-N 

""NR 
I I 
R R 

(XXXVIII) (XXXIXa) (XXXIXb) 

the ionization constants of 2-ca.rboxypyrimidine are separated by only 
4 pKa units, so that a fraction of the molecules at the isoelectric p H  
will possess simultaneously an ionized carboxy group and a protonated 
ring nitrogen atom. 

B. Ultraviolet Spectra: Theoretical Studies 

The ultraviolet spectra of the pyrimidines and other monocyclic 
azines have been interpreted theoretically by several 

with data an previously unknown N-methyIated reference compounds. 

sf% 

* A forthcoming paper of Albert and Barlin,l7 amply supports this thesis 



486 Chapter XI11 

The weaker band at  longer wavelengths in the spectrum of pyrimidine 
has been assigned to an n -+ n electronic transition not only on account 
of the observed solvent shifts (v.s.) ,  but also because of the low intensity, 
the line-like character of the vibrational components of the band in the 
vapour-phase spectrum, and the effects of substituents upon the po- 
sition of the band.55$6s The effect of substituents upon the wavelength 
and intensity of the stronger band at shorter wavelengths may be 
similarly understood if the band is ascribed to a n -+n electronic 
transition, akin to that responsible for the weak 250 mp band of ben- 
~ e n e . ~ ~  

The effect of substituents upon the two absorption bands in the spec- 
trum of pyrimidine differs markedly. Electron - donating substituents 

shift the n -+ n band to shorter wavelengths (a hypsochromic shift), and 
electron-attracting groups move the band to longer wavelengths (a 
bathochromic shift), neither type of substituent greatly changing the 
intensity of the band (Figs. 2 and 3).56 Both electron-attracting and 
electron-donating substituents have a bathochromic effect upon the 
n +z band, and they give rise to increases and decreases in the intensity 
of the band depending upon the nature of the group and its position.16 

In the n -+ x transition an electron from a nitrogen lone-pair orbitd 
is promoted to an empty worbital of the ring, so that the z-electron 
system in the excited state contains seven electrons, as opposed to six 
in the ground state. The charge distribution of the promoted electron 
in the excited state is given approximately in (XL). Thus some ring 
atoms become negatively charged in the excited state, notably the 
carbon atoms at the 4- and 6-positions, whilst only a small amount of 
charge (a zero amount in the approximation given by XL) finds its 
way to the 2- and the 5-positions. The excited state of the n -f n 
transition is, therefore, considerably stabilized by electron-attracting 
and correspondingly destabilized by electron-donating substituents in 
the 4- or 6-position, resulting in large bathochromic and hypsochromic 
shifts of the ~t -fn band respectively, whilst the same substituents in the 
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2- and the 5-position produce only small wavelengths shifts in the same 
directions. The observed shifts are in accord with the present inter- 
pretation, a 4-methoxy producing a large and a 2-methoxy group a small 
hypsochromic shift of the pyrimidine la -+ nband (Fig. Z),  and acarboxyl 
group in the 4-position giving rise to a large and in the 2- or 5-position 
to a small bathochromic shift (Fig. 3). 

The iz -t n band of pyrimidine and benzene in the near ultraviolet 
may be ascribed to an electronic transition from the highest occupied 
to the lowest unoccupied n-orbital of the ring, the probability of the 
transition being low in the case of benzene as the intensity of ab- 
sorption is particularly weak (Fig. I). The promoted electron may be 
regarded as proceeding round the benzene ring in a clockwise direction 
in the ground state and in an anti-clockwise direction in the excited 
state, the large change in the angular momentum of the electron re- 
quired during the promotion rendering the transition improbable. The 
electronic motion gives rise to transition dipole moments, designated 
by the arrows in (XLI), but by vector addition these moments cancel 
out. In substituted benzenes, however, the moments at the position 
of substitution are enhanced, and the intensity of the absorption of 
radiation, which is proportional to the square of the resultant transition 
moment, is increased. The increase, dI, in the intensity of the 250 my 
band of benzene on mono-substitution may be related to a “spectro- 
scopic moment”, M, typical of the sub~tituent,~Q 

A I = M S  (3) 

In di-substituted benzenes the “spectroscopic moments” of each 
substituent may be added as vectors according to the directions of the 
arrows in (XLI), giving the intensity increases, 

A I = MBa 3. M% + 2MaMb ( ~ u w )  

A I = MEa + M*b - M,Mb (ortho, mete) 

(4) 

(5) 

The “spectroscopic moments” of electron-attracting and electron- 
donating substituents are opposite in sign, some values relevant to the 
pyrimidine series being,5Q HO + 34, Me0 + 31, Me f 7, C1 + 6, 
COOH-28, aza-N-38, in units ofd(1itre mole-L cm.-l). In general, 
both kinds of substituent shift the 250 mp band of benzene to longer 
wavelengths, the bathochromic shift being proportional to the intensity 
increase and an additive constant.60 
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The pyrimidines may be regarded as “substituted” benzenes, and 
the intensity changes of the pyrimidine n -+ n band, due to substitution, 
should follow the vector addition rules, and the bathochromic shift 
produced by a given substituent should be proportional to the intensity 
change that it induces. In pyrimidine itself, the two ring nitrogen atoms 
metu to one another should produce the same intensity increase relative 
to benzene (eqn. 5) as the single ring nitrogen atom of pyridine. Ex- 
perimentally, the observed maximum molar extinction coefficients of 
the n -+ n band are 2000 for pyridine and 2030 for pyrimidine, both in 
cyclohexane solution,” The resultant transition dipole moment for the 
n -+TL transition in pyrimidine has the direction given by the dashed 
arrow in (XLII), the full arrows giving the directions of the moments 
induced by electron-attracting groups at the various positions of 
substitution. For electron-donating substituents the full arrows in 
(XLII) should be turned through 180”. Thus electron-attracting 
substituents in the 2- or the 5-position should reduce the intensity of 
the pyrimidine n + n  band, and produce only a smaIl bathochromic 
shift, whilst in the 4-position such substituents should increase the 
intensity of the band and give rise to a larger bathochromic shift. These 
effects are observed experimentally in the case of the pyrimidine- 
carboxylic acids (Fig. 3). Conversely, electron-donating substituents 
shouId produce a n  intensity increase and a larger bathochromic shift of 
the pyrimidine TC -+ n band in the 2- or 5-position than in the &position, 
where such substituents should bring about an intensity decrease. 
Experimentallyla no 4-substituent reduces the intensity of the pyrim- 
idinen +n band, but the observed intensity increases and bathochromic 
shifts induced by an electron-donating group are generally smaller 
when the substituent is in the 4- than when it is in the 2- or 5-position 
(Fig. 2, Table XVII). 

The success of the vector addition treatment of intensity and wave- 
length changes due to electron-donating substituents in the pyrimidine 
nucleus is only partial, as such compounds are not simple analogues of 
benzene. In the pyrimidines with a powerful electron-donating substit- 
uent, such as the amino, hydroxy, or mercapto group, the lone-pair 
electrons of the exocyclic atom are strongly conjugated with the nucleus, 
and these compounds are more closely hetero-analogues of the benzyl 
anion than of benzene. The ultraviolet absorption spectra of the amino, 
hydroxy, and mercapto derivatives differ from those of the pyrimidines 
with electron-attracting or weakly electron-donating substituents. In 
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general, the 1z -, x band is submerged, and two R + 3t bands are ob- 
served, the band at longer wavelengths being usually weaker in inten- 
sity than that at shorter wavelengths (Table XVIII, Figs. 4-6). For a 
given amino -, hydroxy -, or mercapto-pyrimidine the wavelength 
positions of the two x + n  bands change on passing from one ionic or 
tautomerlc species to another, and the wavelength shifts may be inter- 
preted by assuming a benzyl anion model for these compounds.s1 

I 0.571 

(XLIII) (XLIV) 

,0.158 

In the benzyl anion, an electron in the highest energy filled 
n-orbital,  IN, has its charge distributed according to (XLIII), and the 
first two n + R  absorption bands of the anion should be due to the 
transition of such an electron from YN to the two lowest energy unfilled 
n-orbitals, y~ and ~ I I ,  which have the one-electron charge distributions 
(XLIV) and (XLV) respectively. In terms of an empirical energy 
measure, 8, the carbon-carbon resonance integral, the energy required 
for the transition YN 3 7y1 is B and for the transition WN -+ y11 is 1.26,9, 
the former thus giving rise to the absorption of radiation at longer wave- 
lengths than the latter. The intensity of the shorter wavelength band 
should be the larger, although the absorption in both bands should be 
strong. On the replacement of carbon by hetero-atoms the general 
features of the benzyl anion spectrum should be preserved, but de- 
tailed changes in the wavelength positions of the absorption bands 
take place owing to differences of electronegativity between carbon and 
the hetero-atoms. Each of the n-orbitals, YN, y1, and y11, on the re- 
placement of carbon by hetero-atoms is stabilized by an amount of 
energy equal to the product of the electronic charge density at the 
position of substitution, given in (XLIII), (XLIV), and (XLV) re- 
spectively, and a constant specified by the nature and charge of the 
hetero-atom, Aa, the Coulomb integral increment of the hetero-atom 
relative to carbon. The Coulomb integral increment is a measure of the 
electronegativity difference between a carbon and the hetero-atom. 
Values determined experimentally1' are, for the neutral nitrogen atom, 
Aax = 0.68, and, for the positively charged nitrogen atom, daN* = 
2.58. Only the inequalities in the values of the Coulomb integral 
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increments are important for the present purpose, and, from the 
electronegativities of the elements, these are, - daN+ > Aao > A a N  > 
Aas N 0 N Aao- > daN- > Aas-. 

The wavelengths of the band maxima in the spectra of the amino-, 
hydroxy-, and mercapto-pyrimidines depend upon the energies, EI and 
Err, required for the electronic transitions, YN .+ yl and YN -+ yx~. For 
the 5-substituted pyrimidines these energies are, 

(6) 

(7) 

EI = /3 + 0.571Aax - 0.25Arx~ - 0.25Aa~ 

EII  = 1.268 f 0.134Aax - 0.118da~ - 0.118da~ 

where Aa, refers to the Coulomb integral increment of the exocyclic 
hetero-atom-oxygen in the hydroxy compound, nitrogen in the amine 
and Aanrefers to that of a nuclear nitrogen atom-neutral in the amine- 
and in the enol and anionic species of the hydroxy compound, and posi- 
tively charged in the cationic forms and in the zwitterionic species of 
the hydroxy compound. Equations (6) and (7) indicate that each 
absorption band in the spwtra of the various charged species of 5- 
hydroxypyrimidine should lie at wavelengths in the order: zwitterion > 
anion > cation > enol: and that each absorption band in the spectra of 
the neutral and cationic forms of 5-aminopyrimidine should lie at a 
longer wavelength than the corresponding band in the spectrum of the 
analogous ionic species of the hydroxy compound. The zwitterionic 
species of 5-hydroxypyrimidine is formed only incompletely at the iso- 
electric pH of the compound, so that the position of the shorter wave- 
length band cannot be determined for this species, the region being 
overlapped by absorption due to the predominant enol form. Apart 
from this omission, the predicted order of band positions in the spectra 
of the various ionic forms of 5-amino- and 5-hydroxypyrimidine are 
observed experimentally (Table XVII). 

Equations analogous to (6) and (7) may be written for the tran- 
sition energies of the absorption bands predicted for 2- and 4-amino-, 
hydroxy-, and mercapto-pyrimidine, and their various tautomeric and 
ionic forms. For a particular ionic species and a given position of 
substitution the predicted wavelength order for each of the two band 
positions: rnercapto > amine > hydroxy: is supportcd by the experi- 
mental data (Table XVIII), although in some of the species of the 4- 
substituted derivatives the higher-intensity shorter-wavelength band 
overlaps and obscures the position of the longer - wavelength band 



The Ionization and Absorption Spectra of Pyrimidines 491 

(Fig. 5). For a @en group and position of substitution in the pyrimidine 
nucleus, the predicted shift of band wavelength position with change of 
ionic species is found experimentally without exception in the case of 
the longer-wavelength band and is generally observed in the case of the 
shorter-wavelength band.61 

TABLE XVII. Electronic Absorption Spectra of the Neutral (N), Anionic (A), 
and Cationic (C) Forms of some Non-tautomeric Pyrimidines 
in Ethanol (EtOK), Cyclohexane (C,H,,) and Aqueous 
Solution.& 

Pyrimidine6' 1.30 

2-Meth~l-'~ 

4-Methyl-16 2.0 

2-Chloro-le 1.0 

Hydrochloride of 

5-Chlor0-~~ 
4-~hloro-~~ 

5-i-Bromo-16 

2-Phenyl-16 

4-Phenyl-6-me thyPS 
5-PhenyP 
2-Methoxycarbonyl-W 0.68 

2-CarbOxyJ6 2.85 
- 1.13 

4-carboxy-'6. m 

5-CarbOxy-16. 68 

C,H1* N 
EtOH N 
pH7 N 

pH7 N 
pH0 C 
pH7 N 
pH0 C 
pH7 N 
EtOH N 

Ho-0.8 C 

EtOH C 
pH7 N 
EtOH N 
pH7 N 
EtOH N 
pH7 N 
pH0 C 
EtOH N 
EtOH N 
C,H,, N 
pH7 N 

EtOH 
pH7 A 
p H  0.8 N 
EtOH 

EtOH 
pH13 A 

Ho-1.5 C 

298; 243 
280; 243 
271 ; 243 
242 
248 
251-252 
244 
244 
251 ; 209 
282-283; 252 

248 
258; 21 1 
293; 258 
261; 216.5 
294; 261; 217.5 
251 
287; 256-258 
273 
256 
290; 247 
270; 245 
247 
277; 246 
275; 246 
270; 240 
303; 256 
253 
280; 247 
245 

326; 2030 
373; 2930 
422; 3210 

5540 
2900 
7400 
3400 
5000 
2700; 5600 

170; 1500 

3200 
2400; 7100 
330; 2200 

2900; 10.000 
340;2100;7400 

15,000 
8300; 11,000 
18,000 
12,100 

4900 

370; 1840 
382; 2300 

374; 2120 
410; 2620 
441; 2690 
295; 3820 

561; 1870 
3300 

2000 

Where pH or acidity function (He) values are given, aqueous solution is 
implied. 

b Values in italics refer to shoulders or inllexions. 
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TABLE XVIII.  Electronic Absorption Spectra of the Neutral (N), Cationic 
(C), Anionic (A), and Zwitterionic (2) Forms of some Po- 
tentially Tautomeric F'yrimidines and of their Methyl 
Derivatives with Fixed Structures in Ethanol (EtOH), 
Cyclohexane (C,H,J, and in Aqueous So1ution.a 

pK, Solvent Species& Imar(mfl)c Emaxc 

2-Methoxy- 
pyrirnidine1'%@te1 M. 1 

2-Hydroxypyrimidinela 2.24 
9.17 

1.2-Dihydro-1 -methyl- 
2-o~opyrimidine~~ 2.50 

4-Hydroxypyrimidinela 1.69 
8.60 

I ,4-Dihydro-l -methyl- 
49x0- 
pyrimidine1**56, 61 2.02 

1 ,6-Dihydro-l-methyl- 
6-oxopyrimidine1* 1 -84 

5-Hydrox y- 
pyrimidin@*61 1.87 

6.78 

2-Aminopyrimidinela 3.54 

1,2-Dihydro-2-imino- 
l-methyl- 10.75 
pyrimidineP 

pyrimidine1* 3.96 

4-Aminopyrimidine1~ 5.71 

2-Dimethylamino- 

C,H,, N 295; 264 400; 4180 
pH7 N 267 4530 
Ho-1.2 C 273 5020 
pHO C 309 5700 
pH 13 A 292; 220 4600; 11,700 
pH6  2 298; 212 4750; 10,820 

pH 0.3 C 313 7100 
p H 6  Z 302; 215 5400; 10,009 

C,H,, N 270; 248 274; 3100 
pH6.9 N 248 3370 
pHO C 2f0; 227 6700; 7750 
H0--1.2 C 251; 224 2970; 9840 
pH 13 A 263;227 3280; 11,100 
pH 6.2 Z 260; 223 3740; 7320 

pHO c 250; 229 2650; 10.200 
p H 6  Z 240 14,600 

Ho-0.5 C 258;226 2940; 9080 
p H 5  2 269:221 3900; 6810 

EtOH N 276;218 5330; 9970 
pH 4.32 N + 2 325; 271 ; 214 107; 4750; 9720 
pH9.5 A 304;238 4450; 11,240 
Ho-0.25 C 285; 223 4700; 6950 
pH 7 N 292; 224 3200; 13,000 
pH 1 C 302;221 4000; 14,800 

pH7 C 301 ; 222 4300; 13,000 
pH13 2 345; 236 2900; 15,500 

p H 7  N 318;243 2200; 18,000 
pH1 c 324; 235 2950; 17,000 
pH 13 N 268; 233 5200; 18,200 
pHO C 246 18,600 
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1 ,4-Dihydro-4-imino- 
1 -methyl- 
pyrimidineP 12.22 pH 7 

pH 13 

pyrimidine1* 6.35 pH 9.3 
pH 3.1 

4-Dimethylamino- 

5-Aminopyrimidinea 2.60 pH 7 

4-Methyl-2-methyl- 
P* 1 

thiopyrimidine10 1.95 pH 7 

PH 0 

2-Mercapto-4-methyl- 
pyrimidinelo 2.2 p H 0  

8.0 pH 11 
pH 4.7 

1 ,2-Dihydro-l,4,6-tri- 
methyl-2-thio- 
pyrimidineE0 3.15 pHO 

PH 7 

4-Methvl-6-methvlthio- 
pyrimidinelo 3.25 pH 7 

P H  1 
4-Mercapto-6-methyl- 

pyrimidinelo 1.8 pH 0 
7.3 pH 11 

pH 4.7 

C 
2 

N 
C 
N 
C 

N 

C 

C 

A 
2 

C 

Z 

N 
C 

C 
A 
Z 

250 
315: 253 

286; 250 
262 
298; 236 
332; 253 

280; 250; 210 

304; 253; 215 

366; 285; 221 

300; 269 
338; 277; 215 

355; 283; 225 

332; 277; 220 

277; 213 
300; 223 

31 2 
292 
322 ; 28% 

16.000 
620; 16,200 

3600; 16.600 
16,200 
3100; 11,000 
3700; 14,400 

2500; 14,000 ; 

4600; 14,000; 
4000 

6000 

1400; 25,000; 

2500; 17,000 
3300; 19.000; 

10,000 

8000 

2600; 23,000; 

4500; 17,000; 
8900 

11,000 

10.000; 7000 
20,000; 6600 

18,000 
16,000 
11.000; 10.000 

a Aqueous solution is implied by inclusion of a pK, or Ho value, 
OThe term, “neutral species” (N) is used generically for enol, thiol, and 

amine forms (e.g. XXVII, XXXVIII, R = H or Me), and “zwitterionic species” 
(Z) is used similarly in a wide sense for amide, thioamide, and imine forms 
(e.g. XXX, XXXIX, R = H  or Me) which are related (e.g. XXXa, XXXIXb) 
to completely zwitterionic species (e.g. XXXVI). 

c Values in italics refer to shoulders and inflexions. 
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C. Inftated Spectra of Substituted Pyrimidines 

The  infrared absorption spectra of the pyrimidines, like the ultra- 
violet, afford reference data for the identification and the quantitative 
estimation of the compounds, and they aid the elucidation of isomeric 
and tautomeric structures. In the latter application the two spectro- 
scopic methods are to some degree complementary, for the ultraviolet 
spectra refer to electronic transitions within or into the conjugated 
n-electron system of the compound, whilst the infrared spectra are 
due to vibrational transitions, Many groups containing single bonds or 
isolated multiple bonds give rise to a characteristic absorption band in 
the infrared, falling within a limited frequency range, but the infrared 
absorption of strongly conjugated muitiple bonds cannot, in general, 
be ascribed to a particular conjugated group of the molecule. 

The infrared spectra of many substituted pyrimidines have been 
measured,s3 and a number of detailed infrared studies have been made 
of the potentially tautomeric pyrimidines.** l2$ 1s164-w 2-Hydroxy- 
pyrimidine and the 4-isomer in the solid state and in chloroform solu- 
tion give infrared absorption bands due to the C=O and N-H bond 
stretching  vibration^,^^^^ and so these compounds in the state examined 
exist predominantly in the amide form (e.g., IV; R=H). N-Hetero- 
aromatic hydroxy compounds with the hydroxyl group a to a ring 
nitrogen atom have been foundss in chloroform solution, to give a 
N-H stretching vibration absorption band in the range 3360-3420 
cm.-l, whilst the corresponding band in the case of the y-isomers lies in 
the range 3415-3445 cm-l. By means of this correlation it has been 
established@ that 4-hydraxypyrimidine in chloroform solution assumes 
mainly the ortho-quinonoid amide form (XXXIII; R=H), the amount 
of the para-quinonoid isomer (XXXIV; R=H) and the en01 form 
(XXXII; R= H) being undetectable. The vibration spectra (infrared 
and Raman) of the hydrochloridese7 and the sodium saltsse of 2- and 
4-hydroxypyrimidines have been determined. In the cations the proton 
is attached to the double bonded N atom, and it has been suggested 
that in the anions the negative charge resides essentially on the nitrogen 
atom adjacent to the C=O group.se 

The aminopyrimidines in chloroform or carbon tetrachloride 
solution give two absorption bands in the N-H stretching vibration 
region of the infrared.2n'8p69 These bands have positions (3400 and 
3500 cm.-l respectively) and intensities (em 40-120 litre mole-' 
cm.-l) corresponding to those of the symmetric and antisymmetric 
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stretching vibrations, respectively, of the primary amino group in 
aromatic amines. the N-H group of N-heteroaromatic imines absorbing 
at a lower frequency ( -  3300 cm.-1) and with a lower intensity (E- 

N 10 litre mole-l The HNH bond angle, calculated from 
the absorption frequencies, suggests that the lone-pair electrons of the 
amino group are more completely conjugated with the nucleus in 2- 
and 4-aminopyrimidine than in the 5-isomer. The HNH bond angle of 
119.3' for 2- and 4-aminopyrimidine indicates nearly trigonal hybrid- 
ization in the o bonds of the amino group, leaving the lone-pair 
electrons in a nitrogen 2 p  orbital, which can conjugate completely with 
the n-electron system of the nucleus, whilst the corresponding angle in 
the ti-isomer is 111.8", as in aniline, suggesting nearly tetrahedral 
hybridization in the (r bonds of the amino group, with the lone-pair 
electrons in a s+ hybrid orbital of which only the $-component can 
conjugate with the n u c l e u ~ . ~ ~ ~ ~ ~ T h e  HNH bond angle in 2- and 4-amino- 
pyrimidine may be opened up by hydrogen -bonding between the hy- 
drogen atoms of the amino group and the ortho-nuclear nitrogen atoms, 
since the calculated overlap of the 1s orbital of the former and the sfiz 
lone-pair orbital of the latter is 0.077, representing a not inconsiderable 
bonding.ls**O Experimentally it is found2 that 4-methylaminopyrimidine 
in carbon tetrachloride solution gives two closely adjacent bands (3443 
and 3466 cm.-l) which are probably due to the N-H stretching vi- 
brations of the hydrogen-bonded (XLVII) and the free (XLVI) forms 

H\NlMe 

ky 'N' 

(XLVI) (XLVII) 

of the amine respectively. The two forms appear to co-exist in compa- 
rable proportions, judging from the similar intensities of the two ab- 
sorption bands, and it is likely that the stabilization conferred by 
hydrogen-bonding in (XLVII) is offset by the destabilization due to 
steric hindrance between the methyl- and the ortho-CH-group. 

D. The Vibrations of the Pyrimidine Nucleus 

The infrared absorption and Raman emission spectra of pyrimidine 
have been measured, and the observed bands have been assigned to the 
vibrations of the The more recently determined vibration 
spectrum of pyrimidine hydrochloride is similar to that of the neutral 
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molecule.87 A non-linear polyatomic molecule of N-atoms has (3%-6) 
vibrations, so that pyrimidine has 24 independent vibrations (Fig. 8). 
Not all of these vibrations give rise to an infrared absorption band, which 
requires a change of dipole moment with the vibration, but all give a 
Raman emission band, which depends upon a change of polarizability 
with the vibration. Pyrimidine has two elements of symmetry, namely, 
the plane of the molecule, and a two-fold axis of rotation through the 
2- and the 5-position, these properties placing it in the symmetry class, 
C,.,. The vibrations of pyrimidine fall into four symmetry classes, A,, 
B,, A, and B,. They either occur in the molecular plane or are out-of- 
plane (subscripts 1 and 2 respectively), and they are either symmetric 
or antisymrnetric with respect to rotation about the two-fold axis (A 
and B respectively). Symmetry rules show7' that there are 9 totally 
symmetric vibrations (Al), 8 of the B, form, 2 of A, symmetry, and 5 
of B,. The two A, vibrations do not give rise to absorption in the infra- 
red, since a transient dipole generated by such a vibration in one half of 
the molecule is cancelled by an equal and opposite dipole in the other 
half (e.g. No. 20, Fig. 8). The A, vibrations are the only ones which 
appear in the Raman but not the infrared spectrum of pyrimidine, 
so they may be readily identified. The A, vibrations are similarly 
ascertained, since only these vibrations give polarized Raman emission 
bands. The identification of the B, and B, classes, and the assignment 
(Table XIX) of the particular Raman and infrared bands (Fig. 7) to the 
individual vibration modes (Fig. 8), have been made70 from a knowledge 
of the characteristic group frequencies and previous assignments for 
pyridine and benzene. 

A knowledge of the frequencies of the pyrimidine vibration modes 
allows the Raman and infrared spectra of substituted pyrimidines to be 
interpreted with more certainty. For example, the carbon and hydrogen 
atoms at the 2- and the 5-position of pyrimidine do not move in the 
vibration modes, Nos. 7, 8, 9, 11, 18, and 20, (Fig. 8). Accordingly, 
these modes remain unchanged in the 2- and 5-mO1-10- and 2.5-di- 
substituted pyrimidines and give Raman and infrared bands at fre- 
quencies close to those observed for the unsubstituted nucleus. 

The mold thermodynamic properties of a molecule, such as the 
entropy and heat capacity, may be calculated from its vibration fre- 
quencies and moments of inertia, and may then be compared with the 
values measured calorimetrically. The only azine for which such a study 
has been reported to date is pyridine?* 
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Fig. 8. The vibration modes of pyrimidine. The frequencies and the symmetries 

of the modes are given in Table X I X  
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TABLE XIX.” Frequencies of the Bands Observed in the Infrared Absorp- 
tion and Raman Emission Spectra of Pyrimidine and their 
Assignment to the Active Vibrations of the Molecule 

Raman (liquid) Infrared (liq. or  sol^.) S y m m e t d  schematic 
v (cm.-‘) Rel. Intensity v (ua-1) R c l  Intensit9 Assignmento in& description 

394 
567 
623 
679 

724 

814 
870 

99 1 
1021 
1053 
1074 
1137 
1160 
1227 
1371 
1398 
1466 
1566 

2917 
3001 

3038 
3048 

31 29 

2 
0 
2P 
6 

1 

0 
0 

1OP 

8P 
8P 
4P 
I 
3 
0 
0 
1 
5 

0 

1 
1 

1 
lop 
2 

344 

624 
679 
710 
722 
795 
806 

980 
99 1 
1021 
1055 
1071 
1141 
1161 
1227 

1402 
1467 
1570 
1612 
1672- 
2622s 

2925 

3027 

3047 
3095 
3135 

vs 

vs 
vs 
m, sh 
vvs 
W 

VS 

w, sh 
vs 
vw 

VS “ 1  
m 
S 
vs 

w s  
vs 
vvs 
S 

vw-m 

m 

m 

S 
m 
m 

19 B, 
18 A, 
7 B, 
6 A1 
4 B* 

13 B, 

12 B* 
20 A, 
5 B, 
1 A, 
21 Bl 

1 1  A1 
17 B, 
3 Bl 
16 B, 
23 Bl 
22 A1 
9, 10 Al* Bl 
(12 + 12) A1 

14 in resonance A, 
with (13+19) A, 

(22 + 22) A, 
15 A1 

24 A1 
2 A1 
8 B, 

(22 + 9 or 10) A, or B, 

9.10 + 9.10 A,, B, 

Ring 
Ring 

Ring 
Ring 

H bend 

H bend 
H bend 
H bend 

H bend 
Ring 

H bend 
H bend 
H bend 
Ring 
Ring 
Ring 
Ring 

Ring 

Ring 

H stretch 

H stretch 
H stretch 
H stretch 

a Data and assignments quoted from ref. 70. 
bw = weak, m = medium, s = strong, v = very, sh = shoulder, p = 

C The numbers in this column refer to the vibration modes of Fig. 8. 
$The A, and B, vibrations take place in the plane of the molecule, the 

former being symmetric and the latter antisymmetric with respect to the two- 
fold axis of rotation through the 2- and the 5-positions. The A, and B, modes 
are out of plane vibrations, the former being symmetric and the latter anti- 
symmetric with respect to the two-fold axis. 

e Fifteen weak to medium unassigned bands due to combinations and 
overtones of frequencies due to fundamental vibrations. 

poIarized. 
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APPENDIX 

Systematic Tables of Simple Pyrimidines 

Introduction 

These Tables (XX to LVI) constitute as complete a list as possible 
of the simple pyrimidines described up to 1957, with the addition of 
important compounds described up to 1960. The tables were prepared 
from Bsils&i~~* to 1929, from the indices of Chemical Abstracts from 
1930 to 1957, and (incompletely) from original papers thereafter. Melting 
(or boiling) points and a selection of the best references are given for 
each pyrimidine. 

Pyrimidines Excluded from the Tables 

To keep the tables within manageable proportions, the following 
categories of pyrimidine have been generally excluded on the grounds 
that they are not simple. 
Those reduced in the nucleus (hydropyrimidines). 
Those with heterocyclic substituents (except piperidino) . 
Those fused with other ring systems. 
Those with more than 6 carbon atoms in a substituent (except benzyl). 
Those with substituted phenyl groups. 
Those with difunctional groups (except the carboxymethylthio). 
Those with substituted ureido or thioureido groups. 
Barbituric acid derivatives with more than 2 carbon atoms in a sub- 
stituent attached at position 1, 3, or 5. (This exclusion also applies to 

'Information from Bcilstein was obtained through a full card-index 
prepared and very kindly loaned to the author by Dr. J.  English and Dr. J. H. 
Clark of American Cyanamid Company. 
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such derivatives of 2- or 4-thiobarbituric acid, and 2- or 4- amino- 
barbituric acid.) 
Those with two alkyl (or aryl) substituents at position 5 (except 5,5- 
dimethylpyrimidines) . 

Terms Used in Tables 

For the sake of brevity the title of each table makes use of inclu- 
sive terms for the type of substituent. 

ALKYL includes alkyl, aryl, and cyclodkyl groups. 

AMINO includes amino, imino, alkylamino, dialkylamino, anilino, 
hydrazino, acylamino (8.g. acetamido), ureido, thioureido, and amidino 
groups. 

CARBOXY includes carboxy (carboxylic acids). alkoxycarbonyl (esters), 
carbamoyl (amides), hydrazinocarbonyl (hydrazides), chlorocarbonyl 
(acid chlorides), cyano (nitriles), C-formyl (aldehydes), dialkoxymethyl 
(acetals of aldehydes), C-acyl (ketones), cyanato, isocyanato, thio- 
cyanato, isothiocyanato, and carboxymethylthio groups. 

HALOGENO includes only the four haIogens. 

NITRO includes nitro, nitroso (or isonitroso), azo, and nitroamino 
groups. 

OXY includes hydroxy (and hydroxyalkyl), alkoxy (and alkoxyalkyl), 
aryloxy, acyloxy (e.g. acetoxy), and 0x0 groups. 

SULPHONYL includes alkylsulphonyl (sulphones) , sulpho (sulphonic 
acids), sdphino (sulphinic acids), sulphamoyl (sulphonamides), and 
allcoxysulphonyl (sulphonic esters) groups. 

THIO includes mercapto, alkylthio (thio ethers), and acylthio groups 
as well as their selenium analogues. 

In the melting point column, boiling points are indicated by a 
pressure in mm. or at. (atmospheric) e.g. 130"/at. or 40"/30 mm. Abbre- 
viations for derivatives (such as pic. for picrate, or hy. for hydrate) 
are self-explanatory. A m.p. given e,g. as 98-101 indicates the range 
of melting, one given e.g. as 40" or 108" indicates a divergence of 
figure in the literature, and one given e.g. as 91" to 108" indicates the 
limits of divergence in a literature of three or more papers. 

The term melting point includes all variations such as "melting 
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with decomposition at”, “decomposition at” and the like, because 
these phrases are inexact, and are used so differently by different 
authors as to be often confusing. The use of “greater than” (e.g. > 
300’) in the melting-point column indicates that the substance either 
melted above, or did not melt below, this temperature. 

The Use of & Tabks. With one exception, all tables include C- 
alkyl derivatives of the type of pyrimidine listed. Thus for example 
Table XXI (Aminopyrimidines) contains not only those with amino- 
type substituents but also their C-alkyl derivatives; similarly Table 
XLIV (Carboxy-Thiopyrimidnesj contains such a compound as 5- 
e t hoxycarbonyl-2-mercap to-4-me t hylpyrimidine . 

There is a table for each category of pyrimidine with one type of 
substituent, a table for each possible combination of two types of sub- 
stituent, but where three types of substituent are present, the tables 
are triple combinations of only Amino, Oxy, Thio, and Others (“Minor 
Functional Groups”). Thus 2-acetamido-4-chloro-5-phenoxypyrim- 
idine occurs in Table XXXVII (Amino-Oxypyrimidines with Other 
Functional Groups), 4-amino-2-chloro-5-ethoxycarbonylpyrimidine oc- 
curs in Table XL (Aminopyrimidines with Two Minor Functional 
Groups), and 2-ethylthio4-hydroxy-5-iodopyrimidine occurs in Table 
LIV (Oxy-Thiopyrimidines with Other Functional Groups). Use of the 
tables is greatly facilitated at  first by reference to the Contents at  the 
front of this volume. The principles of the nomenclature used have been 
outlined in Chapter I, Sect. 2. In the tables (only) when a compound 
is necessarily named as a derivative of uracil, 2-thiouracil, barbituric 
acid, etc., the trivial name precedes the substituents thus: 2-thiouracill 
1-ethyl-, or barbituric acidlli,fi-dimethyl-, the entries being under 
respectively “t” and “b” in alphabetical sequence. 

TABLE XX. Alkyl and Aryl Pyrimidines 

4-amyl- 130-135’/0.05 mm. 105 
5-amyl-4,6-diethyl-2-methyl- pic. 171-1 72” 129 
2-benzyl-4,6-dimethyl- 80“; 274”fat. 10 

5-benzyl-2-methyl-4-phenyl- 197” 449 
!i-butyl-4,6-diethyl-2-m&hyl- pic. 98-990 129 

2-benzyl4rnethyl- 36-37”; 135-140”/5 mm. 475 
4benzyl-6-methyl- pic. 14.8’ 475, 105 



so4 Appendix 

TABLE XX (continued} 

Pyrimidine M.p. Reference 

5-s-butyl-4,6-diethyl-2-m&hyl- 
4-t-butyl-2,6-diphenyl- 
2-butyI4methyl- 
2.4-diethyl- 
4,6-diethyl-2,5-dimethyl- 
4.6-diethyl-5-isobutyl-2-me thyl- 
2,4-diethyl-5-methyl- 
4.6-die thyl-2-methyl-5-propyl- 
2,44iisopropyl- 
2,4-dimethyl- 

2,5-dirnethyl- 
4.5-dimethyl- 
4,fj-dimethyl- 

4.6-dimethyl-2-phenyl- 
4,6-dimethyl-5-phenyl- 

2.4-dimethyl-6-propyl- 
2.4-diphenyl- 
4.6-diphenyl- 
4ethyl- 
4-ethyl-2,6-dimethyl- 

Z-ethyl-4-methyl- 
Eethyl-Cmethyl- 
4-ethyl-6-phenyl- 

5-ethyl-2,4,6-triphenyl- 
5-ethynyl-4-methyl-2-phenyl- 
2-methyl- 

4-methyl- 

5-methyl- 
4-methyl-2,6-diphenyl- 
4-methyl-2-pheny l- 
4-methyl-6-phenyl- 

5-methyl-2,4,6-triphenyl- 
Z-phenyl- 

Pic. 162-163' 129 
9W92O 384 
130-1 35O/5 mm. 105 
68-72O/15 mm. 1637 

pic. 165-166" 129 
204-205'/at. 306, 307, 322 
@'c. 124-125' 129 
77-84'/15 mm. 335, 1637 
4'; 15Oo/at.; 37-41'1 

13 mm. ; Pic.  137-140' 
19': 59-60'/13 mm. 453 
170" or 159O/af.; pic. 111'468, 2163, 2108 
0'; 159"/d.;pic. 143' 431, 430, 429, 831, 

434, 1638, 1281, 
1639, 301 

83-84'; 163'/17 mm. 138,1639,457.831,lO 

pic.  106-107' 129 

712, 335, 1637, 472 

6143.5"; 157-159'1 
215 mm. 1638 

75'/1Omm.; pic. 85-86' 1640 
58-59"; 190-194"/3 mm. 335, I637 
102- 103' 30 1 
158-159'1at.; pic. 85-87' 301 
72-76'/11 mm. : 
pic. 86-87' 139 

160"/ui. 452 
193O/al. 836 
162-165'/12 mm.; 

@*G. 185-187' 301 
127* 49 
64-65O 458 
-5"; ca. 135'/at.; 126,1641,474,644, 

p ic .  105-106' 453,440,438 
14lOlat.; pic. 132" 423, 476, 614. 474. 

644,526,98,440, 
1642,43 1 a 438, 
606. 487 

28-30'; 152-154"/~t. 438, 440, 487 
940 450, 455 
22.5"; 279'lat. 455, 472, 831 
45-48 ' ; 

182' 49, 384 
39' 34,644,1643,1644, 

606 

448, 301, 455, 457 
146-148'/12 mm.; 
Pic. 203-204" 
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TABLE XX (continued) 

Pyrimidine M.p. ReIcrrna 

4-phenyl- 

5-phenyl- 
2-phenyl-4,6-distyryl- 
pyrimidine 

2,4,5,6-tetramethyt- 
4,5,6-triethyl-2-methyl- 
2,4.6-timethyl- 

4.5-trimethylene- 
2,4,6-triphenyI- 

2,4,6-tiphenyl-!i-propyl- 
2,4,6-tri~tyryl- 
4-vinyl- 

61-62' M 65-66' 
140..145'/15 mm. 

pic. 120" 
158-1 59' 
22.5; 

124-126°/ut.; 
pic. 156' 

pic. 129-130' 
pic. 101-102' 
47'; 168/&.; 

pic. 145-146' 
133-1 35' 
ca. 184' 

135' 
1 99-200' 
56-58'110 mm.; 
pic. 125-130" 

34, 476, 301, 606. 
428 

34, 457 
490 
301, 792, 791, 429, 

430. 431, 432, 
433, 434, 435, 
436, 440, 34, 
437, 462, 438, 
1646 

139 
129 
1640. 1639, 831, 

1273 
49, 384. 1647, 1648, 

450 
49 
46,460 
98 

438, 46, 

TABLE XXI. Aminopyrimidines 

Pyrimidine M.p. Reference 

Z-acetamido- 
Gacetamido- 
5-acetamido- 
2-acetamido-5-amino- 
5-acetamido-2-amino- 

2-acetamido-5-benzamido- 
4-acetamido-2,6-diethyl-5-methyl 
2-acetamido-4,6-dimethyl- 
4acetamido-2,6-dimethyl- 
2-acetamido-4-methyl-6-phenyl- 
2-acetarnido-4-1nethyl- 

6-piperidino- 
4-acetamido-2-phenyl- 
5-acetamido-2-phenyl- 
2-acetylhydrazino- 
5-allyl-2-amino-4,6-dimethyl- 

4,g-dimethyl- 

145-146' 
198-200' 
148-149' 

246-247" 
- 

28 1-284' 
59' 
124' 
1 88- 1 89 O 

146' 
131-132' 

174-175' 
208-209' 
164-165" 
131-134' 

726, 1206 
726, 790, 713 
435 
773 
63 

1212 
334 
I207 
304 
51 
1206 

630 
26 
131 1 
639 

(Tabk c o n l i d )  
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TABLE X X 1 (continued) 

Pyrimidine M.p. Reference 

2-amidino- 
2-amino- 

125-126' 
125-126" 

4amino- 151" 

5-amino- 171-172" 
4-amino-5-aminoethyl-2-methyl- 101 ' 
4-amino-5-aminomethyl- 134' 
4-amino-5-aminomethyl-2-benzyl- pic. 2 14" 
4-amino-5-aminomethyl-2-butyl- pic. 148" 
4-amino-5-aminomethyl- HC1292" 

4-amino-5-aminomethyl-2-ethyl- pic. 228-229' 
2-amino-4-aminomethyl-6-methyl- HCI 265O 
4-amino-5-aminomethyl-2-methyl- 132" 

4-amino-5-aminomethyI-6-methyl- ~ Z G .  238" ? 
4-amino-5-aminomethvl-2-~henvl- bit. 226' 

2.6-dimethyl- 

- - -  
2-amino-4-am yl 
5-amino-2-am ylamino- 

4,6-dimethyl- 
2-amino-4-amyIamino-6-methyl- 
2-amino-5-amyl-Cmethyl-( ?) 
4-amino-5-amyl-2-methyl- 
2-amino-4-amilino- 
4-amino-2-amilino- 
2-amino-4-anilino-5,6-dimethyl- 
4-amino-2-anilino-5,6-dimathyl- 
2-amino-4anilino-5-ethyl- 

4-amino-6-anilino-4-formamido- 
2-amino-4-anilino-6-methyl- 
4-amino-2-anilino-6-methyl- 
4-amino-6-aniIino-2-methyl- 
2-amino-4-anilino-6-phenyl- 
2-amino-4-aniIino-6-phenyE 

2-amino-5-benzamido- 
4-amino-5-benzamido- 
2-aminod- benzarnid o- 

4,6-dimenthyl- 
2-amino-5- benzyl- 
4-amino-5-benzyl- 

6-methyl- 

5-propyl- 

90" 
swl. 143-144' 

99" 
92-93' 
129-1 30" 
1 5 6 1  57' 
HCI 149-150' 
202-203' 

158-1 59' 
166' 

235-238" 
170-172" 
118" 
190-19l0 
305-306" 
171° 

214-217' 
225" 
289-290' 

133' 
156O 

889 
624,440, 11 77, 726, 

62 1, 475, 73, 
1649, 1650. 290, 
91, 408, 305, 
1362 

624,356,440, 11 77, 
1384. 726. 475 

28,30,435,644,440 
1595 
1183 
1651,684 
1187 
I185 

1 34, 684, 165 1 
1189 
1182, 684, 1404, 

60 1 
1 34 
1652 
63 

1117, 731 
36, 1652 
129 
737, 1117 
737 
468 
468 
836 

1405 

51 1 
737, 731, 612 
612 
719 
1653 
1653 

1212 
395 
63 

642 
642 
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TABLE X X I  (cantiwed) 

Pyrimiaiae M.p. Reiereece 

2-amino-5-benzyl- 132" 

4-amino-5-benzyl- 128" 

2-amino-5-benzyl- 185" 

Pamino-2-benzyl- HC1 176" 

2-amino-4-benzyl-6-1nethyl- 108" 
2-amino-5-benzyl-4-methylamino- 1 85O 
2-amino-5-benzyl-4-methylamino- 17 7 O  

bamino-2-benzyl- 155" 

2-amino-4,6-bisdiethylamino- 73-74" 
5-amino-2,4-bisdimethymethylamino- 92-96' 
5-amin0-2,Cbisdimethylamino- 75" 

2-amino-4,6-bisethylamino- 136" 
2-amino-4,6-bismethylamino- HCE 326" 
5-amino-4,6-bismethyIamino- 1 50° w 178-180" 
5-amino-2,4-bispropylamino- - 

5-amino-2-butylamino- swl. 150" 

4-amino-2-butyl-5-formamido- 143' 
4-amino-2- butyl-6-methyl- HCE 97" 
Camino-5-butyI-2-methyl- 102-103"; pic. 185O 
2-amino-4-chloro-6-diethylaminP 104-1 05O 
4-amino-2,6-dianilino- 65-70' 

5-amin0-4.6-diaziridino-2-phenyl- 147-148' 
4-amino-Z,6-dibenzyl-5-phenyl- 107-1 08" 

4cyclohexy~aminc- 

P-cyclohexylamino- 

44imethylamino- 

5-formamidomethyl- 

6-phen yl- 

5-thioformamidomethy1- 

6-methyl 

2-amino-5-butyl- 127-1 28" 
P-arnino-t-butyl- 103-1 05' 

4,6-dimethyl- 

5-amin0-2,4-dianilino- 165-168" 

Camina-2,6-diethyl- 166" 
2-amin0-4-diethylami- 59 " 
2-amino-4-diethylamino- 66-68'; 10O0/15mm. 

5,64imethyl- 

5-formmido- 
4-amino-6-diethylamino- 155-1 57" 

2-amino-4-diethylamino-6-methyl- I 12-1 13' 
4amino-5-diethylamiomethyl- H i 2  293' 

4-amino-2,6-diethyl-5-methyl- 1 88-1 89 " 
P-methyl- 

735 

735, 1654 

1655 

1222 

51 
735 
1653 

1651 

172 
1656 
536 

1657 
1658 
1656, 753 
779 
35 
964 
63 

965 
105 
129 
172 
426 
7 79 

1660, 1661,325, 
1663, 893 

322, 318, 316 
1664 
141 

787 

1665 

172 
869 

1660, 1661, 11. 331, 
327, 328 
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TABLE XXI (continwed) 

pyrimidine Kp.  Refexem 

4-amino-2,6-diisoamyl-5-isobutyl- 
4-amino-2,6-diisobutyl- 

2-amino-4,5-dimethyl- 
2-amino-4,6-dimethyl- 

4amino-2,5-dimethyl- 
4-amino-2,6-dimethyl- 

4-arnino-5.6-dimethyl- 
5-amino-2-dimenthylamino- 
5-amino-2-dimethylamino- 

4amino-2-dimethylamino- 

4arnino-5-dimethylamino- 

2-amino4dime thylamino- 

4-amino-5-dimethylaminomethyl- 

5-amino-4,6-dimethyl- 

2-amin&,6-dimethyl-5-pheny-phenyl- 
5-amin&,6-dimethyl- 

5-amino-4,6-dimethyl- 

Z-amino-4,6-diphenyl- 
4amino-2.6-diphenyl- 
4-amin&2.6-dipropyl- 
2-8-aminoeth yl- 
4-@-aminoethyl- 
2-amino-4-ethyl- 
2amino-5-ethyl- 
4amino-5-ethyl- 

5-amino-4-ethylamino- 
5-amino-Z-ethy lamino- 

4-amino-2-ethyl-5,6-dimethyl- 
4-amino-5-ethyl-2,64ipropyl- 
4-amino-2-ethyl- 

5-formamidomethyl- 
2-amino-4-ethyl-5-methyl- 
Z-arnino-5-ethyl-4-methyl- 

lisopropyl- 

4,6-dimethyl- 

5-formamido- 

5-formamido- 

6-methyl- 

2-methyl- 

2-methylamino- 

2-piperidino- 

2-prop y lamino- 

4-amino-6-ethyl- 

4,6-dimethyl- 

53 ' - 
21 5-2 16' 
152' 

205-206; pic. 222' 
184" 

229-23 1' 

122" 

235' 

18!5-187° 

172" 

74-75' 

113' 

180-18 1' 
160-1 62' 

101' 

135-137' 
102-12 1' 
186- 189' 
HCI 167-168' 

- 

HC1 180-182' 
140-141' 

163' 
hy. 48'; pic. 204-205" 
195-198' 
72'; S U E .  145' 

204' 
115' 
185' 

142-1 43' 

2ooo 
166-167 ' 

324 
324 

41, 468, 40 
138, 62, 1666, 60, 

129. 1667 
654,303,1451,831, 

472, 332, 304 
I1  13, 468 
507 
63 

395 

61, 59, 430 

554 

172, 174 

869 

63 

1638 
63 

63 

964 
319 
I668 
474 
474 
722 
448 
448 
720 
717 
63, 1659 

452, 383 
323, 333 
1651, 1222 

1652 
35 
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TABLE XXI (colttinued) 

m e  M.P. Reference 

4-amino-5-ethyl-2-methyl- 158- 160' 129 
4-amino-6-ethvl-5-thio~ormamido- 1 78' 99 
~)-amino-~-ethj+ 

4-amino-5-formamido- 
4-amino-6-formamido- 
4-amino-5-formamido-6-methyl- 
4amino-5-formamidomethyl- 

2-amino-4hexyl- 
4-amino-5-hexyl-Z-methyl- 
4amino-5-hexyl-2-propyl- 
2-amino4hydrazino-6-methyl- 
2-amino-4isobutyl 
5-amino-2-isobutylamino- 
4,6-dimethyl- 

5-amino-2-isopropylamino- 
4.6-dimethyl- 

2-amino-4-methyl- 

S-thioformamidomethyl- 

2-meihyl- 

4-amino-2-methyl- 

4-amino-5-methyl- 
&amino-6-methyl- 
5-amino-2-methyl- 
5-amino-llr-rneth yl- 

4amino-5-methylamino- 

145' w 160" 

185" 01 198" 
285' 
205-209' 
224-225" 

93-94' 
119- 1200 
84-85' 
237-238' 
119" 
s d .  150" 

101' 

157-159' 

205-2069 

1751 76" 
197' 
155-158' 
1 5 1-1 52" 

191-193" 
5-amino-4-methylamino- 207-210" 
2-amino-4methylamino-6-phenyl- 195- 196' 
2-amino-4-methyIamino-6-phenyl- 198' 

5-aminomethyl-4-diethylamino- 137'/3mm. 

2-aminomethyl-4,6-dimethyl- 168" 
5-aminomethyl-4-dimethylamino- 1 32 '/3 mm. 

4-amino-5-methyl-2,6-diphenyl- 168' 
4-amino-6-methyl-2,5-diphenyl- - 
5-aminomethyl-4-ethylamino- 135*/3 mm. 

4-amino-2-methyl- pic. 225" 

4-amino-2-methyl-6-methylamino- 239-240' 

5-propyl- 

2-methyl- 

2-methyl- 

2-methyl- 

%methylamino- 

1183. 1651 

280,619,1662, I665 
519 
504 
1219,1220,1651, 
1221 
35. lt-52 
129 
132 
812.815 
1652 
63 

63,1659 

40,612, 1669. 1366, 
1670. 1649, 1671, 
1672, 712, 71 1, 
83 1 

126, 202, 44, 129, 
1673, 831 

729, 1113 
1 13, 64, 612, 504 

1669, 1674,64,454, 

280 
534 
1653 
1653 

684 

1190 

887 

504 

684 

317, 319 
1675 
684 

260 

529, 1646 

(Table c d i d )  
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TABLE XXI  (codinued) 

Pyrimidine M.p. Reference 

5-aminometh yl-Z-meth yl- 

2-amino-4- (4-methyl-3-pentenyl) - 
2-amino-4-methyl-6-phenyl- 
4-amino-2-methyl-6-phenyl- 
4-amino-6-methyl-2-phenyl- 
4-amino-6-methyl-5-phenyl- 
2-amino-4-methyl-6-piperidino- 
4-amino-2-methyl-6-piperidino- 
4-amino-5-methyl-2-propyl- 
4-amino-2-methyl- 

5-tbioacetamidomethyl- 
4-amino-6-methyl- 

5-thioformamido- 
2 -amino-4-met hyl- 

5-thioformamidomethyl- 
4-amino-%methyl- 

5-thioformamidomethyl- 
2-amino-4-morpholino- 
2-amino-4-phenyl- 

2-amino-5-phenyl- 
4-amino-2-phenyl- 
4-amino-5phenyl- 
5-amino-2-phen yl- 
2-amino4piperidino- 
2-amino-4-propyl- 
4-amino-2-propyl- 
4-,3-aminopropyl-2,6-dimethyl- 
4-amino-5-thio formamidometh yl- 
4-amino-2,5,6-triethyl- 
2-amino-4,5,6-trimethyl- 
4-arnino-2,5,6-triphenyJ- 

Gamylamino- 
5-amyl-4,6-dianilino-2-methyl- 
P-anilino- 

4-adino- 
4-anilino-2-benzylamino- 
4-anilino-2,6-diethyl-5-methyl- 
2-anilino-4.6-dimethyl- 
4-anilino-2,6-dimethyl- 
4-anilino-5,6-dimethyl- 
2-anilino-4methyl- 
4-anilino-6-methyl- 

Cmethylamino- 

~~ 

130°/3 mm.; HCI 273" 

155-1 59' 40 
172-173' 51, 1675 
165" 1675 
130' 1676 
c 1677 
152-153" 73 1 
206-207" 203 
129-130' 132 
228-229" 695 

684, 1651, I218 

168' 

21 2-213" 

190-193' 

157-160' 
165' 

162' 
138-139' 
152-153' 
90-9 1 ' 
146-147' 
124-125O 
78-79" 
130-1 3 1 ' 
174" 
183- 184' 
206-207' 
161"to 184" 

61-62' 

114-1 15" 
1 13-1 14' 

1 42- 143" 
112-1 13' 
99" 
96-97' (89"?) 
104' 
152' 
92-93' 
146' 

99 

852 

695, 627, 1651. 
1680, 1679, 949 
737 
40, 1644,1670,456, 

45 
1675, 37 
630 
297, 188, 1681 
34, 26 
1205, 1117 
1671, 35, 1670 
132 
47 
1183 

323,392, 188,1682, 

1117 
129 
1471. 1684, 1685, 

718 
1117 
322 
1125, 430 
472 
468 
1471, 818, 1686 
612, 429 

1683 

625 



Systematic Tables of Simple mimidines  511 

TABLE XXI (continued) 

pyrimidine M.p. Reference 

4-anilino-2-methylamino- 
4anilino-6-methy Iamino- 
4anilino-6-methy lamino- 

Z-phenyl- 
4-anilino-2-methyl- 

&methylamino- 
4-anilino-6-methyl-2-phenyl- 
2-benzamido- 
5-benzamido- 
2-benzamido-4.6-dimethyl- 
2-benzamidomethyl- 

4,6-dimethyl- 
2-benzylamho- 

Z-benzylamino-4,6-dimethyl- 
2-benz ylamino-4rnethyl- 
5-benzy1-2,4-bisbenzylamino- 
5-benzyl-2.4biscyclohexylamho- 
5-benzyl-P,4,-bisdimethylamino- 
5-benzyl-2,4-bismethylamino- 
5-benzyl-2,4-dipiperidino- 
5- benzyI-2,4,6-tripiperidino- 
2,4-bismethylamino- 
4,J-bismethylamino- 
4,6-bismethylamino- 
2-bu tylamino- 
2-butylamino-4-methyl- 

4-but yl-2-dimethylamino- 

2-cyanoamino-4,6-dimethyl- 
4-cycloIexylamino-2,6-dimethyl- 
4,54acetamido- 
4.6-diacetamido-2-methyl- 
2,4-diamino- 

2,5-diamino- 
4,54iamino- 
4,6-diamho- 

2,eaiamino-5-aminomethyl- 
2,4-diamino-5-aminomethyl- 

4,6-diamino-5-amyl-Z-rnethyl- 
2,4-diamino-6-anilino- 
2.5-diamino-4-anilino- 

6-methyl- 

HCL 246' 
206-207' 
126-128' 

150" 

160-1 62' 
142' 
146-147' 
139-140" 
200' 

83-84" 

110-1 12" 
72" to 86" 
207" 
149' 
64'; 160'/1 mm. 
124' 
78' 

130-132" 
14Q-142" 

124/20' mm.; pic. 129" 
109-1 l0"/6 mm.; 

102-105°/4.5 mm.; 
pic. 80-81' 

233" 
130°/10-a mm. 

by. 232" 

129-131' 

207-209' 

pic. 133-1 34" 

162-1 64' 

149-1 50" 

200" 
20 1-203" 
268-270" 

HC1278-280' 
HCI 255" 

161-163" 

pic.  249-250" 
174175' 

1117 
786 
786 

786 

968, 1687, 1688 
121 1 
435 
1207 
1190 

1689, 1690, 818, 

1689, 1201 
1201, 818. 1691 
735 
735 
735 
735 
735 
643, 1730 
718, 793 
402 
280 
1685, 2152, 171 
1686 

1692, 1693, 1694 

1695 

181 
141 
292 
355 
964, 733, 356, 437. 

624, 426 
1652, 1696 
498, 619, 1633 
356. 354, 1184,437. 

1186, 1182, 1651 
1698 

1451 

129 
622 
980 
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TABLE XXI (continued) 

F'yrimjdine M.p. Refrrcnce 

4,5-diamino-6-anilino- 
2,5-diamino-4-anilino-ti-methyl- 
2.4-diamin0-5-benzamido- 
2.4-diarnino-5-benzyl- 
4,5-diamino-6-benzylamino- 
2,4diamino-5-benzyl-6-methyl- 
2.4-diamino-5-benzyl-6-phenyl- 
4,5-diamino- 

2,5-diamino-4,6-bismethylamino- 
4,5-diamino-2,6-bismethylamin~ 
4,5-diamino-2-butyl- 
4,5-diamino-&butylarnino- 
Z-dimethylamino- 

4,6-diamino-5-butyl-2-methyl- 
2.5-diamino-4,6-diethyl- 
2,5-diamino-4-diethylamino- 

4.5-diamino-6-diethylamino- 

4,5-diamino-2-diethylamino- 

4,5-diamino-6-diethylamino- 

4,5-diamino-2-dietbylamino- 

2,4diamino-5,6-dimethyl- 
2,5-diamino-4,64imethyl- 
4,5-diamino-2,6-dimethyl- 
4.6-diamino-2.5-dimethyl- 
2,4-diamino-6-dimethylamino- 
4.5-diamino-2-dimethylamino- 
4.5-diamino-6-dimethy1amino- 
4,6-diamino-2-dimethylamino- 
4,5-diamino-2-dimethylamino- 

4,5-diamino-2-dimethylamino- 

2.5-diamin0-4-dimethylamino- 

4,5-diamino-Z-dimethylamino- 

4,5-diamino-6-dimethylamino- 

4,5-diamino-2-dimethylamino- 

2.6-bisdimethylamino- 

6-dimethylamino- 

2-dimethyIamino- 

6-methyl 

2-methyl- 

6-methylamino- 

6-ethylamino- 

6-iso prop ylamino- 

&methyl- 

6-methylamino- 

2-methylamino- 

6-piperidino- 

sut. >300° 
pic. 252-253' 
2 13-2 14' 
195" or 145' 
sul. >300" 
181-182' 
222-223" 
182' 

- 
259' 
121-122' 
sul. 238' 

151-152' 
98 ' 
oxal. 221 " 

acet. 161' 

97" 

11 7-1 18' 

sul, 250' 

192" 
183-184' 
248" 01 25G254' 
234-235" cw 225-226' 
193-194' 
ca. 121"; HC1260' 
157-159' 

sul. 239' 

sul. 235" 

261-263' 

1 17-1 19' 

sul. 273" 

sul. 193' 

sul. 208' 

1699, 51 1 
980 
1700 
735, 642 
51 I 
83, 1701, 1675 

1 74 
82. 1702 

1658 
174 
352 
1703 

129 
63 
1 74 

1703 

785 

97 1 

1703 

468, 134 
775, 1043 
601, 874 
129, 134 
1704, 1705 
360, 507 

257, 1152 
1703 

1699, 783 

1703 

63 

174 

174 

1703 
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TABLE XXI (contiwed) 

pyrimidine M.p. Reference 

4,5-diamino-2-dimethylamino- 
6-prop y lamino- 

4,6-diamino-2-dimethylamino- 
5-thioformamidc- 

2,4iliamino-5,6-diphenyl- 
2,4diamino-5-ethyI- 
2,4diamino&-ethyI- 
4.5-diamino-6-ethyl- 
4,6-diamino-Z-ethyl- 
4,6-diamino-5-ethyl- 
4,5-diamino-2-ethylamino- 
6-methylamino- 

2.4-diamino-5-ethyl-6-methyl- 
2.5-diamino-4ethyl-6-rnethyl- 
4,6-diamino-5-ethyl-2-methyl- 
2,4-diamino-6-ethy1-5-phenyl- 
2,4-diamino-5-f ormamido- 
4,6-diamino-5-formamido- 
2,4-diamino-5-formamido- 

4,6-diamino-5-hexyl-2-methyI- 
4,6-diamin0-5- hexy I-2-propyl- 
2,4-diamino-5-methyl- 
2,4-diamino-6-methyl- 

2,5-diamino-4-methyl- 
4,5-diamino-2-methyl- 
4,5-diamino-6-methyl- 
4,6-diamina-Z-methyl- 
4.6-diamino-5-methyl- 
2,4-diamino-6-methylamino- 
4,5-diamino-6-methylaminoino- 
4,54iamino-6-methylamino- 

2,4-diamino-5-methyl-6-phenyl- 
2.4-diamino-6-methy1-5-phenyl- 
2,5-diamino-4-methyl-6-phenyl- 
2.5-diamino-4-methyl-6-propyl- 
4.6-diamino-5-rnethyl-2-propyl- 
2,4-diamino-6-methyl- 
5-thioformaddo- 

4.6-diamino-2-methyl- 
5-thioformamido- 

2,4-diamino-5-phenyl- 
2,4-diamino-6-phenyl- 
4,6-diamino-2-phenyl- 

6-methyl- 

2-piperidono- 

sul. 240' 

180' 

24 1-242 ' 
149-1 5 1 ' 
160-161' 

223' 
245' 
sul. 293" 

159-1 6 I 

16 1-162' 

232-233' 
237-240' 

132' 

224' 

ca. 300" 

149" 

1 88-1 89' 
185-186' 

- 

139-140' 

182-183' 
246-248" 
208-209' 
295-303' 
243' 

su1.>3OO0 
192-194' 

- 
196-197' 
249-250' 
146' 
114-1 16' 
181-182' 
2.55' 

- 
162-1 63' 

195-1 96' 
162' 

1703 

1152 

I88 
448, 134 
134, 99 
104 
131 
134, 1706, 448 
1703 

836 
63 
129 
188, 1675, 1707 
619 
1 1  10,1708,138.437 
63, 504 

129 
132 
729 
64, 612, 504, 1675, 
492 

63, 504 
505 
505. 1710, 504. 874 
354. 550. 129 
729 
1704, 1658 
511, 1699 
1703 

1702 
188, 1677, 1675 
63 
63 
I29 
99 

550 

1709, 1677, 1675 
1711, 1675 
355 
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TABLE XXI fconfinued) 

rn-m XP. Reference 

2,4-diamino-6-phenyl-5-propyl- 165-166" 1711, 1702 
2.4-diamino-6-piperidino- 135-1 36" 1704. 1705 
4.6-diamino-2-propyl- 2 02-203 O 132 
4,6-diamino-5-thioformamido- >ZOO" 250 
2,4-diamino-5-thioformamido- 18 1-1 82" 1186 

4,6-diarnino-Z-thiosemicarbaEido- - 1712 
2,4-diamino-6-thioureido- - 1712 
2,4-diamino-6-ureido- - 1712 
2.4-dianilino- 136-138' 737. 522 
2,4-dianilino-5-benzyl- 207 ' 735, 736 

4,6-dianilino-5-s-butyl-2-methyl- 9 1-92' 129 

methyl- 

4,6-dianilino-5-butyl-2-methyl- 128-1 29" 129 

2,4-dianilino-5.6-dimethyl- 133-1 34" 468 
4,6-dianilia0-2,5-dimethyl- 194-195" 129 

4,6-dianilino-5-ethyl-2-rnethyl- 148-149' 129 
2,4-dianilino-5-ethyI-6-methyl- HC1297" 836 
2,4-dianilino-5-formamido- 193-1 95' 7 79 
4,6-dianilino-5-isobutyl-2-methyl- 96-97" 129 

2,4-dianilino-5-nitr- 203-204" 779 

4,6-dianilino-2-dimethylarnino- 168-1 70' 622 

4,6-dianilino-2-methyl- 242-243' 826 
4,6-dianilino-2-methyl-5-propyl- 146' 129 

2,bdiazido- 92' 816 
2,4-diaeido-6-methyl- 126' 816 
2,4-diazido-6-phenyl- 92-93' 816 
4,6-diaziridino-2-phenyl- 11 1-1 129 617, 787 

2,4-dib~~yl-6-methylamino- - 325 

2,bdiethyl-6-ethyla&o- 45"; 26Old. 306, 307 

2,4-diethyl-5-methyl- 74"; 258"Iat. 307 

P.diethylamino-2,6-dimethyl- 85O110-8 mm. 141 
2,4--dihydrazino- 211-212" 434, 816 
2,4-dihydrazino-6-methyl- 213' 817 
1,2-dihydro-2-i&o-l-methyl- 102-104'; HI 247-248' 1177 
1,4-dihydr&i&o-l-methyl- H I  205-206" 1177 
1,4-dihydro-l,2,6-trimethyl- pic. 166" 1713 

2-dimethylamino- 78-81'/17 mm.; 726, 72, 1731 

4-dimethylamino- ~a.40"; 131-132"/50 mm. 726 
2-dimethylamino-4.6-dimethyl- pic. 160-163' 1279, 1280 
cl-dimethylamino-2,6-dimethyl- 226'1at.; pic. 168' 1280 

4,5-dibenzamido- 179' 395 

5-phenyl- 

5-methyl- 

6-methylamino- 

4-methylamiio-( ?) 

pic. 170-171" 
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TABLE XXI (confinued) 

Pyrimidine M.p. Reference 

Z-dimathylamino-e-dimethyl- 

Z-dime thy lamino-4-ethyl- 

4-dimethylaminoethyl- 
2-dimethylamino-4-methyl- 
2-dimethylamino-4-vinyl- 

4,6-dimethyl-2-methylamino- 
2,4-dimethyl-6-piperidino- 
4,6-dimethyl-2-piperidino- 
4,6-dimethyl-2-ureido- 
2-ethylamino- 
5-ethylamino4methyl- 
5-formamido-. and 2-isomer 
5-formamido-2,4-bispropylamino- 
5-formamido-4-methy lamino- 
5-formamidometh y l-Z-methyl- 

4-methylamino- 
2-formylhydrazino- 
2-formylhydrazino-4-methyl- 
2-h ydrazino- 
4-hydrazino- 
2-hydrazino-4.6-dimethyl- 
2-hydrazino-4-methyl- 
4-hydrazino-6-methyl- 
2-hydrazino-4-phenyl- 
4-hydrazino-5-phenyl- 
Z-methylamino- 
Cmethylamino- 
4-methy1-2,6-dipipridho- 
4-methyl-2-methylamino- 
5-meth yl-Z-meth ylamino- 
2-methyl-4-methylamino- 

5-thioformamidomethyl- 
4-methyl-2-phenyl- 

6-phenylhydrazino- 
4methyl-2-phenyl-6-piperidho- 
2-methyl-4-piperidino- 
4-methyl-2-piperidino- 
4-methyl-6-piperidino- 
Z-piperidino- 
2,4,5,6-tetra-amino- 

aminoethyl- 

2,4,6-triacetamido- 

135-136"/6 mm.; 98 

91-92'/15 mm.; 98 

120-122'/30 mm. 98 
103-106*/40 mm. 98 
95-98"/14 mm.; 98 

98" 1 00 
110/10-~ mm. 141 
60-61" 466 
211' 181 
50-51"; HI 119' 2152, 171 
55-56"; 123-125"/7 mm. 454 
- 1467 
159-160° 7 79 
142' 292 
1 52-1 53' 1218 

pic. 152-153' 

pic. ~lO-1ll0 

pic. 130-133' 

166-1 68" 
158-159' 
108-100' (CW 86-88"?) 
132-134" 

89-91' (01 141'7) 
165' 

140- 142" 
115' 
140-141" 
59-61"; 91-92'/14 mm. 
72'; 142-144"/16 mm. 
118' 
pic. 150-155' 
1020 
132" 

1311 
2150 
626, 813, (812) 
626 
434 
813, 814, 526, (527) 
815, 1714, 504 
626 
626 
726, 725, 72. 1177 
726, 718 
466 
1129 
1129 
1218 

115" 704 

91' 704 
pic. 169" 702 
pic. 135" 702 
pic. 172' 702. 1117 
129/I4 mm.; pic. 121" 702 
ca. 205"; sul. 255' 266, 1142. 1658, 

1716, 74, 264, 
512 

304-305" 1206 
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T A I3 1, E X X I (conlilrusd) 

Pyrimidine M.P. Reference 

ca. 179" 

246 to 252' 

257' 

274275" 
19 1-192' 
223-224" 
199O 
151-1 52" 
209O 
sub. 314" 
224-228' 
190' 
272" 
152-155" 
f 76' 
158-160' 
242-243' 
227-228' 
250' 
sul. 250" 
sul. 255" 
241 " 
189-190' 

183-186" 
171-172' 

- 

205O 
174-175" 

778.292, 1633,360, 

264, 1716, 1658.65, 

250, 1181. 531, 

1700, 1215 
267 
1181 
267 
1181 
1704, 1705, 174 
174 
1 I81 
267, 265,448 
1181 
264. 437 
1181 
1 I81 
778. 504. 1674, 513 
729 
615, 531, 1719 
174, 1704, 1658 
174 
1720 
1181 
1704, 1705 
1181 
1181 
7 18 
1721 

619 

512, 624 

1717, 1141, 1633 

2,4,6;-trisdimethyIamino-(triMeCI) - 74 1 
2,4,6-trisemicarbazido- - 1712 
2,4,6-trismethylamiuoino- pic. 232-235' 718 
2.4,Ci-triureido- - 1712 

TABLE X X I I. Carboxypyrimidines 

Pyrimidine M.p. Referenos 

5-acetyl-4-methyl-2-phenyl- 107" 
2-arnidino-4,6-dimethyl- 155-1 56' 
2,4-biscarboxymethyIthict- >ZOO' 

I378 
32 
48 
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TABLE X X I I  (wd inwd)  

Pyrimidlne M.p. RefC2IeIICe 

5-carbamoyl- 21 1-21 3" 30 
2-carbamoyl-4.6-dimethyl- 190-191O 1281 
4-carbamoyl-2,6-dimethyl- 185" 1281 
Z-carbamoylethyl- 135-136" 474 
4-carbamoylethyl- I 17-1 IS" 4 74 
E-carboxy- 199O 453 
4-carboxy- 238-240" 462, 644, 1642, 429 
5-carboxy- - 394, 644 
2-carboxy-4,6-dimethyl- 145-146" 1281, 461, 429 
4-carboxy-2,6-dimethyl- 198-200' 1281 
Z-carboxyethyl- 179-180" 474 
4-carbox yeth y l- i 9 8 - m o  474 
2-casboxy-5-methyl- 146-147' 453 
4carboxy-&methyl- 1900 468 

4-carboxy-6-methyl-Z-phenyl- 1 1 2 O  46 

Z-carboxymethylthic- 175-1 76" 1374 

2-carboxymethylthio-4-methyL 85" 448 

5-caboxy-2,4,6-triphenyl- 229" 450 
Z - @ ~ ~ b o x p i n y f  235-237" 474 
4-B-carboxyvinyl- 265-267" 474 

4-carboxy-6-methyl- 165-166" 430 
5carboxy-4-methyI-2,6-diphenyl- 207-209" 450 

5-carboxy-4-methyl-2-phenyl- 243' 1378 
Z-carboxymethylthio- 199-200" 43 1 

5-ethox ycarbon yl- 

6-phenyl- 

2-c yano- 42-44' 724 
2-cyano-4.6-dimethyl- 85" 1281, 1231. 1715 
4-cyano-2.6-dimethyl- 55-57" 128 1, 17 15, 724,469 
2-cyano-4-methyl- 52-57" 724, 469 
4,fj-dicarbxy- 225" 150 
4,6-dicarboxy- 222" 430, 431 
4,5-dkarboxy-2-phenyl- 279-28 1 " 482 
4,6-dicarboxy-Z-phenyl- 165" 46 
4.6-dimethox ycarbon yl- 77-79O 43 1 
4-ethoxycarbony1- 
4-ethoxycarbonyl-2-methyl- 1 15"/0.04 mrn. 1722 

5-ethoxycarbonyl-4-methyl- 99-100" 1378 

5-ethoxycarbonyl-4-methyl- 76" 450 

38-40°; 115-116"/6 mm. 1381, 1642 

5-phen yl- 

2-phenyl- 

2,6-diphenyl- 
5-ethoxycarbonyl-2,4,6-triphenyl- 99- 1 00" 450 
2-formyl-4,6-dimethyl-( ?) - 461 
4-hydrazinocarbonyl- 114-145" w 147O I385, 1642 
5-methoxycarbonyl- 84" 30 
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TABLE X X I I  (continued) 

Pyrimidine M.p. Refaenw 

2-methoxycarbonyl-4,6-dimethyl- 142'1 1 1 mm. 1281 
2-methoxycarbonylethyl- liq. 474 
4-methoxycarbon y lethyI- lig. 474 
2-methoxycarbonyl-5-methyl- 99-1 01 " 453 
2,4,6-tric~boxy- >320' 139.460 
2,4,6-trifOrmyl- - 460 

TABLE XXI I I. Halogenopyrimidines 

Pyrimidine M.p. Reference 

4-amyl-2.6-dichloro- 
5-amyl-4,6-dichloro-2-methyl- 
5-amyl-4,6-dichloro-2-propyl- 
2-benzyl-4cNoro-6-methyl- 
4-benzyl-2-chloro-6-methyl- 
5-benzyl-2.4dichloro- 
2-benzyl4iodo-Bmethyl- 
5-benzyl-2,4,6-tribromo- 
5-benzyl-2,4,6-trichl0r0- 
4,6-bistribromomethyl- 
5-bromo- 
4-bromo-5-bromomethyl- 

5-bromo-Q-chloro- 
5-bromo-4-chl0~2.6-dimethyl- 
5-bromo-4chloro-2-methyl- 
5-bromo-4-chloro-2-phenyl- 
5-bromo-2.4dichloro- 
5-bromo-4,6-dichloro- 
5-bromo-2,4dichloro-6-methyl- 
5-bromo-2.4dimethyl- 
5- bromo-2-methyl- 
5-bromomethyl-4,6-dichloro- 

5-bromomethyl-2,4,6-tnchloro- 
5-bromo-2-phenyl- 
5-bromo-2-tribrornometh yl- 
2-butyl-Pchloro-6-methyl- 
5-butyl-2,4-dichloro-6-methyl- 
5-bu tyl-4,6-dicMoro-2-methyl- 
5-s-butyl-4,6-dichloro-2-methyl- 
5-butyl-4,6-dichloro-2-propyl- 

6-chloro-2-methyl- 

2-methyl- 

130-135'/3 mm. 105 
109-1 1 0°/3 mm. 129 
153-1 54'/9 mm. 132 
81-83"; 130-133"/5 mm. 475 
27-28' 475 
160'/10 mm. 735, 1718 
127" 105 
105' 643, 1730 
66-47' 642 
125-126" 43 1 
75-76" 462,644 
135- 137" 484 

87'/16 mm. 
45" 
107 "/2 7 mm. 
130-131" 
112-113'/12 mm. 
75-76" 
42-43' 
1 36- 137' 
83-84" 
109-1 10" 

134-135' 
104" 
1 3 1-1 32" 
110-1 15'13 ~nm. 

113-1 14"/4 II~III. 
17 1 '/23 mm. 

88-89'/2 mm. 
130-1 3 1 O/5 mm. 

626,447 
645 
447 
447 
436 
626 
614, 454 
645 
44, 831, 462 
484 

484 
270 
480 
105 
1327 
129 
129 
132 
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TABLE XXIII  (cmtinued) 

Pyriidinc M.p. Referem 

5s-butyl-2,4,6-trichloro- 
2-chloro- 

4-chlom- 
5-chloro- 
4-chloro-2,6-bis-a-chloroethyl- 

5-chloromethyl-( ?) 
2-chloro-4,6-bistrichloromethyl- 
4-chlom-5-chloromethyl- 

4-chloro-2,6-diethyl-5-methyl- 
2-chloro-4.5-dimethyl- 
2-chloro-4,6-dimethyl- 
4-chloro-2,5-dimethyl- 
4-chloro-2,6-dimethyl- 
$-Chloro-5,6dimethyl- 
2-chloro-4,6-dimethyl-5-phenyl- 
4-chloro-2,6-diphenyl- 
4-chloro-2,6-diphenyl-5-propyl- 
2-chloro-+ethyl- 
Cchloro-6-ethyl- 
4-chloro-5-ethyl-2,6-diphenyl- 
2-chloro4iodo-6-methyl-( ?) 
4-chloro-2-iodo-6-methyl-( 2) 
2-chloro-4-methyl- 
2-chloro-5-methyl- 
4-chloro-2-methyl- 
4-chloro-6-methyl- 

4-chloro-5-methyl-2.6-diphenyl- 
2-chloro-4-methyl-6-phenyl- 
khloro-6-methyl-2-phenyl- 
2-chlore4-phenyl- 
Cchloro-2-phen yl- 
khloro-5-phenyl- 
5-chloro-2-phen yl- 
khloro-2,5,6-trimethyl- 
4,6aibromo-2-ethyl- 
2.4-dichloro- 
2.5-dichloro- 
4,54ichloro- 
4.6-dichloro- 
2,4-dichloro-5-bromo- 
2,4-dichIoro-5- (&chloroethyl) - 

2-methyl- 

5-Chloro-2-~~&hyl- 

6-methyl- 

40' 1723 
65-66'; 91'126 mm. 610, 636. 1724, 72, 

644. 1725,611, 
614, 1726, 30 

HCI 193-194" 1726, 644, 30 
35.5' 34,644 
_. 314 

100-101 ' 
54' 

1727 
683 

- 306, 322 
23-26' 41 
38'; 223'1at. 61 1,1639,1728,430 - 1729 
39-40' ; 182"/at. 645,472 
48'; 2 M o / d .  11 13, 468 
122-124O 1638 
108' 49 
133' 49 
89-91'17 mm, 722 
193'1at. 720 
122' 49 
161° 1 05 
161' I 05 
48'; 101"/23 mm. 
92.5" 729 
56-57' 1732, 702, 126 
35-36'; 66'112 mm. 612, 64 
56-57 " 44 
118" 49 
50-5 1 ' 448 
71 ' 472, 3. 4 
87-89O 614 
74' 630 
71-72'; 156-158'/19mm. 297, 457 
96' 34. 270 
2 15'1at. ; pic. 132' 141 
53' 131 
61'; 100°/19 mm. 435, 497, 614, 831 
570; 190'/u#. 647. 1733, 636, 831 
82'134 mm. 626 
67 ' 354, 351, 831, 1258 
112-113'/12 mm. 436, 522, 648 
85' ; 136'14 mm. 1734 

636, 110, 614,64 
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T A B L E  X X I I I  (continucd) 

Pyrhdine 

2.4-dich1oro-5-chIoromethy1- 

2,4-dichloro-5,6-dimethyl- 
4.6-dichloro-2.5-dimethyl- 
4,6-dichloro-2,5-dipropyl- 
2,4-dichloro-6-ethyl- 
4,6-dichloro-2-ethyl- 
2,4-dichloro-5-ethyl-6-methyl- 
4,6-dichloro-5-ethyl-2-methyl- 
4,6-dichloro-5-ethyl-2-propyl- 
4,6-dichloro-5-hexyl-2-methyl- 
4,6-dichloro-5-hexyl-2-propyl- 
2,4-dichloro-5-iodomethyl- 

4,6-dichloro-5-isobutyl-2-methyl- 
2,4-dichloro-5-methyl- 

2,4-dichloro-6-methyl- 
4,6-dichloro-2-methyl- 
4,6-dichloro-5-rnethyl- 
4,6-dichloro-2-methyl-5-phenyl- 
2,4-dichloro-6-methyl-5-propyl- 

4.6-dichloro-2-rnethyl-5-propyl- 
4,6-dichloro-5-methyl-2-propyl- 
2.4-dichloro-5-phenyl- 

2,4-dichloro-6-phenyl- 
4,6-dichloro-2-phenyl- 
4,6-dichloro-2-propyI- 
2,4-di-iodo-6-methyl- 
4-iodo-6-meth yl- 
2,4,5,6-tetrabromo- 
2.4,5,6-tetrachloro- 
2,4,6-tribromo- 
2,4,5-trichloro- 
2,4,6-trichloro- 

6-methyl- 

6-methyl- 

M.P. Reference 

39 " 601, 46 

70-71 '; 25Oo/rrl. 468 
39 ' 134, 129 
24-26"; l00-101"/5 mm. 132 
90-95'/4 mm. 720 
86-87"/14 mm. 134, 131 
25-27' OY 39" 1735, 836 
100-lO1°/10 mm. 788, 129 
115-1 16"/7 mm. 132 
134-1 35"/5 mm. 129 
160-161"/7 mm. 132 
93-94 ' 695,601 

91-92O/6 mm. 
25-26"; 

108-109"/1 I mm. 
47"; 99O/10 mm. 
4a-49 ' 
56-57" 
160' 
31-33"; 

145-146"/20 mm. 
114-115°/11 mm. 
24-26'; 100-101°/5 mm. 
78-80" ; 

84-87' 
96" 
98-99'/12 mm. 
90" 
ca. 20"; pic. 120-121 " 
165" 
66-68" 
113-115'; 124"/5 mm. 
73-74"/3 mm. 
23-25"; 102'/18 mm. 

49-5 1 
75-77O 
245-247'1at. 
67-68" 
159-160" 

181-182'/16 mm. 

129 
1355, 729, 1736 

908, 614, 831, 429 
550, 129, 831 
1737 
1737, 788, 831 
820 

129 
132 
297 

614, 829 
617 
I32 
105 
429, 612 
433 
632, 433, 831, 1738 
638 
626, 831 
622,615,585, 1341, 

83 1 
626 
448 
114 
729 
1709, 617 
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TABLE XXIV. Nitropyrimidines 
__  
Pyrimidine M.p. Reference 

2-benzyl-5-nitro- 
2-methyl-5-nitro- 
5-nitro-2-phenyl- 
5-phenylazo- 

170" 
186-1 87 " 
222-224" 
97-98" 

26 
26, 499 
25, 26, 499 
435 

TABLE XXV. 

Pyrimidine Y.p. Reference 

Oxypyrimidines without C- or N- Alkyl Groups 

5-acetoxy-2,Mihydroxy- 
5-acetoxy-2,4,6-trihydroxy- 
alloxan 

2-allyloxy-4.6-dihydroxy- 
4-amyl-2,6-dihydroxy- 
barbituric acid/5,5-dihydroxy-; 

("alloxan hydrate") 
barbituric acid/hthoxy 

5-hydroxy- 
barbituric acid/5-hydroxy- 

5-methoxy- 
5-benz ylox y- 
2-but0~~-4,6-dihydroxy- 
2-c yclo hexyloxy-4,6-dihydroxy- 
2,4-diethoxy- 
2,5-diethoxy- 
2,4-diethoxy-6-a-hydroxyethyl- 
2,4-diethoxy-6-a-hydroxypropyl- 
2,4-&hydroxy-: see Uracil 
4,5-dihydroxy- 

4,6-dihydroxy-5-@-hydroxyethyI- 
2,4-dihydroxy-5-hydroxymethyl- 
2,4-dihydroxy-&hydroxymethyl- 
4,6-dihydroxy-2-isopmpoxy- 
4,6-dihydroxy-2-methoxy- 
2,4-dihydroxy-5-methoxym&hyI 
2,4-dihydroxy-5-phenoxy- 
4,6-dihydroxy-2-propoxy- 
2.4-dimethoxy- 
2,4-diphenoxy- 
2-ethoxy-4,6-dihydroxy- 

4,6dihydroxy- 

- 
2 10-2 I2 O 

>295 ' 

171" 
171-1 73" 

252-254" 

235" 

pic. 125-127" 

240 " 
19-20'; 224225"/at. 
19"; 124"/24 mm. 
72 " 
49" 

- 

260-300" 
ca. 230" 

260-300" 
254" 

247-2480 

- 
203" 
290" 

202-204"/at. 
- 

115 
987,1739 
1054, 1067, 1050, 

179 
105 
1746 

111, 1. 2 

1740 

1740 

913 
1741 
179 
718,656,1634,1451 
72 1 

682 
682 

933, 913, 79 
127, 351, 352 
948 
1168, 76(?), 2071 
868 
1741 
1741 
1168 
797 
1741 
463,440 
1451 
1742 

(Table wtlrinaud) 
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TABLE XXV (cWinUsd) 

Pyrimidine w.p. Reference 

5-ethoxy-2,4-dihydroxy- 275" 

5-ethoxy-4-ethoxymethyl- 168" 
2.6-dihydroxy- 

2-ethoxy-4-hydroxy- 127-1 29" 
4-ethoxy-2-hydroxy- 168-1 70" 

2-hydroxy- 179-180" 

4-hydroxy- 163-1 65" 

5-hydmxy- 
2-hydroxy4methoxy- 
4-h ydroxy-5-methox y- 
2-methoxy- 

4-methoxy- 

5-methox y- 
2-phenoxy- 
tetrahydroxy- 

2,4,6-triethoxy- 
2,4,5-trihydroxy- 
2.4.6-trihydroxy- 

21 1-212" 
132-1 34" 
210-211" 
70-71"/15 mm; 
pit. 105-106" 

69-70"/30 mm. ; 
pic. 123-124" 

47O 
89-9 1 " 
>350" 

10"; 255-2561at. 
>300" 
245" 

4,5,6-trihydroxy- - 

2,4,6-triphenoxy- 156" 

2.4,6-trihydroxy-5-hydroxyethyl- >300" 
2,4,6-trimethoxy- 53"; 232"Iat. 

2,4,6-trisbenzyloxy- 6244" 
uracil ca. 318" 

721, 845. 907, 797, 

918 
1743 

992, 1634 
807,992,804, 1319, 

1634, 1358 
894, 431. 611, 726, 

804 
356, 1726, 1745, 

726, 713, 447 
245, 913 
804 
245.9 13 
726, 273, 1643 

726, 440, 790, 273 

245 
818, 819 
83,1746,564,1056. 

1747. 1051, and 
Beikifein 

718 
537,1749.502, I?& 
152, 145, 102, 144. 

1001, 1004,1243, 
and Bsilstein 

83, 1747 
I750 
624, 1627 
1751 
583 
67,498.48,66,804, 

and Beilsteirr 

TABLE XXVI. 

Pyrimidine WF. MemnCe 

Oxypyrimidines with C-, but without N-, Alkyl Groups 

4-acetoxy-2,6-dibenzyl-5-phenyl- 84-85" 323 
5-acetoxy-2,4-dihydroxy- >230" 986 

6-methyl- 
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TABLE XXVI (confinwed) 

PyrimidiPe M.p. 

4-acetoxpethyl-2,6dihydroxy- 260-26 1 " 

4-acetoxy-6-methyl-2-phenyl-( ?) 40-41 
5-allyl-2.4-dihydroxy-6-methyl- 130-1 32" 
5-allyl-4-hydroxy-2,6-dimethyl- 151-1 52 O 

2-allyIoxy-4-hydroxy-6-methyl- 164 " 
5-allyl-2,4,6-trihydroxy- 167" 
5-amyl-4,6-dihydroxy-2-rnethyl- >360" 
5-amy1-4.6-dihydroxy-2-propyli- ca. 300" 

5-methyl- 

barbituric acid/5,54imethyl- 278-279" 
barbituric acid/ - 

5,!Ximethylene-( 7) 

5-ethyl-5-hydroxy- 
barbituric acid/ 224-225" 

barbituric acid/ 5-methylene- - 

5-benzyl-2,4-dihydroxy- 294-295" 
4-benzyl-2.6-dihydroxy- 26 1-262 " 

5-benzyl-4.6-dihydroxy- 354" 
5-benzyl-2,4-dihydroxy-6-methyl- 249-250" 
5-benzyl-4,6-dihydroxy-2-methyl- >300° 
5-benzyl-4,6-dihydroxy-2-phenyl- >300" 
5-benzyl-2-ethoxy-4,6-dihydroxy- 202 " 
2-benzyl-5-ethyl-4-hydroxy- 199" 

6-methyl- 

5,6-dimethyl- 

6-methyl- 

2-benzyl-4-hydroxy- 181 O 

5-benzyl-4-hydroxy-2-~propyl- 184" 

2-benzyl-4-hydroxy-5-methyl- 1 75" 
4-benzyl-2-hydroxy-6-methyl- 6 1-63 " 
5-benzyl-4-hydroxy-6-methyl- 157-1 58 " 
5-benzyl-4-hydroxy-6-methyl- 243 " 

5-benzy1-4-hydroxyd-methyl- 167 " 

2-benzyl-4-hydroxy-6-phenyl- 233 " 
2-benzyloxy-4-hydroxy-6-methyl 160" 
5benzyloxy-4hydroxy- 

4-benzyloxy-6-methyl-2-phenyl- 1 50" 

2-phenyl- 

2-propyl- 

6-phenyI-( ?) 198-200" 

5-benzyl-2,4,6-trimethoxy- 99.5" 
2,4-bisbenzyloxy-6-methyl- 71-72"; pic. 134" 
5-bu toxymethyl-4-hydroxy- 139-140" 

2-methyl- 
5-butyl-2,4-diethoxy-6-methyl- 1 74"/27 111111. 

989. 990 

4 
1752 
1 744 
I79 
1753 
128, 129 
132 
157, 159, 1332 

1754 

1755, 1756 

604 
657. 1757 
657, 735. 1718, 

1328, 642 
1758 
86 
130 
130 
1759 
452 

452 

1760 

452 
475 
1761 
452 

1760 

452 
179 

1762 
1760 
642 
817 
1049 

1327 
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TABLE XXVI  (continud) 

Pyrimidine M.p. Reference 

2-bu tyl-4,6-dihydroxy- 300" to 309" 

5-butyl-2,4-dihydroxy-6-methyl- 245" 
5-butyl-4,6-dihydroxy-2-methyl- >360" 
5-s-butyl-4,6-dihydroxy-2-methyl- ,360" 
5-butyl-4,6-dihydroxy-2-phenyl- 296-297" 
2-butyl-4,6-dihydroxy-5-propyl- >300" 
5-butyl-4,6-dihydroxy-2-propyl- >360" 
5-butyl-2,4-dimethoxyd;-methyl- 159 "129 mm. 
2-but yl-5-ethoxymethyl- 116-1 18" 

5-butyl-2.4-dihydroxy- 291-293" 

4-hydroxy- 
44-bu tyl-6-hydroxy - 2 1 7-2 18" 
2-butyl-4-hydroxy-6-me thyl- 120" 
4-bu tyl-6-hydroxy-2-methyl- 118" 

5-butyl-4-rnethyl-2,6-dipropoxy- 193-194"/23 mm. 
5-s-butyl-2,4,6-triethoxy- 260-264O/at. 
5-s-butyl-2,4,6-trimethoxy- 245-25O0/at, 

5-propyl- 

5-s- butyl-2,4,6-tripropoxy- 285-290 "/at. 
2-c yclohexyIox y-4-hy droxy- €10" 

2,4-diisoamyloxy-6-methyl- - 
Qmethyl- 

2,4-dialIyloxy-5-butyl-6-methyl- 192-1 93"/3 1 mm. 

2,5-dibenzyl-4-hydroxy-6-methyl- 192 " 
2,4-dibenzyl-6-hydroxy-5-phenyl- 180" to 187" 
2,4-dibutoxy-5-butyl-6-methyl- 219"/29 mm. 

2.4-diethoxy-5-ethyl-6-rnethyI- 138-1 39"/17 mm. 
2,4-dibu toxyb-methyl- - 

2.4-diethoxy-6-methy1- - 
2.4-diethoxy-5-methyl- 36-37' 

2,4-diethoxy-6-methyI-5-propyl- 145- 148"/18 mm. 
2,MiethyM-h ydroxy- 151" 

2.4-diethy1-6-hydroxy-5-methyl- 156-1 57" 
2,5-diethyl-4-hydroxy-6-methyl- 135 O 

2,4-diethyl-6-methoxy-5-methyI- 225"lut. 
4,5-dihydro-6-hydroxy- 184" 

2.4-dihydroxy-5,6-dimethyl- 294-297" 

2.5-dihydroxy-4,6-dimethyl- >300 O 

2,4-dihydroxy-5,6-diphenyl-( ?) 268 " 

2,4-dihydroxy-5ethyl- ca. 303" 
2,4-dihydroxy-6-ethyl- ca. 204" 

5-hydroxyethyl- 

5,5-dimethyl-4-oxo-2-phenyl- 

4,6-dihydroxy-2, 5-dimethyl- - 
4,6-dihydroxy-2,5-dipropyl- - 

352, 1763 
1328 
1115 
128, 129 
129 
130 
350 
132 
1327 
689 

1764 
105 
867 

1327 
823 
823 
823 
179 

1327 
908 
452 
323, 893 
1327 

1735 
807, 1355 
908 
820 
314 

908 

306, 12, 322 
452 
307 
130 

141, 955, 989, 990, 
96,468, 1765 

938 
128, 129, 484 
1766 
132 
634,448,1542,1767 
522, 1181, 1767 
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TABLE XXVI  (contanzced) 

Pyrimidine M.p. Reference 

4,6-dihydroxy-5-/?-hydroxyethyl- 

2,4-dihydroxy-5-hydroxyethyl- 

2,4-dihydroxy-6-a-hydroxyethyl- 

4,6-dihydroxy-5-/?-hydroxyethyl- 

4,6-dihydroxy-5-/?-hydroxyethyl- 

2,4-dihydroxy-6-hydroxyethyl- 
2,4-dihydroxy-5-hydroxymethyl- 

2,4-dihydroxy-6-hydroxymeulyl- 

4,6-dihydroxy-2-isoamyl- 
4,6-dihydroxy-5-isoamyl- 
4,6-dihydroxy-5-isoamyl- 

4,6-dihydroxy-2-isobu toxy- 
4,6-dihydroxy-5-isobu tyl- 

2,4dihydroxy-6-isopropoxy- 

2,4-dihydroxy-5-isopropyl- 
2,4-dihydroxy-6-isopropyl- 
2,4-dihydroxy-6-a-methoxyethyl- 

2,4-dihydroxy-5-methoxymethyl- 

2.4-dih ydroxy-5-methyl- 

2-isoamyl- 

6-methyl- 

5-methyl- 

2 -methyl- 

2-phen yl- 

6-methyl- 

5-methyl- 

2-phenyl- 

2-methyl- 

5-isopropy l- 

5-met hyl- 

6-methyl- 

Z14-dihydroxy-6-methyl- 
4,5 dihydroxy-2-methyl- 
4,6-dihydroxy-2-methyl- 
4,6-dihydroxy-5-methyl- 
4,6-dihydroxy-2-methyl-5-phenyl- >30Oo 
4,6-dihydroxy-5methyl-2-phenyl- >300" 
2,4-dihydroxy-6-methyl-5-propyl- 247-248" 
4,6-dihydroxy-2-methyl-5-propyl- >300" 
4,6-dihydroxy-5-methyl-2-propyl- - 
2,4-dihydroxy-5-phenyl- >350" 
2,4dihydroxy-6-phenyl- 272-2 74" 

244" 

264-265" 

2 19-220" 

275-276" 

248-249" 

- 
3 14-3 15 

224-225' 

- 
289" 
>300° 

- 
- 
- 

288-289" 
199-200" 
217" 

>330" 

326" to 340" 

31 3-315" 
ca. 310" 

320" 
- 

948 

587 

1768 

948 

948 

958 
955. 1168, 694, 828 

989, 990 

1741 
1758 
130 

1741 
129 

I769 

1770 
I181 
1768 

694 

71. 74, 286, 1030, 
103 I ,  66, 1355, 
1771 

113,I14,115,1~6,505 
83, 134 
128, 129, 1747 
775 
130, 457 
130 
111% 
129, 128, 350 
132 
1328. 522 
1328,1773,1639, 
1774, 614, 799, 
286, 829 
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TABLE XXVI ( c o d i n d )  

Pyrimidine M.P. Reference 

2.5-dihydroxy-4-phenyl- 
4,6-dihydroxy-2-phenyl- 
4,6-dihydroxy-5-phenyl- 
2,4dihydroxy-6-propyl- 
4,6-dihydroxy-2-propyl- 
2,4-di-isobutoxy-6-methyl- 
2,4-di-isopropoxy-6-methyl- 
2,4-dimethoxy-5,6aimethyl- 
4,6-dimeth0xy-5-methoxymethyl- 

2,4-dimethoxy-5-methyl- 
2,4-dimethoxy-6-methyl- 
2,4-dimethoxy-6-methyl- 

4,6-dimethoxy-2-pmpyI- 
2,4-dimethyl-6-phenoxy- 
4,6-dimethyl-Z-phenoxy- 
4ethoxy-2.6-diethyl-5-methyl- 
Z-ethoxy-4,6-dihydroxy- 

Z-ethoxy-4,6-dimethyl- 
4-ethoxy-6-ethoxymethyl- 

2-ethoxy-5ethyl-4,6-dihydroxy- 
5-&-ethoxyethyl-4-hydroxy- 

2-ethoxy4hydroxy-6-methyl- 
4-ethoxy-Z-hydroxy-5-methyl- 
4-ethoxy-6-hydroxy-2-methyl- 
4-ethoxy-Z-hydroxy-6-rnethyl- 

2-ethoxy4methyl- 

5-ethoxymethyl-2,4-diethyl- 

4-ethoxymethyl-2,6-dihydroxy- 
4-ethoxymethyl-2,6-dihydr0xy- 
5-methyl- 

5-ethoxymethyl-2,4-dihydmxy- 
6-methyl- 

5-ethoxymethyl-Z-eth yl- 
4-hydroxy- 

5-ethoxymethyl-2-ethyl- 
4-h ydroxy-6-methyl- 

4-ethoxymethyl-6-hydroxy- 
2,5-dimethyl- 

2-methyl- 

5-propyl- 

5-phenyl- 

Z-methyl- 

6-me thyl- 

5-prop yl- 

6-hydroxy- 

- 
326" 
>300" 
21 7-219" 
296" 

pic. 137" 
3940"; 229"/at. 

- 

83-84' 

61 "; 322"lat. 

J35-140°/19 mm. 

93-94"/8.5 mm. 
63" 
80-81 " 

218" 

162 "( ?) 

69-70"; pic. 149' 

229-23 1 "/at. 

pic. 91-93" 

211" 
134-137" 

206"; EiCl312-314" 
2 12-2 13 " 
- 
178-1 79' 

203-205"/d. ; 
pic. 104-106O 

175" 
220" 

31 2-3 15" 

146" 

51" 

157458" 

1775, 1762 
617, 130, 136 
351, 954 
1181 
352, 132 
90% 
817, 908 
468 
484 

729, 1355 
817, 98,612 
820 

132 
704 
1280, 819, 430 
306 
1759 

1375 
1776 

1777 
690 

828, 1375, 1 I7 
807 
1748 
929 

818 

314 

868 
990 

694 

688 

314 

867 
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TABLE XXVI (confimcsd) 

517 

- 

M.p. 

4-ethoxymethyl-6-hydroxy- 

4-ethoxymethyl-6-hydroxy- 

4-ethoxymeth ylb-h ydroxy- 

5-ethoxymethyl-4-h ydrox y- 

4-ethoxy-6-methyl-2-phenyl- 
4-ethoxy-Z-phen yl- 
2-ethyl-4.6-dih ydrox y- 
4-ethyl-2,6-dihydroxy- 
5-ethyl-2,4-dihydroxy- 

5-ethyl-4,6-dihydroxy- 

5-,!?-hydroxyethyl- 

2-h ydroxymethyl-5-methyl- 

2-meth yl- 

5-methyl- 

2-methyl- 

Z-&hy1-4,6-dihy&0~~- 

Z-ethyl-4,6-dihydroxy-5-methyl- 
5-ethyl-2,4-dihydroxy-6-methyl- 
5-ethyl-4,6-dihydry-2-methyl- 
5-ethyl-4,6-dibydroxy-2-phenyl- 
5-ethyl-4.6-dihydroxy-2-propyl- 
5-ethyl-2,4-dimethoxy- 
5ethyl-2,4-dimethoxy-6-methyL 
5-ethyl-4.6-dimethoxy-2-propyl- 
5-ethyl-2- hexyI-4-hydroxy- 

4-ethyl-Z-h ydroxy- 

Z-ethyl-4-hydroxy-5.6-dimethyl- 

5-ethyX-4-hydroxy-2,6-dimethyl- 
5-ethyl-4hydroxy-2,6-diphenyI- 
5-ethyl-4-hydroxy-2,6-dipropyl- 
5-ethyl-4-hydroxy-2-isoamyl- 

5-ethyl4hydroxy-2-isopropyl- 

5-ethyl-4-hydroxy-2-methoxy- 

&methyl- 

4ethy1-6-hydroxy- 

4-ethyl-6-hydro~y-2,5dimethyl- 

6-methyl- 

6-methyl- 

6-methyl- 

5-methoxymethyl-6-methyl- 
l-ethyl-ll-hydr~~y- 

Z-ethy1-4-hydroxy-6-methyl- 
4-ethyl-6-hydroxy-5-methyl- 
5-ethyl-4hydroxy-6-methyl- 

2-phenyl- 

124-1 26" 

155- 1 57 " 

30-31 O ; 3W301 
I8Oo/24 mm. 
294" OY 299" 

300-303 O 

201-203" 

>3oO0 
237-2380 - 
>300" 
>300" 
234-2 36 "/at. 
118"/7 mm. 
106-107"/7 mm. 
89" 

HCI 211-213" 
170-171 ' 
165" 
168-1 690 

97-98" 

140- 14 1 " 
266" 

97" 

153" 

210" 

160" 

167" 
1 6 1-1 62 " 

947 

1776 

688 

I 781,685,484, 
1049. 1782 

968 
630 
352, 131, 134 
1181, 104, 720, 522 
1328, 44a, 1542. 

948 

634. 1465 
351, 1758 

350 
107.66, 836 

130 
132, 350 

1735 
132 

129, 128 

448 

1783 

722 
720 
452 
867,319, 318 
867. 452 
49 
333 
1760 

1760 

117 

314 

968 
867 
452, 1760 
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TABLE XXVI  (continued) 

Pyrimidine M.p. Reference 

5-ethyl-4-hydroxy-6-methyl- 121 " 
2-propyl- 

2-ethyl-4-hydroxy-6-phenyl- 238" 
5-ethyl-2,4,6-trihydroxy- 194" 

5-ethyl-2,4,6-trimethoxy- 
2-hexyl-4,6-dihydroxy- 
4-hexyl-2,6-dihydraxy- 
5-hexyl-2.4-dihydroxy- 
5-hexyl-4,6-dihydroxy-2-methyl- 
5-hexy1-4.6-dihydroxy-2-propyl- 
4-hex yl-Z-hydroxy- 
P-hexyl-4-hydroxy-5,6-dimethyl- 
2-hexyl-4-hydroxy-6-methyl- 
2-hexyl-4-hydroxy-6-phenyl- 
5-hexyl-4-hydroxy-2-propyl- 
4-hydroxy-2,6-bis 
hydroxymethyl-5-methyl- 

4-hydraxy-2,6-di-isoamyl- 
5-isobutyl- 

2-h ydroxy-4,5-dimethyl- 
Z-hydroxy4,6-dimethyl- 

67-68' 
281 ' 
186-187" or 170" 
272-273" 
- 
>300' 

102" 
82 O 

167" 
65-67' 

- 

HCE 167-169" 

196" HC1250" 
1 94- 1 96 O 

4-hydroxy-2.5-dimethyl- 174" 
4-hydroxy-2.6-dimethyl- 194" lo 201" 

4-h ydroxy -5.6-dimethyl- 205-206" 
2-hydroxy-4,6-dimethyl-5-phenyl- 24 1-242 O 

4-hydroxy-2,5-dimethyl-6-phenyl- 180-1 8 1 " 
4-hydroxy-5.6-dimethy1-2-phenyl- 203" 
4-hydroxy-5,6-dimethyl-2-propyl- 127" 
4-hydroxy-2,6-diphenyl- 289-2 90 O 

+hydroxy-2,6-diphenyl-5-propyl- 2 3 5 O 

5-hydroxy-2.6-diphenyl-( ?) - 

4-hydroxy-2-fi-hydroxyethyl- 1 63- 165' 
6-methyl- 

6-methyl- 

1 -methylethyl)-6-rnethyl- 

1 methylethyl) -6-phenyl- 

P-methyl- 

2-methyl- 

4-hydroxy-5-fi-hydroxyethyl- 154-155" 

4-hydroxy-2-( 1 -hydroxy- 98 

4-hydroxy-2-( 1 -hydroxy- 198" 

4-hydroxy-5-hydroxymethyl- 2 15-2 16" 

4-hydroxy-6-hydroxymethyl- HCI 248-250" 

I760 

452, 1760 
757, 157, 144, 1784, 
1785 

448 
1763 
1521. 106 
1328 
129 
132 
1786 
1783 
1783 
1783 
132 
947 

324 

41, 1028 
1280, 833, 61 1, 59, 

1113. 1729 
1787,867,1316,1788, 
1772,452,308,315 

141, 1113, 867, 468 
1638 
867 
452 
1760 
365,1682,1789,452 
931 
49 
1790 

56, 53, 100 

690 

1760 

1760 

683, 950, 951 

1776 
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T A B L E X XV I (continued) 

Pyrimidine M.p. Rderenca 

4-hydroxy-2-isoamyl- 

4-hydroxy-2-isoamyl-6-methyl- 
4-hydroxy-2-isoamyl-6-phenyl- 
4-hydroxy-2,6-di-isobu tyl- 

4-h ydroxy-2-isopropyl- 

4-hydroxy-2-isopropy1-6-me thyl- 
4-hydroxy-2-isopropyI-6-phenyl- 
2-hydroxy-4-methoxy-6-rnethyl- 
4-hydroxy-2-methoxy-6-methyl- 
4-hydrox y-6-methoxymethyl- 

2-hydroxy-4-methoxymethyl- 

4-h ydroxy -5-methoxymethyl- 

2-hydroxy-4-methoxy-6-methyl- 

2-hydroxy-4-methyl- 

5,6-dimethyl- 

5-isoprop y l- 

5,Wimethyl- 

2.5-dime thyl- 

6-methyl- 

2-methyl- 

5-prop yl- 

109" 

loo0 
164" 
88-89" 

145" 

1760 

1760 
1760 
324 

1760 

170-1 72 
227" 
209-2110 
207" 
159-160" 

HCl 162-172"; 

202-203" 

178-1 79" 

150"; HCZ 246" 

pic.  154-155" 

4-h ydroxy-2-methyl- 2 1 3-2 14" 
4-hydroxy-5-methyl- 1 53-1 54 O 

4-hydroxy-6-methyl- 148-150' 

4-hydroxy-5-methy1-2,6-diphenyl- 253 ' 
2-hydroxy-4-methyl-6-phenyl- 228-229" 
4-hydroxy-Z-methyl-6-phenyl- 242 " 
4-hydroxy-6-methyl-2-phenyl- 2 15" 

4-hydroxy-2-methyl- 158-1 59" 

4-hydroxy-5-methyl-2-propyI- I 45- 146" 
4-hydroxy-6-methyl-2-propyl- 143" 
4-hydroxy-6-methyl-5-propyl- I 15-1 16" 

5-propox ymeth yl- 

2-hydroxy-4-phenyl- 240-24 1 " 

4-hydrox y -Z-phenyl- 207-208" 

4-hydroxy-5-phenyl- 173-1 74" 

2-hydroxy-5-phenyl- 237" 

4-hydroxy-6-phenyl- 267" 
4-hydroxy-6-phenyl-2-propyI- 183 

2-hydroxy-4,5,6-trimethy~- hy. 243' 
Cb ydroxy-2-pmpyl- 106-1 07" 

92, I760 
1760 
469, 925 
1 17, 925, 831, 64 
867 

962 

1049 

929 

64, 580, 110, 1788, 

126,1792,1793,447 
1113 
997, 108, 64, 469, 
867, 451, 1794, 
429. 612. 399 

570, 1366 

49, 317, 319 
448, 50, 51 
365, 1709, 452, 
1783, 1315, 1789, 

1049 
1795 

132 
1760 
1761 
34, 365 (?) 
33 
1797, 1791, 1760, 

297 
1796. 365(?) 
1760 
132 
53 

447 
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T A B L E X X V  I (continued) 

Pyrimidme M.p. Reference 

4-hydroxy-2,5.6-trimethyl- 
4-hydroxy-2,5,6-triphenyl- 
2-methoxy-4,6-dimethyl- 
4-methoxy-2,6-dimethyI- 
2-methoxy-4-methyl- 
4-methoxy-6-methyl- 
4-methoxy-6-methyl-2-phenyl- 
4-methyl-2, Wiphenoxy- 
4-methyl-2.6-dipropoxy- 
4-methy l-Z-phenoxy- 
4-methyM-phenoxy-Z-phen yl- 
2,4,6-tributoxy-5-s-butyl- 
2,4,5-triethyl-6-hydroxy- 

2,4,5-trihydroxy-6-rnethyl- 

2,4,6-trihydroxy-5-methyl- 

4,5,6-trihydroxy-2-methyl- 
4,5,6-trihydroxy-2-phenyl- 

2,4, J - t r i h y d ~ ~ ~ y -  
6-h ydroxymethyl- 

176" 
>340" 

72"/15 mm.; pic. 124" 
89"/21 mm. 
69"/2 mm.; pic. 1 1 7 O  
160°/22 mm.; pic. 175" 
91 " 

81-82" 
105' 
3 1 0-3 1 5 "/at. 
1 4 4 O  
1320" 

35-36"; 208-209'1~t. 

pic. 101' 

>220" 

202-203q 

- 
>230° 

452, 1760, 867, 141 
323, 392 
430, 1280 
704 
64 
64 
704 
817 
817, 908 
819, 818 
704 
823 
323 
91 8 

114, 1320, 986, 

157, 729,147, 1799, 

83 
83 

1798, 112 

1800 

T A EL E X XV I I. Oxypyrimidines with N-Alkyl Groups 

Pyrimidine M.P. Refwe- 

alloxan/l , J-diethyl- - 551 
alloxan/l,3-dimethyl- 270-272 " 1262, 1740, 1803, 

alloxan/ 1 -ethyl- hy. 103" 1806 
alloxan/ 1 -ethyl-3-methyl- ca. 124"; hy. ca. 82" 1807 
alloxan/ 1 -methyl- 154-156" 1740, 1808, 1809, 

l-allyl-3-ethyl-1,2,3,4-tetrahydro- - 1344 

1 -aUyLl,2,3.4-tetrahydro- 45-47" 181 1 

l-allyl-l,2,3,6-tetrahydro- 59-61 O 181 1 

barbituric acid/l,5-dimethyl- 169-1 70" 1812 
barbituric acid/5-ethoxy- cu. 150" 1740 

- 

1804, 1805 

1810 

2.4-di0~0- 

3,6-dimethyl-2,4-dioxo- 

3,4-dimethyl-2,6-dioxo- 

5-hydroxy- 1 -methyl- 
barbituric acid/I -ethyl- - 145 
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TABLE X X V I I  (continued) 

Pyrinudine M.p. Reference 

barbituric acid/5-ethyl-l-methyI- 104" 1334 
barbituric acid/5-hydroxy- 184-185'; 5. 167-268" 405 

1 -methyl- 
barbituric acid/ 1 -methyl- 130-131 " 154,207,145, 1333, 

1813, 1627 
barbituric acid/ 1,3,5-trimethyl- 89-90" 995 
1-benzyloxy-1 ,2-dihydro- 130-131" 1814 

1 -benzyLl,2,3,4-tetrahydro- 84-85" 86, 1314, 1815 

I-benzyl-l,2,3,6-tetrahydr+ 166-167" 1314, 1815, 86 

1 -benzyl-l,2,3,6-tetrahydro- 101" I348 

1 -benzyl- 1,2,3,4-tetrahydro- 75" 1348 

1 -benzyl-l,2,3,6-tetrahydro- 226-227' 1314 

5-butyl-l,2-dihydro-4-methoxy- 184"/1 mm. 1327 

5-but yl- 1,2,3,4-tetrahydro- 34-36"; I16°/0.06 mm. 1328 

1,5-diethyl-l,6-dihydro-4-methyl- 82" 94 1 

1,3-diethyl-l,2,3,4-tetrahydro- 14-15"; 135"/4 mm. 656 

1,3-diethyb1,2,3,4-tetrahydro- 52-53"; 167'/19 mm. 154, 145, 551 

1.3-diethyl- lZ2,3,4-tetrahydro- 

1.3-diethyl-1,2,3,4-tetrahydro- 52-53" 523, 1314, 1815, 

1 ,2-dihydro-4,6-dimethoxy- 96-97O 82 1 

1 ,4aihydro-l,2-dimethyl4oxo- pic. 178-180" 719 
1,4-dihydro- 1,6-dimethyl-4-0~0- pic.  1 74-1 76" 719 
1.6-dihydro-l,2-dimethyld-oxo- pic.  172' 719 
I,6-dihydm-l,4-dimethyl-6-0~0- 80-82"; pic. 188-190" 719, 64 
I ,6-dihydro-4,5-dimethyl-4-0~0- 157 ' 94 1 

1,6-dihydro- 1.4-dimethyl-6-0x0- 87-89" 1316 

1,6-dihydr0-4,5dimethyl-6-0~0- 73 " (?) 94 1 

4.6-dirnethyl-2-oxo- 

3,6-dimethyl-2,4-dioxo- 

3,4dimethyl-2,6-dioxo- 

3,5-dimethyl-2,6-dioxo- 

3-methyl-2,4-dioxo- 

4-methyl-2,6-dioxo-3-phenyl- 

1,6-dimethyl-4-oxo- 

1,3dimethyl-2,4-dioxo- 

6-0x0-2-phenyl- 

2,4dioxo- 

6-hydroxy-2,4-dioxo- 

5-methyl-2,4-dioxo- 

6-methyl-2,4-dioxo- 1323, 181 1 

1 -methyl-2-oxo- 

65-67 ' ; 140-143"/7 mm. 523 

1,2-diphenyl- 

2-phenyl- 

1 -phenyl-2-propyl- 

1,5-dimethyl-2-0xo- 
~,2aihydro-4-methoxy- 144" 1355,442 

(Tab& Mntinucd) 
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TABLE X X V I I  (continudd) 

Pyrimidine M.p. Reference 

1 ,Z-dihydm4methoxy- 134-135" 01 112.5" 523, 908 

1.2-dihydr0-4-methoxy 180-182'14.5 mm. 820 

1,2-dihydro-4-methoxy-l-methyl- 149-1 50" 1354,656 

1,6-dimethyl-2-oxo- 

1,6-dimethyl-2-oxo-5-propyl- 

29x0- 
1 ,2-dihydro-l -methyl-2-0~0- 127-128"; fit, 162-164" 273, 1108 
1.4-dihydro-1 -methyl-4-oxo- 155-156"; &c. 164-166' 273, 719, 1177 
1,6-dihydro-1 -methyl-6-oxo- 125-126"; pic. 175-176" 273, 719 
1,4-dihydro-l-methy14-0~0- 171-172"~ 112-112" 297 
s-phenyl- 

1 ,g-dihydro- l-methyl-6-0~0- 111-112" OT 171-172' 297 
5-p henyl- 

4-phenyl- 

5-phen yl- 

1,2-dihydro- 1 -methyl-2-oxo- 217" 23 1 

1 ,Z-dihydro-l-rnethyl-2-oxo- 170" 33 

1,2-dihydro-l,4,6-trimethyl-2-~~0- 63" 56, 58, 64 
1,6-dihydro-1,2,4-trimethyl- H I  215" 1816 

4-ethoxy-1 ,Z-dihydro- 111" 523, 1355 
6-0x0- ( ?) 

1 ,5-dirnethyl-Z-oxo- 

242x0- 

5-methyl-2-0x0- 

2-0x0- 

1,3-dimethy1-2,4,6-trioxo- 

6-oxo-Z-phen yl- 

6-oxo-I-phenyl- 

6-0x0- 1.2-diphenyl- 
5-ethyl-l,6-dihydro-4-methyl- loSo(?) 94 1 
6-0x0- 1 -phenyl-2-propyl- 

1 -ethyl- I ,2,3,4- tetrahydro- 110-112" 1321, 1817 
3,6-dimethyl-2,4-dioxo- 

1 -ethyl-l,2,3,6-tetrahydro- 112-1 14" 1321, 1817 
3,4-dimethyl-2,6-dioxo- 

5-ethyl- 1,2,3.4-tretahydro- ca. 82" 1328 
1,3-dimethyl-2,4-dio.u0- 

1 -ethyl-l,2,3,6-tetrahydro- 
3-methyl-2.6-dioxo- 

4-ethoxy-l,2-dihydro-l -methyl- - 1354 

4-ethoxy- 1-ethyl- 1 .2-dihydro- 78" 1355 

4-ethoxy-l-ethyl-1 ,Z-dihydro- 88" 1319, 523 

5-ethoxyhexahydro-5-hydroxy- ca. 95" 1740 

I-ethyl-l,6-dihydro-4,5-dimethy1- 118" 941 

5-ethyl-1.6-dihydro-2,4-dimethyl- 126"( ?) 94 1 

5-ethyl-l,6-dihyb-4-methyl- 159" 941 

60-61"; 140-141"/4 mm. 656 
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TABLE X X V  1 I (continued) 

Pyrimidine Y.p. 

1 -ethyl-l.2,3,4-tetrahydro- 63-65' 

1 -ethyl-l,2,3,6-tetrahydro- 38-40' 

hexahydro-5-hydroxy-5-methoxy- ce. 90' 

hexahydro-l,3,5,5-tetramethyl- 110' 

1,2,3,4-tetrahydro-5,6-dihydroxy- 170". 218 O ,  01 227-229" 

1,2,3,4-tetrahydro-5,6-dimethoxy- - 

1.2,3,4-tetrahydro-l,3-dimethyl- 12 1-122' 

1,2,3,4-tetrahydro-1,3-dimethyl- 147-148' 

1,2,3,4tetrahydro-I ,3-dimethyl- 121-122" 

1,2,3,4-tetrahydro-l,6-dimethyl- 21 1 

1,2,3,4-tetrahydro-3,6-dirnethyl- 300-302 ' 

1,2,3,4-tetrahydro-l,3-dimethyl- 60-61 "; 

1,2,3,4-tetrahydro-l &dimethyl- 85-87' 

1,2,3,4-tetrahydr0-3,6-dimethyl- 52-54" 

1.2.3.4-tetrahydr0-5-hydroxy- 198-199' 

I, 2,3,4-tetrahydro-6-hydroxy- 123 " 

1,2,3,4-tetrahydro-6-hydroxy- 165" 

1,2,3,4-tetrahydr0-5-methoxy- 191 " 

1,2,3,4-tetrahydro-6-rnethoxy- 164-1 66" 

1,2,3,4-tekahydro- 123-125" 

1,2,3,4-tetrahydro-1.3,5-trimethyl- 155" 

I.2,3.4-tetra.hydro-l,3,6-trimethyl- 1 1  1-1 12' 

6-methyl-2,4-dioxo-3-propyl- 

4-methyl-2,6-dioxo-3-propyl- 

1.3-dimethyl-2,4,6-trioxo- 

2,4,6-t&1~0- 

l13-dimethyl-2,4-dioxo- 

1.3-dimethyl-2,4-dioxo- 

2,4-dioxo- 

2,440~0-5-phenyl- 

2,4dioxo-6-phenyl- 

2,4-dioxo-3-phenyl- 

2,4-dioxo-l -phenyl- 

2,4-dioxo-6-propyl- 173-1 76"/4.5 mm. 

2,4-dioxo-3-propyl- 

2.4-dioxo-1 -propyl- 

1,3-dimethyl-2,4-dioxo- 

1,3-dirnethyl-2,4-dioxo- 

1.3,5-trimethyl-2,4-dioxo- 

1,3-dimethyl-2,4-dioxo- 

1,3-dimethyl-2,4-dioxo- 

1,3,5,6-tetramethyl-2,4-dioxo- 

2,4-dioxo- 

2,4dioxo- 

181 1 

1811 

I 740 

1818 

849, 1805, 405 

969 

67,656, 1328, 1317, 

1328 
1634, 669 

1328,287 

1314,1315,1815 

1314 

1328 

181 1 

181 1 

673, 849, 970, 890 

145, 153, 1627, 
1819, 996 

145 

969, 970 

821, 1627 

955 

1355, 669, 1034, 

1320, 1321, 114, 
1317 

1322, 284, 1323, 
1324, 659, 1815, 
908. 1314 
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TABLE X X V I I  (conthued) 

Pyrimidine M.p. Referena 

uracil11 -acetyl- 
uracil/ 1 -allyl-6-methyl- 
uracil/3-allyl-6-methyl- 
uracil/l -benzyl- 
uracil/3-benzyl- 
uracil/3-benzyl-5,6-dihydroxy- 
uracil/ 1 -benzyl-5-ethoxy- 
uracil/3-benzyl-5-ethoxy- 
uracil/l -benzyl-li-hydrox y- 
uracil/3- benzyl-5-hydroxy- 
uracil/3-benzyl-5-hydroxy- 

uracil/ I -benzyl-5-methyl- 
uracil/ 1 -benzyl-6-methyl- 
uracil/3-benzyl-5-rnethyl- 
uracil/3-benzyl-6-methyl- 
uracil/5-butyl- 1.6-dimethyl- 
uracil/l,5-dimethyl- 
uracil/l,6-dimethyl- 

6-methyl- 

1,2,3,4-tetrahydro- 1,3,6-trimethyl- 74-75" 

uracil/5-acetoxy-3,6-dimethyl- 209-2 10" 
uracil/5-acetoxy-3-ethyl-6-methyl- 1 89" 

190-191" 
168-1 69 

2,4-dioxo-5-propyl- 

184" 
173-1 74" 
175" 
139" 
163-164" 
150" 
200-2 10" 
230" 
220" 

uracil/3, 5-dimethyl- 
uracil/3,6-dimethyl- 

uracil/5,6-dimethyl-3-phenyl- 
uracil/ 1,6-dimethyl-5-propyl- 
uracil/3,6-dimethyl-5-propyl- 
uracil/5-ethoxy-3-methyl- 
uracil/ 1 -ethyl- 
uracil/3-ethyl- 
uraciI/l-ethyl-5-hydroxy- 
uraciI/3-ethyl-5-hydroxy- 

uracil11 -ethyl-5-methyl- 
uracil/ I -ethyld-methyl- 

uraciI/3-ethyl-6-methyl- 

uracil/ I -ethyl-6-propyl- 
uracil/5-hydroxy-3,6-dimethyl- 
uracil/5-hydroxy- I -methyl- 
uracil/5-hydroxy-3-methyl- 

6-methyl- 

160" 

204-205" 
198" 
151-1 52" 
280" lo 291 * 
22 1-222" 

232-235" 

202-205" 
263-265" (274"?) 

235" 
148-150" 
193-194' 

GCZ. 240" 
147.5" 

250" 
230" 

173-1 74' 

223" 
194-196" 

206" (or 195") 

162-1 63" 
335" 

247 O 

- 

820 

1821 
1817 
985 
181 1 
1811, 696, 1752 
835, 1348, 628 
1348 
588 
588 
588 
588 
588 
1817 

1348 
1817, 86. 1822 
1348, 1823 
1817,86,1314, I815 
1327 
1355, 88, 669 
1321, 1824, 1304, 

1315, 732, 925 
669, 2146 
659, 1321, 1318. 

1304, 1314, 925, 
1326, 2148 

1825 
820 
620 
934 
1319 
1318 
1266, 1321 
I817 

1355 
1817, 1323, 1822, 

1314, 1815, (1817, 

1328 
1829, 1827 
1266, 1321, 116 
849, 934 

181 1 

1811. 1276) 

(Table continued] 
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TABLE XXVII  (continued) 

uracil/l-methyl- 233" 

uraciI/3-methyl- 175" to 179" 

uracil/l -methyld-phenyl- 194-195" 
uracil/%me th yl-6-phenyl- 228-230" 
uracil/[i-methyl- 1 -phenyl- 276" 
uracil/6-methyI-3-phenyl- 244-245" ~258-259"  

uracil/6-methyl-l -propyl- 170-1 72" 
uracil/6-methyl-3-propyl- 184" 
uracil/l -phenyl- 246" 
uracil/3-phenyl- 244-246" 
uracil/l.5,6-trimethyl- I 72-1 74' 
uracil/3,5,6-trimethyI- 2 I 7-2 I 8" 

TABLE X XV I I 1. Sulphonylpyrimidines 

273,656,835, 1634, 

273, 272,274, 1634. 

287, 1828 

888 
1324, 284, 1315, 

1314 
1811, 888 
181 1 
370, 1498 
370, 272. 101 
955 
659 

3 70 

790, 1318 

287, 1828 

F'yrimidine M.p. 

2-benzenesulphonamido- 23 1-232 " 
2-benzenesulphonamido- 150-152" 

2-benzenesulphonamidoPmethyl- 193- 194 " 
Z-be~ylsulphamoyl- 130-1 31 " 

2-benzylsulphonyI-4,6-diphenyl- 199-200" 
2,4bisbenzenesulphonylhydrazino- 2 19" 
2.4-bisethyIsulphony1- 87-88' 

2-chlorosulphonyl-4,6-dimethyl- - 
4,6-dimethyl-2-propyIsulphamoyl- 11 1-1 12" 

2,6-dimethyt-4-suIpho- N c ~  285" 

4,6-dimethyl- 

4, 6-dimethyl- 

2-chlorosulphony l- - 

4,6-dimethyl-2-sulphamoyl- 200" 

4-methyl-2-sulpho- - 

2-Sulpho- __ 
2-sulphamoyl- 180-181" 

Keferenee 

1226, 647, 1225 
962 

1226, 647 
1 I43 

384 
434 
635 
833 
833, 1143 
1143 
I 143, 833 
724 
724 
833, 1143 
724 
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TABLE XXIX.  Thiopyrimidines 

Pyrimidine M.p. Refewafe 

1-benzyl- 1.2-dihydro-4-phenyl- 

5-benzyl-2,4-dimercapto- 
2-benzyIthio-4,6-dimethyl- 
2-benzylthio-4,6-diphenyl- 
2,4-bisethylthio- 
1.2-dihydro- 1 -methyl-2-thio- 
1.2-dihydro-I ,4,64rimethyl- 

2,4-dimercapto- 

2,4-dimercapto-5.6-dimethyl- 
2,4-dimercapto-5-methyi- 
2,4-dimercapto-6-methyl- 

2,4-dimercapto-5-phenyI- 
2,4-dimercapto-6-phenyl- 
4,6-dirnethyl-Z-methylthio- 
2,CdiselenyI- 
dithiouracil/l -methyl- 
dithiouracil/3-methyl- 
4-ethyl-2,6-dimercapto-5-methyl- 
5-ethyl-2.4-dimercap to-6-methyl- 
4-ethyl-2-ethylthio- 
2-ethylthio- 
2-ethylthio-4-mercapto- 
2-ethylthio-4-mercapto- 

2-ethylthio-4-mercapto-5-methyl- 
2-ethylthio-4-mercapto-6-methyl- 
2-ethyIthio-4-mercapto-5-phenyl- 
2-ethylthio-4-mercapto-6-phenyE 
2-ethylthi0-4-methyl- 

P-mercapto- 

4-mercapto- 
2-mercapto-4,6-dimethyl- 

4-mercapto-2.6-dimethyl- 
4-mercapto-5,6-dimethyhyl- 
2-mercapto-4,6-dimethyl- 

2-mercapto4methyl- 

4mercapto-6-methyl- 

2-thio- 

2-thio- 

5,6-dimethyl- 

5-phenyl- 

160-161" 1802 

262 ' 1123 
65-67' 1820 
I 47-1 48 ' 384 
135-1 40'/6 mm. 
189-191' 984 
156" 58 

635, 910, 804 

ca. 230" 07 ca. 270-280" 974, 356, 1826, 48, 
982, 30, 75 

>300" 468 
281 " 974, 983 
240" to >280' 

- 1829 
26426%" 974, 982, 983 
24O; I20-122"/17 mm. 
208-209" 75 
254-255" 171 
213" 28 I 
- 982, 983 
250-280" 836 
105-107"/4 mm. 722 

149" 835.48 
187-188' 96 

281, 776, 832, 982, 
612, 1347, 385 

1639, 32, 58, 65 

115"/20 II~II~. HCl98-39" 628, 721 

181' 
205' 
171O 
206-207" 
123-124'/18 mm.; 

HCI 141-142" 
230" 

HCE 220" 
210" 

ca. 230" 

225-226" 

cu. 208" 

255-260' 

200-265" 

88, 837 
776, 832 

842 
72 1 

a41 

431, 833, 30, 644, 
1644 

30, 644 
431, 30, 1639, 

1830 
776, I830 
468 
1638 

64, 1831, 831, 570, 
1366 

64, 612 
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TABLE X XI X (continued) 

Pyrimidine M.p. Reference 

4-mercapto-6-methyl- 214" 776, 1347 
2-methylthio- 

2-mercapto-4-methyI-6-phenyl- 199-200" 448 
4-mercapto-2-methylthio- - 1767 
2-mercapto-4-phenyl- >180" 1802 
4-methyl-2-methylthio- Il lo/15 mm.; 64, 712. 110 

4-methyl-6-methylthio- 25-28'; 104"/17 mm. 64 
4-methyl-2-methylthio-6-phenyl- 154-1 60 "/1 mm. 63 1 
2-methylthio- 

2-methylthio-4-phenyl- 86-47" 712 
1,2,3,4-tetrahydro-l,3-dimethyl- 12 l o  827. nod 1832 

2,4,6-trimercapto- - 624 

pic. 106-108" 

99"/14 mm.; pic. 89-90° 628, 629. 61 1, 712, 
1641,644 

2.4-dithio- 

TABLE XX X. Amino-Carboxyppimidines 

pyrimidine 

2-acetamid0-5-acetyl-rlcmethyl- 
4-amino-5-aminomethyi- 

2-carbamoylmethyl- 
2-amino-5-amyl-4-caboxy- 
Z-amino-5-azidocarbonyl- 
4arnino-2-benzyl- 

5-carbamoylmethyl- 
4-amino-2-benzyl-5-cyano- 
4-amino-2-butyl-5-cyano- 
4-amino-5-carbamo yl- 
4-amino-6-carbamo yl- 
4-amho-5-~-carbamoylethyl- 

2-amino-4-carbamoyl-6-methyl- 
4-amino-5-carbamoyl-2-methyl- 
4-amino-2-carbamoylmethyl- 

4-amino-5-carbomoyf methyl- 

4amino-carbamo ylmethyl- 

+amino-5-carbamo ylmeth yl- 

%methyl- 

ti-cyano- 

2-ethyl- 

2-methyl- 

6-methyl- 

Y.P. 

152-153" 
pic. 197" 

191-192" 
133-1 35" 
239 " 

180" 
148" 
254-256" 
pic. 273" 
195-200" 

- 
264-265' 
258' 

236" 

250" 

223" 

Reference 

1209 
1651 

36 
1696 
684 

302,293,1651,1833 
1 I87 
726 
1384 
684 

1451 
204,205. 1386 
1651 

684 

684, 601,679, 1834 

60 1 
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T A B L E X X X (continued) 

Pyrimiclne M.p. Reference 

2-amino-4-carboxy- 
2-amino-5-carboxy- 
4amino-5-carboxy- 
2-amino4carboxy-6-meth y 1- 
2-amino-5-car boxy-4-methyl- 
4-amino-5-carboxy-2-methyI- 
5-amino-4-carboxy-2-methyl- 
4-amino-2-carboxymethylthio- 

5-ethoxycarbonyl- 
4-amino-2-carboxyrnethylthio- 

6-methylamino- 
5amino-4-carboxy-2-phenyl- 
2-amino-5-cyano- 
4arnino-5-cyano- 
4-amino-5-cyano-2,6-idimethyl- 
4-amino-5-cyano-2,6-diphenyl- 
4-amino-5-cyano-2-ethyl- 
2-amino-4-cyano-6-methyl-( I) 
2-amino-5-cyano4methyl- 
4-amino-5-cyano-2-rnethyl- 

2-amino-5-cyano-4-phenyl- 
4-amino-5-cyano-2-phenyl- 
4-amino-5-cyano-2-vinyl- 
2-amino-4,5-dicarboxy- 
2-amino-4,5-diethoxycarbonyl- 
2-amino-4-diethoxymethyi- 
2-amino-4-diethoxymethyl- 

2-amino-4-dimethoxyrnethyl- 

2-amino-5-ethoxycarbonyl- 
4-amino-5-ethoxycarbnyl- 

2-amino-4-ethoxycarbnyl- 

2-amino-5-ethoxycarbonyl- 

4-amino-5-ethoxycarbonyl- 

4-amino-2-ethyl-5-formyl- 
4-amino-5-formimidoyl- 

4-arnino-5-formyl-2-methyl- 

6-methyl- 

6-methyl- 

2,6-dimethyl- 

6-methyl- 

4-methyl- 

2-methyl- 

Z-methyl-( ?) 

285" 
>300" 
278-281 " 
300-302" 
314316" (OT 256-258") 
275" 
19 1-1 92 " 
174-177" 

196" 
300-310" 
250" 
220-225 O 

211" 
198" OY 202" 

269-270" 
249" 

- 

- 
226" 

>300" 
219-220" 

151-1 52 O 

134-1 35" 
87-88 ' 

74-75" 

147-149" 
129" 

151" 

220" 

120" 

d.n.p. 290" - 
195-196" 

1195 
89 
726, 274 
1672 
1672, 1376 
1394, 205, I673 
44 
194 

1835 

270 
647 
250, 127, 1833, 726 
134, 127, 1185 
127 
134. 1651 
1451 
852 
260, 1836, 1651, 

1833, 627. 1403, 
1182, 459, 1274 

1837. 1675 
134 
1838 
275 
275 
172 
I72 

172 

89 
260 

1672 

1672, 1376 

204, 302, 127, 1839 

141 1 
1406 

1394,1403, 1404, 
1840, 1410 

(Table continued) 
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TABLE XXX (ccwrtinwed) 

Pyrimidine M.p. Refemu= 

4-amino-5-hydrazinocarbonyl- 220-22 1 " 

4-amino-5-hydrazinobonyl- 235" 

5-carbamoylmethyl-2-methyl- 156" 

5-ca boxymeth yl-2-methyl- 217" 

5-cyano-2-methyl-4-methylamino- I5 1-1 52 " 

2.4-diamino-5-carbamoyl- >320" 
4,6-diarnino-Z-carboxy- >360" 
2,4-diamino-5-carboxymethyl- 279-280' 

2,4-diamino-6-carboxymethylthio- - 
4,6-diamino-2-carboxymethylthio- - 
2,4-diamino-5cyano- 318" 

4,6-diamino-5-cyano-2-methyl- - 
2,4-diamino-5-ethoxycbonyl- 207" 
2,5-diamino4-formyl-6-methyl- - 

2-methyl- 

methyl-2-methyl- 

4-methylamino- 

4-methylamino- 

2,4-diacetamido-5-cyano- 197-198" 

6-methyl- 

4.6-diamino-Z-c yanomethyl- 24 1-243" 

1841 

1218 

684 

684, 1218 

1218 
1186 
459 
355 
809 

1835 
1835 
1186, 134 
133 
627 

536 
187,807, rn 

T A B L E X X X I. Amino-Halogenop yrimidines 

Pyrimidine Y.p. Reference 

5-acetamido-4-amino-2-chloro- 2 1 4 2  15" 2144 
2-acetamido-5-chloro- 188" 1842 
5-acetamido-4-chloro- 14 1- 142 " 7 75 

4-amino-5-aminome thyl- 147- 148" lo00 

2-amino-5-amyl-4-chloro- 151-153" 35 

4-amino-5-amyl-6-chloro- 144-145" 129 

2,6-dimethyl- 

2-trifluorornethyl- 

6-methyl- 

2-methyl- 

6-methyl- 
2-amino-4-anilino-5- bromo- 152-153" 677 

2-amino-5-benzyl4chloro- 183" 82, 1655, 735 
4-amino-5-benzyl-2-chloro- 162" 735, 1718 
2-amino-5-benzyl4~hloro- 184-185" 141 

6-methyl- 

(Tnblu cvntsnued) 
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TABLE XXXI (canfimed) 

Pyrimidine Y.P. Reference 

2-amino-5-benzyl4chloro- 

2-amino-5- benzyI4,6-dichloro- 
4-amino-5-benzyI-2,6-dichloro- 
4-amino-2,4-bis-a-chloroethyl- 

5-chloromethyl- 
4-amino-2,4-bis-~-bromoethyl- 

5-bromamethyl- 
2-amino-4-bromo- 
2-amino-5-bromo- 
4-amino-5-bromo- 
2-amino-5-bromo4,6-bis- 

bromomethyl- 
2-amino-5-bromo-4-chloro- 

6-methyl- 
4-amino-lbrorno-2,6-diethyl- 
2-amino-5-brom0-4.6-dimethyl- 
4-amino-5-bromo-2.6-dimethyl- 
4-amino-6-bromo-2-ethyl- 
2-amino-5-/3-bromoethyl- 

4-amino-5- (2-bromoisobutyl) - 

2-amino-4-bromo-6-meti1yl- 
4-amino-5-bramo-2-methyl- 
4-amino-5- brornomethyl- 
4-amino-5-bromomethvl-2-bu tvl- 

6-phenyl- 

4-methyl- 

2-methyl- 

204-205" 
164"  
1 IOU 

126" 

>130" 
235-237" 
208-210" 
182-184" 

207-208" 

155" 
187-1 880 
141-142 " 
142" 
1 59-1 60 " 

HBr 187-188" 

153" 
137-138"; hr, 103-104" 
- 
HBr 167-169" 

1653 

642 
642 
322, 314 

314,322 

638 
639,640,831 
626 
483 

775, 852 

316 
639, 134. 483, 831 
310, 308, 31 I 
131 
172 

68 1 

638 

689 

44 
1843 

4-amino-5-bromometh~l-2-chIoro- ca. 2 10" 1 87 

4-amino-5-bromo-6-methyl- 197" 504 

4-amino-5-bromomethyl- HBv 192" to 213" 684, 678, 601. 685, 

4-amino-5-bromomethyl- - 

4amino-5-bromomethy1- HBr 165" 684 

4-amino-5-bromomethyI-2-ethyl- HBr 175-1 78" 688, I843 
2-amino-5-bromo-4-methyl- 192- 194" 640, 40 

4-amino-5-bromomethyl- 153" 314, 322 
2,6-diethyl- 

2-methyl- 679, 206, 680 

6-meth yl- 

2-phenyl- 

2-methyl- 

60 1 

4arnino-5- butyl-6-chlom- 168" 129 

2-amino-5-bu tyl-4,6-dichloro- 170-171" 35 
2-amino-4-chloro- ca. 168" 463,496,497,1844, 

2-amino-5-chloro- 234-236" 28,639, 1845,1842, 
620 

1846, 640 

(Tubk conihwd) 
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TABLE XXXI (contimud) 

pyrimidine M.p. R e f m n a  

4-amino-2-chloro- 206-207" 
4-amino-5-chloro- 192-1 94" 

5-amino-2-chloro- 198-1 99" 
4-amino-6-chloro- 215" 01 205" 

2-amino-4-chloro-5-~-chloroethyl- 165- 190" 

4-amino-2-chloro-5-chloromethvl- HCL 2 15 O 

6-methyl- 

Camino-6-chloro-5-diethyl- 
aminomethyl-2-methyl- 

2-amino-4-chloro-5,6-dimethyl- 
2-amino-5-chloro-4,6-dimethyl- 
4-amino-2-chloro-5,6-dimethy~- 
4-amino-5-chloro-2,6-dimethyl- 
4-amino-6-chloro-2,5-dimethyl- 
5-amino-4-chloro-2,6-dimethyl- 
2-amino4chloro- 

G-dimethyIamino- 
4-amino-6-chIoro- 

Z-dimethylamino- 
5-amino-2-chloro- 

4-dimethylamino-6-methyl- 
4-amino-6-chloro-5-dimethyI- 

aminomethyl-2-methyl- 
2-amino-4-chloro-6-ethyl- 
2-amino-4-chloro-6-ethylamino- 
4-amino-6-chloro-Z-ethylamino- 
2-amino-4-chloro-5-ethyl- 

4-amino-2-chloro-5-ethyl- 

4-amino-6-chloro-5-ethyl- 

2-amino-4-chloro-6-hexyl- 
4-amino-6-chloro-5-hexyl- 

4-amino-6-chloro-5-hexyl- 

2-amino-4-chloro-5-methyl- 
2-amino-4-chloro-6-methyl- 
2-amino-5-chloro-4-methyl- 
4-amino-2-chloro-6-methyl- 
4-amino-5-chloro-2-methyl- 
4-amino-5-chloro-6-methyl- 
4-amino-6-chloro-2-methyl- 

4-amino-6-chloro-5-methyl- 

6-methyl- 

6-methyl - 
%methyl- 

Z-methyl- 

2-propyl- 

76" 

2 1 5-2 16" 
182- 184" 
1 82-1 83 " 
165" 
199O 
80"; pic. 169" 
162-165" 

142-143" OY 151" 

63" 

115-1 16" 

120-121 01 129-130" 
152-153' 
113-1 14" 
156-157" 

222" 

229-231 " 

61-62" 
152-153" 

101-102" 

184-185" 
182-183" 
189-191" 
2 15-21 6 " 
145-146" 
197-1 98" 
190-I91" 

237-238" 

496,497,667, 713 
626 
623,827 
28 
1847 

187 
869 

172, 468 
1848 
468 
311, 310 
134, 129 
601, 775, 1657 
622, 174 

622, 173 

536 

869 

99, 134, 722 
1657 
1849 
35,836 

836 

129 

35 
129 

132 

775 
64, 1153, 612, 504 
640 
64, 612. 504 
44 
504 
550, 202, 129, 870, 

775. 1737 
916, 914 
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TABLE XXXI (conlhwd) 

Pyrimidiue M.p. Reference 

5-amino-4-chloro-2-methyl- 

2-amino-4-chloro-5-methyl- 

4amino-6-chloro-lmethyl- 

4-amino-5-chloromethyl- 

2-amino-4-chloro-6-phenyl- 
Z-amin0-4-chloro-6-phenyl- 

4-amino-6-chloro-2-propyl- 
2-amino-4,6-dibrorno- 
2-amino-4.6-dichloro- 
4-amino-2,6-dichloro- 
5-amino-2,4-dichloro- 
5-amino-4,6-dichloro- 
2-amino-4,6-dichloro-5ethyl- 
4-amino-2,6-dichloro-5-ethyl- 
4-amino-2,6-dichloro- 

2-amino-4.6-dichloro-5-methyl- 
4-amino-2,6-dichIoro-5-methyl- 
5-arnino-2.4-dichloro-6-methyl- 
5-amino-4,6-dichloro-2-methyl- 
2-amino-4,6-dichloro-5-phenyl- 
4-amino-2,6-diethyl- 

2-amino-4,6-di-iodo- 
4-amino-5-ethyl-6-iodo- 
2-amino-5-iodo- 
4-amino-5-iodo- 
2-amino-5-iodo-4,6-dimethyl- 
4-amino-5-iodo-2,6-dimethyl- 
4-amino-6-iodo-5-methyl- 
2-amino-4,5,6-trichloro- 
4-amino-2,5,6-trichloro- 
5-amino-2,4,6-trichloro- 
4-amino-6-trifluoromethyl- 
2-a~1ilino-5-bromo-4-chloro- 
2-anilino-5-bromo4,6-dim&hyl- 
4-anilino-5-bromo-2,6-dimethyl- 

6-methy lamino- 

6-phenyl- 

2-prop yl- 

2-trifluoromethyl- 

5-prop y t  

5-formamido- 

5-iodomethyl- 

5-amino-2-chloro-4-methyl- 93-94" 
2-amino-4-chloro-6-methylamino- 162-163" 
5-amino-4-chloro-6-methylamino- 162 " to 167 " 
4-amino-5-chloromethyl-2-methyl- 163"; HCI 214-2 15" 

127-1 28" 

1 2 7- 1 28" 

171-1 72" 

191-1 92 ' 

148" 
- 

127-1 29" 
190-192" 
221" 
270" 
12 1-1 22 " 
147-148" 
191-192" 
214416" 
2 16-2 17" 

249 " 
201 " 
115-1 16" 
70-72" 
221-222" 
152" 

- 
I 9 1-1 93 " 
224-225" 
230-231" 
185" 

238O 

170-1 71 " 
116-117" 
165-1 70" 
106" 
179-180" 
98-99 " 

- 

236-237' 

1674,64, 504 
1849 
5-34, 1850 
684, 1782, 1839 
534 

1711, 1702 

132 

353 

1711 
1711, 1653 

132 
638 
622, 714, 624, 632 
1231, 512.624 
435 
534, 616 
448 
448 
616 

729, 775 
729 
1674, 454 
505, 789 
788 
314 

1851 
448 
655 
356, 171 
63 
327, 328 
729 
632 
88 1 
616 
443 
522 
677 
677 



Systematic Tables of Simple Pyrimidines 543 

TABLE X X XI (continwed) 

PyrimldIae M.P. 

z-anilino-4-chloro- 134" 
4-anilino-6-chloro- 154-156" 

4-aniiino-6-chloro-2-methyi- 134-1 35" 
2-anilino-4-chloro-6-methyl- 92-93' 

4-a~no-6-chloro-2-pbenyl- 132-1 34" 
4-anilino-2,6-dichloro- 137-1 38" 
4-anifino-z(or 4)-iodo- 166" 
4-aziridino-6-chloro-2-phenyl- 66-67 " 
2-aziridino-4,6-dichloro- 105" 
4-aziridino-2,6-dichoro- 111" 
2-benz ylamino-5-bromo- 134-136" 
2-benzyIamino-4-chloro- 255-257" w 272" 
2-benzylamino-5-chloro- 130-1 32" 
2-benzylamino-4-chloro-6-methyl- 1 33-1 34" 
2-benzylamino-4,6-dichloro- 130-132" 
5-benzyl-4-benzylamio-2-chloro- 1 18" 
5-benzyi-2-chloro- 94 " 

5-benzyl9-chloro- 166" 

2-bromo-4-dimethylamino- 93" 

.5-broma-2,6-dimethyl- 205" 

5- bromo-4-hydrazino- 185-187" 

4cyclohexylamino- 

4-methy lamino- 
5-benzyl-2-chloro-4-piperidino- 68" 

6-methyl- 

4-thioureido- 

4- bromo-2-isoprop y lamino- 200-201 a 

4-chloro-2,6-bismethylamino- I34O 

6-methyl- 
2-butylamino-4-chloro-6-methyl- 154-1 56" 

4-chloro-2.6-bisdimethylamino- 52" 
2-chloro-4-dibutylamiao- 162"/3 mm. 

2-chloro-4-diethylamino- 150": HCl 162" 

4-chloro-Z-dieth ylamino- 39-40"; sul. 148-149" 

2-chloro-4-dimethylamino- 81' 
4-chloro-2-dimenthylamino- 41-42"; pic. 144-145" 

6-methyl- 

6-methyl- 

6-methy lamino- 

2-chloro-4-dimethylamino- 92-93 " 

2-chloro-4-dimethylamino- a70 

5,6-dimethyl- 
2-chloro-4-dimethylam~no-6-othyl- l28"/2 mm. 

6-methyl- 

6-methyl- 
4-chloro-2-dimethylamino- 35-36"; pic. 128-129" 

625 
786 
1125, 1471 
826 
786 
718 
718 
61 7 
617 
617 
1852 
1201, 1202 
1852 
1852, 1691 
1152, 1852 
735, 1853 
735, 1853 

1853, 753 

735, 1853 
734 

645 

626 
1849 

1849 
1849, 718 
622, 173 
734 

734. 1854 

174, 1855 

734 
72 
734 

734 
734. 1854 

98 
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TABLE XXXI (continued) 

Pyrimidine M.p. Rehence 

4-chloro-2-dimethylamino- 78"; 122-125"/1 mm. 
6-methylamino- 

4-chloro-2.6-dipiperidi~o- 95-96" 
4-chloro-Z-eth ylamino- sul. 148" 

6-methylamino- 
4-chloro-6-ethyl-2-methylamino- 74-75" 
2-chloro-4-ethylmethyla~o- 119Oj1.5 mm. 

4-chloro-5-formamido- 1 58-1 59 " 

4-chloro-6-h ydrazino- 177" 
5-chloro-4-hydrazino- 19O-192" 

6-methyl- 

2,64imethyl- 

4-chloro-6-methylamino- 1 37-1 38" 
5-chloro-2-methylamino- 122-124" 
4-chloro-6-methy lamino- 118" 

4-chloro-5-methyl-2-methylamino- 13 1 O 

4-chloro-6-methyI-2-methylamino- 135" 

2-piperidino- 

173, 174 

1856 
174 

1849 
734 

775 

626 
626 
280. 1849 
647 
147 

1129 
1129 

4-chloro-5-methyl- 

2chloro-4-methyl-6-pipridino- 
Cchloro-6-methyl-2-pipendino- 
2-chloro-4-thioureido- 
2,4-diamino-5-benzyl-6-chloro- 
2,4-diamino-5-benzyl-6-iodo- 
2,4-diamino-5-bromo- 
4,6-diamino-5-bromo- 
2,4-diamino-5-&bromoethyl- 

2.4-diamino-5-bromo-6-methy~- 
2.4-diamin0-6-chloro- 
4,5-diarnino-Z-chloro- 
4,5-diamino-6-chloro- 
2,4-diamino-6-chloro-5-ethyl- 
4,5-diamino-2-chloro-6-ethyl- 
2,4-diamino-6-chloro-5-methyl- 
2,5-diamino-4-chloro-6-methyl- 
4.5-diamino-2-cNoro-6-methyI- 
2,4-diamino-6-chloro-5-phenyl- 
2,4-diamino-5,6-dichloro- 
2.5-diamino-4.6-dichloro- 
4,5-diamino-2,6-dichloro- 
4.6-diamino-2,5-dichloro- 
2,4-dianiIino-5-bromo- 
4,6- (or 2,4)-dianilino 

2 (or 4)-chloro- 

2-phenylguanidino- 

6-methyl- 

- 1857 

- 734 
292-293"/at.; pic. 98-W" 141 
3 16-3 18" 846 
163" 642 
19 1-1 92" 642 
217" 639 
213" 1858, 171 
- 1734 

188- 189' 
198" 
232" 
252" 
183" 
203" 
199-200" 
198" 
ca. 250" 
244-245" 
218-220" 
260-26 1 ' 
268 
302-304" 
I91 " 
HCl 220" 

47 1 
775, 1658. 624, 512 
360, 716, 616, 1859 
361,531,1697.1859 
448 
1 04 
729 
63 
513, 504 
1709 
632 
616 
51 3 
633, 632, 881 
522 
718 

(Table mutinuad) 
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TABLE X X X I  (continued) 

Pyrmidae Kp. Reference 

2,4-diaziridino-6-chloro- 
2,4-diaziridino-6-chho-5-phenyl- 
2,4-dichloro-G-dimethylamino- 
4,6-diciiloro-2-dimethylamino- 
2,5-dichloro-4-hydrazino- 
2,Cdichloro-6-methylamino- 
4,6-dichloro-2-methylamino- 
2,4,5-triarnino-6-chloro- 
2,4,6-triamino-5-chloro- 
4,5,G-triamino-2-chloro- 

94-95 .a 

116-1 18" 
113" 
54 " 
ca. 220" 
186" 
164" 
- 
20 1 -203 O 

25D-26Oo 

617, 787 
617, 787 
583 
173, 1855 
626 
718 
114, 718 
1043 

513 
632, 881 

T.4 HLE XX X I I .  Xmino-Nitropyrimidines 

Pyrimidine hLp. Rg-fcrence 
-. -I ._I_ 

.~~. 

2-acetamido-5-nitro 187-188 " 
~-amino-.~-aniiino-G-iiiethyl- 192- 193" 

2-arniiio-4-anilino-5-nitro- 206-207 a 

4-amino-6-anilino-5-nitro- 2 12-2 14" 
4-amino-6-bcnzylarnino-5-nitro- 19 1-1 94" 
4-amino-2-diethylamino-G-methyl- 79-74' 

4-arnino-2-diethylamino-5-nitro- 103-1 10" 
4-amino-6-diethyia1nino-5-nitro- 1 19" 
2-amino-4,6-diethyl-5-phenylazo- 1 56" 

5-nitro- 

5-nitro 

2-amino-4-dimet hylamino- 192-1 93" 
6-methyl-5-nitro- 

4-amino-2-dimethylamino-5-nitro- 2 10-2 1 1 
4-amino-6-dimethylamino-5-nitro- 159-161 O 

2-amino-4,6-dimethyl-5-nitro- 225" 
2-amino-4.G-dimethyl- 228-230" 

5-phenylazo- 

5-phenylazo- 
Z-amino-4-ethyl-6-methyi- 171" 

4-amino-2-methylamino-5-nitro- 226-228" 
4-amino-6-methylamino-5-nitro- 241-245" 
2-amino-4-methyl-5-phenylazo- 108" 

2-arnino-4-methyl-6-phenyl- 158" 

2-amino-5-nitro- 236" 

6-propyl- 

5-phenylazo- 

2-amino-5-phenylazo- - 

23, 773. 25 
'330 

980 
51 1 
51 1 
785 

780 
780 
63 
63 

360, 507 
36 1 
536 
775, 63 

63 

36 1 
51 1 
63 

63 

28, 773, 499, 25 
7 74 
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TABLE X X X I I  (wntinwd] 

Pyrimidirn M.p. Rafcrencc 

2-amylamino-4.6-dimethyl- 92-93' 

2-benzylamino-5-nitro- 182-184" 
5-phenylazo- 

2,4-bisdirnethylamino-6-methyl- 122-1 23" 

2,4bisdimethylamino-5-nitro- 88-92" 
5-nitro- 

2,4bismethylamino-5-nitro- 253-255" 
4,6-bismethylamino-5-nitro- 192-195" 
2-butylamino-4,6-dimethyl- 89" 

5-pheny lazo 
2-butylamino-5-nitro- 122" 
4,6-diamino-2-benzyl-5-phenylazo- 275" 
4,6-diamin~2-butyl-5-phenylazo- 262" 
4,6-diamino-2-dibutyIamino- ca. 88-90' 

4,6-diamino-Z-dimethyIamino- 249-250" 

2,4-diamino-6-dimethylamino- 258-259O 

4,6-diamino-2-dimethylamino- 283" 

2,4-diamino-6-ethyl-5-nitro- 179" and 191" 
4,6-diamino-2-ethyl-5-phenylazo- 263-264" 
4.6-diamino-2-isobutyl- 260-26 I " 

2,4-diamino-6-isopropyl-5-nitro- 1 52-1 54" 
2,4-diamino-6-methylaino- 245-247" 

2,4-diamino-6-methyl-5-nitro- 235" 
4,6-diamino-2-methyl-5-nitro- - 
4,6-diamino-2-methyl-5-nitroso- >300" 
2,4-diamino-6-methyI- 224-226" 

2.4-diamino-5-nitro- 345-350" 
4,6-diamino-5-nitro- >360" 
2,4-diamino-5-nitro-6-propyl- 162-164" 
4,6-diamino-5-nitroso- - 
4,6-diarnino-5-nitroso-2-phenyl- - 
2,4-diarnino-5-nitroso- 21 1-213" 

4.6-diamino-5-phenylazo- 282-286" 01 302" 
4,6-diarnino-5-phenylazo- 255-256" 

5-nitro- 

5-nitro- 

5-nitroso- 

>nitroso- 

5-phen ylam- 

5-nitroso- 

5-phenylazo- 

Gpiperidino- 

2-prop y l- 

5-phenylazo- 
4,6-diamino-Z-phenyl- 294-295" 

204-dianilino-5-nitm 203-209" 

63 

1202 
536 

1656 
534, 1656 
534 
63 

772 
1181 
1181 
1181 

174 

1704, 1705 

1 152, 257, 1705 

1181 
1181 
1181 

1181 
1704, 1705 

531, 778, 504, 1275 
615 
550, 1860, 1646 
979 

360. 777, 778 
531, 356, 506, 1181 
1181 
1181, 552 
1860 
1704, 1705 

250,1110,1717,579 
1181 

1181 

779, 1372 
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Pyrimidine 

4,6-diaziridino-2-dimethylamino- 

4,6-diaziridino-2-rnethyl-5-nitro- 
2,4-diaziridi~o-5-nitro- 
4,6-diaziridino-5-Ntro- 
4,6-diaziridino-5-nitro-2-phenyl- 
2-diethylamino-5-nitro- 
2-dirnethylamino-4,6-dimethyl- 

M i m e  thy lamino-5-nitro- 
4,6-dimethyl-2-methylamino- 

4,6-dimethyl-5-phenylazo- 

4,6-dimethyl-5-phenylazo- 

2-dipropylamino-5-nitro- 
2-ethylamino-4,6-dimethyl- 

2-ethylamino-5-nitro- 
2-isobutylamino-4,6-dimethyl- 

2-isopropylamino-4,6-dimethyl- 

2-methylamino-5-nitro- 
4-methyl-6-nitroamino- 
5-nitro-2,4-bispropylamino- 
5-nitro-2-piperidino- 
5-nitro-Z-prop ylamino- 
2,4,6-triamino-5-nitro- 
2,4,6-triamino-5-nitroroso- 
2,4,6-triamino-5-phenylazo- 

Ii-nitro- 

5-phenylazo- 

5-phen y lazo- 

Z-piperidino- 

P-propylamino- 

J-phenylazo- 

5-phenylazo- 

5-phen ylazo- 

M.p. 

1 30" 
160" 
130" 
1 60" 
104-105' 
99" 

222 
161" 

107' 

136" 

45-46 
122" 

175" 
104" 

75-76' 

227-229" 
190-200" 
121-1220 
147-148 ' 
119" 
970 '  
- 
CLL 262-263" 

787 

617 
617, 787 
617, 787 
617, 787 
772 
63 

7 72 
63 

63 

63 

772 
63 

772 
63 

63 

772 
504 
779 
30 
772 
512 
264, 1716, 1860 
980 

TABLE XXXIII. Amino-Oxypyrimidines Without orN[,)- Substituents 

-dine M.p. Rehence 

2-acetamido-5-acetoxy-4-l-1ydroxy- 232-233 O 

5-acetamido-4-amino- 205-207" 

2-acetamido-5-amino-4-hydroxy- 246" 

6-methyl- 

2.6-dih ydroxy- 

6-methyl- 

938 

1862, 396, 1863 

1196 
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TABLE X X X I I Z  (continued) 

Reference Pyriiiiidine M.p. 

2-acctam itlo-5-benzamido- 2 78-2 79 " 
4-hydroxy-6-mc thyl- 

4-liydrosy-6-methyl- 

methyl-5-hydrmy 

2,G-dihytlrosy- 

6-hydrox y- 

2-acctami~lo-5-l~en8~-Iidencamino- 266-2158" 

4-acctam ~110-2, (i-b~sacetoxy- 115-1 17" 

4-acetamido-j-dincetylamino- - 

5-acetatnido-2,4-diamino- 343-344 

2-acetan~ido-4,6-diliydroxy- (?) >325" 
5-acetarmdo-2,4 -dihydroxy- - 
5-acetainitlo-2,4-d1h~droxy- ca. 220" 

5-acetaniiclo-2-diiiiethylaitiino- 225-227" 
6-11lethyl- 

4-hydroxy-G-inethq-l- 
2-acetamirlo-4-liyctroxy- 249 -250" 
4-acetamirlo-2-hgcIro.uy- >300" 
5-ncetamido-4-hydrosy- 275" 

2,6-d11ncthq 1- 

6-pIlerl> 1- 

2-acetaiiiitlo-4-lipdror;y-6-methyl- 2 18-2 19' 
Z-.Lcctsmido- !-!iydroxy-5-nctliyl- 28J-2'30' 

5-acetani idotnethyl-4-hydroxy 2 19-220" 

5-acetarnrdo-2,1,G-trihydroxy- - 
Z-'icctylhydrazino-.~-hydro~y- 2.58" 

2-methyl- 

G-mcthyI 
alloxan/5-phenylhydrazino- - 

2-allylamino-4-h ydroxyd-methyl- 149" 
5-aIlyl-2-amino-4-hydroxy- 266-967' 

5-aIlyl-2-amino-4-hydroxy- 302-304" 

2-aminoalloxan - 
5-amino-2-aminomethyl- HCd 200" 

6-methyl- 

6-phenyl- 

4.6-dihydrosy- 
4-amino-5-aminoethyl-2-hydroxy- 264-267" 
4-amino-5-aminomethy1- HC1 255" 

4-amino-5-aminomethyl- ca. 270"; pic .  

4-amino-5-aminoeth yl- HC1246' 

2-z-hydroxyethyl- 

2-j-hydroxyethyl- 

2-h ydrox ymethyl- 
2-amino-4-amoxy-6-rnethyI- 5 1-52" 

1196 

1196 

1392 

1865 

254 

12% 
532 
12G5 

1 866 

12W, G50 
650, 1468 
775, I8I57, 1 G - X  

1203 
1 2 01: 

ICG4, 1868, I869 
1312 

534, 595, 1955, 

100 
1744 

859 

1870 

1871 
584 

1698 
1651 

216-217" 1838 

1651 

172 
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TABLE XXXIII(continzred) 

Pyrimidine M.p. 

4-amino-5-amox ymethyl- 69 a 

2-methyl- 

6-me thyl- 

2-methyl- 

2-amino-5-am y l-4- h ydrox I-- 249-250" 

4-amino-5-amyl-6-hydroxy- 250-251' 

4-amino-2-anilino-5-ethoxy- 133-1 34" 
4-amino-2-anilino-6-hydroxy- 244" 
2-arnino-5-benzamido-4-hydroxy- 3 16" or CG. 275O 
2-an~ino-5-benzarnido-4-hydroxy- 267-268" 

4-amino-5- benzylamino- 265' 

4-amino-5-benzyl-2-ethoxy- 127" 
Z-amino-5-benzyl-4-hydroxy- 240" 
4-amino-5-benzyl-2-hydroxy- 3 15O 
2-amino-5-benzyl-4-hydroxy- 277-278" 

2-amino-5-benzyl-4-hydroxy- 340" OT 334" 

4-amino-5-benzylideneamino- - 

2-amino-5-benzylideneamino- 250-251 O 

2-amino-5-benzyloxy-4-hydroxy- 247-248" 
2-amino-4,6-bismethoxymethyl- 133-1 34" 

6-methyl- 

2,G-dih ydroxp- 

6-methyl- 

6-phen yi- 

2,6-dihydroxy- 

4- hydroxy-6-methy I- 

4-amino-Z-benzy lamino- 202-204" 
4-hydroxy- 

(or 4.2-komer7) 123-125"/3.5 mm. 

6-dimethylamino- 

2-amino-4-butox y- 57-58"; 

5-amino-2-butox y- 72-73" 
2-amino-4-butox y- 90-92" 

2-amino-5-butoxy-4-hydroxy- 236-239" 
4-amino-5- butoxymethyl- 84"; pic. 147-148" 

2-methyl- 
2-amino-5-butyl-4,6-dihydroxy- 330" 
4-amino-2-butyl-5-ethoxymethyl- 48-51 
4-arnino-5-butyl-Z-hydroxy- 299-300" 

4-amino-5-butyl-4-hydroxy- 261-262" 
6-methyl- 

Z-methyl- 
2-amino-5-butyl-4-h ydroxy- 300-302" 

4-amino-2-cyanoamino-6-hydmxy- - 
Z-amino-4,6-dibutoxy- 58"; 1 9 7 O / 1 7  mm. 

6-phenyl- 

Reference 

1872 

35 

129 

625 
226 
1873, 503 
1196 

I267 

735, 1718 
1655, 82 
735, 1718 
141, 1874 

1711, 82, 1653 

1267 

1 I96 

80, 83, 245 
172 
1152 

1875 

1875, 1876 
622 

80 
1877, 1878, 961, 

35 
689 
1115 

1879 

129 

1208 

177 
993 
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TABLE X X X I I I  (continued) 

Pyrimidine M.p. Rdercncc 

2-amino-4,5-diethoxy- 94-95" 
2-amino-4,6-diethoxy- 101"; 265-266"Iat. 
2-amino-4-diethylamino- 84-85" 

4amino-5-diethy laminomethyl- HCI 29 1 " 

4-amino-2,fi-diethyl- 130" 

2-amino-4,5-dihydro-6-hydroxy- - 

2-amino-4,5-dihydroxy- >300° 

2-amino-4,6-dihydroxy- >330" 

4-amino-2.5-dihydroxy- >280" 
4-amino-2.6-dihydroxy- >325" 

6-methox y- 

4hydroxy-2-methyl- 

5methoxymethyl- 

5.5-dimethyl-4-oxo- 

5amino-2.4dihydroxy- - 

2-amino-4.5-dihydroxy- - 5-amino-4.6-dihydroxy- ca. 208" 

6-hydroxymethyl- 
2-amin0-4.5-dihydroxy-6-methyl- >3 1 0" 
2-amino-4,6-dihydroxy-5-methyl- >300° 
4-amino-2,6-dihydroxy-5-methyl- 355" 
5-amino-2.4-dihydroxy-6-methyl- - 

2-amino-4,6-dihydroxy-5-phenyl- 
5-amino-2.4-dihydroxy-6-phenyI- 
4-amino-2.6-dihydroxy- 

4amino-2,6dihydroxy-5-propyl- 
2-amino-4,6-dihydroxy-5-ureido- 
4arnino-2.6-dihydroxy-5-ureido- 
2-amino-4,6-di-isopropoxy- 
2-amino-4,6-dimethoxy- 
4-amino-2,6-dimethoxy- 
2-amino-4,5-dimethoxy 
Gmethoxymethyl- 

2-amino-4,6-dimethoxy-5-methyl- 
5-amino-2.4-dirnethoxy-6-methy~- 
5-amino-4,6-dimethoxy- 

Z-amino-4-dimeUlylamino- 

5-pro pionamido- 

2-methyl- 

6-ethoxy- 

>300" 
- 
- 
90"; 160"/30 mm. 
97-98"; 252"lat. 
110-140" 
132-133" 

112-1 14" 
73" 

145-147" 

172 
993, 172 
172 

869 

314 

222 

938, 83, 1881, 245, 

172, 207, 170, 160, 

907 
207,212,228. 1206, 
146, 208, 209, 
217, 234 

530, 501, 654, 540, 
522, 521 

1249 
83 

503 

169 

938, 1881 
729 
1882 
263. 1257, 1798, 

788 
1043 
1883 

I265 

207 
170 
1267, 1047 
993 
993, 1884, 821 
1231 
172 

993 
1674 
1451 

622 
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TABLE XXXIII(conLinumi) 

Pyrimidine Y.P. Rdawea 

4-amina-2-dimethylaminino- 
6-hydroxy- 

5-amino-2-dimethylamino- 
4-hydroxy- 

5-amino-2-dirnethylamino- 
4-hydroxy-6-methyl- 

5-amino-2-dimethylamino- 
4methoxy- 

4-amino-5-dimethylaminomethyl- 
6-hydroxy-2-methyl- 

2-amino-5-dimethy laminomethyl- 
4-hydroxy-6-phen yl- 

2-amino-5,5-dimethylene- 
4,5-dihydro-6-hydroxy-4+~0- 

2-amino-4,6-dipropoxy- 
2amino-4-ethoxy- 
4-amino-2-ethoxy- 
2-amino-5-ethoxy-4,6-dihyhxy- 
2-amino-5-ethoxy- 

4-ethoxyrnethyl- 
2-amino-5-ethoxy- 
4-ethoxymethyl-6-hydroxy- 

2-amino-5-p-ethoxyethyl- 
4-hydroxy-6-methyl- 

2-amino-5-p-ethoxyethyl- 
4-methox y-6-methyl- 

Z-amino-5-@-ethoxyethyl- 
4-methyl- 

2-amino-5-ethoxy-4-hydroxy- 
4-amino-2-ethoxy-6-hydroxy- 
4-amino-5-ethoxy-2-hydroxy- 
2-amino-4-ethoxy-6-methoxy- 
2-amino-4-ethoxy-4-methoxy- 

2-amiao-4-ethoxy- 

2-amino-4-ethoxy-6-methyl- 
4-amino-2-ethoxy-6-methyl- 
4-amino-5-ethoxymethyl- 

4-amino-5-ethoxymethyl- 

2-amino4ethoxymetbyl- 

4-amino-5-ethox ymethyl- 

6-methoxymethyl- 

6-rnethoxymethyl- 

2 ,&diethyl- 

2-ethyl- 

6-methyl- 

Z-methyl- 

289-293" 

WCI >3 10" 

202-204" 

HC1>300" 

>300° 

310-311" 

- 
7 2 O ;  184"/42 mm. 
154-156" 

>320" 
106-107" 

221" 

238-239" 

94-95" 

159-160' 

245-246' 

151-152' 

247" 
ca. 300" 
98"; 226-228"/&, 
113-114" 

90-91" 

91-92" 
109-110' 
115' 

64-65" 

106-108" 

91"; pic. 190" 

1152, 257. 1705 

507 

1 886 

507 

869 

1887 

1754 

993 
28 
35 
172 
172 

172 

172 

172 

172 

172, 907 
236 
907 
993 
172 

1 72 

35, 1888, 1889 
35 
314 

688 

!?64, 1890 

685, 206, 1891, 
1892, 484, 961 
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TABLE X X X I I I  (continued) 

mimidine M.p. Relcrencc 

4-amino-6-ethox ymethyl- 95-96" 
?!-methyl- 

5-meth yi- 

2.6-dih ydroxy- 

4-amino-6-ethoxymethyl- 137-138" 

4-amino-5-ethylamino- - 

2-amino-4-ethylamino-6-hydroxy- 229-230" 
5-amino-4-ethylamino-2-hydroxy- 240" 
5-amino-4-ethyIainino-2-hydroxy- - 

2-amino-4-ethylamino-6-methoxy- 137-1 38" 
2-amino-5-ethyl-4.6-dihydroxy- 320" 
4-amino-.5-ethyl-2.6-dihydroxy- ca. 339" 
2-aniino-5-ethyi-4.6-dimethoxy- 92-94" 
4-amino-5-N-ethylformamido- - 

6-methyl- 

2,6-dihydroxy- 
Z-amino-4-ethyl-6-hydroxy- 247-248" 

4-amin0-5-ethyl-Z-hydroxy- 282-283" 
2-amino-5-ethyl-4-hydroxy- 288-289" 

4-amino-2-ethyl-6-h ydrox y- 245" 

6-methyl- 

6-methyl- 

2-methyl- 

2.6-dihydroxy- 

2,6-dihydroxy- 

2,6-dihydroxy- 

4-amino-5-ethyl-Z-hydroxy- 295" 

4-amino-5-ethyl-6-hydroxy- 272-2 73 " 

4-amino-5-ethylideneamino- 275-300" 

4-amino-5-formamido- - 

4-amino-5-formamido- - 

4-amino-5-formamido-6-hydroxy- - 
4-amino-5-formamido-2-hyd~oxy- >345" 

6-methyl- 
5-amino-2-hexoxy- 81-82" 
2-amino-4-hexyl-6-hydroxy- 199" 
4-amino-5-hexyl-6-hydroxy- 240-241 O 

4-amino-5-hexyld-hydroxy- 199-200" 

2-amino-4-hydroxy- 274-276" 

Z-methyl- 

2-propy 1- 

4-amin0-2-hydmxy- 305" to 323" 

4-amino-6-h ydroxy- 263-264" 

688 

688 

1893 

1657 
795 
801, 1894 

1657 
172, 1895, 869 
649, 1896 
993 
1893 

99, 722, 134 
131 
634 
35, 836, 107 

I07 

129 

1833 

2I2. 228 

1897, 437, 581 

437 
1898 

1875. I876 
35 
129 

132 

70, 1899. 1900, 
1748, 1901, 463 
668, 650, 992 

917, 356, 804, 185, 
497,668,650,654 

356,437,1902,1106 
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TABLE X X X I I I  (contilrzred) 

Pyrimidine M.p. Referenca 

5amino-4-hydroxy- 
4-amino-5-h ydroxy- 

2-amino-4-hydroxy-5,6-dimethyl- 
4-amino-2-hydroxy-5,6-dimethyl- 
4-amino-6-hydroxy-2,5-dimethyl- 
5-arnino-4-hydroxy-2,6-dimethyl- 
2-amino-4-hydroxy-5,6-diphenyl- 
Z-amino-5-fi-hydroxyethyl- 

4-meth yl- 
4-amino-5-/l-hydroxyethyl- 

2-methyl- 
2-amino-4-h ydroxy- 

5-&hydroxyethyl-6-meihyl- 
2-amino-4-hydroxy- 
5-/3-hydroxyethyl-6-phenyl- 

4-amino-2- hydroxy- 
5-hydroxymeth yl- 

2-amino-4hydrox y-5-isobutyl- 
6-phen yl- 

2-amino-4-hydroxy-5-methoxy- 
4-amino-6-hydroxy-2-methoxy- 
2-amino-4-hydroxy- 

5-/3-methoxyethyl-6-methyl- 
2-amino-4-hydroxy-5-methoxy- 

6-methoxymethyl- 
2-amino-4-h ydroxy- 

6-methoxymethyl- 
Z-amino-4-hydroxy-5-methyl- 
2-amino-4-hydroxy-6-methyL 

2,6-bish ydroxymeth yl- 

211-212" 
90-95" 

330". 
HBr 291 
283" 
194" or 200" 
319" 
159-160" 

193-1 94" 

265-270" 

305-3 10" 

ca. 295" 

266-267" 
228-229"0r214-216~ 
230-232" 

196" 

266-267" 

277-279" 
ca. 298O 

4-arnino-2-hydroxy-5-methyl- 

4-amino-Z-hydroxy-6-methyl- >30O0 
4-amino-6-hydroxy-2-methyl- 301 

ca. 270" ; pic. 290-291 

2-amino-4-h ydroxy- 287-288" 

4amino-6-hydroxy- 227-229" 
5-( 2-methylallyl)-6-phenyl- 

P-methylamino- 

4methylamino- 

6-methy lamino- 

5-amino-2-hydroxy- 217" 

5-amino-4-hydrox y- 210-215O 

78 
I; 392 

172, 95, 1903 
803 
129 
601, 536, 1657 
1175 
172 

1904 

1847 

1847 

187,952,1300, I608 

1905 

80 
235, 236, 909 
172 

172 

172 

71, 775 
612. 95, 94, 
93, 160, 1315, 
1906, 1907, 1339, 
1899 

917,1634,654,807, 
1306 

1908, 800 
129, 202, 203, 201, 

1267 
1870 

257 

280, 794 

280 
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TABLE XXXIII (continued) 

Pyrimidine Y.p. ReferetUX 

4-amino-5-hydroxymethyl- 

4amino-5-h ydroxymetyl- 
2.6-dimethyl- 

Z-methyl- 

4-amino-5-hydroxymethyl- 
6-methyl- 

5-amino-2-h ydroxy-4-methyl- 
6-methy lamino- 

5-amino-4-hydroxy-6-rnethyl- 
L-methylamino- 

4-amino-6-hydroxy-2-methyL 
5-methylaminomethyl- 

2-amino-4-hydroxy-6-methyl- 
5-phenoxy- 

2-amino-4-hydroxy-5-methyl- 
6-phenyl- 

2-amino-4-hydroxy-6-rnethyl- 
5-phen yl- 

4-amino-5-hydroxymethy l- 
2-phenyl- 

4-amin0-2-hydroxyb-methyl- 
5-prop yl- 

4-amino-6-hydroxy-5-methyl- 
2 -prop y 1- 

4-amino-5-(2-hydroxy- 
2-methylprop yl)-Z-methyl- 

4-amino-6-hydroxy-2-1nethyl- 
5-t hiof ormamido- 

4-amino-2-hydroxymethyl- 
5-thioformamidomethyl- 

2-amino-4-hydroxy-5-phenoxy- 
2-amino-4-hydroxy-5-phenyl- 
2-amino-4-hydroxy-6-phenyl- 
4-amino-2-hydroxy-5-phenyl- 
4amino-2-hydroxy-6-phenyl- 
4-amino-6-hydroxy-2-phenyl- 
2-amino-4-hydroxy-6-phenyl- 

2-amino-4-hydroxy-6-phenyl- 

2 -amino-4-hydroxy-5-piperidino- 
4-amino-6-hydroxy-2-pmpyI- 
2-amino-4methoxy- 

4arnino-2-rnethoxy- 

5-prop yl- 

5-vinyl- 

185" 

1 94- 1 96" (1 98-200 ") 

166" 

,270" 

208-2100 

HCE 281' 

ca. 300" 

287" 

pic. 177" 

3 1 7-3 18" 

209-2 10" 

160-102" 

,260" 

157' 

255-2 56" 
244-245" 
294-295" (279-280") 
>3 10" 
>300" 
252" 
311-313' 

>300° 

278-280° 
293-295" 
119-120" 

174" 

886 

601,1394,679,680, 
I404,1909,1405, 
1839 

60 1 

802 

I886 

869 

80 

1711, 1702 ,1208 

I905 

684 

1 1 18, 929 

132 

68 1 

550, 529 

1651 

775 
188, 1829 
1910, 829 
798 
799 
l9lI ,  127, 195 
1711, 1653 

1870 

85 1 
132 
1205, 1888, 714, 

497, 463 
497, 668. 1634 
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TABLE X X X I I I  (continued) 

Pyrimidine M.p. RCfCrCllCC 

4-amino-6-methoxy- 1 56-1 57 " 
2-amino4metbox~-5,6dimethvl- 154-1 55" 

a 2 - w  

116-117" 

Z-amino-4-methox$- 
5-b-methoxye thyl-6-methyl- 

2-amino-4-methoxy- 
6-methoxymeth yl- 

2-amino-5-methoxy- 
4-methoxymethy l- 

2-amino-4-methoxymethhyl- 
2-amino-4-methoxy-6-methyl- 

4-amino-2-methoxy-6-methyl- 
4-amino-6-rnethoxy-2-methyl- 
5-amino-2-methoxy-4-methyl- 
2-amino-4-methox ymeth yl- 

4-amino-5-methox ymethy l- 

5-aminomethyl-2,4-dihydroxy- 
5-aminomethyl-2.4-dihydroxy- 

5-aminomethyl-4-h ydroxy- 

4-aminomethyl-6-h ydroxy- 

5-aminornethyl-4-methoxy- 

2-amino-4methyl-6-phenoxy- 
2-amino-4-methyl-6-propoxy- 
4-amino-2-methyl- 

2-arnino-4,5,6-triethoxy- 
Z-arnino-4.5,6-trihydroxy- 
4-amino-2,5,6-trihydroxy- 
5-amino-2,4,6-trihydroxy- 

6-methyl- 

Z-rnethyl- 

6-methyl- 

2-methyl- 

2-phenyl- 

2-methyl- 

5-propox ymeth yl- 

2-anilino-4,5-dihydro-6-hydroxy- 
5,5-dimethyl-4-oxo- 

5-anilino-2,4-dihydroxy- 
2-anilino-5-et hoxy- 
2-anilino-5-ethoxy-4-hydroxy- 
2-aniliino-4-ethoxy-5-methyl- 
2-anilino-5-ethyI-4hydroxy- 

2-anilino-4-hydroxy- 
6-methyl- 

I106 
172, 1885 
172 

172 

137-1 38" 172 

123-124" 
158" 

145" 
164-165" 
88-89" 
114-1 16" 

116" 

172 
172, 715, 1888, 

715 
870 
504 
962, 1890 

961, 1879 

1912, 812 

sul. 245-246" 956, 1 I92 
>335O 1193 , 
pic. 157-158"; HC1280" 950, 951, 683, I651 

HCI 263-265 1398 

pic, 188"; HGI 150-151" 601 

195-1969 172, 1913, 1678 
59-60' 172 
87"; pic. 147-148" 961 

76-78" 
>300" 

ca. 320" 
- 

249-25 1 " 

250-255" 
130-131 O 

23 1-232" 
121" 
195" 

172 

83, 568 
609, 405, 1914, 2, 

514, 1915, and 
Beilslein 

a3 

225, 1917 

850 
625 
625 
807 
107 

230-231 " 625, 649 



4-anilino-2-hydrox y- 2 72-2 74 I 
2-anilino-4-hydroxy-5-methyl- 254-255- 
2-aNlino-4-hydroxp-6-methyl- 244-246" 
4-anilino-G-hydrosy-2-methyl- 276" 
2-anilino-4-hydroxy-5-methyl- - 
4-anilino-6-hydro.uy-2-phenyl- 209" 

5-aniIino-2,4,6-trihydroxy- >300" 
barbituric acid/5-arnino-5-cthyl- 2 14-2 16" 
barbituric acid/5-amino-5-methyl- 237O 

6-phenyl- 

2-anilino-4-rncthoxy- 119" 

barbituric acid/5-hydroxy- 210" 

barbituric acid/5-methoxy- 202 " 
5-ureido- 

5-ureido- 

5-ureido- 
barbituric acid/5-methyIamino- I9 I- 192" 

5- benzarnido-2,4-dihydroxy- 283-287" 
5-benzamido-4.6-dih ydrox y- 310" 
4-benzamido-2-hydroxy- >350" 
5-benzamido-4-hydroxy- 249-250" 
5-benzamido-4-h y droxy- 282 O 

5-benzamidomethyl- 209-2 1 1 ' 

2,G-dimethyl- 
5-benzamido-4-hydroxy-2-methyl- 294-295" 

2-benzyIamino-4,6-dihydroxy- 270-272" 
2.4-dihydroxy- 

2-benzy lamino-4-ethoxy- 72-73" 
6-methyl- 

2-benz ylamino-4-hydroxy- 223-224" 
4-benzylamino-2-hydrox y- 224" 
2-benzylamk10-4-hydroxy- (u) 131"; (p) 145-147" 

6-methyl- 
2-benzylamino-4-methoxy- 85-87" 
2-benzylamino-4-rnethoxy- 71-73" 

6-methyl- 
S-benzylarnino-2,4,6-trihydroxy- ca. 280" 
4-benzyl-2-hydrazino-6-hydroxy- 190" 
5-benzyl-2-hydrazino-4-hydroxy- 2 16-2 1 7 O  

2-benzylideneamino-4-hydroxy- 238-242" 
4.5-bisacetamido-2,6-dihydroxy- >300° 

2,4-bisacetamido-6-hydroxy- >340 

6-methyl- 

2,4-bisbenzyloxy- 79" 
6-dimethylamino- 

1123, 522 
807 
1125, 1471 
I126 
1203 

786 
625 
860, 1750 
1919, 157 
157 
116 

1920, 1921 

1920 

532 
Iii73 
: 468 
1866, 78 
11166 

1866, 1873 
I922 

11 52, 1852 
1691 

1594, 1852 
1117 
1594, 1831 

1923, 1691, 1852 
1691, 812 

1081 
1924 
1924 

503 
1925, 1926, 396, 

1206, 1608 
583 

1863, 1865 
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T A B I, E X X X 1 I I (continued) 

557 

Pyrimidine M.p. Reference 

4,G-bisbcnzyloxy- 

2,4-bisbenzyIoxy-6-methylamino- 
4,fj-bis benzylosy-?-methy lamino- 
4,5-bisformamido-2-methoxy- 
5-butylamino-2,4 -dihy&roxy- 
2-butylamino-4-hydroxy- 

5-butyl-4-hydroxy-6-phenyl- 

2-cyanoamino-4.6-dihydroxy- 
2-cyanoarnino-5-etliyl-4-hydroxy- 

2-c yanoaminn-4-hydroxy- 

2-cyanoamino-4-hydrosy- 

2-c yanoarnino-4-hydroxy- 

2-cya noamino-4 -1iydroxy- 

5-cyaiioainino-2,4,6-trihydroxy- 
5-cyclohexylainino-2,4-dihydroxy- 
4,5-diacetarnido-2,G-dihydroxy- 

2.4 -diace ta mido-6-hydroxy 

2,4-dianiino-5-acetainido- 

2,4-diainino-j-benzamido- 

2,4-diainiuo-j-benzylidcneamino- 

2,4-diamino-5-benzyloxy- 
2,4-diamino-ti-benzyloxy- 
2 ,+-diamino-5-bu toxy- 
2,4-diamino-6-bu toxy- 
4.5-diamino-Z-c yanoamino- 

G-hydroxy- 
2,4-diamino-5,6-dihydro- 

5,5-dimethyl-6-oxo- 
2,4diamino-5,6-dihydroxy- 
2,5-diamino-4,G-dih ydroxy- 
4,5-diamino-2,6-dihydroxy- 

2-dimethylaniino- 

&methyl- 

2-propioaamido- 

ti-methyl- 

5.6-dimcthyl- 

h n e t h y  l- 

6-methyl- 

6-phen yl- 

(see biu.. .) 

(see bis.. .) 

ti-hydroxp- 

6-11 ydrus y- 

6-h ydroxy- 

pic. 176" 

l l o l  
101 
180-!81" 

201" 
- 

- 

- 
ca. 257" 

ca. 280" 

ca. 293" 

ca. 285" 

- 

- 
>305' 

3 18-3 19" 

276" 

142-145" 
- 
sul. 234-236" 
73-74" 
- 

583 

583 
583 
395 
850 
1819 

1208 

177 
1903 

1303 

I903 

1903 

1903 

1916, 1 
850 

1267 

254 

1194 

80 
1927 
80 
1927 
I928 

1 I 

ca. 278" 1929, 336 

884, 83, 245 
252, 170 
210, 1251, 1893, 

1930, 1897, 252, 
581, 212, 568 

___- 
(Table wslinucdl 
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TABLE X X X I I I  (continued) 

F'yrirnidine Y.p. Reference 

4,5-diamino-2,6-dimethoxy- 
4.5-diamino-2-dimethylamino- 

2.4-diamino-5-ethoxy- 
2,4-diamino-6-ethoxy- 
2.4-diamino-5-ethoxy-6-hydroxy- 
4,5-diamino-Z-ethoxy-6-methyI- 
2,5-diamino-4-ethylamino- 

2,4-diamino-5-formamido- 

4,6-diamino-5-formamido- 

2,4-diamino-5-hydroxy- 
2,4-diamino-6-hydroxy- 

2,5-diamino-5-hydroxy- 
4,5-diamino-Z-hydroxy- 

6-hydroxy- 

6-hydroxy- 

Ghydrox y- 

Z-hydroxy- 

177-178" - 
148-1 49" 
167- 169 " 
260-261 " 

236-237" 
I 36-I 37" 

>300"; pic.  250" 
280-283" 

ca. 245" 
>230" 

825 
1705.257 

80 
1927, 1931 
884 
1932 
1657 

249. 437 

437 

1881 
246, 1933, 1934, 

503 
292,395, 1633,502, 

212, 249 

1935 
4,5-diamino-6-hydroxy- HCl251-252" 919. 360, 1936. 252 
4,6-diamino-2-hydroxy- - 355, 261,437, 1181, 
2,4-diamino-6-hydroxy- 298-300" 1847 

2,5-diamino-4-hydroxy-6-methyl- 28 1-282' 1886,1866,451,528, 
5-hydroxyetb yl- 

95 
4,5-diamino-Z-hydroxy-6-methyl- 
4,5-diamino-6-hydroxy-2-rnethyI- 
2,4-diamino-5-B-hydrxpethyl- 
4,5-diamino-&hydroxy- 

4,5-diarnino-6-hydroxy-Z-phenyl- 
2,4-diamino-6-hydroxy- 

4,6-diamino-2-hydroxy-5-propyl- 
2,4-diamino-5-methoxy- 
2,4-diamino-6-methoxy- 
2,5-diamino-4-methoxy-6-methyl- 
2,4-diamino-6-methyl-5-phenoxy- 
2,4-diamino-5-phenoxy- 
2,4-diaziridino-6-ethoxy- 
2.4-diaziridino-6-isopropoxy- 
2,4-diaziridino-6-methoxy- 
2.4-diethoxy-6-me thylamino- 
4-diethyIamino-2-hydroxy- 
4-diethylaminomethyl- 

2-methylamino- 

5-propionamido- 

5-a-hydrox yethyl-2-phenyl- 

280" 
sul. 265" 
235" 

228" 

cu. 300" 
138- 140" 
161-162"~ 140-145' 
SUL 167-169" 

162-1 65" 
180" 

107"/0.1 mm. 
114"/0.1 111111. 
86" 

280-28 1 ' 
HCl236-237" 

- 

531, 903. 1898 
1251,531,252,1267 
2169 
257 

195, 1911 
1267 

283 
80 
1927, 1931 
63 
80 
80 

617, 787 
617, 787 
718 
804 
482 

617, 787 
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TABLE XXXIII(continucdJ 

559 

M.p. Reference 

5-diethylarnino-2,4,6-tribydroxy- 
2.4-dihydroxy- 

2,Cdihydroxy- 

2,4-dihydroxy-5-methylamino- 
2.4-dihydroxy-6-methylamino- 
4,6-dihydroxy-2-methylamino- 
4,6-dihydroxy-5-methylamino- 
2,4-dihydroxy-6-methylamina- 

2,4-dihydroxy-6-methyl- 

4,5-dihydroxy-6-methyl- 

2,4-dihydroxy-6-methyl- 

2.4-dihydroxy-6-methyl- 

2,4-dihydroxy-6-rnethylhy1- 

5,6-bisrnethylamino- 

5,6-bisphenylhydrazino- 

5-N-methylformamido- 

5-methylamino- 

P-piperidino- 

5-thioacetamido- 

5-thiofomamido- 

5-thioureido- 

HCL 261" 

- 

242-243" 
302 ' 
>310" 
240" 
- 

- 

292" 

265-267" 

260-262" 

2 78-2 79" 

2,4-dihydroxy-6-methyl-5-ureido- - 
2,4-dihydroxy-5-phenyIhydrazino- 252" 
2,4-dihydroxy-5-piperidino- HCl285-290" 

2.4-dihydroxy-5-propylamino- HCE 264-265" 
2,4dihydroxy-5-ureido- ca. 310' (01 210") 

2-dimethylamino-4,6-dihydroxy- > 350" (or 320") 
4-d imethylamino-2,6- 320' 

5-dimethylamino-2,4-dihydroxy- 297" 

4-dimethylamino-6-hydroxy- 27 1-275" 
2-dimethylamino-4-hydroxyethyl- 123-1 25"/1.5 mm 

(dimer: 109-1 loo) 
2-dirnethlammo-4-hydroxy- 178"(or 106)" 

Z-dimethylamlno-4-hydroxy-5- 258-259 " 

4,6-dihydroxy-2-piperidino- - 

dihydroxy- 

2-dimethy lamino-4- hydroxy- 1 75- 1 76" 

6-methyl 

methyl-6-phenyl- 

trihydroxy- 
5-dimethylamino-2,4,6- 283-285" 

fi-ethoxydiazo-2,4-dihydroxy- ( ?) 80-1 00" 

5-ethylamino-2.4-dihydroq-6- 235" 
5-ethylamino-2,4-dihydroxy- 243-245" 

methylamino- 

860 
I263 

1937 

850 
583 
583, 174 
352 
1263 

65 

938 

99 

99 

1271 

1265, 1266 
1937, 589 
850 
1938 
850 
540, 114, 520, 533, 

583, 173, 787, 1855 
583 

65 
72, 507 
82 7 
98 

580. 1886, 98 

1208 

1920 

1240 
850 
1264 

665 



5 6 0  Appendix 

T A J3LE X X X I I I ( c o n h u e d )  

Pyrimidine M p. 
- - ___ 

4-ethylamino-5-ethylformamido- 262' 

4-ethylamino-2-l~ydroxy-6-methyl- 245-250" 
5-ethylamino-2,4,G-trihydroxy- 207' 
5-eth~lforiuamido-?.,4-dihydroxy- 262" 

Z,t',-dihyclroxy- 

G-niethylnmino- 

mcthylamrno- 

phenylhydrazino- 

u reido- 

4-eth y 1-G-h ytl rosy-2- 162-163" 

5-ethyl-4-hydrouy-G-methyl-2- 235" 

5-ethyl-4-hydrouy-G-methyl-2- 235" 

4-forma mido-2,G-dihydroxy- - 

5-forinamirlo-4 ,G-d ihydroxy- >240' 
5-f> )r:nnrnido--I-hydroxy-2.6- 245-248" 

5-farm am ido-2,4-dihydroxy- cu. 3tO' 

d I met t I yl- 

I n e t l l \  I -  

2.5-dinietiiyl- 

5-fm iua inidomethyl-4-hydroxy-2- 2 13" 

4-forrn\ thydrazino-6-methoxy- f81° 

2-gu,niidino-I,G-dihydroxy- - 

5-h\.tl1.,1tino-2,4-dihydroxy- - 
4-pm nidnio-2,G-dih ydroxy- 300' 

5-1iydrarino-2,4-diliyclroxy-6- 267" 

2-l~ytlrazino-.l--hydrosy-5-methyl- 225" 
2-hydratin0-4-hydroxy-6-methyl- 2-1-2-244" 

4-hydrazino-2-hydroxy-6-methyI- 235" 
2-hydrazino-4-hydroxy-6-phenyl- 224-225" 
2-hydrazino-4-hydroxy-6-propyl- 185-186" 
4-hydrazino-6-nie thosy-2,5- 142" 

2-hq drazrno-4-methoxy-6-methyl- 1 12- 1 14" 
4-hydrosy-5,G-dimethyI-2-ureido- 269' 
4-hydroxy-2-hydroxyaino-6- 225-228" 

methyl- 

dimethyl- 

methyl- 
2-hydroxy-4-methylamino- 2 75-2 78' 
4-hydrox y-fj-meth ylamino- 250-256" 
4-hydroxy-2-methyl-6- 282 

methylamino- 

methylamino- 

methylamino- 

4-hydroxy-5-methyi-2- 213" 

4-hydroxy-6-methyl-Z- 201 -202" 

1940 

go 1 
1920, 1093 
1264 

1849 

89G. 1941 

1903 

875 
87, 540 
1243 
I8G6, 775 

1219 

1942 

176 
583 
12-10 
885 

1924 
451, 1943, 1924, 
1714 
814 
1924 
1924 
1342 

1944 ( ? I ,  812 
1903 
895 

280, 804, 794, 13 17 
280 
870 

1129 

1129, 100 
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TABLE X X X I I I  (continued) 

Pyruntdine M.p. 

2-hydroxy-4-methyl-6- >300" 

4-hydroxy-6-methyl-2-nitroamino- 224" 
4-hydroxy-2-methyl-6-piperidino- 228" 
4-hydroxy-6-methyl-2-piperidino- 1 85 " 

4hydroxy-5-methyl-2-ureido- 245" 
4-hydroxy-6-methyl-2-ureido- 229" 
4hydroxy-6-phenyl-2-ureido- 234" 
4-methox y-6-methylamino- 84-86 " 

2,4,5-triamino-6-ethoxy- 130-1 33" 

methy lamino-5-thioformamido- 

4-hydroxy-Z-methyl-5- 200" 
thioformamidomethyl- 

2,4,5-triamino-6-benzyloxy- - 

2,4,5-triamino-6-h ydroxy- - 

4,5,6-triamino-2-hydroxy- 
2,4,5-triamino-6-methoxy- 
2,4,6-trihydroxy-5-iminomethyl- 
2,4.6-trihydroxy-5-methylarnino- 

2,4,6-trihydroxy-S 
phenylhydrazino- 

2,4,6-trihydroxy-5- 
semicarbazido- 

2,4,6-trihydroxy-5-thioureido- 
2,4,6-trihydroxy-5-ureido- 

- 
250" 

260" 

>290" 

Reference 

550 

45 1 
870 
141 
683, 1945 

1903 
1903 
1903 
280 
1927 
1927, 1931 
210, 598,1947, 
1946, 1948, 556, 
1608,1949,1950, 
212,249,253,559 

1951, 261 
1927 
1953 
1920,405, 1083, 

970 
147,1954,1277 

970 

1916, 1956 
1869, 1920, 1052, 
1270 

TABLE XXXIV. Amino-Oxypyrimidines with N(l)-  or N(,)-Alkyl Groups 

Pyrimidine M.p. Reference 

5-acetamido-4-acetoxy-1,2,3,6- 180" 
tetrahydro- 1,3-dimethyl-2,6- 
dioxo- ( 7) 

5-acetamido-&amino- 1,2,3,6- 280" 
tetrahydro- 1,3-dimethyl-2,6- 
dioxo- 

dimethyl-6-0x0- 

methyl-2-0x0- 

2-acetamido-l,6-dihydro-1,4- 130-132" 

4-acetamido- 1 ,Z-dihydro- 1 - 268" 

988 

227, 1883, 1863, 
1862 ( ?) 

1340 

790 
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TABLE X X X I V  (contilazred) 

Pyrimidine M.p. Reference 

5-acetamido-l,2,3,4-tetrahydro- 192-193" 
1 ,3-dimethyl-6-N- 
methylacetamido-2,4-dioxo- 

1,3-dimethy1-2,4-dioxo- 

6-hydroxy- 1,3-dimethy1-2,4- 
dioxo- 

1.3-dimethyl-2-0~0 

I ,2,3,6-tetrahydro-2,6-dioxo- 

tetrahydro-2 ,&dioxo- 

tetrahydro-6-hydroxy-2,4-dioxo- 

dimethyl-40~0- 

643x0- 

dimethyl-2-0~0- 

dimethyl-2-0~0- 

6-0x0- 

methyl-6-0~0- 

l-methyl-6-0~0- 

methy lamino-2-0x0- 

5-acetamido-I,2,3,4tetrahydro- - 
5-acetamido-l,2,3.4-tetrahydro- 208" 

4-acetylimino-I ,2,3,4-tetrahydro- 156" 

4amino-l,3-diethyl-5-formamido- 235" to 261' 

4-amino-1 ,3-diethyl-l,2,3,6- 198-1 99" 

5-amino- 1,3-diethyl- 1,2,3,4- ca. 200" 

2-amino-l,4-dihydro-1,6- 284-285" 

2-amino- 1,6-dihydro-1 .&dimethyl- ca. 3 12" 

4-amino-1.2-dihydro- 1.5- 300-310" 

4-amino- 1 ,Z-dihydro- 1,6- 340-342" 

4-amino-l,6-dihydro-l &dimethyl- 242" 

2-amino- 1,6-dihydro-4-hydroxy-l- >360" 

4-amino-I ,6-dihydro-Z-methoxy- 2 16" 

5-amino-l,2-dihydro-l-methyl-4- GU. 180"; pic. 210" 

4-amino-l,2-dihydro-I -methyl-2- 300-302 

4-amino-2,3-dihydro-3-methyl-2- HCI 241-245"; 

2-amino- 1 -ethyl- 1 ,4-dihydro-6- 

2-amino-3-ethyl-3,4-dihydro-6- - 

oxo- 

0x0- pic.  244-246O 

methyl-4-0~0- 

methyl-4-0x0- 

tetrahydro-3-hydroxyethyl-2,6- 
dioxo- 

tetrahydro- 1 -hydroxyethyl- 
2.6-dioxo- 

289-290" 

4-amino-l-ethy1-1,2,3,6- 180-1 8 1 

4-amino-%ethyl-I ,2,3,6- - 

1863, 1939 

1262 

790, 1468 

227, 1893, 229, 

227, 425, 229, 243 

55 1 

1304, 1889 

100,95,1339,1304, 
1316, 1315, 1340 

669 

732 

870 

1 74 

235. 243, 1967 

280, 903 

5, 688 

274a. 2168 

1889 

I451 

425, 1345 

1662 

I345 

(Table Conrinuul) 
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TABLE XXXIV (codznwd) 

P@midiW M.p. Reference 

4-arnino-l-ethyl-l,2,3,6- 208-209" 
tetrahydro-3-methyl-2,6-dioxo- 

tetrahydro- 1 -methyl-2.6-dioxo- 

6-hydroxy-3-methyl-2-0x0- 

1 -methyl-2-oxo- 

tetrahydro- 1,3-dimethyl-2,6- 

4-amino-3-ethyl- 1,2.3,6- 232-233" 

4-amino-5-formamido-1 ,Z-dihydro- - 

4-amino-5-formamido- 1, P-dihydro- - 
4amino-5-formamid0-1,2.3,6- 252-253' 

dioxo- 
5-mmin~-fonnamido-1,2,3,6- - 
tetrahydro- 1,3-dimethyl-2,6- 
dioxo- 

5-aminomethyl- 1 ,2,3,4-tetrahydro- 228-229" 
6-hydroxy- 1,3-dimethyl-2,4- 
dioxo- 

4-amino- 1,2,3.6-tetrahydro- 1.3- 305-307" 01 294" 
dimethyl-2,6-dioxo- 

5-amino-1,2,3,4,-tetrahydro-l,3- 234" M 136-138" 
dimethyl-2,4-dioxo- HCE 298-290" 

4-anho-l,2,3,6-tetrahydro-l,~- 257-258" 
dimethyl-2,6dioxo-5- 
propionamido- 

5-amino-I ,2,3,4-tetrahydro-6- ca. 200" 
hydroxy- 1,3-dimethyl-2,4-dioxo- 

4-amino-l,2,3,6-tetrahydro- 1- 
hydroxyethyl-3-methy1-2,6- 
dioxo- 

Camino-l,2,3,6-tetrahydr0-3- 216" to 221 " 
hydroxyethyl- 1 -methyl-2,6- 
dioxo- 

rnethyl-2,6-dioxo-3-vinyl- 

trimethyl-2.4-dioxo- 

tetrahydro-2,6-dioxo- 

dimethyl-2-oxo- 

6-0x0- 

6-0x0-1-phenyl- 

dimethy I-2,6-dioxo- 

2 13-2 15" or 270-272 O 

4-amino-l,2,3,6-tetrahydro-l- - 

5-amino- 1,2,3,4-tetrahydro-l,3,6- 166"-167O 

4-amino-l,3,5-triethyI- I ,2,3,6- 1 70" 

4-anilino-1,2-dhydro-l,6- 298-299" 

2-anilino- 1,6-dihydro-l -methyl- - 
Z-anilino-l,6-dihydro4methyl- 113-1 14" 

4-anilino- 1,2,3,&tetrahydro- I ,3- 1 8 1-1 82 " 

425, 1341, 1343 

425 

557 

902 

875, 608, 1960, 
1897, 228, 1957, 

1960 
1662, 1958, 1959 

2120 

425, 905, 230 

875, 501, 1210 

227 

401, 1962, 1262, 
405, 1805,1864 

1345. 1963 

425, 1345 

I344 

1336, 1822, 2121 

1964 

1304 

625 

1315 

740 
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TABLE XXXIV (continued) 
~ 

Pyrimidine M.p. Reference 

barbituric acid/5-amino-l-ethyl- 225" 
barbituric acidJ5-amino- I-methyl- 253-256" 

barbituric acid/ I-ethyl-5-ureido- 218" 
barbituric acid/5-methoxy-l- 192" 

barbituric acid/ l-methyl-5- 276" 
methyl-5-ureido- 

methylamino- 

ureido- 

methyl-2-0x0- 

tetrahydro-3-methyl-2-0~0- 

tetrahydro- 1.3-dimethyl-2-oxo- 

tetrahydro- 1,3-dimethyl-2,6- 
dioxo- 

tetrahydro- I ,3-dimethyl-6-N- 
methylacetamido-2,Pioxo- 

tetrahydro-2,6-dioxo- 

dimethyl-2-0x0- 

methoxy- 1 -methyl-6-oxo- 

6-0x0- 

methyl-6-0~0- 

methyl-2-oxo- 

dihydro- 1 -methyl-6-oxo- 

1,3-dimethyl-2 ,6-dioxo- 

methyl-2,6-dioxo-3-vinyl- 

1,2,3 ,P-tetrahydro-2-0~0- 

hydroxy-2,4-dioxo-5-ureido- 

methyacetamido-2-0~0- 

barbituric acid/ l-methyl-5- 220" 

4-benzamido- 1 ,Z-dihydro- 1 - 222" 

1-benzoyl-4-benzoylimino-I ,2,3,4 213-215" 

4-benzoylimino- 1,2,3,4- 155-156" 

4,5-bisacetamido- 1,2,3,6- 235" 

5-diacetylamino- 1,2,3,4- 1 79-1 8 1 O 

4,5-diamino-l,3-diethyl- 1,2,3,6- 103-104" 

4,5-diamino-l,Z-dihydro-l,6- 230" 

4,5-diamino-l,6-dihydro-2- 160" 

2,4-diamino-3,6-dihydro-3-methyl- 265-272" 

2,4-diamino- 1,g-dihydro-l- - 
4,5-diarnino-1,2-dihydro-l- >220" 

2,4-diamino-5-formamido- 1,6- - 
4.5-diamino-l,2,3,6-tetrahydro- 209"; HCl310" 

4,5-diamino- l12,3,6-tetrabydro- 1 - - 
1,3-dibenzoyl-4-benzoylimino- 155-1 56" 

I,J-diethyl-l.2,3,4-tetrahydro-6- 196" 

1.2-dihydro- 1 -methyl-4-N- 268" 

1813, 145 
401, 1813, 1739. 

I45 
1966 

405, 1965 

405 

1965. I966 

5. 790 

1468 

1468. 790 

1883, 1863, ( ?) 

1939 

1893, 227, 229 

904 

235 

258. 494 

unknown; see 258, 
494 

280, 902 

249 

228,875, 1968,230, 

1344 
23 1 

1468 

55 1 

790 
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TABLE X X X I V  (colztinzccd) 

Pyrimidine M.p. Rderence 

1 ,&&hydro- 1 -methyl-& 
methylamino-24x0- 

4-dimethylamino-l,2-dihydro-l- 
methyl-24x0- 

5-dimethylamino- 1,2,3,4- 
tetrahydro-6-hydroxy- 1,3- 
dimethyl-2,4-dioxo- 

4-ethoxy-l-ethyl-l,2,3,6- 
tetrahydro-3-methyl-2,6- 
dioxo-5-ureido- 

4-formamido- 1,2,3,6-tetrahydro- 
1,3-dimethyl-2,6-dioxo- 

Ii-formamido-l,2,3,4-tetrahydro- 
1,3-dimethy1-2.4-dioxo- 

hexahydro-5-methoxy- 1.3- 
dimethyl-2,4,6-trioxo-5-ureido- 

1,2,3,4-tetrahy&o-I ,3-dimethyl- 
5.6-bis @"methylacetamido)- 
2,4-dioxo- 

I ,2,3,4tetrahydro- 1,3-dimethyl- 
5.6- bismetby~amino-2,4-dioxo- 

1.2,3,4-tetrahydro- 1 ,%dimethyl- 
2,4-dioxo-5-ureido- 

1,2,3,4-tetrahydro- 1,3-dimethyl- 
5-N-methylacetamido-6- 
methylamino-2,4-dioxo- 

1,2,3,4-tetrahydro- I ,  3-dimet6yl- 
6-methylamino-5-N- 
methylformamido-2,4-dioxo- 

1,2,3,4-tetrahydro- 1,3-dimethyl- 
4methylimino-2-0x0- 

1,2,3,4tetrahydro-6-hydroxy- 1.3- 
dimethyl-2.4-diox0-5-ureido- 

1,2,3,4-tetrahydro-6-hydroxy- 
1,3-dimethyI-5-methylamino- 
2,P-dioxo- 

1,2,3,4-tetrahydro-2-imino-1,3,6- 
trimethyl-4-0~0- 

1,2,3,4-tetrahydro-4-imino-1,3- 
dimethyl-2-oxo- 

179" 

179" 

225" 

230-234" 

- 
204" 

186' 

222-224" 

193°0r29000r1440 

>290° 

225" 

259-260" 

79" 

210" 

ca. 220" 

GU. 300"; HI 219-220" 

145" 

1,2,3,4-tetrahydro-6-methoxy-l,3- ca. 2 10" 

1,2,3,4-tetrahydro-l,3,6-trimethyl- ca. 300" 
dimethyl-2,4-dioxo-Sureido- 

2,4-dioxo-5-ureido- 

methyl-6-0x0- 
2,4,5-triamino-l,6-dihydro-l- - 

790 

790 

1969 

1363 

875 

875 

1966 

1863 

1974,1264,1005 

533 

1883 

1264 

790 

1966, 1805 

405, 1954 

93 

790, 668 

1363 

1822 

494 
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T A B L E  XXXIV (continued) 

Pyrimidine M.p. Reference 

uracil/5-acetamido-6-amino- 1 - 
uracil/5-acetamido-6-amino-3- 

uracil/S-amino- 1,5-diethyl- 
uracil/5-amino- 1,6-dimethyl- 
uracil/5-amino-3,6-dimethyl- 
uracil/6-arnino- 1 -ethyl 
uracil/5-amino-3-ethyl- 
uracil/5-amino- 1 -ethyl-6-methyl- 
uracil/5-amino-3-ethyl-6-methyl- 
uracil/6-amino-5-foramido-1- 

uracil/6-amino-5-formamido-3- 

uracil/6-amino- 1 -hydroxyethyl- 
uracil/5-amino- 1 -methyl- 
uracil/6-amino- 1 -methyl- 

uracil/5,6-diamino- l-ethyl- 
uracil/5,6-diamino- 1 - 
uracil/5,6-diamino- 1 -methyl- 

uracil/5,6-diamino-3-rnethyl- 
uracil/6-ethoxy- 1 -methyl-5- 

uracil/3-ethyI-5-ureido- 
uracil/l -methyl-5-methylamino- 
uraciI/3-methyl-5-methylamino- 
uracil/3-methyl-6-methylamino- 

methyl- 

methyl- ? 

methyl- 

methyl- 

hydroxyethyl- 

ureido- 

5-me thylformamido- 

303" m 285" 

21 5-2 17" 

- 
281-282" 
256-257" 
288-290" 
171-172" 
2 34-2 36 " 
203-205" 

>300" 

216-262" 
- 
305" 

270" 
253-254' 

246-248' 
205" 

>3oO0 
206" 
209" 
267" 

1883. 1863 

1862 

1964 
1337 
I337 
425, 1341 ( ? )  
181 1 
181 1 
I81 1 
239, 1662 

235 

425 
1266 
207. 239, 228, 208 

244 
1971 

217, 234 

1251, 1341, 1883, 
1'368, 1972,228 

1862, 235 
1363 

181 1 
501 
50 I 
1973 

TABLE XXXV. Amino-Sulphonylpyrimidines 

Pyrimidine M.p. Reference 

4-amino-2-ethylsulphonyl-5- 136-137" 
methyl- 

methyl-5-propyl- 

2-methyl- 

4-amino-2-ethylsulphonyl-6- I 01- 102 " 

4-amino-5-methoxysulphonyl- cu. 350" 

2-amino-4methyl-5-sulpho- 230" 

1153, 807 

929 

1975 

1137 
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T A B L E  XXXV (confimfed) 

pllrimrdine M.p. 
~ 

Reference 

4amino-2-methyl-5-su1phomethyl- No 
2-amino-5-sulpho- 305-307" 
4-chloroarnino-2-ethylsuIphonyl- 125-1 26' 

4-chloroamino-2-ethyIsulphony1- 133-134" 

2,4-diamino-5-chlorosulphonyl-6- 228-230" 

2,4-diamino-6-methyl-5-sulph~ 270-272" 
4,6-diamino-2-methylsulphonyl- 197-1 98" 
4,6-diamino-5-sulphio- 168-1 70" 
2,4,6-triamino-5-sulphamoyl- - 

4,5,6-triamin0-2-sulpino- r300" 

5-methyl- ( ?) 

6-methyl- ( 7)  

methyl- 

amino- 

1 138.1 139,260,873 
1474 
1153 

1153 

1137 

1137 
1152 
1181 
1142 

1141, 1181 

T A B L E  XXXVI. Amino-Tbiopyrimidines 

Pyrimidine M.p. 

4-acetamido-6-amino-2- 
methylthio- 

4-acetamido-6-dimethylaminc-2- 
methylthio- 

2-acetamido-4-mercapto-5- 
methyl-6-phenyi- 

4-amino-5-aminomethyl-2- 
benzylthio- 

4-amino-5-aminomethyl-2- 
benzylthio-6-methyl- 

4-amino-5-aminomethyl-2- 
ethylthio- 

4amino-5-aminomethyl-2- 
mercapto- 

4-amino-6-anilino-2-methylthio- 
4-amino-5-benzyl-2-mercapto- 
2-amino-4benzoylthio-6-methyl- 
4-amino-5-benzylthio-2~~ylthio- 
4-amino-6-benzylthio- 

4-amino-2-benzylthio-5- 

4-arnino-Z-benzylthio-6-methyI- 
4-amino-2-benzylthio-6- 

2-amino-4,6-bisethylthio- 

Iformamido- 

formamido-6-piperidino- 

piperidino- 

225-226" 

2 19-220" 

241-242' 

116-117" 

123" 

148" 

220" 

124" 

130-133" 
68-69" 

- 

202-203" (214-215"?) 

153-1 54" 

113" 
pic. 194-195" 

52-53" 

1216,1976,1646 

1180 

1208 

1698 

1698 

187 

1698 

426 
1977 
612 
797 
1214, I978 

555 

193 
555 

172 
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T ABLE X X XV I (continued) 
--__ 
Pyrimidine M.p. Reference - - 
5-amin0-2,rl-bisethylthiod- 

4-amino-5butyl-Z-ethylthio-6- 

4-amino-2-butylthio- 

4-amino-6-diethylamino-5- 

4-amino-6-diethylamino-2- 

4-amino-I ,2-dihydro-l,6- 

2-amino-4,6-dimercapto- 
5-amino-2,4-dimercapto- 
5-amino-4,6-dimercapto- 
5-amino-2,4-dimercapto- 

&methyl- 
5-amino-2.4-dimercapto-6- 

methylamino- 
5-amino-4-dirnethylamino-6- 
ethylamino-2-methylthio- 

4-amino-6-dimethylamino-5- 
formamido-2-methylthio- 

4-amino-6-dimethylamino-5- 
methylamino-2-methylthio- 

5-amino-4-dimethylamino-6- 
methyl-2-methylthio- 

4-amino-6-dimethyIamino-Z- 
methyIthio- 

4-amino-5.6-dimethyl-2- 
methylthio- 

4-amino-5-ethyl-2-ethyithio- 
4-amino-5-ethyl-Z-etyI~o~- 

4-arnino-5-ethyl-2-mercap to- 
2-amino-5-ethyl-4-mercapto-6- 

2-amino-4-ethylthio- 
4-amino-Z-ethylthio- 
4-amino-2-ethylthio-5,6- 

methyl- 

methyl- 

5-methyl- 

formamido-2-methylthio- 

methylthio- 

dimethyl-2-thio- 

methyl- 

methyl- 

dimethyl- 

iminomethyl- 

methyl- 

4a111in0-2-ethylthi0-6- 

4-amino-Z-ethylthio-5- 

4amino-2-ethylthio-6-methyl- 

75" 

104-105" 

85-86" 

154-155" 

pic. 210-212" 

322" 

GO. 250" 

>330" or >180° 
250-270" 

- 
>300° 

- 

225-226" 

166-167" 

70" 

162-164" 

158-159" 

74-76" 
89-91 " 

2 73-2 74' 
230-245" 

1!%-157" 
85-86" 
92-93" 

182" 

96-97" 

104" 

536 

1115 

63 1 

555 

555 

7 19 

776, 832 
435, 534 
1214, 1249 
536 

292 

1180, 1979 

554 

1180 

63 

554 

775. 1980 

634 
107 

1977, 1981 
836 

172 
650, 804, 426 
803 

808 

654, 1153 

193. 800. 1153 
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TABLE XXXVI (continued) 

M.p. Ref- 

4-amino-2-ethylthio-6-methyl- 86-87' 

4-amino-Z-ethylthio-5-phenyl- 87-88" 
4-amino-2-ethylthio-6-phenyl- 120" 
4-amino-5-formamido-2,6- - 
4-amino-5-formamido-6-mercapto- 255 O 

4-amino-5-formamido-2- 180-1 90" 

-5-propyl- 

dimercapto- 

methylthio- 

methylthio-6-piperidino- 
4-amino-5-fonnamido-2- 

4-amino-2-mercapto- 
2-amino-4-mercapto-5.6- 

4-amino-2-mercapto-5,6- 

2-aminoPmercapto-6-methyl- 
4-amino-2-mercapto-5-methyl- 
4-amino-2-mercapto-6-methyl- 
5-amino-2-1nercapto4 

5-amino-4-mercapto-6- 

4-amino-5-mercaptomethyl-2- 

2-amino4-mercapto-5-methyl- 

4-amino-2-mercapto-5-phenyl- 
4-amino-5-methylamino-2- 

4amino-6-methylamino-2- 

5-amino-4-methylamino-6- 

5-amino-4-methyl-2,6- 

2-amino-4-methyl-6-methylthio- 
4-amin0-5-methyl-Z-me thylthio- 
4-amino-6-methyl-2-methyltbio- 
5-amino-4-methyl-2-methylthio- 
2-amino-4-methyl-6- 

4-amino-2-methylthio- 
4-amino-2-methylthio-6- 

2-amino-5-phenylthio- 

dimethyl- 

dimethyl- 

methylamino- 

methylamino- 

methyl- 

6-phenyl- 

methylthio- 

methylthio- 

methylthio- 

bismethylthio- 

phenyltbio- 

piperidino- 

18.5187" 

ca. 270-280" 
270" 

>300° 

- 
2 73-2 74 " 
>280" 
255" 

265-270" 

pic. 203" 

270-274" 

- 
202-204" 

143- 144 " 

116" 

75 

154" 
130-131° 
136-137" 
14 1- 142 " 
190" 

125-1 26" 
151-153" 

154-1 55" 

1327 

798 
799 
825 

1978 
395 

555 

917, 356, 1123 
468 

468 

612 
917, 1123 
193, 1123. 429, 612 
292 

292, 1850 

1982 

1208 

1829 
zao 
550 

292 

536 

715 
63 1 
1885, 775,193,831 
1885 
1885 

522. 831 
555 

1983 
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TABLE XXXVI (continued) 

Pyrimidine 

4-amylamino-2-mercapto- 
4-amylamino-2-mercapto-5- 

4-amylamino-2-mercapto-6- 

4-amylamino-2-mercapto-5- 

4-amylamino-2-mercapto-6- 

4-arnyl-6aniIino-2-mercapto- 
4-am yl-2-mercapto-5-methyl-6- 

5-amyl-2-mercap to-4-methyl-6- 

5-amyl-Z-mercapto-4- 

4-anilino-2-ethylthio- 
4-anilino-2-mercapto- 
4-anilino-2-mercapto-5-methyl- 
4-anilino-2-mercapto-6-methyl- 
4ani1inu-2-mercapto-6-methy1- 

4anilino-2-mercapto-6-phenyl- 
4-anilino-6-methyl-2-methylthio- 
2-benzamido-4-mercapto-6- 

methyl- 
4-benzylamino-5-ethyl-Z- 

mercapto-6-phenyl- 
4-benzylamino-2-mercapto- 
4-benzylamino-2-mercap t0-5- 

4benzylamino-6-methyl-Z- 

5-benzyl-2-mercapto-4- 

4-benzyl thio-2-butylamino-6- 

4,6-bismetbylamino-2-methylthio- 
2,4-diaminob-benzylththio- 
4.5-diamino-6-benzylthio- 
2,5-diamino-4-benzylthio-6- 

4,5-diamino-2.6-bismethylthio- 
4,5-diamino-2-butyl-6-mercapto- 
4,5-diamino-6-diethylamino-2- 

methyl- 

methyl- 

methyl-6-prop yl- 

phenyl- 

methylamino- 

methylamino- 

methylamino- 

5-propy l- 

methyl- 

methylthio- 

methylamino- 

methyl- 

methyl- 

methylthio- 

M.p. Reference 

218' 
198" 

221" 

227-228" 

22 7-228" - 

198" 

68'; HCt 196197" 
285' 

230" 
232-234" 

- 
114' 
189' 

248-249 ' 
- 

89-91 O 

247-249' 

59-60" 

152-153" - 
hy. 104-106' 
- 

192-193" 
186-187" 

1123 
1123 

1123 

1984 

1123 

1984 
1984 

1984 

1984 

1123, 847 
1123 
1123 
1123 
1984 

1984 
1985 
612 

1984 

1984 
1984 

1594 

1123 

1849 

1 849 
1927 
1214 
63 

825 
352 
555 
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TABLE XXXVI (continusd) 

571 

Pyrimidine Kp. Reference 

4,5-diamino-2,6-dimercapto- - 
4.5-diamino-6-dimethylamino-2- 154-1 55" 

4,64iamino-5-ethyl-2-mercapto- 292" 
4,6-diamino-Z-ethylthio- 146-147" 
2,4-diamino-5-formamido-6- ca. 275" 

methylthio- 

mercapto- 

mercapto- 

2-methylthio- 

4,6-diamino-5-formamido-2- - 

4,6-diamino-5-formamido-2- ca. 254" 

2.4-diamino-6-mercapto- 309-3 1 1 " 
4.5-diamino-2-mercapto- 250' 
4,5-diamino-6-mercapb 257" 
2,5-diamino-4-mercapto-6-methyl- 2 10" 
4,5-diamino-2-mercapto-6-methyl- - 
4,5-diamino-6-mercapto-2-methyl- - 
4,6-diamino-2-mercapto-5-methyl- 318-320" 
4,5-diarnino-6-methylamino-2- - 

methylthio- 

methylthio- 
2,5-diamin&methyl-6- 1 4 1-142 " 

4.5-d iamino-2-methylthio- 157-159" 
4,5-diamino-6-methylthio- 155-157' 
4,6-diamino-2-methylthio- 188-189'; pic. 212' 
4,6-diamino-2-methylthio-5- 235O 

4diethylaminoethyl-2-mercapto- 1 14-1 15" 
44iethylamino-2-ethylthio- - 
4,6-diamino-2-mercapto- >280" 
4,6-dimercapto-5-thiofomamido- ca. 250" 
edimethylamino-6-ethylamirio-5- 137-1 38O 

4-dimethylamino-6-ethylamino-2- 126-1 27" 

Mimethylamino-2-mercapto- 280-283" 
4-dimethylamino-2-mercapto-6- - 
4ethylamino-2-ethylthio- 200°/11 mm. 
4-ethy lamino-Z-ethylthio-6- 70° 

2-ethylamino-4-methy1-6- 62 ' 

5-ethyl-2-ethylthio-4-thioureido- 143- 144" 

thioformamido- 

formamido-2-methylthio- 

rnethykhio- 

methyl- 

methyl- 

methylthio- 

5-ethyl-Z-mercapto-4- - 
methylamino-6-phenyl- 

825 
554 

262 
1986 
1214 

261,237 

1976 

1214 
538, 498, 1633 
1987, 505, 1988 
63 
505 
505 
1989 
1699 

63 

395 
505 
1990, 1216, 65 
550 

1991 
804 
1141. 261, 237 
1249 
1979 

1180 

1123, 1991, 726 
1992 

795 
80 1 

I849 

839 
1984 
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TABLE XXXVI (contimud) 

pyrimidine M.p. Refaenco 

5-ethyl-2-mercapto-4- 

4-ethyl-2-mercapto-6- 

2-ethylthio-4,5-dimethyl-6- 

243th y 1 thio-4hydrazino-6-methyl- 
2-ethylthio-4-methylamino- 
2-ethylthiosl-methyl-6- 

2-ethylthio-4-methy1-6- 

Z-ethylthio-5methyl-4- 

2-ethylthid-phenyl-6- 

2-ethylthio-5-phenyl-4- 

2-ethylthio-4-thioureido- 
5-formamido-4-methylamino-6- 

4-hexylarnino-2-mercapto-6- 

4-hydrazino-2-mercapto- 
2-mercapto-4-methylamino- 
2-mercapto-5-methyl-4- 

2-mercapto-4-methyl-6- 

2-mercapto-4-meth ylpropylamino- 
2-mercapto-4-piperidino- 
2-methylamino-4-methylthio- 
4-methyl-6-methylamino-Z- 

4-methyl-2-methylthio-6- 

4,5,6-triamino-Z-ethylthio- 
2.4,5-triamino-6-mercapto- 
4,5,6-triamino-Z-mercapto- 
4,5,6-triamino-2-methylthio- 

methylaminob-propyl- 

propylamino- 

thioureido- 

methylamino- 

thioureido- 

thioureido- 

thioureido- 

thioureido- 

methylthio- 

phenyl- 

methylamino- 

piperidino- 

methylthio- 

piperidino- 

209-210" 

91-92" 
58"; HCI 216" 
87 " 

235-236 " 

192" 

2 12-2 13" 

204" 

214" 
2 04-205' 

I 

- 
236-237" - 

203-205" 

1 94-1 95 " 

80" 
227-228" 

112-113' 

129" - 
- 
182" 

1984 

I984 

96 

I 944 
794, 793, 804 
802 

880, 838 

847 

842 

84 1 

847 
965 

1984 

1924 
1123, 1984 
1984 

1123 

1992 
1123, 1992 
1849 
580 

1985 

1986 
1214 
1141, 261, 237 
550, 1142, 1990 
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TABLE X X XV I I. Amino-Oxypyrimidines with Other Functional Groups 

2-acetamido-4-cbloro-5-phenoxy- 1 63 O 

5-acetamido-2.4-dihydroxy-6- - 
2-acetamido-4-hydroxy-6-rnethyl- 254-255' 

sulpho- 

5-nitro- 

dihydro-2-0x0- 

1,2-dihydro-2axo- 

dihydro-3-isoamyl-2-oxo- 

dihydro-2-0x0-3-prop yl- 

dihydro-Z-oxo- 

phenylazo- 

carbamoyl- 

carboxymethyl-5-ethyl- 

I-allyl-6-amino-5-cyano- 1,2- 210" 

l-allyl-6-amino-5-ethoxy~bonyl- 202 O 

4-amino-5-amyIcarbamoyl-2,3- 2 18" 

4-amino-5-amylcarbamoyl-2,3- 178" 

4-amino-3-amyl-5-cyano-2,3- 2 10" 

2-amino-4-aailino-6-hydroxy-5- >300" 

2-aminobarbituric acidfl- - 

2-aminobarbituric acidfl- 213" 

2-aminobarbituric acidfl-cyano-( ?) - 
2-aminobarbituric acidf5.5- - 

dibromo- 

2,3-dihydro-2-oxo- 

methoxy- 

dihydro-2-0~0- 

e tho~ycarbonyl-2~3-dihydro- 
Z-OXO- 

4amino-3-benzyl-5-carbamoyl- 274" 

2-amino-5-benzyl-4-chloro-6- 162 O 

4-amino-3-benzyl-5-cyano-2,3- 249" 

4-amino-3- benzyl-5- 182" 

4-amino-5-carbamoyl-2-ethylthio- 2 18-2 19" 
2-amino-5-bromo-4- - 
4-amino-5-bromo-4-chloro-2- ca. 230" 

4-amino-5-bromo-1,2-dihydro-l- - 

4-arnino-5-bromo-2,6-dihydroxy- >350° 
2-aminc-5-bromo-4-hydroxy- 273" 
4amino-5-bromo-2-hydroxy- ~ 2 3 5 "  
2-amino-5-bromo-4-hydroxy- 249-250" 

4-amino-5-bromo-2-methoxy- 134-1 36" 

carboxymethyl-6-hydxy- 

hydrox y- 

methyl-2-0x0- 

6-met hyl- 

775 
541 

I I96 

2 78 

278 

278 

278 

278, 279 

1272 

1993 

1994 

1993 
170 

2 7% 

642 

27% 

278 

1395 
1995 

426 

669 

876, 1996 
650 
847, 654. 1935 
95. 852. 775 

648 
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TABLE X X XV I I (colpiilpued) 

Pyrmldine M.p. 

4-amino-5-bromo- 1,2,3,6- 214-216" 
tetrahydro-l.3-dimethyl-2.6- 
dioxo- 

dihydro-2-0x0- 

dihydro-2-0x0- 

d ih ydro-2-0x0- 

dihydro-2-0~0- 

ethoxycarbonyl-2,3-dihydm- 
P-oxo- 

cyclohexy~-2,3-dihydro-2-oxo- 

dihydro-2-0x0-3-propyl- 

4-amino-3-butyl-5-cabamoyl-2,3- 271 O 

4-amino-3-butyl-5-carboxy-2.3- 21 0" 

4-amino-3-butyl-5-cyano-2,3- 208 O 

4-amino-3-t-butyl-5-cyano-2,3- 2 IS0 

4-amino-3-bu tyl-5- 192" 

4-amino-5-carbamoyl-3- 245" 

4-amino-5-carbamoyl-2,3- 265" 

4-amino-5-carbamoyl-2-hydroxy- >3 10" 
2-amino-4-carbamoylmethyl-6- >285" 

2-amino-5-carbamoyimethyl-4- cu. 280" 

5-amino-4-carboxy-2 ,ti-dihydroxy- - 
4-amino-5-carboxy-2,3-dihydro- HC2 232" 

4-amino-5-carboxy-2,3-dihydro- 240" or 251 O 

2-amino-I -a-carboxyethyl-l,6- 227" 

2-amino- 1 -a-carboxyethyl-5-ethyl- 2 15" 

4-amino-5-carboxy-3-ethyl-2,3- 240" 

hydroxy- 

hydroxy- 

3-isoamyl-2-0x0- 

3-met hyl-2 -oxo- 

dih ydro-4-methyl-6-oxo- 

1,6-dihydro"l-methyl-6-0~0- 

dihydro-2-0~0- 

hydroxy-6-methyl- 
2-arnino-5-~-carboxyethyl-4- 23 7-239" 

2-amino-4-carboxy-6-hydroxy- 320" 
4-amino-5-carboxy-2-hydroxy- 256-257" 
2-amino-4-carboxy-6-hydroxy- 302" 

2-amino- 1 -carboxym&hyl- 1.6- 233" 

2-amino-1 -carboxymethyl- 1,6- 240-241 " 

4-amino-5-carboxymethyI-2,6- >338" 

5-methyl- 

dihydro-4,5-dimethyl-6-0~0- 

dih ydro-4-methyl-6-0x0- 

dihydroxy- 

Reference 

1996 

278 

278 

278 

278 

278 

278 

278 

806, 1395 
1995 

1997 

52 1, 87, 520 
2 78 

278, 280 

1998 

I994 

278 

1191 

1999 
1608, 806, 1395 
390 

1994 

1998 

1377 
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TABLE XXXVII (cotrtinued) 

Pyrimidine Lp. Reference 

2-amino- 1 -carboxvmethvl-5-ethvl- 245" 1994 
I ,6-dihydro-4-methyl-6-oxo- - 
hydroxy- 

hydroxy- 

hydroxy-6-methyl- 

hydroxy-2-methyl- 

hydroxy-5-nitro- 

methylpropy1)- 1.6-dihydro-4- 
me thyl-6-0x0- 

tetrahydro- I ,3-dimethyl-2,6- 
dioxo- 

2-amino-5-chloro-4,6-dihydroxy- 
2-amino-4-chloro-5-ethoxy- 
2-amino4chloro-6-ethoxy- 
Z-amino-4-chloro-5-ethoxy-6- 

2-amino-4chlom-5-@- 

2-amino-4-chloro-6-hydroxy- 
4-amino-6-chloro-2-hydroxy- 
2-amino-4chloro-5- 

hydroxyeth yl-6-methyl- 
4-amino-2-chloro-5- 

hydroxymethyl- 
5-amino-4-chloro-6-hydroxy-2- 

methyl- 
2-amino-4-chloro-5- 

hydrox yme th y l-&methyl- 
4-amino-2-chloro-5- 

h ydroxyme thyl-6-methyl- 
2-amino-4-chloro-6-hydroxy-5- 

phenylazo- 
2-amino-4-chloro-6-methoxy- 
Z-amino-4-chloro-5-@- 

methoxyeth yl-6-methyl- 
2-amino-4-chloro-5-me thoxy-6- 

methoxymethyl- 
2-amino-4-chloro-6- 

methoxymethyl- 

2-amino-4-carboxymethyl-6- 

4-amino-5-carboxymethyl-2- 

2-amino-5-carboxymethyl-4- 

4-amino-5-carboxymethyl-6- 

2-amino-4-carboxymethyl-6- 

Z-amino-I-( l-carboxy-2- 

5-amino-4carboxy- 1,2,3,6- 

ethoxymethyl- 

e thoxyethyl-6-met hyl- 

189-190" (01 289-290") 

>290"; p d ~ .  217-218' 2002 

1995, 2o00, 2001 

3 15-320' 1847, 809 

_. 202 

309-31 0" 200 1 

185" 1998 

ca. 225" 2003 

- 
166-167" 
87' 
79-80' 

2004 
172 
993 
172 

147-148" 172 

261 
>300 
189-192 " 

660, 1657, 2005 
65 
1847 

206" I87 

23 1-233" 789 

pic. 283O 60 1 

179" 60 1 

- 660 

164-166" to 170-171" 
134-135" 172 

993, 714, 463 

99- 1 00 O 172 

131-132 " 172 

(Table cantand) 
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TABLE XXXVII (continwed) 

Pyrimidine M.p. Reference 

2-amino-4-c hloro-5-phenoxy- 
4-amino-Ichloro- 1,2,3,6- 

tetrahydro- 1,3-dimethyl-2,6- 
dioxo- 

hydrox y-5-nitroso- 

isoamyl-2-0~0- 

isopropyl-2-0~0- 

methoxyethyl-2-0~0- 

methyl-2-oxo- 

0x0-3-phenvl- 

0x0-3-propyl- 

methyl- 

dihydro-24x0- 

dihydro-l-oxo- 

4-amino-2-cyanoamino-6- 

4-amino-5-cyano-2,3-dihydro-3- 

4-amino-5-cyano-2,3-dihydro-3- 

4-amino-5-cyano-2,3-dihydro-3-@- 

4-amino-5-cyano-2,3-dihydro-3- 

4-amino-5-cyano-2,3-dihydro-Z- 

4amino-5-cyano-2.3-dihydro-2- 

4-amino-5-cyano-6-ethoxy-2- 

+arnino-5-cyano-3-ethyl-2,3- 

4-amino-5-cyano-3-hexyl-2,3- 

4-amino-5-cyano-2-hydroxy- 
4-amino-5-cyano-Z-a- 

hydroxyethyl- 
4amino-5-cyano-2-,8- 

hydroxyethyl- 
4-amino-Wyano-2- 

hydroxymethyl- 
4-amino-5-cyano-2-methoxy- 
1 -amino-5-cyano- 1,2,3,4- 

tetrahydro-3-methyl-2,4- 
dioxo- 

6-hydroxy-4-0~0- 
2-amino-5,5-dichloro-4,5-dihydro- 

2-amino-4,6-dichloro-5-ethoxy- 
2-amino-4-diethoxymethyl-6- 

2-amino-4-diethoxymethyl-6- 
methoxy- 

2-amino-4-diethoxymethyl-6- 
methoxymethyl- 

2-amino-4die thylamino-6- 
h ydroxy-5-pben ylazo- 

hydroxy- 

157" 
239-240" 

234" 

252" 

228" 

>270° 

275" 

225" 

232 ' 

252 " 

199" 

270" 
197" 

189-1 90" 

222" 

218-219" 
128" 

18 1-1 82 " 
195" 

84-85" 

65-66" 

206" 

775 
1996 

251, 1928 

278 

278 

278 

278 

278 

278 

62 7 

278 

278 

1698, 278 
I651 

1838 

1651 

1698 
369 

2004 

172 
172 

172 

172 

660 
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TABLE XXXVII  (continued) 

Pyrimidine M.p. Reference 

%amino- 1,3-diethyl-l,2,3.6- 204-206" 
tetrahydro-5-nitroso-2.6-dioxo- 

carboxymethyl-1 -methyld-0x0- 

5-nitro-2-0x0- 

hydroxyethyl-5- 
methoxycarbon yl-2-0x0- 

1 -methyl-5-nitroso-6-oxo- 

nitro-2-0~0- 

nitro-2-0x0- 

2-amino- 1.6-dihydro-4- 256-258" 

4-amino-l.2-dihydro-l,6-dimethyl- 190-195" 

4-amino-2,3-dihydro-3- 195" 

4-amino-l,6-dihydro-2-methoxy- 145" 

4-amino- 1,2-dihydro-l-methyl-5- 274" 

4-amino-2,3-dihydro-3-methyl-5- >235" 

2-amino-4,6-dihydroxy-5-iodo- - 
2-amino-4.6-dihydroxy-S-nitro- - 
4amino-2,6-dihydroxy-5-nitro- >42O0 
2-amin0-4.6-dihydroxy-5-nitroso- - 
4-amino-2,6-dihydroxy-5-nitroso- - 
2-amino-4,6-dihydroxy-5- >300" 

4-amino-2,6-dihydroxy-5- - 
4-amino-Z16-dihydroxy- 5- - 

phenylazo- 

phenylazo- 

sulphoamino- 

sulphamoyl- 
4-amino-2,6-dihydroxy-5- 268" 

5-amino-2.4-dihydroxy-6-sulpho- - 
4-amino-2,6-dimethoxy-5-nitro- 180-181 
4-amino-2-dimethylamino-6- ca. 259" 

4-amino-5-ethoxycarbonyl-2,3- 2 12" 

4-amino-5-ethoxycarboonyl-2,3- 199" 

4-amino-5-ethoxycarbonyi-2,3- 1 78" 

4-amino-5-ethoxycarbonyl-2,3- 230" 

4-amino-5-ethoxycarbnyl-2.3- 2 15" 

5-amino-4-ethoxycarbonyl-2,6- 260" 

2-amino-5-ethoxycarborbonyIethy~-4- 237-239" 

h ydrox y-5-nitroso- 

di hydro-3-h yd roxyethyl-2-oxo- 

dihydro-3-isoam yl-2-0x0- 

dihydro-3-methoxyethyl-2-oxo- 

dihydro-3-methyl-2-0~0- 

dihydro-2-0x0-3-propyl- 

dihydroxy- 

hydrox y-6-methyl- 

227, 229, 243, 2006 

1995 

904 

2007 

235, 243 

273, 902, 1346 

28 I 

2004 
I70 
513 
564, 2008, 170 
2I2, 228. 251 
660 

58 1 

2009 

876 

541, 2010 
825 
257 

278 

278 

2 7a 

278 

278 

52 1 

1191 
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TABLE XXXVII (continuad) 

Pyrimidine H.p. Reference 

4-amino-5-ethoxycarbonyl-3- 160" 
hex yE2,3-dihydro-2-0~0- 

6-hydrox y- 
2-amino-4-ethox ycarbon yl- 220" 

2-amino-5-ethoxycarbonyl- 303-304" 
4-hyd10~y- 

P-hydmxy- 
4-amino-5-ethoxycarbonyl- 260" io 286" 

2-amino-4-ethox ycarbony l- - 
6-hydroxy-5-methyl- 

4-amino-2-ethoxycarbony~methy~- 206-207" 

&amino- 180" 
ii-hydmxy- 

2-ethoxycarbonylmethykhio- 
4-hydroxy- 

5-ethoxycarbonyl- 

5-nitro- 

4-amino-2-ethoxy- 1 05- 1 06" 

4-amino-2-ethoxy-6-methyI- 165- 166" 

2-amino-4-ethylamino-6-hydroxy- 265-266" 
5-nitroso- 

4-amino-1-ethyl-]. ,2,3.6- 
tetrahydro-3-hydroxyethyl- 
S-nitroso-2,6-dioxo- 

4-amino-6-fomyl-2-hydroxy- 
2-amino-5-formyl-4-hydroxy- 

6-methyl- 
5-aminohexahydro- 1,3-dimethyl- 

2,4,6-trioxo-5-sulpho- 
2-amino-4-hydroxy-6-iodo- 
4amino-2-hydroxy-5iodo- 
4-amino-6-hydroxy-2-methoxy- 

2-amino-4-h ydroxy-6-methyl- 

4amino-2-hyd1oxy-6-methyl- 

4-amino-6-hydroxy-2-methyl- 

2-amino-4hydroxy-6-methyl- 

2-amino-4-hydroxy-6-methyl- 

2-amino-4-hydroxy-5-nitro- 
4-amino-2-hydroxy-5-nitro- 
4-amino-6-h ydroxy-5-nitro- 

5-nitroso- 

5-nitro- 

5-nitro- 

5-&XOSO- 

5-phenylazo- 

5-suIph0- 

172-1 73" 

ca. 255" 
>300° 

- 

241 " 
a. 225-245" - 

>300 " 

280-285" 

- 

276-277' 

>300" 

280" 
ca. 300" - 

278 

1999 

921. 1376 

279, 187, 1608, 

1823 
1300, 806, 807 

133 

I152 

807 

1932 

1657 

2012 

808 
1938 

1805 

624 
649 
243 

451, 528 

531, I898 

1267 

580, 1886 

1137 

503 
502, 1935, 654 
1902, 357 
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TABLE XXXVII (c01~timed) 

Pyrlrnidin.3 WP. Refcrcnce 

4arnino-6-hydroxy-5-nitras~- 
4-amino-6-hydroxy-5-nitroso- 

4-amino-6-hydroxy-5-phenylazo- 
4-amino-6-hydroxy-2-phenyl- 

2-amino-4-hydroxy-6-phenyl- 

2-amino-4-hydroxy-6-phenyl- 

2-amino-4-hydroxy-5-sulpho- 
4-amino-2-hydroxy-5-sulpho- 
2-amino-4-methoxy-6-methyl- 

4-amino-2-methoxy-5-nih- 
Q-amino-6-rnethoxy-5-nitro- 
~-amino- 1,2,3,64etrahydra- 

1,3-dimethyl-5-nitroso- 
2,6-dioxo- 

4amine I ,2,3,6-tetrahydro- 
1-hydroxyethyl-3-methyl- 
5-nitroso-2,6-di0x0- 

4amino-l,2,3,6-tetrahydro- 
3-hydroxyethyl- 1 -methyl- 
5-nitroso-2.6-dioxo- 

2-anilino-4-chloro-5-ethoxy- 
I-anilino-5-cyano- 1,2,3,4- 
tetrahydro-3-methyl-2,4-dioxa- 

barbituric acid/l -amidino-3-nitro- 
barbituric acid/5-amino- 

barbituric acid/5-brorno- 

barbituric acid/5-chloro- 1 -methyl- 

barbituric acid/5chloro-5-ureido 
4-benz ylox y-6-chlom- 

Z-dimethylamino- 
4-benzyloxy-6-chloro- 

Z-methylamino- 
4-carboxy-5-h ydrazino- 

4-carboxy-6-hydroxy-5-methyl- 

4-chloro-2-dimethylamino- 

Z-phenyl- 

5-phenylazo- 

5-piperidinomethyl- 

5-thioc yanato- 

%nitro- 

5-bromo (?) 

5-ethylmino- 

5-ureido- 

2.6-di hydroxy- 

Z-methylamino- 

6-hydroxy- 

24424v 
306" 

HCI 256-25ao 

287-289" 

Na 288-290" 

199" 

203-204" 
238-240" 

- 

ky. 223" 

11 1-1 12" 
210" 

185" 

I 

84" 

120° 

120" 

260-280" 

217" 

1902 
195 

1902, 579 
1911 

1887 

a80 

1x37 
1136 
63 

36 1 
36 I 
z30,2103,22a, 251 

2012 

2012 

625 
369 

1993 
2014. 2015 

596 

I968 

1920, 1921 
583 

585 

1240 

1129 

I74 
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TABLE X X X V I I  (continued) 

Pyrimidine M.p. Releience 

4-chloro-Z-dimeth ylamino- 62 
6-methoxy- 

6-methy lamino- 
2 (4) -cNoro-4(2)-ethoxy- 134" 

4-chloro-6-ethoxy-2-methylamino- 95" 
fi-chlorohexahydro- I ,3-dimethyl- 140" 

4-chloro-6-hydror y - 265" 

4-chloro-6-methoxy- 153" 

2,4,6-trioxo-5-ureido- 

2-methylamino- 

Z-methylamino- 

5-nitroso- 
2,4-diamino-6-benzyloxy- - 
2,4-diamino-5-bromo-6-hydroxy- 243" OY 255" 
2,4-diamino-6-butoxy-5-nitroso- 2 16-2 17" 
2,5-diamino-4-carboxymethyl- - 

2,4-diamino-5-chloro-6-hydroxy- 305" 
4,6-diamino-5-chloro-2-hydroxy- >360"; pic. ca. 325O 

6-hydroxy- 

2,4-diamino-5-D,@- 156-1 58" 
diethoxyethyl-6-hydroxy- 

5-nitroso-6-0x0- 

5-nitroso-6-0x0 

2,4-diamino-l.6-dihydro-l-methyl- - 
2,4-diamino-3,6-dihydro-3-methyI- - 
2,4-diamino-6-ethoxy-5-nitroso - 
2,4diamino-6-hydroxy-5-iodo- 233-236" 
2,4-diamino-6-hydroxy-5-nitroso- - 
4,6-diamino-Z-hydroxy-5-nitroso- 
2,4-diamino-6-hydroxy- 

4,6-diamino-2-methoxy-5-aitro- 
2,4aiamino-6-methoxy-5-nitroso- 
1,2-dihydro- I-methyl- 
4-methy lamino-5-nitro-2-0x0- 

4,6-dihydroxy-2-methylthio- 

2-dimethylamino-4,6-dihydroxy- 

2-dimethylamino-5-formyl- 

Z-dimethylamino-+hydroxy, 

2-dimethy lamino-4-hydrox y- 

5-phen ylazo- 

5-NtrOSO- 

5-nitro- 

4-hydroxy-6-methyl- 

6-me thyl-5-phenylazo- 

5-nitro- 

- 
>300° 

- 
_. 

203" 

180-200" 

- 
>300" 

- 

304-31 1" 

174 

718 

718 
2020 

174 

174 

1927 

1608,884,201 6,1858 
1927 
1995 

632 
632 
201 1 

unknown; 257, 258 

257, 258 

1927 
884 
252,1948,556,253, 
212, 249, 2017 

1860, I951 
598 

181 1 
1927, 1952 
1346, 903 

65 

1 74 

1938, 524 

580 

507 

(Table urntinuui) 
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TABLE XXXVII  (corr#inersd) 

Pyrimidine M.p. Reference 

2-dimethylamino-4-metho~y- 178-1 79" 507 

5-ethoxycarbonyl- 1,2,3,4 178" 2 78 
5-nitro- 

tetrahydro-4-imino- 
1,3-dirnethyl-Z-oxo- 

6-methyl-5-nitro- 
4-eth ylamino-Z-hydroxy 260-265" 80 1 

4-ethylamino-2-hydroxy-5-nitro- 275" 795 
5-formyl-4,6-dihydroxy- >300° 1938 

5-formyl4hydroxy-6-methyl- 290" 1938, 524 

5-formyl-4-hydroxy-6-methyL 235" 1938, 524 

hexahydro- I, 3-dimethyl- - 1954 

2-piperidino- 

2-methy lamino- 

2-piperidino- 

5-methylarnino-2,4,6-triox~- 
5-s~lph0- 

4-hydroxy-6-iodo-2-methylamino- 230" 718 
2-hydroxy-4-methylamino-5-nitro- 3 10-3 15" 
4-hydroxy-6-methylamino-5-nitro- 298 " 280 
2-hydroxy -4-methyl- 250" 802 

2-methoxy-4-methylamino-5-nitre 135-1 37" 292, 534 
4-methoxy-6-methylamino-5-nitro- 148- 150" 292 
uracil/6-amino-5-bromo- 1 -methyl- 2 78-280" 877 

uracil/ 1 -amino-5-cyano- 228" 369 

280, 794 

6-methylamino-5-nitro- 

uraciI/6-amino- 1 -carboxymethyl- - 2021 

uracil/6-amino- 1 -ethyl-5-nitroso- 249" 244 
uracil/6-arnino-5-formamido- - 2018, 557, 228 

I-methyl- 

5-nitroso- 
uracilJ6amino- 1 -hydroxyethyl- 256" 197 1 

uracil/6-amino- I -methyl-5-dtroso- 1341 228,2019,251 
uracil/ 1 -anilino-5-cyano- 334" 366.369 

TABLE XXXVI 11. Amino-Thiopyrimidines with other Functional Groups 

pyrimidiae LP. Reiereooe 

4-amino-3-amyl- 228" 
5-ethoxycarbonyl-2,3-dihydro- 
2-thia- 

carbonyl-2,3-dihydro-2-thio- 
4amino-3-benzyl-5-ethoxy- 241 O 

274 

274 
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T A B L E  XXXVIII (continued) 

F'yrimidine M.p. Reference 

4-amino-2-benzylthio-6-chloro- 103- 1 04" 
4-amino-2-benzylthio-5-cyano- 17 1 O 

4-amino-2-benzylthio5-cyano- 193-1 96" 

2-amino-4-benzylthio-6-methyl- 155" 

4-amino-2-benzylthio-5-nitroso- 152-1 53" 

4-amino-2,6-bismethylthio-5-nitro- 220-22 1 " 
4-amino-5-bromo-6-chloro- 165" 

4-amino-5-bromo-2-ethylthio- 124-125" 

&methyl- 

5-nitro- 

6-pi peridino- 

2-methylthio- 

4-amino-5-bromomethy l- HBY 283-285" 
Z-ethylthio- 

P-methylthio- 

2,3-dihydro-6-methyl-2- thio- 

2.3-dihydro-2-thio- 

2.3-dihydro-2-thio- 

4-amino-5-bromomethyl- - 

4-amino-3-bu tyl-5-cyano- 256" 

4-amino-3-butyl-5-cyano- 228" 

4-amino-3-butyl-5-ethoxycarbonyI- 249 O 

4-amino-5-carbamoyl-2-ethylthio- 2 18-2 19" 
bamino-5-carbamoyl 262-263' 

Z-methylthio- 
4-amino-5-carboxy-2-ethylthio- 230" 
4-amino-5-carboxy-3-hexyl- >ZOO" 

4-amino-5carboxymethyl- 221" 

2,3-dihydro-2-thio- 
4-amino-5-carboxy-2-1nercapto- 2 76-2 79 O 

2-ethylthio-6-methyl- 
4-amino-5-carboxy-2-methylthio- 251-252" 
5-amino-4-carboxy-2-methylthio- 190-1 9 1 
4-amino-6-chloro- 167" 

5-carbamoylmethyl-2-e thylthio- 

2-eth ylthio- 

2-methylthio- 

6-methylthio- 

4-amino-5-chloromethyl- HC1202-204" 

4-amino-6-chloro-5-methyl- 157" 

5-amino-2-chloro-4-methyl- 110" 

4-amino-6-chloro-2-methylthio- 13 1 " 
4amino-5-cyano-3-cyclohexyl- >270° 

4amin0-5-cyano-2~3-dihydro- I 78 O 

2,3-dihydro-G-methyl-2- thio- 

3-isopropyl-2-thio- 

555 
1698 
I698 

63 

555 

825 
426 

426,654,522 
187 

1608 

274 

274 

2 74 

I395 
2022 

806 
2007 

103, 194 
a09 

1608, I96 
2023 
a09 

187 

65 

536 

615, 554. 65, 426 
2 74 

2 74 
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TABLE XXXVXII (contin&) 

Pyrimidine M.p. Referenffi 

4-amino-5cyano-2,3-dihydro-3-@ 233" 2 74 
methoxyethyl-6-methyl-2-thio- 

4-amino-5-cyano-2,3-dihydro- 198" 274 
3-&methoxyethyl-2-thiobio- 

4-amino-5-cyano-2,3-dihydro- 242" 274 
3-phen yl-2-thio- 

4-amino-5-cyano-6-ethyl- 254" 274 
2,3-dihydro-3-isopropyl-2-thio- 

4-amino-5-cyano-6-ethyl- 202" 2 74 
2.3-dihydro-3-/3-methoxyethyl- 202" 274 
2-thio- 

4-amino-5-cyano-2-ethylthio- 146" 187, 134, 1698 
4amino-5-cyano-2-ethylthio- 2 14-2 15" 2024 

4-amino-5-cyano-Z-ethylthio- 170-1 71 2024 

4-amino-5-cyano-2-mercapto- 320" 1698 
2-amin0-5-cyan~~4methyl- 241-243" 1393 

4-amino-3-cyclohexyl- >250° 274 

6-methyl- 

6-phenyl- 

6-methylthio- 

5-ethoxycarbon yl- 
2,3-dihydro-Z-thio- 

methylthio-5-nitroso- 

2-meth ylthio-5-nitroso- 

2,3-dihydro-3-isoamyl-2-thio- 

2,3-dihydro-3-isobutyI-2-thio- 

hydro-3-p-methoxyethyl-2-thio- 

2,3-dihydro-3-methyl-2-thio- 

2,3-dihydro-3-phenyl-2-thb- 

3-ethyI-2,3-dihydro-2-thio- 

P-ethylthio- 

3-hexyl-2,3-dihydro-2-thio- 

P-mercapto- 

Z-methylthio- 

4amino-6-diethylamino-2- 133-134' 155 

4-amino-6-dimethy lamino- 2 19-220" 554 

4-amino-5ethoxycarbonyl- 252" 2 74 

4-amino-5-ethoxycarbnyl- 235" 2 74 

4-amino-5ethoxycarbonyl-2,3-di- 2W0 274 

4-amino-5-ethox ycarbon yl- 238" 274 

4-amino-5-ethoxycarbonyl- 251" 274 

4-amino-5-ethaxycarbnyl- 252" 274 

4-amino-5-ethoxycarbonyl- 102" 187, 806, 186 

4-amino-5-ethoxycarbonyl- 240" 274 

4amino-5-ethoxycar~nyl- 260-262"; HC1209-211" 1608, 194 

4-amino-5-ethoxy carbony l- 130-1 3 1 " 1608, 196 
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TABLE X X X V I I I  (coletinued) 

Pyrimidine M.p. Reference 

4-amino-2-ethylthio-5-iodo- 
2-amino-5-formyl-4-methyl- 

4-amino-2-mercapto-6-methyl- 

4-amino-6-methy lamino- 

5-aminomethyl-4-chloro- 

2-amino-4-methyl-6-methylthio- 

4-amino-2-rnethylthio-5-nitro- 
4-amino-2-methylthio-5-~troso- 

4-anilino-2-ethylthio-5-iodo- 
5-bromo-4-cyanoamino-2- 

5-bromo-2-ethylthio-4-thioureido- 
5-bromo-2-ethylthio-4-ureido- 
5-carbamoylmethyl-2-ethyithio- 

5-carboxymeth yl-Z-ethylthio- 

4-chloro-6-methy lamino- 

2,4-diamino-6-benzylthio- 

4,6-diamino-5-chloro- 

4,6-diamino-2-ethyIthio-5-nitrosa- 
4,6-diamino-2-mercapto- 

5-nitroso- 
1,6-dihydro-5-iodo- 1,4-dirnethyl- 

2-meth ylthio-6-0x0- 
4dimethyIamino-6-ethylamino- 

2-methylthio-5-ni troso- 
4-dimethy Iamino-Z-mercapto- 

6-methyl-5-nitro- 
4-dimethy lamino-6-methyl- 

2-methylthio-5-nitro- 
5-ethoxycarbon yl-Z-eth yltbio- 

4-thioureido- 
5-ethoxycarbonyl-2-ethylthio- 

4-ureido- 
5-ethoxycarbonylmethyl- 

2-ethylthio4-thioureido- 

6-met hylthio- 

5-nitro 

2-me thylthio-5-nitroso- 

P-ethylthio- 

5-nitro- 

6-piperidino- 

2-ethylthio (?) 

4-thioureido- 

4-thioureido- 

P-methylthio- 

5-nitroso- 

P-methylthio- 

127" - 
240-245" 

112" 

219" 

181-183" 
169-1 70" 

- 
ca. 310" 

2 19-220" - 
230" 

220-22 1 " 

130- 131 O 

192" 

219" 

119-120" 

224" 

78" 

165-168" 

140-141" 

135-136" 

649 
2025 

776 

1699, I646 

187 

63 

395 
555 

649 
847 

837, 847 
847 
843 

843 

1849 

1927 

426 

1986 
261, 237 

653 

1180 

63 

63 

844 

848 

843 
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T A B LE X X X I X. Amino-Oxy-Thiopyrimidines 

Pyrimidine WP. 

5-acetamido-4hydroxy- 220-221 

l-allyl-4amino-3-ethyl- - 

1 -allyl-6-amino-3-ethyl- - 
1 -allyl-4-amino- - 

1-allyl-6-amino- 1,2,3,4-tetrahydro- - 

Z-methylthio- 

1,2,3,6-tetrahydro-6-0~0-2-thio- 

l12,3,4-tetrahydro-40xo-2-thio- 

1.2,3,6-tetrahydro-6-0~0- 
3-phenyl-2- thio- 

4-oxo-3-phenyl-2-thio- 

1,2,3,6-tetrahydro-6-oxo-Z-thb- 

tetrahydro-3- (2-methyIally1)- 
6-oxo-2-thio- 

tetrahydro- 1-(2-methylallpl)- 
6-oxo-2-thio- 

4-amino-3-benzyl- 1 -ethyl- - 
4amino- I-benzyl-l,2,3,6- - 

4amino-3-benzyl- 1,2,3,6- - 

4amino-2-benzylthio-6-hydroxy- 243" 
4amino-5-benzylthio-2-hydroxy- 240-241 " 
4amino-5-bromo-6-hydroxy- >300" 

2-mercapto- 
4-amino-5-bromo-6-hydoxy- >200" 

2-methylthio- 
4-amino-5-bromo-6-methoxy- 135-1 36" 

2-methylthio- 
4amino-l-(2-butenyl)-3-hexyl- - 

1,2,3,6-tetrahydro-6-0xo-2-thio- 
4-amino-3-(2-butenyl)- I-hexyl- - 

1.2,3,6-tetrahydro-6-oxo-2-thio- 

tetrahydro-6-oxo-2-thio- 

tetrahydro-6-0xo-2-thio- 

2-methylthio-5-nitrosa-6-0x0- 

P-methyIthio-6-0~0- 

2-methylthio-6-0~0- 
5-phen y lazo- 

6-mercapta- 

2-mercapto- 

4-amino- I ,  Jdibenzyl-l,2,3,6- - 
4amino-I,3-diethyl-l,2,3,6- 1 78-1 82" 

+amino- 1,6-dihydro- 1-methyl- 235" 

4-amino- 1,6-dihydro-l-methyl- 255" 

4-amino- 1,6-dihydro-l-methyl- 249-250" 

5-amino-2,4-dihydroxy- ca. 250" 

5-amino-4,6-dihydroxy- >300° 

Reference 

78 

295 

295 

295 

295 

241. 2026 

295 

295 

555 
797 
426 

426 

1608 

295 

295 

241 

24 1 

1 I50 

1150 

580 

401, 406 

1249, 2027, 255 
1750 
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TABLE XXXIX (codanwd) 

Pyrimidine M.p. Reference 

5-amino-2,4-dihydroxy- 

5-amino-4,6-dihydroxy- 

4-amino-5-e thoxy-2-ethylthio- 
4-amino-5-ethoxymethyl- 

5-j%aminoethyl-4,6-dihydr~xy- 

+amino- 1 -ethyl- 1.2.3.6- 

6-methyEthio- 

2-methylthio- 

2-methylthio- 

2-mercapto- 

tetrahydro-6-oxo-3-propyl- 
2-thio- 

4-amino-2-ethylthio- 1,6-dihydro- 
1 -methyl-5-nitros0-6-0~0- 

4-amino-2-ethylthio- 1 ,6-dihydro- 
1 -methyl-6-oxo- 

5-amino-2-ethylthio-4-hydroxy- 
4-amino-2-ethylthio-6-hydroxy- 
+amino-Z-eth ylthio- 

5-hydroxymeth yl- 
4-amino-2-ethylthio-6-hydroxy- 

5-p henylazo- 
4-amino-2-ethylthio-6-hydroxy- 
4-amino-2-e thylthio-6-h ydroxy- 

4-amino-5-formamido-6-hydroxy- 

4-amino-6-hydroxy-2-mercapto- 
4-amino-6-hydroxy-2-mercapto- 

5-amino-4-hydroxy-2-mercapto- 

4-amino-6-hydroxy-2-mercapto- 

4-amino-6-hydroxy-2-mercapto- 

4-amino-6-hydroxy-2-methylthio- 
4-amino-6-hydroxy-2-methylthio- 

4-amin0-6-hydroxy-2-methylthio- 

2-amino-4-hydroxy-6-methylthio- 

4-amino-6-hydroxy-2-1nethylthio- 

4-amino-2-mercapto-5-phenoxy- 

5-nitroso- 

Z-mercapto- 

5-methyl- 

6-methyl- 

5-nitro- 

5-IlkOSO- 

5-nitro- 

5-nitroso- 

5-phen ylazo- 

5-phenylazo- 

252-253' 

>300" 

105" 
101-105" 

298-3000 

203-204" 

159" 

151-152" fo 170" 

284-285" 

2 16-2 17" 

2 18-2 19' 
222" 

>295" 
- 

_. 

26 1-1 62" 
299" 

ca, 255" 

260" 

289-290" 

270" 

406 

65 

907 
1608 

1750 

2026. 241 

1986 

1986 

78, 1261 
426 
187,952,2028 

580 

426. 2029 
2030 

237 

2031,2032,237,207 
2033 

1043 

1902 

237, 1902 

554 
1152 

2034 

1861 

580 

1123, 1977 
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TABLE XXXIX (continued) 

4-amin0-6-rnethoxy-2-methyl- 
thio- 

5-aminomethyl-2-ethylthio- 
4-hydroxy- 

4-amino- 1,2,3,6-tetrahydro- 
1,3-bis(@-methylallyl)- 

4-amino-I ,2,3.6-tetrahydro- 
1,3-di-isobutyl-6-oxo-2-thio 

%amino- I ,  2,3,4tetrahydro- 
6-hydroxy- 1,3-dimethyl- 
2-0x0-4-thio- 

+amino- I ,2,3,6- tetrahydro- 
6-0x0-I ,3-dipropyl-Z-thio- 

4-anilino-5-ethoxy-2-ethylthio- 
5-benzamido-Z-ethylthio- 

5-benzamido-4-hydroxy- 

5-benzamido-4-hydroxy- 

4-cyanoamino-5-ethox y- 

4,5-diamino-I ,6-dihydro-l-methyl- 
2-methylthio-6-oxo- 

4, S-diamin0-2-ethylthio- 
1,6-dihydro- 1 -methyl-6-oxo- 

4.5-diamino-2-ethylthio- 

4,5-diamino-6-hydroxy- 
2-mercapto- 

4.5-diamino-6-h ydroxy- 
Z-methylthio- 

5-diethylaminomethyl-4hydroxy- 
2-mercapto-6-methyl- 

1,3-diethyl-l,2,3,4-tetrahydro- 
6-hydroxy-4oxo-2-thio- 

2,4-dihydroxy-6-mercapto- 
Sureido- 

4.6-dihydroxy-2-mercapto- 
5-ureido- 

2,4-dihydroxy-6-methylthio- 
5-thioureido- 

5-ethoxy-2-ethylthio-4-ureido- 

6-0~0-2-thiO- 

4-hyd roxy- 

Z-mercapto- 

2-methylthio- 

Z-ethylthio- 

6-hydr0~y- 

2-&L1ylthi0-5-f0rma111idmido- 
4-hydroxy- 

144" 

22 1-222" 

- 

280-282" 

60" 
238-239" 

300-310" 

268" 

- 

212" 

hr. 97-98" 

194-195"~ 202-203O 

- 

21 5-216" 

299-300" 

103-1 05' 

ca. 300" 

to. 350" 

1661 67" 
269-270" 

1150, not 426 

1192 

295 

241, 2026 

40 1 

2026 

845 
2036 

1261 

78 

845 

1150, 2130 

1986 

2029, 2030 

237, 360, 1936, 
1902, 2037 

1935, 2034 

489 

2038 

406 

255 

406 

845 
78 
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T A B L E  X X X I X (continued} 

Pyrimidine M.p. Reference 

4-thiobarbituric acid/li-arnino- >ZOO" 

2-thiobarbituric acid/5-amino- 266" 

2-thiobarbituric 320" 

1,3-dimethyl- 

1 -methyl- 

acid/5-aminomethylene- 
2-thiouracil/l -allyl-6-amino- 230-231 " 
2-thiouracil/l-l-allyl-6-amino- 2 17-220" 

5-isopropyl- 

5-methyl- 

5.5-dimethyl- 

2-thiouracil/ 1 -ally1-6amino- 223-224' 

2-thiouracil/6-amino- 215' 

2-thiouracil/6-arnino- 1 -methyl- - 
2-thiouracil/6-amino- 1 -methyl- - 
2-thiouracil/6-amino-l -phenyl- 242-243" 
2-thiouracil/5,6-diamino- 1 -methyl- - 

5-nitroso- 

406 

41 1 

2040 

295, 238 
2041 

2041 

2042 

239, 238 
239 

2032 
239 

TABLE XL. Aminopyrimidines with Two Minor Functional Groups 

Pyrimidine %I+. Rekrence 

4-amino-2 -butyl-6-chloro-5-nitro- 
2-amino-4-chloro-6-diethoxy- 

4-amino-6-chloro- 

4-amino-2-chloro- 

4-amino-2-chloroethy1-5-cyano- 
4-amino-2-chloro-6-ethyl-5-nitro- 
4-amino-2-chloro- 

2-amino-4-chloro-6-methyl- 

4-amino-2-chloro-6-methyI- 

4-amino-6-chloro-2-methyl- 

4-arnino-Z-chloro-5-nitro- 
4-amino-6-chIoro-5-nitro- 
4-amino-5-cyano-6-ch- 

methyl- 

Z-dimethy lamino-$-nitro- 

5-ethox ycarbon yl- 

5-methoxycarbonyl- 

5-nitro- 

5-nitro- 

5-nitro- 

2-methyl- 

132" 
100-101 

132" 

156" 

>230" 
140-141 " 
159- 16 1 O 

225" 

172-1 73" 

183' 

2 15-2 17" 
155-1 56" 
245-246" 

352 
172 

174 

187 

1838 
104 
89 

506, 536 

776, 513, 504 

506 

498, 777, 619 
506, 1469 
62 7 
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TABLE XL (contimed) 

Pyrimidine Y.p. Rdacnoe 

4-amino-2,6-dichloro-5-nitro- 162-164" 
4-amino-5-ethoxycarbonyl- 67-68' 

P-ethylsulphonyl- 

S-nitro- (deriv.) 

6-methyl-5-nitro- 

2-amino-4-formyl-6-rnethyl- - 
2-chloro-4-dimethy lamino- 97-98' 

4-chloro-2-dimethylamino-5-nitro- 143" 
4-chloro-6-dimethylamino-5-nitro- 104' 
Z-chloro-4-rnethylamino-5-nitro- 80-82" 
4-chloro-6-methylamino-5-nitro- 147-148" M 150-151 O 

4,6-diarnino-2-chloro-5-nitro- >300" 
4,6-dichloro-Z-dimethylamino- 1 17-120' 

5-nitro- 

616, 513 
635, 807 

536 

536, 63 

507 
536 
292 
292, 1850 
616, 513 
174, 787 

T A B L E X L I. Carboxy- Halogenopyrimidines 

Pyrimidine M.P. RefacnOe 

2-benzyl-5-ethoxycarbonylmethyl- 188'13 mm. 

5-bromo-4-carbamoyl-2-methyl- 157-1 58' 
5-bromo-2-carboxy- 192- 193 
5-bromo-4carboxy-2-methy1- 172-1 73" 
5-bromo4carboxy-2-phenyl- 159" 
5- bromo-Q-cyano-2-methyl- 40"; 115-117°/13 mm. 

4-chloro- 

4-bromomethyl-karboxy- - 
P-phenyl- 

4-carbarnoyl-5-chloro2-methyl- 165-166" 
4-carboxy-5-chloro-2-methyl- 160" 
4-carboxy-5-chloro-2-phenyl- 164" 

5-carboxymetbyl-2,4-dichloro- 156-1 57' 
5-carboxy-2,4dichloro- 96-97" 

4-chloro-6-chlorocarbonyl- 99-101" 
6-methyl- 

5-methyl-2-phenyl- 
4-chloro-5-cyano-2-methyl- 64-65' 
5-chloro-4-cyano-2-methyl- 300-102"/13 mm. 
2-chloro-5-ethoxycarbonyl- 61" 
4-chloro-5-ethox y carbonyl- - 

2,6-dunethyl- 

ethyl-2-methyl- 
4-chloro-5-/?-ethoxycarbonyl- 130'-I 3 1 O / 4  mm. 

684 

44 
462,480 
4 4  
270 
44 
482 

44 
44 
2 70 
440 
1193 

1380 

204, 1218 
44 
89 
260 

684 
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TABLE X L I (continued) 

pyrimidine M.p. Reference 

4-chloro-5-ethoxycarbonyl- 

4-chloro- 
2-methyl- (?) 

5-ethoxycarbonylmethyl- 
2-methyl- 

5-ethox y carbonylmethyl- 
6-methyl- 

4-chloro- 

2-chloro-4-isothiocyanato- 
2-chloro-4-thiocyanato- 
2,4-dicarboxy-5-chloro- 
4.6-dichloro-2-cyanomethyl- 
4,6-dichloro-5cyano-2-methyl- 
2,4-dichloro-5-ethoxycarbonyl- 

102-106"/? mm. 

40-41'; 110'/4 mm. 

117"/1.5 mm. 

- 
125-1 26' 
168-169' 
97-99 " 
114-1 15' 
145"/11 mm. 

2035 

601, 684, 679, 681 

60 1 

846 
846,1415 
44 
133 
627 
187, 635, a07 

TABLE XLI I. Carboxy-Oxypyrimidines 
Pynmidinc M.p. Reference 

5-acetonyl-4-hydroxy-6-methyl-2- - 1791 

4-acetyl-2,6-diethoxy- 37" 662 
5-acetyl-i ,3-diethyl-l,2,3,4- 61-62'; 145 

4-acetyl-2.6-dihydroxy- 2.55-260" 682 
5-acetyl-2,4-dihydroxy- 295" 2007,276 
5-acetyl-4-ethoxywbonyl-2- 206-208" 275 

5-acetyl-l,2,3,4-tetrahydro-6- 95-97' 145, 883 

lacety1-2,4,6-trihydroxy- - 145, 144, 1270, 14 
I-allyl-5-~~bo~y- 1,2,3,6- 16 1-1 62" 272 

Eamylcarbarnoyl-l,2,3,4-tetrahy- 1 15' 272 

I -amyl-5-carboxy- 1,2,3,6- 152' 272 

5-azidocarbonylmethy1-2,4- 75-80" I192 

5-azidocarbonylmethy1-2,4- - 1193 

phenyl- 

tetrahydro-6-hydroxy-2,4-dioxo- 168-1 70"/18 mm. 

hydroxy- 

hydroxy- 1,3-dimethyl-2,4-dioxo- 

tetrahydro-3-methyl-2,6-dioxo- 

dro- I ,3-dimethyl-2,4-dioxo- 

tetrahydro-3-methyl-2,6-dioxo- 

dihydrox y 

dihydroxyd-methyl- 
barbituric acid/5-acetyl- I -ethyl- - 145 

(Tablr oont5nnd) 
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TABLE XLII (confinusd) 

Pgrimidine m. 

tbenzoy1-2,6-diethoxy- 53" 
4-benzoyl-2,6-dihydroxy- 252-253" 

barbituric acidl5-acetyl- 1-methyl- 205-208" 

5-benzoyl-2,4-dihydroxy-6- 105" 

1 -benzoyl- 1,2,3,4-tetrahydm-5,6- - 
2-benzyl-5-ethox ycarbonylmethyl- 1 75" 

2-benzyE4-carboxy-6-hydroxy- 230" 

methoxy- 

dihydroxy-3-methyl-2,4-dioxo- 

4hydroxy- 

I -benzyl-5-ethoxycarbonyl- 79" 
1,2,3,6-tetrahydr0-3-methyl- 
2,6-dioxo- 

tetrahydro- 1,3-dimethyl-2,4 
dioxo- 

tetrahydro-2.6-dioxo- 

hydroxy-6-methy l- 

tetrahydro-3-methyl-2,6-dioxo- 

1,2,3,6-tetrahydro-2,6-dioxo- 

methoxycarbonyl-3-methyl- 
2,6-dioxo- 

Ibutylcarbamoyl- I ,2,3,4- 125" 

1-butyl-5-carboxy-3-ethyl-1.2,3,6- 107" 

5-butyl-Z-cerboxymethylthio-4- 1 17-1 18" 

l-butyl-5-~~boxy- 1,2,3,6- 148" 

I-butyl-5-ethoxycarbonyl-3-ethyl- 41-43 " 

1-butyl- 1.2,3,6-tetrahydro-5- 60" 

4-carbamoyl-2,6-dihydroxy- - 
5-carbamoyl-2,4-dihydroxy- >300" 
5-carbamoyl-4,6dihydroxy-2- 280-285" 

4-carbamoyl-2.6-dimethoxy- 186" 
4-carbamoyl-6-hydroxy-2-phenyl- - 
2-carbamoyl-4-methoxy-6-methyl- 170-1 7 1 " 
2-carbamoylmethyl-4,6-diethoxy- 139-140" 

methyl- 

Z-carbamoylmethyI-4,6- - 
dihydroxy- 

5-carbamoylmethyl-2,tdihydroxy- - 
2carbamoylmethyl-4-hydroxy- 235-237" 

5-carbamoylmethyl-4-hydroxy-2- 242" 

2-carbamoylmethyl4hydroxy- - 
5carbamoylmethyl-4-methoxy- 201 " 

6-methyl- 

methyl- 

6-phenyl- 

2-methyl 

1813, 145 
682 
682 
151 

1032 

684 

452 
272 

272 

272 

1115 

272 

272 

272 

1367 
186 
62 7 

1281 
1791 
469 
133 
133, 352 

194 
1787, 1783 

950, 951 

1783 

60 1 
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T A B LE X L I I (continued) 

F'yrunidine M.p. 

5-carbamoylmethyl-2,4,6- 258-261 " 

5-carbamoyl-2,4,6-trihydmxy- - 
karboxy-2,6-diethoxy- 115-1 17" 
5-carboxy-2,4-diethyIb-hydroxy- ca. 249" 
5-carboxy- l13-diethyl- 1.2,3,4- 162-1 63" 

karboxy-2.6-dihydroxy- 325" to 345" 

trihydroxy- 

tetrahydro-2 ,4-dioxo- 

5-carboxy-2,4-dihydroxy- 288-290" 
4-carboxy-2,6-dihydroxy-5- 326-327 " 
methyl- 

4-carboxy-2,6-dimethoxy- by. 165" 

4-carboxy-5-ethoxy-2,4-dihydroxy-260° or 272 
4-carboxy-2-ethyl-6-hydroxy- 2 16" 
5-carboxyethyl-4-hydroxy-6- 2 15" 

5-carboxy-I-ethyl-l,2,3,6- 172" 

4-carboxy-2-hexyl-6-hydroxy 2 19" 
5-carboxy-l-hexyl-1,2.3,6- 151" 

4-carboxy-6-h ydroxy- 268-270" 

5-carboxy-4-hydroxy- 238" 
5-carboxy-4-hydroxy-2.6-diphenyl- 236" 
4carboxy-2-hydroxy-6-isopropyl- 193-195" 
4-carboxy-6-hydroxy-2-methyl- 26 1 w >300Q 
4carboxy-6-hydroxy-5-methyl- 274" 

4-carboxy-5-hydroxy-2-phenyl- ( ?) - 
4-carboxy-6-hydrox y-2-phen yl- 247 " 
5-carboxy-4-hydroxy-2-phenyl- 265" 

1-carboxymethyl-5-cyano-l,2,3,4 1 10" 

4-carboxymethyl-2,6-dihydroxy- 322" 
5-carboxymethyI-2,4-dihydroxy- 3 1 5-320° 
5-carboxymethyl-2,4-dydroxy- ca. 340" 

karboxymethyl-2-ethoxy-6- - 

5-earboxymethyl-4-hydraxy-2- 245-246" 

5-carboxy-2,4-dimethoxy- 1 67-1 68" 

methyl-2-phenyl- 

tetrahydro-3-methyl-2,6-dioxo- 

tetrahydro-3-methyl-2,6-dioxo- 

5-carboxy-2-hydroxy- 220" 

Z-phenyl- 

tetrahydro-3-methyl-2,4-dioxo- 

&methyl- 

hydroxy- 

methyl- 

Reference 

1377 

2039, 519, 2043 
682 
322 
90 

1350, 12 1,120,386, 
1418. 1349, 387, 
488, 1419 

921, 89, 366, 682 
390, 389 

1281 
682 
918, 1743 
2044 
1791 

272 

1783 
272 

1384, 447 
1374 
921, 89 
318 
2045 
447,2044 
1380 

4-~2 
2046 
452, 1791,447 
1797, 2047, 2048, 

369 
1376 

2049, 1017,118 
194, 1997 
809 

1375 

950 
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TABLE X L I I  (continared) 

Pyrimidine M.p. Reference 

5-carboxymethyl4hydroxy-6- 

5-carboxymethyl-4-hydroxy-6- 

4-carboxymethyI-4-hydroxy-2- 

1-carboxymethyl-1,2,3,4- 

methyl- 

methyl-2-phenyl- 

phenyl- 

tetrahydro-3,6-dimethyl-2,4 
dioxo- 

tetrahydro-3-methyl-2,4- 
dioxo- 

tetrahydro-3-methyl-2,6-dioxo- 
4phenyl- 

dihydroxy- 

dihydro-5-hydroxy- 1 -methyl- 
40x0- 

2-carboxymethylthio-5-ethoxy- 
2-carboxymethylthio-4-hydroxy- 
2-carbox ymethylthio-4-hydrox y- 
6-methyl- 

2-carbox ymethylthio-4-h ydroxy- 
6-methyl-5-prop yl- 

2-carboxymethylthio-4-hydroxy- 
6-propyl- 

5-carboxymethyl-2,4,6- 
trihydroxy- 

4-carboxy-l,2,3,6-tetrahydro-l,3- 
dimethyl-2,6-dioxo- 

5-carboxy- 1,2,3,4-tetrahydro- 
1,3-dimethy1-2,4-dioxo- 

5-carboxyvinyl-2,4-dihydroxy- 
5-cyano-i-cyclohexyl-l,2,3,6- 

5-cyano-4.6-diethoxy-2-methyl- 
5-cyano-2,4-dihydroxy- 
+cyano-2,6-dimethoxy- 
5-cyano-4-ethoxy-2-rnethyl- 
5-cyano-1-ethyl-] ,2,3,4- 

5-cyano-4-hydroxy-2-methyl- 

5-cyan0-4-hydroxy-Z-phenyl- 

l-carboxymethyl-l,2,3,4- 

1 -carboxymethyl-1,2,3,6- 

2-carboxymethylthio-4,6- 

2-carboxymethylthio- 1,4- 

tetrahydro-3-methyl-2,6-dioxo- 

tetrahydro-3-methyl-2,4-dioxo- 

147- 149" 

259" 

- 

200-201 " 

239-240" 

28 1-263 " 

205" 

217" 

13 7- 138" 
178" 
203-204" 

105-1 06" 

152" 

ca. 250" 

149-1 5 1 " 

183" 

285" 
175" 

111" 
295" 
103" 
35" 
133" 

235" 

303" 

1193 

I791 

1783 

1340 

1017 

287 

434 

934 

72 1 
48 
1400. 85 

1327 

1119 

1377 

I349 

272, 90 (?) 

67 
2 78 

62 7 
186, 366, 187 
1281, 1280, 1715 
627 
369 

204, 1218, 1651, 
1836, 205, 366 

302, 293, 1376 
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TAB L E X L I I (continued) 

Pyrimidine M.p. Reference 

2-cyano-4-methoxy-6-methyl- 97-99" 
kyano- 1,2,3.4-tetrahydro-S ,3- 156" 

5-cyano- I ,2,3.4-tetrahydr~- 235" 
dimethyl-2.4-dioxo- 

3-methyl-2,4-dioxo- 1 -phenyl- 
5-cyano-2,4,6-trihydroxy- - 
4,5-diethoxycarbonyl-2-hydroxy- 161-162" 
4,6-diethoxy-2-ethoxycarbonyl- 147-1 48"JlO mm. 

4diethoxymethyl-2,6-dihydroxy- 179" 
4diethoxymethyl-6-hydroxy- 123-1 24" 
4-diethoxymethyl-6-hydroxy-2- 1 75" 

1,3-diethyl- 1,2,3,4-tetrahydro-6- 159" 

methyl- 

phenyl- 

hydroxy-5-a-hydroxykinoethyl- 
2,4dioxo- 

iminomethyl-5-methyl- 

isocyanatomethyl- 

methoxycarbonyl- 

me thoxycarbonyl- 

methoxycarbonylmethyl- 

carbonylmethyl-6-methyl- 

2,4dihydrox y-6-h ydrox y- 257" 

2,4dihydroxy-5- 273-275" 

2,4-dihydroxy-5- 233" 

2,4-dihydroxy-6- 243-245" 

2.4dih ydroxy-6- 216-218" 

2,4dihydroxy-5-methoxy- 280-282" 

4ethoxycarbonyl-2,6-dihydroxy- 2 10-2 1 I " 
5-ethoxycarbonyl-2,4-dihydroxy- 236-237" 
4-ethoxycarbonyl-2,6- 255" 

4-ethoxycarbonyl-2.6- 258 " 
dihydraxy-5-methyl- 

dihydroxy -5-phenox y- 

hydroxy-2-methyl- 

tetrahydro-3-isobuty1-2,4-dioxo- 

tetrahydro-3-methyl-2,6-dioxo- 

5-&ethoxycarbonylethyl-4- 1Il0 

5-ethoxycarbony1-1 -ethyl-l,2,3,4- 90" 

5-ethoxycarbonyl-1 -ethyl- 1,2,3,6- 1 16" 

5-ethoxycarbonyl-2-hydroxy- 163-1 64" 
5ethoxycarbonyl-4hydroxy- 185" 
5-ethoxycarbonyl-4-hydroxy- 160-1 62 " 

5-ethoxycarbonyl-2-hydroxy-4 248-250" 
2.6-dimethyl- 

methyl- 

469 
369 

369 

1402 
275 
133 

488 
I396 
I398 

145 

1397 

1192 

90 

1349, 121, 1350, 

119 
122 

809 

1349 
90 
389, 388 

2050 

684 

272 

272 

1374 
89 
260 

276 
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TABLE XLII ( con t ind)  

Pyrimidine M.p. Ref- 

5-ethoxycarbonyl-Q-hydroxy- 

5-ethoxycarbonyl-4-hydroxy-2- 

4-ethoxycarbonylmethyl-2,6- 

5-ethoxycarbon ylmethyl-2.4 

5-ethoxycarbonylmethyl-2,4- 

5-ethoxycarbonylmethyl-2ethyl- 

5ethoxycarbonylmethyl-4- 

2-pheny l- 

methyl- 

dihydroxy- 

dihydroxy- 

dihydmx y-&methyl- 

Chydroxy- 

hydroxy-2-hydroxymethyl-6- 
methyl- 

5-ethoxyca.rbonylmethyI-4- 
h ydrox y-2-meth y 1- 

5-ethoxycarbonylmethyl-4- 
hydroxy-6-methyl- 

5-ethoxycarbonylmethyl-4- 
hydrox y-6-meth yl-Z-phen yl- 

4-ethoxycarbonylmethyl-6- 
hydroxy-2-phenyl- 

l-ethoxycarbonylmethyl-1,2,3,6- 
tetrahydro-2,6-dioxo-4-phenyl- 

lethoxycarbonylrnethyl- I ,2,3,6- 
tetrahydro-3-methyl-2.6-dioxo- 
phenyl- 

2-ethoxycarbonylmethylthio4 
hydroxy-6-methyI-5-popyl- 

5-ethoxycarbonyl- 1,2,3.4 
tetrahydro-l,3-dimethyI-2,4- 
dioxo- 

tetrahydro-3-isobuty l- 1 -methyl- 
2.4dioxo- 

5-ethoxycarbonyl- 1,2,3.4- 

212" 

191 " 

1 87- 1 89" 

209-2 10" 

221-222" 

164" 

143-144" 

179" 

153" 

178" 

- 

205-206" 

109-1 10" 

00-101 (I 

12" 

19" 

5-etkoxycarbonyl-l.2,3,4- 98 " 
tetrahydro-3-isopropyl-l- 
methyl-2.4dioxo- 

trihydroxy- 

trihydroxy- 

tetrahydro-1.3-dimethyl- 
2,4-dioxo- 

4-ethoxycarbonyl-2.5.6- c l ~ .  260" 

5-ethoxycarbonylviny1-2,4,6- 335" 

5-ethylcarbamoyl-l,2,3,4- 158" 

1378 

204, 271. 1836 

119 

1192, I997 

809 

684 

2051 

601, 679, 951 

60 1 

1791 

1783 

287 

287 

1327 

272 

2 72 

272 

52 1 

2052 

272 
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TABLE X L I I  (continwed) 

Pyrimidine M.P. Reference 

5-ethoxy-4-ethoxycarbon yl- 

2-ethoxy-4-ethox ycarbon yl- 

2-ethox y-5-ethox ycarbon yl- 

4ethoxy-5-ethoxycarbony l- 

5-formamidoyl-2,4,6-trihydroxy- 
4-formyl-2,6-dihydroxy- 
4-formyl-2,6-dihydroxy-5-methyl- 
4-form yld-hydroxy- 
4-form yl-6-hydroxy-2-phenyl- 
5-formyl-2,4,6-trihydroxy- 
5-hexylcarbamoyl- 1,2,3,4- 

tetrahydro- 1,3-dimethyl- 
2.4-dioxo- 

2.6-dihydroxy- 

methyl-6-hydroxy- 

4-hydroxy- 

2-phen yl- 

203-2 12 a OY 230" 

112" 1375 

185-186" 80 7 

58-59' 1797 

I 2053 
273-275" 488, 473, 2054 
2 12-2 13" 1397 

hy. 205" 1398 
>300" 
I21 " 

1743, 918 

>330" (?) HCI 243-245" 1396, 957 

5-hydrazinocarbonyl-4-hydroxy- 242-243" or 248" 

4-h ydrazinocarbonylmethyl- ca. 326" 

5-hydrnzinocarbonylmethyl-2,4- >375" 

4-hydroxy-6-hydroxyiminornethyl-ca. 268" 

2-methyl- 

2,6-dihydroxy- 

dihydroxy-&methyl- 

2-phen yl- 

tetrahydro- 1,3-dimethyI-2,4- 
dioxo- 

tetrabydro-l,3-dirnethyl-2.4 
dioxo- 

carbonylmethyl- 1 -methyl- 
2,4-dloxo-6-phenyl- 

5-isobut ylcarbnmoyl- 1,2,3,4- 150-151" 

5-methylcarbamoyl- 1,2,3,4- 196" 

1,2,3,4-tetrahydto-3-methoxy- 1 57" 

2,4,6-trihydroxy-5-thiocyanato- unstable 
uracrl/l-acetyl-6-ethoxycarbnyl- 139" 
uracil/5-acetyl-3-methyl- 197" 
uracil/5-acetyl-3-phenyl- 228" 
uracil/3-allyl-5-ethoxycarbonyI- 1 74" 
uracil/ 1 -amyl-5-cyano- 176" 
uracil/3-amyl-5-ethoxycarbonyl- 1 52 
uracil/l-benzyl-6-carboxy- ( ?) 208-209" 
uracil/3- benzyl-6-carbox y- 247" 
ura~il/3-benzyl-6-carboxy-j- 277-279" 

methyl- 
uracil/ 1 -benzyl-5-cyano- 234" 

1401 
272 

271, 814 

2055, 1192 

I193 

1398 

272 

272 

287 

515 
I23 
101 
101 
2 72 
369 
2 72 
1325 
1325 
1823 

369 

(Table codinnudl 
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TABLE XLII  (continued) 

Pyrimidine M.p. Reference 

uracil/3-benzyl-5-ethoxycarbonyl- 
uracil/ 1 -buty1-5-cyano- 
uracil/ 1 -s-butyl-5-cyano- 
uracil/3-butyl-5-ethoxycarbonyl- 
uracil/5-carbamoyl- 1 -carboxy- 

uracil/ 1 -a-carboxylamyl-5-cyano- 
uracil/ 1 -a-carboxybutyI-5-cyano- 
uracil/5-carboxy- I -carboxy- 

uracil/5-carboxy-3-ethyl- 
uracil/6-carboxy- 1 -ethyl- 

uraciI/6-carboxy-3-ethyl- 
uracil j 1 -a-carboxyethyl-5-cyano- 
uracil/3-a-carboxyethyl-5-ethyl- 

uracil/5-carboxy-3-( 1 -hydro- 

uracil/5-carboxy-3-isobutyl- 
uraci~/5-carboxy-3-isopropyl- 
uracil/5-carboxy- 1 -methyl- 
uracil/5-carboxy-3-me thyl- 
uracil/6-carboxy- 1 -methyl- 

methyl- 

methyl- 

6-methyl- 

xymethyl-propy1)- 

215" 
190" 
265" 
152" 
275" 

196" 
176" 
275" 

179" 

235 
202" 
231-232" 

166" 

211" 
192" 
266" 
242 " 
2 73-2 75" 

uracil/6-carboxy-3-methyE 300" 
uracil/ 1 -carboxymethyl- 285" 
uracil/I -a-carboxy-8-rnethylbutyl- 193" 

5-cyano- 

methylbutyl-5-cyan- 

cyano- 

methyl- 

uracil/l-a-carboxy-y- 206" 

uracil/ 1 -carboxymethyl-5- 232" 

uracil/ 1 -carboxymethyl-5- 260-26 1 " 

uracil/3-carboxymethyl-6-phenyI- 304-305" 
uracil/l -a-carboxy-D- 254" 

methylprop y l-5-c yano- 
uracil/5-carboxy- 1 -phenyl- 274" 
uracil/5-car bexy-3-phenyl- 243" 
uraci1/6-carboxy-3-phenyl- 280" 

uraciI/6-carboxy- 1 -propyl- ( 7 )  206-207" 
uracil/6-carboxy-3-propyl- 204-205" 
uracil/l -/?-carboxypropyI-5-cyano- 2 75" 
uracil/5-cyano- l-cyclohexyl- 324" 

uraciI/5-carboxy-3-propyI- 172-1 73" 

272 
369 
369 
2 72 
369 

369 
369 
369 

272 
unknown; 1349, 

1325 
369 
2056 

122, 1325, 1350 

272 

272 
272 
370 
272, 280 
1349 (earlier refs, 

370, 1325, 1349 
119 
369 

incorrect) 

369 

369 

523 

287 
369 

370 
272, 274, 101 
370 
272 
1325, 1349 
1325 
369 
369 
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TABLE XLI I  (continued) 

Pyrimidine M.p. Reference 

uracil/5-cyano-3-cyclohexyl- 231' 
uracil/5-cyano- I -a-ethoxy- 112" 

carbonylethyl- 
uracil/5-cyano- 1 -ethyl- 208-209" 
uracil/Ecyano- 1 -isoam yl- 215" 
uracil/5-cyano- l-isobutyl- 221 
uracil/5-cyano- 1 -isopropyI- 274" 
uracil/5-cpano- 1 -methyl- 256" 
uracil/5-cyano-3-me thyl- 223" 
uraciI/5-cyano- 1-phenyl- 290" 
uracil/ti-cyano- 1 -propyl- 165' 
uracil/3-cyclohexyl-5-methoxy- 282" 

uracil/5-ethoxycarbonyl-3-ethyl- 2 19" 
uracil/6-ethoxycarbonyl-3-ethyl- 86" 
uracil/5-ethoxycarbonyl-3-hexyl- 140" 
uracil/5-ethoxycarbonyl-3- 175-176" 

uracill5-e thoxycarbonyl-3- 161" 

uracil/5-ethoxycarbonyl-3- 167" 

uracil/5-ethoxycarbonyl-3-methyl- 22 1 " 
uracil/6-ethoxycarbonyl- 1 - 139" 

carbonyl- 

hydroxyethyl- 

( I  -hydroxymethyl-propy1)- 

isobutyl- 

methyl- (?)  

methyl- (?)  
uracilj6-ethox ycar bonyl-3- - 

uracil/5-ethoxycarbonyl-3-phenyl- 230-231 " 
uracil/6-ethoxycarbonyl-3-phenyl- 1 85" 
uracil/6-ethoxycarbonyl-3-propyl- 97" 
uracil/5-ethylcarbamoyl-3- 222" 

hydroxyethyl- 
uracil/l -methoxycarbonylmethyl- >177" 
uracil/6-methoxycarbonyl- 140-141" 

uracil/5-methoxycarbonyl- 205" 
3-methyl- ( ?) 

3-prop yl- 

2 78 
369 

369 
369 
369 
369 
366 
367 
366, 369 
369 
2007. 272 

272 
1325 
2 72 
272 

272 

272 

272 
1325. 123 

1325 

272 
375, 1325, 123 
1325 
272 

1017 
1325 

272 

TABLE XLI I I .  Carboxy-Sulphonylpyrhidines 

Pyrimidine M.p. Reference 

2-benzenesulphonamido-5-cyano- 226-227" 647 
5-ethoxycarbonyl-2-ethyl- 87-89' 89 

sulphonyl- 
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TABLE X L IV. Carboxy-Thiopyrimidines 

599 

Pyrimidine M.p. Reference 

5-carboxy-2-ethylthio- 
5-carbxy-4-mercapto-2- 

karboxy-2-methyltho- 
5-ethoxycarbonyY-2- 

ethylthio- 
5-ethoxycarbonyl-2-ethylthio- 

4-isothiocyanato- 
5-ethoxycarbonyl-2-ethylthi~- 

4-thiocyanato- 
5-ethoxycarbonyl-4-mercapto- 

2-methyl- ( ?) 
5ethoxycarbonylmethy1- 

2-ethylthio-4-isothio- 
cyanato- 

methyl- (?) 

5ethoxycarbonpl-2-mercapto- 
5-ethoxycarbony l-2-mercapto- 

4-methyl- 
5-ethoxycarbonylmethyl-2- 

ethylthio-4-rnercapto- 
5-ethoxycarbonylmethyl-2- 

ethylthio4 thiocyanato- 
Z-ethylthi0-4,5dirnethyl-6- 

thiocyanato- 
5-ethyLZ-ethylthio-4-iso- 

thiocyanato- 
5-ethyl-Z-ethylthio-4- 

thiocyanato- 
2-ethylthio-4-isothiocyanato- 
2-ethylthio-44sothiocyanato- 

2-ethylthio-4-isothiocyanato- 

2-eth ylthio-4-isothiocyanato- 

2-ethylthio-4-isothiocyanato- 

2-ethylthio-4-methyl- 

2-ethylthio-5-methyl-4- 

2-ethylthio4phenyl- 

2-ethyRhio-5-phenyl- 

2-ethylthio-4-thiocyanato- 

5.6-dimethyl- 

6-methyl- 

5-phen yl- 

6-phenyl- 

6-thiocyanato- 

4-thiocyanato- 

6-thiocyanato- 

4-thioc yanato- 

182-1 83" 
184- 185" 

2 14-2 15" 
49-51"; 172"/14 mm. 

32-33" 

104-1 05'; 

154" 
204-20514 mm. 

190-200"/4 mm. 

214216" 
160' 

130-13 1 ' 

impure 

65-66"; 160'/1.5 mm. 

146-149"/8 m. 

I374 
2035 

462 
89, 1374 

1417, 844 

844, 1417, 1416 

2035 

843 

1374 
2057 

843 

843 

96 

839 

46-47"; 158-16Q0/5 mm. 839 

200-205"/45-50 mm. 847 
29-30"; 150-1 52"/1.5mm. 96 

146-148"/1 mm. 838 

84" 84 1 

215-218"/2 mm. 842 

69-70"; 155-158"/5 m. 838 

95" 837 

88-89" 842 

90"; 215"/2 mm. 841,840 

82 837 
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TABLE XLV. Halogeno-Nitropyrimidines 

Pyrunid ne hLp. Krferencc 
__ 

2-buty 1-4,6-dichloro-5-nitro- 
2-chloro-5-nitro- 
2-chloro-4-nitroamino-6-methyl- 
2,4-dichloro-6-ethyl-5-nitro- 
2,4-dichloro-6-methyl-5-nitro- 

4,6-dichloro-2-methyI-5-nitro- 
2,4 dich loro-5-nit ro- 
4.6-dichloro-5-nitro- 
4,5-dichloro-5-nitro-2-phenyl- 
2,4,6-trichloro-5-nitro- 

142-143"/17 mm. 352 
1 10-1 1 1 O 28, 499 

504 
31" 104 
53-54": 125"/10mm. 1710, 513, 64, 776, 

778, 505, 504 
54-55"; 106-107°/12 mm. 615, 505, 134 
135'/17 mm. 435. 360, 498, 619 
ca. 100' 506,796 
168-1 69 " 617 
57-58' 616 

- 

TABLE X LVT. Halogeno-Oxypyrimidines 

Pyrimidine M.p. Reference 

5-acetoxy-4chloro-2,6-dihydroxy- 260" 970 
5-acetoxy-2,4-dichloro-6-methyI- 55" 601 
5-amyl-4-chloro-6-hydroxy- 168-1 69 120 

P-methyl- 
barbituric acid/5-bromo- 1 -ethyl- 103-1 04" 145 
barbituric acid/5-bromo-5-ethyl- 202" 144, 1919, 1755 
barbituric acid/5-bromo- I-methyl- hy. 105-106" I54 
barbituric acid/5-bromo-5-methyI- 190" 2062 
barbituric acid/5-chloro-I-ethyl- ca. 146-151 " 145 
barbituric acid/5-chloro-5-ethy1- 191-192Q 858 

barbituric acid/5.5-dibromo- 234" 121, 561, 514, 102, 
barbituric acid/5-chloro-I-methyl- 137" 1 54 

barbituric acid/5.5-dibromo- 124" 145 
66 1 

1 -ethyl- 

1 -methyl- 
barbituric acid/5,5-dibromo- 145-146" 145, 154 

barbituric acid/5.5-dichloro- 2 19-220" 154, 663,664 
barbituric acid/5,5-dichloro-l- 138-143" 145 

barbituric acid/5,5-dichloro- 133" 154 

4-benzyl-5-bromc-2,6-dihydroxy- 230-232" 657 
1 -benzyl-5-bromo-l,2,3,4- 123" 1348 

4-benzyl-5-chloro-2,6-dihydroxy- 266-267" 657 
5-benzyl-4-chloro-2,6-dimethoxy- 48" 642 
5-benzy1-2.4-dich1oro-6-methoxy- 74" 642 

ethyl- 

l-methyl- 

tetrahydro-3-methyl-2,4-dioxo- 
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TABLE X LV I (continued) 

Pyrimidine hf .p. Reference 

2,4-bis-a-bromoethyl-5-bromo- 
methyl-6-h ydroxy- 

2,4-bis-a-chloroethy1-5- 
chloromethyl-6-hydroxy- 

4-bromo-2,6-diethoxy- 
5-brorno-2.4-diethoxy- 
5-bromo-l,3-diethyl-1,2,3,4- 
tetrahydro-2,4-dioxo- 

Sbrorno-I ,3-diethyl- 1.2,3,4- 
tetrahydro-6-hydrox y- 
2.4-dioxo- 

2-0x0-4-phenyl- 
5-bromo-l,2-dihydro-l methyl- 

5-bromo-2,4-dihydroxy- 

5-bromo-4,6-dihvdroxv- 

149" 314 

132" 314 

179": 132-133°/10mm. 682 
72-74" 
80-81 " 

81-82" 

177" 

312" 

263-264" 
5-bromo-2,4dih~drox~-6-methyl- 241-212" or 251 " 

5-brom0-4.6-dihydroxy-2-phenyl- 
5-bromo-2,4-dimethoxy- 
5-bromo-2-ethoxy-4.6-dimethyl- 
5-bromo-4-a-cthoxyeth yl- 

5-bromo-2-ethoxy-4-hydroxy- 
5-bromo-4-ethoxy-2-hydroxy- 
5-bromo-4-ethox ymethyl- 
6-hydroxy-2-methyl- 

5-bromo-4-ethyl-2,6-dihydroxy- 
4-bromo-2-ethyl-6-bydroxy- 
5-bromo-2-ethyl-4hydroxy- 

5-bromo-2-hydroxy- 
5-bromo-4-hydroxy- 
5-bromo-2-hydroxy-4,6-dimethyl- 
5-bromo-4-hydroxy-2,6-dimethyl- 
5-brom0-4-hydroxy-2.6-diphenyl- 
S-bromo-4-hydroxy-2-methoxy- 
5-bromo-4-hydroxy-2-methyI- 
5-bromo-4- hydroxy- 

5-bromo-4-hydroxy-2-phenyl- 
5-bromomethyl-2,4-diethyl- 

5-bromo-4-methyl-2,6-dihydroxy- 
5-bromomethyl-4-h ydroxy- 

2.6-dihydroxy- 

6-methyl- 

6-methyl-Z-phen y l- 

6-hydroxy- 

2-methyl- 

ca. 320" 
63-64' 
4-1"; 254"/at. 
206" 

163" 
- 
1 36-1 38 

230-231 " 

194-196" 
157-1 58' 

24 1-243 O 

199-200" 

195" 
297-298" 
1 goo 
23 1-232 
260" 

228-23 1 0 

252" 
172" 

- 
199-200" 

648, 807 
656 

1 54 

29 1 

648,2058, 2059, 
2060, 1858, 1112 

626, 352 
454,2061,664, 

I36 
648 
430, 1375 
2063 

1265, 114, 2147 

648 

1776 
648 

522 
131 
1676 

626, 831 
626, 447 
646 
645, 31 1, 308, I676 
2065 
648 
447 
1676, 968 

447 
307, 314 

2060, 700 
95 1 

(Table continued) 
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T A B L E X LV I (continued) 

Pyrimidine M.P. Reference 

5-bromo- 1,2,3,4-tetrahydro- 184-185" 
1,3-dirnethyl-2.4-dioxo- 

6-hydroxy-I ,3-dimethyl- 
5-bromo- 1,2.3,4-tetrahydro- 97-99" 

2,4-dioxo- 
5-bromo- 1,2,3,4-tetrahydro- 1,3,6- 136-1 37" (or 126") 
tnmethyl-2.4-dioxo- 

5-bromo-2,4,6-trihydroxy- 2 12-2 15" 
Z-butyl-4-chloro-5-ethoxymethyl- - 
5- butyl-4-chlorw-6-hydroxy- 173-1 74" 

5-s-butyl-4-chloro-6-hydroxy- 1 24-1 25 
2-methyl- 

P-methyl- 

dihydroxy- 
5-chloro-4-chloromethyl-2,6- 2 70-275" 

4-chloro-2,6-diethoxy- 248 "/at. 
4-chloro-1 ,2-dihydro-l -methyl- 207-208" 

4-chloro-2,6-dihydroxy- 300" 
5-chloro-2,4-dihydroxy- 300" to 325O 

5-chloro-4,6-dihydroxy- >230" 
5-chIoro-2,4-dihydroxy-6-methyI- 330-332" 
5-chloro-2 ,+dihydroxy-6-phenyl- 260-26 1 " 
5-chloro-4,6-dihydroxy-2-phenyl- >320" 

2-0x0- 

4-chloro-2,6-dimethoxy- 73-74" 
5-chloro-2,4-dimethoxy- 72-73' 
4-chloro-2,6-dimethoxy-5-methyl- 76-77" 
2-chloro-5-ethoxy- 70 " 
4chloro-5-ethoxymethyl- 72-3"/0.5 mm. 

5-chloroethyl-2,4-dihydroxy- 265-270" 

4chloro-5ethyl-2,6-dimethoxy- 33-34" 

Z-methyl- 

6-methyl- 

4-chloro-5-ethyl-6-hydroxy- 209" 
Z-methyl- 

methyl- 

%methyl- 

5-~-chloroethyl-4-hydroxy-6- HCZ 168-169" 

4-chloro-5-hexyl-6-hydroxy- 144-145" 

4-chloro-2-hydroxy- 152-154" 
4-chloro-6-hydroxy- 192-193" 

5chloro-4hydroxy- 177-1 79" 
5-chloro-2-hydroxy- 237-238" 

4chloro-6-hydroxy-2,5-dimethyl- 2 2 5 
5-chloro4hydroxy-2,6-dimethyE 191 " 

673, 668, 998 

154 

2061. 1822, 659 

661, 154, 155 
689 
129 

129 

698 

718 
790 

599 
76, 665, 626, 1153. 

626 
698, 1153, 700, 664 
699 
1589 
822, 637, 463, 624 
626 
729 
72 1 
685 

2064 

1847 

448 
788, 129 

690 

129 

804 
827, 1379 
647, 831 
626 
788, 129 
31 1, 327. 328 

(Ta6k confind) 
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TABLE XLVX (continued) 

Pyrimidine M.p. Referena 

4-chloro-6-hydroxy-5-i-isobutyl- 

2-chloro4hydroxy-6-methyI- 
4-chloro-6-hydroxy-2-rnethyl- 
4-chloro-6-hydroxy-%methyl- 

4-chloro-6-hydroxy-5-methyl- 

4ehIoro-5-(2-hydroxy-2-methyl- 

4-chloro-6-hydroxy-2-phenyI- 
4-chloro-6-hydroxy-2-propyl- 
2-chloro-4-methoxy- 
Zchloro-5-methoxy- 
4chloro-6-methoxy- 
5-chloro-2-methoxy- 
4-chlorod-methoxy9,5-dirnethyl- 
4-chloro-6-methoxy-5- 

methoxymethyl-2-methyl- 
2-chlor0-4-methoxy-6-methyl- 
2-chloro-4-methoxymethyl- 

6-methyl- 
4-chloromethyl-2,6-dihydroxy- 
5-chloromethyl-2,4-dihydroxy- 
4-chloromethyl-2,4-dihydroxy- 

5-chloromethyl-2,4-dihydroxy- 

Pchloromethyl-2,6-dihydroxy- 

4-a-chloropropyl-2,6-diethoxy- 
5-~-chloropropyl-2,4-dihydroxy- 

6-methyl- 
4-chloro-l,2,3,6-tetrahydr0-1,3- 

dimethyl-2.6-dioxo- 
5chIoro- 1,2,3,4-tetrahydro-6- 

hydroxy- 1.3-dimethyl-2.4- 
dioxo- 

5-chloro-l,2,3,4-tetrahydro-l,3,6- 
trimethyl-2,4-dioxo- 

4-chlor0-2,5,6-trihydroxy- 
!khloro-2.4,6- trihydroxy- 
5,5-dibromo-l,3- 

5,5-dibromo-2,5-dihydro-4,6- 

2-methyl- 

Ipropyl- 

2-propy l- 

propyl) -2-methyl- 

5-methyl- 

6-methyl- 

5-phenox y - 

diethylhexahydro-2,4,6-trioxo- 

dimethyld-oxo- 

167-168" 

HC1>275" 
233" 
220-221 " 

170-1 71 

HCZ 26 7-268 " 

- 
168-1 69" 
55" 
51O 
31-32" - 
70"/4 mm. 
51-53" 

l12"/26 mm. 
19-20"; 125"/15 mm. 

207-209" 
355O 
244-245" 

m. 330-335" 

248" 

146"/8 mm. 
233" 

111" 

130-132" 

ca. 300" 
280" to 300" 
ca. 87" 

160-170" 

~~ 

129 

828 
826. 129 
129 

132 

68 1 

786 
132 
790, 1223 
34 
1379 
2066 
1942 
484 

812 
962 

76.868 
207 1, not 76 
989, 990 

694 

872 

682 
701 

821. 1364 

1996, 154 

1822 

970 
154, 663, 155 
154, 551, 145 

646 
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TABLE X I,V I ( c u n t i m d )  

Pycunidine M.p. 

5,5-dibromohexahydro- 1.3- 1 72-1 73" 
dirnethyl-2,4,6-trioxo- 

2.4.6-trioxo- 
5,5-dichloro-I ,3-diethylhexahydro- 87" 

4,5-dichloro-2,6-dimethoxy- 103-1 04" 
5,5-dichlorohexahydro- I ,3- 157" 

dirnethyl-2,4,6-trioxo- 
2,4-dichloro-5-ethoxy- 41-42" 
2,Pdichloro-6-ethoxy- ca. 25'; 235"fat. 
4,5-dichloro-Z-hydroxy- 206" 

2,4diet h yl-4-h ydrox y- 157" 

2.4-dihydroxy-5-iodo- 272" 

4-trifluoromethyl-2,6-dihydroxy- 230-232" 

uracil/3-benzyl-5-bromo-6-rnethyl- ca. 238' 
uracil/3-(2-bromoallyl)-6-methyl- I91 " 
uracil/5-bromo-3.6-dimethyl- 231 or 241" 
uracil/5-bromo-l -ethyl-6-methyl- 234-235" 
uracil/5-bromo-3-ethyl-6-methyl- 203-206" 
uracil/5-bromo- 1 -methyl- 266" 

2,4-dichloro-6-methoxy- 51 " 

5-iodornethyl- 

2.4,5-tribromo-6-ethoxy- - 

uracil/ 1 -benzyl-5-bromo- 204" 

uracil/5-bromo-3-methyl- 228-229' 
uracil/5-bromo-6-methyl- 24 1-242' 

3-phen yl- 

dimethyl- 
uracil/5-chlorornethy1-3,6- 238-240~ 

uraci1/3-(2,3-dibromopropyI)- I 400 
uracil/3-~-chloropropyl-6-methyl- 208-209" 

5,6-dimethyl- 

6-methyl- 
uraci1/3-(2,3-dibromopropyl)- 180" 

Reference 

145, 153, 154 

55 1 

63 7 
154, I262 

797 
718 
187 
463, 624 
314 

649, 2067 
2068 
999 
I348 
181 7 
696 
659, 1970 
181 1 
1811 
273, 501, 669, 668 
273, 5, 1318 
284 

659 

100 
696 

696 

TABLE X LVI 1. Halogeno-Sulphonylpyrimidines 

Pyrimidine M.p. Reference 

2-benzenesulphonamido-5-bromo- 240-24 1 
2-benzenesulphonarnido-5-iodo- 255-256" 
2-benzenesulphonamido-5-bromo- 205-207" 

5-bromo-4-chloro-2- 81-82' 
4-methyl- 

ethylsulphonyl- 

647 
647 
647 

635 
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TABLE XLVII (contisued) 

Pyrimid:ne 

5-chloro-2chlorosulphonyl- - 833 
4-chloro-2-e thylsulphonyl- 57-58" 635, 804, 910 
4-chloro-2-ethylsulphonyl- 67-68" 635, 926, 928, 805 

4-chloro-2-ethy~sulphonyl- I89-19I0/3.5 mm. 1153 

khloro-2-ethylsulphonyl- 99-100" 927, 929 

5-c hloro-2-sulphamoyl- 135-140' 1143 

5-methyl- 

6-methyl- 

6-me thyl-5-propyl- 

T A B L E X LV 1 I I. Halogeno-Thiopyrimidines 

2-benzylthio-4-chloro- 48-49'; 210"/18 mm. 628 

5-bromo-4-chloro-2-ethy~thio- ca. 27"; 168"/25 mm. 654, 847 
5-bromo-4-chloro-6-methyl- 72-73" 826 

5-bromo-4-chloro-2-methylthio- 44" 629 
5-bromo-1.2-dihydro-+methyl- 140" 2069 

5-bromo-2-ethy lthio- 43-45" 629 
5-brorno-2-ethylthio-4-mercapto- 198" 837, 847 
5-bromo-2-methylthio- 67-68" 462, 831, 629 
5-butyl-4-chloro-2-ethylthio- 160"/2 mm. 1115 

2-butylthio-4-chloro-5-methyI- 124-1 26 "/ 1 mm. 63 1 
4-chloro-5,6-dimethyl-2- 35-36" 775, 1980 

4-chloro-5-ethyl-2-ethylthio- 160- 163 "/24 mm. 839 
4-chloro-6-ethyI-2-ethylthio- 110-112"/4-5 mm. 722 
4-chloro-5-ethyl-2-ethylthio- 177-180"/21-23 mm. 107 

4-chloro-2-ethyl thio- 135'/24 mm. 650, 654, 804 
4-chloro-2-ethylthio-5,6- 142-144"/10 mm. 96 

4-chloro-2-ethylthio-5-methyI- I46-147'/17 mm. 654 
4-chloro-2-ethylthio-6-methyl- 142'/15 mm. 800, 1 153 
4-chloro-2-ethylthio-6- 165-166"/11 mm. 1118 

4-chloro-Z-ethylthi0-5-phenyl- 

5-benzylthio-4-chloro-2-ethylthio- 47-48" 797 

2-methylthio- 

1 -phenyl-2-thio- 

6-methyl- 

met h ylt hio- 

6-methyl- 

dimethyl- 

methyl-5-propyl- 
38-39"; 231-232"/20 mm. 841, 840 

4-chloro-2-ethylthio-6-phenyl- 232"/26 mm. 799 

(Tabk continuad) 
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TABLE X L V I I I  (confinued) 

Pyrimidine N.p. Reference 

4-chloro-5-iod o-2-ethylthio- 
5-chloro-2-mercapto- 
5-chloro-4-mercapto- 
2-chloro-4-methyl-6-methylthio- 
4-chloro-2-methyl-6-rnethylthio- 
4-chloro-6-methyl-2-methyl thio- 
2-chIoro-4-meth ylthio- 
4-chloro-2-methylthio- 
4.5-dichloro-Z-eth ylthio- 
4,6-dichloro-5-methyl-2- 

4,6-dichloro-2-methylthio- 
methylthio- 

69 " 
22 1-222" 
212" 
166-168"/70 mm. 
126-128"/19 mm. 
38"; 132"/15 mm. 
125-126"/15 mm. 
-2"-0"; 122"/18mm. 
199" 
64" 

41-42": 135-136"/14mm. 

649 
2070, 831 
626 
I849 
786 
925, 110, 631, 1347 
1849 
522,61 f 
I87 
65 

65 

TABLE XLI X. Nitro-Oxypyrimidines 

Pyrimidine M.p. Reference 

barbituric acid/ l-ethyl-3-methyl- 95-96" 1807 

barbituric acid/ 1-ethyl-5-nitro- hy. 132-1 33" 516 
barbituric acid/5-ethyl-5-nitro- 183" 2072 
barbituric acid/l-ethyl-5-nitroso- hy. 183" 1806. 145 
barbituric acid/l-methyl-5-nitro- 143" 516, 2076 
barbituric acid/ 1 -methyl- 202-203" 154, 2076 

2-bu toxy-5-nitro- 49-50" 1875 
2-butyl-4,6-dihydroxy-5-nitro- 265" 352 
2,4-diethoxy-6-methyl-5-nitro- 38" 523 
4,6-diethoxy-2-methyl-5-nitro- 74" 780 
2,4-diethoxy-5-nitro- 45 523, 824 
1,3-diethyl-I,2,3,4-tetrahydro-6- 116-1 17" 5 16 

1,3-diethyl-I.2,3,4-tetrahydro-6- cu. 107" 55 I 

2,4-dihydroxy-5-(2,4- 280' 2073 

5-nitroso- 

5-nitroso- 

hydroxy-5-nitro-2,4-dioxo- 

hydroxy-5-nitroso-2,4-dioxo- 

dih ydroxypyrimidin-5-yl)- 
azopyrirnidine 

2 I 4-dihydrox y-6-me t hy l-5-nitro- 2 90' 1257,505,504, 1898 
4,6-dihydroxy-2-methyl-5-nitro- 270-280" 505, 134 
2,4-dihydroxy-€i-methyl-5- 253-255" 580 

4,6-dihydroxy-Z-methyl-5- 300" 580 
phenylazo- 

phenylazo- 

(T& d i n & )  
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TABLE XLIX (conts'nawd) 

Pyrimidine M.p. RefrreRlX 

4,6-dihydroxy-5-nitro- >300" 
4,6-dihydroxy-5-nitro-2-phenyl- - 
2,4-dimethoxy-6-methyl-5-nitro- 8 1 " 
4,6-dimethoxy-2-methyl-5-nitro- - 
2,4-dimethoxyd-nitro- 92-93" 
4,6-dimethoxy-5-nitroro- 173-174" 
4-ethyl-2,6-didydroxy-5-nitro- 230" 
l-ethyl-l,2,3,4-tetrahydro-3- 106" 

methyl-5-nitro-2.4-dioxo- 

methyl-ti-nitro-2,6-dioxo- 
l-ethyl- 1,2,3,6-tetrahydro-3- 124" 

4hydroxy-2.6-dimethyl-5-nitro- 222" 
2-hydroxy-4,6-dimethyl-5- - 

2-hydroxy-4,6-dimethyl-5- >300" 

phenylazo- 186" 

nitroso- f??)  

phenylazo- 
4-hydroxy-2,6-dimethyl-5- 

4-h ydrox y-6-methyl-5-nitro- - 
4-hydroxy-6-methyl-2-nitroamino- 224" 
2-hydroxy-4-methyl-5-phenyIazo- >300" 
2-hydroxy-5-nitro- 205" 

1,2,3,4tetrahydro-i ,3-dimethyl- 155-156" 
5-nitro-2,4-dioxo- 

1,2,3.4-tetrahydro-6-hydroxy- 146-147" OT 152" 
1,3-dimethyl-5-nitro-2,4-dioxo- 

1,2,3,4-tetrahydro-&hydroxy- 141 " to 147" 
1,3-dimethyl-5-nitros0-2,4-&0~0- 

1,2,3,4-tetrahydro-6-hydroxy- 1.3- - 
dimethyl-2,4-dioxo-5-phenylazo- 

trimethy1-5-nitro-2.4-dioxo- 

2-methoxy-5-nitro-( 7) - 

1,2,3,4-tetrahydro-l,3,6- 149-1 50" 

2,4,6-trihydroxy-5-nitro- hy. 180-181" 

2.4.5-trihydrox y-6-nitroso- 
2,4,6-trihydroxy-5-nitroso- 

uracil/ 1,6-dimethyl-5-nib- 
uracil/3,6-dimethyl-5-nitro- 
uracil/ 1 -ethyl-5-nitro- 
uracilf3-ethyi-5-nitro- 
uracil/ 1-methyl-5-nitro- 

uracil/3-metbyl-5-nitro- 

ca. 250" 
- 

I91 O (or 249-250') 

194-1 95" 
159-161' 

149" (W 229-230") 

2 56-264' 

263-265" 

498, 435, 501, 665, 
522 

506,511 
61 7 
1885 
1451 
292 
789 
I 0 4  
1266,1321 

1266, 1321 

536 
100 

580 

60 1 
unknown, 536, 789 
451 ; cf. 527, 528 
580 
25, 499 
25 
273. 1266, 2003, 

2003, 1805,516 

1962, 978, 2075 

1968 

849 

1336 

510, 509, 102, 525 

568, 2076 
2076,561,564,562, 
563 

904, 1337 
1266, 1337 
1811, 1321, 1266 
181 1 
273, 904, 902, 903, 
116, 1320, 875 

273, 849, 1321 

561, 516 
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TABLE L. Nitro-Sulphonylpyrimidines 

Pyrimidine M.p. Kefcrence 
~~ 

5-nitro-Z-sulphamoy l- - 2054 

TABLE L I. Nitro-Thiopyrimidines 

P y r m d t e  A1.p. Keferenee 

2,4-dimercapto-6-methyl-5-nitro- 240" 776, 832 
2,4-dimercapto-5-nitro- ca. 200" OY 213-215" 534. 747, 748 
2-mercapto-4-methyl-5-phenylazo- - 580 
2-meth ylthio-5-nitro- 82-83" 30 
2-methylthio-5-p henylazo- - 774 

T A B L E L I 1. Oxy-SuIphonylpyrimidines 

Pyrirnrdlni? M.p. Relereace 

barbituric acid/5-hydroxy- - 1810 

barbituric acid/5-hydroxy- - 1071, 2078 
I -rnethyl-5-sulpho- 

5-sulph0- 
5-chlorosulphonyl-2,Pdihydroxy- - 1104 
2.4-dihydroxy-5- 340-342 1104 

2,4-dihydroxy-6-methylsulphonyl- 307-308" 63 7 
2,4-dihydroxy-5- 250-253" 1104 

2,4-dihydroxy-5- ca. 350" 371 

2,4-dihydroxy-5-sulphamoyl- 305" 876 
2,4-diliydroxy-6-sulphamoyl- >235" 637 
2,4-dihydroxy-6-sulpho- 248-250" 637, 822 
2,4-dihydroxy-5-sulphoamino-(?) - 540. 541 

2.4-dimethoxy-6- 122-123" 637 

2,4-dimethoxy-6-sulphamoyl- 189-1 90" 637 
2,4-dimethoxy-6-sulpha- 208-209" 822 
4-ethoxy-Z-ethvlsulphon yl- - 635 
4-ethox y-2-ethylsdphonyl- 67-68" 635 

4-ethoxy-2-ethylsulphonpl- impure 929, 927 

5-ethylsulphonyl-2,4-dihydroxy- 282" 371 

dimet hylsulphamoyl- 

phenoxysulphonyl- 

phenylsulphonyl- 

2,4-dihydroxy-6-sulphoamino- 280" 875 

methylsulphonyl- 

5-methyl- 

6-methyl-5-propyl- 

(Tabk coc4inrud) 
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TABLE LII  (conlimed) 

Pyrimidine M.p. Reference 

2ethylsulphonyl-4-methoxy- 
6-methyl-5-propyl- 

hexahydro-5-hydroxy- 1,3- 
dimethyl-5-sulpho-2,4,6- 
trioxo- 

4-hydroxy-Z-methyl-5- 
sulphomethyl- 

2-hydrox y-2-sulpho- 
4-methoxy-6-methyl-2- 

methylsulphonyl- 
1,2,3,44etrahydro- 1.3-dimethyl- 
2.4-dioxo-5-su1phoamino- 

uracil/ 1 -ethyl-5-phenylsulphonyl- 
uracil/5-ethylsulphonyl-3-methyl- 
uracil/l -methyl-5-sulphoamino- 

>300" 
80" 

222" 
223" 
264" 

929, 927 

1810 

1706, 1138 

1474 
925 

875 

37 1 
37 1 
875 

TABLE LIII.  Oxy-Thiopyrimidines 

M.p. 

1-allyl- 1,6-dihydro-4,5-dmethyl- 83 

1-allyb 1.6-dihydro-4-methyl- 48-50" 

5-allyl-4-hydroxy-2-mercapto- 185-1 86" 
5-allyl-4-h ydroxy-2-mercapto-6- 1 88 

2-metbylthio-6-0~0- 

2-methylthio-6-0x0- 

methyl- 

2-metbylthio- 
5-ally l-4- hydrox y-6-methyl- 84" (01 189- 191"?) 

4-allyloxy-6-methyl-2-methylthio- 160-1 64"/ 1 7 mm. 
2-ally lthio-4.6-dihydroxy-5- 224225" 

isopropyl- 

dirnethyl-6-0~0- 
2-allylthio- 1,6-dihydro- 1,4- 43 " 

2-allylthio-4-hydroxy-6-methyl- 132-1 33" or 140" 
4-amyl-6-hydroxy-2-mercapto- 153-154" 
5-amy1-4-hydroxy-2-mercapto- 2 16" (01 183O2) 

2-amylthio-5-ethyl-4,6-dihydroxy- 268-270" 
I-benzyl-2-benzylthio-l,4- 144-145" 

5benzyl-2-benzylthio-4-hydroxy- 194" 

6-methyl- 

dihydro-44x0- 

6-methyl- 

696 

1752 

2077 
701, 1752 

1752. (701) 

11 16 
164 

1116 

1752, 653, 1116 
103, 105 
2079, cf. 2080 

208 1 
628,48 

86 
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TABLE LIXI (corrtinued) 

FyrinlidiRe M.p. RdCZC%lCO 

I-benzyl-l,2-dihydro-4- 148-1 49" 

l-benzyl-5-ethoxy-2-ethylthio- 85-86" 

l-benzyl-5-ethoxy-2-ethylthio- 140-141 O 

l-benzyl-2-ethylthio-1,4-dihydro- 121-122" 

1-benzyl-2-ethylthio-I ,&dihydro- 70" 

I-benzyl-2-ethylthio- 1,4- 139" 

1 -benzyl-2-ethylthio- 1,6-dihydro- 77 " 

4-benzyl-2-ethylthio-6-hydroxy- 13 1 
5-benzyl-2-ethylthio-4-hydroxy- 166O 

4-benzyl-6-hydroxy-2-mercapto- 222-223" GT 216-219" 
5benzyl-4-hydroxy-2-mercapto- 2 10-2 1 1 " 
5-benzyl-4-hydroxy-2-mercapto- 256-257" 

4-benzyl-6-hydroxy-2-methylthio- 180" 
5-benzyl-4-hydroxy-2-methylthio- 1 78" 
4-benzyl-2-mercapto-6-mcthoxy- 65-66" 

methylthio-2-oxo- 

1 ,4-dihydro-ll-oxo- 

1,6-dihydro-6-0~0- 

5-methyl-4-oxo- 

5-methyl-6-0~0- 

dihydro-40x0- 

64x0- 

6-methyl- 

6-methyl- 

P-benzylthio-l,.)-dihydro-l- - 
2-benzylthio- 1 ,Cdihydro- - 

5-benzylthio-2,4-dihydroxy- 290 " 
2-benzyltbio-l-ethyl-1,4- - 

methyl-4-0x0- 

1 -methyl-6-0x0- 

dihydro-4-oxo- 

4,6-dihydroxy- 

&methyl- 

2-benzylthio-5-ethyl- 258-260" 

2-benzylthio-5-ethyl-4-hydroxy- 160" 

5-benzylthio-2-ethylthio-4- 155-156" 
hydroxy- 

2-benzylthi~4-h ydrox y- 19 1-1 92 " 
5-benzylthio-4-h ydrox y- 195-196" 

2-benzylthio4hydroxy- 204-205" 

2-benzylthio-4-hydroxy-6-methyl- 183-1 84" or 1 761 78" 
2-benzylthio4bydroxy-6-propyl- 13 1-1 32" 
2-(2-butenylthio)-5-butyl-4,6- 238-239" 

2-mercapto- 

5-methyl- 

dihydrQq- 

835 

588 

1348 

1348 

1348 

1 348 

1757, 657 
86 

657,103,1157,2082 
657, 735, 1328 
1761, 86 

1157 
735 
1757 
1767 

1767 

797 
1767 

2081 

107 

797 

48, 2083 
797 

88 

1794, 2083 

2084 
2083 
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TABLE LIII  (contznued) 

pyrimidin+ M.p. Reference 

5-b~tyl-4,6--dihydro~y-Z- 
isopropylthio- 

6-methyl- 
5-butyl-2-ethylthio-4-hydroxy- 

4-butyl-6-hydroxy-2-mercapto- 
4-s.-butyl-6-hydroxy-2-mercapto- 
4-t.-butyl-6-hydroxy-2-mercapto- 
5-butyl-4-hydr0xy-2- 

mercapto- 

6-methyl- 

2-methylthio- 

5-bu tyl-4-hydroxy-2-mercapto- 

5-butyl-4-hydroxy-6-methyl- 

4-butyl-6-hydroxy-2-methyIthio- 
2-butylthio-4-hydroxy-5-methyl- 
4-cycIobutyl-6-hydroxy-2- 

4-cyclohexyl-6-hydroxy-2- 

4-cyclopentyl-6-hydroxy- 

4-cyclopropyl-6-h ydroxy-2 - 

4,5-diethoxy-2-ethylthio- 
4,5-diethyl-6-hydroxy- 

1,3-diethyl-1,2,3,4-tetrahydro-6- 

1,3-diethyl- 1,2,3,4-tet~a.hydro- 

1,f-dihydro-1 ,5-dimethyl-4- 

mercapto- 

rnercapto- 

Z-mercapto- 

mercapto- 

2-mercapto- 

methyl-4-0x0-2-thio- 

99x0-2-thio- 

methylthio-2-0~0- 

methylthio-2-oxo- 
1 ,6-dihydm- 1,4-dimethyl- 

2-methylthio-6-oxo- 
1,2-dihydro-l-rnethyl- 

4-methylthio-2-0~0- 
1,4-dihydro-1 -methyl-Z- 

methylthio-4-0~0- 
1.6-dihydro-1 -methyl- 

2-methylthio-6-0~0- 
1,6-dihydr0-4-methyl- 

2-methylthio-6-oxo- 1 -phenyl- 
4,6-dihydroxy-5-hydroxyethyl- 

2-mercapto- 

1,2-dihydr0-1.6-dim&.hyl4 

257-258" 

92-93 " 

207-209 O 

222-224" 
1 78-1 80" 
151-153" 

195" to 201° 

158" 

127" 
105-106" 
211-212" 

282-285" 

220-222O 

236-239" 

HCI129-I3O0 
2 1 4-2 1 5" 

97-98" 

- 
83" 

170-171" 

94" 

124" 

168-169" 

122-123" 

147" 

181" 

2081 

1115 

103. 1157 
103 
103 
103, 1328 

11 15, 2080, 2085 

1115 

1157 
63 1 
109 

103 

109 

109, 2086 

625 
1 03 

1315 

2087 

88 

1347 

86, 1315, 1316 
2087, 653 (?) 

835 

273 

273 

1315, 1316 

2088 
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TARLE L I I I  (continued) 

Pyrimidine M.p. 

4,6-dihydroxy-5-isopropyl-2- 247-248 " 
methylthio- 

2,4-dihydroxy-5-mercapto- - 

4,6-dihydroxy-2-mercapto- 2 4 4 O  
4.6-dih ydrox y-Z-mercapto- ca. 235" 

5-methyl- 

5-phenoxy- 

2-methylthio- 

2,4-dihydroxy-6-mercaptomethyl- 182" 

4,6-dihydroxy-5-methyl- 303" 

4,6-dihydroxy-Z-methylthio- - 
2,4dihydroxy-6- 22 I-222" 

2,4-dimercapto-5-phenoxy- 287" 

methylthiomethyl- 
4,6-dihydroxy-Z-selenyl- 193-2 10" 

2,4-dimethoxy-6-methyIthio- 4!j-4-6" 
5-ethoxy-2,4-di~nercapto- 255-268" 
5-ethoxy-4ethoxymethyl- 167" 

5-ethoxy-4-ethoxymethyl- 123" 

5-ethoxy-4-ethoxymethyl- 178" 

4-a-ethoxyethyl-6-hydroxy- 206-208" 

2-ethylthio- 

2-ethylthio-6-hydroxy- 

6-hydroxy-2-mercapto- 

2-mercapto- 

2-mercapto-5-methyl- 

2-mercapto-6-methyl- 

4-a-ethoxyethyl-6-h ydroxy- 222" 

5-B-ethoxyethyl-4-h ydroxy- 202-203 " 

4-ethoxy-2-ethylthio- 138"/18 mm. 

5-ethoxy-2-ethylthio-1,4-dihydro- 149-151 " 

5-ethoxy-Z-ethylthio- 1,6-dihydro- 50" 

5-ethoxy-Z-ethyIthio-4-mercapto- 144-145" 
4-ethoxy-2-ethylthio-5-methyl- 135-1 36"/12 mm. 
4-ethoxy-2-ethylthio-6-methyl- 154'120 mm. 
4-ethoxy-2-ethylthio-6-methyl- - 
5-ethoxy-4-hydroxy-Z-ethylthio- 169" 

5-ethoxy-2-ethylthio- 31-32"; HCI 120-121" 

I-methyl-4-0x0- 

1 -methyl-6-oxo- 

5-propyl- 

methylthio- 
5-ethoxy-4-hydroxy-2- 190" 

5-ethox y-4-mercapto- 190" 
5-ethoxy-2-mercapto- 192- 193 " 

2-methylthio- 

Refmnce 

164 

1103. 1104 
161,-148, 160, 207 
65 

872 

65 

cn&; 583 
I794 

2131 
1123 
637 
797 
918 

918 

918 

2063 

1768 

690 

654. 804 
72 I 
934 

934 

845 
635 
800 
929 

907 
907 

72 1 
797 

(T&k continued) 
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TABLE L I I I  (continued) 

Pyrimiaw M.p. RefWeIlW 

4ethoxymethyl-6- hydroxy- 180-181' 868 

kthoxymethyl-6-hydroxy- 190-192' 990, 989 

4-ethoxy-6-methyl-2-methylthio- 2 19" 1985 
5ethyE4,6-dihydroxy-2- 190-192" 65, 165 

5-ethyl-4.6-dihydroxy-2- 257" 65 

l-ethy1-2-ethylthio-l,6dihydro- - 1767 

4-ethyl-2-ethylthio-6-hydroxoy- 89" 720 
5-ethyl-2-ethylthio-4-hydroxy- 1 19-120" 634 
5-ethyl-2-ethylthio-4-hydroxy- 1 38" 107. 1451 

5-ethyl-4-hydroxy-2-mercapto- 190-192 103, 1328 
4-ethyl-6-hydroxy-2-mercapto- 223-224" (M 2 18-2 19 ") 103, 2089 

5-ethyl-4-hydroxy-2- 216-218" (OY 212") 103, 107 

5-ethyl-4hydroxy-2-mercapto- 233-235" 1540 

Z-mercapto- 

2-mercapto-5-methyl- 

mercapto- 

methylthio- 

6-0~0- 

6-methyl- 

5-methyl- 

mercapto-6-methyl- 

6-phenyl- 

2-meth ylthio- 
5-ethylJ-hydroxy-6-methyl- 203" 66 

4ethyl-6-hydroxy-2-methylthio- 1 53 " 1 157, 1849 
5-ethyl-4-hydroxy-2-methylthio- - 1767 
4a-ethylpropyl-6-h ydroxy- 224-2 2 5 " 444 

P-mercapto- 

1,5-dimethyl-4-0~0- 

1,4-dimethyl-6-oxo- 

1,5-dimethyl-6-oxo- 

1 -methyl-4-oxc- 

1 -methyI-6-oxo- 

2-ethylthio- 1.4dihydro- 156" 669 

2-ethylthio- 1,6-dihydro- 63-64" 1326, 1318 

2-ethylthio- I ,6-dihydro- 65 " 669 

2-ethylthio-l,4-dihydro- - 835, 2087, 1318 

2-ethylthio- 1,6-dihydro- 79-80" 835, 2087, 1318 

2-ethylthio-4-hydroxy- 152" 66, 48 
2-ethylthio-4-hydroxy- 155-1 56" 66, 96 

2-ethylthio-4-hydroxyy-5-methyl- 159" 654, 88, 1129 
2-ethylthio-4-hydroxy-6-methyl- 144-1 45" 1017, 85, 1153 
4-ethyl-6-hydroxy-2-mercaptc- 228-230" 103, 1157, I04 
2-ethylthio-4-hydroxy-5- 192-1 93" 1208 

5,6-dimethyl- 

methyl-6-phen yl- 

/T&k mn&inUe!i) 
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TABLE LIII (cudinued) 

Pyrimidine M.p. Reference 

2-ethylthio4hydroxy- 
6-methyl-5-propyl 

Z-ethylthio-Chydroxy-5-phenyl- 
2-ethylthio-4-hydroxy-6-phenyl- 
Zethylthio-4-methoxy- 
2-ethylthio-4-methoxy- 

6-methyl- ( ?) 
Z-ethylthio-4-methoxy- 

6-methyl-5-propyl- 
hexahydro- 1,3,5,Stetramethyl- 

4,6-dioxo-Z-thio- 
4hexyl-6-hydroxy-2-mereapto- 
5-hexyl-4-hydroxy-2-mercapto- 
4hydroxy-5,6-dimethyl- 

4-hydroxy-5.6-dimethyl- 

4-hydroxy-2-ethylthio-5-phenoxy- 
Chydroxy-5-B-hydroxyethyl- 

2-mereapto-6-methyl- 
4hydroxy-6-hydroxymethyl- 

Z-mereapto- 
4-hydrox y-5-h ydrox ymeth yl- 

2-mercap to-6-methyl- 
4hydroxy-5-hydroxymethyl- 

6-methyl-2-methylthiohio- 
4hydroxy-5-isoamyl-2-mercap~- 

6-methyl- 
4hydroxy-2-isoam y lthio- 
4-hydrox y-6-isobut yl-2-mercapto- 
4hydroxy-5-isobutyl-2- 

mercapto-6-methyl- 
4hydroxy-Z-isobut ykhio- 
4-hydroxy-5-isopropyl- 

2-msrcapto- 
4-hydroxy-6-isopropyl- 

P-mercapto- 
4hydroxy-5-isopropy1-2- 

mercapto-6-methyl- 
Z-hydroxy-4-mercapto- 
4-hydroxy-2-mercapto- 
4hydroxy-6-mercapto- 
4hydroxy-2-mercapto-5,6- 

4hydroxy-2-mercapto- 

2-mercapto- 

Z-methylthio- 

dimethyl- 

5-methox y- 

92-93" 1118 

158" 
226" 

841, 1829, 840 
799 
804 
1944 

929 

80" 209 1 

144-145" 
1 68- 1 69 " 
283-285" 

103, 106 
1328 
103 

225-22 7 " 96 

159" 
265-267" 

I318 
I03 

259" 958 

280-290O 1765 

220-22 1 " I765 

216" 2080 cf. 2079 

522 
103 
2080 

115" 
220-221 " 
227" 

107" 
242-244" 

522 
103 

179-180" 103 

257" 2080 

289-290" (OY 328") 
ca. 340" 
240-242 " 
278-280" (01 283-285") 

280" 

1108, 48, 835, 578 
48, 1792, 981 
1379 
103, 141, 1113, 96, 

1 765 
245,9 13 
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TABLE L I I I  (continued) 

Pyrimidine M.p. R ~ W B I X  

4-hydroxy-Z-mercapto-6-a- 
methoxyethyl-5-methyl- 

4-hydroxy-2-mercapto-6- 
methoxymethyl- 

2-hydroxy-4-mercapto-5-methyl- 
2-hydroxy-4-mercapto-6-methyl- 
4-hydroxy-6-mercapto-2-methyl- 
4-hydroxy-2-mercapto5-methyl- 
4-hydroxy-2-mercapto-6-methyl- 

4-hydroxy-2-mercapto-5-methyl- 
6-phenyl- 

4-hydroxy-2-rnercapto-6-methyl- 
5-phenyl- 

4-hydroxy-2-mercapto-5-methyl- 
6-propyl- 

4-hydroxy-2-mercapto-6-methyl- 
5-propyl- 

4-hydroxy-2-mercapto- 
6-methylthiomethyl- 

4hydroxy-2-mercapto-5-phenoxy- 
4-hydroxy-2-mercapto-5-phenyl- 
4-hydroxy-2-mercapto-6-phenyl- 

207" 

22 1-222 " 

330" 
1250" 
- 
- 
290" to 324" 

236-237" 

204-205" 

209-210° 

284-286" 

253-254" 
31 3-315" 
263-264 07 259" 

1768 

444 

88 
1347 
cru&; 786 
88. 74 
87, 103,1157, 1315, 
1772, 86, 85, 
I01 7, 2093 

1208 

193 

2089 

1761, 1118, 2080 

109 

797 
1328 
103, 1157. 1328, 
799,829 

4hydroxy-2-mercapto-5-propy1- 2 18-2 19" 103 
4-hydroxy-2-mercapto-6-propyl- 2 18-2 19" 1157, 1156, 103 

2-hydroxy-5-methyl-4-methylthio- 205-2 1 1 ' 
4-hydroxy-2-methyl-6-methylthio- 222-224" 786 
4hydroxy-5-methyl-2-1nethyIthio- 233 " 388, 66 
4-hydroxy-6-methyl-2-methylthio- 2 19' to 225" 

2-hydroxy4rnethyl-6-methylthio- 174-175" 1347 
88 

193. 1157. 1985. 

4hydroxy-6-methyl-2-methylthio- 180-1 81 " 

4hydroxy-6-methyl-5-propyb 89-90' 

4-hydroxy-5-methyl-2-selenyl- 228-229" 
2-hydroxy-4methylthio- 205" 

5propyl- 

2-prop ylthio- 

4-h ydroxy-Z-meth ylthio- 199" 
4 h  ydroxy-2-methylthio- 149-1 50" 
6-methylthiomethyl- 

4-hydroxy-2-rnethyIthio-6-phen yl- 240" 
4-hydroxy-2-methylthio-6-propyl- 154-1 55" 
4-hydroxy-2-propylthio- 117" 
4-hydrox y-Z-selen yl- 235-236" 

1315, 86, 85 
1118 

1118 

75 
835 
611, 66 
1794 

1157, 66 
1157 
522 
75 
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T A B L E L I I I (continued} 

Pyrimidine M.p. Reference 

4-mercapto-2.6-dimethoxy- 
4-mercapto-5-methoxy- 
4-methoxy-6-methyl-2- 

I ,2,3,4-tetrahydro- 1.6-dimethyl- 

1,2,3,4-tetrahydro- 1,3-dirnethyl- 

2-thiobarbituric acid/5,5- 

2-thiobarbituric acid/5,5- 

2-thiobarbituric acid/ I -methyl- 
2-thiouracil/3-alIyl-6-methyl- 
2-thiouracil/ 1 -benzyl- 
2-thiouracil/6-benzyl-3-methyl- 
Z-thiouracil/ 1,6-dimethyl 
2-thiouracil/1,5-dimethyl- 
2-thiouracil/3,6-dimethyl- 
2-thiouracil/5,6-dimethyl- 

2-thiouracil/5-ethoxy-I-methyl- 
Z-thiouracil/ 1 ethyl- 
2-thiouracil/3-etkyl- 

methylthio- 

4-oxo-3-phenyl-Z-thio- 

2-0x0-4-thio- 

dimethyl- 

dimethylene- 

3-phenyl- 

282-285" 822. 637 
209-21 I " 245 
126-130"/12~ 18mm.; 925, 1471,813 

197-1 99" 1315 

132-1 33" 974, 827 

216" m 240" 165, 2042 

- 1754 

137-139" 

197' 
189" 
231 O 

221-222" 
235-245" 
229-230" 
271-273" 
254-255' 

210-211° - 
- 

4i 1 
1752 
628 
2094 
1315 
669 
285 
2095 

934 
2087 
2087 

2-thiouracil/5-hydroxy-3-methyl- - 934 
2-thiouracil/6-methyl- 1-phenyl- (?) - 2096 
2-thiouracil/6-methyt3-phenyl- 266" (01 256") 2096, 1315, 285. 

2-thiouracil/3,5,6-timethyl- 255-256" 1825, 2095 
2,4,6-trihydroxy-5-mercapto- - 515, 1155 
4,5,6-trihydroxy-2-mercapto- >ZOO" 83 

2095 

TABLE LXV. Oxy-Thiopyrimidines with Other Functional Groups 

Pyrimidine M.p. Reference 

5-acetyl- 1.6-dihydro-1 -isopropyl- - 
J-acetyl-l,6-dihydro- 1 -methoxy- 94" 

2-allylthio4hydraxy-5-iodo- 159" 

I-benzyl-5-bromo-2-ethylthio- 129" 

2-methylthio-6-0x0- 

ethyl-2-methylthio-6-0~0- 

6-methyl- 

1.4-dhydro-lf-oxo- 

274 

274 

653 

1348 
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TABLE LIV (continued) 

PyrimidiIE M.p. Referena 

2-benzylthio-5-bromo-4-hydroxy- 184" 
2-benzylthio-4-carby- - 

6-hydroxy- 

P-ethylthio- 1.6-dihydro- 
5-methyld-0x0- 

4-hydroxy- 

1 -benzyl4ethoxycarbonyI- 69-7 1 " 

2-benzylthio-5-ethoxycarbonyl- 174-1 79" 

2-benzylthio-4-formyl-6-hydroxy- 156" 
Z-benzylthi0-4-hydroxy-5-iodo- 1 78- 180" 
2-benzylthio-4-hydroxy-5-iodo- 180-18 1 " 

1-(2-bromoallyl)-1,6-dihydro- 89" 

5-bromo-4-ethoxy-2-ethylthio- 140"/6 mm. 

6-methyl- 

4-methyl-2-methylthio-6-oxo- 

5-bromo-4-ethyl-2-ethylthio- 172-1 73" 
6-hydroxy- 

5-bromo-2-ethylthio-4-hydroxy- 189" 
5-bromo-4-hydroxy-2-mercapto- 270" 
5-bromo-4-hydroxy-2-mercapto- 268-272 " 

5-bromo-4-hydroxy-6-methyl- 255-260" 

5-bromo-4-hydroxy-2-methylthio- 255", 239O, OY 2 19" 
5-carbamoyl-4-ethox y 134" 

5-carbamoyImethy1- 272" 

5-carbamoylmethyI-2-ethylthio- 2 14" 

5-carboxy-l,6-dihydro-l-methyl- 153" 

5-carboxyethyl-4,6-diydroxy- 235-236" 

4-carl~oxy-2-ethylthio-6-hydroxy- 248 " 
5-carboxy-2-ethylthio-4-hydroxy- 167 " 
4carboxy-2-ethylthio-6-hydroxy- 220" 

4-carboxy-6-hydroxy-5-methyI- 243-244" 

4-carboxy-6-hydroxy-2-mercapto- 319-32 1 " 
5-carboxy-4hydroxy-2-mercapto- 288-290" 

6-methyl- 

P-methylthio- 

P-ethylthio- 

4,6-dihydroxy-Z-mercapto- 

4-hydroxy- 

2-me thylthio-6-0~0- 

P-mercapto- 

5-methyl- 

2-me thylthi+ 

4-carboxy-6-hydroxy- 250-252" 
Z-methylthio- 

2-methylthio 
5-~arbo~y-Q-hydr0~~-  234-235" 

65 1 
958 

1823 

89.1698 

958 
651 
651 

696 

635 
522 

654 
651,652 
651. 652 

651, 192, 614 

65 1, 629 
1395 

1377 

1997 

2 74 

1191 

958 
90 
1129 

388 

1382, 97, 958,2097 
921.194 
1382,958 

921,90 
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TABLE LIV (cordinued) 

-dine M.p. Referme 

5-carboxymethyl-4,6-d-dihydroxy- 
2-mercapto- 

1 -carboxymethyl-2-ethylthio- 
1,4-dihydro-4-oxo- 

5-carboxymethyl-2-ethylthb 
Chydroxy- 

4-carboxymethyl-2-ethylthio- 
6-hydroxy- 

5-carboxymethyl-2-ethylthio- 
4- hydroxy-6-methyl- 

5-carboxymethyl4hydmxy- 
6-methyl-2-methylthio- 

5-carboxymethyl-4-h ydrox y- 
Z-mercapto- 

5-carboxymethyl-Chydroxy- 
2-mercapto-6-methyl- 

rl-chloro-5-ethoxy- 
6-ethoxymethyl-2-ethyltbio- 

4-chloro-5-et hoxy-2-eth ylthio- 
4-chloro-6-ethoxy-5-methyl- 

4-chloro-5-ethoxy-2-methylthio- 
5chloro-2-e thylthio-4-hydroxy- 
5-chloro-2-ethylthio-4-hydroxy- 

5-chloro-4-h ydroxy - 

5-chloro-4-hydroxy-2-mercapto- 
5-chloro-4-hydroxy-2-mercapto- 

5-chloro-4-hydroxy-6-methyl- 

5-chloro-4-h ydrox y- 

4-chloromethyl-6-hydroxy- 

5-~-chloropropyl-4-hydroxy- 

5-cyano-2-ethylthio-4-hydroxy- 
5-cyano-2-ethylthio-4-hydroxy- 

5-cyano-2-ethylthio-4-hydroxy- 

5-cyano-4-hydroxy-2-mercapto- 
4-diethoxylmethyl-2-ethyItl1io- 

Z-methylthio- 

6-methyl- 

2-isoprop ylthio-6-methyl- 

6-methyl- 

2-methylthio- 

Z-methylthio- 

Z-methylthio- 

2-mercapto-6-methyl- 

6-methyl- 

6-phenyl- 

6-hydroxy- 

9 3 0 "  

208-209O 

184" 

155" 

255" 

2 70-2 72 

t4.260" 

295" 

165-166"/10 mm. 

46"; 185"/25 mm. 
85" 

75" 
196-199" 
188-490" 

162-1 63" 

264-270" 
265-270" 

270" 

259-260" 

230-235" 

2 18-220" 

220-222 " 
112-1 13" 

242-243' 

282-283" 
128" 

1377 

1017 

1997 

1017 

809 

809 

2002 

60 1 

918 

907 
65 

797 
2064 
651, 652 

65 I 

651, 2098 
65 I 

76 

651, 76 

76 

701 

187, 186 
2024 

2024 

103, 368, 1608 (?) 
473.488 
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TABLE LIV (colzfinucd) 

P@UlidiW M.p. Refereaoc 

4-diethoxymethyl-2-ethylthio- 
6-hydroxy-5-methyl- 

Cdiethoxymeth yl-6-h ydmxy- 
P-methylthio- 

4-diethoxymethyl-6-h ydroxy- 
2-mercapto- 

P-diethoxymethyl-6-hydroxy- 
2-mercapto-5-methyl- 

4.6-dihydroxy-2-mercapto- 
5-nitroso- 

5ethoxycarbonyl- 1,6-dihydro- 
2-metbylthio-6-0x0- 1 -phenyl- 

5-ethoxycarbonyl-2etylthio- 
4-hydroxy- 

4-ethoxycarbonyl-2-ethylthio- 
6-h ydroxy-5-methyl- 

4-ethox ycarbon yl-6-h ydrox y- 
2-mereapto- 

5-ethoxycarbonyl-4-h ydrox y- 
P-mercapto- 

4-ethoxycarbonyl-6-hydroxy- 
5-methyl-2-methylthio- 

5-ethoxycarbonyl-4-hydroxy- 
2-methylthio- 

1 -ethoxycarbonylmethyl- 
2-ethylthio- I ,4-dihydro-4-oxo- 

4-ethoxycarbonylmethyl- 
2-ethylthio-c-h ydroxy- 

5-ethoxycarbonylmethyl- 
2-ethylthio-4-hydroxy- 

5-ethoxycarbonylmethyl- 
2-eth ylthio-4-hydroxy- 
6-methyl- 

5-ethoxycarbonylmethyl- 
4-hydroxy-2-mercapto- 

5ethoxycarbonylmethyl- 
4-hydroxy-2-mercapto- 
6-methyl- 

5-ethoxycarbonylvinyl- 
4,6-dihydroxy-Z-mercapto- 

4-ethoxy-5-e thoxycarbonyl- 
2-ethylthio- 

5-ethoxy-4-ethoxycarbonyl- 
2-ethylthio-6-hydroxy- 

5-ethoxy-2-ethylthio- 
4-isothiocyanato- 

- 
133" 

160" 

107-1 10" w 119-120" 

300" 

128" 

131" 

172-1 73" 

196-1 98" 

245" 

20 1-202" 

134-136" 

129" 

131" 

146-147" 

163-165" 

178-180" 

218" 

1397 

473 

473,488 

2099,1397 

162, 255, 548 

274 

2 102 

1129 

1382 

89, 2097 

388 

2100. 921, 90 

1017 

119 

2002, 1997 

809. 134 

2002 

601 

268-269" 2052 

175"/8 mm. 635 

82-03 " 918 

45-50'; 228-235"/23mm. 845 
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TABLE LIV (col~t i l~wed) 

Pyrimidine M.p. Reference 

66-67O 

Nu 234-235" 

145" to 168" 

186" 

207-208" 

845 

1102 

1396, 958,473,488, 

1397 

1192 

2101 

5-ethoxy-Z-ethylthio- 

4-ethyl-5-iodo-6-hydroxy- 

2-etkylthio-4-formyl-6-hydroxy- 

2ethylthio-4-formyI-6-hydroxy- 
5-methyl- 

2-et hy lthio- 
5-hydrazinocarbonylmethyl- 

4-thiocyanato- 

P-mercapto- 

4-hydmxy- 
2-ethylthio-4-hydroxy- 

6-h ydroxyiminomethy l- 
5-methyl- 

2-ethylthio-4-hydroxy-5-iodo- 
2-ethylthio-4-h ydroxy- 

5-isocyanatomethyl- 
5-formyl-4,6-dihydroxy- 

P-mercapto- 
4-formyl-6- hydrox y-2-mercapto- 
4-formyl-6-hydroxy-2-mercapto- 

4-h ydroxy- 
5-methyl- 

6-hydroxyiminomethyl- 
2-mercapto-5-methyl- 

4-hydroxy-5-iodo-2-mercapto- 
4-hydroxy-5-iodo-2-mercapto- 

4-hydroxy-5-iodo-2-mercapto- 

4-hydroxy-2-mercapto- 
6-trifluoromethyl- 

2-thiouracil/5-acetyl-3-cycIohexyl- 
2-thiouracil/5-acetyl-3-isopropyl- 
2-thiouraci1/5-acetyl- 

3-8-methoxyethyl- 
2-thiouracil/5-acetyl-3-phenyl- 
2-thiouracil/3-allyl-6-carbxy- 
2-thiouracil/3-allyl- 

5-ethoxycarbonyl- 
2-thiouracil/3-amyl- 

5-ethoxycarbon yl- 
2-thiouracil/5- benzoyl-3- butyl- 
2-thiouracil/5-benzoyl-3-ethyl- 
Z-thiouracil/3-benzyl- 

5-ethoxycarbonyl- 

6-methyl- 

6-pr0pyl- 

235" 1397 

196" 
189-191 O 

649 
1192 

deviv. 1401 

473, 2101, 488 
1397 

- 
232-233 O 

233" 1397 

220" 
270" o r  285-2900 

1102, 2098, 651 
1102, 651, 652 

Nu 215-216" 1102 

247-249" 4-44 

198" 
144" 
137" 

274 
2 74 
2 74 

232" 
15 I- 152" 
221" 

274 
2105 
274 

196" 2 74 

183" 
253" 
228" 

274 
274 
2 74 
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TABLE LIV (continued) 

2-thiouracil/3-butyl-5-cyano- 234" 

2-thiouracil/3- butyl- 192" 

2-thiouracil/5-carboxy-3-hexyl- 154" 
2-thiouracil/5-carboxy-3-phenyl- 248" 
2-thiouracil/5-cyano-3,6-dimethyl- 280" 

6-methyl- 

5-ethox ycarbon y l- 

2-thiouracil j5-cj~ano-3-e~lyl. 

2-thiouracil/5-cyano-6-ethyl- 

2-thiouracil/5-cyano-3-isopropyl- 
2- thiouracil/5-cyano- 

3-methoxyethyl-6-methyl- 
2-thiouracil/5-cyano- 1 -methyl- 
2-thiouracil/5-cyano- 1 -phenyl- 
2-thiouracil/3-cyclohexyl- 

2-thiouracil/5-ethoxycarbonyl- 

2-thiouracil/5-ethoxycarbonyl- 

2-thiouracil/5-ethoxycarbonyl- 

2-thiouracil/5-ethoxycarbonyl- 

2-thiouracil/5-ethoxycarbonyl- 

2-thiouraciI/S-ethoxycarbonyl- 

2-thiouracil/5-ethoxycarbonyl- 

2-thiouracil/5-ethoxycarbonyl- 

6-methyl- 

3-phenyl- 

5-ethoxycarbony l- 

3-ethyl- 

3-hexyl- 

3-isoam yl- 

3-isobutyl- 

3-methoxyethyl- 

3-methyl- 

3-phenyI- 

3-propyl- 

268O 

263' 

84-85" 
207" 

295" 
267" 
194" 

257" 

196" 

184' 

189" 

202 " 

205' 

276" 

212" 

274 

2 74 

2 74 
2 74 
2 74 
2 74 

2 74 

2 74 
274 

368 
368 
2 74 

274 

274 

274 

2 74 

274 

279 

274 

274 

TAB L E LV. Oxypyrimidines with Two Minor Functional Groups 

Pyrimidine M.p. RdWUlffi 

barbituric acid/5-bromo-l-ethyl- 138-139" 516 

barbituric acid/5-bromo- 137-139" 2076. 516 

barbituric acid/5-bromo-5-~itro- 108" 516 

5-nitro- 

1 -methyl-5-nitro- 
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TABLE LV (continued) 

Pyrimidine Y.p. Reference 

barbituric acid/Echloro- 
1-methyl-5-nitro- 

barbituric acid/5-chloro-5-nitro- 
5-bromo-4-carbox y- 

2,6-dihydroxy- 
5-bromosl-carboxy-6-hydroxy- 

2-methyl- 
5-bromo-4carboxy-6-hydroxy- 

2-phenyl- 
5-bromo- 1 ,J-diethylhexahydro- 

5-nitro-2,4,6-trioxo- 
5-bromo-4-et hoxy- 

2-ethylsulphon yl- 
5-bromohexahydro- 1,3-dimethyl- 

5-nitro-2,4,6-trioxo- 
4-carbox y -5-chloro- 

2.6-dihydroxy- 
4-carboxy-2,6-dihydroxy-5-nitro- 

121" 516, 2076 

86-87' 
288" 

209-2 10" 

252" 

63-64' 

9&9l0 

ca. 152" 

294-296" 

>230" 

4-carboxymeth y l- 153O 
2,6-dihydroxy-S-nitro- 

6-methyl-5-nitro- 

l13-dimethyl-5-nitro-2 ,6-dioxo- 

2-methyl- 

2-meth yl- 

5-nitro- 

4-carboxymethyl-2-hydroxy- - 

4-carboxy- 1,2,3,6-tetrahydro- 139-140" 

4-chloro-5-cyano-6-ethoxy- 63-64" 

4-chloro-5-cyano-6-methoxy- 87" 

4-chIoro-6-ethoxy-2-methyl- 81" 

4chloro-6-ethoxy-5-nitra- 42"; 143-146"/16mm. 
5-chlorohexa.hydro-l,3-dimethyl- >150" 

4.6-dihydroxy- >310" 

4-ethoxycarbonyl- 250" 

uracil/ 1 -acetyl-5-bromo- 175-177" 
uracil/5-bromo- 244" 

uracil/6-carboxy-3-ethyl-5-nitro- hy. 189" 
uracil11 -carboxymethyl-5-nitro- 264-265" 

5-nitro-2,4,6-trioxo- 

2-hydroxyiminomethy l- 
5-nitroso- 

2.6-dihydroxy-5-1~itr0- 

1 -carboxymethyl- 

uracil/6-carboxy- 1 -methyl- - 
5-nitro- 

uracil/6-carboxy-3-metbyl-5-nitro- - 

516 
1463, 520 (7 )  

447 

447 

516 

635 

516, 2106 

699, 658 

87, 115, 114. 521, 

119 
697 

536 

1821,2OO3 

627 

627 

780 

780 
516,2106 

584 

52 1 

2060 
1017 

181 I 
101 7 
1320 

1321 
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TABLE LVI. Thiopyrimidines with Two Minor Functional Groups 

2-benzylthio-4-chlom- 
5-ethoxycarbonyl- 

5-bromo-4-carboxy-2-methylthio- 
5-bromo-2-ethylthio- 

4-isothiocyanato- 
5-bromo-Z-ethylthio- 

4-thioc yanato- 
5-carbamoyl-4-chloro- 

2-ethylthio- 
4-carboxy-5-chloro-2-methylthio- 
5-carboxymethyl-P-chloro- 

P-ethylthio- 
5-carboxymethyl-4-cNoro- 

2-ethylthio-6-methyl- 
4chloro-5-chIorocarbonyl- 

P-ethylthio- 
4-chloro-5-cyano-2-ethylthio- 
4-chloro-5-ethoxycarbonyl- 

4-chloro-5-ethoxycarbonyhethyl- 

4-chloro-kthox ycarbon yl- 
2-methy lthio- 

4-chloro-2-ethylthio-6-formyl- 
Z-chloro-4-methyl- 

2-~thylthi0- 

P-ethylthio- 

6-methylthi0-54tro- 

248"/11 mm. 

176- 177' 
78-80" 

8 1 - 8 2 O  

134" 

169-170" 
132' 

11&119" 

38-40' 

35-36"; I63'/13 mm. 
203"IZO mm. 

174014 mm. 

58-59 I) 

138-139°/10 mm. - 

89 

462 
837. 847 

837 

1395 

2023 
1997 

625 

1395 

187 
806.89 

843, 2002 

2100 

808 
536 
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INDEX 
The Index covers the text and interspersed Tables of Chapters I-XI1 in detail. 

Chapter XI11 (Ionization and Spectra) and its Tables are indexed but broadly as befits 
their content, and the Appendix Tables are entirely excluded. Only the names of authors 
actually mentioned in the text are included in the Index. 

The page numbers immediately following primary entries refer to syntheses or 
general information. Any number in parentheses indicates that, although the subject is 
treated on that page, the actual name will not be found in full (or perhaps even at all) in 
the relevant text. For example, on p. 169 appears: “2-Aminopyrimidine has been 
iodinated in the presence of mercuric acetate.. .” The product (2-amino-5-iodopyrimi- 
dine) is not mentioned but only implied by the context, so its entry in the index is shown 
as: (169). The letter f occurs after a number when the subject is treated on that and the 
following page or pages. 

A 
Acetamidine 

use in syntheses, 31-74, 102 
2-Acetamido-5-acetoxy-4hydroxy-6- 

methylpyrimidine, 253 
4-Acetamido-5-acetylthiomethyl-2- 

methylpyrimidine, 286 
5-Acetamido-4amino-2,6-dihydroxy- 

pyrimidine, 106 
5-Acetamido-2-amino-4.6-dimethyl- 

pyrimidine, 324 
2-Acetamido-5-amino-4-hydroxy-6- 

methylpyrimidine 
formation of an anil, (322) 

pyrimidine. 324 

pyrimidine, 324 

5-Acetamido-4-amino-6-hydroxy- 

4-Acetamido-6-amino-2-methylthio- 

2-Acetamido-5-aminopyrimidine 

2-Acetamido-5-benzamidopyrimidine, 327 
2-p-Acetamidobenzenesulphonamido-4, 

6-dimethylpyrimidine, 330 

2-p-AcetamidobenzenesuIphonamido-4- 

2-p-Acetamidobenzenesulphonamido- 

deacetylation, 329 

deacetylation, 330 

hydroxy-6-methylpyrimidine, 329 

pyrimidine, 331 
deacetylation, 331 

use as acylating agent, 331 

use, 329, 331 

p-Acetamidobenzenesulphonyl chloride 

P-Acetamidobenzenesulphon ylguanidine 

2-Acetamido-5-benzylideneamino-4- 

2-Acetamido-1-carbamoyloctane, 440 
hydroxy-6-methylpyrimidine, (322) 

cyclization, 440 

5-Acetamido-2,4-diacetylthiopyrimidine, 

5-Acetamido-2,4-dia~no-6-hydroxy- 
pyrimidine, 71, 324, 328 

4-Acetamido-l,6-dihydro- 1,Sdimethyl- 
6-oxopyrimidine, 325 

4- Acetamido- 1.6-dihydro- 1 -methyl-Z- 
methylthio-6-oxopyrimidine 

286 

desulphurization, 279 
4-Acetamido- 1,2-dihydro- 1 -methyl-2- 

oxopyrimidine, (346) 
4-Acetamido-1 ,&&hydro- l-methyl- 

6-oxopyrimidine, 279 
4-Acetamido-6-dimethylamino-2-methyl- 

thiopyrimidine, 313, 324 

2-Acetarnido-4-pdimethylaminostyryl- 
6-methylpyrimid ine, 126 

2-Acetamido-4,6-dimethylpyrimidine, 324 
4-Acekamido-2,6-dimethy~pyrimidine. 102 
5-Acetamido-2,4dimethylpyrimidine, 324 
5-Acetamido-4-hydroxy-2-methylthio- 

2-Acetamido-4-hydroxypyrimidine, 324 
4-Acetamido-2-hydroxypyrimidine, 324, 

4-Acetamido-6-hydroxypyrimidine, 324 
2-Acetamido-4-mercapto-5-methyl-6- 

phenylpyrimidine, 324 
4-Acetamido-6-methoxy-2-methylthio- 

pyrimidine 
desulphurization, 279 

reduction, 313 

pyrimidine, 329 

346 

4-Acetamido-6-methoxypyrimidine, 279 
5-Acetamidomethyl-4-arnino-2-methyl- 

5-Acetamidomethyl-2-methyl-4- 
pyrimidine, 319, 328 

methylaminopyrimidine, 325 
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2-Acetamido-5-nitropyrimidine, 324 
p-Acetamidononanoic acid, 440 

5-Acetamido-3-phenylisoxazole. 87 
5-Acetamido-2-phenylpyrimidine, 324 
2-Acetamido-5-piperidinopyrimidine, 

324 
4-p- Acetamidophenylsulphonyl-Z-arnino- 

6-methylpyrimidine (?), 298 
3-Acetamidopropylamine, 445 

2-Acetamidopyrimidine. 324 

4-Acetamidopyrimidine, 255, 324 
5-Acetamidopyrimidine, 324 
4-Acetamido- I ,  2.3.6-tetrahydro- 1,3,5, - 

5-Acetamido-l,2,3,4-tetrahydro-l,3,6- 

Acetic anhydride 

Acetic formic anhydride 

Acetonin, 6 

to  amide. 440 

cyclization, 445 

deacetylation, 329 

trimethyl-2.6-dioxopyrimi&ne,325 

trimethyl-2,4-dioxopyrimidine, 325 

reaction with alkylamidines, 102 

use in difficult formylations, 326 

constitution, 448 
reduction, 453, 454 

reaction with acetylene, 96 
trimerisation, 93 

Acetonitrile 

4-Acetonylamino-2-choro-5-nitro- 

4Ace tonylamino-6-chloro-5-nitro- 
pyrimidine. I94 

pyrimidine, 196 
amination. 196 

CAcetonylamino-6-morpholino-5- 
nitropyrimidine. 196 

CAcetonyl-2,6dimethylpyrimidine, 132 

Acetophenone 
formation of oxime, 319 

reaction with formamide, 91 
reactions with urea and thiourea, 442 

3-dimethyl-2,6-dioxopyrimidine, 
344 

pyrimidine 

CAcetoxyamino- 1,2,3,6-tetrahydro-l, 

4-Aceroxy-2,6-dibenzylyl-5-phenyl- 

a doubtful structure, 253 
5-Acetoxy-2.4-dibydroxy-6-methylpyri- 

5-Acetoxy-2,4-dihydroxypyrimidine, 253 
5-Acetoxy-2-hydroxy-4,6-dimethyl- 

midine, 253 

pyrimidine, 253 

5-Acetoxymethyl-4-chloro-6-hydroxy- 
2-methylpyrimidine, 2 15 

5-Acetoxymethyl-4,6-dichIoro-2-methyl- 
pyrimidine, 215, 253 

4-Acetoxymethyl-2.6-dihydroxy-5- 
methylpyrimidine, 215, 253 

5-Acetoxymethyl-2,4-&hydroxy-6- 
methylpyrimidine, 253 

5-Acetoxymethyl-2,4-dihydroxypyrimi- 
dine, 253 

a- Ace toxymethylene-,9-ethoxypro- 
pionitrile 

hydrolysis, 215 

use, 61 
4-Acetoxymethyl-6-methylpyrimidine. 

4-Acetoxy-6-methyl-2-phenylpydmidine 
a doubtful structure, 253 

Acetoxypentane-2,4-dione 
use in syntheses, 241 

4-Acetoxypyrimidine, 253, 384 
Acetoxypyrimidines, 253 
5-Acetoxy-2,4,6-trihyhydroxypyrimidine, 

Ace t yiace tone 

a-Acetyl aminomethylenephenylaceto- 

384 

253 

use in synthesis. 36/, 94. 119 

nitrile 
reaction with formamide. 92 

5-Acetyl-2-amino-Pmethylpyrimidine, 

5-Acetyl-4-amino- 1,2,3,6-tetrahydro- I ,3- 
415 

dimethyl-2,6-d1oxopyrimidine, 
416 

removal of acetyl group, 416 
5-AcetyM-bromomethyl-2-phenyl- 

pyrimidine, I30, 177 
amination, 319 

a-AcetyE-y-butyrolactone, 46 
use in syntheses, 242 

2-AcetyIcyclohexanone 
use in synthesis, 36, 95 

4-Acetyl-2,6-diethoxypyrimidine, 395, 
(416). 417 

hydrolysis, 395 
t o  phenylhydraaone, 418 

5-Acetyl-4-diethylaminomethyl-2-phenyl- 
pyrimidine, 319 

2-a-Acetyl-y-diethylamino-a-phenylethyl- 
4,6-dimethylpyrimidine, 320 

5-Acetyl-4,5-dihydro-2,6-dihydroxy- 
pyrimidine, 444 
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5-Acetyl- 1,6-dihydro-2-hydroxy-4- 
methyl-Gphenylpyimidine, 44 1 

N-Acetyldihydro-4oxopyrimidine, 253. 
357 

4-Acetyl-2,6-dihydroxypyrimidine, 395 
5-Acetyl-2,4-dihydroxypyrimidie, 43. 

415 
reduction, 444 
to a hydrazone, (418) 
to an oxime, (418) 

5-Acetyl-4-dimethylaminomethyl-2- 
phenylpyrimidine, 3 19 

5-Acetyl-2-dimethylamino4methyl- 
pyrimidine, 415 

5-Acetyl-4-dimethylamino- 1.2,3,6- 
tetrahydro- 1,3dimethyl-2,6- 
dioxopyrimidine, 416 

5-Awl$-2, +dimethylpyrimidine, 4 1 5 
5-Acetyl-4-ethoxycarbonyl-2-hydroxy- 

5-Acetyl-1-ethylbarbituric acid, 416 

5-Acetyl-3-ethy1-2-thiouraci1, 48, (415) 
2-Acetylhydrazino-4,6-dirnethylpyrimi- 

2-Acetylhydrazino-Chydroxy-6-methyl- 

2-Acetylhydrazinopyrimidine, 325 
2-Acetylimino- I-benzoylpropane 

4-Acetylimino- 1,2,3.4-tetrahydro-l,3- 
dimethyl-2-oxopyrimidine, 378 

pyrimidine, 36, 415 

to a semicarbazone, (418) 

dine, 325 

pyrimidine, 325 

we. 94 

deacetylation, 329 
a-Acetyl-a-methylacetone 

use in syntheses, 36 
5-Acetyl-1 methylbarbituric acid 
to its hydrazone, (418) 

5-Acetyl-Cmethyl-2-phenylpyrimidine, 

action of phosphorus pentachloride, 

bromination, 130, 177 
oxidation, 392, 417 

l-Acetyl-5-methyluracil, 253 
instability, 253 

5-Acetyl-3-methyluraci1, 48, (415) 
action of nitric acid, 41 7 

5-Acetyl-4-morpholinomethyl-2-phenyl- 
pyrimidine, 319 

5-Acetyl-3-phenyluracil, 83, 358 
2-Acetylsulphanilylarnino-4,6- 

dihydroxypyrimidine, 58 

86, 415 

124, 181 

2-Acetylsulphanilylammo-4-hydroxy- 
pyrimidine, 41 

Acetylsulphanilylguanidine 
use in Principal Syntheses, 41, 50, 58 

5-Acetyl- I ,2.3,4tetrahydro-l,3-dimethyl- 
6-N-methylacetamido-2.4dioxo- 
pyrimidine, 416 

3-dimethyl-2,4-dioxopyrimidine, 
416 

4-N-Acetylthiocarbamoylthio-2-chloro- 
pyrimidine, 420 

4-N-Acetylthiocarbamoylthio-5-ethyl- 
2-ethylthiopyrimidine, 420 

5-Acetyl-2,4,6-trihydroxypyrimidine, 416 

5-Acetyl- I ,2,3,4-tetrahydro-6-hydroxy- 1, 

action of bromine, 172 
to its hydrazone. (418) 
to its oxime, (418) 

instability, 253 

use for urea in Principal Synthesis, 68 

reaction with halogenopyrimidines. 200 

failure to condense with urea, 432 

formation from pyrimidine in alkali, 118 

use in synthesis of hydropyrimidines, 

1-Acetyluracil, 25, 252, 257, 357 

Acetylurea 

Acid hydrazides 

Acrolein 

Acrolein polymer 

Acrylic acid 

43 1 
Acryloyl chloride 

condensation with N-phenylurea, 432 
N-Acryloyl-N’-phenylurea, 436 

cyclization, 437 
Acylaminopyrimidines 

by acylation, 324f 
by other means, 328f 
deacylation, 329 
interconversion of, 329 

Acylated aminomethylene derivatives 
use in syntheses, 85 

C-Acylpyrimidines, 41 5f 
preparation, 415f 
reactions, 41 7f 
to usual ketone derivatives, 418 

Addition reactions, 18 
Adenosine triphosphate 

Albert, A., 2, 182. 485 
/?-Aldehyde esters 

in pyrimidine biosynthesis, 424 

use in Principal Synthesis. 38 
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8-Aldehydo ketones 

p-Aldehydo nitriles 
use in Principal Synthesis, 34f 

reaction with amidines, 6lf 
reaction with guanidines, 64/ 
reaction with thioureas, 6Of 
reaction with ureas, 59f 
use in Principal Synthesis, 59f 

cleavage, 179 
Alkoxyalkylpyrimidines 

Alkoxycarbonylaminopyrirnidines, 336f 
Alkoxycarbonylpyrimines 

see: "Pyrimidine esters" 
Alkoxy groups 

effect on acidic pK,, 467 
effect on basic pK., 469 

Alkoxypyrimidines, I3 
amination, 255, 309 
from halogenopyrimidines, 201f, 246 
from primary syntheses, 245f 
from various reactions, 247f. 420 
hydrolysis, 232, 237, 254, 359 
interconversion of alkoxy groups, 248 
properties, 249f 
rearrangement, 3711 

addition t o  pyrimidines, 20 
reaction with halogenopyrirnidines, 

Alkyl-lithium 

213 
2- Alkylpyridines 

formation, 96 
Alkylpyrimidines, 119f 

by introduction of alkyl groups, I23 
direct synthesis, 119 
from alkyl chloropyrimidines. 120 
from carboxy, mercapto, and others. 

halogenation, 13Of 
interconversion of alkyl groups, 122 
ionization, 465 
oxidation, 126f 
N-oxide formation, I28 
properties, 124 
reactions, 124f 
removal of alkyt group, 126f. 393 

nomenclature, 356 

formation, 21, 298f 
hydrolysis, 2365 
reactions, 300f 
repIacement by alkoxy group, 247 

120f 

N-Alkylpyrimidines, 356f 

Alkylsulphonylpyrimidines 

replacement of alkylsulphonyl group, 

Alkylthiapyimidines, 14, 205, 282f, 286f 
15, 247 

action of alcoholic peroxide, 236 
amination, 289/, 309 
desulphurization. 23, 2785, 288 
halogenation, 17Of 
hydrolysis, 233f. 289 
replacement of alkylthio group, 15 
to alkoxypyrimidines, 247 
to mercaptopyimidines, 252, 274f 

Alloxan. 6, 21, 106, 260f 
diabetogenesis by, 262 
early preparation, 1, 260 
explosive decomposition, 261 
hydrolysis, 26 f 
oxidation, 261 
reaction with ammonium sulphide, 343 
reaction with benzene in sulphuric acid, 

reaction with odiaminobenzene, 262 
reaction with hydroxylamine, 147, 261 
reaction with phenylhydrazine, 155,261 
reaction with semicarbazide, 261 
reduction, 238, 2601, 443 

reduction, 152 

interconversion and relationship, 260 

26 1 

Alloxan-4.5-dioxime, 152 

Alloxan family 

Alloxanic acid, 261 
Alloxan-5-phenylhydrazone 

as  tautomer of 2,4,6-trihydroxy-5- 
phenylazopyrimidine, 155 

Alloxantin, 21 
action of methylamine, 262 
alkylation and acylation, 262 
dissociation of, 262 
general. 260, 262 
oxidation and reduction, 260 

Alloxazine, 262 
1 -AllyI-4-amino-3-ethylhyl- 1,2,3.6-tetrahy- 

dro-2.6-dioxopyrimidine, 84 
1 -Allyl-6-amino-3-ethylhyl- 1,2,3,4tetrahy- 

dro-2,4-dioxopyrimidine, 367 
I -Allyl-4-amino-3-ethyl-1,2,3,6-tetrahy- 

dro-6-0~0-2-thiopyrimidine, 84 
1 -Allyl-6-amino- 1,2,3,4-tetrahydr0-3- 

methyl-2,4dioxopyrimidine, 367 
Allylation of barbiturates, 53 
5-Allyl-5-be~ylbarbiruric acid, 54 
N-A11 y lcyanoacetamide 

reaction with ethyl isocyanate, 84 
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N-All yl-N-cyanoacetyl-”-ethylurea 
as intermediate in synthesis, 84 

5-Allyl-5-cyclohex-2’-enyl-2-thiobar- 

5-Allyl-2,4-dihydroxy-6-methyl- 
bituric acid, 54 

primidine 

3-Allyl-5.6-dimethyluracil 

Allylguanidine 

5-Allyl-5-l’-methylbutylbarbituric acid, 

3-Allyl-6-methyluracil 

2-Allyloxy-4,6-dihydroxypyrimidine, 53, 

2-Allyloxy-4-hydroxy-6-methylpyrimi- 

2-Allylthio-I ,6-dihydro-I ,bdimethy1-6- 

addition of hydrogen chloride, 18 1 

addition of bromine, (181) 

use in Principal Synthesis, 50 

53 

addition of bromine, 181 

245 

dine. 46. 245 

oxopyrimidine 
iodination, (171) 

2-Allylthio- 1,6-dihydro-fr-iodo- 1.4 

2-Allylthio-4-hydroxy-5-iodo-6-merhyl- 

2-Allylthio-4-hydroxy-6-methyl- 

dimethyl-6-oxopyrimidine, 17 1 

pyrimidine, 171 

pyrimidine, 283 
iodination, (171) 

use in Principal Synthesis, 70 
N- Allylthiourea 

5-Allyl-2,4,6-trihydroxypy~imidine, 124 
0- Allylurea 

use in Principal Syntheses, 46, 53, 245 
5-Allylureido-2,4,6-trihydroxypyrimidine, 

Amicitin, 6 
Amidines 

339 

use in syntheses, 82-1 11 
use in Principal Synthesis, 31-74 

2-Amidinopyrimidine, 406 
Amidinopyrimidines 

5-Amidinothio-2-(5-carboxyamylamino)- 

reaction with nitromalondialdehyde, 

from cyanopyrimidines, 405f 

pyrimidine, 212, 293 

293 

pyrimidine, 212, 292 
5-Amidinothio-2,4,6-trihydroxy- 

hydrolysis, 212. 292 
Aminoalkylpyrimidines 

from halogenoalkylpyrimidines, 2 15 

usual preparation, 2 15 
4-Amino-5-amiaoethyl-2-methylpyri- 

midine 
formation of a d ( ? ) ,  322 

4Amino-5-aminoethyl-6-methyl- 

formation of a n  anil (?), 322 
4-Amino-5-aminomethyl-2-benzyl- 

pyrimidine, 316, 317 

pyrimidine 

acylation, (327) 

midine. 316 

pyrimidine, 148. 319, 413, 414 

pyrimidine, 316 

4-Amino-5-arninomethyl-2-butylpyri- 

5-Amino-2-aminomethyI-4,6-dihydroxy- 

4-Amino-5-aminomethyl-2,6-dimethyl- 

actlon of nitrous acid, (242) 
4Amino-5-aminomethyl-2-ethyl- 

pyrimidine. 316. 317 
acylation, (327) 

4Amino-5-aminomethyl-2-ethyl thio- 

2-Amino4-aminomethyI-6-methyl- 
pyrimidine, 317 

pyrimidine, 319 
acylation, (327) 

4-Amino-5-aminomethyL2-methyl- 
pyrimidine, 62, 316, 317, 318. 41 1 

action of nitrous acid, (2423, (333) 
4-Amino-5-aminomethyI-6-methyl- 

4-Amino-5-aminomethy1-2-phenyl- 

4-Amino-5-aminomethylpyrimidine. 3 16 

4-Amino-6-(2-amino-4-methylpyrimidin- 

pyrimidine, 317 

pyrimidine, 316 

acylation, (327) 

6-ylamino)-2-methylquinoline, 308 
as bismethochloride, 308 

4-Amino-5-(4-amino-2-methylpyrimidin- 
5-ylmethyliminomethyl) -2-methyl 
pyrimidine, (410) 

hydrolysis, (4410) 
reduction, (410) 

2-Amino-5-amyl-4rnethylpyrimidine, 35 
2-Amino-4-anilino-5-bromo-6-methyl- 

5-Amino-4-anilinoGchloropyrimidine, 

4-Amino-2-anilino-5-ethoxypyrimidinc, 

4-Amino-2-anilino-6-hydroxypyrimidine, 

2-Amino-4-anilino-6-methylpyrimidine 

pyrimidine, 178 

197 

197 

72 
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bromination. 178 
methylation. (379) 

methylation. (378) 
4-Am1no-2-anilino-6-methylpyrimldine 

4-Amino-6-anilino-Z-methylthio- 
pyrimidine, 290 

methylation, (378) 
4-Amino-6-anilino-5-nitropy~imidine. 196 
2-Amino-4-anilinopyfimidine, 189, 289 
4-Amino-5-azidocarbonyl-2-hydroxy- 

pyrimidine, rH) I 
to  a purine, (401) 

4-Arnino-5-azidocarbonyl-2-methyl- 

to  a purine via  isocyanate, 401 
2-Aminobarbitnric acid, 6 
2-Amino-5-benzamido4hydroxy-6- 

methylpyrimidine, 327 
4-Amino-5-be.nzamidopyrimidine. 327 
2-o-Aminobenzenesulphonamid~5- 

chloropyrimidine, 330 
4-p-Aminobenzenesulphonamido-2,6- 

dimethoxypyrimidine, 33 1 
2-p-.4minobenzenesulphonamido-4,6- 

dimethylpyrimidine. 18, 37, 330, 
33 1 

4-p-Aminobenzenesulphonamido-2,6- 
dimethylpyrimidine, 331 

2-p-Aminobenzenesulphonamido-4- 
methyl-6-octyyIpyrimidine, 330 

2-p-Aminobenzenesulphonamido-4- 
methylpyrimidine, 33 1 

2-p- Aminobenzenesulphonamido- 
pyrimidine, 331 

p Aminobenzenesulphonylguanidine 

4-Amino-5-benzenesalphonylhydrazino- 

pyrimidine, 401 

use in syntheses, 330 

carbolryl-2-methylpyrimidine, 
401, 412 

to  5-aldehyde. 412 
2-(N-m-Aminobenzenesulphonyl-N- 

methylamino) -5-chloropy~imidine 
dechlorination, 2 1 1 

2-(N-m-Aminobenzenesulphonyl-N- 
metbylamino)pyrimidine, 2 1 1 

2-Amino-5-benzoyloxy-4-hydroxy-6- 
methylpyrimidine, 253 

2-Amino-4-benzoylthio-6-methyl- 
pyrimidine, 286 

rearrangement, 329 
5-Amino-4-benzylaminomethyl-6-methyl- 

2-methylthiopyrimidine, 143 

4-Amino-2-benzy~-5-carbamoylmethyl- 
pyrimidine, 396 

Hofmann reaction, (3 17) 

pyrimidine, 197 

2-oxopyrimidine, 64 

2-Amino-5-benzyl-4-chloro-6-methoxy- 

4Amino-3-benzyl-5-cyano-2,3-di hydro- 

4Amino-2-benzy1-5-cynaopyrimidine. 86 

4-Amino-3-benzyl-5-ethoxycarbonyl-2,3- 
dihydro-2-oxopyrimidme, 64 

4-Amino-2-benzyl-5-formamidomethyl- 
pyrimidine, 327 

2-Amino-5-benzyl-4-hydroxy-6-methyl- 
pyrimidine, 44 

2-Amino-5-benzyl-4hydroxypyrimidine. 
41 

2-Amino-5-benzylideneamino-4hydroxy- 
Cmethylpyrimidine, 322 

4-Amino-5-benzylideneamino- I-methyl 
uracil, (322) 

4-Amino-ibenzylideneamino- 1,2.3,6- 
tetrahydro- 1,3-dimethyl-2,6- 
dioxopyrimidine, 322 

nitropyrimidine 

reduction, 316 

2-Amino-4beazyloxyamino-6-methyl-5- 

reduction, 31 1 
2-Amino-5-benzyloxy-4,6-dihydroxy- 

pyrimidine, 58, (240) 

2-Amino-5-benzyloxy-4-hydroxy- 
hydrogenation, (240) 

pyrimidine, 40. 239, 246,259 
hydrogenation, 239 

4-Amino-5-benzyloxypyrimidine 
hydrogenation or hydrolysis, 240 

4-Amino-6-benzylthio5-fomamido- 
pyrimidine 

debenzylation, 275 
4-Amino-2-benzylthio6-hydroxy- 

5-Amino-4-benzylthio-6-mercapto- 

2-Amino-4-benzyl- I ,3,5-triaeine 

5-Amino4,6-bismethylaminopyrimidine, 
335 

2-Amino-5-brom0-4.6-bisbromomethyl- 
pyrimidine, 130, 177 

2-Amino-5-bmmo-4-bromoanilino-6- 
methylpyrimidine, 178 

2-Amino-5-bromo-4- bromomethyl-6- 
methylpyrimidine, 130, 177 

pyrimidine, 283 

pyrimidine, 283 

anomalous formation, 64 
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4-Amino-5-bromo-2,6-dihydroxy- 
pyrimidine 

action of thiourea a k . ,  (212). 292 
reaction with 6-mercaptopurine, 288 

2-Amino-5-bromo-4.6dimethyl- 
pyrimidine, 130. 169, 177 

debromination in ammonia, 2 I I 
hydrolysis of 5-bromo group, 212, 238 

4-.4mino-5-bromo-2,6-dimethyl- 
pyrimidine 

action of thiourea, 340 
hydrolyses, 23 1 

2-Amino-5-bromoethyl-4-rnethyl- 
pyrimidine, 179 

hydrolysis, 2 15 

amination, 190 
4-Amino-6-bromo-2-ethylpyrimidine. 190 

4-Amino-5-bromo-2-ethylthiopyrimidine. 

4-Amino-5- bromo-6-hydroxy-2-mercapto- 

2-hmino-5-bromo-4-hydroxypyrimidine. 

I99 

pyrimidine, 170 

( 170) 
amination, 211. 314 

4-Amino-5-bromo-2-hydroxyp~midine, 

4-Amino-5-bromo-6-hydroxypyrimidine 

2-Amino-5-bromo4methoxypyrimidine. 

4-Amino-5-bromomethyl-2-butyl- 

4-Amino-5-bromomethyI-2-chloro- 

4-Amino-5-bromomethy1-2,6-diethyl- 

170, 346 

failure to  aminate, 2 1 1 

171 

pyrimidine, 179 

pyrimidine, 178 

pyrimidine 
hydrolysis, 232 

4-Amino-5-bromomethyI-2-ethyl- 
pyrimidine, 179 

4-Amino-5-bromomethyl-2-ethylthio- 
pyrimidine, I78 

4-Amino-5-bromomethyl-2-me thyl- 
pyrimidine, 178, 179 

amination, 319 
in syntheses of vitamin B1, 176 
reaction with sodium bisulphite, (216). 

to mercapto and alkylthio analogues, 

4-Amino-5-bromomethy1-2-methylthio- 

295 

215 

pyrimidine 
reactions with thiourea ttc,,  215 

2-Amino-4-bromo-6-methyl- 
pyrimidine, 167 

2-Amino-5-bromo-4-methylpyrimidine 
to 5-cyano analogue, 2 12 

4-Amino-5-bromo-2-methylpyrimidine. 

4-Amino-5-bromo-6-methylpyri~dine 
failure to aminate, 2 10 

6-Amino-5-bromo-I-methyluracil 
action of sodium disulphide. (292) 

“2-Amino-4-bromopyrimidine”. 167 
2-Amino-5-bromopyrimidine, 167 

t o  5-cyano analogue, 212, 404 
4-Amino-5-bromopyrimidine 

t o  5-cyano analogue, (4Q4) 
4-Amino-3-butyl-5-carbarnoyl-2,3- 

4-Amino-3-butyl-5-carboxy-2 ,J-dihydro- 

4-Amino-2-butyI-6-chloro-5-nitropyri- 

310 

dihydro-2-oxopyrimidine, 398 

2-oxopyrimidine, 64 

midine, 195 
reaction with sodium bisulphide, 187 

4-Amino-3-butyl-5-cyano-2.3-dihydro-6- 
methyl-2-thiopyrimidine, 66 

4-Amino-2-bu t yl-5-cyanopyrimidine 
reduction, (316) 

4-Amin0- 1 -butylJ-ethyl- 1.2.3.6- 
tetrahydro-2,6-dioxopyrimidine, 
84 

326 
4-Amino-2-butyl-5-fomamidopyrimi&ne, 

cyclization. 326 
5-Amino- 1 -butyl-I ,2,3,4-tetrahydro-3,6- 

dimethyl-2,4-dioxopyrimidine 
alkylation, 3 15 

8-Aminobutyric acid 
use in dihydropyrimidine synthesis, 

2-Amino- I-carbamoyl- 1 -p-chlorophenyl- 
434 

1 -butene 
formation and use, 87  
reaction with dichloroacetyl chloride, 

407 
4-Amino-5-carbamoyl-2,3-dihydr0-2-0~0- 

3-propylpyrimidine, 64 
2-Amino-3-carbamoyl-5.6-diphenyl- 

pyrazine 
in pteridine synthesis, 109 

4-Amino-5-carbamoyl-2-ethyltbio- 
pyrimidine, 399 

4-Arnino-5-carbamoyl-2-hydroxy- 
pyrimidine, 396, 399 
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4-Amino-5-carbamoyl-2-mercapto- 

4-Amino-5-carbamoylmethyl-2-ethyI- 
pyrimidine, 399 

pyrimidine 
Hofmann reaction, 3 17 

4Amino-5-carbamoylmethyl-2-methyl- 
pyrimidine, 396 

Hofmann reaction, 317 
4-Amino-5-carbamoylmethyl-6-me thyl- 

pyrimidine 
Hofmann reaction, (317) 

reaction with formamide, 11 1 
5-Amino4-carbamoyl-3-methylpyrazole 

4-Amino-5-carbamoyl-2-methylpyrimi- 
dine, 396. (399) 

2-Amino-3-carbamoylpyrazine 

3-Amino-2-carbamoylpyridine 

4-Amino-5-carbamoylpyrimidine, (39 I ) ,  

cyclization, I08 

reaction with forrnamide, 109 

399 
hydrolyses, 391 

hydrolyses, 391 

pyrimidine 

4-Amino-6-carbamoylpyrimidine 

5-Amino-2-carboxyamy1amino- 

to  5-hydroxy analogue, 238, 333 
2-Amino-4-carboxy-5-chloropyrimidine 

4Amino-5-carboxy-2,3-dihydro-3-methyl- 
P-oxopyrimidine, 63, 64, 390 

(?), 175 

decarboxylation, 63, 380 
hydrolysis, 231 

5-Amino-4carboxy-2,6-dihydroxy- 
pyrimidine, 145, 146 

diazotization etc., 332 
4-Amin0-5-carboxy-3-ethyl-2.3-dihydro- 

2-Amino-4tarboxy-6-hydroxy-5-methyl- 
2-oxopyrimidine, 39 1 

pyrimidine 
formation via a hydantoin, 104 

2-Amino-5-carboxy-4-hydroxy-6-methyl- 
pyrimidine, 391 

4Amin0-5-carboxymethylamino- 
pyrimidine, 107. 314, 390 

5-.4mino4carboxymethylamino- 
pyrimidine, 107, 314 

4-Amino-5-carboxymethyI-2-ethyl thio- 
6-methylpyrimidine2 I99 

4-Amino-5-carboxy-2-methylpyrimidine, 
391, (412) 

esterification, (394). (412) 

5-Amino-4-carboxy-2-me thyl- 
pyrimidine, 2 1 1 

4-Amino-2-carboxymethyl thio-5-methyl- 
pyrimidine, 283 

4-Amino-2-carboxymethyl thio-&methyl- 
pyrimidine, 283, 286 

hydrolysis, 286 
4-Amino-2-carboxymethylthiopyrimidine. 

283 
5-Amin0-4-carboxy-2-phenylpyrimidine, 

21 I 
4-Amino-5-~tarboxypropionamido-6- 

hydroxypyrimidine, 328 
3-Amino-2-carboxypydine 

to a pyridopyrimidine. 1 I0 
3-Amino-4carboxypyridine 

reaction with urea, 109 
4-Amino-5-carboxypyrimidine, 279, 39 1 

decarboxylation, 393 
4-Amino-2shloro-5-chloromethyl- 

pyrimidine, I78 
4-Amino-6-chloro-5-cyano-2-methyl- 

pyrimidine, 199 
reduction, 316 

2-Amino-4-chIoro-6-die thoxymethyl- 
pyrimidine, 407 

dechlcrination. 407 
4-Amino-6-chloro-2-dmethylamino- 

2-Amino-4-chloroo-5,6-dimethyI- 
pyrimidine, 193 

pyrimidine, 189 
amination, I89 

4-Amino-2-chloro-5,6-dimethyl- 
pyrimidine, 189 

amination, 189 

pyrimidine 
amination, 396 

2-Amino-4-chloro-6-ethoxypyrimidine 
to  4,6-dimethoxy analogue, 248 

5-Amino-4-chloro-6-ethyIamino- 

4-Arnino-2-chloro-5-ethoxyc~rbonyl- 

pyrimidme 
dechlorination, 186 

4-Amino-2-chloro-6-ethyl-5-nitro- 

2-Amino-4chloro-6-ethylpyrimidine 
pyrimidine, I94 

ammation, 189 
dechlorination, 184 

5-Amino-2-chloro-4-ethyl thiopyllmidine, 

5-Amino-4-chloro-6-furfurylamino- 
205, 283 

pyrimidine, 144 
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2-Amino-4shloro-6-a-furylpyrimidine, 

5-Amino-4-chloro-6-hydroxy-2-methyl- 

action of phosphoryl chloride, 164 
4-Amino-2-chloro-5-hydroxyrnethyl- 

1 09 

pyrimidine, 204, 209 

pyrimidine, 243 
to 5-halogenomethyl analogues, 170 

2-Amino-4-chloro-6-hydroxy-5- 
phenylwopyrimidine 

amination, 199 

S-alkylation, (283) 
5-Amino-2-chloro-4mercaptopyrimid1ne 

5-Amino-4-chloro-6-mercaptopyrimidine, 
207 

desulphurization, 2 79 

pyrimidine 
dechlorination, 187 

5-Amino-4-chloro-6-methoxy-2-rnethyl- 

2-Amino-4-cNoro-6-methoxypyrirnidine, 
186, 197, 203 

dechlorination, 187 
to 4,6-diethoxy analogue, 248 

2-Amino-4-chloro-6-methylamino- 
pyrimidine 

dechlorination, 186 
5-Amino-4-chloro-6-methyYamino- 

pyrimidine, 196 
dechlorination, 186 

pyrimidine 
hydrolysis, 232 

4-Amino-5-chloromethyl-2,6-diethyl- 

4-Amino-5-chloromethyl-2,6-dihydroxy- 

4-Amino-5-chloromethyl-2,6-dimethyl- 

action of sodium bisulphite, 216, 295 
action of thiourea etc., 216 

pyrimidine, 179 

pyrimidine 

4-Amino-5-chloromethyl-2-et hylthio- 

4-Amino-5-chloromethyl-2-methyl- 

action of N-alkylthioureas, 293 
action of sodium bisulphite. 216, 295 
action of thiourea, 215, 277 

5-Amino-2-chloro-4-methyl-6- 

2-Amino-4-chloro-6-me thyl-5-nitro- 

pyrimidine, 178 

pyrimidine, 179 

methylthiopyrirnidine, 143 

pyrimidine 
amination, 195 
condensation with sodio diethyl 

malonate, 208 

reaction with benzyloxyamine, 3 11 
reaction with chloral, 409 

pyrimidine, 142. 194 
4-Anilino-2-chloro-6-met3lyl-5-nitro- 

amination. (195) 
dechlorination and reduction, 186 
reaction of diethyl malonate tfc.,  208 
to  2-mercapto analogue, 207 

4-Amino-6-~hloro-2-methyl-5-ni~~ 

2-Amino-4-chloro-6-methylpyrimidine, 
pyrimidine, 195 

I89 
action of alkoxide, 203 
amination, 190, 200 
dechlorination, 184, 186 
failure to react with thiocyanate, 208, 

methyIation, (379) 
reaction with a quinoline, 308 
reaction with chloral, 409 
reaction with potassium bisulphide. 

reaction with psulphinoacetanilide. 298 
reaction with p-sulphinoaniline, 298 

4-Amino-2-chloro-6-methylpyrimidine, 

419 

(207) 

189 
dechlorination, 186 
methylation, 378 
nitration, 141, (342) 
reaction with potassium bisulphide, 

4-Amino-5-chloro-2-methylpyrimidine, 
(207) 

310 
dechlorination, 186, 2 1 1 

4-Amino-6-chloro-2-methy!pyrimidine, 
164, 190 

amination, 190 
dechlorination, 186, 452 
methylation, (378) 

amination, 197 
dechlorination, 186 

5-Amino-2-chloro-4methylpyrimidine 

4-Amino-6-chloro-2-rnethylthio- 
pyrimidine, 164, 198 

amination, 290 
4-Amino-2-chloro-5-nitropyrimidine, 194 

action of alkoxide, (203) 
action of sodium bisulphide, 145, 187, 

action of sodium methyl mercaptide, 

amination, 195 

206 

205, 287 
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4-Amino-6-chloro-5-nitropyrimidine, 13, 
183, 195 

action of alkoxide, (203) 
action of sodium bisulphide, 145, 206 
amination, 13, 1951 

2-Amino-5-o-chlorophenoxy-4-hydroxy- 
pyrimidine, 40 

4-Amino-3-p-chlorophenyl-5-cyano-2,3- 
dihydro-2-oxop yrim idine , 64 

2-Amino-5-p-chlorophenyl-4-ethyf-4,5- 
dihydro-6-h ydroxypyrimidine 

action of phosphorus pentasulphide, 
275 

2-Amino-5-p-chlorophenyl-4ethyl-6- 
hydroxypyrimidine, 230 

2-Amino-5-p-chlorophenyl-4-ethyl-6- 
mercaptopyrimidine, 285 

4-Amino-5-p-chlorophenyl-6-ethyl-2- 
mercaptopyrimidine, 285 

2-Amino-5-p-chlorophenyl-4-ethyl-6- 
methyl thiopyrimidine 

4-Amino-5-p-chlorophenyl-6-ethyl-2- 
methylthiopyriniidine 

2-Xmino-5-p-chlorophenyl-4-ethyl- 

4-Xmino-5-p-chloruphenyl-6-ethyl- 

4-Amino-5-p-chlorophenylpyrimidine, 92 
2-Amino-4-chloropyrimidine, 164, 188, 

desulphurization, 279 

desulphurization, 279 

pyrimidine, 279 

pyrimidine, 279 

194 
amination, 189 
dehalogenation, 23, 184, 185, 186. 31 I 
hydrolysis, 189, 204 
improvement in dehalogenation by 

metal salts, I84 
reaction with alkoxide, 203 

action of nitrous acid, (333) 
hydrolysis, (2 2 9) 
to 2.5-dichloropyrimidine, (167) 

amination, 189 
dechlorination with hydrogen iodide, 

failure to  dechlorinate. 184 
hydrolysis, 189, 204 
methylation, 378 

amination, 190. 191 

2-.~mino-5-cl.loropyrimidine, 174, 175 

4-Amino-2-chloropyrimidine. 188, 194 

I84 

4-Amino-6-chIoropyrimidine, 164, 190 

5-Amino-2-chloropyrimidine, 146 

5-Amino-4-chloropyrimidine, 279 

Amino chloropyrimidines 

4-Amino-5-chlorosulphonyl-2,6- 

action of potassium bisulphide, (207) 

catalytic reductive dehalogenation, 186 

dihydroxypyrimidine 
reduction, 276, 292 

5-Amino-2-chloro-4-thiocyanato- 

Aminocinnamamide, 85 
4-Amino-5-cyanoacetamido-6-hydrox~- 

pyrimidme, 146 

pyrimidine, 328 
deacylation, 329 

4-Amino-2-cyanoamino-6-hydroxy- 

4-Amino-5-cyano-3-cyclohexyl-2,3- 
pyrimidine, 72 

dihydro-2-oxopyrimidine 
hydrolysis, 231 

I -Amino-2-cyanocyclopntene 
reaction with formamide, 92 

4-Amino-5-cyano-2,6-di-a-furyl- 

4Amino-5-cyano-2,3-dihydro-3-/?- 

4-Amino-5-cyano-2,3-dihydro-3-methyl- 

4-.4mino-5-cyano-2,3-dihydro-3-methyl- 

4-Amino-5-cyano-2,3-d~hydro-2-oxo-3- 

4-Amino-5-cyano-2,6 dimethyl- 

pyrimidine, 90 

methoxyethyl-2-oxopyrimidine, 64 

2-oxopyrimidine, 64 

2-thiopyrimidine, 6 I ,  38 1, 403 

phenylpyrimidine, 64 

pyrimidine, 72 
reduction, (316) 

pyrimidine 
4-Amino-5-cyano-2,6-diphenyl- 

anomalous preparation, 72 
4-Amino-5-cyano-6-ethoxy-2-me thyl- 

4-Amino-5syano-3-ethyl-2,3-dihydro- 

4-Amino-5-cyano-2-ethylpyrimid1ne 

4-Amino-5-cyano-2-ethylthiopyrimidine, 

pyrimidine, 66 

2-oxopyrimidine, 64 

reduction, (316) 

61, 287, 403 
reduction, 317 
to amide, 399 

(403) 
4-Amino-5-cyano-2-hydroxypyrimidine. 

to amide, (399) 

61, 403 
to  amide, (399) 

4-Amino-5-cyano-2-mercaptopyrimidine, 
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+-Amino-5-cyanomethyIamino- 

+-Amino-5-cyanomethylamino- 1,2,3,6- 
pyrimidine, 405 

tetrahydro-l13-dimethyl-2,6- 
dioxopyrimidine, 405 

cyclization and oxidation, 405 
4-Amino-3-cyanomethyl-I -methylpyra- 

zolo[3,4-d]pyrimidine, I 10 
2-Amino-5-cyano-4-methyl-6-methyl- 

thiopyrimidine, 333, 404 
4-Amino-5-cyano-2-methyl-6- 

methylthiopyrimidine. 66 
2-Amino-5-cyano-4-methylpyrimidine, 

212 
4-Amino-5-cyano-2-methylpyrimidine, 

61, 85, 86 
hydrolysis, (391), 412 
reduction, (316). (326), 410f 
to  5-aldehyde, 410/, 412 
t o  amide, 399 

4-Amino-5-cyano-2-phenylpyrimidine, 
61 

reduction, 316 
2- Amino- I-cyanopropene 
ascyanoacetoneinsynthesas,65 

2-Amino-5-cyanopyrimidine, 2 12, 404 
4-Amin0-5-cyanopyrimidine. 61, 72, 403, 

404 
hydrolysis, (391) 
mechanism of formation, 90 
reduction, (316) 
to amide, (399) 

4Amino-5-cyano-2-trifluromethyl- 

4-Amino-6-cyclohexylamino-5-nitro- 

5-Amino-l-cyclohexyl-l,2,3,6-tetrahydro- 

pyrimidine, 179 

pyrimidine, 196 

3,4-dimethyl-2.6-dioxopyrimidine 
alkylation, (315) 

5-Aminocyti&ne, 2 I 1 
5-Aminocytosine, 6 
6-Aminocytosine, 6 
4-Amino-2,6-dianiLinopyrimidine, 290 
5-Amino- 1.3-dibenzylhexahydro-5- 

methylpyrimidine, 454 
4-Amino-2,6-dibenzyI-5-phenylpyrimidine 

4-Amino-5,5=dibromod,6-dihydro-2,6- 
dihydroxypyrimidine, 174, 346 

2-Amino-5-(2,4-dibromophenoxy)-4- 
hydroxypyrimidine, 180 

2-Amino-4,6-dibromopyrimidine, 167 

hydrolysis, (229) 

5-Amino-4,6-dichloro-Z-~-dia~etyL 

5-Amino-4.6-dichloro-2-diethoxy- 
methylpyrimidine. (209) 

carbonylmethylpyrimidine. 209 

Z-Amino-5,5-dichloro-4,5-dihydro-4,6- 
dihydroxypyrimidine, 174 

5-Amino-4,6-dichloro-2-a-ethoxy- 
carbonylacetonylpyrimidine, 

hydrolysis etc., 209 

(209) 
4-Amino-2,6-dichloro-5-ethylpyrimidine 

5-Amino-4.6-dichlor0-2-methyl- 
reaction with hydriodic acid. 168 

pyrimidine, 164 
dechlorination, 186 
hydrolysis, 204 

4-Amino-2,6-dichloro-5-nitro- 
pyrimidine, 196 

action of alkoxide, 203 
amination, 196 
hydrogenation, 143 

4-Amino-5-aa-dichloropropionamido- 

2-Amino-4,6-dichloropyrimidine, 164, 191 
pyrimidine, 328 

action of alkoxide, 203 
amination, 191 
nuclear reduction, 451. 454 
reductive dehalogenation, 22, 184, 

reactions with hydriodic acid, 168 
4-Amino-2,6-dichloropyrimidine, 191 

action of hydrogen iodide, 184 
amination. 191 
dechlorination. 186 
failure of direct dechlorination, 184 
nuclear reduction, 451 

5-Amino-P,4dichloropyrimidine, 144, 

186, 311 

146 
action of alkoxide, 203 
action of sodium ethyl mercaptide, 205 
dechlorination, 186 
diazotization, 332 

5-Amino-4,6-dichloropyrimidine, 143, 144 
146 

action of potassium bisulphide, 207 
difficult amination, 196, 197 
nuclear reduction, 451 

2-Amino-4-diethoxycarbonylmethyl-6- 
methyl-54tropyrimidine. 208 

hydrolysis etc., 208 
4-Amino-2-diethoxycarbonylmethy lthio- 

6-hydroxypyrimdine. 283 
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2-Amino-4,5-diethoxycarbonyl- 
pyrimidine. 36, 395 

4Amino-5-/?/7-diethoxyethyl-2,6- 
dihydroxypyrimidine, 68 

4-Amino-I/7~-diethoxyethyl-6-hydroxy- 
2-mercaptopyrimidine 

desulphurization, 279 
4-Amino-I@-die thoxyethyl-6-hydroxy- 

2-Amino-4-diethoxymethyl-6-hydroxy- 

action of phosphoryl chloride, 407 
2-Amino-4-diethoxymethyl-6-methoxy- 

methylpyrimidine, 407 
2-Amino-4-diethoxyme thyl-6-methyl- 

pyrimidine, 407 
2-Amino-4-diethoxymethylpyrimidine, 

407 
2-Amino-4.6-diethoxypyrimidine, 248 
5-Amino-2,4-diethoxypyrimidine, 144. 

146 
4-Amino-2-JSdiethylaminoethylamino-5, 

6-dimethylpyrimidine, 290 
4-Amino-64iethylamino-5-formamido-2- 

methylthiopyrimidine 

pyrimidine, 279 

pyrimidine, 407 

desulphurization, 2 79 
4-Amino-2-diethylamino-5-formamido- 

pyrimidine, 326 
4-Amino-6-diethylamino-5-formamido- 

pyrimidine, 279 
4-Amino-5-diethylaminomethyl-2- 

methylpyrimidine, 319 
4-Amino-2-diethylamino-6-methyl-5- 

nitropyrimidine, 195 
4-Amino-6-diethylamino-2-methylthio- 

5-nitrosopyrimidine 

4-Amino-2-diethylamino-5-nitro- 

4-Amino-6-die thylamino-5-nitro- 

2-Amino-5,5-diethyl-4,5-dihydro-6- 

reduction, (150) 

pyrimidine, 195 

pyrimidine, 196 

hydroxy-4-oxopyrimidine, 55 
hydrolysis, 230 

6-Amino-5,5-diethyl-2,4-dithiouracil, 284 
4-Amino-2,6-diethyl-5-methyl- 

pyrimidine, 93, 96, 338 
early preparation, 1 
reaction with ethyl chloroformate, 

(3361 
CAmino- 1,3-diethyl-1,2,3,6-tetrahydro- 

2,6-&oxopyrirnidine, 68 

5-Amino- I ,3-diethyl- 1.2.3.4-tetrahydro-6- 
hydroxy-2.4-dioxopyrimidine, ( 150) 

4-Amino-5,5-diethyl- 1,2.5,6-tetrahydro- 
6-imino- I -methyl-2-oxo- 
pyrimidine, 73 

hydrolysis, 73 
4-Amino- 1,3-diethyl-l,2,3,6-tetrahydro- 

6-Amino-5,5-diethyl-2-thiouracil, 284 
hydrolysis, 232, 284 

6-Amino-5.5-diethyluraci1, 68 
action of hydrogen sulphide, 276 

4-Amino- 1.6-dihydro- 1,5dimethyl-2- 
methylthio-6-oxopyrimidine 

6-oxo-2-thiopyrimidine, 70 

desulphurization, 279 
4-Amino-1,2-dihydro-1,6-dimethyl-5- 

nitro-2-oxopyrimidine, 367 
hydrolysis, 231, 367 

2-Amino-I .4.-dihydro- 1,6-dimethyl-4- 
oxopyrimidine. 50, 307, 365, 374 

hydrolysis, 374 
2-Amino-l,6-dihydro-l,4-dimethyl-6- 

oxopyrimidine, 365 
hydrolysis, 365 

4-Amino- I ,2-dihydro- 1.5-dimethyl-2- 

4-Am ino- 1,2-dihydro- 1,6-dimethyl-2- 
oxapyrimidine, 365 

oxopyrimidine, (365) 
hydrolysis, (229) 

4-Amino-l,6-dihydro- I ,Z-dimethyl-6- 

4-Amino- 1 ,g-dihydro- 1,5-dimethyl-6- 
oxopyrimidine, 366 

oxopyrimidine, 279 
acylation, 325 

4-Amino-3,6-dihydro-3,5-dimethyl-6- 
oxopyrimidine. 279 

P-Amino-1,4-dihydro- 1,6-dimethyl-4- 
phenyliminopyrimidme 
see : “4-Anilino-l,2-dihydro-2- 
imino-l,6-dimethyIpy~imidine. ” 

4-Amino-I ,Z-dihydro- 1,6-dimethyl-2- 
thiopyrimidine, 275 

desulphurization, (280), 378 
2-Amino-4,5-dihydro-6-hydroxy-4,5- 

diphenylpynmidine, 433 
dehydrogenation by sulphur, 455 

methylpyrimidine, (438) 

5-trimethylenepyrimidine, 57 

phenylpyrimidine, 438 

2-Amino-4,5-dihydro-6-hydroxy-4- 

2-Amin0-4,5-dihydro-6-hydroxy-4-0~0-5, 

2-Amino-4,5-dihydro-6-hydroxy-4- 
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2(4)-Amino-1,4( 1,2)-dihydro-4(2)-imino-I- 3-Amino-3,4-dihydro-4-oxopteridine, 108 
methylpyrimidine. 379 

methylpyrimidine, 378 
&Amino- 1,6(3.6)-dihydro-6-imino- l(3)- 

nitration 380 
rearrangement, 380 

4-Amino-3,6-dihydro-2-mercapto-3,5- 
dimethyl-6-oxopyrimidine 

desulphurization, 279 
4-Amino-3.6-dihydro-2-mercapto-3- 

methyl-6-oxopyrimidine 

1 -Amino- 1.4-dihydro-2-mercapt0-4,4, 
6-trimethylpyrimidine, (437) 

4Amino-l,6-dihydro-2-methoxy- 1 - 
methyl-6-oxopyrimidine 

desulphur izati on, 2 79 

hydrolysis, 232 
4-Amino- 1,6-dihydro- 1 -methyI-Z- 

methylthio-6-oxopyrimidine, 366 
desulphurization, 279. 366 

4Amino-2,3-dibydro-3-methyl-5- 
morpholinoformyl-2-oxopyrimi- 
dine, 64 

4-Amino- 1,2-dihydro- I-methyl-!&nitro- 
2-oxopyrimidine. 367 

acidic pK., 476 
hydrolysis, 231, 367 

4-Amino- 1.6-dihydro- 1 -methyl-5-nitro- 
6-oxopyrimidine, (365), 368 

reduction, (365) 
4-Amino-2,3-dihydro-3-methyl-5-nitro- 

2-oxopyrimidine, 63, 64, 139, 367 
hydrolysis, 23 1 
rearrangement of homologues. 63, 380 

2-Amino- 1 ,Mihydro-] -methyl-4-oxo- 

2-Amino- 1,6-dihydro- l-methyl-6-0~0- 

%Amino- 1,Z-dihydro- l-methyl-2-0~0- 

pyrimidine, (365) 

pyrimidine, (365) 

pyrimidine, 198, 255, 346, 364, 373 
acylation, (327), 328. (3463 
methylation, 378 

4Amino- I ,6-dihydro- I -methyl-6-oxo- 
pyrimidine, 279, 365, 369 

nitration, (368) 
4-Amino-2,3-dihydro-3-methyl-2-oxo- 

attempted preparations, 63, 364 
4-Amino-3.6dihydro-3-methyl-6-0x0- 

attempted preparation, 279, 366 

pyrimidine, 364 

pyrimidine 

4-Ammo-2,5-dihydro-2-oxopyrimidine 

2-Aminodihydropyrimidine. 45 1 

4-Aminodihydropyrimidine. 45 1 

5-Aminodihydropyrimidine, 451 

2-Amino-4,5-dihydro-4,4,6-trimethyl- 
pyrimidine, 432 

2-A1ninO-4,5-dihydroxy-6-hydroxy- 
methylpyrimidine. 240 

4-Amino-2,6-dihydroxy-5-hydroxy- 
methyl pyrimidine 

to 5-chloromethyl analogue, (1 79) 
4-Amino-2,6-dihydroxy-5-mercapto- 

pyrimidine, 277 
5-Amino-2,4dihydroxy-6-mercapto- 

pyrimidine, 106, 273, 314 
5-Amino-2,4-dihydroxy-6-methylamino- 

pyrimidine, 150 

(?), 347 

benzoylation, 456 

benzoylation, 45 I 

benzoyIation. 456 

formation of a urethane, (336) 
2-Amino-4,5-dihydroxy-6-rnethyl- 

pyrimidine, 241 
acylation, 253 

5-Amin0-2.4-dihydroxy-6-methyl- 
pyrimidine, 146 

action of nitrous acid, 332 
acylation, 324 
to  5-thioureido analogue, 340 
t o  5-ureido analogue, (339) 

2-Amino-4,5-dihydroxy-6-nitroso- 
pyrimidine, 152, (259) 

hydrogenation, 152, 259, (310) 
2-Amino-4,6-dihydroxy-5-nitroso- 

pyrimidine, 58, 149, 230 
colour of salts, 147 
reduction, (150) 

4-Amino-2,6-dihydroxy-5-nitroso- 
pyrimidine, 68, 149 

colour of salts, 147 
reduction, 150, 151 

pyrimidine 
reduction, (310) 

5-Amino-2,4dihydroxy-6-nitroso- 

4-Amino-2,6-dihydroxy-5-phenylazo- 
pyrimidine, 153 

hydrogenation, 156 
reduction, 157. 329 

4-Amino-2,6-dihydroxy-5-phenylureido - .  
rearrakge&n< 280, 366 pyrimidine, 339 
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cyclization. 339 
4-Amino-2,6-dihydroxy-5-purin-6'- 

ylthiopyrimidine, 288 
2-Amino-4,5-dihydroxypyrimidine, 238, 

240, 241, 259 
coupling, 154 
nitrosation, 152, 259 

2-Amino-4,6-dihydroxypyrimidine, 55 
action of phosphoryl chloride ctc., 164 
action of phosphoryl bromide, 167 
chlorination by phosphorus pentachlo- 

ride, 165 

239 

acylation, 326 
alkylation, 366 
chlorosulphonation. 146 
coupling, (153) 

4-Amino-2,Sdihydroxypyrimidine. 232, 

4-Amino-2.6-dihydroxypyrimidine, 68 

4-Amino-5,6-dihydroxypyrirnidine, 154, 

5-Amino-2,4-dihydroxypyrimidine, 144, 

diazotization, coupling, elc., 155, 332 
diazotization and action of thiourea, 

hydrolysis, 32 1 
oxidations, 335 
reaction with cyanic acid, 339 

$-Amino-4,6-dihydroxypyrimidine, 2 79 
2-Amino-4,5-dihydroxy-6-$sulpho- 

phenylaeopyrimidine, 154 

5-Aminn-2,4-dihydroxy-6-sulpho- 

241, 310 

146 

etc., 276, 292 

reduction, 154, 311 

pyrimidine, 23, 146, 296, 343 
t o  uric acid and to  xanthine, 146 

2-Amin0-4.6-dihydroxy-5-tetrahydro- 
pyran-2'-yloxypyrimidine, 58, (2400) 

hydrolysis, (240) 
4-Amino-2,6-dihydroxy-5-tetrahydro- 

pyran-2'-yIoxypyrimidine, 68, (240) 
hydrolysis, (240) 

4-Amino-2.6-dihydroxy-5-ureido- 
pyrimidine, 339 

cyclization, 339 
2-Amino-4,6-di-iodopyrimidine. 168 
5-Amino-2.4-dirnercapto-6-methyIamino- 

pyrimidine, 12, 276 
5-Amino-2,4-dimercapto-6-methyl- 

pyrimidine, 145 
5-Amino-2.4-dimercaptopyrimidine, 15, 

145, 206 

acylation. 286 
failure to aminate, 285 

S-alkylation, 283 
5-Amino-4,6-dimercaptopyrimidine 

2-Amino-4-dimethoxymethyl-6- 

2-Amino-4-dimethoxyme thyl-6-methyl- 

4-Arnino-2,6-dimet hoxy-5-nitro- 

2-Amino-4,6-dimethoxypyrimidine, 203, 

5-Amino-2,4-dimethoxypyrimidine, 146, 

4-Amino-6-dimethylamino-5-formarnido- 

methoxymethylpyrimidine, 4437 

pyrimidine, 407 

pyrimidme, 203 

248 

203 

2-methylthiopyrimidine, (315) 
reduction, 3 15 

4-Amino-2-dimethylamino-5-f ormamido- 
pyrimidine, 326 

cyclizarion, 326 
4-Amino-2-dimethylamino-6-hydroxy- 

pyrimidine, 72 
4Amino-6-dimethylamino-5-methylami- 

no-2-methylthiopyrimidine, 3 15 
CAmino-5-dimethylaminomethyl-2- 

methylpyrimidine 318, 319 
to 5-aminomethyl analogue, 318 

2-Amino-4-dimethylamino-6-methyl-5- 

2-Amino-4-dimethylamino-6-methyl- 

4-Amino-6-dimethylamino-2-methylthio- 

nitropyrimidine, 195 

pyrimidine, 190 

5-nitrosopyrimidine 
reduction, (150) 

pyrimidine 
4-Amino-6-dimethylarnino-2-me thylthio- 

acetylation, 313, (324) 
indirect alkylation, 313 

4-Amino-2-dime thylamino-5-nitro- 
pyrimidine, 195 

reduction, (335) 
4-Amino-6-dime t hylamino-5-nitro- 

pyrimidine, 183, 196 
2-Amino-5-p-dimethylaminopheny~azo- 

4,6-dimethylpyrimidine, 333 
5-Amino-2-dimethylaminopyrimidine, 186 
4-Amino-5,6-dimethyI-2-methylthio- 

pyrimidine 
amination, 290 

2-Amino-4.6-dirnethyl-5-nitro- 
pyrimidine, 208 

4-Arnino-2,6-dimethyl-5-nitro- 
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pyrimidine, 208 

pyrimidine, 152 
2-Amino-4,6~methyl-5-phenylazo- 

2-Arnino-4.5-dimethylpyrimidine. 35 
2-Amino-4,6-dimethylpyrimidine, 37 

188, 211, 306 
acylation, 324, 327, 329, 330 
bromination, 130, 169, 177 
failure to react with thiocyanate, 419 
hydrolysis. (229) 
reaction with urethane, 340 
styrylation, 126 

4-Amino-2.5-dimethylpyrirnidine, 62 
4-Amino-2,6-dirnethylpyrimidine, 188, 

307 
action of nitrous acid, (333) 
direct synthesis from acetonitrile, 93 
hydrolysis, (229) 

4-Amino-5.6-dimethylpyrimidine, 188 
5-Amino-2,4-dimethylpyrirnidine, 3 14,338 

4-Arnino-2.6-dimethyI-5-sulphomethyl- 
pyrimidine, 216, 294, 295 

5-Amino-1.3-dimethyl-6-thiobarbituric 
acid, 106 

f.%Amino-5,5-dimethyl-2-thiouracil 

4-Amino-2.6-diphenylpyrimidine 

4-Amino-5-ethouycarbonylamino-2,6- 

acylation, (324) 

hydrolysis, 232 

hydrolysis, (229) 

dihydroxypyrimihne, 336 
cyclization with ammonia, 339 

6-Amino-5-ethoxycarbnylamino- 1 - 
1- Amino-2-ethoxycarbonylcyclohexene 

4-Amino-5-ethoxycarbonyl-2,3-dihydro- 

2-Amino-5-ethoxycarbnyl-1,6-dihydro- 

ethyluracil, 336 

reaction with cyanic acid, 83 

3-methyl-2-oxopyrimidine, 64 

4-methyl-6-phenylpyrimidine. 
(458) 

hydrolysis, (458) 
4-Amino-5-ethoxycarbonyl-2,3-d1 hydro- 

3-methyl-2-thopyrimidine, 61, 381 
4Amino-5-ethoxycarbonyl-2,6-dimethyl- 

pyrimidine, 199 
4-Amino-5-ethoxycarbonyl-3-ethyl-2.3- 

dihydro-2-oxopyrimrd1ne. 64 
4-Amino-5-ethoxycarbnyl-2-e thylsul- 

phonylpyrimidine 
action of alkoxide, (247) 
amination, 300 

4-Amino-5-ethoxycarbonyl-2-ethylthio- 
pyrimidine, 60, 199, 310, 347 

action of lithium aluminium hydride, 
348 

4-Amino-5-e thoxycarbonyl-3-hexyly1-2,3- 
dihydro-2-oxopyrimidine, 64 

4-Amino-5-ethoxycarbnyl-2-hydroxy- 
pyrimidine, 64, 234 

348 
lithium aluminium hydride reduction, 

to amide, (396) 
to hydrazide, (397) 

4-Amino-5-ethoxycarbnyl-2-mercapto- 
pyrimidine, 61, 403 

desulphurization, (279) 
to 2-hydroxy analogue, (234) 

4-Amino-S-ethoxycarbonyImethyl-6- 

4-Amino-5-e thoxycarbonylmethyl-6- 

2-Arnino-5-ethoxycarbnyl-4-methyl- 

4-Amino-5-ethoxycarbnyl-2-methyI- 

hydroxy-2-methylp4limidine, 67 

hydroxy-2-phenylpyrimidine. 67 

pyrimidine, 290, 397 

pyrimidine, 61, 85, 86, 396. 403, 
(412) 

to amide, (396) 
to hydrazide, (397), (412) 

4-Amino-5-ethoxycarbnyl-2-tnfluoro- 
methylpynirnidine, (397) 

2-Amin0-5-ethoxy-4.6-dihydroxy- 
pyrimidine, 57 

4-Amino-2-ethoxy-5-ethoxycar~nyl- 
pyrimidine. 247 

2-Amino-5-ethoxyethyl-4-ethyl-6- 
hydroxypyrimidine, 246 

2-Amino-5-ethoxyethyl-4-hydroxy-6- 
methylpyrimidine. 45 

2-Amino-5-ethoxyethy1-4-methyl- 
pyrimidine 

splitting by acid, 179 

complicated hydrolysis, 232, 239 
4-Amino-5-ethoxy-2-ethylthiopyrim1dine 

4-Amino-2-e thoxy-6-hydroxypyrimidine, 
70 

4-Amino-5-ethoxy-2-hydroxypyrirnidine, 
232 

2-Amino-4-ethoxy-6-methoxy- 
pyrimidine, 248 

4-Amino-5-ethoxymethyieneamino- 
pyrimidine, 327 

cyclization, 327 
4-Amino-5-ethoxymethyl-2-methy~- 
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pyrimidine, 6 I ,  62 
splitting by acid, 179 

2-Amino-4-ethoxy-5-nitropyrimidine. 
275, 421 

reduction, 146 
Z-Amino-4-ethoxypyrimidine, 203 
2-Amino-4-ethylamino-6-hydroxy-5- 

phenylazopyrimidine. 199 
5-Arnino-4-ethylaminopyrimidine. 186 
2-Amino-5-ethyl-4,5-dihydro-6-hydroxy- 

5-hydroxyethyl-4-oxopyrimidine, 
242 

oxopyrimidine 
4-Amino-3-ethyl-2,3-dihydro-5-nitro-2- 

attempted preparation, 380 
CXmino-3-ethyl-2,3-dihydro-2-oxo-5- 

2-hmino-5-ethyl-4.6-dihydroxy- 

5-lmino-4-ethyl-2,6-dihydroxy- 

4-Amin0-2-ethyl-5-formamidomethyl- 

2-Amino-4-ethyl-6-hydroxypyrimidine, 

4-Xmino-2-ethyl-G-hydroxypyrimidine, 

4-Amino-5-ethyl-6-iodopyrimidine, 168 
5-Amino-2-ethyl-4-methylpyrimidine, 3 14 
8-Amino-B-ethylpentanoic acid 

use in dihydropyrimidine synthesis, 

phenylcarbamoylpyrimidine, 64 

pyrimidine, 55 

pyrimidine, 146 

pyrimidine, 327 

45 

197 

434 
2=Amino-4-ethylpyrimidine, 184, 188 
4-Amino-6-ethylpyrimidine. 188 
2-B-Aminoethylpyrimidine, 3 17 
4-/l--Xminoethylpyrimidine. 3 17 
4-Amino-2-ethylsulphonyl-5-methyl- 

pyrimidine, 199, 300, 343 

4-Amino- 1-ethyl- 1,2,3,6-tetrahydro-2,6- 
dioxo-3-propylpyrimidine, 69 

4-Amino-3-ethyl- 1,2,3,6-tetrahydro-2,6- 
dioxo- 1 -propylpyrimidine, 69 

Chmino- 1-ethyl- 1,2,3,6-tetrahydro-3- 
methyl-2,6-dioxopyrimidine, 367 

4.4mino- l(or 3)ethyI- I .2,3.6-tetrahydro- 
6-oxo-3(or 1)propyl-2-thio- 
pyrimidine, 70 

pyrimidine, 326 

pyrimidine, 243, 348 

hydrolysis of 2-group, 236 

4-Amino-6-ethyl-5-thioformamido- 

4-Amino-2-ethyl thio-5-hydroxymethyl- 

hydrolysis, 243, 348 
to  5-halogenomethyl analogues, (178) 

5-Amino-Z-ethylthio-4-hydroxy- 
pyrimidine, 338 

desulphurization, 279 
reaction with amyl formate, 336 
reaction with ethyl chloroformate, 336 

4-Amino-2-ethylthio-6-iminomethyl- 

4-Amino-2-ethylthio-5-iodopyrimidine. 

4-Amino-2-ethylthio-5-methylpyrimidine 

pyrimidine, 199, 407 

( 199) 

action of chlorine, 343 
oxidation, (236) 

4-Amino-2-ethylthio-6-methylpyrimidine 
failure to react with thiocyanate, 419 

4-Amino-2-ethylthiopyrimidine, 198, 282, 
290 

amination. 309 
hydrolysis, 233 
to cytosine, (236) 

2-Amino-5-ethylthiothiazolo[5.4-d]- 
pyrimidine, 420 

2-Amino-5-ethynyl-4-methyl- 
pyrimidine, 124 

4-Amino-5-formarnido-2,6-dihydroxy- 
pyrimidine, 157, 329 

4-Arnino-5-formamido-6-mercapto- 
pyrimidine, (275), 326 

4-Amino-5-formamidomethyl-2-methyl- 
pyrimidine, 326 

4-Amino-5-formamido-2-methylthio- 
pyrimidine, 315 

cyclization, 326 
reduction, 23, 315 

6-Amino-5-formamido- 1 -methyluracil. 

6-Arnino-5-formamido-3-methyluracil 

4-Amino-5-formamidopyrimidine, 326 

150 

deformylation, 329 

cyclization to purine, 326, 333 
failure to reduce, 315 

4-Amino-6-formarnidopyrimidine, 100 
4-Amino-5-for mamido- 1,2.3,6-tetrahydro- 

1, J-dimet hyl-2 I 6-d ioxopyrimidine, 
150 

pyrimidine, 409 
2-Amino-5-formyl-4-hydroxy-6-methyl- 

oxidation, (391) 
to  sernicarbazone etc., (414) 

2-Amino-5-formyl-4-methyl-6-methyl- 
thiopyrimidme, 333, 412 
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4-Amino-5-formyl-2-met hylpyrirmdine, 
410, 411, 412 

hydrogenation, 244. 41 1 
to  Schiff’s base, (414) 

4-Amino-5-formyl-2-methylthio- 
pyrimidine, 412 

as oxime, 412 
4-Amino-5-formyl- 1.2.3.6-tetrahydro- 1, 

3-dimethyl-2,6-dioxopyrimi&ne, 
(408) 

to phenylhydrazone. (408) 
Amino groups 

effect on acidic pK,, 471 
5-Amino-2-guanidino-4,6-dimethyl- 

pyrimidine, 156 
2-Aminohexahydropyrimidine. 22, 186, 

454 
5-Aminohexahydro- 1,3,5*trimethyl- 

pyrimidine, (454) 
2-Amino-bhexylpyrirnidine, 35 
4-Amino-5-hydrazinocarbonyl-2-hydroxy- 

pyrimidine, 397 
to azide, 401 

4-Amino-5-hydrazinocarbonyl-2-methyl- 
pyrimidine, (397), 412 

acylation, 401,412 
to azide, 401 

2-Amino-3-hydrazinocarbonylpyrazine 
use in pteridine synthesis. 108 

2-Amino-4-hydrazino-6-methyl- 
pyrimidine, 200  

4-Amino-5-o-hydroxybenzylideneamino- 
1 -methyluracil, (322) 

4-Amino-5-hydroxy-2,6-bishydroxy- 
methylpyrimidine, 95 

instability, 95 

in pteridine synthesis, 108 
2-Amino-3-hydroxycarbamoylpyrazine 

2 -Aminod-hydroxy-4,6dimethyl- 
pyrimidine, 212, 238 

5-Amino-2-hydroxy-4,6-dimethyl- 
pyrimidine, (157) 

4-Amino-2-hydroxy-6,7-diphenylpteri- 
dine. 109 

2-Amin0-4-hydroxy-5.6-diphenyl- 
pyrimidine, 455 

2-Amino-4-hydroxy-5-ethoxypyrimidine, 
41 

2-Amino-4-~-hydroxyethylamino-5- 
nitropyrimidine, 195 

2-Amino-5-@-hydroxyethyl-4-methyl- 
pyrimidine, 215 

2-Amino-4- hydroxy-5-hydroxyethyl-6- 

4-Amino-2-hydroxy-5-hydroxymethyl- 

2-Amino-4-hydroxy-6-hydroxy methyl-5- 

methylpyrimidine, 242 

pyrimidine, 243, 347f 

tetrahydropyran-2’-yloxypyrim- 
idine, (240) 

hydrolysis, (240) 
4-Amino-5-hydroxyiminomethyl-2- 

methylthiopyrimidine, (412) 
2-Amino-3-hydroxyimino-2-methylpen- 

tan-bone, 455 
4-Amino-2-hydroxy-5-iodopyrimidine, I 70 
CAmino-6-hydroxy-2-mercapto-5- 

nitrosopyrimidine, 70, 148, 149 
action of Fbney nickel, 150 
reduction, 150 

2-Amino-4-hydroxy-6-rnercapto- 
pyrimidine, 59 

desulphurization, 279 
bAmino-6-hydroxy-2-mercapto- 

pyrimidine, 70, 306 
S-alkylation, 283 
alkylation, 366 
bromination, (1 70) 
desulphurization, 279 
nitrosation, 148 

4-Amino-6-hydroxy-2-methoxy-5- 
methylpyrimidine, 70 

2-Amino-4-hydroxy-5-p-methoxy- 
phenoxy-6-methylpyrimidine, 44 

2-Amino-bhydroxy-5-methoxy- 
py-rimidine, 4 1 

4-Amino-6-hydroxy-2-methoxy- 
pyrimidine, 70 

5-Amino-2-hydroxy-4-methylarnino- 
pyrimidine, 143, 144 

4-Amino-5-hydroxymethyl-2,6-dimethyl- 
pyrimidine, 242 

2-Amino-4-hydroxy-6-methyl-5-m- 
methylbenzylpyrimidine, 45 

4-Amino-5-hydroxymetbyl-2-methyl- 
pyrimidine, 242, 244. 333, 411 

to  5-halogenomethyl analogues, ( I  78), 

4-Amino-5-hydroxyme thyl-2-methylthio- 
(179) 

pyrimidine, 243 
oxidation, 412 

2-Amino-4-hydroxy-6-methyl-5-nitro- 

4-Amino-Z-hydroxy-6-me thyl-5-nitro- 
pyrimidine, 142, 342 

pyrimidine 
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alkylation, 367 
4-Amino-6-hydroxy-2-methyl-5-nitroso- 

pyrimidine, 67, 149 

4-Amino-6-hydroxy-2-methyl-5- 
reduction with Raney nickel, 150 

phenylazopyrimidine 
reduction, 157 

4-Arnino-6-hydroxy-2-me thyl-5- 

2-Amino-4-hydroxy-5-methyl- 
piperidinomethylpyrimidine, 133 

pyrimidine. 39 
hydrolysis, (229) 

2-Amino-4-hydroxy-6-methyl- 
pyrimidine, 49 

action of phosphoryl bromide. (167) 
alkylation. 365 
nitration, 142, 342 
persulphate oxidation. (241) 
reaction with chloral, (409) 
reaction with thiocyanate, 419 
reduction, 142 
Reimer-Tiemann reaction. 409 

4-Amino-2-hydroxy-5-methylpyrimidine, 
234, 236, 347 

alkylation, 365 
colour test, 259 
history, 347 

4-Amino-2-hydroxy-6-methyl- 
pyrimidine 

365 
formation of 1 -methylated derivative, 

sulphonation, 296 
4Amino-6-hydroxy-2-methyl- 

pyrimidine, 67, 197 
action of phosphoryl chloride. 164 
alkylation, 366 
Mannich reaction, 133 

2-Amino-4-hydroxy-6-methyl-5- 
semicarbazonomethyl- 
pyrimidine, 4 14 

pyrimidine, 296 

natopyrimidine, (419) 

4-Amino-6-hydroxy-2-methylthio- 

4-Amino-2-hydroxy-6-methyl-5-sulpho- 

2-Amino-4-hydroxy-6-methyl-5-thiocya- 

to disulphide, (419) 

pyrimidine, 70 
action of phosphoryl chloride. 164 
nitration, I41 

2-Amino-4-hydroxy-6-methyl-5-thio- 
semicarbazonomethyl- 
pyrimidine, 414 

2-Amino-4-hydroxy-6-methyl-5- 
(2.2.2-trichloro- 1 -hydroxyethyl) 
pyrimidine, (409) 

4Amino-5-hydroxymethyl-2-trifluoro- 
methylpyrimidine. 243 

2-Amino4hydroxy-5-morpholino- 
pyrimidine, 21 1 

2-Amino-4-hydroxy-5-nitropyrimidine, 
139, 256 

4-Amino-2-hydroxy-5-nitropyrimidine. 
139, 256, 346 

alkylation, 367 
hydrogenation, 143 
reduction, 144 

101 
4-Amino-6-hydroxy-5-nitropyrimidine, 

attempted alkylation, 368 
4Amino-6-hydroxy-5-phenylazo- 

pyrimidine, 101. 153 
2-Amlno-4-hydroxy-5-phenylazo-6- 

trifluorornethylpyrimidine, 45, 179 
Z-Amino-4-hydroxy-6-phenyl- 

pyrimidine 
hydrolysis, (229) 
to 5-thiocyanato derivative, 419 

CAmino-6-hydroxy-2-phenylpyrimidine, 

2-Amino-4-hydroxy-6-phenyl-5-thio- 
67 

cyanatopyrimidine, (419) 
to disulphide, 292 

2-A4mino-4-hydroxy-5-p~peridino- 
pyrimidine, 2 11 

2-Amtno-8-hydroxypurine. 40 1 
2-Amino-4hydroxypyrido[3,2-d]- 

pyrimidine. 110 
2-Amino-4-hydroxypyrimidine, 39. 189, 

204, 255, 279, 309 
action of phosphoryl chloride, 164 
action of phosphoxyl bromide, 167 
acylation, 324 
bromination, (170) 
chlorination, 174 
nitration, 139 
reaction with benzaldehyde. 322 

tAmino-2-hydroxypyrimidine, 59, 189, 
204, 233, 234, (236). 251, 255. 286, 
300,309 

acylation, 324, 327, 346 
detection, 257 
halogenation, (1 70). 1 74, 346 
hydrolysis, (229) 
irradiation of, 346 
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methylation. 346, 364 
nitration, 139, 346 
oxidation, 346 
persulphate oxidation (241) 
reaction with benzylamine, 313 
reaction with nitrous acid, 333, 346 
reduction, 443 
review, 3461 
sulphonation. 296 

CAmin0-5-hydroxypyimidine, 240 
4-Amino-6-hydroxypyrimidinea 101, 279, 

308 
action of phosphoryl chloride, 164 
acylation, 324 
alkylation, 365 
5-hydroxylation, (24 1 ) 

hydrolysis, 238 
thiation. 251 

ionization, 470f 
lack of zwitterionic structure, 470 

5-Amino-4-hydroxypyrimidine, 279 

Amino hydroxypyrimidines 

4-Amino-2-hydroxy-5-sulpho- 
pyrimidine, 296 

2-Amino-4-hydroxy-5-tetrahydropyran- 
8'-yloxypyrimidine, 240 

hydrolysis, 240 
Z-Amin0-4-hydroxy-5.6-tetramethylene- 

pyrimidine, 45 
2-Amino-5-iodo-4,6-dimethyl- 

pyrimidine, 176, 321, 333 
2-Amino-5-iodopyrimidine, ( I  69) 
4-Amino-5-iodopyrimidine, 169 
4-Amino-&iodopyrirnidine, 184 

amination, 190 
deiedination. 184 

2(0r 4)-Amino-4(or 2)isopropylamino-2- 

4-Amino-2-mercapto-6,7-diphenylpter- 

5-Amino-2-mercapto-4-methylamino- 

5-Amino-4mercapto-6-methylamino- 

methylpentane, 454 

idine, 109 

pyrimidine, 206, 276 

pyrimidine, 145 
S-alkylation, (282) 

4-Amino-5-mercaptomethyl-2-methyl- 
pyrimidine, 215, 277 

acetylation, 286 
4-Amino-2-mercapto-6methy1-54tro- 

Z-Amino-4-mercapto-5-methyi-6-phenyl- 
pyrimidine, 207 

p@midine 

acylation, 324 
2-Amino-4-mercapto-E-methyl- 

pyrimidine, 207 
S-acylation, 286 

4-Amino-2-mercapt0-5-methyl- 
pyrimidine, 285 

S-alkylation, (283) 
to 2-hydroxy analogue, 234, 347 

4-Amino-2-mercapto-6-methyl- 
pyrimidine, 65, 201, 285 

S-alkylation, (283) 

215, 421 
2-Amino-4.mercapto-5-nitropynmidine, 

4-Amino-2-mercapto-5-nitropyrirnidine 

4-Amino-2-mercaptopyimidine, 285, 
reduction, 288 

286, 346 
S-alkylation. (282). (283) 
desulphurization, 279, 3 1 1 
to cytosine, 234, 286, 346 

5-Arnino-Q-mercaptopyrimidine, 207, 252 
action of formic acid, 334 

Amino mercaptopyrimidines 
ionization. 47 1 

2-Amino-4-mercapto-5,6-trimethylene- 
pyrimidine 

desulphurization, 279 
4-Amino-5-me thoxycarbonyl-2-methyl- 

pyrimidine, 394 
4-Amino-5-o(and p)-methoxyphenyl- 

pyrimidine, 92 
5-Amino-4-methoxy-2,6-dimethyl- 

pyrimidine, 144 
2-Amino-4-methoxymethyl-6-methyl- 

pyrimidine, 246 
4-Amino-5-methoxymethyl-2-methyl- 

pyrimidine, 246 
2-Amino-4-methoxy-6-methyl- 

pyrimidine, 203 
to P-chloro analogue, (167) 

5-Amino-4-methoxy-2-methyl- 
pyrimidine, 187 

4-Amino-6-me thoxy-2-rnethyltbio- 
pyrimidine 

as a wrongly assigned structure, 247 
desulphurization. 279 

4-Amino-2-methoxy-5-nitropyrirnidine. 

4-Amino-6-methoxy-5-nitropyrimidine, 

@-Amino-fipmethoxyphenyIpropionic 

203 

203 

acid 
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use in hydropyrimidine synthesis, 435 
2-Amino-4-methoxypyrimidine, 186, 187 

alkylation, 312 
amination, 255 
bromination, (171) 
to 2-chloro analogue, (167) 

4-Amino-2-methoxypyrimidine 
hydrolysis, 204 
isomerization, 373 

4-Amino-5-methoxypyrimidine 
to  4,5-dihydroxypyrimidine, 239 

4-Amino-6-methoxypyrimidine, 279 
5-Amino-2-methoxypy~imidine 

4-Amino-2-methylamino-6-hydroxy- 

4-Amino-5-methylamino-2-methylthio- 

5-arylation, 3 15 

pyrimidine, 71 f 

pyrimidine, 23, 315 
desulphurization, 279 

5-Amino-4-methylarnino-6-methylthio- 
pyrimidine, 279, 282 

4-Amino-2-me thylamino-%nitro- 
pyrimidine, 195 

4-Amino-6-methylamino-5-nitro- 
pyrimidine, 196, 380 

2-Amino-4-methylaminopyrimidine, 
186 

4-Amino-5-methylaminopyrimidine, 279 
4-Amino-6-methylaminopyrimidine, 380 
5-Amino-4-methylaminc1pyrimidine, 106, 

acylation, (326) 

186, 279, 313 
acylation, 326 

2-Amino-3-methylcarbamoylpyrazine 
cyclization with formic acid, 108 

5-AminomethyI-4-chloro-2-ethyltbio- 

5-Aminomethyl-2,4-diydroxy- 
pyrimidine, 316 

pyrimidine, 318, 319. 419 
action of nitrous acid, (242), 243 

2-Aminomethyl-4.6-dimethyl- 

4-Amino-5-methyl-2,6-diphenyl- 
pyrimidine, 319, 329 

pyrimidine 
hydrolysis, (229) 

4-Amino-6-methyl-2,5-diphenyl- 

Aminomethyleneacetylacetone 
use, 86 

Aminomethyleneacylurethanes 
use in Shaw Synthesis. 87f 

1 -Amino-3-methyleneaminopropane 

pyrimidine, 65 

possible equilibrium with hexahydro- 
pyrimidine, 453 

Aminomethylene derivatives 
primary syntheses invokving, 82f 
reaction with imidoyl chlorides, 84f 
reaction with imino ethers, 84f 
reaction with isocyanates, 82f 
reaction with thioamides, 85 

Aminoniethylenemalononitrile 
formation, 72 
reaction with ethyl acetimidate etc., 

84, 86 
reaction with thioacetamide. 85 
use as an aldehydo nitrile, 61 

Aminomethylenephenylacetonitrile 
cyclization with formamide, 91f 
formation, 91 

5-Aminomethyl-2-ethylthio-4-hydroxp- 

5-Aminomethyl-4-hydroxy-2-methyl- 

action of nitrous acid, (242). (321) 
4-Aminomet h yl-6-hydroxy-2-phenyl- 

4-Amino-2-methyl-5-methylamidinothio- 

pyrimidine. 419 

pyrimidine, 3 17 

pyrimidine, 414 

methylpyrimidine, 293 
to  disulphide. 294 
to sulphide, 293 

2-Amino-4-methyl-4-me thylaminopen- 
tane 

446 
4-Amino-2-methyl-6-methylamino-5- 

thioformamidopyrimictine, 326 
5-Aminomethyl-2-methy1-4-methylamino- 

pyrimidine, 325 

condensation with diethyl carbonate, 

acylation, (327) 
4-Amino-2-methyl-5-methylthiomethyl- 

2-Amino-4-methyl-6-methyI~o- 
pyrimidine, 2 15 

pyrimidine 
action of chloral, 409 

pyrimidine 
amination, (290) 
methylation, (378) 

4-Amino-6-methyl-2-methylthio- 

4-Amino-6-methyl-5-rtropyrimidine, 

6-Amino-I-methy1-5-nitrosouraci1, (366) 
reduction, (366) 
reduction with formic acid and zinc, 

141 

( 150) 
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4-Amino-5-methyl-2-ocCylthio- 
pyrimidine, 198 

2-Amino-4-methyl-6-0~0-1,3-thiazine, 48 
2-Amino-4-methyl-6-phenyl-5- 

6-Amino- 1 -methyl-5-phenylthioureido- 

2-Amino-4-methyl-6-phthalimidomethyl 

phenylazopyrimidine, 37, 153 

uracil, 340 

pyrimidine, 319 
action of hydrazine, 3 19 

pyrimidine, 319 

pyrimidine. 190 
reaction with chloral, 409 

4-Amino-2-methyl-5-piperidinomethyl- 

4Amino-6-methyl-2-piperidino- 

2-Amino-4-methylpyrimidine, 34, 35, 
134, 184, 186, 308 

acylation, (330), 331 
reaction with benzaldehyde, 332 
reduction, 444, 451 
reductive benzylation, 313 
sulphonation, 296 
to  2-chloro analogue, 167 

Z-Amino-5-methylpyrimidine, 188 
4-Arnino-Z-methylpyrimidine, 186, 188, 

4-Amino-6-methylpyrimidine, 186,188,342 
(211), 452 

methylation, 378 
nitration. 141, (342) 

5-Amino-2-rnethylpyrimidine, 186 
5-Amino-4-methylpyrimidine, 186 

2-Amino-4-methyl-6-sulphanilyl- 
pyrimidine(?), 298 

2-Amino-4-methyl-5-sulphopyrimidine, 
296 

4-Amino-2-methyl-5-sulphomethyl- 
pyrimidine, 216. 295 

reductive alkyiation. 3 15 

hydrolysis, 295 
2-Amino-4-methyl-6-2’-thienyl- 

pyrimidine, 38 
5-Amino-1 methyl-6-thiobarbituric acid, 

106 
4-Amino-2-methyl-5-thiocyanatomethyl- 

pyrimidine, 2 15 
2-Amino4-methy1-5-thioforrnamido- 

methylpyrimidine. 327 
4Amino-2-methyl-5-thioformamido- 

pyrimidine 
to 5-formamido analogue, 327 

4-Amino-6-me thyl-5-thioformamido- 
pyrimidine, 326 

4-Amino-2-methyl-5-thioformamido-6-cr- 
xylosidoaminopyrimidine, 326 

4-Amino-2-methyl thio-5-nitro- 
pyrimidine, 205, 287 

6-Amino- 1-methyl-2-thiouracil. 70 

4-Amino-2-methyl-5-p-tolylimino- 
methylpyrimidine. 414 

6-Amino- I-methyluracil, 69, 70, 366 

desulphurization, 366 

methylation, (366) 
nitrosation, 366 

6-Amino-3-methyluraci1, 232 
#I-Amino-y-methylvaleric acid, 459 
“Aminometradine”, 367 
5-(2-Aminonaphth- 1-ylazo)-2.4- 

dihydroxypyrimidine, 332 
4-Amino-5-a-naphthylpyrimidine 

description as a triazine, 92 
4-Arnino-Slp-nitrophenylp~imidine, 92 
2-Amino-5-nitropyrimidine, 32f, 139 

acylation, 324 
facile hydrolysis, 231 

pyrimidine, 310 
2-Amino-5-nitro-4thiocyanato- 

actions of alkoxide, 275. 42 1 
p-Aminonanoic acid 

acetylation. 440 
Z-Amin0-6-0~0-1,3-thiazine, 39 
2-Amino-5-phenylazopyrimidine, 33 
5-m-Aminophenyl-5-ethyl-4,5-dihydro-2, 

6-dihydroxypyrimidine, 454 
corresponding azoxy compound, (454) 

4-p-Amino-B-phenylethyI-2,6-dimethyl- 
pyrimidine, 320 

5-Amino-3-phenyloxazole 
hydrogenation of, 85 

8-Amino-/I-phenylpropionic acid 
use in dihydropyrimidine synthesis, 

Z-Amino-4-phenylpyrimidine, 35. 123 

4-Amino-2-phenylpynmidine, 188 
4Amino-5-phenylpyrimidine, 61. 91, 92 

434,435, 438 

to 2-chloro analogue, (167) 

called a triazine, 92 
methylation, 378 

4-Aminc-6-phenylpyrimidine, 95 
5-Amino-2-phenylpyrimidine, 144 

2-m-Aminophenylpyrimidine 

2-P- Aminophen ylpyrimidine 

acylation, (324) 

to nitro analogue, 143 

to nitro analogue, 143 
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6-Amino- 1 -phenyl-5-ureidouracil, 340 
2-Amino-4-piperidinopyrimidine, 289 

#I-Aminopropionic acid 

434, 435 

pyrimidine, 320 

acylation, 324 

use in dihydropyrimidine synthesis, 

4-/3-Aminopropyl-2,6-dimethyl- 

2-Amino4propylpyrimidine. 35 
2-Aminopyrimidine, 12, 23, 34. 167, 184, 

185, 186, 188, 311, 329 
acylation, 324, 327. 330, 331 
alkylation, 24. 311, 377, 379 
halogenation, 169 
hydrolysis, 229, (231) 
reaction with phenyl-lithium, 123 
reduction. 444,451 
reductive alkylation, 312 
sodium salt, 31 I 
sulphonation, 296 
to 2-chloropyrimidine, 167, 32 1, 333 
U.V. spectra (Fig.6), 481 

4-Aminopyrimidine, 184, 186, 255, 279, 
309, 31 1. (393) 

acylation, 324 
alkylation, 312, 377 
iodination. 169 
reduction, 444, 451 

acylation, 324, 327 
reaction with p-nitrobenzaldehyde, 322 
reaction with nitrosobenzene, 156, 335 
reaction with nitrous acid, 238, 331 
reduction, 444, 451 
to 5-iodopyrimidine, 18 

Aminopyrimidines, 13, 306f 
acylation, 24, 324f 
alkylation, 24, 377f 
bicyclic compounds from, 333f 
diazotization. ef t . .  24. 331f 
from aikoxypyrimidines, 255f. 300 
from alkylsulphonylpyrimidines, 300 
from alkylthiopyrimidines, 2895, 308 
from mercaptopyrimidines, 17, 2845, 

from urethanes, 338 
halogenation, 169f 
ionization, 468f 
properties, 320f 
structure, 321 
sundry reactions, 25, 335 
hutomeric form, 4841, 4945 

5-hminopyrimidine, 144. 186, 279 

308 

to anils, 25, 321/ 
to chloropyrimidines. 18, 167, 321 
to hydroxypyrimidines, 17, 229f. 321, 

to mercaptopyrimidines, 275f 

by direct amination, 308 
by primary syntheses, 307 
by Principal Syntheses, 306 
by various syntheses, 310f 
from halogenopyrirnidines, 188f. 308 
from nitroaminopyrimidines, 342 
from thiocyanatopyrirnidines, 309, 420 
see also “ Aminopyrimidines” 

5-Aminopyrimidines 
acylation, 324f 
alkylation, 315 
by primary syntheses, 3 13 
diazotization, 33 I f  
from acylaminopyrimidines, 329 
from arylazopyrimidines, l56f 
from carbamoylpyrimidines, 3 14 
from halogeno derivatives, 210/, 314 
from nitropyrimidines, 143f 
from nitrosopyrimidines, 149f 
from urethanes, 338 
reactions, 32 I f  
reaction with cyanic acid, 339 
see also “Aminopyrimidines” 
strength as bases, 468 

action of nitrous acid, 333 
acylation, 324f 
by Hofmann of Curtius reactions, 317f 
by Mannich reaction, 318 
by primary syntheses, 318f 
by reduction of a nitrile, 316f 
by vanous means, 319 
see also: “Aminopyrimidines” 

6-Amino-8-selenapurie, 334 
8-Amino-p-styrylpropionic acid 

331f 

2-,4-, and 6-Aminopyrimidines. 306f 

Aminopyrimidines (extranuclear), 3 IS/ 

use in dihydropyrimidine synthesis, 

2-Amino-4-styrylpyrimidine, 313, 322 
Aminosuccinic acid 

use in dihydropyrimidine synthesis, 

4-Amino-2-sulphanilylaminopyrimidine. 

2-Amino-5-sulphopyrimidine 
failure to prepare by sulphonation, 296 

4-Amino-l,2,3,6-tetrahydro-l,3-dimethyl- 

434 

434 

255 
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2,6-dioxo-5-phenylhydrazono- 
methylpyrimidine. (408) 

2,4-dioxopreridine, 405 

2,6doxopyrimidine, 68, 344, 366 

7-Amino- 1,2,3,4-tetrahydro- 1.3-dimethyl- 

+-Amino- 1,2,3,&tetrahydro- 1,3-dimethyl- 

C-acetylatian, 416 
C-formylation, 408 
hydrolysis, 230 

5-Amino- Y ,2,3,4-tetrahydro- 1,3-dirnethyl- 

action of ethyl chloroformate, (336) 
4-Amino-l,2,3,6-tetrahydro- 1,3-dimethyl- 

5-nitroso-2,6-dioxopyrimidine, 149 

4-Amino- I ,2.3,6-tetrahydro-5-o-hydroxy- 
bentylideneamino- I ,3-dimethyl-2, 
6-dioxopyrimidine, (322) 

5-Amino- I ,2,3,4-tetrahydro-6-hydroxy- 
1,3-dimethy1-2,4-dioxopyrimidine 

action of ethyl chloroformate, (336) 
?-Amino- 1,4,5,6-tetrahydro-5-hydroxy- 

4-Arnino-2,3,5,6-tetrahydro-3-merhyl- 

2.4-dioxopyrimidine 

reduction, 150, 151 

pyrimidine, 447 

2-thiopyrimidine 
failure to make, 84 

2-Amino- 1,4,5,6-tetrahydropyrimidine, 
447.45 1 

benzoylation, (456) 
4-Amino- I ,4,5,6( ?)-tetrahydro- 

pyrimidine, 451 
dibenzoylation, (456) 

5-Amino- 1,4,5,6-tetrahydropyrimidine, 
45 I 

dibenzoylation. (456) 
4-Amino-1,2,3,6-tetrahydro-l,3,5- 

trimethyl-2.6-dioxopyrimidine 
acylation, 325 

ti-Amino- 1,2.3,4-tetrahydro-l,3,6- 
trimethyl-2,4-dioxopyrimidine 

acylation, 325 
Z-Amino-4,5-tetramethylene- 

pyrimidine, 34 
2-Amino-3-thiocarbamoylpyrazine 

4-Aminothio-2,6-dimethoxypyrirnidine, 
cyclization, 108 

298 
oxidation, 298 

4-Amino-5-thiofonnamidomethyl- 

4-Amino-Z15,6-trialkylpyrimidines 
pyrimidine, 327 

by Frankland and Kolbe synthesis, 93 

2-.4mino-4,5,6-trichloropyrimidine, 165 
5-Amino-2,4,6-trichloropyrimidine, 143 
2-Amino-4,5,6-trihydroxypyimidine, 240 
4-Amino-2,5,6-trihydroxypyrimidine. 

152, 154, 240, 260, 263, 310 
hydrolysis, 229 

5-AminoQ.4.6-trihydroxypyrimidine. 
145. 150, 263 

action of urea or cyanic acid, 339 
nuclear reduction, 443 

2-Amino-4,S-trirnethylenepyrimidine. 279 
4-Amino-5,6-trimethylenepyrimidine, 92 
5-Amino-2,4,6-trimethylpyrimidine. 

4-Amino-2,5.6-triphenylpyrimidine, 105 
5-Aminouracil, 6 
6-Aminouracil, 6 
5-Aminouridine, 2 1 I 
“Arnisometradine”, 2, 367 
Amobarbital, 53 
4-Amylamino-2-mercaptopyrimidine 

4-Amplaminopyrimidine, 279 
4-Amyl-2,6-dichloropyimidine, 163 

dechlorination, 12 I 
4-Amyl-2,6-dihydroxypyrimidine, 281 

action of phosphoryl chloride. 163 
5-Amyld-ethylbarbituric acid, 56 
4-Amyl-6-hydroxy-2-mercapto- 

315, 338 

desulphurization, 279 

pyrimidine, 45 
action of hydrogen peroxide, 281 

Amylobarbitone, 53 
4-Amylpyrimidine, 12 1 

“Amytal”. 53 
Aneurin, 6, 176 
4-Anilino-2-bentylaminopyrimidine. 289 
2-Anilino-5-bromo-4,6-dimethylpyrim- 

idine, 178 
4-Anilino-5-bromo-2,6-dimethyl- 

pyrimidine, (178) 
2-Anilino-5-bromo-4hydroxy- 

pyrimidine, 290 
5-Anilino-4-carboxy-2-methyl- 

pyrimidine, 2 1 1 
4-Anilino-2-carboxymeth ylthio- 

pyrimidine, 283, 289 

spurious preparation, 123 

amination, 289 
2-Anilino-4-chloro-5-ethoxy- 

pyrimidine, 
amination, 197 

4-Anilino-6-chloro-2-methylpyrimidine 
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methylat ion, (3 79) 
4-Anilino-6-chloropyrimidine 

alkylation, 312, (379) 
2-Anilino-1 -cyanopropene 

equivalence to cyanoacetane in syn- 
theses, 65 

2-Anilino-4-chlorop)imidine, 164 
4-AniIino-6-chloropyrimidine, 191 

4-Anilino-2,6-dichloropyrimidine, 191 
2-Anilino-5.5-diethyl-4,5-dihydro-6- 

hydroxg-4-oxopyr1midine. 58 

amination, 191 

hydrolysis, 230 
5-Anilino-4,5-dihydro-2,6-dihydroxy- 

pyrimidine, 457 
hydrolytic cleavage, 457 

4-Anilino-l,t?-dihydro- 1,2-dimethyl-6- 
methyliminopyrimidine. 379 

failure to  rearrange, 379, 381 

oxopyrimidine, 374 

5-dimethyl-4-oxopyrimidine, 58 

dimethylpyrimidine, 378 

dimethylpyrimidine, 379 

4-Anilino- 1,2-dihydro- 1,6-dimethyl-2- 

Z-Anilino-4,5-dihydro-6-hydroxy-5, 

2-Anilino- 1,4-dihydro-4-imino- 1,6- 

4-Anilino- 1.2-dihydro-2-imino- 1,6- 

hydrolysis, 374 
4-Anilino- 1,6-dihydro-6-imino- 1,2- 

dimethyIpyrimidine, 378 
rearrangement, 379 

4-Anilino-3,6-clihydro-6-imino-2,3- 
dimethylpyrimidine, 378 

2-Anilino- 1,6-dihydro- l-methgld-oxo- 
oxopyriniidine, 365 

3-Anilino~5.6-dihydro-6-phenyluraciIs(437) 
J-Anilino-2,4-dihydroxypyrimidine, 2 10 
2-Anilino-4,6-dimethylpyrimidine, 188, 

290 
bromination, 178 

bromination, 178 
4-AniIino-2.6-dimethylpyrimidine 

2-Anilin0-4-ethoxy-5-methylpyrimidine. 

(I-Anilinoethylamine, 457 
2-Anilino-4-hydroxy-6-methyl- 

2-Anilino-4-hydroxypyrimidine 

300 

pyrimidine, 290, 342 

action of phosphoryl chloride, 164 
alkylation, 365 

2-Anilino-4-mercapto-5-methyl- 
pyrimidine, 285 I - -  

4-Anilino-2-mercapto-6-met hyl- 

2-Anilino-4-mercapto-5-nitropyrimidine, 

4-Anilino-2-mercaptopyrimidine, 285, 

pyrimidine, 285 

275 

289 
S-alkylation, (283), 289 

2-AniIino-4-methoxypyrirnidine, 365 
4AniIino-6-methylamino-2-phenyl- 

4-Anilino-2-methylaminopyrimidine, 289 
4Anilino-6-methylaminopyrimidine, 

191, 312 
4-Anitino-2-methyl-6-methyladno- 

pyrimidine, 312, 379 
4-Anilino-6-methyl-2-methylthio- 

pyrimidine 

pyrimidine, 3 12 

methylation, (379) 
2-Anilino-4-methylpyimidine, 35 
4-Anilino-6-methylpyrimidine. 188 
2-Anilino-5-nitro-4-thiocyanato- 

pyrimidine, 310 
actions of alkoxide, 275 

3-Anilinopropylamine 
to  corresponding urea, 446 

A’- (3-Anilinopropyl)urea, 447 
cyclization, 447 

2-Anilinopyrimidine, 188 
Anilinopyrimidines 

bromination. I78 
4-Anilino- I ,  Z13,6-tetrahydro- 1,3- 

Anils 

Anisamidine 

4-p-Anisidino-2-carboxymethylthio- 

dimethyl-2,6-dioxopyrimidine, 1 98 

see “Schiff’s bases“ 

use in synthesis, 246 

pyrimidine 
desulphurization. 279 

4-p-Anisidinopyrimide, 279 
4-p-Anisylpyrirnidine. 1 18 
“Antrycide”, 308 
Arylazopyimidines, 152/ 

by coupling, 153f 
direct synthesis. 152f 
other syntheses, 1551 
reduction, 23, 156/ 

Arylpyrimidines, I19f 
Arylsulphonamidopyrimidines, 329f 
Aspartic acid 

in pyrimidine biosynthesis. 424 
use in orotic acid svnthesis. 423 
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Aspinall, 445 
Astwood, 301 
a-Azaguanine, 334 
8-Azapurine. 334 
5-Xzidocarbonylmethyl-2,4-dihydroxy- 

6-methylpyrimidine, (337), (401) 
action of acetic acid, 318 
action of alcohol, 337 
to  isocyanate, (419) 

pyrimidine, 400 
to  isocyanate, (419) 

5-Azidocarbonylmethyl-2,4-dihydroxy- 

5-AzidocarbonylmethyI-2-ethylthio-4- 
hydroxypyrimidine, (337). 400 

action of alcohols, 337, 401 
to  corresponding isocyanate, 401, 419 

Azidocarbonylpyrimidines, 4OOf 
Azidopyrimidines, 200j 
4-Azido- 1,2,3.6-tetrahydro- 1 ,Idimethyl- 

Z&dioxopyrimidine, 20 1 
* ‘5-Azinomethyl-4-methyl-6-methyithio- 

2-piperidinopyimidine”, 414 
2,2’-Azobisisobutyronitrile 

as a polymerisation catalyst, 134 
Azo coupling 

general conditions, 153 

B 

Bachstez, 283, 423, 432 
Baddiley, 424 
Barbital, 53 
Barbitone, 53 
Barbiturates, 53, 99f 

allylation, 53 
reduction, 22 
route via amino analogues, 53f 
thiation, 251 

Barbituric acid, 6, 52f, 99 
dihalogenation of derivatives, 172 
early preparation, I ,  52 

Barlin, G., 485 
Bass 

Bayer, 96 
Behrend, 2, 400 
Belloni, 422 
Bendich, 2, 259 
5-Benzalbarbituric acid, 123 

Benzaldeh yde 

see: “Levene” 

reduction, I24 

reaction with barbituric acid, 123 

reaction with urea, 4441 
use in malung styrylpyrimidines, 125 

reaction with @-benzoylstyrene, 103 
use in Principal Syntheses, 31-74 

a- Benzamidoacetamidine 
use in synthesis, 319 

4-Benzamido- 1-benzoyl- 1,4,5,6-tetrahy- 
dropyrimidine, 456 

5-Benzamido- 1-benzoyl- 1,4,5.6- 
tetrahydropyrimidine, 456 

/3-Benzamido-l-carbamoyloctane, (440) 

Benzamidine 

cyclization with acetic anhydride, (440) 
cyclization with benzoyl chloride, (440) 

1 -Benzamido-3-dibenzoylaminopropane, 

4-Benzamido- 1,2-dihydro- I-methyl-2- 
oxopyrirnidine, 327, (328) 

2-Benzamidodihydropyrimidine, (456) 
4-Benzamidodihydropyrimidine, (456) 
5-Benzamidodihydropyrimidine, (456) 
2-Benzamido-4,6-dimethylpyrimidine, 32 7 
,!j-Benzamido-,9-ethoxycarbonylpro- 

(456) 

pionamide 
cyclization, 439 

cyclizatron, 439 
/3-Benzamido-N-ethylpropionamide 

5-Benzamido-4- hydroxy -2-meth yl thio- 
pyrimidine, 40, 328 

desulphurization, 279 
t o  5-acetamido analogue, 329 

4-Benzamido-2-hydroxypyrimidine, 328 
5-Benzamido-4-hydroxypyrimidine, 279 

hydrolysis t o  4,S-dihydroxy- 
pyrimidine, 238 

2-Benzamido-4-mercapto-6-methyl- 
pyrimidine, 329 

2-Benzamidomethyl-4,6-dimethyl- 
pyrimidine, 319, 328 

hydrolysis. 319, 329 

cyclization, 445 
3-Benzamidopropylamine, 445 

2-Benzamidopyrimidine, 327 
5-Benzamidopyrirnidine, 327 
2-Benzamido- 1,4,5.6-tetrahydro- 

2-Benzenesulphonamido-5-bromo- 

Benzene 

2-Bentenesulphonamido-5-c yano- 
pyrimidine, 212, 404 

pyrimidine, (456) 

pyrimidine, ( I  71) 

U.V. spectrum (Fig. 1). 479 
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2-Benzenesulphonamido-4,6-dimethyl- 

2-Benzenesulphonamid-5-iodo- 

to  5-cyan0 analogue, 2 12, 404 
2-Benzenesulphonamido-4-methyl- 

2-Benzenesulphonamidopyrimidine, 330 

Benzenesulphonhydrazide 

pyrimidine, 330 

pyrimidine 

pyrimidine, 330 

halogenation, 17 I 

reaction with a chloropyrimidine, 187, 
200 

2-Benzenes~ilphonylaminopyrimidine 
see : “2-benzenesulphonamido- 

pyrimidine” 

carbonyl-4-methylpyririmidine, 330 
2-Benzenesulphonylhydrazino-5-ethoxy- 

Benzonitrile 
trimerization, 95 

Benzoylacetaldehyde 
use in syntheses, 35, 94 

Benzoylacetone 
use in syntheses, 37, 93, 94 

Benzoylacet ylene 
use in synthesis, 35 

1 -Benzoyl-2-butanone 
use, 95 

1 -Benzoyl-2-chloroethylene 
use, 94 

4-Benzoyl-2,6-diethoxypyrimidine, 4 I6 
1 -Benzoyl-2-diethylaminoethylene 

4-Benzoyl-2,6-dihydroxypyrimidine. 41 7 

1 -Benzoyl-2-dimethylaminoethylene 

2-Benzoyl4,6-dimethylpynmidine. 417 

I -Benzoyl-2-ethoxy- I-propene 

N-8-Eknzoplethyl-N-methylurea, (436) 

2-Benzoylhydrazino-4-methylpyrimidine, 

2-Benzoylhydrazinopy~imidine. 200 
1 -Benzoyl-2-iminopropane 

as intermediate in Bredereck’s 

use, 94 

reduction, 4 17 

use, 94 

oxidation, 41 7 

use, 94 

cyclization, (436) 

200 

synthesis, 93, 94 

dimethyl-2-oxopyrimidine, 378 
4-Benzoylimino- I ,2,3,4-tetrahydro- 1,3- 

1 -Benzoyl-2-methoxy-2-phenylethylene 
use. 95 

4-Benzoylmethyl- 1,2,3,6-tetrahydro- 1, 
3-dimethyl-2,6-dioxopyrimidine, 
416 

2-Benzoylmethylthio-4-ethoxy-6- 
methylpyrimidine (?), 247 

2-Benzoylmethylthio-4-hydroxy-6- 
methylpyrimidine 

supposed 0-alkylation, (247) 
2-BenzoyImethylthio-4-methoxy-6- 

Benzoyl-p-nitrobenzoylmethane 
use, 95 

1-Benzo yl-2-phenylacet ylene 
use, 95 

/?-Benzoylstyrene 
use in forming hydropyrimidines, 433 

1-Benzoyl- I ,4,5,6-tetrahydropyrimidine, 

2-Benzoylthio-l,6-dihydro-6-methyl-4, 

Benzoylvinylacetate 

5-Benzoylvinyl-4-hydroxy-6-methyl-2- 
piperidinopyrimidine, 4 15 

4-Benzylamino-5-bromo- I ,2,3,6-tetra- 
hydro- 1,3-dimethyl-2,4-dioxo- 
pyrimidine 

amination, 2 10 

methylpyrimidine (?), 247 

45 1 

6-di-p-tolylpyrimidine, 458 

use, 49 

4-Benzylamino-2-carboxymethyltho- 

4-Ifenzylamino-5-dimethylamino-1,2,3, 
pyrimidine, 283 

6-tetrahydro- 1,3-dimethyl-2,6- 
dioxopyrimidine, 2 10 

2-Benzylamino-5-ethoxycarbonyl-4- 
methyIpyrimidine, 290 

4-Benzylamino-2-hydroxy- 
pyrimidine, 313 

4-Benzylarnino-2-mercapto-6-methyl- 
5-nitropyrimidine, 145 

4-Benzylamino-2-mercaptopyrimidine. 
285 

S-alkylation, (283) 
4-Benzylaminomethyl-6-methyl-2- 

me thy1 thio-5-nitropyrimidine 
hydrogenation, 143 

2-Benzylamino-4-methylpyrimidine 
reported formation, 313 

2-Benzylaminopyrimidine, 291, 312 
mechanism of formation, 312 

2-Benzylamino-4-styrylpy~imidine, 3 13 
5-Benzyl-2,4-bisdimethylamino- 

pyrimidine, I90 
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5-Benzyl-2,4-bismethylamino- 
pyrimidine, 190 

4-Benzyl-5-bromo-2,6-d1hydroxy- 
pyrimidine, (1 70) 

1 -Benzyl-5-bromo-2-ethylthio- I .4- 
dihydro-4-oxopyrimidine, 370 

hydrolysis, 370 
1 -Benzyl-5-bromouracil, 370 
5-Benzyl-Z-chlor0-4dimethylamino- 

pyrimidine, 190 
amination, 190 

5-Benzyl-Z-chloro-4-methylamino- 
pyrimidine, 190 

amination, 190 
2-Benzyl-4-chioro-6-me thylpyrimidine 

dechlorination, 121 
reaction with hydriodic acid, (168) 

4-Benzyl-2-chlor0-6-methylpyrimidine 
dechlorination, 12 1 

4-Benzyl-5,5-dichloro-4,5-dihydro-2,4, 
6-trihydroxy-4-methoxypyrim- 
idine, 173 

pyrimidine 
amination, 197 

amination, 190 

5-Benzyl-2,4-dicNoro-6-met hoxy- 

5-Benzyl-2,4-dichloropyrirnidine 

4-Benzyl-3,4-dihydro-2-hydroxy-5- 
phenylpyrimidine, 442 

1 -Benzyl- 1,2-dihydro-4-methylthio-2- 
oxopyrimidine, (362), 369 

hydrolysis, (362), 369 
5-Benzyl-5,6-dihydro- 1-methyluracil, 

3-Benzy1-5.6-dihydro-6-phenyluraci1, 

l-Benzyl-5.6-dihydrouracil, (435) 
5-Benzyl-4,6-dihydroxy-2-mercapto- 

435 

437 

pyrimidine 
desulphurization, 279 

5-Benzyl-4,6-dihydroxy-2-phenyl- 

4-Benzyl-2.6-dihydroxypyrimidine 

5-Benzyl-2,4-dihydroxypyrimidine 

5-Benzyl-4,6-dihydroxypyrimidine, 279 
5-Benzyl-2,4-dimercaptopyrirnidine, 25 1 
4-Benzyl-5-ethoxycarbonyl-3,4-dihydro-2- 

hydroxy-6-methylpyrimidine, 442 
5-Benzylethylamino-2,4-dihydroxy- 

pyrimidine, 210 

pyrimidine, 56 

bromination, 170 

thiation, 251 

1 -Benzyl-2-ethylthio- 1.4-dihydro-4-0x0- 
pyrimidine, (362), (369) 

hydrolysis, (362), (369) 
I -Benzyl-Z-ethylthio- I ,6-dihydrod-oxo- 

pyrimidine, (3621, (369) 
hydrolysis, (362) 

use in synthesis, 239 
Benzyl forrnylbenzyloxyacetate 

5-Benzyl-4-hydroxy-6-methyl-2- 
phenylpyrimidine, 44 

2-Benzyl-4-hydroxy-6-methyl- 
pyrimidine, 44 

I-Benzyl-5-hydroxyuracil, 239 
3-Benzyl-5-hydroxyraci1, 239 
Benzylideneace tophenone 

see : "@-benzoylstyrene" 
Benzylideneaminoguanidine 

use, 323 
2-Benzylideneamino-4-h ydrox y- 

Benzylideneaniline 
stability, 322 

5-Benzylidenebarbituric wid 
oxidation, 261 

2-Benzylidenehydrazino-4-hydroxy-6- 
methylpyrimidine, 323 

pyrimidine, 322 

hydrolysis, 230 

stability, 322 
Benz ylidene-p-nitroaniline 

5-Benzylidene-2,4,6-trihydroxy- 
pyrimidine, 12 

action of bromine, 172 
2-Benzyl-4-1odo-6-methylpyrimidine, 

4-Benzylmethylamino-2-chloro-6-methyl- 

action of sodium bisulphide, 145, (206) 

168 

5-nitropyrimidine 

4-Benzylmethylamino-2-chloro-5- 
nitropyrimidine, 194 

4-Benzylmethylamino-2-mercapto-6- 
methyl-5-nitropyrimidine, 206 

2-Benzyl-4-methylpyrimidine, 121 
4-Benzyl-6-methylpyrimidine, 12 1 
1 -Benzyl-6-methyluracil. (36 1) 

Benzyloxyamine 
methylation, (361) 

condensation with a chloro- 
pyrimidine, 3 1 1 

Benzyloxyamino derivatives 

4-Benzyloxy-2-carbamoyl-6-methyl- 
hydrogenation, 3 1 1 

pyrimidine 
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hydrogenation, 237 
5-l3enzyloxycarbonylaminomethyl-2- 

ethylthio-4-hydroxypyrimidine, 
337 

pyrimidine, 383 

pyrimidine. (240) 

4-Benzyloxy-2-cyan0-6-methyl- 

5-Benzyloxy-4,6-dihydroxy-2-mercapto- 

desulphurization, (240) 
5-Benzyloxy-4,6-dihydroxy-2-methyl- 

pyrimidine, 56. (240) 

5-Benzyloxy-2.4-dihydroxy - 
hydrogenation, (240) 

pyrimidine, 40, 240 
hydrogenation, (240) 

5-Benzyloxy-4, b-dihydroxy- 
pyrimidine, (240) 

hydrogenation, (240) 
2-HenzyIoxy-4,6-dirnethylpyrirnidme, 

20 I 
hydrolysis, 232 

4-Benzyloxy-2,6-dimethylpyrimidine. 
201 

formation of N-oxide. 382 
4-Benzyloxy-2,6-dimethylpyrimidine- 

N-oxide, 382 
reduction, 383 

5-Bcnzyloxy-2-ethylthio-4,6-dihydroxy- 

5-Benzyloxy-4-hydroxy-2-me~apto- 

desulphurization, (239), 240, 279 

pyrimidine, 55, 287 

pyrimidine, 40, (239). 240 

5-Benzyloxy-4- hydroxy-2-methyl- 
pyrimidine. 40, 240 

hydrogenation, 240 

(239), 240, 279 
5-Benzyloxy-4- hydroxypyrirnidine, 

hydrogenation and hydrolysis, 240 
thiation. (239), (252) 

(239), 252 
5-Benzyloxy4-mercaptopyrimidine, 

desulphurization, (239), 279 

formation of N-oxide. 382 
4-Benzyloxy-6-methylpyrimidine, 383 

4-Benzyloxy-6-methylpyrimidine- 
N-oxide, 382 

reductive cleavage, 237 
Reissert reaction, (383) 
removal of N-oxide, 383 

failure to yield 5-hydroxypyrimidine, 
5-Benzyloxypyrimidine, 239, 279 

2 39 

Benzylox ypyrimidines 

5-Benzyloxy-2,4,6-trihydroxy- 
pyrimidine, (240) 

reductive cleavage, 237 

hydrogenation, (240) 
2-~V-Benzylsulphamoyl-4,6-dimethyl- 

pyrimidine. 298 
2-Benzylsulphonyl-4,6-diphenyl- 

pyrimidine, 299 
I -Benzyl- 1.2,3,4-tetrahydr0-3.6-dimethyl- 

2,4dioxopyrirnidine, 361 
1 -Ben@- 1,2,3,4-tetrahydro-3-methyl- 

2 ,.l-dioxopyrimidine, 368 
2-Benzylthio-4-benzylthiomethyl-6- 

h ydroxypyrimidine 
desulphurization. (280) 

2-Benzylthio-4-carboxy-6-hydroxy- 

2-Benzylthio-4-chloropyrimidine, 165 
2-Benzylthio4,6-diphenyIpyrimidine, 

pyrimidine. 283 

103, 433 
oxidation, (299) 

2-Benzylthio-5-ethoxycarbonyl-4- 
hydroxypyrimidine, 287 

Z-Benzylthio-4-formyl-6-hydroxy- 
pyrimidine, 283 

2-Benzylthiu-4-hydroxy-5-ido-6- 
methylpyrimidine 

ta 2-mercapto analogue, (274) 
2-Benzylthio-4-hydroxy-5-iodo- 

to  2-mercapto analogue, (274) 
2-Benzylthio-4-hydroxypyrimidine, 283 

action of phosphoryl chloride, (165) 
hydrolysis, 233 
iodination, (171) 

S-Benzylthiourea 
use in synthesis, 103 

2-Benzy1- I ,3,5-triazine 
description of a pyrimidine as, 92 

5-BenzyI-2,4,6-tfibromopyrimidine, 167 
5-BenzyI-2,4,6-trichoropyrimidine 

5-Benzyl-2.4,6-trihydroxypyrimidine, 

action of phosphoryl bromide, 167 
Benzyitrimethylarnmonium hydroxide 

use as condensation catalyst, 33 
I-Benzylureil, 362, 369 

halogenation. 370 
methylation, 369 
structure, (369) 

pyrimidine, 17 1 

amination. 193 

124 
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310, 420 
2,4-Bisethylsulphonylpyrimidine, 299 

2,4-Bisethylthio-5methylpyrirnidine, 

2,4-Bisethylthiopyrimidine, 205 
4,5-Bisformamido-2 -methoxy- 

pyrimidine, 326 
4.6-Bisfurfurylamino-5-nitro- 

pyrimidine, 196 
5-Bis@-hydroxyethyl)amino-2,4- 

dihydroxypyrimidine 

1,2-Bis(4hydroxy-6-methyl- 

1,3-Bisisopropylamin0-2-methyl-2- 

hydrolysis to  uracil, 236 

205 

to  5-bischloroethyl analogue. 178 

pyrimidin-2-y1thio)ethane. 46 

nitropropane 
condensation with aldehydes, 453 

2,4Bismethylamino-5-nitro- 
pyrimidine, 194, 195, 255, 285, 

7 309 
4,6-Bismethylamino-5-nitropyrimidine, 

2,4-Bismethylaminopyimidine, 198, 

4,5-Bismethylaminopyrimidine, 107, 

4,6-Bisrnethylaminopyrirnidine, 191 
NN’-Bisphenylcarbamoylformamidine 

in the Whitehead synthesis, 64 
2-Bis@iperidinomethyl)methyl-4- 

196, 255 

290 

308, 314 

hydroxy-6-methylpyrimidine. 
132 

hydroxy-6-p1peridinomethyl- 
pyrimidine, 132 

177 

2-Bis@iperidinomethyl)methyl-4- 

4,6-Bistribromomethylpyrirnidine. 130, 

to dicarboxy analogue, 2 16, 393 

effect on cyclizations, 334 

reaction with ethyl acetoacetate, 441 

Bistrimethylsilylarnine 

aa-Bisureidotoluene, 441 

Blicke, 366 
Bowman, 259 
Bradbury, 448 
Bredereck, H., 92, 116, 119, 210 
Bromination 

of uracik, barbituric acid, elc., 19 
see also : “Halogenation” 
witb dibromobarbituric acid, 213 

$-Bromoaniline, 2 I3  

3-Benzyluracil, 362 
structure, (369) 

Bergel, F., 326 
Bicyclouracil, 181 
Biginelli reaction, 440f 

mechanism, 441 
2,4-Bisacetamido-6-hydroxy- 

pyrimidine, 324 
4,6-Bisacetamido-2-methylpyrimidine, 

324 
4,6-Bisacetamidopyrimidine, 324 
Bis-(4-amin0-2-methylpyrimidin-5- 

ylmethyl)amine, (410) 
4.5-Bisbenzamidopyrimidine, 327 
2,4Bisbenzenesulphonylhydrazino- 

pyrimidine, 187, 200 
pyrimidine from, 117, 187 

1,3-Bisbenzylaminopropane 
condensation with aldehydes, 453 

1,3-Bisbutylaminopropane 
use in hydropyrimidine synthesis, 44 

4.6-Bisbutylarninopyrimidine 
methylation, (379) 

2,4-Biscarboxymethylthiopyrimidine, 

Biscaro, 422 
5-Bis@-chloroethyI)amino-2.4- 

dihydroxypyrimidine, 178 
4,6-Biscyclohexylamino-5-nitro- 

pyrimidine, 196 
4.5-Bis-aa-dichloropropionamido- 

pyrimidine, 328 
Bis-2,4-dihydroxypyrirnidin-5-y1 

disulphide, 276, 277 

2,4-Bisdimethylamino-6-methyl-5- 
nitropyrimidine, 194, 195 

2,4-Bisdirnethylamino-6-methyl- 
pyrimidine, 190 

4,6-Bisdimethylamino-2-methyl- 
pyrimidine, 191 

4-Bisw-dimethylaminophenyl) methyl- 
2,6-dihydroxy-5-methylpyrim- 
idine, 415 

4,6-Bisdimethylaminopyrimid:ne, 191 
4,6-Bis-p-dimethyIaminostyryl-Z- 

11 ydrox ypyrimidine, 126 
2,4-Bisethoxycarbonylmethylamino-5- 

nitropyimidine. 195 
4,6-Bisethoxycarbonylmethylamino-5- 

nitropyrimidine, 196 
2,4-Bisethylamina-5-nitropyrimidine, 

284 

reduction, 276 
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2-p-Bromoanilino-4.6dimethylpyrim- 

5-Bromo-2-~-bromoanilino-4,6-dimethyl- 

5-Bromo-4-p-bromoanilino-2,6-dimethyl- 

4-Bromo-5-bromometttyl-6-chloro-2- 

idine, 178 

pyrimidine, 178 

pyrimidine, (178) 

methylpyrimidine. 131, 167, 177 
action of alkoxide, 202, 214 

5-Bromo-4-carbamoyl-2-methyl- 
pyrimidine, (394) 

dehydration, 400 
Hofmann reaction on, 310 

pyrimidine, (394) 
5-Bromo-4-carbamoyl-2-methyl~hio- 

5-Bromo-2-carbamoylpyrimidine. 396 

5-Bromo-2-a- (carboxyamyl) 

5-Bromo-2-(5-carboxyamylamino)- 

debromination, 2 1 1 

hyclrazinopyrimidine, 333 

pyrimidine 
action of thiourea, 212, 293 

5-Bromo-4-carboxy-2,6-dihydroxy- 
pyrimidine, 424 

5-Bromo-4-carboxy-6-hydroxy- 
pyrimidine, 171 

5-Bromo-4-carboxy-2-methyl- 
pyrimidine 

amination, 2 1 1 
resistance to oxidation, 127 
t o  acid chloride, (394) 

5-Bromo-4-carboxy-2-me thylthio- 
pyrimidine. 35, 175 

212, 279 

idine, 35, 175, 390 

dehalogenation and desulphurization, 

5-Bromo-4-carboxy-2-methylpyrim- 

esterification, (394) 

idine, (390) 
5-Bromo-4-carboxy-2-methylthiopyrim- 

to amide via acid chloride, (394) 

pyrimidine, 35, 175, 390 
5-Bromo-4-carboxy-2-phenyl- 

amination, 21 1 
5-Bromo-2-carboxypyrimidine. 128, 130. 

216, 393 
debromination, 130 
decarboxylation, 130, 393 
esterification, (394) 

pyrimidine 
5-Bromo-4-c hlorocarbonyl-2-methyl- 

amination to  amide, (394) 

5-Bromo-5-chloro-4,5-dihydro-2,4,6- 
trihydroxypyrimidine, 173 

5-Bromo-4-chloro-2.6-dimethoxy- 
pyrimidine, (171) 

5-Bromo-4chloro-2-ethylsulphonyl- 
pyrimidine, 299 

5-Bromo-4-chloro-2-ethylthio- 
pyrimidine 

action of thiocyanate, (208) 
amination, 199 
oxidation, 299 

5-Bromo-4-chloro-2-rne thyltho- 

5-Bromo-4-chloro-2-phenylpyri~idine 

5-Bromo-4-cyano-2-methylpyrimidine, 
400 

5-Bromocytidine 
amination, 2 1 1 

5-Bromodeoxyuridine 
to 5-hydroxy analogue, 238 

5-Bromo-2,4-dichloro-6-methylpyrim- 

pyrimidine, 165 

attempted dehalogenation, 12 1 

idine, 164 
dehalogenation, 121, 183, 21 1 

1 -Bronio- 1.3-dichloro-2-propene 
use in syntheses, 34, 167 

J-Bromo-2,4-dichloropyriniidine, 164, 
165 

pyrimidine from, 116, 21 1 
5-Bromo-4,6-dichloropyrimidine, 164 
4-Bromo-2,6-diethoxypyrimidine, 202 
5-Bromo-2,4-diethoxypyrimidine, 247 

formation of a Grignard. 393 
formation of a lithium derivative, 393 

5-Bromo- I ,3-diethyl- I ,2,3,4-tetrahydro- 
2,4-dioxopyrimidiue, (1 70) 

5-Bromo-4,5-dihydro9,6-dihydroxy- 
pyrimidine, 457 

dehydrobromination, (457) 
reaction with aniline, 457 
reaction with thiocyanate, 457 

5-Bromo-4,5-dihydro-2,4,6-trihydroxy-5- 
methylpyrimidine, 173, 259, 442 

action of silver carbonate, 442 

dehydrobromination conditions, 455 
5-Bromo-5.6-dihydrouracils 

5-Bromo-2,4-dihydroxyd-me thyl- 
pyrimidine 

action of phosphoryl chloride, (164) 
amination, 210 

(I70), 173 
5-Bromo-2,4-dihydroxypyrimidine, 
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action of phosphoryl chloride etc., 
(1641, (165) 

amination, 210, 314 
chlorination, 173 
hydrolysis, 14, 212, (238) 

5-Bromo-4,6-dihydroxypyrimidine, 169 
action of phosphoxyl chloride, (164) 
ring opening by piperidine etc., (21 1) 

5-Bromo-2,4dimethoxy-6-methylarnino- 

5-Bromo-2,4-dimethoxypyrimidine 
action of butyl-lithium, 2 13, 393 

2-Bromo-4-dimethylamino-6-methyl- 

p-Bromo-NN-dimethylailine, 2 13 
5-Bromo-2,6dimethyI-4-thioureido- 

5-Bromo-3,6-dimethyluracil, I7 1 
5-Bromo-4-ethoxycarbonyI-2-methyl- 

5-Brom0-2-ethoxy-4.6-dimethyl- 

5-Bromo-4ethoxy-2-ethylsulphonyl- 

pyrimidine, (1 7 I )  

pyrimidine, 190 

pyimidine. 340 

pyrimidine, 394 

pyrimidine, 17 1 

pyrimidine, 299 
action of alkoxide, (247) 
alkaline hydrolysis of 2-group, 236 

5-Bromo-4-ethoxy-2-ethyIthio- 
pyrimidine 

oxidation, (299) 
5-Bromo-4-ethoxy-2-hydroxypyr1midine, 

5-Bromo- 1-ethylbarbituric acid 

4-Bromo-2-ethyl-6-hydroxypyrimidine. 

236 

to  chloro analogue, 176 

167, 204 
amination, 197 

5-Bromo-2-ethyl thio-4-hydroxy- 
pyrimidine, 171 

alkylation. 370 
amination, 290 
amination failure, 210 

5-Bromo-2-ethylthio-4-isothiocyana to- 

5-Bromo-2-e th ylthio-4-mercapto- 

5-Bromo-Z-ethyIthiopyrimidine, 1 70 
5-Bromo-2-ethylthio-4-thiocyanato- 

pyrimidine, 208 

pyrimidine, 275 

pyrimidine, 208 
action of thioacids. (275) 

5-Bromo-4-hydrazinopyrimidine, 200 
5-Brom0-2-hydroxy-4.6-dimethyl- 

pyrimidine, 169 

5-Brom0-4-hydroxy-2.6-dimethyl- 
pyrimidine, 169, 232 

5-Bromo-4-hydrox y-2-mercapto-6- 
methylpyrimidine, 274 

5-Bromo-4-hydroxy-2-mercapto- 
pyrimidine, 274 

5-Bromo-4-hydroxy-2-methylthio- 
pyrimidine, 17 1 

action of phosphoryl chloride, (165) 

debromination, 2 12 
5-Bromo-4-hydroxypyrimidine, 169 

5-(2-Bromoisobutyl)-4-chloro-2-methyl- 
pyrimidine, I78 

5-Bromo-2-methoxycarbonyl- 
pyrimidine, 394 

to  amide. (396) 
5-Bromo-5-methylbarbituric acid 

amination, 2 13 
formation of a hydantoin, 213 
ready removal of bromine, 2 13 

pyrimidine, 131, 177 
5-Bromometbyl-4.6-dichloro-2-methyl- 

action of alkoxide, 202. 214 
action of silver acetate, 2 15, 253 

5-Bromomethyl-2,4-diethyl-6-hydroxy- 
pyrimidine, (232) 

5-Bromomethyl-2.4-dihydroxy- 
pyrimidine, (178) 

5-Bromo-2-methylpyrimidine 

5-Bromo-2-methylthiopyrimidine. 1 70 

5-Bromomethyl-2,4,6-trichloropyrim- 

5-Bromo-I-methylnracrl 
amination, 210 

5-Bromo-3-methyluracil 
amination, 2 10 

Bromomucic acid 
use in syntheses. 35, 390 

5-Brorno-5-nitrobarh1turic acid 
action of pyridine, 2 14 

B-Bromopropion yl isocyanate 
reaction with amines, 436 

N-B-Bromopropionyl-N’-phenylurea, 436 
cyclization, 436 
dehydrobromination, 436 

styrylation, 125 

pyrimidine from 11 7, 2 12, 279 

idine, 131, 177 

3-Brornopyridine, 1 18 
5-Bromopyrimidine, 130, 168, (393) 

ammation, 13 
reaction with sodium ethyl 

mercaptide, 2 10, 288 
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reaction with sodium methoxide, 14, 
2 10. 247 

5-Bromopyrirnidines, l68f 

2-, 4-, and 6-Bromopyrimidines, 1671 
5-Bromo-2-styrylpyrimidine, 125 

N-Bromosuccinimide 

5-Bromo-I ,2,3,4-tetrahydro- 1,3- 

reactions, 210f 

oxidation, 128 

useof, 131, 171, 177 

dimethyI-2,4-dioxopyrimidine 
debromination, 2 I I 
hydrolysis, 2 12, 238 

5-Bromo- I ,2,3,4-tetrahydro-l,3-dimethyl- 
6-methylamino-2,4-dioxo- 
pyrimidine 

amination, 210 
dehalogenation, 212 
to  5-chloro analogue. 176 

5-Bromo- 1.2,3,4-tetrahydro-6-hydroxy- 
I ,  3-dimethyl-2.4-dioxo- 
pyrimidine 

from chloro analogue, 171 
5-Bromo-2-tribromomethylpyrimidine, 

130, 177 

392 

169, 213 

reaction with silver nitrate, 130, 216, 

5-Bromo-2,4,6-trihydroxypyr?imidine, 19, 

action of bromine, 172 
action of thiourea, 212. 292 
conversion into cNoro analogue, 172 
supposed formation of thiazolo[4,5-d]- 

pyrimidines, 2 13 
5-Bromouracil, 6 
5-Bromouridine 

amination, 2 1 1 
t o  5-hydroxyuridine, 212, 238 

Brown, 2 
Brugnatelli, 1, 260 
Buchanan, 424 
Bunsen, 96 
4-Bu toxy-2-cyano-6-methyl- 

pyrimidine, 383 
5-Bu toxymethyl-2,4-dihydroxy- 

pyrimidine, 248 
4-Butoxy-6-methylpyrimidine 

formation of N-oxide, 382 
4-Butoxy-6-methylpyrimidine-N-oxide, 

382 
Reissert reaction, (383) 

2-Butoxy-5-nitropyrimidine, 202 

1-Butylamino-3-( N-bu ty1formamido)- 
propane 

fusion with sulphur, 447 
4-Butylamino-6-butyIimino-1,6(3,6)- 

dihydro- 1 (3)-methyl- 
pyrimidine, 379 

4-Butylamino-2-hydroxy-5-nitro- 
pyrimidine. 139 

4-But ylamino-2-h ydroxypyrirnidine 

2-Butylamino-4-methylpyrimidine, 35 
4-Butylamino- 1,2,3,6-tetrahydro- 1,3- 

dimethyl-2,6-dioxopyrimidine, 
198 

trimethyl-2,6-dioxopyrimidine, 
198 

2-Butyl-4-chloro-6-methylpyrimidine 

1 -Butyl-ti-cyano- 1.2-di hydro-6-b ydroxy- 

3-Butyl-5-cyano-2,3-dihydro-4-hydroxy- 

2-Butyl-4,6-dichloro-5-nitro- 

nitration, 139 

4-Butylamino- 1.2,3,6-tetrahydro-I ,3,5- 

dechlorination, 121 

4-methyi-2-thiopyrimidine. 45 

6-methyl-Z-thiopyrimidine, 66 

pyrimidine 
amination, 195 

pyrimidine 
5-Butyl-2,4-dil~ydroxy-6-methyl- 

alkylation, (362) 
5-Butyl-4,6-dihydroxy-2-methyl- 

pyrimidine. 56 
2-Butyl-4,6-dihydroxy-5-nitro- 

pyrimidine, 140 
2-Butyl-4,6-dihydroxypyrimidine, 98 

Butyl a?-dimethoxyacetoacetate, 46 

5-Butyl-2,4-dimethoxy-6-methyl- 

nitration, 140 

use, 246 

pyrimidine 
isomerizatian, 372 

4-Butyl-2-dimethylaminopyrimidine, 
123 

1 -Butyl-5-dimethylanino- 1,2,3,4- 
tetrahydro-3,6-dimethyl-2,4- 
dioxopyrimidine, 315 

turic acid, 54 

pyrimidine 

5-s-Butyl-%ethyl- I-methyl-2-thiobarbi- 

4-Butyl-6-hydroxy-2-mercapto- 

antithyrotoxicotic activity, 301 
4-t-Butyl-6-hydroxy-2-mercapto- 

pyrimidine 
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desulphurization, 279 
4-t-Butyl-6-hydroxypyrimidine. 279 
2-Butyl-4methylpyrimidine, 12 1, 123 
4-Butyl-6-methylpyrimidine, 94 
1 -Butyl- 1,2,3,4-tetr~~hydro-3.6-dimethyl- 

2,4-dioxopyrimidine, 361 
5-Butyl-l.2,3,4tetrahydro-l.3,6-tri- 

methyl-2,4dioxopyrimidine. 362 
2-Butylth~o-4-chloro-5-niethyl- 

pyrimidine, 165 
2-Butylthio-4-hydroxy-5-methyl- 

pyrimidine 
action of phosphorus pentachloride, 

(165) 
N-Butylthiourea 

5-s-Butyl-2,4,6-trichloropyrimidine 

5-s-Butyl-2,4,6-triethoxypyrimidine, 202 
5-Butyl-2.4,6-trihydroxypyrimidine, 56 
5-s-Butyl-2,4.6-trimethoxypyrimidine, 

202 
5-s-Bu tyl-2,4,6-tripropoxypyrimidine, 

202 
3-Butyluracil, 39 
Butyramide 

Butyramidine 

use in Principal Syntheses, 45, 66 

action of alkoxide, 202 

as degradation product, 132 

use in syntheses, 52, 56 

C 

Caldwell, 331, 423 
Calvin, 2 
Cannizzaro reaction, 244, 392 
Carbamoylacetamidine 

4-Carbamoyl-5-chloro-2-methyI- 
pyrimidine, (394) 

use in syntheses, 52. 101. 307, 398 

dehydration, 400 
Hofmann reaction, (310) 

anomalous reaction with hypochlorite, 
4-Carbamoyl-3-cpano-6-methylpyridine 

109 
Carbamoyl dihydrogen phosphate 

in pyrimidine biosynthesis, 424 
5-Carbamoyl-4,6-dihydroxy-2-methyl- 

action of phosphoryl chloride, 165, 

4Carbamoyl-2,6-dihydroxypyrimidine, 

pyrimidine, 12, 399 

400 

130, 398, 400 

hydrolysis, (391) 
4-Carbamoy1-2,6-dimethoxypyrimidine, 

2-Carbamoyl-4,6-dimethylpyrimidine, 398 
4-Carbamoyl-2.6-dimethylpyrimidine, 399 

to hydrazide directly, (397) 
5-Carbamoyl-2,4-dimethylpyrimidine, 396 

Hofmann reaction, 314, 336 
2-Carbamoyl-4-ethoxy-6-methyl- 

5-Carbamoyl-2-ethyl-4-rnethyl- 

Hofmann reaction, 314, (336) 

Hofmann reaction, 3 17 

Hofmann reaction, 3 17 

398 

pyrimidine, 399 

pyrimidine 

2-B-Carbamoylethylpymidine, 396 

4~-Carbamoylethy~pyriimidine, 396 

5-Carbarnoyl-4-h ydroxy-6-methyl-2- 

2-Carbamoyl-4-hydroxy-6-methyl- 
piperidinopyrirnidine, 399 

pyrimidine, 237 
dehydration, 400 

2-Carbamoyl-4-methoxy-6-me thyl- 
pyrimidine, 399 

2-Carbamoyimethyl-4.6-die thoxy- 
pyrimidine, 396 

2-Carbamoylmethyl-4,6-dihydroxy- 
pyrimidine, 52, 98, 398 

5-Carbamoylmethyl-2,4-dihydroxy- 

5-Carbamoylmethyl-2,4,6-trihydroxy- 

action of phosphoryl chloride, 400 

pyrimidine, 396 

pyrimidine 
hydrolysis, (391) 

6-Carbamoyt- I-methyluracil, 130, (370), 
400 

hydrolysis, (370) 

use in synthesis, 153 

dehydration, 400 

a-Carbamoyl-a-phenylazoacetamidine 

2-Carbamoylpyrimidine, (2 1 1) 

4-Carbamoylpyrimidine, 396 
5-Carbamoylpyrimidine, (394). 396, 397 
Carbamoylpyrimidines 

degradation to aminopyrimidines, 
314f, 317/ 

dehydration, 400 
direct formation from alkylpyrim- 

from esters, 396/ 
from nitriles, 398f 
from primary syntheses, 398 

idines, 130, 399f 
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from unusual routes, 399 
hydrolysis, 391 

4-Carbamoyl-l.2,3,6-tetrahydro-l,3- 
dimethyl-2,6-dioxopyrimidine, 
130, 398, 400 

pyrimidine 
5-Carbamoyl-2,4,6-trihydroxy- 

nitration to  5-nitrobarbituric acid, 140 

unique preparation, (2 10) 

use in syntheses, 99 

use in syntheses, 99 

Carbon 

Carbon bisulphide 

Carbon oxysulphide 

N-@-Carboxyacryloylurea, 432 
2-a-(Carboxyamyl)hydrazino-5-chtoro- 

pyrimidine, 333 
2-Carboxyamylamino-5-h ydroxy- 

pyrimidine, 238, 333 
2-Carboxyamylamino-5-(5-nitropyrirn- 

idin-2-yl)sulphonylpyrimidine, 
294 

idin-2-y1)thiopyrimidine. 293 
2-Carboxyamylamino-5- (5-nitropyrim- 

oxidation, 294 
5-(2-Carboxy-5-chloroanilino)-2- 

methoxypyrimidine, 3 16 
4-Carboxy-5-cNoro-2,6-dihydroxy- 

pyrimidine, (171) 
4-Carboxy-5-chloro-2-methylpyrimidine, 

175 
esterification, (394) 
to  acid chloride. (394) 

4Carboxy-5-chEoro-2-phenyl- 
pyrimidine, 175 

amination, 2 1 1 
4-Carboxy-2,6-dichloropyriinidine, 424 
5-Carboxy-2,Cdichloropyrimidine. 165 
4-Carboxy-2,6-diethoxypyrimidine, 393 

action of methyl-lithium, 395, 417 
4-Carboxy-4,5-dihydro-2 ,&dihydroxy- 

pyrimidine. 424, 444 
failure to  prepare directly, 432 
in pyrimidine biosynthesis, 424 

5-Carboxy- 1,8dihydro- 1 -methyl-Z- 

4-Carboxy-2.6-dihydroxy-5-hydroxy- 
methylthio-6-oxopyrimidine, 391 

methylpyrimidine. (as lactone), 
244 

pyrimidine 
4-Carboxy-2.6-dihydroxy-5-methyl- 

formation via an hydantion. 104 

4-Carboxy-2,6-dihydroxy-5-nitro- 
pyrimidine, 129, 141, 424 

esterification, (394) 

claim t o  be orotic acid, 423 
4-Carboxy-2,5-dihydroxypyrimidine 

4-Carboxy-2.6-dihydroxypyrimidine, 5 1 ,  
89, 390, 391, 392, 406, 4225 

alkylation, 370/ 
bromination, 424 
chlorination, 171 
esterification, (393) 
history, 422 
in biosynthesis of pyrimidines, 424 
mechanism of synthesis, 104,423 
nitration, 424 
oxidation, 422 
reaction with formaldehyde, 244 
reaction with phosphorus pentachlo- 

reduction, 444 
ride, 424 

5-Carboxy-2,4-dihydroxypyrimidine, 

action of phosphoryl chloride etc. 

halogenation, 173 

235, 392, 41 1, 422 

(165) 

4-Carboxy-2,6-dirnethoxypyrimidine, 

5-Carboxy-2,4-dimethoxypyrimidine, 

2-Carboxy-4,6-dimethyIpyrimidine. 

39 1 

213, 393 

127, 391 
decarboxylation, 120, 127 

4-Carboxy-2,6-dimethylpyrimidine, 391 
6-Carboxy-3-ethy1-5-nitrouracil. 129 
Z-&Carboxyerhylpyrimidine, 126 

4-Carboxy-2-ethylthio-6-hydroxy-5- 
esterification, 394 

methylpyrimidine 
amination, 291 

5-Carboxy-2-ethylthio-4-hydroxy- 
pyrimidine 

to acid chloride, (394) 
5-Carboxy-2-ethylthiopyrimidine, 391 
4-Carboxy-5-fluoro-2.6-dihydroxy- 

4-Carboxy-6-hydroxy-2-mercapto- 
pyrimidine, 175 

pyrimidine, 392 
alkylations, 283 
esterification, (393) 

5-Carboxy-4hydroxy-2-mercapto- 
pyrimidine, 391 

S-alkylation , (282) 
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esterification, (394) 

decarboxylation, 127 
4-Carboxy-5-methylpyrimidine, 127 

4-Carboxy-6-methylpyidine, 127 
2-Carboxymethylthio-4,6-dihydroxy- 

pyrimidme, 283 
2-Carboxymethylthio-4,6-dimethyl- 

pyrimidine, 283 
2-Carboxymethylthio-5-ethoxy- 

pyrimidine, 284 
2-Carboxymethylthio-4-hydroxy-6- 

propylpyrimidine. 283 
2-Carboxyme thy1 thio-4-methyl- 

pyrimidine, 283 
2-Carboxymethyltho-4-piperidino- 

pyrimidine 
amination, (289) 

4-Carboxy-2-methylthiopyimidine. 2 12 
2-Carboxymethylthiopyrimidine, 283 

pyrimidine from. 117, 279 
Carboxymethylthiopyrimidines 

formation and isolation, 283 
use in converting mercapto- into 

hydroxy-pyrimidines, 16, 233 
S-Carboxymethylthiourea 

use in synthesis, 283 
5-Carboxymethyl-2,4,6-trihydroxy- 

pyrimidine, 391 
5-Carboxy-3-methyluraci1, 23 1 

decarboxylation, (357), 393 
6-Carboxy-1 -methyluraciI, 370 

methylation, 371 
6-Carboxy-3-methyluracil, 47, 370 

decarboxylation, 370, 393 
methylation, 370 

I-Carboxymethyluracil, 257 
6-Carboxy-3-phenyl-2-thiouraci1, 90, 

5-Carboxy-3-phenyluraciI. 83, 235 
6-Carboxy-3-phenyluracil 

decarboxylation, 393 
2-Carboxypyrimidine, 128, 130 

U.V. spectrum (Fig.3), 480 
+Carboxypyrimidine, 126, 212, 279 

acid chloride formation, (394) 
decarboxylation, I IS, 127 
esterification, (393) 
U.V. spectrum [Fig. 3), 480 

5-Carboxypyrimidine, 105. 187 
esterification, (393) 
to  acid chloride, 394 
U.V. spectrum (Fig.3), 480 

(273) 

4-Carboxy-6-h ydroxy-5-methyl-2- 

4Carboxy-6-h ydroxy-5-methyl-2- 
methylaminopyrimidine, 29 I 

phenylpyrimidine 
to  acid chloride, 394 

4-Carboxy-6-hydroxy-2-methylthio- 
pyrimidine, 283, (392) 

5-Carboxy-4-hydroxy-2-methyMio- 
pyrimidine, 282 

2-Carboxy-4-hydroxypyrimidine, 129 
4-Carboxy-6-hydroxyyrimidine, 244, 

391, 392 
bromination, (I 71) 

5-Carboxy-4-hydroxypyrimidine, 187. 

5-Carboxymethyl-4-chloro-2-ethylthio- 
2 79 

6-methylpyrimidine, 
amination, 199 

pyrimidine 
5-Carboxymethyl-4-chloro-2-ethylthio- 

action of thiocyanate, (208) 
1 -Carboxymethyl- 1.4-&hydro-2-mer- 

capto-4,4,6-tnmethylpyrimidine, 
43 7 

3-Carboxymethyl-5,6-dihydro-6-phenyl- 
uracil, (458) 

4-Carboxymethy1-2.6-dihydroxy- 
pyrimidine, 51, 390 

oxidation to orotic acid, 423 
5-Carboxy-4-methyl-2,6-diphenyl- 

pyrimidine 
decarboxylation, 120 

ring expansion, 104, 423 

pyrimidine, 391 

hydroxy-6-methyl pyrimidine 
hydrolysis to  2.4-dihydroxy analogue, 

234 
5-Carboxymethyl-2-ethylthio-4-thio- 

cyanatopyrimidine. 208 
5-Carboxymethylhydantion, 423, 435 

dehydrogenation, 423 
in pyrimidine biosynthesis, 424 

4-Carboxymethyl-2-hydroxy-6-methyl- 
5-nitropyrimidine, 209 

4-Carbory-6-methyl-Z-phenyl- 
pyrimidine, 127 

5-Carboxy-4-methy1-2-phenyl- 
pyrimidine, 392, 417 

2-Carboxy-5-methylpyrimidine. 128 

5-Carboxymethylenehydantoin, 104, 423 

4-Carboxymethyl-2-ethoxy-6-hydroxy- 

2-a-Carboxy-a-methylethyIrhio-4- 
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Carboxypyrimidines, 3895 
acid chlorides from, 394f 
decarboxylation, 116, 393 
esterification, 393f 
formation by hydrolysis of derivatives, 

formation by oxidation, 21, 391f 
formation by primary syntheses, 

formation from trihalogeno-methyl 

formation in other ways, 2921 
ionization, 466, 467 

4-Carboxy-l,2,3,6-tetrahydro-l,3- 

390f 

389f 

derivatives, 216 

dime thyl-2,6-dioxopyrimidine, 
370f 

5-Carboxy-2.4,6-triphenylpyrimidine, 
39 1 

decarboxylation, 120 
5-~-Carboxyvinyl-4-hydroxy-6-metbyl- 

2-@-CarboxyvinyIpyrimidine, 126 

Carrington, 251, 284, 379 
Cavallini, 432 
Chargaff and Davidson, (book), 256 
Chesney, 301 
Chesterfield, 259 
Chi, Yuoh-fong, 236 
Chloral 

2-piperidinopyrimidine, 415 

reduction, 126 

attack a t  5-position, 449 
attack at primary amino group, 409 
reaction with rnethylpyrimidines, 

126, 409 
Chlorination 

by phosphorus pentachloride, 16, 
165f 

Chloroacetic acid 
use in converting mercapto- into 

use as S-alkylating agent, 283 
4-Chloroamino-2-ethylsulphonyl-5- 

Chloroaminopyrimidines, 343 
4-p-Chloroanilino-5-ethyl-6-hydroxy-2- 

methylpyrimidine, I97 
4-Chloro-2.6-bisdimethylamino- 

pyrimidine, 193 
4-Chloro-2,6-bismethylamino- 

pyrimidine, (191) 
1-CJdoro- 1 -buten-3-one 

hydroxy-pyrimidines, 233f 

methylpyrimidine( ?), 299, 343 

use, 94 

4-Ch lorocarbonylpynmidine, (394) 
to the ester, (394) 

5-Chlorocarbonylpyrimidine, (394) 
to amide, (394), 397 

4-Chloro-5-chIorocarbonyl-2-ethylthio- 
pyrimidine, 394 

4-Chloro-6-chlorocarbonyl-5-methyl-2- 
phenylpyrimidine, 394 

5-Chlorcl-4-chIorocarbonyl-2-methyl- 
pyrimidine. (394) 

to  amide. (394) 
2-Chtoro-4-fi-chloroethylamino-6- 

me thoxycarbonyl->nitro- 
pyrimidine, 181, I94 

5-Chloro-4-chloromethyl-2,6-&hydroxy- 
pyrimidine, 173, 181 

4-Chloro-5-chloromethyl-2-methyl- 
pyrimidine, 178 

2-Chloro-5-chlorosulphonyl- 
pyrimidine, 296 

5-Chloro-2-chlorosulphonylpynrnidine 
295 

amination, 297 

use, 89 
N-b-Chlorocrotonoyl-N'-phenylurea 

4-Chloro-5-cyano-2-dimethylamino- 

2-Chloro-3-cyano-5.6-diphenylpyrazine 

4-Chloro-5-cyano-6-ethoxy-2-methyl- 
pyrimidine, 203 

4-Chloro-5-cyano-2-ethylthio- 
pyrimidine 

reduction, (316) 

pyrimidine, 164 

use to  make a pteridine, 109 

4-Chlom-5-cyano-6-methoxy-2-methyl- 

4-Chloro-5-cyano-6-meshyl-2-piperidino- 

4-Chloro-2-cyano-6-methyl- 

5-Chloro-4-cyan0-2-methylpyrimidine, 

2-Chloro-4diethoxycarbonylmethyl-6- 

4-Chloro-6-diethoxycarbonylmethyl-2- 

pyrimidine, 203 

pyrimidine, 404 

pyrimidine, 400 

4 0  

methyl-5-nitropyrimidine. 209 

methyl-5-nitropyrimidine, 209 

4-Chloro-2,6-diethoxypyrimidine, 202 
hydrolysis etc., 209 

amination, 197 
dechlorination, 185 

2-Chloro-4-~-diethylaminoethylamino- 
6-methylpyrimidine 
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5-Chloro-2,4-dimethoxypyrimidine, 

&Chloro-a$-dimethylacrolein 

4-Chloro-2-dimethylamino-6-methyl- 
aminopyrimidine, 193 

2-Chloro-4-dimethylamino-6-methyl-5- 
nitropyrimidine, 194 

4-Chloro-2-dimethylamino-6-methyl- 
pyrimidine 

dechlorination, 186 

203 

reaction with formamide, 93 

2-Chloro-4-dimethylamin0-5-nitro- 

4-Chloro-2-dimethylamino-5-nitro- 
pyrimidine, 194 

pyrimidine, 164 
action of alkoxide. (203) 
dechlorination and reduction, 186 

4-Chloro-6-dime thylamino-5-nitro- 

2-Chloro-4-dimethylaminopyrimidine, 

4-Chloro-2-dimethylaminopyrimidine 

CChloro-6-dimethylaminopyrimidine 

pyrimidrne, 195 

190 

dechlorination, 186 

191 
action of alkoxide. (232) 
amination, 191 

4-Chloro-6-p-dimethylaminostyryt- 

4-Chloro-1,2-dimethyl-6-rnethylthio- 
pyrimidine, 164 

pyrimidinium iodide 
amination, 198 

action of alkoxides, 201 
amination, 182, 188, (200) 
reaction with sodio benzyl methyl 

ketone, etc., 209 
reaction with sodium cyanamide, 

340 
reaction with trimethylamine, 345 
to  mercapto analogue, 206 

amination, 188 
dechlorination, 121 
reaction with alkoxides, 201 
reaction with sodium bisulphite, 207, 

to mercapto analogue, (206) 
4-Chloro-5,6-dimethylpyrimidine 

amination, (188) 
4-Chloro-2,6-diphenyl-5-propyl- 

2-Chloro-4,6-dimethylpyrimidine, 163 

4-Chloro-2.6-dimethylpyrimidine 

(295) 

pyrimidine 

action of thiophenols, 205 
4-ChIoro-3,6-dihydro-2,3-dimethyl-6- 

phenyliminopyrimidine, (379) 
amination and rearrangement, 379 

dimethylpyrimidine, 378 
2-Chloro- 1,4-dihydro-4-imino- 1.6- 

dechlorination, 184, (378) 
bchloro- I ,2-dihydro-2-imino- 1,6- 

dimethylpyrimidine, 379 
hydrolysis, 374 

4-Chloro-l,6-dihydro-6-imino-1,2- 
dimethylpyrimidine, 378 

dechlorination, 184 
4-Chloro-3,6-dihydro-6-imino-2,3- 

dimethylpyrimidine, 378 

205 
action of sodium methyl mercaptide, 

dechlorination, (378) 

pyrimidine, 378 
2-Chloro-1 ,bdihydr0-4-imino- 1-methyl- 

dechlorination, 378 
4-ChlOrO- 1.2-dihydro- 1-methyl-2-0x0- 

pyrimidine, 370, 376 
amination, (198). 370 

4-chlOrO- 1.6-dihydro- l-methyld-oxo- 
pyrimidine, 247, 369 

4Chloro-3,6-dihydro-3-methyl-6- 
amination, 369 

phenyliminopyrimidine, 31 2, 379 
amination. 3 12 

5-Chloro-4,5-dihydro-2,4,6-tnbydroxy- 
5-methylpyrimidine, 173 

5-Chloro-4,5-dihydro-2,4.6-trihydroxy- 
5-nitropyrimidme, 173 

4-ChIoro-2.6-dihydroxypyrimidine 
amination, 197 

5-Chloro-2,4-dihydroxypy~imidine, I 70 
action of phosphoryl chloride, 164 
bromination, 173 

5-Chloro-4,6-dihydroxypyrimi&ne, 169 
action of phosphoryl chloride, 164 

4-Chloro-2,6-dimethoxy-5-me thyl- 

4-Chloro-2.6-dimethoxypyrimidine, 202, 
pyrimidine, 202 

297 
bromination, 171 
chlorination by phosphorus penta- 

chloride, 166 
dechlorination, 185 
isomerization, 373 
reaction with sodium bisulphide, 

(207) 
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reaction with phenyl-lithium, 120 
2-Chloro-5-ethoxycarhnyf- 1.6-dihydro- 

action of sodium methoxide, (458) 
amination, (458) 

4-methyl-6-phenylpyrimidine. (458) 

-f-Chloro-5-ethoxycarbonyl-2,6-dimethyl- 
pyrimidine 

amination, 199 
4-Chloro-5-ethoxycarbonyl-2-e thylsul- 

4-Chloro-5-ethoxycarbonyl-2-e thylsul- 

4-Chloro-5-ethoxycarbonyl-2-ethykhio- 

phinylpyrimidine, 166 

phonylpyrimidine, 166, 299 

pyrimidine 
amination, 199, 291 
dechlorination, 185 
oxidation by chlorine, 166, (299) 
reaction with cyanate and thio- 

cyanate, 208, 418 
2-Chlor0-4-ethoxycarbonylmethylamino- 

5-nitropyrimidine, 194 
4-Chloro-5-ethoxycarbonylmethyl-2- 

methylpyrimidine 
amination and amide formation, 396 

l-Chloro-5-ethoxycarbonyl-2-methyl- 
pyrimidine 

hydrogenation, 451 
5-Chloro-4-ethoxycarbonyl-2-methyl- 

2-Chloro-5-ethoxycarbonyl- 

4-Chloro-5-ethoxycarbonyl-2-trifluoro- 

pyrimidinc, 394 

pyrimidine, 166 

methyl pyrimidine 
amination, 397 

5-Chloro-4-ethoxy-4,5-dihydro-2,6- 
dih ydrox y-5-methylpyrimidine, 
177 

4-Chloro-6-ethoxy-5-ethoxymethyl-2- 
methylpyrimidine, (2 14) 

4-Chloro-5-ethoxy-2-ethylthiopyrimidine 
action of thiocyanate, (208), 338 
dechlorination, 185 

4-Chloro-6-ethoxy-2-methylamino- 

4-Chloro-6-e thoxy-2-methyl-5-nitro- 

2-Chloro-4-ethoxy-6-methylpyrimidine 

4-Chloro-5-ethoxy-2-methylthio- 

pyrimidine, 197 

pyrimidine, 202 

amination, (200) 

pyrimidine 

207 
reaction with potassium bisulphide, 

4-Chloro-6-ethory-5-nitropyrimidine. 

2-Chloro-5-ethoxypyrimidine, 185 
5-Chloro-l-ethylharbituric acid, I76 
4-Chloro-3-ethyl-3.6-dihydr0-2-phenyl- 

4-Chloro-5-ethyl-2,6-dimethoxy- 

4-Chloro-5-ethyl-2,6-diphenylpyrimidine 
reaction with Grignard, 120 

4-Chloro-5-e thyl-2-ethylsulphonyl-6- 
methylpyrimidine, 299 

4-Chloro-5-ethyl-2-ethylthio-6-methyI- 
pyrimidine 

oxidation, (299) 

action of thiocyanate, (208) 

202 

pyrimidine, 439 

pyrimidine, 202 

4-Chloro-5-ethyl-2-ethylthiopyrimidine 

4-Chloro-6-ethyl-2-ethylthio- 
pyrimidine 

dechlorination, 185 
4-Chloro-5-e thyl-6-h ydroxy-2-me thyl- 

pyrimidine, 204 
amination, 197 

5-Chloroethyl-4-hydroxy-6-methyl- 
pyrimidine, 179 

hydrolysis, 2 15 

amination, (188) 

amination, (188) 

2-Chloro-4-ethylpyrimidine 

4-Chloro-6-ethyl pyrimidine 

4-Chloro-2-ethylsulphonyl-5,6-dimethyl- 
pyrimidine, 299 

4Chloro-2-ethylsulphonyl-5-methyl- 
pyrimidine, (236), 299 

amination. 199, 300 
hydrolysis, (236) 

hydrolysis, 236 
oxidation, 236 

4Chloro-2-ethylsuiphonylpyrimidine. 299 

4-Chloro-2-ethylthio-5,6-dimethyl- 
pyrimidine 

action of thiocyanate, (208) 
oxidation, (299) 

4Chloro-2-ethylthio-6-forrnyl- 
pyrimidine, 407 

amination, 199. 407 
to a hydrazone, (414) 

5-Chloro-2-ethylthio-4-hydroxy-6- 

to 2-mercapto analogue, 274 
5-Chloro-2-ethylthio4hydroxy- 

methylpyrimidine, 170 

pyrimidine 
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to  2-mercapto analogue, (274) 

amination, (199) 
4-Chloro-2-ethylthio-5-iodopyrkidine 

4-Chloro-2-ethylthio-5-methyI- 
pyrimidine 

action of sodium ethyl mercaptide. 205 
action of thiocyanate, (208) 
oxidation, (236), 299 

dechlorination, 185 
reaction with thiocyanate, (208) 
reaction with thiourea, (207) 

4-Chloro-2-ethylthio-6-phenyl- 

4-Chloro-2-ethylthio-5-phenyl- 

action of thiocyanate. (208) 

action of thiocyanate, (208) 
hydrolysis, 204 

amination, 198, 290 
dechlorination, I85 
“nitration” to nitrouracil. 141 
oxidation to a sulphone, 236, 299 
reaction with bisulphite, (207) 
reaction with thiocyanate, 208, 338, 

to 2-hydroxy analogue, (236) 
1 -Chloro-2-formylcyclopente.ne 

use, 93, 95 
4-Chloro-6-furforylamino-5-nitropyrim- 

4-Chloro-2-ethylthio-6-meth ylpyrimidine 

hydrazonomethylpyrimidine, 4 14 

pyrimidine 

4-Chloro-2-ethylthio-6-phenylpyrimidine 

4-Chloro-2-ethylthiopyrimidine, (346) 

42 1 

idine 
reduction, I44 

use, 94 
I-Chloro-I -hexen-3-one 

2-Chioro-4-hydrazino-5-methoxy- 

4-Chloro-6-hydrazinopyrimidine. 200 
5-Chloro-4hydrazinopyrimidine. 200 
4-Chloro-6-hydroxy-2,5-dimethyl- 

2-Chloro-4-B-hydroxyethylamino-6- 

2-Chloro-4-~-hydroxyethylamino-5- 

pyrimidine, 200 

pyrimidine, (204) 

methyl-5-nitropyrimidine, 245 

nitropyrimidine 
amination, (1955) 

4-Chl0ro-5-(2-hydr0xyi~0b~tyl)-2- 
methylpyrimidine 

to  5-brornoisobutyl analogne, (1 78) 
5-Chloro-4-hydroxy-2-isopropylthio-6- 

methylpyrimidine, 170 

5-ChIoro-4-hydrox y-2-mercapto-6- 

5-Chloro-4-hydroxy-2-mercaptopyr1m- 

5-Chloro-4-hydroxy-6-methyl-2-methyl- 

methylpyrimidine, 274 

idine, 274 

thiopyrimidine, 44, 177 

2-Chloro-4-hydroxy-6-methyl- 
pyrimidine, 204 

4-Chloro-2-hydroxy-5-methyl- 
pyrimidine, (236) 

4-Chloro-6-hydroxy-2-me thyl- 
pyrimidine, 204, 228 

to  2-mercapto analogue, (274) 

action of sodium bisulphide, (207) 
amination. 197 

5-Chloro-4-hydroxy-2-methylthio- 
pyrimidine. 40, 170 

to  2-mercapto analogue, 271 
4-Chloro-6-hydroxy-2-phenyl- 

pyrimidine, (204) 
4-Chloro-2-hydroxypy~imidine, (236) 

4-Chloro-6-hydroxypyrimidine, 204 
dechlorination, 185 

action of sodium bisulphide. (207) 
methylation, 247. 369 

5-Chloro-2-hydroxyisnidine, 229. 333 
action of phosphoryl chloride. 164 

5-Chloro-4-hydroxyimidine, 169 
2(4)-Chloro-4(2)-iodo-6-methylpyrim- 

2-Chloro-4-isothiacyanatopyrimidine, 
idine, 168 

341, 421 
action of amines, 341 

Chloromalondialdehyde 
use in syntheses, 33, 139, 174 

2-Chloro-4-mercapto-6-1nethyl-5-nitro- 

5-Chloro-2-mercaptopyrimidine, 207 
5-Chloro-4-mercaptopyrimidine, 207 
2-Chloro-3-methoxycarbonyI-5,6-di- 

2-Chloro-3-methoxycarbon ylpyrazine 

4-Chloro-6-methoxy-5-methoxymethyl- 

2-Chloro-4-methoxy-6-methyl- 

pyrimidine. 206 

phenylpyrazine, 109 

use in making pteridines, 109 

2-methylpyrimidine, 202, 214 

pyrimidine, 164. 167, (384) 
action of sodium methoxide, (384) 
amination. (200) 

4-Chloro-5-methoxy-2-methylthio- 

2-CNoro-4-methoxypyrimidine. 167, 20 I 
pyrimidine, 200 
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amination, 200 
dechlorination, 248 

amination, 200 

amination, (200) 

247, 369 

pyrimidine, 194 

2-Chloro-5-methoxypyimidine 

4-Chloro-5-methoxypyrimidine 

4-Chloro-6-methoxypyrimidine, 20 1, 

2-Chloro-4-methylamino-5-nitro- 

action of alkoxide, 203 
reaction with sodium bisulphide, 12, 

4-Chloro-6-methylamino-5-nitropyrim- 
206, 276 

idine, 145, 195 

Index 

4-Chtoro-6-methylaminopyrimidine, 191 

3-Chloro-2-me th yl-2-bu tenal 

5-Chloromethyl-2,4-diethyl-6-hydroxy- 

4-ChIoromethyl-2,6-dihydroxy-5-methyl- 

to  Cmethoxy analogue, 229, 232 

use, 94 

pyrimidine, 232 

pyrimidine 
action of silver acetate, 253 

5-CNoromethyl-2,4-dihydroxy-6-methyl- 
pyrimidine, 180 

action of silver acetate, 253 
4-Chloromethyl-2.6-dihydroxy-5- 

phenoxypyrimidine, 179 
t o  mercaptomethyl analogue, 2 15 

4-Chloromethyl-2.6-dihydroxy- 
pyrimidine 

hydrolysis, 214 
5-Chloromethyl-2.4-dih ydroxy- 

pyrimidine, 178, 2 14 
amination, 194 
reported direct preparation, 131, 177 
dehalogenation. 2 16 

displacement of 5-group by bromine. 
5-Chlorome thyl-3,6-dimethyluracil 

171 
1 -Chlorod-methyI- I -hexen-3-one 

4-Chloromethyl-6-hydroxy-2-m&hylthio- 
use, 94 

pyrimidine 
doubtful preparation, 177 

5-Chloromethyl-4-hydroxy-2-rnethylthio- 
pyrimidine 

hydrolysis, 214 

reaction with 6-methyluracil, 180 
Chloromethyl methyl ether 

4-ChloromethyI-6-methylpyrimidine, 384 

2-Chloro-4-methyl-6-methylthio-5- 
nitropyrimidine, (206) 

hydrogenation, 143 

pyrimidine 
action of alkoxide, (203) 
amination, (ZOO), 291 

4-Chloro-6-me th yl-2-methylthio- 

2-Chloro-4-methyl-6-nitroamino- 
pyrimidine, 141, 341 

4-Chloro-6-methyl-5-nitro-2-(2,2,2- 
trichloro-1 -hydroxyethylamino)- 
pyrimidine, (409) 

CChloro-5-me thyl-2-octylthiopyrimidine 

3-CNoro-2-me th yl-3-phenylpropenal 

2-Chloro-4-methyl-6-phenylpyrimidine 

4-Chloro-6-methyl-2-phenylpyrimidine 

amination, 198 

use, 95 

dechlorination, 121 

action of alkoxide, 248 
dechlorination, 12 1 

pyrimidine 
amination, 190 

4-Chloro-6-methyl-2-piperidino- 

2-Chloro-4-methylpyrirnidine. 163, 167, 
183 

amination, 182, 200 
reaction with sodium alkoxide, 201 
reaction with sodium bisulphite, (207), 

reaction with thiosemicarbazide, 341 
unsatisfactory dechlorination, 122 

amination, 188 

amination, 182, 188 
dechlorination, 12 1 

(295) 

2-Chloro-5-methylpyrimidine 

4-Chloro-Z-methylpyrimidine, 163 

4-Chloro-5-methylpyrimidine, 12 1, 163, 

4-Chloro-6-methylpyrimidine, 163 
action of hydriodic acid, 122 
amination, 182, 188, 200 
dechlorination, 12 1 
reaction with sodium alkoxides, 201 
reaction with sodium methyl 

mercaptide, 205 
t o  mercapto analogue, 206 

dechlorination, 185 

237 

4-Chloro-2-methylthiopyrimidine, 165 

4-Chloro-6-methyl-2-(2,2,2-trichloro- t - 
hydroxyethy1amino)pyimidine. 
(409) 
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use of en01 ether in synthesis, 180 
2-Chloro-4-phenylpyrim1dine, 167, 183 

amination, (200) 
dechlorination, 12 1 

amination, (200) 

amination, (188) 
dechlorination, 121 

4-Chloro-5-phenylpyrirnidine 
dechlorination, 12 I 
nuclear reduction, 450, 451 

dechlorination, 121 

dechlorination, 12 1, 2 11 

2-Chloro-5-phenylpyrimidine 

4-Chloro-2-phenylpyrimidine, 165 

4Chloro-6-phenylpyrimidine, 163 

5-Chloro-2-phenylpyrimidine, 33, 175 

2-pChloropheny1 thio-4-B-die thyl- 
aminoethylamino-6-methyl- 
pyrimidine, 205 

pyrimidine 
2-p-Chlorophenylt hio-4-h ydroxy- 

abnormal formation, 154 
2-ChIoro-4-phenylthioureido- 

pyrimidine, 341 
4-Chloro-6-piperidinopyrimidine, 191 
4-~-Chloropropyl-2,6-diethoxy- 

pyrimidine, 178 
5-,9-Chloropropyl-2.4-dihydroxy-6- 

methylpyrimidine, 181 
2-Chloro-4-2’-pyridylamino-5-nit ro- 

pyrimidine, 194 
2-Chloropyrimidine, 162, 165, 167, 183, 

199/, 32 1, 333 
amination, 182, 188, 193 
dechlorination, 116, 451 
nuclear reduction, 45 1 
pyrimidine from, I16 
reaction with alkoxides, 201f 
reaction with sodium bisulphite, 

to  mercapto analogue, 205, 206 

instability. 188 
reaction of alkoxides, 201f 
to  mercapto analogue, 206 

lack of known reactions, 210 

action of hydrogen iodide, 122, 168, 

decblorination, 1161 
from amino pyrimidines, 18, 167 

(207), 274, 295 

4-Chloropyrimidine, 162 

5-Chloropyrimidine, 184 

Chloropyrimidines 

204 

4-Chloro-6-morpholino-5-nitropyrim- 

Chloromucic acid 

5-Chloro-2-m-nitrophenylpyrimldine. 

5-Chloro-2-p-nitrophenylpyimidine, 33, 

2-Chloro-5-nitropyrimidine, 163 

idine, 195 

use in synthesis, 35 

139, 175 

1 75 

action of alkoxides, 202 
amination, 193 
reduction, 146 

2-Chloro-5-nitro-4-thiocyanato- 
pyrimidine, 208 

amination, 309, 420 
reaction with sodium alkoxide, 420 
reaction with thiourea, 275, 420 
reduction, 146 

use, 94 

use, 94 

4-Chloro-3-octen-2-one 

I-Chloro- 1-penten-3-one 

4-p-Chlorophenylazo-5.6-dihydroxy- 
pyrimidine, 154 

reduction, 154 

use in syntheses, 72. 153 

use, 94 

p-Chlorophenylazomalononitrile 

1 -Chioro- I-phenyl- 1-buten-3-one 

5-p-Chlorophenyl-2-dichloromethyl-4- 
ethyl-6-hydroxypyrimidine, 46, 
87, 407 

action of sodium ethoxide. 408 
5-p-Chlorophenyt-2-diethoxymethyl-4- 

ethyI-6-hydroxypyrimidine, 408 
2-p-Chlorophenyl-4-diethylaminoe thyl- 

amino-6-methylpyrimidine, 255 
5-m-Chlorophenyl-5-ethylbarbituric 

acid, 99 
5-p-Chlorophenyl-4-ethyl-2,6- 

dimercaptopyrimidine, 275 
amination, 285 

use, 95 

formation, 181 

I-Chloro- 1-phenyl- 1-hexen-3-one 

p-Chlorophenylh ydrazones 

2-p-Chlorophenyl-4-me thyl-6-phenoxy- 
pyrimidine 

amination, 255 

use, 95 
I-Chloro- 1 -phenyl-l-penten-3-one 

2- (p-Chlorophenyl)propionylacetonitrile, 
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from hydroxypyrimidines, 16, 162f 
from mercaptopyrimidines, 166 
kinetics of amination, I82 
melting points, 182 
reaction with tridlkylamines, 345 

Chloro substituents 
effect on basic pKa. 469 

N-Chlorosuccinimide 
use in 5-chlorination, 170, 177 

5-Chloro-2-sulphamoylpyrimidine. 

5-Chlorosulphonyl-2,4-dihydroxy- 
(295), 297 

pyrimidine, 296 
amination, 297 

Index 

formation of corresponding ester, 297 
reduction, 277, 292 
removal of 5-group, 297 
to sulpho analogue, 296 

2-Chlorosulphonyl-4,6-dimethyl- 
pyrimidine, 167, 295 

amination, (298) 
loss of sulphur dioxide, 167 

amination, (297) 
'2-Chlorosulphonylpyrimidine, 295 

4-Chloro- I ,2,3,6-tetrahydro- 1,3-dimethyl 
-2.6-dioxopyrimidine, 165, 373 

action of alkoxide, (203) 
amination, (198). 200, 344 

5-Chloro- 1,2,3,4-tetrahydro- 1.3-dimethyl 
-6-methylamino-2,4-dioxo- 
pyrimidine. 176 

5-Chloro- 1,2,3,4-tetrahydro-6-hydroxy- 1 I 

3-dimethyl-2,4-dioxopyrim- 
idine. 171 

triniethyl-2,6-dioxopyrirnidine, 165 
4-Chloro- 1,2,3,6-tetrahydro-l,3,5- 

action of alkoxide, (203) 
amination, (198), (200) 

action of chIorine, 421 
action of thioacetic acid, (420) 
KO 4-isothiocyana~o isomer, 341, 4'21 

2-Chloro-4-thioureidopyrimidine, 341 
5-Chloro-2.4,6-trihydroxypyrimidine, 1 72 

5-a-Chlorovinyl-4-methyl-2-phenyl- 
pyrimidine, 124, 181 

dehydrochlorination, 124 

2-Chloro-4thiocyanatopyrimidine, 208 

chlorination. 172 

Christensen, 451 
Cinnamic acid 

use in synthesis of hydropyrimidines, 
43 1 

Claisen reaction, 26, 129, 131f 
Clawson, 301 
Clements, 259 
Cline, 243 
Coghill, 347 
Cohen, 347 
Colrnan. I ,  116, 210 
Common Synthesis 

Conrad and Guthzeit, 52 
Convicine, 6, 260 
Copper 

Crotonic acid 

see: "Principal Synthesis" 

catalytic effect in aminations, 21 1 

use in synthesis of hydropyrimidines, 
43 I 

Curd, 379 
Curtius reaction, 317, 336. 401 
Cyanmethine, 6 
Cyanacetal, 59 
Cyanatopyrimidines 

as unknown, 418 
Cyanoacetaldehyde acetal 

use in synthesis, 59 
Cyanoacetamide 

in Whitehead Syntheses. 64 
Cyanoacetic acid 

use in Principal Syntheses, 68f 
use in Shaw Syntheses, 88 
use in Whitehead Syntheses, 390 

Cyanoacetone 
equivalent for use in synthesis, 65 

Cyanoacetyldithiouret hane 
intermediate in Shaw Syntheses, 88 

Cyanoacetylguanidine 
formation and cyclization, 7 1 

N-Cyanoacetyl-N-meth ylurethane 
intermediate in Shaw Syntheses, 88 

Cyanoacetyhrea 
intermediate formation in synthesis, 68 

2-Cyanoamino-5,5-dieth yl-4,5-dihydro- 
6-hydroxy-4-oxopyrimidine, 59 

2-Cyanoamino-4,6-dihydroxypynmidine, 
55 

2-Cyanoamino-4,6-dimethylpyrimidine, 
37, 340, 343, 377 

hydrolysis, 340 
2-Cyanoamino-4-hydroxy-5-methyl- 

pyrimidine, 41, 343 
hydrolysis, (340) 

2-Cyanoamino-4-hydroxy-6-methyl- 
pyrimidine, 45, 343 
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2-Cyanoamino-4-hydroxy-6-phenyl- 
pyrimidine, 343 

2-Cyanoamino-4-methylpyrimidine, 34 
Cyanoaminopyrimidines, 343 

hydrolysis to ureidopyrimidines. 340 
2-a-Cyanobenzyl-4,6-dimethyl- 

pyrimidine, 209 
5-Cyano-3-cyclohexyluracil, 23 1 
+Cyano-3-cyanomethyl-5-ethoxymethyl 

enearnno- I-methylpyrazole 
reaction with ammonia, 110 

5-Cyan0-4,6-diethoxy-Z-methyl- 

1 -Cyano- 1,2-dihydro-2-imino-4,6-di- 
pyrimidine, 203 

methylpyrimidine, 37, 340, 343, 
377 

4-Cyano-2,6-dimethoxypyrimidine 
hydrolysis, (391) 
isomerization. 372 
to amide, (398) 
to  thioamide, (399) 

5-Cyano-2-dimethylamino-4- 
hydroxypyriddine 

action of phosphoryl chloride, 164 
2-Cyano-4.6-dimethylpyrimidine, 18, 

404 
hydrolysis, 391 
to  amide, 398 
to  ketone, 417 
to thioarnide, 399 

4-Cyano-2.6-dimethylpyrimidine. 297, 
384 

action of alkoxide, 248 
alcoholysis, 396 
hydrolysis, (391) 
to amide, (3983, (399) 
to  thioamide, (399) 

2-Cyano-4-ethoxy-6-methylpyrimidine, 
383 

to amide, (399) 
a-Cyano-@-ethoxypropionaldeh yde 

use in synthesis, 440 
N-/3-Cyanoethyl-N’-ethylurea, 436 

attempted cyclizabon. 84, 436 
N-p-Cyanoeth yl- N’-meth ylthiourea 

attempted cyclization, 84 
5-Cyano-2-eth ylthio-4-hydroxy- 

5-Cyano-2-ethyl thio-Coxo- 1,3-thiazine 
as intermediate in Shaw Syntheses, 

reaction with amines. 89 

pyrimidine, 61 

88 

Cyanoguanidine 

5-Cyano- I -B-hydroxyeth yluracil, 88 
5-Cyano4-hydroxy-2-mercapto- 

pyrimidine, 61, 403 
5-Cyano-4hydroxy-6-methyl-2- 

piperidinopyrimidine, 404, 4 13 

see: “Dicyandiamide” 

action of phosphoryl chloride, 404 
to  amide, (399) 

5-Cyano-4hydroxy-2-methyI- 
pyrimidine, 6 1, 403 

5-Cyano-4-hydroxy-2-phenylpyrimidine. 
86 

Cyanomethanol 

2-Cyano-4-methoxy-6-methyl- 
trimerisation, 95 

pyrimidine, 19, 381 
action of alkoxide, 248 
to amide. (399) 

use in synthesis, 65 

action of alkoxide, 248 

a-Cyano-B-methoxy-8-methylst yrene 

Z-Cyano-4-methoxypyrimidine, 384 

5-Cyanomethyl-4-hydroxy-2-methyl- 
pyrimidine, 41. 403 

5-Cyano-2-meth yl-4-methylamino- 
pyrimidine 

325 
2-Cyano-4-methyl-6-phenoxy- 

pyrimidine, 383 
2-Cyano-4-methylpyrimidine. 297. 384 
5-Cyano-l-methyl-2-thiouraci1, 89, 273 
1-Cyano- 1 -nitro-2- (3-eth y1ureido)- 

reduction in presence acetic anydride, 

ethylene 
cyclization, 380 

5-Cyano- l-phenyl-3-methyluracil, 87, 

2-Cyanopyrimidine, 297. 400. 404 
to  amidine via imino ether, 406 
to  phenylamidine, 406 

Cyanopyrimidines. 15, 401f 
by direct introduction, 405 
by primary syntheses, 4011 
from aldoximes, 404 
from an aminopyrimidine, 404 
from carbamoylpyrimidines, 400 
from 5-halogenopyrimidines. 2 12, 404 
from quaternary aminopyrimidines, 

from reduction, 316 
from sulphopyrimidines, 207, 404 

88 

404 
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to alkoxypyrimidines, 248 
to  amidines, 405f 
to  carbamoyl- and carboxy-pyrim- 

idines, 391. 398f 
to  formylpyrimidines, 410f 
to  ketones (by Grignard). 417 
to  thiocarbamoylpyrimidines, 399 

2,6-dioxopy~imidine, 372 
4-Cyano- 1,2,3,6-tetrahydro- 1,3-dimethyl- 

to  amide, (398) 
5-Cyano-2.4,6-trihydroxy- 

Cyclobarbitone, 53 
5-Cyclohex- 1‘-enyl- 1.5-dimethyl- 

barbituric acid, 53 
5-Cyclohex- 1 ’-enylS-ethyl- 

barbituric acid, 53 
5-Cyclohexylamino-2,4-dihydroxy- 

pyrimidine, 2 10 
4-Cyclohexyl-5-ethoxycarbonyl- 1,4,5,6- 

tetrahydro-2-hpdroxy-6-methyl- 
pyrimidine, 450 

I -Cyclohexyl-5-ethylamino- I .2,3.6- 
tetrapydro-3,4-dimethyl-2,6- 
dioxopyrimidine, 315 

pyrimidine, (405) 

alkylation, 3 15 
1 -Cyclohexyl-5-ethylmethylamino- 1, 

2,3,6-tetrahydro-3,4-dimethyl-2, 
6-dioxopyrimidine, 315 

tetrahydro-$-rnethyl-2,6-dIoxo- 
pyrimidine, (361) 

1 -Cyclohexyl-3-ethyI- I ,2,3,6- 

3-Cyclohexyl-6-methyluracil 

5-Cyclohexyloxy-4,6-dihydroxy- 

1 -Cyclohexyl- 1,2,3,6-tetrahydro-3,4- 

alkylation, 361 

pyrimidine, 56 

dimethyl-2,6-dioxopyrimidine, 
(361) 

N-C yclohexylurea 
failure t o  condense with ethyl 

use in synthesis, 51 

use in synthesis, 56 

ketone, 46 

pyrimidine, 46 

cyanoacetate, 69 

0-Cyclohexylurea 

Cyclopropyl ethoxycarbonylmethyl 

4-Cyclopropyl-6-hydroxy-2-mercapto- 

Cytidine, 6 
halogenation, 170 
phosphates, 346, 425 

Cytidylic acids a and b. 346 
hydrolysis, 346 

Cytosine, 6, 346f 
halogenation of derivatives, 172 
see also: “4-Amino-2-hydroxy- 

syntheses of derivatives, 62f 
pyrimidine” 

Cytosine deoxyriboside, 346 
Cytosine deoxyriboside-5’-phosphate, 346 

hydrolysis, 346 

D 

“Daraprim”, 2, 180 
Davidson 

see: “Chargaff” 
Davidson-Baudisch Synthesis, 381 
Davoil. 259 
Dehalogenation, 23, 183f 

by hydrazine and palladium, 185, 212 
via mercapto derivatives, 187 
via other indirect routes, 187 

Deh ydroxylation 
example, 122 

Delepine, 4 10 
“Delvinal”, 54 
Deoxycytidine, 6 

halogenation. 170 
Deoxy-5-rnethylcytidytic acid, 347 
Deoxynucleotides, 3-16 
Deoxyribonucleic acids, 346 

hydrolysis, 258, 346 
Deoxyuridine, 6 

action of formaldehyde, 244 
Desulphurization 

formation of dihydropyrimidines 

of mercapto- and methylthio-pyrim- 

oxidative, 28 I 

by alloxan, 262 

during, 443 

idines, 23, 120, 2775 

Diabetogenesis 

2,4-Diacetamido-2-methyIpentane, 457 
4,6-Diacetamido-2-methylpyrimidine, 

1,3-Diacetarnidopropane 
cyclization, 445 

Diacetonamine, 4 4  
reaction with aldehydes or ketones, 

reaction with ammonia and acetone, 

100 

448 

448 
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use in hydropyrimidine syntheses, 
436 

dimethyl-2-metb ylthio-64x0- 
pyrimidine 

desulphurization, 279 

4-Diacetylamino- 1.6-dihydro- 1.5- 

4-Diacetylamino- 1.6-dihydro- 1,5- 
dimethyl-6-oxopyrimidine, 279, 
325 

4-Diacetylamino- 1,2,3,6-tetrahydro-l, 
3,5-trimethyl-2,6-dioxopyrimidine, 
325 

partial hydrolysis, 325 
5-Diacetylamino- 1,2.3,4-tetra hydro- 1,3, 

6-trimethyl-2,4dioxopyrimidine, 
325 

B-Dialdehydes 
use in Principal Synthesis, 32f 

5.5-Dialkyl-2-thiobarbituric acids 
desuiphurization, 23 

NN‘-Dialkylthioureas 
use in syntheses, 70 

1.3-Diallyl- 1,2,3,4-tetrahydro-6- 

5,5-Diallylbarbituric acid, 54, 124 
NN‘-Diallylmalondiamidine 

Dialuric acid, 6, 260 

2,4-Diamino-5-aminomethylpyrimidine, 

methyl-2,4-dioxopyrimidine, 5 1 

syntheses from, 100 

oxidation, 21 

316 
acylation, (327) 

2,4-Diamino-5-azidocarbyl- 
pyrimidine, 401 

to  a purine, (401) 
2,4-Diamino-5-beneamido-6-hydroxy- 

pyrimidine, 327 
2,4Diamino-5-benzyl-6-chloro- 

pyrimidine 
reaction with hydriodic acid, (168) 

2,4-DiarninoS-benzyl-6-iodo- 
pyrimidine, I68 

4,6-Diamino-2-benzyI-5-nitroso- 
pyrimidine, 73 

2,4-Diamino-5-bromo-6-hydrory- 
pyrimidine, 7 1, I75  

amination, 2 11 
reaction with thiosalicylic acid, 

213 
to iodo analogue, 176 

2,4-Diamino-5-bromopyrimidine, (169) 
4,6-Diamino-5-bromopyrimidine, (169) 

4,5-Diamino-2-butyI-6-mercapto- 
pyrimidine, 187 

desulphurization, 187. 279 

acylation, (326) 
4,5-Diamino-2-butylpyrimidine, 187, 279 

2,4-Diamino-5-carbamoylpyrimidine, 
399 

4.6-Diarnino-2-carboxymethylthio- 
pyrimidine, (234) I 283 

hydroIysis, (234) 
2,4-Diamino-5-o-carboxyphenylthio-6- 

hydroxypyrimidine, 2 13 
4,6-Diamino-2-carboxypyrimidine, 100, 

390 
2,4-Diamino-6-chIoro-5-p-chIorophenyl- 

azopyrimidine 
amination. 199 

pyrimidine 
dechlorination, 185 

4,5-Diamino-2-chlom-6-e thyl- 

4,6-Diamino-2-chloro-5-nitro- 
pyrimidine, 196 

reduction, 144 
2,4-Diamino-5+-chlorophenylazo-6- 

2,4-Diamino-5-p-cNorophenylazo-6- 
dimethylaminopyrimidine, 199 

methylaminopyrimidine 
reduction, 156 

4.6-Diamino-5-p-cNorophenyIazo-2- 
methylpyrimidine, 153 

2.4-Diamino-5-p-chlorophenyIazo-6- 
morpholinopyrimidine, (199) 

2,4-Diamino-5-~-chlorophenylazo- 
pyrimidine, 153, 181 

2,4-Diamino-5-p-chlorophenyl-6-ethyl- 
pyrimidine (“Daraprim”), 180 

action of phosphorus pcntasulphide. 
276 

hydrolysis, 230 
2,4-Diamino-6-chioropy~imidine, 164, 

191 
amination, 191 
reaction with hydriodic acid, (168), 

4,5-Diamino-2-chloropyrimidine, 186 
2,4-Diamino-5-chlorosulphonyl-6- 

methylpyrimidine, 296 
4.6-Diamino-5-cyanoacetamido-2- 

mercaptopyrimidine. 328 
2,4-Diamino-5-cyanopyrimidine 

184 

reduction, (3 16) 
to  amide. (399) 
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Diaminocytosine, 6 
4,5-D1amino-2.6-dichIoropyrimidine, 143 
4,6-Diamino-2.5-dichloropyrimidine, 165 
4,6-Diamino-5-~~-diethoxyethy1-2- 

4,6-Diamin0-5-fl/?-&ethoxyethyl- 

4,5-Diamino-6-diethylamino-2-methyl- 

4.5-Diamino-2-diethylamino- 

mercaptopyrimidine, 279 

pyrimidine. 279 

thiopyrimidine, 150 

pyrimidine 
acylation, 326 

2,4(4,6)-Diamino-5,5-diethyl-5,6(2,5)- 

2,4-Diamino-5,5-diethyl-5.6-dihydro-6- 
dihydro-6(2)iminopyrimidine, 377 

oxopyrimidine, 71 
hydrolysis, 230 

4,6-Diamino-5,5-diethyl-2.5-dihydro-2- 
oxopyrimidine, 73 

hydrolysis, 73 
4,6-Diamin0-5,5-diethyl-Z, 5-dihydro-2 - 

2,4-Diamino-5.6-dihydro-5,6-diphenyl- 
thiopynmidine, 73 

pyrimidine 
failure to  make, 433 

4,5-Diamino- 1,64ihydro- 1 -methyl-Z- 
methylthio-6-oxopyrimidine 

desulphurization. 280 
2,4-Diamino-3,6-dihydro-3-me thyl-6- 

oxopyrimidine, 71, 72 
4.5-Diamino-1 .Z-dihydro- 1 -methyl-Z- 

oxopyrimidine, 143 
4,5-Diamino- 1,6-dihydro-l-methyl-6- 

oxopynmidine, 280, (365) 

2,4-Diamino-5-(2,3-dihydroxypropyl)- 

2,4-Diamino-5,6-dihydroxypyrimidine 

reaction with glyoxal, 365 

6-hydroxypyrimidine, 242 

(divicine). 152, 154. 240, 310 
history. 259 
monograph, 2591 
synthesis, 259 

150 
2,5-Diamino-4,6-dihydroxypyrimidine, 

as erroneous structure for divicine. 259 
4,5-Diamino-2,6-dihydroxypyrimidine, 

150, 152, 156, 157, 228, 308, 310, 
313 

action of nitrous acid, 235 
as an erroneous structure of divicine, 

formation from uric acid, 106, 228 
259 

reaction with ethyl chloroformate, 

reaction with isocyanates, 339 
Di(4-amino-2,6-dihydroxypyrimidin- 

5-yl) disulphide, 212, 292 
D1(4-amino-2,6-dihydroxypyrimidin- 

5-yl) sulphide. 212, 293 
4,5-Diamino-6-dimethylamino-2-methyl- 

thiopyrimidine, 150 
4,5-Diamino-:!-dimethylamino- 

pyrimidine, 335 

4,6-Diarnino-Z-dimethylamino- 

2,4-Diamino-5.6-dimethylpyrimidine. 189 
2,5-Diamino-4.6-dimethylpyrimidine 

acylation, 324 
diazotization slc., 175, 321, 333 

Di(4-amino9,6-dirnethylpyrimidin-5- 

(336) 

acylation, (326) 

pyrimidine, 74 

ylmethyt) disulphide, 294 
oxidation, 294 

Di(4-amino-2,6-dimethylpyrimidin-5- 
ylmethyl) sulphide. 294 

2,4-Diamino-6,7-diphenylpteridine, 109 
formation by Timmis’ synthesis, 151 

2,4-Diamino-5.6-diphenylpyrimidine 
spurious preparation, 65 

1,2-Diamino- 1,2-dipyrimidin-4-ylethane, 

2,4-Diamino-5-ethoxycarbonyl- 
129 

pyrimidine, 291, 300, 396 
to  hydrazide, (397) 

2.4-Diamino-5-etboxy-6-hydroxy- 

2,5-Diamino-4ethoxypyrimidine, 146 
4,6-Diamino-5-ethyl-2-mercapto- 

4,6-Diamino-2-ethyi-5-nitroso- 

2,4Diamino-6-ethylpyrimidine, 189 
4,5-Diamino-6-ethylpyrimidine, (185) 

4,6-Diarnino-Z-ethylpyrimidine, 1 90 
5,6-Diamino- 1-eth yluracil 

2,4-Diamino-5-hydrazinocarbonyl- 

pyrimidine, 246 

pyrimidine, 73 

pyrimidine, 73 

acylation, (326) 

action of ethyl chloroformate, (336) 

pyrimidine, 397 
to  azide, (401) 

2,4-Diamino-6-hydroxy-5-iodo- 

4,5-Diamino-6-hydroxy-2-mercapto- 
pyrimidine, 170, 176 

pyrimidine, I50 
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desulphurization, 278, 280 
to 2,g-dihydroxy analogue, 235 

2,4-Diamino-5-hydroxy-6-methyl- 
pyrimidine, 241 

2,5-Diamino-4-hydroxy-6-methyl- 
pyrimidine, 142, 342 

acylation, (327) 
formation of an anil, 322 

4,5-Diamin0-6-hydroxy-Z-methyl- 
pyrimidine, (150), (157) 

2,4-Diamino-6-hydroxy-5-morpholino- 
pyrimidine, (21 1) 

2.4-Diamino4-hydroxy-5-nitroso- 
pyrimidine, 7 I ,  149 

electrolytic reduction, 150 
hydrogenation, 150 
hydrolysis, 230 

pyrimidine 
2,4-Diamino-6-hydroxy-5-phenylazo- 

reduction, 157 
Di(2-amino-4-hydroxy-6-phenyl- 

pyrimidin-5-yl) disulphide, 292 
2,4-Diamino-5-a-hydroxypropionamido- 

6-hydroxypynmidine, 328 
2.4-Diamino-5-hydroxypyrimidine. 24.1 
2,4-Diamino-6-hydroxypyrirnidine, 7 1 

action of phosphoryl chloride, 164 
acylation, (324) 
iodination, (1 70) 

hydrolysis of 5-an~inO group, 238 
2,5-Diarnino-4-hydroxypyrimidine 

4,5-Diamino-2-hydroxypyrimidine, 105, 
143, 144, 313 

hydrolysis, 229 
4,5-Diamino-6-hydroxypyrimidine, 150, 

278, 280, 329 
acylation, (324), (328) 

4,6-Diamino-2-hydroxypyrimidine, 233, 
234, (273), 297 

chlorination by phosphorus 
pentachloride, 165 

failure of Principal Synthesis, 73, 233 
formation from malondiamidine, 100 

2.4-Diarnino-6-hydroxy-5-tetrahydro- 
pyran-2'-yloxypyrimidine. 7 I ,  
(2401, 259 

hydrolysis, (240). 259 

deiodination, 184 
2.4-Diamino-6-iodopyrimidine, 168 

4,5-Diamino-2-mercapto-6-methyl- 
pyrimidine 

desulphurization, 280 

4,5-Diamino-6-mercapto-2-methyl- 

4.6-Diamino-2-mercapto-5-nit.roso- 
pyrimidine, 280 

pyrimidine 
reduction, 149 

4,5-Diamino-2-mercaptopyrimidine, 105, 
145. 187. 206, 288, 313 

S-alkylation, 282 
desulphurization, 187, 279 

4,5-Diamino-6-mercaptopyrimidine, 
145, 206 

acylation, (326) 
S-alkylation, 282 

234, 273 
S-alkylation, (283) 
coupling and abnormal product, 154 
desulphurization, 279 
indirect hydrolysis, 234, 273 
to suIphino analogue, (296) 

4,6-Diamino-2-mercaptopyrimidine, 73, 

4,6-Diamino-2-$-methoxyphenyl-5- 
nitrosopyrimidine, 73 

4,5-Diamino-2-methyl-6-methylamino- 
pyrimidine 

acylation, (326) 

pyrimidine 
2,5-Diamino-4-rnethyl-6-methylthio- 

diazotization ek.,  333, 404, 412 
4.6-Diamin0-2-methyl-5-p-nitrophenyl- 

azopyrimidine. 153 
2.4-Diamino-6-methy1-5nitro- 

pyrimidme, 140, 31 t 
4.6-Diamino-2-methyl-5-nitro- 

pyrimidine, 195 
4,6-Diamino-2-methyl-5-nitroso- 

pyrimidine, 73, 148 
reduction, 150 

use in hydropyrimidine synthesis, 

4,6-Diamino-2-methyl-5-phenylazo- 

2,4-Diamino-2-methylpentane 

446, 453 

pyrimidine, 72, 153 

2.4-Diamino-6-rnethyl-5-phenyl- 

2.4-Diamino-6-methylpyrimidine, 134, 

failure to prepare by coupling, 153 

pyrimidine, 65 

189, 285, 308 
coupling of, 296 
5-hydroxylation, 241 
nitration, 140 
reaction with thiocyanogen, 420 
sutphonation, 296 
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2,5-Diamino-4-methylpyrimidine, 197 
4,5-Diarnino-2-methylpyrimidine. 280 
4,5-Diamino-6-niethylpyrimidine. 141, 

186, 280 
acylation, 326 
condensation with benzil, 334 

4,6-Diamino-2-methylpyrimidine, 100, 
190, 307 

acylation, (324) 
coupling, 153 
nitrosation. 148 

Di(4-amino-Z-methylpyrimidin-5- 
ylmethyl) disulpl~ide. 215, 293, 
294 

oxidation, 2 16 
Di(4-amino-2-methylpyrimidin-5- 

ylmethyl) sulphide, 215, (277). 
293 

sulphide, 293 
Di(2-amino-4-methylpyrimidin-6-yl) 

oxidation, 294, 299 
Di(2-amino-4-methylpyrimidin-6-yl) 

sulphone, 295, 299 
4.5-13 amino-2-methylquinoline 

4,6-Diamino-2-methylsulphonyl- 
pyrimidine, 299 

2,4-Diamino-6-methyl-5-p-sulphophenyl- 
azopyrimidine, 296 

2,4-Diamino-6-methyl-5-sulpho- 
pyrimidine, 296 

2,5-Diamino-7-methylthiazolo[4,5-d] 
pyrimidine, 420 

2,4-Diamino-6-methyl-5-thioformamido- 
pyrimidine, 326 

4,6-Diamino-2-methyl-5-thioformamido- 
pyrimidine, 326 

4,6-Diamino-2-methylthio-5-nitroso- 
pyrimidine, 73, 148 

condensation with a pyrimidine, 308 

reduction, 150 
4,5-Diamino-2-methylthiopyrimidine, 

105, 282. 314 
formylation, 315, (326) 

4,5-Diamino-6-methylthiopyrimicline. 

4,6-Diamino-2-methylthiopyrimidine, 198 
282 

acylation, (324) 
hydrolysis, 233 
nitrosation, 148 
oxidation, (299) 

Di(4-amino-2-methylthiopyrirnidin-5- 
ylmethyl) disulphide, 294 

4,6-Diamino-2-methylthio-5-thiofor- 
mamidopyrimidine, 326 

5.6-Diamino- 1-methyluracil, (366) 
formation of a 5-ani1, 322 
reaction with phenyl isothiocyanate, 

to  a purine, (366) 
340 

5,6-Diamino-3-methyluraciI, 329 
Di(6-amino- 1 -methyluracil-5-yl) 

4,5-Diamino-2-methyl-6-d- 
disulphide, 292 

xylosidoarninopyrimidine 

4.6-Diamino-5-~-nitrophenylazo- 

2,4-Diamino-5-nitropyrimidine, 195. 

acylation. (326) 

pyrimidine, 142 

310, 420 
hydrogenation, 144 
reduction, 145. 335 

hydrogenation, 144 
4,6-Diamino-5-nitropyrimidine, 10, 140 

.1.6-Diamin0-5-nitrosopyrimidine, 10, 
148. 195 

hydrogenation, 150 

use in hydropyrimidine synthesis, 

4,6-Diamino-5-phenylazopyrimidine, 

2.4-Diaminopentanc 

445 

72, 100, 153 
reduction, 156 

2,4-Diamino-5-phenylpyrimidine, 65 
4,6-Diamino-2-phenylpyrimidine, 100 
1.3-Diaminoprapane 

monoacylation, 445 
reaction with aldehydes, 453 
use in hydropyrimidine syntheses, 

445, 446, 435 
1,3-Diaminopropan-2-a1 

condensation with S-methylthiourea, 
447 

198, 255, 290. 309 
2,4-Diaminopyrimidine. 12, 184, 189, 

bromination. 169 
coupling, 153 
failure to nitrate, 140 
failure to nitrosate, 148 
5-hydroxyhtion, (241) 
methylation, 379 

2.5-Diaminopyrimidine. 329 
4,5-Diaminopyrimidine. 186. 187, 279, 

300 
acylation, 326. (327). (328) 
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Diazotization of aminoyprimidines, 
331f 

Diazouracil, 332 
coupling, 332 

1,3-Dibenzamidopropane 
reported cyclization, 445 

l13-Dibenzoyl-4-benzoy1 imino- 1,2,3,4- 
tetrahydro-2-oxopyrimidine, 328 

hydrolysis, 328 
1,3-Dibenzoylhexahydro-4,4,6-trimethyl- 

pyrimidine, (453). (456) 
cleavage (?), (453), (456) 

use in syntheses, 36, 95 

nitropyrimidine 

Dibenzoylmethane 

1,3-Dibenzylhexahydro-5-methyl-5- 

reduction, 454 
1,3-Dibenzylhexahydr0-2-phenyl- 

2,4-Dibenzyl-6-hydroxy-5-phenyl- 

5,5-Dibromobarbituric acid, 19, 172, 424 

pyrimidine, 453 

pyrimidine, 229 

action of pyridine, 214 
conversion into 5-bromobarbituric 

acid, 172, 213 
formation of a 2-naphthylhydrazone, 

156 
reaction with thiourea, 292 
use to  brominate aniline, efc., 2 13 

hydroxy4methylpyrirnidine 
oxidation to  dibromobarbituric acid, 

172 

hydroxypyrimidine, 19, 172, 174, 
346.442 

5,5-Dibromo-4,5-dihydro-2,4,6-tri- 

5,5-Dibromo-4,5-dihydro-2,4,6-tri- 

to bromouracil. 173 
4,5-Dibromo-5-ethoxycarbonyl- 1,4,5,6- 

tetrahydro-2-h ydroxy-+methyl- 
6-phenylpyrimidine (I), (457) 

4,6-Dibromo-Z-ethylpyrimidine, 167 
amination, 190 
hydrolysis, 204 

5,5-Dibromohexahydro- 1,3-dimethyl-2, 
4.6-trioxopyrimidine 

1,3-Dibromohexahydro-2,4-dioxo- 

5.5-Dibromohexahydro-4-hydroxy- 1,3- 

5,5-Dibrornohexahydro-2,4,6-trioxo- 1,3- 

action of pyridine, 214 

pyrimidine, 457 

dimethyl-2.6-dioxopyrimidine, 174 

diphen ylpyrimidine 

cyanomethylation, 405 
hydrolysis to  dihydroxy- 

pyrimidine, 238 
pteridines from, 107. 323. 334 
reaction with ethyl orthoformate, 

reaction with nitrous acid, 334 
32 7 

4,6-Diaminopyrin~i~ine, 100, 190, 279, 
297, 307 

acylation, 324 
brominatiun. 169 
failure of Principal Synthesis of, 72 
methylation, (378) 
nitration, 10, 140 
nitrosation, 10, 148 

4.5-Diaminopyrimidines 
bicyclic heterocycles from, 3331 
darkening of free bases, 335 

action of acid, 297 
4,6-Diamino-2-sulphinopyrimidlne, 296 

4,5-Diamino- 1,2,3.6-tetrahydro- 1,3- 
dimethyl-2 .6-dioxopyrimidine, 
150 

cyanomethylation, 405 
formation of 5-ani1, 322 

2,6-Diamino-8-thiapurine, 334 
2.4-Diammo-5-thioforrnamidomethyl- 

pyrimidine, 327 
4,6-Diamino-5-thiofo~amido- 

pyrimidine, 326 
Diaminouracil, 6 
2,4-Dianilino-5,6-dimethylpyrimidine, 

190 
1.3-Dianilino-2-methylpropane 

use, 453 
2,4-Dianilino-5-nitropyrimidine. 195 
lI3-Dianilinopropane 

condensation with formaldehyde, etc., 

condensation with phosgene, 446 
2,4-Diazid0-6-a-f~1ylpyrimidine, 201 
2,4Diazido-6-methylpyrimidine, 201 
2,4Diazidob-phenylpyrimidine, 20 1 
2,4Diazidopyrimidine. 201 
“Diazinon”, 254 
4,6-Diariridino-2-dimethylamino-5- 

nitropyrimidine. 196 
2,4Diaziridino-lnitropyrimidine, 195 
4,6-Diaziridino-5-nitropyrimidine. 196 
Diazo coupling, I 1  
Diazoethane 

use of, 363 

453 
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formation of 5-phenylhydrazone, 156 
2.4-Dibrom0-6-me thylpyrimidine 

amination, 190 
4-Dibromomethylpyrimidine, 130 
1,3-Dibromopropane 

action of benzamidine etc., 449 
3-(2,3-Dibromopropyl)-5.6-dimethyl- 

uracil, 181 
3-(2,3-Dibromopropyl)-6-methyluraciI, 

181 
4,5-Dibromo-2.3.4,5-tetrahydro-3- 

methyl-2-oxo-6-phenyl- 
pyrimidine (?), (457) 

4,6-DibutyI-2-dimethylamino- 
pyrimidtne. 20, 123 

1,3-Dibutylhexahydro-2-thio- 
pyrimidine, 447 

2,3-DicarbamoyIpyrazine 
Hofmann reaction of, 108 

2.3-Dicarbamoylpyridine 
use, 109 

3,4-Dicarbamoylpyridine 
Hofmann Reaction with, 109 

@-Dicarbonyl derivatives 
reaction with formamide, 921 

Dicarboxyacetone 
formation and use, 5 1, 390 

3.5-Dicarboxydihydro-4-phenyl- 

4,6-Dicarboxy-2-phenylpyrimidine, 127 
4,5-Dicarboxypyrimidine, 105, 127, 390 
4,6-Dicarboxypyrirnidine. 127, 2 16, 393 

DicMoroacetamidine 

1.3-Dichloroacetone 

Dichloroacetyl chloride 

Dichloroacetylurea, 172 
5,5-Dichlorobarbituric acid, 151, 172 

pyridine. 441 

decarboxylation, 116 

use in Principal Syntheses, 46, 407 

condensation with thiourea, 449 

use, 87 

action of pyridine, 214 
conversion into barbituric acid, 172 
conversion into 5-chlorobarbituric 

formation of a naphthylhydrazone 

2,4-Dichloro-5-chloromethyL6-methyl- 

acid, I72 

from, 156 

pyrimidine, 179 
to 5-iodomethyl analogue, 180 

4,6-Dichioro-2-cyanomethylpyrimidine, 
400 

4,6-D1chloro-5-cyano-2-methylpyrim- 
idine, 400 

amination, 199 
t o  4-alkoxy analogue, 203 
to  4,6-dialkoxy analogue, 203 

4,6-DichIoro-2-diethoxycarbonyI- 

aa-Dic hloroyy-diethox ypropane 

5.5-DicNoro-4.5-dihydro-2.4.6-tri- 

methyl-5-nitropyrimidine, 12 

use in synthesis, 331 

hydroxy-4-methylpyrimidine, 
173 

action of hydrochloric acid, f 73, 18 I 
oxidation, 172 

5.5-Dichloro-4.5-dihydro-2.4,6-tri- 
hydroxypyrimidine, 172, 173, 
174, (346) 

use in synthesis, 33 
1, I -DichIoro-3,3-dimethoxypropane 

4,5-DtcNoro-2,6-dimethoxypyrimidine, 

4,6-Diehloro-2-dimethylamino-5-nitro- 
166, 297 

pyrimidine 
amination, 196 

2,4-Dichloro-6-dimethylaminopyrim- 

4,6-Dichloro-2-clime thylamino- 
idine, 193 

pyrimidine, 193 
amination, 193 

action of hydriodic acid, 122 
amination, 189 

bromination, 131, 167, 177. 
dechlorination, 121 
hydrolysis, (204) 

reaction with barbituric acid, 123 

2,4-Dichloro-5,6-&rnethylpyrimidine 

4.6-Dichtoro-2.5-dimethylpyrimidine 

aa-Dichlorodiphenylmethane 

2,4-Dichloro-5-ethoxycarbonyl- 
pyrimidine, 165, 166 

dechlorination, 187 

dechlorination, 185 
2,4-Dichloro-5-ethoxypyrimidine 

2,4-Dichloro-6-ethoxypfimidine, 197, 
202 

2,4-Dichloro-5-ethyl-6-methoxy- 
pyrimidine, 202 

4,6-DichIoro-5-ethyl-2-methyl- 
pyrimidine 

hydrolysis, 204 

pyrimidine 
2,4-Dichloro-6-ethyI-5-nitro- 
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amination, 194 
2.4-Dichloro-6-ethylpyrimidine 

action of hydriodic acid, 122 
2,4Dichloro-6-a-furylpyrimidine 

amination, 189, (200) 
2,4Dichloro-6-guanidinopyrimidine, 344 
113-Dichlorohexahydro-2 ,+-dioxo- 

pyrimidine, (457) 
2,EDichloro-4-hydrazinopyrimidine, 200 
1.3-Dichloro-2-hydroxyropane 

2,4-Dichloro-5-iodomethyl-6-methyl- 

2,4-Dichloro-6-methoxycarbonyl-5- 

action of urea, 449 

pyrimidine, 180 

nitropyrimidine 
amination, 181, 194 

amination, (200) 

amination, 197 
dechlorination, 185 

2,4-Dichloro-5-met~oxypyrimidine, 200 

2,4-Dichloro-6-methoxyyrimidine, 202 

2,4Dichloro-6-rnethylaminopyrimidhe. 

4,6-Dichloro-2-methylaminopyrimidine, 

2,4-DichIoro-6-methyl-5-nitropyrimidine, 

(191) 

(191) 

163 
amination, 194, 244 
reaction with diethyl malonate, 209 
reaction with sodium bisulphide, 145, 

206f 

idine, 163 
action of alkoxides, 202 
amination, 195 
reaction with diethyl malonate, 209 

4,6-Dichloro-2-methyl-5-nitropyrim- 

2,4-Dichloro-6-methyl-5-propyl- 

2,4-Dichloro-5-methylpyrimidine, 259 

2,4-Dichloro-6-methylpyrirnidtne, 163, 

pyrimidine, 202 

dechlorination, 12 1 

183 
action of alkoxides, (200) 
action of hydriodic acid, 122, I68 
amination, 189, [ZOO) 
chlorination, 130 
dechlorination, 12 1, 183 
hydrolysis, 204 
t o  dimercapto analogue, 206 

amination, 190 
decblorination, 120, 121 

4,6-Dichloro-2-rnethylpyrimidine, 163 

hydrolysis, 204, 228 
reaction with Grignard, 120 

4-Dichlommethylpyrimidine, 130 
4,6-Dichloro-2-methyithiopyrimidine, 

165 
amination, 198 

4.6-Dichloro-5-nitro-Z-phenyl- 
pyrimidine, 163 

2,4-Dichloro-5-nitropyrimidine, 163 
amination. 8j. 138, 193f, 255 
reaction with alkoxides, 202. 232 
reaction with sodium bisulphide, 15, 

reaction with thiocyanate, 208 
reaction with thiourea, 15, 206 
reduction, 144, 146 

4,6-DichIoro-5-nitropyrimidine, 163 
action of alkoxides, 202f 
amination, 13. 183, 195, 255 
hydrogenation, 143 
reduction, 144, 146 
ususual reaction with diethyl 

2.4-Dichloro-5-phenylpyrimidine 

2,4-Dichloro-6-phenylpyrimidine, 163 

145, 206 

malonate, etc.. 12, 209 

nuclear reduction, 450 

dechlonnation, 121, 183 
hydrolysis, 204 

hydrolysis, 204 

nuclear reduction, 45 1 

4,6-Dichloro-2-phenylpyrimidine 

4,6-Dichloro-2-propylpyrimidine 

2,4-Dichloropyrimidine, 162, 166, 257, 
284, 376 

action of alkoxides, 201 
action of hydriodic acid, 122, 205 
amination, 138, 188, 189, 200 
dechlorination, 183, 45 1 
nuclear reduction, 45 I 
pyrimidine from, 1 16 
reaction with benzenesulphonhy- 

drazide, 187 
reaction with sodium methyl 

mercaptide, 205 
reaction with sodium hydrogen 

selenide, 207 
reaction with thiocyanate, 208 
to  dimercapto analogue, 206 

2,5-Dichloropyrimidine. 164, 167 
dechlorination, 184 
pyrimidine from. 116, 21 I 
reaction with orthanilamide, 330 
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reaction with thiourea, (207) 
4,5-Dichloropyrimidine 

reaction with thiourea, (207) 
4,6-Dichloropyrimidine, 163 

action of alkoxides, 201 
amination, 1901, 200 
dechlorination, 116, 451 
hydrolysis, 204 
nuclear reduction, 451 
to  dimercapto analogue, 206 

Di(4-chloropyrimidin-2-yl) disulphide, 

2,4-Dichloro-6-trichoromethyl- 

Dicvandiamide 

164, 284, 292 

pyrimidine, 131 

Index 

usein Principal Synthesis34-74,340,343 

see : “Diethoxymethylenemalononi- 
Dicyanoketene diethylacetal 

trile” 
Di(2,4-dihydroxypyrimidin-5-y1) 

disulphide. 292, 332 

Di (2,4-dim ethoxypyrim idin -6-yl) 
reduction, 295 

disulphide, 292 
oxidation, 294 
reduction, 294 

reaction with amidines, 52 
reaction with guanidines, 55/ 
reaction with thioureas. 541 
reaction with ureas, 52f 
use in Principal Syntheses, 51/ 

Diethoxycarbonylace tone 
use, 44, 395 

NN’-Diethoxycarbonyldiethylmalon- 

B-Diesters 

diamide 
as intermediate in  barbiturate 

synthesis, 100 
4,5-Diethoxycarbonyl-2-hydroxy- 

pyrimidine, 36 
2,4-Diethoxy-6-a-(2,4=dinitrophenyl- 

hydrazono)ethylpyrimidine, 41 7 
4,6-Diethoxy-5-ethoxymethyl-2-methyl- 

pyrimidine, (214) 
2,4-Diethoxy-5-ethyl-6-me thyl- 

pyrimidine, 247 
2,4-Diethoxy-6-a-hydroxybemzyl- 

pyrimidine 
oxidation to ketone, 416 

2,4-Diethoxy-6-a-hydroxyethyl- 
pyrimidine 

oxidation, 416 

2,4-Diethoxy-6-~-hydroxypropyl- 
pyrimidine 

t o  6-chloropropyI analogue, (1 78) 
2,4-Diethoxy-6-methylam1nopyrimidine, 

4-Diethoxymethyl-2,6-dihydroxy- 
197 

pyrimidine, 281 
methylation, 129 

Diethoxymethylenemalononitrile 
use in Principal Synthesis, 66 

4-Diethoxymethyl-2-ethylthio-6- 
hydroxypyrimidine, 282, (406) 

action of phosphoryl chloride, (406) 
to free aldehyde, (406) 

4-Diethoxymethyl-6-hydroxy-2- 
mercapto-5-methylpyrimidine, 
(406) 

4-Diethoxymethyl-6-hydroxy-Z- 
mercaptopyrimidine, 406. 423 

S-alkylation, 282, (406) 
desulphurization, 280, (406) 
oxidation, (3921, (406), 423 
to 2.6-dihydroxy analogue, 281 

4-Diethoxymethyl-6-hydroxy-2-methyl- 

4-Diethoxymethyl-6-hydroxy-2-phenyl- 
pyrimidine, 46 

pyrimidine, 407 
t o  free aldehyde, 407 

4-Diethoxymethyl-6-hydroxypyrim- 
idine, 280, 406 

to 4-formyl analogue, 406 
2,4-Diethoxy-6-methyl-5-nitro- 

pyrimidine, 141 
4.6-Die thoxy-2-methyl-5-nitro- 

pyrimidine, 202 
2,4-Diethoxy-6-methyl-5-propyl- 

pyrimidine, 202 
2,4-Diethoxy-5-methylpyrimidine, 247 

2.4-Diethoxy-6-methylpyrimidine 

4-Diethoxymethyl- 1,2,3,6-tetrahydro- I ,  
3-dimethyl-2,6-dioxopyrirnidine, 
129 

isomerization, 371 

nitration, 141 

oxime formation, 129 
2,4-Diethoxy-5-nitropyrimidine, 14, 141, 

202 
hydrogenation, 144 
partial hydrolysis, 203 
reduction, 146 

2,4-Diethoxy-6-er-phenyhydratonoethyl- 
pyrimidine, 418 
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3,s-Diethoxy- 1 -propyne 

2,4-Diethoxypyrimidine, 185 
use, 94 

isomerization, 371 
nitration, 141 
partial hydrolyses, (203) 
reaction with bromotetra-acetyl- 

use in nucleoside syntheses, 372 

action of carbon dioxide, 393 

glucose. 372 

2,4-Diethoxypyrimidin-6-yl-lithium, 393 

2,4Dietboxypyrirnidin-6-yl magnesium 
bromide, (393) 

action of carbon dioxide, (393) 
Diethyl a-allyl-a-I-ethylpropylmalonate, 

53 
2-~-Diethylaminoethylamino-4-hydroxy- 

5,6-dimethylpyrimidine, 290 
2-~-Diethylaminoethylamino-4-methoxy- 

pyrimidine, 3 12 
5-B-Diethylaminoethyl-4,6-dihydroxy- 

2-mercaptopyrimidine, 319 
4-Diethylamino-2-ethylsulphonyl-5- 

methylpyrimidine, (236) 

4-Diethylamino-2-ethylthio-5-methyl- 
hydrolysis, (236) 

pyrimidine 
oxidation, (236) 

to 2-hydroxy analogue, (236) 
4-Diethylamino-2-ethyIthiopyrimidine 

4-Diethylamino-2-hydroxypyrimidine, 

4-Diethylamino-2-mercaptopyrimidine 

5-Diethylamino-5-methylbarbituric 

Diethyl aminomethylenemdonate 

5-Diethylaminomethyl4bydroxy-2- 
mercapto-6-methylpyrimidine 

4-Diethylamino-2-hydroxy-5-methyl- 

3-Diethylamino-2-methyl propenal 

4-y-Diethylaminopropylamino-2- 

Ny-Diethylaminopropylthiourea 

Diethyl amyfethylmalonate 

Diethylaniline 

236 

failure to prepare, 285 

acid, 213 

in primary syntheses, 83 

structure doubt, 134 

pyrimidine, (236) 

use, 94 

sulphanilylaminopyrimidine, 255 

use, 70 

use, 56 

use with phosphoryl chloride, 1631 
5,5-Diethylbarbituric acid, 53, 56, 73, 

99, 100, 230, 232, 363 
alkylation, 363 
reduction, 443 
thiation, 251 

Diethyi benzylmalonate 
use. 56 

Diethyl benzyloxymalonate 
use, 55, 56, 58, 240 

Diethyl butylmalonate 
use. 56 

Dietbyl carbonate 
use in syntheses, 99, 446 

00-Diethyl chlorothiophosphate 
we, 254 

Diethyl B-dieth ylaminoethylmalonate 
use in Principal Synthesis, 3 I9 

Diethyl diethylmalonate 
use, 551, 59 

5,5-Diethyl-2,5-dihydro-4,6-dihydroxy- 
2-phenylpyrimidine, 439 

4,4-Dietbyl-4,5-dihydro-2,6-dihydroxy- 
pyrimidine, 434 

5,5-Dietby1-2, 5-dihydro-4,6-di hydroxy- 
pyrimidine, 439, 443 

mechanism of formation, 439 
5,5-Diethyl-4,5-dihydro-6-hyd*oxy-4- 

5,5-Diethyl-4,5-dihydro-6-hydroxy-4- 
oxo-2-phenyipyrimidine, 52 

oxop yrimidine 

DiethyI dimethylmalonate 

Diethyl diphenylmalonate 

5,5-Diethyl-2.4-dithiobarbituric acid, 

attempted formation, 439 

use, 57 

lability in use, 262 

282 
amination, 284 

Diethyl ethoxycarbonylacetylphos- 
phonate, 46 

Diethyl ethoxymalonate 
use, 57 

Diethyl ethoxymethylenemalonate 
as equivalent of diethyl formyl- 

use in syntheses, 39, 42, 179, 357, 395 

use in synthesis, 395 

use, 49, 52. 432 

malonate, 39 

Diethyl ethoxymethyleneoxalacetate 

Diethyl ethylidenemalonate 

methyl ethylmalonate 
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use, 55 

use, 57 

use, 57 

use, 44, 175 

in Principal Synthesrs, 357 

use, 57 

Diethyl ethyl ( 1  -methylbutyl)malonate 

Diethyl ethylpropylmalonate 

Diethyl fluoro-oxalacebte 

Diethyl formylmalonate 

Diethyl isopropylmalonate 

00-Diethyl 0-(2-isopropy1-4-methyl- 
6-pyrimidinyl)phosphorothioate, 
254 

Diethyl malonate 
condensation with chloro-pyimidines, 

use in Principal Syntheses, 51/ 
use in Remfry-Hull Synthesis, 97f 

failure t o  condense with formaldehyde, 

use in syntheses, 99, 273 
condensation with benzaldehyde, 439 
condensation with formic acid, 439 

use in synthesis, 73, 377 

use, 55, 58, 99 

208f 

Die thylmalondiamide 

439 

Diethylmalononitrile 

Diethylmalonyl chloride 

5.5-Diethyl-1-methylbarbituric acid, 57. 

Diethyl methylmalonate 

2,4-Diethyl-5-methyl-6-phenylureido- 
pyrimidine, (339) 

5.5-Diethyl-6-methylthio-2.4- 
dithiouracil, 282 

2,4-Diethyl-5-methyl-6-ureido- 
pyrimdine, 338 

Diethyl nitrosomalonate 
use, 57, 58, 149 

Diethyl oxalacetate 
use, 44, 47 

Diethyl propylmalonate 
use, 56 

1,S-Diethyl- 1,2,3,4-tetrahydro-2,4-dioxo- 

73, 363 

use, 57 

hydrolysis, 282 

pyrimidine, 361, 371 

1,3-Diethyl-I ,2,3,4-tetrahydro-6- 

nitration and nitrosation, 364 

bromination, 170 

hydroxy-2.4-dioxopyrimidine 

I ,3-DiethyI-l,2,3,4-tetrahydro-6-hydroxy- 

1,3-Diethyl- 1,2,3,4-tetrahydro-6- 
5-nitro-2,4-dioxop)midine, 364 

hydroxy-5-nitroso-2,4-dioxo- 
pyrimidine, 364 

reduction, 150 
1.3-Diethyl- 1,2,3,4tetrahydr0-5-methyl- 

2.4-dioxopyrimidine. (361) 
1,5-Diethyltetrahydro-2-n-tethyl-4,6- 

dioxo-5-phenylpyrimidine, 98 
2,2-Diethyl- I ,2,5.6-tetrahydro-4,6,6- 

trimethylpyrimidine, 448 
5.5-Diethyl-2-thiobarbituric acid, 57, 

99, 273, 284 
action of sodurn amalgam, 443 

5.5-Diethyl4thiobarbituric acid, 276 
hW"'Di(Z-ethylthio-4-hydroxy- 

2,4Diet hylthiopyrimidine 

5,5-Diethyl-"triaminobarbituric acid" 

Diethyl trirnethylenemalonate 

5,5-Diethyltrithiobarbituric acid, 25 1 

pynmidin-5-ylmethyl)urea, 4 19 

oxidation, (299) 

hydrolysis, 230 

use, 57 

S-alkylation, 282 
amination, 284 

NN'-Diethylurea 
use, 56 

Diethyl ureidomethylenemalonate 
formation and use, 42 

2,4-Diformyl-6-methylpy~imidine (as 
p-nitrophenylhydrazone), 41 1 

Diguanide 
use in synthesis, 55, 344 

5,5-Dihalogenopyrimidines 
formation: see individual compounds 
reactions, 2 13f 

2,CDihydrazino-&me thylpyrimidine, 

2,4-Dihydrazinopyrimidine, 200 
action of nitrous acid, 201 

4,5-Dihydro-2.6-dihydroxy-4,4- 
dimethylpyrimidine, 432 

4,5-Dihydro-2,6-dihydroxy4isobutyl- 
pyrimidine 

200, 291 

ring cleavage, 459 
4,5-Dihydro-2,6-dihydroxy-4-isopropyl- 

pyrimidine 
ring cleavage, 459 

4,5-Dihydro-2,6-dihydroxy-5-methyl-4- 
phenylpyrimidine, 102 
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4,5-Dihydro-2,6-dihydroxy-4-methyl- 

4,5-Dihydro-2,6-dihydroxy-5-methyI- 

4,5-Dihydro-2.6-dihydroxy-4-phenyl- 

pyrimidine, 431, 434, 438 

pyrimidine, 431 

pyrimidine. 102, 431, 434 
alkylation, 458 

4,5-Dihydro-2,6-dihydroxypyrimidine, 22, 
102,257,43 1,434,438,443,444,452, 

dehydrogenation, 455 
halogenation, 457 

Dihydro-4,6-dihydroxypyrimidine, 278, 
44.3 

4,5-Dihydro-2,6-dihydroxy-4-styryl- 
pyrimidine, 434 

4,5-Dihydro-2.6-dihydroxy-5-thio- 
cyanatopyrimidine ( ?) , 457 

1.2-Dihydro-4,6-dimethoxy- 1 -methyl-Z- 
oxopyrimidine (?), 373 

hydrolysis, 373 
1,2-Dihydro- lI5-dimethy1-4-methylthio- 

2-oxopyrimidine, 369 
hydrolysis, 369 

1 ,P-Dihydro-l,6-dimethyl-4-methylthio- 
2-oxopyrimidine, 369 

hydrolysis, 369 
1 ,bDihydro- 1.6-dimethyl-2-methylthio- 

4-oxopyrimidine, 361 
hydrolysis, 361 

I .6-Dihydro- 1.4-dimethyl-2-methylthio- 
6-oxopyrimidine, 36 1, 368 

1,4-Dihydro-l,2-dimethyl-6-methylthio- 
4-phenyliminopyrimidine, 199 

1.4-Dihydro- 1.6-dimethyl-2-methylthio- 
4-phenyliminopyrimidine. 379 

1,4Rihydro- 1.2-dimethyl-4-0~0- 
pyrimidine, 360, 373 

1,4- (3,4)-Dihydro- 1.3-dimethyl-4-0x0- 
pyrimidine, 360 

1 ,4-Dihydro- 1,6-dimethyl-4-oxo- 
pyrimidine, (360). 373 

1,6-Dihydro-l,2-dimethyl-6-0~0- 
pyrimidine, 360 

hydrolysis, 36 1, 368 

styrylation of 2-methyl group, 360 
1 ,6-Dihydro- 1,4-dimethyld-oxo- 

5,6-Dihydro-l,5-dimethyluracil, 435 
pyrimidine, 360 

bromination and dehydrobromina- 

1,6-Dihydro-2-hydrazin~- 1,Cdimethyld- 
tion. 455 

oxopyrimidine, 291 

4,5-Di hydro-6- hydroxy-2-mercapto-4-9- 
rnethoxyphenylpyrimidine, 434 

4,5-Dihydro-6-hydroxy-2-mercapto-4- 
phenylpyrimidine, 434 

1 ,&Dihydro-Z-hydroxy-6-methy1-4,6- 
diphenylpyrimidine, 442, (457) 

4,5-Dihydro-6-hydroxy-4-0~0-2-phenyl- 
5,5-trimethylenepyrimidine, 52 

3,4-Dihydro-3-hydroxy-4-oxopteridine, 
108 

5.6-Dihydro-7-hydroxypteridine, (390) 

7,8-Dihydro-6-hydroxypteridine 

4,5-Dihydro-2-hydroxypyrimidine, 432 
4,5-Dihydro-:!-hydroxy-4,4,6-trimethyl- 

1.4-Dihydro-4-imino- 1,2-dimethyl-6- 

1 ,4-Dihydro-4-imino- 1,6-dimethyl-2- 

action of sodium bisulphide. 275 
I .4Dihydro4imino- 1 ,Z-dimethyI- 

ring cleavage, (390) 

a pyrimidine from, 107 

pyrimidine, 436 

methylthiopyrimidine, 198, 205 

methylthiopyrimidine, 378 

pyrimidine, 378 
hydrolysis, (360), (373) 

I ,CDihydro-4-imino- 1.6-dimethyl- 
pyrimidine, 185, 280, 378 

hydrolysis, (360), (373) 
l1&Dihydro-6-imino- 1.2-dimethyl- 

pyrimidine hydr idde ,  184 
I ,6-Dihydro-6-imino- 1 '4-dimethyl- 

pyrimidine 
hydrolysis, (360) 

1,4-Dihydro-4-imin0-2-methoxy- 1 - 
methylpyrimidine (?), 373 

1,4Dihydro-4imino-I -methyl-5- 
thermal isomerization, 373 

phenylpyrimxdine, 378 
hydrolysis, (374) 

1,2-Dihydro-P-imino- I-methyl- 
pyrimidine, 24, 311, 377, 379 

rearrangement, 24, 31 1, 373, 377, 
379 

rearrangement mechanism, (381) 
U.V. spectra (Fig.6). 481 

1,4-Dihydro-4imino-1 -methyl- 

hydrolysis, 24, 312, 373. 377 
pyrimidine, 185, 312, 377 

1,2-Dihydro-2-imino-1,4,6-trimethyl- 
pyrimidine 

failure to  make directly, 377 
5,6-Dihydro- 1-isopropyluracil, 435 
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4,5-Dihydro-2-mercapto-4.6-diphenyl- 

I ,6-Dihydro-2-mercapto-6-methyl-4.6- 
pyrimidine, 433 

di-p-tolylpyrimidine 
S-acylation, 458 

1,4-Dihydro-2-mercapto-4,4,6-trimethyl- 
1 -phenylpyrimidine, 436, (437) 

4,5-Dihydro-2-mercapto-4,4,6-trimethyl- 
pyrimidine, 432, 436, 437 

1.4-Dihydro-2-mercapto-4,4,6-trimethyl- 
I-p-tolylpyrimitline, (436) 

I .2-Dihydro-4-methoxy- 1,6-dimethyl-2- 
oxopyrimidine, 372 

hydrolysis, 232, 372 

pyrimidine, 37 1 
1.2-Dihydro-4-methoxy- 1 -methyl-2-oxo- 

aminations, 255 
hydrolysis, 371 
isomeriiation by heat, 371 

5.6-Dihydro-6-pnw thoxyphenyl-3- 
phenyl-2-thiouracil, 435 

1,6-Dihydro-4-methyl-2,6-diphenyl- 
pyrimidine, 123 

1,2-Dihydro-l-rnethyl-4-methylamino-5- 
nitro-2-oxopyrimidine, 368 

1,2-Dihydru- I-methyl-4-methylamino-2- 

1,6-Dihydro-6-methyl-2-methylthio-4, 

hydrolysis, 23 I ,  368 

oxopyrimidine, 255 

6-&iphenylpyrimidine, 457 
to 2-hydroxy analogue, 457 

diphenylpyrimidine. (442) 
S-methylation, 457 

1,6-Dihydro-2-mercapto-6-methyl-4,6- 

I ,  2-Dihydro- I -methyl-4-methylthio-2- 
oxopyrimidine, 369 

hydrolysis, 369 
1.4-Dihydro- 1 -rnethyl-2-methylthio-4- 

desulphurization, 280, 288, 360, 368 
hydrolysis, 233, 360, (368) 

1 ,&Dihydro- I -methyl-2-methylthio-6- 
oxopyrimidine, 233, (368) 

oxopyrimidine, (368) 

desulphurization, 280, 359, 368 
hydrolysis, 359, (368) 
thiation, 252, 274 

1,2-Dihydro-l -methyl-2-oxo-4-phenyl- 
pyrimidine, 84, 436 

reduction, 444 
1,2-Dlhydro- I-methyl-2-oxo-5-phenyl- 

pyrimidine, 360 
hydrogenation, 450 

1.4-Dihydro- l-methyl-4-0~0-5-pheny1- 

I ,6-Dihydro-l-methyl-6-0~0-5-phenyl- 

3.4-Dihydro-3-methyl-4-oxopteridine, 

preparation from a pyrazine, 108 

19, 25, 32, 247. 357, 359, 371 

pyrimidine, (360). 374 

pyrimidine, (360) 

365 

1,2-Dihydro- I-methyl-2-oxopyrimidine, 

reduction, 278, 452 
resistance to thiation, 376 

1 ,.l-Dihydro- I-methyl-4-oxopyrimidine, 
280, 288, 312, 356, 360, 368, 373, 
377 

action of methyl iodide, 360 
thiation, 252, 376 
U.V. spectra (Figs. 4 and 5), 480 

1,6-Dihydro-l-rnethyI-6-oxopyrirnidine, 
247, 280, 256, 359. 360, 368, 371 

action of methyl iodide, 360 
thiation, 252, 376 
U.V. spectra (Figs, 4 and 5), 480 

I ,6-Dihydro- l-methyl-6-oxo-2-styryl- 
pyrimidine 

oxidation etc., 359, 360 
5,6-Dibydro- I-methyl-3-phenyluracii, 

5,6-Dihydro- I -methyl-6-phenyluracil, 
43 6 

435 
alkylation. 458 

5,6-Dihydro-3-methyl-6-phenyluraci~, 
458 

ring cleavage, 458 
5,6-Dihydro-6-methyl-3-phenyluracil, 

1 ,Z-Dihydro- I-methyl-2-thiopyridcline, 
435 

32, 381 
failure to make by thiation, 376 

1,4-Dihydro- l-methyl4th1opyrimidne, 

I ,6-Dihydro-l-methyl-6-thiopyrimidine, 

5,6-Dihydro-l-methyluracil, 83, 435, 

252, (376) 

252, (376) 

444. 452 
bromination, 83 
oxidation to I-methyluracil, 83, 361 

5.6-Dihydro-3-methyluraci1, 435 
5.6-Dihydro-3-8-naphthyl-6- 

phenyluracil, 435 
Dihydro-orotate dehydrogenase, 424 
Dihydro-orotic acid 

in pyrimidine biosynthesis, 424 
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1,6-Dihydro-4-plienylpyrimidine, 445 
5,GDihydro- 1 -phenyluraciI, 432, 4361 
5.6-Dihydro-3-phenyluracil. 434, 435 
2,3-Dihydropyran 

Dihydropyrimidines, 43 I f  
action of ethyl glycollate, 240 

by a modified Principal synthesis, 431f 
by Biginelli reaction, 440f 
by isocyanate and aminopropane 

derivative, 434f 
by isocyanatopropane derivative and 

amine, 436f 
by 0-methylurea and aminopropane 

derivative, 438 
by reduction of pyrimidine, 4425 
by various syntheses. 442 
dehydrogenation by brominationl 

dehydrobromination, 455 
from amide intermediates, 4381 
reduction, 4505 

4,5-Dihydro-2,4,5,6-tetrahydroxy-5- 
methylpyrimidine, 442 

4, 5-Dihydro-2,5,6-trihydroxy-4,4- 
dimethylpyrimidine, 432 

4,5-Dihydro-2,4.6-trihydroxy-5-methy1-5- 
nitropyrimidine, 258 

4,5-Dihydro-Z,4.6-trihydroxypyrimidine, 
257 

action of acid, 257 
1,2-Dihydro-l,4,6-trimethyl-2-oxo- 

pyrimidine, 37, 357. (382) 
4.5-Dihydro-4,4,6-trimethyl-2-phenyl- 

pyrimidine, 433 
1,2-Dihydro-l,4,6-trimethyl-2-thio- 

pyrimidine, 37, 381 
hydrolysis to 0x0 analogue, 382 

4,5-Dihydro-2,4.6-tnphenylpyrimidine 
formation and oxidation, 103, 433 

Di h ydrou ridine , 443 
3,4-Dihydroxybenzaldehyde 

4,6-Dihydroxy-2-dimethylamino- 

2,4-Dihydroxy-5,6-dimethylpyrimidhe, 

2,5-Dihydroxy-4,6-dimethyI- 

use in making styryl compounds, 126 

pyrimidine, 55 

253, 254 

pyrimidine, 21, 241 
acylation, 253 

4,6-Dihydroxy-2,5-dipropyl- 
pyrimidine, 56 

2,4-Dihydroxy-6-a-hydroxybenzylpyrim- 
idine, 417 

oxidation. 417 
2,4-Dihydroxy-5-P-hydroxye thyl-6- 

methylpyrimidine. 235 
4,6-Dihydroxy-5-/?-hydroxyethyl-2 - 

methylpyrimidine, (242) 
4,6-Dihydroxy-5-~-hydroxyethyl-2- 

phenylpyrirnidine. (242) 
4,6-Dihydroxy-5-B-hydroxyethyl- 

pyrimidine, 242 
2,4-Dihydroxy-5-a-hydroxyiminoethyl- 

pyrimidine, 418 
2,4-Dihydroxy-6-hydroxyiminomethyl- 

5-methyIpyrimidine, 41 3 
4,6-Dihydroxy-2-hydroxyiminome thyl- 

5-nitrosopyrimidine, 41 2 
as tautomer of a dinitroso derivative, 

412 

methylpyrimidine, 46, 243 

pentachloride, 179 

group, 253 
2,4-Dihydroxy-6-hydroxymethyl-5- 

methylpyrimidine, 2 15 
removal of extranuclear hydroxy 

2,4-Dihydroxy-5-hydroxymethyl-6- 

reaction with phosphorus 

removal of extra-nuclear hydroxy 

group, 253 
2,4-Dihydroxy-5-hydroxymethyl- 

pyrimidine, 12, 214, 242, 243 
action of hydrogen chloride. 248 
acylation, 253 
natural occurrence, 243 
oxidation, 392, 41 1 
removal of extranuclear hydroxy 

stability, 243 
to  halogenomethyl analogues, ( I  78) 

group, 254 

2,4Dihydroxy-6-hydroxymethyl- 
pyrimidine, 215, 244 

group, 253 

naphthy1azo)pyrimidine. 155 

257 

removal of extranuclear hydroxy 

2,4-Dihydroxy-5- (2’-hydroxy- 1 ’- 

2,4Dihydroxy-5-iodopyrimidine, (I 70). 

chlorination, I73 
4.6-Dihydroxy-5-isoamy1-2-mercapto- 

pyrimidine 
desulphurization, 280 

4,6-Dihydroxy-5-isoamylpyrimidine, 280 
2,4-Dihydroxy-5-isobutoxy-6-isobutoxy- 

me thylpyrimidine 
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hydrolysis. 239 
2,4-Dihydroxy-5-i~yanatomethyl-6- 

methylpyrimidine, (419) 
2.4-Dih ydroxy-5-isoc yanatomethyl- 

pyrimidine, 419 
reactions, (419) 

4.6-Dihydroxy-5-isopropy1-2-mercapto- 
pyTimidine, 57 

S-alkylation, (282) 
4,6-Dihydroxy-5-isopropyl-2-methyl- 

thiopyrimidine, 282 
2,4-Dihydroxy-6-mercaptomethyl-5- 

phenoxypyrimidine. 2 15 
4,5-Dihydroxy-2-mercapt0-6-me thy I- 

pyrimidine, 239 
4.6-Dihydroxy-2-mercapt0-5-methyl- 

pyrimidine, 57 
4.6-Dihydroxy-2-mercapto-5-nitroso- 

pyrimidine, 57, 149 
action of RaneynickeI, 279 
colour of salts, 147 

pyrimidine 
4.6-Dihydroxy-2-mercapto-5-phenyl- 

desulphurization, 278, 443 

276, 277, 295, 332 
2,4-Dihydroxy-5-mercaptopyrimidine, 

anti-tumour activity, 277 
oxidation, 292 

4,6-Dihydroxp-2-rnercapto- 
pyrimidine, 54 

S-alkylation, (283) 
desulphurization, 278. 443 

4,6-Di hydroxy-2-mercapto-5-tetrahydro- 
pyran-2’-yloxypyrimidine, (240) 

2,4-Dihydroxy-6-methoxycarfyI-5- 
nitropyrimidine, 394 

2,4-Dihydroxy-6-methoxycarbonyl- 
pyrimidine, 370, 393 

2.4Dihydroxy-5-methoxy-6-methoxy- 
methylpyrimidine, 234 

2,4-Dihydroxy-5-methoxymethyl- 
pyrimidine, 248 

2,4-Dihydroxy-6-methylamino-5-nitroso- 
pyrimidine 

reduction, (150) 

hydrolysis, (240) 

2,4-Dihydroxy-5-methylamino- 

2,4-Dihydroxy-6-rnethylamino- 

4,6-Dihydroxy-2-methylaminopyrim- 

pyrimidine, 210, 314 

pyrimidine, 197 

idine, 55 

4.6-Dihydroxy-5-methylamino- 
pyrimidine, 98, 313 

2.4-Dihydroxy-6-methyl-5-methyL 
aminopyrimidine, 2 10 

2,4-Dihydroxy-6-me th yl-5-nitro- 
pyrimidine, 140 

action of phosphoryl chloride etc., 163 
alkytation, 364 
oxidation, 129 
styrylation, 125 

4,6-Dihydroxy-2-methyl-5-nitro- 
pyrimidine, 140 

action of chloral, 409 
action of phosphoryl chloride, 163 

4.6-Dihydroxy-2-methyl-5-phenyIazo- 
pyrimidine, 153 

2,4-D1hydroxy-6-methyl-5-phenq-l- 
hydrazanomethylpyrimidine, 414 

2.4-Dihydroxy-5-methyl-6-phenylimino- 
methylpyrimidine. 414 

4,6-Dihydroxy-2-methyl-!&piperidino- 
methylpyrimidine, 12, 133 

4, 5-Dthydroxy-6-methylI-2-piperidino- 
pyrimidine, 241 

2,4-Dihydroxy-6-methyl-5-propyI- 
pyrimidine 

alkylation, 362 
2,4-Dihydroxy-5-methylpyrimidine, 39, 

216, 229, 234, 237, 254, 455 
N-acylation, 252 
alkylation, (361), 362 
colour test, 257 
coupling, 154 
detection, 257 
good synthesis, 258 
halogenation, 173, 177, 258, 442 
Mannich reaction, 134 
monograph, 2581 
oxidation, 259 
preparation from natural sources, 258 
reaction with nitric acid, 258 
reaction with phosphoryl chloride, 

2,4-Dihydroxy-6-methylpyrimidine, 50, 
51. 229, 230. 233, 234. 253, 372, 
455 

258 

action of formaldehyde, 243 
action of phosphoryl chloride, 163 
alkylation, 361 
chlorination, 173 
failure to  styrylate, 125 
ferricyanide oxidation, 400 
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nitration, 140, 141 
nitration and oxidation, 141 
nuclear reduction, 450 
oxidation to  orotic acid, 423 
reaction with chloromethyl ether, 180 
reaction with persulphate, 241 
reaction with tbiocyanate, 419 
Reimer-Tiemann reaction, (4 10) 

4,5-Dihydroxy-2-methylpyrimidine, 238, 

4,6-Dihydroxy-2-methylpyrimidine 
240 

action of phosphoryl chloride, &., 
163 

coupling, 153 
dinitrosation, 148, 412 
Mannich reaction, 133 
nitration, 140 
reaction with persulphate, 241 
reaction with urea, 12, 399 

4,6-Di hydroxyd-met hy l-5-te trahydro- 
pyran-2’-yloxypyrimidine, (240) 

hydrolysis, (240) 
2,4Dihydroxy-6-methyl-5- thio- 

acetamidopyrimidine. 324 
2,4-Dihydroxy-6-methyl-5-t.hiocyanato- 

pyrimidine, (419) 
to disulphide, (419) 

4,6-Dihydroxy-2-methylthiopyrimidine 
action of phosphorus pentachloride, 

2,4Dihydroxy-6-methyl-5-thioureido- 

2.4-Dihydroxy-6-rnethyl-5-ureido- 

2,4-Dihydroxy-5-morpholinomethyl- 

4.6-Dih ydroxy-5-nitro4 -phenyl- 

(165) 

pyrimidine, 340 

pyrimidine, (339) 

pyrimidine, 134 

pyrimidine 
action of phosphoryl chloride, 163 

2,4-Dihydroxy-5-nitropyrimidine, 139. 
141, 257 

action of phosphoryl chloride stc., 163 
alkylation, 363f 
attempted thiation, 25 1 
difficulty in hydrogenation, 144 
halogenation, I73 
isobarbituric acid from, 144, 238 
reduction, 144 
reduction with dithionite, 145f. 296. 

343 
4,6-Dihydroxy-5-nitropyrimidine, 10, 140 

4.6-Dihydroxy-5-nitroso-2-nitroso- 
methylpyrimidine, 148, 412 

as tautomer of an oxime, 412 
reduction. 319. 413 

4.6-Dihydroxy-5-nitrosopyrimidine. 10, 

2,4-Dihydroxy-5-nitroro-6-styryl- 

4.6-Dihydroxy-5-nitro-% (3,3,3-trichloro- 

148 

pyrimidine, 125 

2-hydroxypropyl)pyrimidine, 
409 

pyrimidine, 141 

methylpyrimidine 

2,4-Dihydroxy-5-nitro-6-trifluoromethyl- 

2,4-Dihydr~xy-5-phenoxy-6-phenoxy- 

splitting 6-group, 179 
2,4-Di hydrox y-5-phenox ysulphonyl- 

2,4Dihydroxy-6-phenylpyrimidine, 204, 
pyrimidine, 297 

229.455 
action of phosphoryl chloride, 163 
dkylation, 362 

4,6-Dihydroxy-Z-phenylpyrimidim 
Reimer-Tiemann reaction, (410) 

4.6-Dihydroxy-5-phenylpyrimidine, 98, 
278. 443 

2,4Dihydroxy-5- (N-phenylsulphamoyl) 
pyrimidine. 297 

4,6-Dihydroxy-Z-phenyl-5-tetrahydro- 
pyran-2’-yloxypyrimidine, (240) 

hydrolysis, (240) 
2,4-Dihydroxy-5-piperidinomethyl- 

2,4-Dihydroxy-5-piperidinopynmidine, 

4,6-Dihydroxy-2-piperidinopyrimidine 

2.4-Dihydroxy-5-propionyloxymethyl- 

2.4-Dih ydroxy-6-propylpyrimidine 
alkylation, 362 

2,4Dihydroxypteridine 
from a pyrazine, 108 

6.7-Dih ydroxypteridine 
methylation, 107, 308 

Z,&Dihydroxypurine, 401 
Z,CDihydroxypyido[2,3-d]- 

pyrimidine, 109 
2,4Dihydroxypyrid0[3,2d]- 

pyrimidine, I10 

pyrimidine. 134 

2 10 

Reimer-Tiemann reaction, (4 10) 

pyrimidine, 253 

2,4-Dihydroxypyrido[3,4-d]- 
pyrimidine, 109 action of phosphoryi chloride, 163 
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2,4-Dihydroxypyrimidine, 39. 227, 229, 
233. 234, 236, 257, 281, 297, 300. 
333. 346, 431, 455 

163, 257, 284 
action of phosphoryl chloride, 162, 

N-acylation. 252, 257, 357 
alkylation. 257, 360, 361, 368 
chlorosulphonation, 295 
detection, 257 
failure to nitrosate, I48 
halogenation, 19, 170, I72f, 257 
hydrogenation, 257 
isolation from nature, 257 
monograph, 2565 
nitration, 10, 139, 257 
oxidation, 257 
photohydration, 20, 257, 442 
reaction with formaldehyde. 1 I ,  178 
reduction, 443, 444. 452 
thiation, 251, 274. 369 

coupling. 154 

227, 228 

4.5-Dihydroxypyrimidine, 238, 239, 240 

4,6-Dihydroxypyrimidine, 52, 97, 98, 

abnormal acidic strength, 466 
action of phosphoryl chloride etc., 163 
amination, 169 
chlorination with iodine monochloride, 

nitration, 10, 140 
nitrosation, 10, 148 
ring opening of, 2 1 1 
syntheses of derivatives, 97f 
unsatisfactory thiation, 252 

i 67 

2,4- Di h ydroxypyrimidine-6-phosphonic 

Di(2-hydroxypyrirnidin-4-yl) disulphide, 

Di(4-hydroxppyrimidin-2-yl) disulphide, 

acid, 46 

292 

292 
reduction, 294 

2 ,+Dihydroxyquinazoline, 102 
2,4-Dihydroxy-6-ri bitylaminopyrimidine, 

I97 
2,4-Di hydroxy-5-sulphoamino- 

pyrimidine, 296 

2,4-Dihydroxy-5-suIphamoyl- 

2,4-Dihydroxy-5-sulphopyrimidine, 296 
4.6-Dihydroxy-5-tetrahydropyran-2'- 

yloxypyrimidine, 98, (2401 

a doubtful structure, 145, 343 

pyrimidine, 297, 298 

hydrolysis, (240) 
2.4-Dih ydroxy-S-triAuoromethyl- 

pyrimidine, 46, 179 

2,4-Dihydroxy-5,6-trimethylene- 
pyrimidine, 47, 83 

2,4-Dihydroxy-5-ureidopyrimidine, 339 
2,4-Di-iodo-6-methylpyrimidine, 168 
NN'-Di-isopropylurea 

nitration, 141 

failure to  condense with ethyl 
cyanoacetate, 69 

Diketene 
use in Principal Syntheses, 51 
use in primary syntheses, 104 

use in Principal Syntheses, 361 
p-Diketones 

Dilituric acid, 6 
Dilthey, 53 
2,4-Dimercapto-6-methyi-5-nitro- 

2,4-Dimercapto-5-methyIpyrimidine, 
pyrimidine, 207 

251, 252, 274 
amination, 285 

2,4-Dimercapto-6-methylpyrimidme, 46, 
206, 251 

amination, 285 
2,4-Dimercapto-5-nitropyrimic!jne, 15, 

145, 206, 275, 420 
amination, 285, 309 
reduction, 145 

2,4-Dimercapto-6-phenylpyrimidine, 25 1 
2,4-Dimercaptopyrimidine, 206, 251, 274 

346 
S-alkylation, (284) 
amination, 285, 289, 309, 346 
pyrimidine from, 1 17, 279 

4,6-Dimercaptopyrimidine, 206, 273 
l,l-Dimethoxy-3-butanone 

2,4-Dimethoxy-6-mercaptopyrimidine,207 
4,6-Dimethoxy-5-methoxymethyl-2- 

methylpyrimidine, 202, 214 
2,4-Dimethoxy-6-methylamino- 

pyrimidine 

use, 94 

bromination, 171 
2,4-Dimethoxy-6-methy1-5-propylpyrim- 

idine, 202 
isomerization, 372 

isomerization, 371 

248, 384 

2,4-Dimethoxy-5-methylpyrimidine, 247 

2,4-Dimethoxy-6-methylpyrimidine, 202, 
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formation of N-oxide, 382 
isomeriaation, 372 

2.4-Dimethoxy-6-methylpyrimidine-N- 
oxide, 382 

2,4-Dimethoxy-6-methylsulphonyl- 
pyrimidine, 299 

2.4-Dimethoxy-6-methylthio- 
pyrimidine 

oxidation, (299) 

reduction, I46 
2,4-Dimethoxy-5-nitropyrimidine, 202 

4,6-Dimethoxy-5-nitropyrimidine, 202 
2,4-Dimethoxypyrimidine. 185, 248 

2,4-Dimethoxypyrimidin-5-yl-lithium, 
isomerization, 371 

(393) 
action of carbon dioxide, (393) 

ammonium chloride 
2.4-Dimethoxypyrimidin-6-yltrimethyl- 

reaction with sulphanilamide. 33 1 
2.4-Dimethoxy-6-sulphamoylpyrim- 

idine, 298 
hydrolysis, 298 

2,4-Dimethoxy-6-sulphopyrim~dine, 294 
action of phosphorus pentachloride, 

hydrolysis, 297 
166, 297 

2,4-Dimethoxy-6-thioarbamoyl- 
pyrimidine, 399 

Dimethylamine acetate [salt) 

p-Dimethylaminobenzaldehyde 

1-Dimethylamino- I -buten-3-one 

CDimethylamino- 1,2-dihydro- 1 -methyl- 

2-Dimethylamino-4.5-dihydroxy- 

use in gentle amination, 194, 195 

use in making styrylpyrimidines, 125 

use, 94 

2-oxopyrimidine, 255 

pyrimidine 
probable formation, (241) 

5-Dimethylamino-2,4-dihydroxy- 
pyrimidine. 2 10 

4-Dimethylamino-6-ethylamino-2- 
methylthiopyrimidine. 313 

2-~-DimethyIaminoethylamino- 
pyrimidine, 3 12 

3-Dimethylamino-2-ethylpropenal 

4-B-Dimethylaminoethylpyrimidine. 26, 
132, 318 

2-Dimethylaminc-5-formy~-4hydroxy- 
6-methylpyrimidine, (409). (410) 

use. 94 

4-Dimethylamino-6-furf urylamino-5- 
nitropyrimidine, 196 

3-Dimethylamino-2-heptylpropenal 

2-Dimethylamino-4-#l-hydroxyethyl- 
use, 94 

pyrimidine. 244 
dehydration, 244 

2-Dimethylamino-4-hydroxy-6-methyl- 
pyrimidine, 49. 307 

reaction with chloral, (409) 
Reimer-Tiemann reaction, (410) 

2-Dimethylamino-4-hydroxy-6-methyl- 
5-{2,2,2-trichloro- I -hydroxyethyl)- 
pyrimidine, (409) 

hydrolysis, (409) 
2-Dimethylamino4hydroxy-5-nitro- 

action of phosphoryl chloride, 164 
pyrimidine 

2-Dimcthylamino-4-hydroxy- 
pyrimidine, 39 

action of persulphate, 241 
4-Dimethylamino-Miydroxypyrimidine, 

3-Dimethylamino-2-isoprop ylpropenal 

4-Dimethylamino-2-mercapto-5-methyl- 

232 

use, 94 

pyrimidine 
failure to prepare, (285) 

4-Dimethylamino-2-mercapto- 
pyrimidme, 285 

desulphurization, 280 
2-Dimethylamin0-4-methoxy-5-nitro- 

pyrimidine, 203 
4-dimethy lamino-6-methoxy- 

pyrimidme, 232 
4DimethyIamino-6-methy lamino- 

pyrimidine, 191 
2-Dime thylamino-4-methyl pyrimidine, 

186 
action of formaldehyde, 244 

4-Dimethylamino-6-methylpyrimidme, 

2-Bimethy~amino-5-nitropyrimidine, 193 
4-Dimethylaminopteridine. 183 
2-Dimethylaminopyrimidine, 186, 188, 

I88 

193, 312 
reaction with butyl-lithium, 123 

4-Dimethylaminopyrimidine, 280 
4-pDimethylaminostyl-2,6-drhydroxy- 

pyrimidine, 126 
4-pDimethylaminostyy1-6-hydroxy-2- 

mercaptopyrimidine, 126 
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4-p-Dimethylaminostyryl-2-hydroxy-6- 
methylpyrimidine, 126 

4-DimethylaminostyryI-6-hydroxy- 
pyrimidine 

action of phosphoryl chloride. (164) 
4-p-Dimeth ylaminostyrylpyrimidine, 

I26 
4-Dimethylamino- I ,2,3,6-tetrahydro- I ,  

3-dimethyI-2,6-dioxopyrimidine, 
198 

C-acylation, (416) 
2-Dimethylamino-4-vinylpyrimidine. 244 
Dimethylaniline 

use with phosphoryl chloride, 163f 
5,5-Dimethylbarbituric acid 56, 232, 

Dimethyl dimethyImalonate 

NN-Dimethylguanidine 

362 

use, 58 

use in Principal Syntheses, 39, 49, 55, 
72 

use, 56 

use, 56 

Dimethyl malonate 

Dimethylmalonic acid 

NN’-Dimethylmalonic diamide, 258 
4,6-Dimethyl-2-methylamino- 

pyrimidine, 37, 377 
hydrolysis, 229 

4,6-Dirnethyl-Z-methylthiopyrimidine, 
37,282,287 

amination, 290 
desulphurization, 280 

4,6-Dimethyl-2-nitroaminopyrimidine 
to 2-hydroxyamino analogue, 344 

4,6-Dimethy1-2-#~-nitrobenzenesulphon- 
amidopyrimidine. 330 

reduction, 330 
4,6-Dimethyl-2-m-nitrophenyI- 

1,6-DimethyI-5-nitrouracil,Z3 1, 367 

2,4-Dimethyl-6-phenylpyrimidine, 132 

4,6-Dimethyl-2-p-phenoxyanilino- 

4,6-Dimethyl-2-a-phenylacetonyl- 

4.6-Dimethyl-2-phenylpyrirnidine, 3 1, 

pyrimidine, 134, 139 

oxidation etc., 367 

formation of oxime, 320 

pyrimidine. 37 

pyrimidine, 209 

36, 125 
nitration, 134 
oxidation, I27 

2,4-Dimethyl-6-piperidinopyrimidlne. 188 
2,4-Dimethyl-6-piperonylidenehydrazino- 

3,6-Dimethyl-5-propyluracil, 362 
2,4-Dimethylpyrimidine. 96. 12 1 

carbonylpyrimidine, 401 

attempted nitration, 128f 
N-oxide formation, 128 
styrylatian, 125 

2,5-Dimethylpyrimidine. 12 I 
styrylation, 26, 125 

4,5-Dimethylppimidine, 93, 94 
oxidation, 127 

4,6-Dimethylpyrimidine, 94, 120, 122, 
280, 396 

bromination. 130, 177 
oxidation, 127 
N-oxide formation, 128 

2,4-Dimethylpyrimidine-N-oxide, 128 
Iieissert reaction, 384 

4,6-Dimethylpyrimidine- 1 -oxide, 128 
action of acetic anhydride, 384 
action of toluene-p-sulphonyl chloride, 

384 

292 

ammonium chloride 

Di(4-methylpyrimidir-6-yl) disulphide, 

2,4-Dinie th yipyrimidin-6-yltrimethyl- 

reaction with sulphanilamide, 331 
4,6-Dimethylpyrimi&n-2-yltrimethyl- 

ammonium chloride, 18, 345 
reactions of, 18. 345 
to  2-cyano analogue, 404 

2,4-Dimethyl-6-styrylpyrimidine, 125 
4,6-Dimethyl-2-styrylpyrimidine, 125, 

ozonization dc. to  aldehyde, 41 1 
41 I 

5-(NM-Dimethylsulpharnoyl)-2,4 
dihydroxypyrimidine. 297 

4,6-Dimethyl-2-sulpharnoylp)?imidine, 
(295), 298 

4,6-Dimethyl-2-sulphanilylamino- 
pyrimidine 

4,6-dimethyIpyrimidine” 
2,4Dimethyl-6-suIphopyrimidine, 15, 

207. 295 

see : “2-p-Aminobenzenesulphonmido - 

action of cyanide, 207, 297 
Dimethyl tetrahydropyran-2- 

yloxymalonate 
use, 58, 263 

2.4-Dime thyl-6-t hiocarbamoylpyrim- 
idine, 399 
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4,6-Dimethyl-2-thiocarbamoylpyrim- 

4,6-Dimethyl-2-+toluenesulphon- 

5,5-Dimethyl-2-thiobarbituric acid, 57 
Dimethylthiorne thylenemalononitrile 

1,5-Dirnethyl-Z-thiouracil, 101 
3,6-Dimethyl-2-thiouracil, 83, 273 
2.4-Dimethyl-6-tridecylpyrimidine, 122 
1,5-Dimethyluracil, 101, 358, 361, 369, 

1,6-Dimethyluracil, 229, 232, 361, 369, 

idine, 399 

arnidopyrimidine, 330 

use in synthesis, 66 

455 

372, 374 
alkylation, 361 
ferricyanide oxidation, 371, (400) 

3,5-Dimethyluracil, 361 
3,6-Dimethyluracif, 83, 358, 361, 365, 

368, 372 
alkylation, 361 

NN'-Dimeth ylurea 
use in Principal Syntheses, 42, 53, 68f 

4.6-Dimethyl-2-useidopyrimidine, 340 
1,J-Dimethylxanthine. 150 
B-Dinitriles 

use in Principal Syntheses, 72f 
use in syntheses, 90 

5a(2,4-Dinitrophenylhydrazono)ethyl- 

5-(2,4-Dinitrophenylhydrazono)methyl- 
2,4-dihydroxypyrimidine, 418 

4.6-dihydroxy-2-piperidinopyrim- 
idine, 414 

4-(2,4-Dinitrophenyl thio)-2,6-dimethoxy- 
pyrimidine, 283 

NN'-Dioct ylmalondiamidine 
syntheses from, 100 

Dioxane dibromide 
as a brominating agent, 170 

a./?-Diphenylacrylonitrile 
anomalous reaction with guanidine, 

1,3-Diphenylalloxan-5-methylphenyl- 

4-Diphen ylamino-Z-mercaptopyrimidine 

5,5-Diphenylbarbituric acid, 99, 261 
Diphenyl carbonate 

use in syntheses, 99, 446 
NN'-Diphenylformamidine 

use, 410 
NN'-Diphenylguanidme 

use in synthesis, 55 

433 

hydrazone, 156 

failure to prepare, 285 

5-Diphenylrnethylenebarbituric acid, 
123 

reduction, 124 
2-Diphenymethylthio-4-hydroxy-6- 

methylpyrimidine, 283 
5-Diphenylme thyl-2,4,6-trihydroxy- 

pyrimidine, 124 
4,6-Diphenylpyrimidine, 95 
l13-Diphenyl-2-thiobarbituric acid 

"'-Diphen yl thiourea 

NN'-Diphenylurea 

Di(2-pyimidin-2-ylarnino)merhyI- 

reduction by formic acid, 3 12 

desulphurization, 278, 443 

use, 54, 381 

use, 56 

benzene, 312 

2,4-Diselenylpyrimidine, 207 
2 .4-Distyrylpyrimidine, 125 
2.4-Dithiobarbituratcs 

formation, 251 
Dithiouracil, 6 
Dithiourethanes 

1,3-Di-o-toIuidinopropane 
use in Shaw Synthesis, 88 

failure to  condense with aldehydes, 
453 

disulphide. 212, 292 
Di42'4.6- trihydroxypyrimidin-5-yl) 

Diuretic pyrimidines, 367 
Divicine, 6 

Donnell, 331 
Dornow, 85 

monograph, 259 

E 

Elbs persulphate reaction, 20f. 241 
Electrophilic substitution, 10 
Elion, 251, 285 
English, 331 
B-Ester nitrilcs 

reaction with amidines, 67 
reaction with guanidines, 7 I f  
reaction with thioureas, 70 
reaction with ureas, 68f 
use in primary syntheses, 90/ 
use in Principal Syntheses, 67f 

in cytosine synthesis, 60, 346 

use, 94 

6-EthoxyacrylonitriIe 

1 -Ethoxy- 1 -buten-3-one 
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5-Etiioxycarbonylacetyl- 1.2.3.4- 
tetrahydro-6-hydroxy- 1.3-di- 
rnethy1-2,4-dioxopyrimidine, 53 

5-Ethoxycarbonylacetyl-2,4..6-tri- 
hydroxypyrimidine. 416 

4-Ethoxycarbonylamino-2.6-diethyl-5- 
methyl pyrimidine, 336 

hydrolysis to 4-amino analogue, 338 
reaction with amines, 338 

5-Ethoxycnrbnylarnino-2,4-din;ethyl- 
pyrimidine 

hydrolysis, 338 
5-Ethoxycarbonylaminu-2-ethylthio-4- 

hydroxypyrimidine, 336 

5-Ethoxycarbonylamino-4-hydroxy-2- 
hydrolysis. 338 

methylpyrimidine, 336 
to  4.5-dihydroxy analogue, 238 

Ethoxycarbon ylaminomaleic anhydride, 

intermediate in Shaw Synthesis, 89, 

Ethoxycarbonylaminomaleimide, (424) 
intermediate in urotic acid synthesis, 

423 

423 

(424) 
5-Etl1oxycarLonylamiiiomethyl-2,4- 

dihydroxy-6-methylpyrimidine, 
337 

5-Ethoxycarbnylaminomethyl-2,4- 
dihydroxypyriniidine, 337 

5-Ethoxycarbonylaminornethyl-2-ethyl- 
thio-4-hydroxypyrimidine, 337, 
401, 419 

5-Ethoxycarbonylrtmino-1,2,3,4-tetra- 
hydro- 1,3-dimethyl-2,4-dioxo- 
pyrimidine, (336) 

5-Ethoxycarbonylamino- 12’3.4- 
tetrahydro-6-hydroxy- I ,3- 
dimethyl-2.4dioxopyrimidine. 336 

5-Ethoxycarbonylamino-2,4,6-trimethyl- 
pyrimidine, 337 

hydrolysis, (338) 
2-a-Ethoxycarbon yi benzyl-4.6-dimethyl- 

cr-E thox ycarbonyl-a-butyrofactone 

2-Ethoxycarbonylcyclohexanone 

2-EthoxycarbonyIcyclopentanone, 47 
5-Ethoxycarbonyl-4,5-dihydro-6- 

pyrimidine, 209 

use in synthesis, 242 

use, 4 4 j  

hydroxy-2,4-dirnethylpyrimidine, 
49. 52, 432 

5-Ethoxycarbonyl- 1.6-dihydro-2- 
hydroxy-4-methyl-6-phenyl- 
pyrimidine, 440, (441), 458 

acetylation, 456 
bromination, 457 
mechanism of formation, 441 
reaction with phosphoryl chloride, 458 

5-Ethoxycartmnyl- 1.6-dihydr0-2-hydr- 

4Ethoxycartmnyl-4,5-dihydro-6- 

5-Ethoxycarbonyl- 1.6-dihydro-2- 

oxy-4-methylpyrimidine, 44 

hydroxy-2-phenylpyrimidine, 439 

hydroxy-6-phenyl-4-triAuoro- 
methylpynmidine, 441 

mercapto-4-methyl-6-phenyl- 
pyrimidine. (441) 

to 2-hydroxy analogue, 441, (458) 

5-Ethoxycarbonyl- 1.6-dihydro-2- 

5-Ethoxycarbonyl- 1.6-dihydro-2- 
mercapto-6-phen yl-4- trifluoro- 
methylpyrimidine, 441 

5-Ethoxycarbonyl-3,4-dihydro-3-methyl- 
2-methylthio-4-oxopyrimidine. 43 

5-Ethoxycarbonyl- 1 ,Bdihydro-2-methyl- 
pyrimidine, 440 

nuclear reduction, 451 
5-Ethoxycarbonyl-4,5-dihydro-2,4,5,6- 

4-Ethoxycarbnyl-2.6-dihydroxy- 
tetrahydroxypyrimidine, 442 

pyrimidine, (370). (393) 
failure of Principal Synthesis, 103 

5-Ethoxycarbonyl-2,4-dihydroxy- 
pyrimidine, 42, 395 

5-Ethoxycarbonyl-4-ethoxpthio- 
action of phosyhoryl cldoride. 1165) 

carhnylamino-2-ethylthio- 
pyrimidine, 338 

5-Hthoxycarbonyl-2-ethylamino-4- 
methylpyrimidine, 290 

a-Ethoxycarbonyt-a-e thyl- y- 
b u  tyrolactone 

use in synthesis, 242 

pyrimidine, 299 

6-hydroxypyrimidine, 44. 175 

isocyanatopyrimidine, 208, 418 

5-Ethoxycarbon yl-I-ethylsulphon yl- 

4-Ethoxycarbonyl-2-ethylthio-5-fluoro- 

5-Ethoxycarbonyl-2-ethylthio-4- 

amination, 419 
5-Ethox ycarbon yl -2-e th ylthio-4 

isothiocyanatopyrimidine, (338), 
42 1 
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action of alcohol, (338) 
to  thioureide. 422 

5-Ethoxycarbonyl-2-ethylthio-4-phenyl- 
ureidopyrimidine, 419 

5-Ethoxycarbony1-2-ethylthio- 
pyrimidine, 185 

action of chlorine, 166, (299) 
5-Ethoxycarbonyl-2-ethylthio-4-thio- 

cyanatopynmidine, 208, 3 10 
isomerization, (42 1) 

5-EthoxycarbonyI-2-ethyIthio-4-thio- 
ureidopyrimidine. 422 

cyclization, 422 
5-Ethoxycarbonyl-2-ethylthio-4- 

ureidopyrimidine, 208, 419 
2-Ethoxycarbonylformylmethylthio-4- 

hydroxypyrimidine, 408 
use as an  aldehydo ester ( I ) ,  408 

methylpyrimidine, 291 
5-Ethoxycarbonyl-2-hydrazlno-4- 

acylation, (330) 
5-EthoxycarbonyI4hydroxy-2- 

desulphurization, 235, 279 
to  5-carboxyuracil, 235 

pyrimidine, 43 

mercaptopyIimidine, (395) 

5-Ethoxycarbonyl-2-hydroxy-4-methyl- 

reduction, 444 
5-EthoxycarbonyI-4-hydroxy-2-methyl- 

5-Ethoxycarbonyl-4-hydroxypyrim- 

5-Ethoxycarbonyl-4-hydroxy-2- 

4-Ethoxycarbonyl-2-mercapto-6- 

5-(N-Ethoxycarbonyl-N-methylamino)- 

pyrimidine, 41, 395 

idine, 235 

trifluoromethylpyrimidine, 1 79 

hydroxypyrimidine, 44 

2,4-dihydroxy-6-methylamino 
pyrimidine, 336 

6-dihydroxypyrimidine, 444 

phenyluracil, 458 

4-Ethoxycarbonylmethyl-4,5-dihydro-2, 

3-Ethoxycarbonylmethyl-5,6-di hydro-6- 

saponification, 458 

pyrimidine 
4-Ethoxycarbonylmethyl-2.6-dihydroxy- 

reduction, 444 
5-Ethoxycarbonyl-4-methyl-2,6- 

diphen ylpyrim idine, 455 
5-Ethoxycarbonylmethylenehydantoin 

conversion into a pyrimidine, 
103f 

I -EthoxycarbonylmethyI-2-ethylthio- 1 ,  
4-dihydro-4-oxopyrimidine. 369 

4-Ethoxycarbonylme thyl-2-ethylthio- 
6-hydroxypyrimidine. 44,396 

5-Ethoxycarbonylmethyl-2-ethylthio-4- 
isothiocyanatopyrimidine, 42 1 

5-Ethoxycarbonylmethyl-2-ethylthio-4- 
thiocyanatopyrimidine 

isomerization, (42 1) 
l-EthoxycarbonyImethylhexahydro-3- 

rnethyI-2,6-dioxo-4-phenyl- 
pyrimidine, 458 

thiop yrimidine 
amination, 290, 291, 396 
failure to aminate with hindered 

amines, 290, 291 
I-Ethoxycarbonylmethyl-6-phenyt- 

uracil, 362 
alkylation, 362 

use, 45 

5-Ethoxycar bonyl-4-methyl-2-methyl- 

3-Ethoxycarbonyl- 1 -methyl-4-piperidone 

I -EthoxycarbonylmethyL 1,2,3,4-tetra- 
hydro-3-methyl-2,4dioxo-6- 
phenylpyrimidine, 362 

tetrahydro-3-methy1-2.6-dioxo- 
4-phenylpyrimidine, 362 

2-Ethoxycarbonylmethylthio-4-hydroxy - 
6-methyl-5-propyIpy~imidine, 283 

2-EthoxycarbonylmethyRhio-4- 
hydroxypyrimidine, 283 

side-chain formylation, 408 

1-Ethoxycarbonylmethyl- 1,2,3,6- 

5-Ethoxycarbonyl-3-methyl-2-thiouraci1, 

5-Ethoxycarbonyl-3-methyluraci1, 42, 
43 

357 
hydrolysis, 357, 361 

to corresponding uracil, 235 
5-Ethoxycarbonyl-3-octyl-2-thiouracil 

5-Ethoxycarbonyll-3-octyluracil, 235 
5-Ethoxycarbonyl-3-phenyl-2-thiouracil 

to  corresponding carboxyuracil, 235 
6-Ethoxycarbonyl-3-phen yluracil 

doubts on structure. 51 
4Ethoxycarbonylpyrimidine, 393 

from the acid chloride, 394 
to arnide, 396 
to  hydrazide, 397 

5-Ethoxycarbonyl-l,2,3,4-tetrahydro- 1, 
3-dimethyl-2,4-dioxopyrimidine, 
42, 358, 395 
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5-Ethoxycarbonyl- 1.4.5.6-tetrahydro-6- 
methyl-2,4-diphenylpyrimidine 

oxidation, 455 
5-Ethoxycarbonyl- 1,4,5,6-tetrahydro-2- 

methylpyrimidine. 45 1 
5-Ethoxycarhnyl- 1,2,3,4-tetrahydro-6- 

methyl- 1,2,3,4-tetraphenyl- 
pyrimidine, 449 

4,fGtriphenylpyrimidine 
5-Ethoxycarbonyl- 1,4,5,6-totrahydro-Z, 

oxidation, 455 
5-Ethoxycarbonyl-2,4,6-triphenyl- 

4-Ethoxy- 1,2-dihydro-1 -methyl-2-oxo- 
pyrimidine, 455 

pyrimidine, 37 1 
thermal rearrangement, 371 

4-Ethoxy- 1 ,Z-dihydro-2-oxo- l-tetra- 
acetyl-/?-D-glucosido- 
pyrimidine, 372 

5-Ethoxy-2,4-dihydroxypyrimidine, 232 
2-Ethoxy-4,6-dimethyIpyrimidine, 20 1 

/?-Ethoxy-a-ethox ymethoxymethyl- 
bromination, (1  7 1) 

propioni trile 
use, 61 

5-Ethoxy-4-ethox ythiocarbonylamino- 

4-Ethoxy- I-ethyl-] ,Z-dihydro-Z-oxo- 

5-j3-Ethoxyethyl-4-ethyl-6-hydroxy-2 

2-ethylthiopyrimidine, (338) 

pyrimidine. 37 1 

mercaptop yrimidine 
desulphurization, 28 1 

5-B-Ethoxyethyl-4-ethyl-6-hydroxy- 
pyrimidine, 281 

4-Ethoxy-5-ethyl-2-ethylsulpho~ yl-6- 
methylpyrimidine, 299 

action of alkoxide, (247) 
hydrolysis of 2-group, (236) 

4-Ethoxy-5-ethyl-2-e thylthio-6-methyl- 
pyrimidine 

oxidation, (299) 
4-Ethoxy-5-ethyl-Z-hydroxy-6-methyl- 

a-Ethoxyeth ylidenernalononitrile 

4-Ethoxy-2-ethylsulphonyl-6-methyl-5- 

pyrimidine, (236) 

use as  a keto nitrile, 66 

propylpyrimidine 
hydrolysis of 2-group, 236 

4-Ethoxy-2-ethylsulphonyl-5-methyl- 
pyrimidine, (236). 299 

alkaline hydrolysis of 2-group, 236 
amination, 300 

to  2-ethoxy analogue, 247 
4-Ethoxy-2-ethylsulphonylpyr1midine, 

299 
hydrolysis, 236 

4-Ethoxy- I-ethyl- 1,2,3,6-tetrahydro-3- 
methyl-2,6-dioxo-5-ureido- 
pyrimidine, 363 

methyl-Coxopyrimidine, (369) 

methyl-6-oxopyrimidine, (369) 

pyrimidine 
alkylation, 368 

pyrimidine 
oxidation, 236, (IL99) 

hydrolysis, 233 
oxidation, 299 
to 2-hydroxy analogue, (236) 

5-Ethoxy-2-ethylthio-I .4-dihydro- I - 
5-Ethoxy-2-ethylthio- 1,6-dihydro- 1- 

5-Ethoxy-2-ethylthio-4-hydroxy- 

4-Ethoxy-2-ethylthio-5-methyI- 

4-Ethoxy-2-ethyl thiopyrimidine 

5-Ethoxy-2-ethylthiopyrimid1ne, 185, 282 
5-Ethoxy-2-ethylthi0-4-thimyanato- 

pyrimidine, 208 
4-E thoxy-2-hydrazino-6-methylpyrim- 

idine, 200 
4-Ethoxy-2-h ydroxy-6-methyl-5- 

propylpyrimidine, 236 
2-Ethoxy-4-hydroxy-6-methyl- 

pyrimidine, 51, 245 
4-Ethoxy-2-hydroxy-5-rnethyl- 

pyrimidine. 236 
Z-Ethoxy-4-hydroxy-5-nitro- 

pyrimidine, 14, 203 
amination, 256 

CEthoxy-2-hydroxy-5-nitropyrimidine, 
203 

amination, 256 

amination, 255, 309 
thiation in damp pyrimidme, 252 

4-Ethoxy-Z-hydroxypyrimidine, (236) 
amination, 255, 309 

5-Ethoxy-4-mercapto-2-methylthio- 
pyrimidine, 207 

5-Ethoxy-2-mercaptopyrimidine 
S-dkylation, (282). (284) 

/?-Ethoxy-a-methox ymeth ylenepropio- 
nitrile use, 61 

a-Ethoxy methoxymethylpropionitrile 
use, 62 

!bEthoxymethyl-2,4-dihydroxypyrim - 

2-Ethoxy-4-h ydroxy pyrimidine 
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idine. 248 
Ethoxymethyleneacetic acid 

conversion into acid chloride. 101 
Ethoxymethyleneacetoni trile 

see : “j?-Ethoxyacrylonitle” 
Ethoxymethyleneacetylacetone 

use in synthesis, 415 
Ethoxymeth yleneacetyl isothiocyanate 

as intermediate in synthesis, 101 
N-Ethoxymethyleneacetyl-”-methyl- 

thiourea 
cyclization, 101 

Ethoxymeth yleneacetylurethane 
intermediate in synthesis, 89 

Ethoxymeth ylenemalononitrile 
use as aldehydo nitrile, 61, 86, 179, 

in Whitehead Syntheses, 64, 381 
a-Ethoxymethylene-a-methylacetyl 

403 

isocyanate 
amination of, 358 

N-(a-Ethoxymethylene-a-methyfacet yl )- 
N’-methylurea, (358) 

5-Ethoxymethyl-2-ethyl-4-hydroxy- 
pyrimidine, 246 

4-Ethoxymethyl-6-hydoxy-2-hydroxy- 
methyl-5-methylpyrimidine, 242 

cyclization, (358) 

hydrolysis, 242 
4-E thoxymethyI-6-hydroxy-2-mercapto- 

5-methylpyrimidine 
desulphurization, 248, 281 

4-Ethoxymethyl-6-hydroxy-5-methyl- 

5-Ethoxymethyl-4-hydroxy-2-methyl- 
pyrimidine, 248,281 

pyrimidine, 86 
action of sodium sulphite, 295 

4-Ethoxy-6-methyl-2-phenyIpyrimidine, 

4-Ethoxy-6-methylpyrimidine, 383 

4Ethoxy-6-methylpyrimidine-N-oxide, 

247 (?) 

formation of N-oxide. 382 

382 
reduction, 383 
Reissert reaction, 383 

ethylation, 363 
6-Ethoxy- 1 -methyl-5-ureidouracil, 363 

4-EthoxyoxalylmethyIpyrimidine, 26, 

4-Ethoxy-2-phenylpyrimidine (?}, 247 
4-Ethoxy-I,2.3.6-tetrahydro-l,3-di- 

132 

methyl-2.6-dioxopyrimidine, 203 

4-Ethoxythiocarbon ylarnino-2-ethylthio- 
5-phenyIpyrimidine, 337 

4-Ethoxythiocarbonylamino-2-ethylthio- 
6-phenylpyrimidine, (338) 

4-Ethoxythiocarbon ylamino-Z-ethylthio- 
pyrimidine. 338 

Ethoxythiocarbonylpmpan-2-thione, 46 
Ethyl acetamidocyanoacetate 

use in syntheses, 71, 328 
Ethyl acetimidate 

use in syntheses, 86 
Etbyi acetoacetate 

reaction with urea, 441 
use, 44f 

Ethyl zmidinomethylenecyanoacetate 

Ethyl p-aminobutyrate 

Ethyl 13-aminocrotonate 

alternative cyclizations, 61 

use in hydropyrimidine synthesis, 435 

reaction with isocyanates, 82f, 228, 

5-Ethylamino9.4-dihydroxypyrimidine. 

CEthy lamino-2-ethyl thiopyrimidine, 

4-Ethylamino-2-hydroxy-5-nitro- 

Ethyl aminomethyleneacetoacetate 

Ethyl aminomethylenecyanoacetate 

358 

2 10 

1 98 

pyrimidine, 380 

in primary synthesis, 83, 358 

formation from ethyl cyanoacetate, 

reaction with imino ethers, 86 
reaction with thiocetamide. 85. 396 

Ethyl a-aminomethylene-b-ethoxy- 

67 

propionate 
use in synthesis, 86 

Ethyl aminomethylmethyl- 
enecyanoacetate 

formation, 67 
5-Ethylamino-4-methyIpyrimidine. 3 15 
Ethyl 8-amino-a-methylthiocarbamoyl- 

crotonate 
as  a by-product, 83 

crotonate 
Ethyl 8-amino-a-phenylcarbamoyl- 

formation as by-product, 83 
Ethyl arninophenylmethyl- 

enecyanoacetate 
formation, 67 

action of phosgene, 437 
Ethyl @-arnino-B-phenylpropionate 
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4-E thy1 am ino- 1,2,3.6-t etrahydro- 1,3- 

1 -Ethylbarbituric acid alkvlation, 459 

5-Ethyl-2,5-dihydro-4,6-dihydroxy-2- 
dimethyl-2 ,&dioxop yrimidine, 1 98 methoxy-5-phenylpyrirnidine 

C-acetylation, (416) 
Ethyl benzamidoformylacetate 

use, 40, 328 
Ethyl benzoimidate 

use in synthesis, 86 
Ethyl bnzoylacetate 

use, 44, 95 
Ethyl benzylacetoacetate 

use, 44 
Ethyl bcnzyloxyformylacetate 
use, 40, 239, 246 

Ethyl p-benz ylureido-p-phenylpro- 
pionate, 437 

Ethyl bromocyanoacetate 

Ethyl butyrylacetate 

Ethyl chloroacetoacetate 

Ethyl chloroformate 

Ethyl o-chlorophenoxyformylacetate, 

Ethyl a-p-chlorophenyl-a-propionyl- 

cyclization, 437 

use in Principal Syntheses, 71, 175 

use, 45, 283 

use, 44 

use in making urethanes, 336 

40 

acetate, 46 
use, 407 

Ethyl cyanoacetatc 
use in Principal Syntheses, 67f 

Ethyl a-cyano-yy-diethoxybutyrate 
use. 68 

Ethyl B-cyanoformytpropionate 
use, 41, 403 

Ethyl cyanosuccinate 
use, 67 

Ethyl a-cyclohex- l-enyl-a-cyano- 

use in barbiturate synthesis, 53 
Ethyl (2,4-dibromophenoxy)formyl- 

propionate 

acetate 
use in synthesis, 180 

Ethyl yy-diethoxyacetoacetate. 46, 423 
use, 406, 407 

Ethyl p@-diethoxy-a-methylpropionate 
use in synthesis, 38 

Ethyl diethylcyanoacetate 
use in syntheses, 68, 71 

5-Ethyl-2,5-dihydro-4,6-dihydroxy-2,5- 
diphenylpyrimidine. 439 

5-Ethyl-4,5-dihydro-2,6-dihydroxy-5-m- 
nitrophenylpyrimidine, 455 

reduction, 454 
5-Ethyl-2,5-dihydro-4.6-dihydroxy-5- 

5-Ethyl-4,5-dihydro-2,6-dihydroxy-5- 
phenylpyrimidine, 278. 443 

phenylpyrimidine 
nitration, (456) 

5-Ethyl-4,5-dihydro-2,6-dihydroxy- 
pyrimidine, (443) 

I-Eth yI- 1,4-dihydro-6-hydroxy-Z- 
phenylpyrimidine, 440 

1 -Ethyl- 1,4-dihydro-Z-mercapt0-4,4,6- 
trimethyipyrimidine, 437 

5-Ethyl-4,6-dihydroxy-2-mercapto- 
pyrimidine 

desulphurization, 280 
2-Ethyl-4,6-dihydroxy-5-methyl- 

2-Ethyl-4,6-dihydxoxypyriniidine, 98 
action of phosphoryl bromide, (167) 

4-Ethyl-2,6-dihydroxypyrimidine, 235, 

5-Ethyl-4,6-dihydroxypyrimidine, 97, 280 
5-Ethyl-2,4-dimethoxy-6-methyl- 

4-Ethyl-2,6-dimethylpy1imidine, 122 
I ,2-Ethylene-bis-S-thiourea 

Ethyl a-ethoxycarbonylamino-a- 

pyrimidine, 97 

281 

pyrimidine, 247 

use, 46 

formylacetate 
use in syntheses, 336 

Ethyl ethoxyc yanoacetate 
use. 246 

Ethyl ethoxyethylacetoacetate 
use. 45, 246 

Ethyl a-ethoxyethyIidenecyanoacetate, 
45 

reaction as a keto ester, 66 

use, 41 

use, 246 

Ethyl ethoxyformyacetate 

Ethyl @-ethoxyformylpropionate 

Ethyl @-ethoxymethoxpmethyI- 
propionate 

use, 41 

use in synthesis, 242 
Ethyl a-ethoxy-a-methylacetoacetate 

Ethyl ethoxymethyleneacetoacetate 
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use, 48, 290, 415 

pyruvate 
use in synthesis, 36 

Ethyl ethoxymethylenecyanoacetate 
in syntheses, SO/. 62/, 347, 403 
in Whitehead Syntheses, 64, 38 1 

Ethyl ethoxymethyleneoxalacetate 
use in synthesis, 36 

Ethyl ethylacetoacetate 
failure to undergo Biginelli reaction, 

use, 44, 51 

Ethyl ethoxymethyleneacetyl- 

441 

Ethyl rr-ethyl-a- 1-methylbut- I - 
enylcyanoacetate 

use in making barbiturate, 54 
5-Ethyl-2-ethylsulphonyl-4-methoxy-6- 

methylpyrimidine, 299 
action of alkoxide, (247) 
hydrolysis of 2-group, (236) 

5-Ethyl-2-ethylthio-4isothiocyanato- 
pyrimidine. (341), 421 

amination, (341) 
5-Ethyl-2-ethylthio-4-methoxy-6- 

methylpyrimidine 
oxidation, (299) 

S-Ethyl-2-ethylthio-4-phenylthioureido- 

4-Ethyl-2-ethylthiopyrimidine, 185 
5-Ethyl-2-ethylthio-4-thiocyanato- 

pyrimidine, (341) 

pyrimidine, 208 
isomerization, (42 1) 
reaction with thioacetic acid, 420 

5-Ethyl-2-ethylthio-4-thioureido- 

Ethyl formylacetate 

Ethyl formylacetoacetate 

Ethyl formylchloroacetate 

Ethyl formylfluoroacetate 

Ethyl a-formylpropionate 

Ethyl heptanoylacetate 

5-Ethylhexahydro- 1.3-bishydroxy- 
methyl-2-methoxy-4,6-dioxo-5- 
phenylpyrimidine, 244, 459 

5-Ethylhexahydro-2-methoxy-4,6-dioxo- 
5-phen ylpyrimidine 

pyrimidine, 341 

use in syntheses, 38/, 227 

use, 41 

use, 40 

use, 40, 175, 245 

use in syntheses, 38. 41, 287 

use, 44 

action of formaldehyde, 244 

use, 45 
Ethyl hexanoylacetate 

2-Ethyl-4-hydroxy-5,6-dimethyl- 

5-Ethyl-4-hydroxy-2-mercapto-6- 
pyrimidine, 44 

phenylp yrimidine 

4-Ethyl-6-hydroxy-2-mercapto- 
nuclear reduction, (443) 

pyrimidine, 45 

28 1 

pyrimidine, (236) 

pyrimidine, 51, 245 

thiopyrimidine, 44 

to 6-ethyluracil with nitric acid, 235, 

5-Ethyl-2-hydroxy-4-methoxy-6-methyl- 

5-Ethyl-4-hydroxy-2-methoxy-6-rnethyl- 

5-Ethyl-4-hydroxy-6-methyl-2-methyl- 

2-Ethyl-4-hydroxy-6-methylpyrimidine 
direct removal of hydroxy group, 122, 

253 

122 
4-Ethyl-6-hydroxypyrimidine, 

Ethyl @-iminobutyrate 

5-Ethyl-5-isoamylbarbituric acid, 

Ethyl B-isocyanato-/?-phenylpropionate, 

use, 48 

53 

437 
action of benzylamine, 437 

use in synthesis, 73 
Ethylmalononitrile 

5- (N-Ethyl-N-methoxycarbony1amino)- 
2,4-dihydroxy-6-methylamino- 
pyrimidine, 336 

Ethyl methoxyformylacetate 

Ethyl B-methoxymethylenepropionate 

Ethyl $-methoxyphenoxyacetoacetate 

Ethyl methylacetoacetate 

Ethyl p-metbylaminopropionate 

Ethyl m-rnethylbenzylacetoacetate 

5-Ethyl-5- 1’-methylbut- 1 ’-en ylbarbituric 

5-Ethyl-5-1’-methylbutylbarbituric 

use, 40, 41 

use, 41 

use, 44 

use, 44, 46, 49 

use in synthesis, 83 

use, 45 

acid, 54 

acid, 53 
thiation, 54 
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5-Ethyl-5- I’-methylbutyl-2-thio- 

Ethyl /?-methylcrotonate 
barbituric acid, 54, 57 

use in synthesis of hydropyrimidines, 
43 I 

2-Ethyl-4methylpyrimidine. 122, 253 
3-Ethyl-6-methyluracil 

Ethyl nitrosocyanoacetate 

70, 71, 149 
1 -Ethyl-5-nitrouracil. 364 

alkylation, 364 
Ethyl oxalacetate 

use in syntheses, 51, 370 
Ethyl phenylacetimidate 

use in synthesis, 86 
Ethyl a-phenylazotrifluoroacetoacetate 

use, 44, 179 
5-Ethyl-5-phenylbarbituric acid, 53 

reduction, 450 
thiation, 251 

Ethyl b-phenylforrnylpropionate 
use, 41 

C-Ethyl-C-phenylmalondiamide 
condensation with aldehydes, 439 

4-Ethyl-6-phenylpyrimidine, 95 
5-Ethyl-5-phenyl-2-thiobarbituric acid 

abnormal desulphurization, 278. 443 
lithium aluminium hydride reduction, 

nitration and oxidation, 129 

use in Principal Syntheses, 67, 68, 69, 

450 
5-EthyI-5-phenyltrithiobarbituric acid, 

251 
N-Eth ylpiperidine 

Ethyl propiolate 

Ethyl propionylacetate 

5-Ethyl-5-propyl-2-thiobarbituric acid, 

1 (or 3)-Ethyl-6-propyluracil, 362 
N-Ethyl-N’-propylurea 

+Ethylpyrimidine, 94, 122 
5-Ethylpyrimidine, 94 
1 -Ethyl-5%-semicarbazonoethyl- 

barbituric acid, 418 
2-Ethylsulphonyl-4-methoxy-5,6- 

dimethylpyrimidine, 299 
2-Ethylsulphonyl-4-methoxy-6-methyl- 

5-propylpyrimidine 

use as condensation catalyst, 33 

reaction with urethane, 89 

use, 45 

57 

in  Principal Synthesis, 69 

hydrolysis of 2-group, 236 
2-Ethylsulphonyl-4-methoxy-5- 

methylpyrimidine, (236) 
action of alkoxide, (247) 
hydrolysis, (236) 

2-Ethylsulphonyl-5-methyl-4-methyl- 
aminopyrimidine, (236) 

hydrolysis, (236) 
I-Ethyl- 1,2,3,4-tetrahydro-3,6-dimethyl- 

2.4-dioxopyrimidine, 361 
5-Ethyl- 1,4,5,6-tetrahydro-2-hydroxy-5- 

phenylpyrimidine, 450 
5-Ethyl- 1,4,5,6-tetrahydro-2-hy&oxy- 

pyrimidine, 1443) 
5-Ethyl-] ,4,5,6-tetrahydro-2-mercapto- 

5-phenylpyrimidine, 450 
1 -Ethyl-1,2,3,6-tetrahydro-3-methyl-2,6- 

dioxopyrimidine, 37 1 
I -Ethyl- 1,2,3.4-tetrahydro-3-methyl-5- 

nitro-2,4-dioxopyrimidine, 364 
1 -Ethyl-l,2,3,6-tetrahydro-3-methyl-5- 

nitro-2,6-dioxopyrimidine, 364 
Ethyl tetrahydropyran-2-yloxyacetate, 

240 
formylation, 240 

Ethyl tetrahydropyran-2-yloxy- 
cyanoacetate 

use, 68, 7 1, 259, 263 
Ethyl tetrahydropyran-2-yloxyformyl- 

acetate 
preparation, 240 
use, 41, 240 

2-Ethyl-1,2,5,6-tetrahydro-4,6,6- 
trimethylpyrimidine, 448 

2-Ethylthio-I ,4-dihydro- 1,5-dimethyl-4- 
oxopyrirnidine, (369) 

2-Ethylthio- 1 ,&&hydro- I ,4-dimethyl-6- 
oxopyrimidine, (36 1) 

hydrolysis, (36 1) 
2-Ethylthio-1 ,&dihydro- 1,5-dimethyl-6- 

2-Ethylthio- 1,4-dihydro- l-methyl-4- 
oxopyrimidine, (369) 

oxopyrimidine, 361, (368) 
hydrolysis, 361, (368) 

2-Ethylthio- I ,6-dihydro- 1 -methyl-6- 
oxopyrimidine, 361, (368) 

2-Ethylthio-4,5-dimethyl-6-phenylthio- 

2-Ethylthio-4.5-dimethyl-6- thiocyanato- 

hydrolysis, 361, (368) 

ureidopyrimidine. 1341) 

pyrimidine, 208 
action of thioacids, (275), 420 



isomerization. (421) 

pyrimidine, 341 

pyrimidine, I75 

2-Ethylthio-4.5-dimethpl-6-thioureido- 

2-Ethylthio-5-fluoro-4-hydroxy- 

hydrolys~s, 175 
2-Ethylthio-5-formamido-4-hydroxy- 

P-Ethylthio-4-formyl-6-hydroxy- 

oxidation to  orotic acid, (392) 

4-hydroxypyrimidine 
Curtius reaction on, 318, (337) 
to azidocarbonyl analogue, 400 

2-EthyIthio-4-hydroxy-5,6-dimethyl- 

2-Ethylthio-4-hydroxy-5-~-bydroxye th yl. 

pyrimidine, 336 

pyrimidine, 406 

2- Ethylthio-5-hydrazinocarbonytmethyl- 

pyrimidine, 44,287 

6-methyIpyrimidine, 282 
desulphurization, 280 

5-Ethyl thio-4-hydroxy-5-iodo- 
pyrimidine. 17 1 

2-Ethyl thio4hydroxy-5-isoyanato- 
methylpyrimidine, (337), 4-01. 419 

action of alcohol, (337) 
action of hot acid, 419 
action of water, 419 
amination, 419 

2-Ethylthi0-5-hydroxy-7-mercapto- 

2-Ethylthio-4-hydroxy-5-methyl- 
pyrimido[4,5-d]pyrimidine, 422 

pyrimidine, 38 
alkylation, 368 
to  2.4-dimercapto analogue, 252. 274 

2-Ethylthio-4-hydroxy-6-methyl- 
pyrimidine, 282 

alkylation, 361 
chlorination, (I 70) 

2-Ethylthio-4-hydroxy-5-phenylureido- 

2-Ethyithio-4hydroxypyrimidine, 282 
methylpyrimidine. 419 

alkylation, 361, 362, 368, 369 
amination. 290 
bromination, ( 17 I )  
chlorination, 174. (346) 
iodination. (171) 
nitrationandoxidationtonitrouracil, 14 1 
to 2-mercapto analogue, 274 

2-Ethylthio-4-hydroxy-5-ureidomethyl- 

2-Ethylthio-44sothiocyana to-5.6- 
pyrimidine, 419 

amination, (341) 
2-Ethykhio-4isothiccyanato-5-methyl- 

pyrimidine, (341) 
amination. (341) 

2-Ethylthio4isothiocyanato-6-methyl- 
pyrimidine, (341) 

amination, (341) 
2-Ethylthio4isothiocyanato-5-phenyl- 

pyrimidine, (338) 
action of alcohol, (338) 

2-Ethylthio-Cisothiocyanato-6-phen yl- 
pyrimidine, (338) 

2-Ethylthio-4-isothiocyanato- 
action of alcohol, (338) 

pyrimidine, 208, (341). 422 
amination, 1341) 

2-Ethylthio-4-mercapto-5,6-dimethyl- 
pyrimidine, 275. 420 

2-Ethylthio-4-mercapto-5-methyl- 
pyrimidine, 275 

2-Ethylthio-4-mercapto-6-methyl- 
pyrimidine, 207 

2-Ethylthio-4mercapto-5-phenyl- 
pyrimidine, 275 

2-Ethylthio-4-mercapto-6-phenyl- 
pyrimidine, 275 

2-Ethylthio-4-mercaptopyrirnidine, 207 
hydrolysis, 233 
to 2,4-dimercapto analogue, 274 

2-Ethylthio-4-methoxy-5,6-dimethyl- 
pyrimidine 

oxidation, (299) 

pyrimidine 
2-Ethylthio-4methoxy-5-methyl- 

oxidation, 236 
2-Ethylthio-4-methoxypyrimidine 

to  2-hydroxy analogue, 1236) 
2-Ethylthio-Q-methylaminopyrimidine, 

198. (290) 
to  2-hydroxy analogue, (236) 

2-Ethylthio-5-methyl-4-methylamino- 
pyrimidine. (236) 

2-Ethylthio-4-methyl-6-phenylthio- 
ureidopyrimidme, (341) 

2-Ethylthio-5-methyl-4-phenylthio- 
ureidopyrimidine. (34 I)  

2-Ethylthio-4methylpy~imidine, 185 
Z-Ethylthio-4-methy1-6-thiocyanato- 

2-Ethylthio-5-methyl-4-thiocyanato- 
pyrimidine, 208 

pyrimidine, 208 

Index 747 

dimethylpyrimidine, (341). 421 action of thioacids, 275 
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2-Ethylthio-4-methyl-6-thioureido- 

2-Ethylthio-5-rnethyl-4-thioureido- 

2-Ethylthio-5-nitro-4-thiocyanato- 

cyclization on reduction, 420 

pyrimidine, 341 

pyrimidine, 341 

pyrimidine 

2-Ethylthio-4-phenyl-6-thiocyanato- 
pyrimidine, 208 

action of thioacids. (275) 

pyrimidine, 208 
action of thioacids. (275) 

2-Ethylthio-4-phen ylthioureido- 
pyrimidine, (341) 

2-Ethylthiopyrimidine, 185 

2-Ethylthio-5-phenyl-4-thiocyanato- 

bromination. (1 70) 
hydrolysis, 233 

5-Ethylthiopyrimidine, 2 10, 288 
2-Ethyl thio-4-thiocyanatopyimidine, 

208 
rearrangement to  isothiocyanate, 208 

2-Ethylthjo-4thioureidopyrimidine, 341 
S-Ethylthiourea 

60 
use in Principal Syntheses, 40, 44f, 55, 

Ethyl trifluoroacetoacetate, 46 

5-Ethyl-2,4,6-tr~hydoxypyrimidine, 53. 
use in synthesis, 179 

230 
nuclear reduction, 443 

5-Ethyl-2,4,6-trimethoxypyrimidine, 202 
Ethyl trimethylenemalonate 

5-Ethyl-2,4.6-triphenylpyrimidine, 95, 
120 

1 -Ethyluracil. 36 I 
3-Ethyluracil, 361 
0-Ethylurea 

use in  Principal Syntheses, 51, 70, 245 
Ethyl 8-ureidocrotonate, 50, 441 

action of benzafdehyde, 441 
action of phenylacetaldehyde, 442 
in making methyluracil, 50 

use, 52 

5-Ethynyl-4-methyl-2-phenylpyrimidine, 

“Evipai”, 53 
“Evipan”, 53 

124 

P 

Fabbrini. 37, 340 

Falco, 285 
Fink and Fink, 243 
Fischer. Emil, 2, 455 
Fischer and Dilthey 

synthesis of barbiturates, 53 
5-Fluoro-2,4-dihydroxypyrimidine. 1 75 
5-Fluoro-4-hydroxy-2-ethylthio- 

pyrimidine, 40 
5-Fluoro-4-hydroxy-2-methoxy- 

pyrimidine, 40, 245 
5-Fluoro-4-hydroxy-2-methylthio- 

pyrimidine, 49 
2-Fluromethyl-4,6-dihydroxy- 

pyrimidine, 180 
Fluoropyrimidines 

Folkers, 441 
Formamide 

Formamidine 

2-,4-,and6-, fromchloro derivatives, 162 

syntheses using, 91 

use in Principal Synthesis, 31-74 

4-Formamido-2,6-dihydroxypyrimidine, 

5-Formamido-4-methylamino-6-rne thyl- 
(326) 

thiopyrimidine, 326 
cyclization, 326 

5-Formamido-4-rnethylan~inopyrimidine, 
326 

cyclization, 326 
5-Formamidomethyl-2-methyl-4-rnethyl- 

Formylacetic acid 
formation, 38 
use in syntheses, 38, 257, 431 

use of acetals in synthesis, 34 
use in synthesis, 34 

Formylacetylacetone 
see : “Ethoxymethyleneacetylacetone” 

a-Fonny lcyclohexanone 
use in synthesis, 34, 95 

4-Forrnyl-2.6-dihydroxy-5-methyl- 

aminopyrimidine, 327 

Formylacetone 

pyrimidine 
to oxime, (413) 
to  Schiff’s base, (414) 
to triphenylmethane dye analogue, 415 

5-Formyl-2,4-dihydroxy-6-me thyl- 
pyrimidine, 410 

to a hydrazone, (414) 
5-Formyl-4,6-dihydroxy-2-phenyl- 

pyrimidine, 410 
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5-Formyl-4,6-dihydroxy-2-piperidino- 
pyrimidine, 410 

to a hydrazone, (414) 

Cannizzaro reaction, (244) 
oxidation, 392 

CFormyI-2,6-dihydroxypyrimidine 

5-Forrnyl-2.4-dihydroxypyrimidine. 41 1 
2-Formyl-4,6-dimethylpyrimidine (as 

2-Formylhydrazino-4.6-dimethylpyrimi- 

2-Formylhydrazinopyrimidine, 325 
4-Fomyl-6-hydroxy-2-mercapto-5- 

p-nitrophenylhydrazone). 4 I 1 

dine, 325 

methylpyrimidine. (406) 
to oxime, (413) 

4-Formyl-6-hydroxy-2-mercaptopyrimi- 
dme, 47, 406 

S-alkylation, (283) 
Cannizzaro reaction, (244) 
from acetal, 406 
oxidation, 392 

5-Formyl-4-hydroxy-6-methyl-2-rnethyl- 

5-Formyl-4-hydroxy-6-methyl-2- 
arninopyrimidine, 409 

piperidinopyrimidine,2 16,409, (410) 

414 

acid elc., 41 4 

condensation with nitromethane, 142, 

condensation with nitrophenylacetic 

to  oxime, (413) 
to  sernicarbazone stc. ,  (4 14) 

4-Formyl-6-hydroxy-2-methy~thio- 
pyrimidine 

Cannlzzaro reaction, (244). (392) 
reduction, (244) 

(407) 
to  oxime, (413) 

Cannizzaro reaction on its acetal, 244. 
392 

oxidation, 391 
reduction, (244) 
to  a hydrazone, (414) 

4-Formyl-6-hydroxy-2-phenylpyrim idine, 

4-Formyl-6-hydroxypyrimidine, 406 

N-Formylmalondiamide, 439 
5-Formylmethyl-4-hydroxy-2-methyl- 

failure to make by McFadyen and 
pyrimidine 

Steven’s reaction, 412 
5-Formyl-4-methyl-6-methylthio-2- 

piperidinopyrimidine 
to  an aldazine. (414) 

Formylpyrimidines (and acetals), 11, 21. 
128 

by C-formylation. 408f 
by oxidation processes, 41 1 f 
by Principal Syntheses, 406f 
by various means, 412,f 
Cannizzaro reaction, 392 
from cyanopynmidines, 410f 
oxidation, 391f 
reaction with active methylene, 414f 
reduction, 244 
to hydrazones, 414 
to other heterocycles, 415 
to oximes, 412, 413 
to Schiff’s bases, 414 
to semicarbazones, 414 

action of aniline, 410 
5-Formyl-2,4.6-trihydroxypyrimidine, 41 0 

Fox. J., 370, 452 
Frankland, 1 
Frankland and Kolbe Synthesis, 93f, 307 

history, 96 
von Meyer’s contribution, 96 

example in pyrimidines. 120 
Friedel-Crafts reaction 

4-Furfurylamino-6-morpholino-5-nitro- 

a-Furoamidine, 90 

/3-(a-Furyl)-~-aminomethylenemalono- 

pyrimidine, 196 

use in Principal Synthesis, 56 

nitrile 
intermediate. 90 

4a-Furyl-2,6-&hydrazinopyrimidine, 200 
21x-FuryI-4,6-dihy&oxypyrimidine, 56 
4-a-Furylpyrimidine, 1 18 
Fused pyrimidines 

completion of pyrimidine ring of, 107,f 

G 

Gabriel. 1, 2, 116, 210 
Godt, 366 
Gomberg reaction, 26, 1 I8 
Gompper, 116, 119 
Grignard reagents 

addition to pyrimidines, 20 
reaction with haiogenopyrimidines, 120 

Grimaux. 1 
Guanidine 

use in primary syntheses, 82-1 11 
use in PrincipaI Synthesis, 3 1-74 

Z-Guanidino-4,6-dihydroxypyrimidine, 
55. 344 
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2-Guanidino-4,6-dimethyl-5-phenylazo- 
pyrimidine, 344 

hydrogenation, 156 
@-Guanidino-B-phenylpropionic acid, 438 

cyclization, 438 
p-Guanidinopropionic acid 

failure to cyclize, 438 
Guanidinopyrimidines. 344 
Guanine 

inhibition by 8-azaguanine, 334 

H 

Hale, 340 
Halogenation, I 1  

of alkylpyrimidines, 1301, 169 
of various classes of pyrimidine, 169f 

amination, 193f 
Halogenonitropyrimidines 

2-, 4-, and 6-Halogenopyrimidines, 162/, 
284 

dehalogenation, 23, 183f 
kinetics of nucleophilic displacement, 

properties of simple members, 181f 
to alkoxypyrimidines, 13, 201f 
to  alkylpyrimidines, 120 
to alkylthiopyrimidines, 14, 205, 287 
to aminopyrimidines, 13/, 187/ 
to  carboxypyrimidines, 209 
to Iiydruxypyrimidines, 14, 203/, 228 
to  mercaptopyrirnidines, 14/, 205f. 273/ 
to methylpyrimidines, 208f 
to sulphopyrimidines. 15, 207 
to thiocyanatopyrimidines, 15, 208, 337 

amination, 210/, 314 
dehalogenation, 21 I /  
reactivity of halogen, 21Of 
replacement bv alkyl, 2 13 
replacement by carboxy (via Li 

derivative), 2 13 
replacement by cyano, 212, 404 
replacement by hydroxy, 2 12 
replacement by mercapto( ?), 212f 

from ethers, 254 
reactions. 2 14f 
removal, 2 16 
to acetoxy derivatives. 253 

181 f 

5-HaIogenopyrirnidines, l68j 

Halogenopyrimidines (extranuclear), 1 761 

Hancox, 448 
Hantzsch Synthesis 

comparison with Bigiiielli reaction, 441 
Harper, J., 70. 73 
Hatt, 448 
Heilner. 450 
Henze, 251 
2-Heptadecyl- 1,4,5,64etrahydropyrimi- 

dine, 445 
5-Heptylpyrimidine, 94 
2-Heptyl- 1,4,5,6-tetrahydro-,4,4,6(or 

4,6,6)-trimethylp);rirnidine, 445 
Hexahydro- 1,3-di-isopropyl-5-methyl-5- 

nitropyrimidine, 453 
Hexahydro-4.6-dioxo- 1.3-diphenyl- 

pyrimidine, 278, 443 
Hexahydro-I ,3-diphenylpyrimidine, 453 
Hexah ydro-4-hydroxy- 1,3-dirnethyl-2 ,6- 

dioxopyrimidine, 258 

Hexahydro-%methyl- 1,3-diphenyl- 
pyrimidme, 453 

I .2,3,4,5,6-Hexahydro- f-methyl-2-oxo-4- 
phenylpyrimidine. 84, 436 

Hexahydro- 1 -methyl-3-phenyl-2,4- 
dioxopyrirnidine, 436 

Hexahydro-2-0x0- I ,3-diphenylpyrimidine, 

Hexahydro-2,2,4,4,6-pentamethyl- 
pyrimidine, 453, 454 

action of light, 258 

446 

reductive cleavage, 454 
ring-cleavage on acetylation, 457 

Hexahydropyrimidine, 453 
possible equilibrium with chain isomer, 

453 
Hexahydropyrimidines, 4525 
Hexahydro- 1,3.5-trimethyl-5-nitro- 

pyrimidine 
reduction, 454 

Hexahydro-4,4,6-trimethylpyrimidine, 
453 

dibenzoylation. 453, 456 
Hexahydro- 1.2,3-triphenylpyrimidine,453 
2,4,6 : 2',4',6'-Hexahydroxy-5,5'-dipyrim- 

nitration to nitrobarbituric acid, 140 
idinyl 

Hexobarbital, 53 
Hexobarbitone. 53 
4-Hexyl-4,5-dihydro-6-bydroxy-2- 

4-Hexyl-4,5-dihydro-6-hydroxy-2- 

4-Hexyl-6- hydmxy-2-mercapto- 

methylpyrimidine, 440 

phenylpyrimidine. (440) 

pyrimidine, 45 
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Heyl, 361 
Hilbert, 362, 371, 378 
Hill, 54 
Hitchings. 251, 285 
Hofmann, 445 
Hofmann reaction, 102, 108, 310, 317, 

Hoogewerf, 434 
Hull, R., 97, 241, 414 
H ydantoins 

336, 400, 438 

failure of some to  yield pyrimidines, 

interme&ates in pynmidine synthesis, 

mistaken for pyrimidines, 51 

reaction with chloropyrimidines, 199f 
reaction with esters, 397 

pynmidine, 397 
Schiff's bases from, 401 

104 

89, 103 

Hydrazine 

4-Hydrazinocarbonyl-Z,&dime thyl- 

5-Hydrazinocarboaylmethyl-2,4- 
dihydroxy-6-methylpyrimidine, 
318, (397) 

action of nitrous acid, 336, (401) 
5-Hydrazinocarbonylrnethyl-2,4- 

dihydroxypyrimidine, 397 
Curtius reaction on, 318, (337) 
to  azide, (400) 

5-Hydrazinocarbonylmethyl-4-hydroxy- 
2-methylpyrimidine 

5-Hydrazmnocarbonyl-4-methyl-2- 
phenylpyrimidine, 397 

4-Hydrazinocarbonylpyrimidine, 397 
5-Hydrazinocarbonyipyrimidine, 397 
Hydrazinocarbonylpyrimidines, 4001 

5-Hydrazinocarbonyl-2,4,6-trimethyl- 

Curtius reaction, 317 

from esters, 397 

pyrimidine, (397) 
action of nxtrous acid, 315, 337 

5-Hydrazino-2,4-dihydroxy-6-methyI- 

2-Hydrazino-4,6-dimethylpyrimidine, 
pyrimidine, 2 10 

200 
acylation, 325 
removal of hydrazino group, 122 

2-Hydraztno-4-hydroxy-6-hydroxy- 
methylpyrimidine 

reaction with aldehydes, 323 
2-Hydrazino-4-hydroxy-5-methylpyrim- 

idine 

reaction with aldehydes, 323 
Z-Hydrazino-4-hydroxy-6-methyl- 

pyrimidine, 142, 145, 291. 342 
acylation, 325 
condensation with aldehydes. 323 
reaction with cyanic acid, (341) 
removal of hydrazino group, 342 
spurious preparation (342) 

2-Hydrazino-4hydroxypyrimidine, 29 1 
4-Hydrazino-2-hydroxypyrimidine, 255 
2-Hydrazino-4-methoxy-6-methyl- 

4-Hydrazino-5-methoxy-2-me thylthio- 

2-Hydrazino-4-metboxypyrimidine, 200 

2-Hydrazino-5-methoxypyrimidine, 200 
4-Hydrazino-5-methorypyrimidine, 200 
4-Hydrazin0-6-methyl-2-methylthio- 

2-Hydrazino-4-rnethylpyimidine. 200, 

pyrimidine, 200 

pyrimidine, 200 

reaction with aldehydes, 323 

pyrimidine, 200, 291 

255, 291 
acylation, 200 
reaction with thlocyanic acid, 341 
removal of hydrazino group, 122 

4-Hydrazino-6-methyIpyrimidine, 141, 
200, 342 

reaction with cyanxc acid, 341 
reaction with thiocyanic acid, (341) 

2-Hydrazino-5-phenylazopyrimidine, 289 
2-Hydrazino-4-phenylpyrimidine, 200 
Z-Hydrazin0-5-phenylpyrimidine, 200 
2-Hydrazinopyrimidine, 199, 255 

4-Hydrazinopyrimidine. 255 
Nydrazinopyrimidines, 1991 

acylation, (325) 

oxidative removal of hydrazino group, 

reaction with aldehydes, 323 
21, 122 

4-Hydrazino- 1,2,3,6-tetrahydro-1,3- 

4-Hydrazino- 1,2,3,6-tetrahydro- 1,3,5- 

5-or-Hydrazonoethyl- I-methylbarbituric 

Hydriodic acid 

Hydropyrimidines, 2 I ,  430f 

dimethyl-2,6-dioxopyrimidine, 200 

trimethyl-2,6-dioxopyrimidine, 200 

acid, 418 

reactions with chloropyimidines. 122 

N-acylation, 4561 
N-alkylation, 4585 
dehydrogenation, 455 
halogenation, 457 
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metatheses of mercapto and hydroxy 

nitration and nitrosation, 4555 
oxidations, 455 
reductions, 454 
various reactions, 459 

Hydrothymine, 43 1 
Hydrouracil, 6, 431 
Hydroxyacetamidine 

use in synthesis, 242 
Hydroxyalkylpyrimidines 

to halogenoalkylpyrimidines, 178f 
preparation, 2421 

2-Hydroxyamino-4,6-dimethylpy~imi - 
dine, 344 

Hydroxyaminopyrimidines, 344 
4-Hydroxy-2,6-b~shydroxymethyl-5- 

inethylpyrimidine. 242 
5-Hydroxydeoxyuridme, 238 
4-Hydroxy-5.6-dimethyI-2-rnethylthio- 

derivatives, 4571 

pyrimidine 
amination, 290 

4-Hydroxy-2,6-dirnethyl-5-nitropyrimi- 

2-Hydroxy-4,6-dimethyl-5-nitroso- 
dine, 209 

pyrimidine 
a doubtful compound, 148 

2-Hpdroxy-4.6-dimethy1-5-phenylazo- 
pyrimidine, 153 

reduction, 157 
2-Hydroxy-4,5-dimethylpyrimidinea 34 
2-Hydroxy-4.6-dimethylpyrimidine. 18. 

36, 37, 229, 232 
action of nitrous acid, 148 
action of phosphoryl chloride, 163 
bromination, 169 
coupling, 153 
crystallography, 37 
5-hydroxylation, 20f, 241 
styrylation, 126 

4-Hydroxy-2,5-dimethylpyriruidine, 4 1 
4-Hydroxy-2.6-dimethylpyrimidine, 49, 

229, 333, 383 
bromination, (169) 
Mannich reaction, 132 
reaction with chloral, 409 

4-Hydroxy-5,6-dimethylpyrimidine, 49, 

5 -Hydroxy-4,6-dimethylpyrimidine, 24 1, 

4-Hydroxy-2,6-dimethylpyrimidine-N- 

122, 281 

280 

oxide, (383) 

reduction, (383) 
2-Hydroxy-4.6-dimethylpyrimidin-5-yl 

hydrogen sulphate, 21, 241 
hydrolysis, 241 

4-Hydroxy-2,6-diphenylpyrirnidine, 
87, 229 

5-P-H ydroxye thylamino-5-me thyl- 
barbituric acid, 2 I3 

5-~-Hydroxyethyl-4-methylthiazole 
use in making vitamin B,, 176 

4Hydroxyethylpyrimidine, 122, 244 
4-Hyd.roxy-2-ethylthiopyrimidine, 38 
Hydroxy groups 

4-Hydroxy-2-hyd1oxyamino-6-me thyl- 
effect on basic PIC,, 470 

pyrimidine, 342 
hydrolysis (or reduction?), 229 

P-Hydroxy-5-~-hydroxyethyl-2-mercapto- 
6-methyIpyrimidine, 280 

S-alkylation, (282) 
oxidative hydrolysis of mercapto 

group, 235 

methylthiopyrimidine 
desulphurization, 280 

pyrimidine, 215, 280 

mercapto-5-methylpyrimidine, 413 

methyl-2-piperidinopyrimidine,413 

4-Hydroxy-5-/l-hydroxyethyl-6-methyl-2- 

4-Hydroxy-5-/3-hydroxye thyl-6-methyl- 

4-Hydroxy-6-hydrox~iminomethyl-2- 

4-Hydroxy-5-hydroxyiminomethyl-6- 

dehydration to nitrile, 404. 413 
4-Hydroxy-6-hydroxyiminomethyl-2- 

phenylpyrimidine, 413 
reduction, (414) 

4-Hydroxy-5-hydroxymethyl-2-mercapto- 
6-methylpyrimidine. 242 

4Hydroxy-6-hydroxymethyI-2-mercap- 
topyrimidine, 244 

4-Hydroxy-2-hydroxymethyl-6-methyl- 
pyrimidine, 242 

4-Hydroxy-5-hydroxyme thyl-2-methyl- 
pyrimidine, 242, 321 

to  4-chloro-5-chloromethyl analogue, 178 
4-Hydroxy-6-hydroxymethyl-2-methyl- 

thiopyrimidine, 244, (392) 
4-Hydroxy-6-hydroxymethylpyrimidine. 

244, 392 
4Hydroxy-5- (4-hydroxypyrimidin-2-yI) - 

thio-2-mercaptopyrimidine, 408 
4-~-Hydroxyimino-@-phenylethyl-2,6- 

dimethylpyrimidine, 320 
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reduction, 320 
4-$ (Hydroxyimino) propyl-2,6-dimethyl- 

pyrimidine, 320 
reduction, 320 

conversion into pyrimidines, 105 
+-HydroxyiminO-:!, 3,5-triphenyIpyrrole 

4-Hydroxy-5-iodo-2-mercapto-6-methyl- 

4Hydroxy-5-iodo-2-mercaptopyrimidine. 
pyrimidine, 274 

274, 275 
antithyrotoxicotic action, 301 

CHydroxy-5-isobutoxy-6-isobutoxy- 
methyl-2-mercaptopyrimidine 

two-stage hydrolysis, 239 
4-Hydroxy-5-isobu toxy-2-mercapto-6- 

methylpyrimidine, 239 
hydrolysis by hydriodic acid, 239 

4-Hydroxy-5-isopropoxy-6-isopropoxy- 
methyl-2-mercaptopyrirnidine 

hydrolysis, (239) 
4-Hydroxy-2-isopropyI-6-methylpyr1rn- 

as intermediate for “Diazinon”, 254 
idine, 49, 132, 254 

4Hydroxy-2-mercapto-5,6-dimethyl- 
pyrimidine, 46 

desulphurization, 28 1 
5-Hydroxy-2-mercapto-4,6-dimethyl- 

pyrimidine, 241 
desulphurization, 241, 280 

4-Hydroxy-2-mercapto-6-methoxy- 
carbonylpyrirnidine, 393 

4-Hydroxy-2-mercapto-5-methoxy-6- 
methoxymethylpyrimidine, 46, 
246 

to 2-hydroxy analogue, (234) 
4-Hydroxy-2-mercapto-5-methoxy- 

pyrimidine, 40, 238 
desulphurization, 238, 280 

4-H ydroxy-2-mercapto-6-methyl-5- 
piperidinomethylpyrimidine, 133 

degradation, 133 
desulphurization, 280 

propy Ip yrimidine 
4-Hydroxy-2-mercapto-6-methyl-5- 

S-alkylation, (283) 

dine, 38 
S-alkylation, (282) 
desulphurization, 280, 281 
isotopic, 38 
thiation, 251 
t o  thymine, (234) 

4-Hydroxy-2-mercapto-5-methylpyrimi- 

4-Hydroxy-2-mercapto-5-methylpy~imi- 
dine, 48, 300 

alkylation, 361 
S-alkylation, 282. 283, ’361 
antithyrotoxicotic activity. 301 
chlorination, 173 
desulphurization, 280 ,281, (288) 
doubtful coupling. 154 
hydrolysis, 233, 234 
Mannich reaction, 133 
“nitration” 141 
thiation. 251 

4-Hydroxy-6-mercapto-2-methyl- 
pyrimidine, 207 

S-alkylation (282) 
4-Hydroxy-2-mercap to-S-phenylazo-6- 

trifluoromethylpyrimidine, 179 
4-Hydroxy-2-mercapto-6-phenylpyrim- 

idine 
desulphurization, 280 
nuclear reduction, 443 
thiation, 251 

4-Hydroxy-2-mercapto-6-propylpyrimi- 
dine, 45, 300 

S-alkylation, (283) 
antithyrotoxicotic activity, 301 

4-Hydroxy-2-mercaptopyrido[3,Z-d 1- 
pyrimidine 

from a pyridine, I10 
Z-Hydroxy-4-mercaptopyrimidine, 25 I ,  

252, 369 
amination, 25 1 
desulphurization and reduction, 278, 

dipole moment, 28  
oxidation, 292 
to  uracil, 234 

452 

4-Hydroxy-2-mercaptopyrimidine, 38, 

abnormal reaction with drazo com- 

abnormal reaction with phosphoryl 

action of phosphorus pentachloride, 

S-alkylation, 282, 283 
desulphurization. 280 
dipole, 28 
isotopic, 38 
nitration and oxidation, 141, 292 
reaction with hydrogen peroxide, 281 
thiation, 251, 274, 346 

39. 274, 295. 300f 

pounds, 154 

chloride, 164 

166, 284 
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to  uracil, 234, 257 
4-Hydroxy-6-mercaptopyrimidine, 207 
4-Hydroxy-2-mercapto-5,6-tetramethyl- 

4Hydroxy-2-mercapto-6-trifluoromethyl- 

4-Hydroxy-3-methoxybenzaldehyde 

enepyrimidine. 44 

pyrimidine, 179 

use in making styryl-type derivatives, 
I26 

4-Hydroxy-5-~-methoxycart~~nylethyl-2- 
methylpyrimidine, 39 

2-Hydroxy-4-methoxymethyl-6-methyI- 
pyrimidine, 246 

2-Hydroxy-4-methox y-6-methyl-5- 
propylpyrimidine, 236 

2-Hydroxy-4-methoxy-5-methylpyrimi- 
dine, (236) 

2-Hydroxy-4-methoxy-6-methylpyrimi- 
dine, 236, 384 

action of phosphoryl chloride, 164, 384 
isomerization, 372 

dine, 51, 245 
isomerization, 372 

4-Hydroxy-2-methoxy-6-methylpyrimi- 

4-Hydroxy-2-~-methoxyphenyl-6- 

Jr-Hydroxy-5-methoxy-2-phenylpyrimi- 
methylpyrimidine, 246 

dine, (239) 
thiation, (239), (252) 

2-Hydroxy-4-methoxypyrimidine, (236) 
4-Hydroxy-5-methoxypyrimidine,238,280 

hydrolysis, 239 
thiation, 238, (252) 

2-Hydroxy-4-methylarnino-5-nitro- 
pyrimidme, 232 

alkylation, 367 
reduction, 144 

4-Hydraxy-6-methylamino-5-nitro- 

2-Hydroxy-4-methylaminopyrimidine, 

4-Hydroxy-6-methylaminopyrimidine, 

pyrimidine, 139 

63, 234,236, 364, 380 

229, 232, 280 
nitration, 139 

290 

hydrazino-4-hydroxy-6-methyl- 
pyrimidine. 323 

a-Hydroxy-8-methylcrotonamide. 432 

4-Hydroxy-2-N-methylanilinopyrimidine. 

2-(2-Hydroxy-a-methyl benzy1idene)- 

use in synthesis of hydropyrimidines, 
432 

Hydroxy methylcytosine 
see : “4-Amino-2-hydroxy-5-hydroxy- 

methyl pyrimidine’’ 
5-Hydroxymethyldeoxyuridine, 244 
4-Hydroxy-5-methyl-2,6-diphenyl- 

Hydroxyme thyleneacetophenone 
see :“Benzoylacetaldehyde” 

Hydroxymethylenephenylacetaidehyde 
use in syntheses, 33 

4-Hydroxy-2-methyl-6-methylamino-5- 
piperidinomethylpyrimidine, 133 

2-Hydroxy-5-methyl-4-metbylaminio- 
pyrimidine, (236) 

4Hydroxy-2-rnethyl-6-me thylamino- 
pyrimidine 

pyrimidine, 229 

Mannich reaction, 133 
4-Hydroxy-6-methyl-2-methylamino- 

pyrimidine, 49, 307 
reaction with choral, (409) 

4-H ydroxy-6-methyl-2-methylamino-5- 
(2,2,2-trichloro-l-hydroxyethyl) 
pynmidme, (409) 

hydrolysis, (409) 

intermediate in synthesis, 89 

zinopyrimidine, 291 
reaction with aldehydes, 323 

H ydroxy meth ylmethyleneacetylurethane 

4-Hydroxy-6-methyl-2-or-methylhydra- 

4-Hydroxy-6-methyl-2-methylthio-5- 
piperidinomethylpyrimidine, 3 18 

desulphurization, 280 

pyrimidme 
amination, 290 

2-Hydroxy-4-methyl-6-methylthio- 

4Hydroxy-2-methyl-6-methylthio- 

4-Hydroxy-5-methyl-2-methylthio- 

4-Hydroxy-6-methyl-2-methylthio- 

pyrimidine, 282 

pyrimidine, 38, 282, 287 

pyrimidine, 48, 282 
alkylation, 368 
amination, 290 
chlorination, 177 
desulphurization, 280, 288 
Mannich reaction, 133, 318 

4-Hydroxy-6-me thyl-2-nitroamino- 
pyrimidine, 46, 139, 342 

reaction with amines, 342 
rearrangement, 142, 342 
reduction, 142, 145, 342 
spurious preparation, 142, (342) 
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4-Hydroxy-6-methyl-5-$-nitrostyryl-2- 
piperidinopyrimidine, 122, 415 

4-Hydroxy-6-methyl-5-~-n.itrovinyl-2- 
piperidinopyrimidine, 142, 415 

2-Hydroxy-4-methyl-5phenylazo- 
pyrimidine, 153 

4-Hydroxy-6-methyl-2-phenylguanidino- 
pyrimidine, 50 

4-Hydroxy-6-methyl-2-phenylhydrazino- 
pyrimidine, 291 

hydrolysis, 230 
4Hydroxy-6-methyl-5-phenylimino- 

me th yl-2-piperidinop yrimidine 
action of nitromethane, 142 

4-Hydroxy-2-methyl-6-phenylpyrimidine, 

4-Hydroxy-6-methyi-2-phenyIpyrimidine 

4-Hydroxy-2-rnethyl-5-piperidinomethyl- 

44, 87 

supposed 0-methylation etc.. (247) 

Gpiperidinomethylaminopyrimi- 
dine, 134 

pyrimidine, 280 

pyrimidine 

4-Hydroxy-6-methyl-5-piperidinomethyI- 

4-Hydroxy-6-methyl-2-piperidino- 

condensation with chloral, 2 16,409 
persulphate oxidation, (241) 
Reirner-Tiemann reaction, (410) 

4-H ydrox y-6-me thyW-piperidino-5- 
thiosemicarbazonomethy1- 
pyrimidine, 414 

(2,2,2-trichforo-l-hydmxyethyI) 
pyrimidine, 216, 409 

4-Hydroxy-6-methyl-2-piperidino-5- 

hydrolysis to aldehyde, 2 16, 409 
8-Hydroxy-2-methylp~uirine, 40 1 
4-Hydroxy-3-methylpyra~olo [3,4-d]- 

pyrimidine, 111 
4-Hydroxy-6-methyl-2-y-pyridylmethyl- 

enehydrazinopyrimidine, 323 
2-Hydroxy-4-rnethylpyrimidine, 34 

action of phosphoryl chloride. 163 
coupling, 153 

4-Hydroxy-2-methylpyrimidine, 39,227 
action of phosphoryl chloride, 163 
alkylation, 360 
possible oxidation by nitrous acid, 

129 

action of phosphoryl chloride, 163 
alkylation, 360 

formation, 242f 
oxidation, 21, 416 
reduction, 253, 254 
stability to hydrolysis, 254 

H ydrox ymethylpyrimidines 

4-Hydroxy-6-methylpy~imidine-N- 
oxide, 383 

reduction, 383 
4-Hydroxy-5-methyl-2-selenylpyrimidine, 

38 
4-Hydroxy-6-methy1-2-semicarbazido- 

4-Hydroxy-2-methyl-5-sulphomethyl- 

4-Hydroxy-2-methyl-5-tetrahydropyran- 

pyrimidine, 341 

pyrimidine, 295 

Z'-yIoxypyrimidine, 41, (240) 

4-Hydroxy-2-methylthiio-6-phenyl- 

2-Hydroxy-4-methylthopyrimidine 

4-Hydroxy-2-methylthiopyrimidine. 38, 

action of phosphoryl chloride, (1 65) 
alkylation. (368) 
brornination. (1 71) 
chlorination, (i70) 
hydrolysis, 233 

hydrolysis, (2443) 

pyrimidine, 44 

alkylation. 362,369 

282 

4-Hydroxy-2-methylthio-5,6-tetramethyl- 

5-Hydroxy- I-methyl-2-thiouracil, 239 
5-Hydroxy-3-methyl-2-thiouracil. 239 
4-H ydroxy-6-methyl-5- (2,2,2-trichloro- 1 - 

hydroxyethyl)-Z-( 3.3, J-trichloro- 
2-hydroxypropyl)pyrimidine, 409 

enepyrimidine. 44 

5-Hydroxy- 1 -methyIuracil, 239, (363) 
5-Hydroxy-3-rnethyluracil. (363) 
Hydroxymethyluracil 

see : "2,4-Dihydroxy-5-hydroxpethyl- 

4-Hydroxy-5-methyI-2-ureidopyrimidine, 

6-Hydroxy- 1 -methyl-5-ureidouracil 

5-Hyhxymethyluridine, 244 
4-Hydroxy-6-p-nitropheny lhydrazono- 

methylpyrimidine, 414 

pyrimidine" 

340 

ethylation, 363 

4-Hydroxy-5-methylpyrimidine, 280,28 1 

4-Hydroxy-6-methylpyrimidine. 122,237, 
action of phosphoryl chloride, 163 

280, 281, (288). 342, 383 

2-Hydroxy-5-nitropy~iidine, 32,139,231 
action of phosphoryl chloride, 163 
alkylation, 363 
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2-p-Hydroxyphenyl-4,6-dimethy~pyrim- 
idine 

oxidation, 127 

alkylation, 360 

action of phosphorus pentachloride. 

supposed 0-methylation, (247) 
4-H ydroxy-S-phenylpyrimidine 

methylation, 360 
4-Hydroxy-6-phenylp~rimidine, 95, 280 

action of phosphoryl chloride, 163 
5-Hydroxy-2-phenylpyrimidine, 239 
4-Hydroxy-2-phenyl-5,6-1 I ,2,3.6-tetra- 

2-Hydroxy-5-phenylpyrimidine. 33 

4-Hydroxy-2-phenylpyrimidine 

( 165) 

hydro- 1 -methyl-5,4-pyrido) 
pyrimidine. 45 

4-Hydroxypteridine 

6-Hydroxypteridine 

7-Hydroxypteridine 

preparation from a pyrazine. 108 

reduction and ring fission, 3 14 

formation and hydrolysis, 107 
reductive ring fission, 314. 390 

2-Hydroxypurine 
degradation to a pyrimidine, 105, 314 

4-Hydroxypyrido[3.2-d]pyrimidine. 109 
2-Hydroxypyrimidine, 32, 185, 227, 229, 

action of phosphoryl chloride btc., 162, 

alkylation, 25, 247. 359 
halogenation, t69 
reduction, 22. 278, 452 

2-Hydroxypyrimidine methiodide, 357 
see: “1,2-Dihydro-l-methyl-2-oxo- 

4-Hydroxypyrimidine. 122, 205, (2 12). 

action of phosphoryl chloride, 162 
N-acylation, 357 
alkylation, 247, 357, 359 
halogenation, 169 
U.V. spectra (Figs. 4 and 5),  480 

attempt to make, 238 
unsatisfactory methylation, 248 

acylation, 25. 252f 
alkyIation, 25, 2475 
effect of tautomeric form on pKa, 465 
halogenation, l69f 

(231), 233 

165 

pyrimidine” 

228, 280, 281, 300 

5-Hydroxypyrimidine, 238, 239 

Hydroxypyrimidines, 14, 227f 

ionization as acids. 466 
ionization as bases, 465 
naturally occurring, 256f 
preparation (2-, 4-, 6-) 

from alkoxypyrimidines, 232, 237 
from alkylthiopyrimidines, 289 
from aminopyrimidines, 17, 229, 
32 1 
from haIogenopyrimidines,203/, 
228f 
from mercaptopyrimidines, 16f, 
233f 
from primary syntheses, 227f 

by minor ways, 237 
by indirect primary syntheses, 238 
by persulphate oxidation, 241 

preparation (5-) 

remova1 of hydroxy group, 253 
tautomerism, 482f, 494 
tbiation, 2511, 274 
to chloropyrimidines, 16, 1621, 250 

acylation, 253 
amination, 255 
by direct synthesis, 242 
from aldehydes or ketones, 244, 417 
from amino derivatives, 242 
from halogeno derivatives, 214f. 243 
from esters, 243 
from formaldehyde, 243f 
oxidation, 416 
rearrangement of, 256 
reductive removal of hydroxy group, 

to halogeno pyrimidines, 254 
4-Hydroxy-Z-selenylpyrimidine, 38 
2-Hydroxy-5-sulphopyrimidine, 296 

Hydroxypyrimidines (extranuclear) 

253,’ 

action of phosphorus pentachloride, 

4-Hydroxy-2,6,7-triphenylpteridine, 1 09 
4-Hydroxy-2,5,6-triphenylpyrimidine, 105 
5-Hydroxyuridine, 2 12, 238 
Hydurilic acid 

296 

see: “2,4,6: 2’,4’,6‘-Hexahydroxy-5,5’ 
dipyrimidinyl’ ’ 

Hypobromous acid 
addition to pyrimidines, 19 

I 

ImidoyI chlorides 
preparation, 85 
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use in primary syntheses, 85 
2-Imino-5-nitro- 1.3-thiazine. 33 
2-Imino-Cpentanone 

/l-Irnino-/?-phenylpropionitrile 

B-Iminopropionitrile 

Iminopyrimidines, 3775 

use, 94 

use. 95 

see: “2-Amino-I-cyanopropene” 

hydrolysis, 373 
identification by pK., 464 
rearrangements of, 373, 3791 
strength as bases, 377, 464, 470 

assignments of vibrations of pyrim- 

in tautomerism studies, 494/ 
of pyrimidine (Fig.7). 481 
utility of, 494 

iodination 01 chlorination with, 169 

amination, 188 

pyrimidine 

5-Iodopyrimidine, 18 
Iodopyrimidines. 168 
5-Iodo-2-sulphaniIylaminopyrimidine, 

Ionization constants 

Infrared spectra, 4945 

idine, 4955 

Iodine monochloride 

4-Iodo-6-rnethylpyrirnidine, 122, 168 

5-Iodo-2-p-nitrobenzenesulphonamido- 

formation of a thioether, 213 

171 

alphabetical table of, 4725 
utility of, 464 

see : “4-Hydroxy-5-iodo-2-mercapto- 
“Iothiouracil” 

pyrimidine” 
Isobarbituric acid, 6 
4Isobutylpyrimidine, 94 
/3-Isocyanatobutyramide 

as intermediate, 438 
fl-Isocyanatopropionamide 
as an intermediate, 438 

Isocyanatopyrimidines, 4 18) 
Isocytosine, 6 
Isodialuric acid, 6, 263, 335 

alleged structure, 263 
5-Isopropylpyrimidine, 94 
2-Xsothiocyanato-2-methylpntan-P-one, 

437 
action of alkylamine, 437 

Xwthiocyanatopyrimidines, 42 If 
by isomerization, 15. 208, 4211 

to tbioureides, 341, 422 
to tbiourethanes, 337/ 

Isouracil, 6 
Isouramil, 6 
Isovioluric acid, 6 
Isoxazoles 

pyrimidines from, 104f 

J 

Johnson, T. B., 2, 54, 210, 259. 346, 347, 
361. 362, 371. 423, 431, 441, 
450 

Johnson and Hahn, review, 2 

K 

“Kemithal”, 54 
Kenner, 2 
Kenner and Todd, review, 2 
5-Ketobarbituric acid, 6 
fi-Keto esters 

use in Principal Syntheses, 485 
reaction with amidines. 49 
reaction with guanidines, 49/ 
reaction with thioureas. 481 
reaction with ureas, 50) 

use in Principal Syntheses, 65 
P-Keto nitriles 

Kl(Stzer, 398 
Kolbe, 1 
Kornfeld, 331 
Kossel. 258 
Kyanathin, 96 
Kyanalkine, 7. 935 
Kyanisobutin, 7 
Kyanmethin, 6, 96 

L 

La Forge, 443 
Laney, 259 
Lengfeld, 434 
hvene. 259. ef3 
Levene and Bass (book), 256 
Liddle, 300 
Liebig, 1, 260 
Light 

catalytic action in a Principal 

catalytic action in water addition, 442 
synthesis, 37 

Lithium aluminium hydride 
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use in nuclear reduction of pyrim- 
idines, 443, 450 

use in reducing acylated amino- 
pyrimidines, 23 

use in reducing ester, 243 

see :“2,4-Dihydroxypteridine” 
Lumazine 

“Luminal”, 53 
Lythgoe, 2 

M 

Index 

“Madribon”, 331 
Maleic acid 

failure to  give a dihydropyrimidine 
with urea, 432 

Maleic diamide 
semi-Hofmann-reaction, 101 
use in uracil synthesis. 101 

reaction with sulphuric acid, 38, 257 

availability as acetal. 32 
use in cytosine synthesis, 59 
use of equivalents in  syntheses, 33f 
use in syntheses, 32, 227, 272, 381 

self condensation, 98, 398 

condensation with acid chloride, 98 
condensation with amides. 98 
condensation with carbonic acid 

condensation with esters, 97/, 228 
condensation with oxalyl chloride, 99 
self condensation. 98 

condensation with esters, 100 
use in  syntheses, 97f, 390 

attempted use in synthesis, 273 

use in Principal Syntheses, 51f 

use in Principal Syntheses. 5 l /  

anomalous reaction with formamidine, 

in Principal Syntheses, 72/, 273 

use in Principal Syntheses, 53, 55f 

Malic acid 

Malondialdehyde 

Malondiamide 

Malondiamides 

derivatives, 99 

Malondiamidine. 100 

Malondithioamide 

Malonic acid 

Malonic esters 

Malononitrile 

72 

Malonyl chloride 

Mannich, 450 

Mannich reaction, 12, 26, 132, 318 
Marshall, 477 
Mason, S. F., 477 
Matter, 448 
McFadyen and Stevens reaction, 412 
McOmie, J.F.W.. 259 
“Meralluride”, 367 
4-blercapto-2,6-dimethoxypyrimidine, 

294 
action of chloramine, 298 
S-arylation. (283) 
oxidation, (292) 

2-Mercapto-4,6-dimethylpyrimidine. 37, 
206 

S-alkylation, (282). (283) 
desulphurization, 122, 280 
oxidation by chlorine, 167 

4-Mercapto-2,6-dirnethylpyrimidine, 206 
4-Mercapto-5-methoxy-2-phenyl- 

desulphurization, (239). 280 
pyrimidine, (239). 252 

4-Mercapto-5-methoxypyrimidine, 239. 
252 

desulphurization, 239. 248, 280 
2-Mercapto4methyIamiaopynmidine. 

285, 309 
desulphurization, 280 
indirect hydrolysis of mercapto 

group, 234 

pyrimidine, 285 
2-Mercapto-4-N-methylanilino- 

2-Mercapto- 1 -methyl@ yoxaline 

2-Mercapto-4-methyl-6-phenyl- 

desulphurization, 122, 280 

as a drug, 301 

pyrimidine 

2-Mercapto-4-methyl-6-piperidino- 
pyrimidine, 280, 285 

2-Mercapto-5-methyl-4-piperidino- 
pyrimidine 

failure to prepare, (285) 

S-alkylation, (283) 
desulphurization, 122. 280 

oxidation, 292 

2-Mercapto-4-methylpyrimidine, 34, 35 

4-Mercapto-6-methylpyrimidine, 206 

2-Mercapto-5-phen ylazopyrimidine 
S-alkylation, (283) 

2-Mercapta-5-phenylpyririmidine 
desulphurization. 122. 280 

2-Mercapto-4-piperidinopyrimidine. 285 
4Mercaptopteridine 
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preparation from a pyrazine, 108 

degradation to a pyrimidine, 105, 313 

reaction with a bromopyrimidine, 288 

2-Mercaptopurine 

6-Mercap topurine 

2-Mercaptopyrimidine, 32, 205f, 273, 
2 74 

S-alkylation, (282), (283) 
pyrimidine from, 117, 279, 281 

4Mercaptopyrimidine, 206 
2-, 4-. and 6-Mercaptopyrimidines, 14f. 

272f 
acylation. 25f. 286 
alkylation, 25f. 2825 
by direct introduction, 276 
desulphurization, 23, 2775 
from allrylthiopyrimidines, 252, 274f 
from aminopyrimidines. 275 
from halogenopyrimidines, 205f, 2735 
from hydroxypyrimidines, ISf, 251f, 

from primary syntheses, 272f 
from thiocyanatopyrimidines, 275, 

halogenation, 1701 
ionization as acids, 467 
ionization as bases, 4655 
oxidation, 2 1 
stability in air, 286, 291 
tautomerism. 485 
to alkoxypyrimidines, 247 
to aminopyrimidines, 17, 284f 
to halogenopyrimidines, 284 
to hydroxypyrimidines, 17, 233f 

5-Mercaptopyrimidines 
instability in air, 286 
preparation, 276 

acylation, 286 
preparation, 277 

desulphurization, 280 

use to introduce cyano group, 405 

addition of ammonia. 448 
use in making hydropyrimidines, 432, 

274 

420 

Mercaptopyrimidines (extranuclear) 

4-Mercapto-5,6-trimethylenepyrimidine 

Mercury fulminate 

Mesityl oxide, 448 

433,437 
Mesoxal ylurea 

"Methiminazole", 301 
9-Methoxybenzoylacetaldehy de 

see : "Alloxan" 

use in synthesis, 35 

as equivalent of formylacetone in 
4-Methoxybutenyne 

synthesis, 35 

pyrimidine, 314. 336 

2-Methoxycarbonyl-4.6-dimethyl- 

2-8-Methoxycarbonylethylpyrirnidin~. 

5-Methoxycarbonylamho-2.4-dimethyl- 

hydrolysis, 314 

pyrimidine, 396 

394 
to  amide, (396) 

to amide, (396) 
4-@-Methoxycarbonylethylpyrimidine, 394 

2-Methoxycarbonyl-5-methylpyrimidine, 
394 

2-Methoxycarbonylmethylthio-5- 
phenylazopyrimidine, 283 

amination, 289 

to amide, 396 
to hydrazide, (397) 

pyrimidine 
hydrogenation, 144 

5-Methoxycarbonylpyrimidine, 393 

4-Methoxy-2,6-dimethyl-5-nitro- 

2-Methoxy-4,6-dimethylpyrimidine, 18, 

4Methoxy-2,6-dimethylpyrimidine, 248 
5-Methoxyiminobarbitric acid 

by methylation of violuric acid, 147 
from alloxan, 147 

201 

/3-Methoxy-a-methoxymethyl- 
enepropionitrile 

use, 246 
B-Methoxya-rnethylacryloyl isothio- 

cyanata 
use, 89 

2-Methoxy-4-methylamino-5-nit~o- 
pyrimidine, 194, 203, 232, 255 

attempted amination, 255 
hydrolysis, 232 

pyrimidine 
4-Methoxy-6-methylamino-5-nitro- 

attempted amination, 255 
4-Methoxy-6-methyla~nopyrimidine, 

229, 232 
hydrolysis, 229, 232 

4-Methoxy-6-methyI-2-methylsulphonyl- 
pyrimidine, 236.299 

4-Methoxy-6-methy~-2-methylthio- 
alkaline hydrolysis of 2-group, 236 

pyrimidine, 203 
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amination, 291 
oxidation, (299) 

formation of N-oxide. 382 
2-Methoxy-4methylpyrimidine, 20 1 

&Methoxy-&methylpyimidine, 20 I ,  
360. 383 

formation of N-oxide. 382 
2-Methoxy-4-methylpyrimidine-N- 

oxide, 382 
Reissert reactions, (384) 

oxide, 19, 382 
4-Methoxy-6-methylpyrirnidine-N- 

reduction, 383 
5-Methox y-4-methylthopyrimidine 

t o  4.5-dihydroxypyrimidine, 239 
2-Methoxy-5-nitropyrimidine, 363 
1 -Methoxy-1-phenyl-1-buten-3-one 

2-Methoxy-5-phenylpyrirnidine, 360 
4-Methoxy-5-phenylpyrimidine, (360) 
5-Methoxy-Z-phenylpyrimidine, 280 
8-Methoxypurine, 247 
2-Methoxypyrimidine, 25, 201, 247. 359 

amination, 200, 255 
isomerization, 25, 371 
U.V. spectrum (Fig. 2), 479 

use, 94 

4-Methoxppyrimidine, 185, 201, 247, 
248, 359 

amination, 15, 255, 309 
formation of N-oxide, 382 
rearrangement, 256, 371 
U.V. spectrum (Fig. 2). 479 
U.V.spectra (Figs. 4 and 5), 480 

5-Methoxypyrirnidine, 14, 210. 239, 247, 
248, 280 

hydrolysis, 239 

replacement of methoxy group, 15 
see also : “Alkoxypyrimidines” 

4-Methoxypyrimidine-N-oxide, 382 
Reissert reaction, (384) 

4-Methoxy-2-sulphanil ylamino- 

Methoxypyrimidines, 13 

pyrimidine 
amination, 255 

Methyl acebmidate 
use in synthesis, 86 

Methytacetylacetone 
use in synthesis, 119 

a-Methylacrylic acid 
use in synthesis of hydropyrimidines, 

43 I 
Methylamine acetate fsaltl 

use in amination, I95 
,&Methylaminoethyl phenyl ketone 

reaction with cyanic acid, 84 
Methylaminomalondiamide 

use in Remfry-Hull Synthesis, 98, 313 
2-Methylamino-5-nitropyrimidine. 193 
Methyl fi-aminopmpionate 

use in dihydropyrimidine synthesis, 
434 

b-Methylaminopropiophenone 
use in hydropyrimidine synthesis, 436 

2-Methylaminopyrimidine, 188. 31 1, 373, 
377. 379 

alkylation, 3 12 
hydrolysis, 229 

4-;\lethylaminopyrim1dine, 184, 280 
N-Methyfated thiopyrimidines 

I-Xethylbarbituric acid, 56, 273 

P-Methylbenzo ylacetaldehyde 

Methyl benzyloxyformylacetate 

4-Methyl-2,6-bis-o-liydroxybenzylidene- 
hydrazinopyrimidine, 323 

2-Methylbutyramide 
as degradation product, 133 

Methylcytosine, 6, 347 
a-Methyl-B-die thylaminoacrolein 

cyclization with formamide, 93 
5-Methyldeoxycytidine, 6 
4-Methyl-6,7-diphenylpteridine, 334 
4-Methyl-2,6-diphenyfpyrimidine, 120, 

4-MethyI-2,6-distyrylpyrimidine, 4 1 I 
ozonization etc.. to aldehyde, 41 1 

1-Methyldithiouracil, 252, 376 
3-Methyldithiouracil, 252, 274, 376, 382 
5-Methylenebarbituric acid, 124 
Methyl ethoxycarbonyldithioacetate 

use in Principal Synthesis, 59 
Methyl or-formyl-a-methoxyacetate 

use in synthesis, 238 
Methyl groups 

effect on acidic p&, 466 
effect on basic pK,, 465 

use in Principal Syntheses, 49/, 55 

use, 94 

see : “Thiopyrimidines” 

alkylation, 362 

use in synthesis, 35 

use, 40 

123 

Methylguanidine 

2-Methylimino-4-pentanone 

Methyl iodide 
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catalytic effect on rearrangement of 
alkoxypyrimidines, 256 

B-Methylmalic acid 

Methylmalondiamide 
use, 39, 258 

reaction with diethyl methylmalonate, 
97 

448 

448 

2-Methyl-2-methylaminopentan-4-one. 

action of benzaldehyde and ammonia, 

Methyl @-methylaminopropionate 

2-Methyl-4-methylamino-5-thio- 

1 -Methyl-5-methylaminouracil, 2 10 
3-Methyl-5-methylaminouracil, 2 10 
Methyl a-methyl-,!?-methylamino- 

use in hydropyrimidine syntheses, 435 

formamidomethylpyrimidine, 327 

propionate 
use in hydroprimidhe syntheses, 435 

9-Methyl-6-rnethylthiopurine, (326) 
4-Methyl-6-methylthiopyrimidine. 205 
4-Methyl-2-methylthiopyrimidine 

4-Methyl-6-methylthio-2-(2,2,2- 
trichloro- 1 -hydroxyethylamino) 
pyrimidine, (409) 

4-Methyl-6-nitroaminopyrimidine, 141, 
34 1 

amination, 291 

acidity of, 342 
reduction, 141, 341 

4-Methyl-2-~-nitrobenzenesulphonamido- 
pyrimidme, (331) 

reduction, (331) 
2-Methyl-5-nitropyrimidine, 32, 139 
S-Methyl-N-nitrothiourea 

l-Methyl-5-nitrouracil, 140, 231, 364, 367f 
use, 447 

alkylation, 364 
reduction, 363 

alkylation, 364 
reduction, 363 

as a name for 1,4-dihydro-l-methy1-4- 

3-Methyl-5-nitrouraci1, 48, 140, 364. 41 7 

" I-Methyl-4-oxopyrimidine" 

oxopyrimidine, 356 
4-Methyl-2-phenoxypyrimidine 

amination, 255 
4-Methyl-6-phenoxypyrimidine 

formation of N-oxide, 382 
4-Methyl-6-phenoxypyrimidine-N- 

oxide. 382 

amination, 383 
Reissert reaction, (383) 

4Methyl-2-phenylpyrimidine, 34, 12 1 
reaction with phenyl-lithium, 123 

4-Methyl-2( +6)-phenylpyrimidine, 123 
4-Methyl-6-phenylpyrimidine, 93, 94, I2 I ,  

122, 280 
N-oxide formation, 128 

5-Methyl-t-phenyIpyrimidine, 95, 123 
4-Methy1-6-phenylpyrimidine-N-oxide. 

a-Methyl-#?-phen ylsuccindiamide 

6-Methyl-3-phenyl-2-thiouracil. 83, 273 
l-Methyl-6-phenyluracil, (362) 

6-Methyl- I-phenyluracil, 89 
6-Methyl-3-phenyluraci1, 83, 228 
4-Methyl-6-piperidinopyrimidine. 280,383 
4-Methyl-6-piperidinopyrimidine- N-oxide, 

128 

use in synthesis, 102 

alkylation, (362) 

383 
reduction, 383 

4-Methyl-2-piperidino-6-(2,2,2-trichloro- 
1 -hydroxyethylamino) pyrimidine, 
409 

hydrolysis. 409 
5-Methyl-I-propyl-2-thiouracil, 89. 2 73 
$Methylpurine, 326 

2-Methylpyrimidine, 32, 120, 12 1 
degradation to a pyrimidine. 106, 313 

bromination, 130, 177, 392 
N-oxide formation, 128 
reaction with chloral, 126 
reduction, (451) 
styrylation, 122 

bMethylpyrimidine, 91. 94, 121, 122, 
(211). 216, 280, 383 

amination, 12, 134, 308 
attempted nitration, 128 
Claisen reaction, 26, 132 
Mannich reaction, 26, 132, 318 
N-oxide formation, 126, 128 
oxidation, 126, 128 
reaction with chloral, 126 
reaction with formaldehyde, 122, 244 
reaction with phenyl-lithium, 123 
reaction with sodamide, 12, 134, 308 
reduction, (451) 
styrylation, 122, 126 

5-Methylpyrimidine, 93, 94, 121, 127 
reaction with phenyl-lithium. 123 
N-oxide formation, I28 
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reduction, (451) 
2-Methylpyrimidine- 1-oxide, 128 
4-Methylpyrimidine-N-oxide. 128 

reduction, 383 
Reissert reaction. (384) 

5Methylpyrimidine-1-oxide, 128 
Methlpyrimidines 

Claisen reactions, 131f 
conversion into styrylpyrimidines, I25 
Mannich reactions, 132f 
oxidation, 2 I ,  130, 399f 

6-Methylselenylpurine, 284 
4-Methyl-6-semicarbazidopyrimidine, 341 
5-Methyld-styrylpyrimidine, 26, 125 

a-Methylsuccindiamide 

Methylsulphonylpyrimidines, I 5 
4-Methyl-2-sulphopyrimidine. 207, 295 

action of cyanide, 207, 297 
4-Methy1-5.6-tetramethylene-2-phenyl- 

4-Methyl-5,6-tetramethylenepyrimidine, 

Z-Methylthi0-5-nitropyrimidine, 33, 139, 

oxidation, 128 

use, 438 

pyrimidine. 36 

95 

287 
action of Raney nickel, 144, 279 

2-Methylth~o-5-phenylazopyrimidine, 33 
2-Methylthiopurine, (326) 

degradation to  a pyrimidine, 105, 314 
2-Methylthiopyrimidine. 185, 282 

bromination, (1 70) 
4-Methyl-2-thiosemicarbazidopyrimidine, 

4-Methyl-6-thiosemicarbazidopyrimidine, 

1-Methyl-2-thiouracil, 101, 273 
1-Methyl-4-thiouracil, 252, 376 

34 1 

34 1 

amination, 285 
desulphurization and reduction, 

278, 452 
N-Methylthiourea 

S-Methylthiourea 

1 -Methyl-5.5trirnethylenebarbituric acid, 

3-Methyl-5,6-trimethylene-2-thiouracil, 83 
5-Methyl-2,4,6-triphenylpyrimidine, 95, 

1-Methyluracil, 101, 233, 360f. 368, 369, 

use in Principal Synthesis, 31-74, 381 

use in Principal Syntheses, 31-74 

57 

119 

371, 455 

action of phosphoryl chloride. 370, 376 
nitration, 140, 364 
reduction, 444, 452 
structure, 361 
thiations, 252, 376 

368, 370, (393) 
alkylation, 369 
nitration, 140. 364 
structure, 361 
thiation, 252, 376. 382 

use in Principal Syntheses, 42f. 56 

useinPrincipalSyntheses,40,51,70,245 

cyclization, 459 

3-Mathyluracil, 42, 233, 358, 359, 361, 

N-Methylurea 

0-Methylurea, 245 

8-Methyl-13-ureidohexanoic acid, 459 

/?-Methylureido-8-phenylpropionic acid, 

Methyl #?-ureidopropionate, 434 
cyclization, 434 

Methylurethane 
use in Shaw Synthesis, 88 

3-Methylxanthine, 150, 366 
formation as structural proof, 69 
methylation. 366 

458 

Meyer and Jacobson, text book, 2 
Miazine. 1, 6 
Morlock, 116, 119 
Moubasher, 262 
Mucobromic acid 

Mucochloric acid, 175 

Muller. 423 
Murexide, 263 

test, 263 

use in synthesis, 175 

use in syntheses, 175 

N 

2-a-Naphthylmethyl-I ,3,5-triazine 

“Nembutal”, 53 
Neurnann, 258 
Nitration, 10, l39f 
Nitroaminopyrimidines, 341f 
+-Nitrobenzaldehyde 

ns-Nitrobemamidine 

2-#-Nitrobenzenesulphonamido-5- 
phenylthiopyrimidine, 2 13 

description of a pyrimidine as. 92 

use in making styryl derivatives, 126 

use in synthesis, 139 
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29-Nitrobeneenesulphonamidopyrim- 
imidine, 331 

reduction, 331 
p-Nitrobeneenesulphonyl chloride 

use as acylating agent, 33 1 
N~Nitrobenzenesulphonylguanidine 
use in synthesis, 50, 330 

5-p-Nitrobenzylideneaminopyrimidine, 

5-Nitro-2,4-bispropylaminopyrimidine, 

5-Nitro-2,4-diphenoxypyrimidine, 203, 

Nitro group 

143, 322 

195 

420 

effect on acidic pK,, 467, 47 1 
effect on basic pK,, 469, 471 
effect on other substituents, 138 

use in hydropyrimidine syntheses, 447f 
use in Principal Synthesis, 46, 342 

Nitromalondialdehyde 
use in syntheses, 32, 139, 287 

p-Nitrop hen ylazomalononitrile 
use in syntheses, 72, 153 

4-p-Nitrophenyl-6-phenylpyrimidine, 95 
5-NitTo-Z-phenylpyrimidine 

2-m-Nitrophenylpyrimidine, 134 
2-p-Nitrophenylpyrimidine. 26,118 
4-m-Nitrophenylpyrimidine, 134 
+p-Nitrophenylpyrimidine, 26, 118 
5-Nib-o-2-piperidinopyrimidine, 33 
B-Nitropyridine 

Nitropyrimidines, 138f 

Nitroguanidine 

hydrogenation, 144 

analogy to pyrimidine, 465 

preparation by direct syntheses, 138f 
preparation by indirect syntheses, 142f 
preparation by nitration, 139f 
reduction, 23, 143f 

Nitrosation, 10, 148 
Nitrosobenzene 

reaction with 5-aminopyrimidine, 156, 
335 

pyrimidin-5-yldiazonium chloride, 
333 

2-(N-Nitrosocarboxyamylamino) - 

Sandemeyer reaction, 333 

colour of salts, 147 
J-Nitroso- 1.3-diphenylbarbituric acid 

5-Nitroso- 1,3-diphenyl-2-thiobarbituric 
acid 

d o u r  of salts, 147 

Nitrosomalononitrile 
use in Principal Synthesis, 72 

GNitrosornethyldiazouracil( ?), 332 
Nitrosopyimidines, 146/ 

by direct syntheses, 149 
by nitrosation. 148 
colour, 147 
condensation with methylene groups, 

containing 4-nitroso groups, 151t 
hydrolysis of amino groups in, 146 
reaction with chlorine, 151 
reduction, 23, 149 
tautomeric with hydroxyiminopyrim- 

151 

idines, 10, 146 
Nitrouracil, 6 
Nitrous acid 

use in converting amino- to  hydroxp 
pyrimidines, 18 

NucIeic acids 
photochemistry of, 258 

Nucleophilic metatheses, 12f 
Nucleophilic substitution, direct, 12 

Nucleosides 
unusual example, 209 

by Shaw Synthesis, 90 
reduction of, 443 
syntheses, I01 
sugar removal, 443 

Nucleotides, 257, 346 
hydrolysis, 257. 346 

0 

Ochiai, E., 207, 382 
Orotic acid, 6, 422f 

pyrimidine” 
see also: “4 Carboxy-2,6-dihydroxy- 

Orotidine, 6 
Orotidylic acid 

in pyrimidine biosynthesis, 425 
Orotidylic decarboxylase, 425 
Orotidylic pyrophosphorylase, 425 
Othman, 262 
Oxaloacetic acid, 89 
Oxalyl chloride 

1,3-Oxazines 

Oxidation of pyrimidines, 20 
5-Oxobarbituric acid 

see: “Alloxan” 

reaction with malondiamides, 99 

as pyrimidine intermediates, 104 
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Oxupyrimidines. 3571 
by alkylation of hydroxypyrirnidines, 

359f 
by hydrolysis of imino derivatives, 3735 
by Principal Syntheses, 357 
by rearrangement of alkoxy deriv- 

atives, 371) 
by sundry syntheses, 358 
melting points, 375 
properties and reactions, 3751 
thiation, 252, 376 

P 

Parbanic acid, 261 
Pentobarbital, 53 
Pentobarbitone. 53 
“Pentothal”, 54 
Pfleiderer, W., 325 
“Phanodorn”, 53 
Phenobarbital, 53 
Phenobarbitone, 53 
Phenol, 

3-Phenoxyacrolein 

p-Yhenoxyphenylguanidine 

2-Phcnoxypyrimidine, 20 1 
Phenylacetaldehyde 

use as amination solvent, 195 

use in synthesis 34 

use in synthesis, 37 

reaction with ethyl ureidocrotonate. 

to a dihydropyrirnidine with urea, 442 

use in Principal Syntheses, 44, 49 

use in syntheses, 91 

442 

Phenylacetamidine 

PhenyIacetonitrile 

2-Phenylamidinopyrimidir1e, 406 
a-Phenyl-aminomethylenephenylaceto- 

nitrile 
cyclization with formamide, 92 

Phenylazoacetylacetone 
use in  Common Syntheses, 152, 344 

Phen ylazobenzoylacetone 
use in syntheses, 37, 152 

Phenylazomalondialdeh yde 
use in syntheses, 33 

PhenylazomaIononitriIe 
use in  Principal Synthesis, 72, 153 

5-Phenylazopyrimidine, 156, 335 
1 -Phenylbarbituric acid, 56 
Phenyl benzoate 

use as acylating agent, 327 

use in synthesis, 50 
Phenyldiguanide 

2-Phenyl-4.6-distyrylpyrimidine, 125 
4-Phenylethylpyrimidine, 122 
Phenylformylacetonitrile 

conversion into enol ether, 65 
possiMe existence as enol, 65 
use, 64 

use in syntheses, 58, 72 

reaction with alkylpyrimidines, 122, 

reaction with halogenopyrimidines, 120 
Phenylrnalondiaidehyde 

use of equivalent in synthesis, 33 
5-Phenylmethylenebarbituric acid, 123 

reduction, 124 
I-Phenyl-2-propionylacetylene 

use. 95 
B-l’henylpropiopbenone, 433 
4-Phenyl-6-propylpyrimidine, 95 
5-Phenylpyridine 

nitration, 134 
4-Phenylpyridine 

nitration, 134 
2-Phenylpyrimidme. 121, (21 l), 455 

failure to form an N-oxide, 128 
nitration, 134 

nitration, 134 

Phen ylguanidine 

Phenyl-lithium 

I23 

4-Phenylpyrimidine, 20. 91, 94, 118, 12 1 

5-Phenylpyrimidine, 121, 122. 280 
3-Phenyl-5,6-trimethyhyleneuracil, 83 
I-Phenyluracil, 89, 455 
3-Phenyluracil, (393) 
N-Phenylurea 

use, 56 
8-Phenylureidopropionic acid, (434) 

cyclization, (434) 
9-Phenyluric acid, 339 
Phosgene 

Phosphorus pentabromide 

Phosphorus pentachloride 

use to supply C(2) in pyrimidines, 99 

reaction with hydroxypyrimidines, 167 

C-chlorination with, 165f 
for converting hydroxy- into chloro- 

pyrimidines, 16, 1651 
Phosphorus pentasulphide 

use in thiation, 251f 
Phosphorus trichloride 
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use in removing N-oxide, 383 

for changing hydroxy to bromo 
Phosphoryl bromide 

groups, 16, 167 
Phosphoryl chloride 

use in replacing hydroxy by chloro 

use with dialkylaniline, 1631 

use to make 2,4-dihydroxyquinazoline, 

groups, 16, 162f 

Phthalic diamide 

102 
1 -Phthalimidopentan-2,4-dione 

Pinner, 1. 406, 449 
a-Piperidinomalondiamide, 2 1 1 
Piperimidine, 6, 453 
pK. values 

see : “Ionization constants” 
Polarography of pyrimidines, 28f 
Potassium ferricyanide 

use in synthesis, 319 

oxidation of methyl t o  carbamoyl 
groups, 130 

Primary syntheses 
classification of, 82 
by Common Synthesis, 31f 
by other methods, 821 

Principal Synthesis, 31f 
examples, 3 I f  
modification for dihydropyrimidines, 

431f 
scope, 31 
use to make hydroxypyrimidines, 227 
use to make urethanes, 336 

Propioloylurethane 
formation, 89 
reaction with aniline, 89 

Propionamidine 
reaction with acetic anhydride, 102 
use in Principal Synthesis. 44, 52, 246 

Propionitrile 
trimerization to  a triazine, 93 

Propionylacetone 
use in synthesis, 36 

4-F’ropylpyrimidine, 94 
Propynal 

use in synthesis, 34 
Pseudouric acid, 6, 339 
Pteridine, 300, 334 

acid hydrolysis, 324 
Ptendines 

formation from pyrazines, l08f 
pyrimidines from, 106f 

Purine, 300, 326, 327, 333 
Purines 

formation from glyoxalines, 108 
pyrimidines from, 105f 

Purpuric acid, 263 
m d n e  

dipole moment, 28 
electron density, 27 

Pyrazolopyrimidines 
from pyrazoles, 1 lo/ 

Pyndazine 
dipole moment, 28 
electron density, 27 

brornination, 118 
dipole moment, 28 
electron density, 21 
use as solvent in thiation, 252 

pyridopyrimidines from, lWf 

from pyridines, lO9/ 

active 2-, 4- and 6-positions, 7 
analogy to  b-nitropyridine, 465 
“aromatic” 5-position, 8 
assignment of vibrations (I.R. and 

Raman), 495f 
brornination, 1 1, 1 18 
by decarboxylation, 116 
by dehalogenation, 1 16f. 187, (2 1 l ) ,  

by desulphurization, 279, 281 
by primary syntheses, 94, 116 
decomposition in alkali, 118 
effect of substitution, 8 
n-electron deficiency, 8, 10 
dectron-density diagrams, 27 
ionization, 465 
oxidation, 228 
properties, 1 17 
reaction with alkyl-lithium, 1 l8f 
reaction with Grignards, 118, 444 
reactions, 118 
recovery from mercuric chloride 

complex, 1 17f 
reduction, 22, 118. 451 
salts and complexes, 1 I7 
spectra (I.R.; Fig. 7), 481 
spectra (U.V.; Fig. 1). 479 
spectra (U.V.; Fig. 3), 480 
vibration modes (Fig. 8) .  497, 498 

%dine 

Pyrktines 

Pyridopyrimidines 

F’yrimidine 

212,451 
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Pyrimidine acid chlorides, 394 
to esters, 394 
to amides, 394 

see: “Formylpyrimidines” 

see: “Carbamoylpyrimidines” 

see: “Azidocarbonylpyrimidines” 

see : “Carboxypyrimidines” 

reactions, 294f 

capacity to resist ammonia, 396 
hydrolysis, 391 
reactions, 3965 
reduction, 243 

see : “Hydrazinocarbonylpyrixnidines” 

see : “C-Acylpyrimidines” 

Pyrimidine aldehydes 

Pyrimidine amides 

Pyrimidine azides 

Pyrimidine carboxylic acids 

Pyrimidine disufphides, 21, 212, 291f 

Pyrimidine esters, 393/, 395f 

Pyrimidine hydrazides 

Pyrimidine ketones 

Pyrimidine methiodide, 18/, 1 17 
Py-rimidine nitriles 

Pynmidine-N-oxide, 356 

Pyrimidine-N-oxides, 19, 118, 128, 356, 

see :“Cyanopyrimidines” 

action of acetic anhydnde, 384 

382/ 
formation, 382 
reactions, 383f 
reduction of, 19, 383 
removal of N-oxide, 383 

aqueous solubility, 29 
biosynthesis, 424f 
dipole moments, 28 
from hydantoins, 102 
from isoxazoles. 104 
from pteridines, I06f 
from purines, 105) 
from pyrroles, 105 
from quinazolines, 105 
from Wazines, 104f 
history, 1 
introduction, 1 
ionization. 27/, 4645 
meteorites containing, 2 
nomenclature, 1, 3f, 430f 
nuclear reduction, 442f. 450f 
numbering, 3f 
pol=ography, 28f 

Pyrimidines 

Index 

properties (general), 26 
principles of chemistry, 5/ 
reaction with chloral, 11 
reaction with chloroform, 
summary of chemistry, 9/ 
trivial names. 3. 6f 

I 

various colour reactions, 260 
F‘yrimidine sulphides, 212, 291/ 

reactions, 294 
Pyrimidine sulphinic acids 

see: “Sulphinopyrimidines” 
Pyrimidine sulphones 

see: “Alkylsulphonylpyrimidines” 
Pyrimidine sulphonic acids 

see: “Sulphopyrimidines” 
Pyrimidine thiocyanates 

see : “Thiocyanatopyrimidines” 
Pyrimidine thiourethanes, 337f 
Pyrimidine urethanes, 336/ 
Pyrimido-m- thiazine 

Yyrroles 
degradation of a derivative, 277 

pyrimidines from, 105 

Q 

Quaternary amino groups, 18 

Quaternitation of Pyrimidines, l8f 
Quinalbarbitone, 53 
Quinazoline 

Quinazolines 

replacement of, 18. 345 

oxidation of, 105, 127, 390 

from benzene derivatives, 107f 
pyrimidines from, 105 

R 

Radziszewski reaction, 399 
Ramage and Landquist, review, 2 
Raman spectra 

assignment of vibrations in pyrimidine, 
495f 

Raneynickel 

Reduced pyrimidines 
use in desulphurization. 2771 

definition, 430 
number of possible series, 431 
paucity of data, 431 
see :“Dihydro-, Tetrahydro-, Hexa- 

hydro-pyrimidines” 
Reduction of pyrimidines, 2 If, 430f 
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Reimer-Tiemann reaction, 1 1, 409 
Reissert reaction, 19, 383 
Remfry, 97 
Remfry-Hull Synthesis, 97f ,228 
Resins 

formation from aminopyrimidines and 
aldehydes, 323 

Ribonucleic acid 
hydrolysis, 257, 346 

Ribose-5-phosphate- 1 -pyrophosphate 
combination with orotic acid, 425 

Richardson, Miss D.N., 379 
Ritthausen. 259 
Roblin, 331 
Roeder. 455 
Roithner, 438 
Rose. F.L., E94, 330 
Russell, 285 

S 

Sandmeyer reaction, 18, 333 
Schiffs bases 

from aminopfimidines, 32 15 
from formylpyrimidines, 414 
from hydrazides, 401 
stability to acid, 322, 414 

Schlieper, 260 
Schotten-Baumann reaction. 327, 456 
Secobarbital, 53 
“Seconal”, 53 
8-Selenapurines, 334 
6-Selen ylpurine 

Ss-alkylation, 284 
Semicarbazidopyrirnidines, 341 
Shaw synthesis, 875, 228, 273, 358, 403 
Shugar, 258 
Smith, P. E.. 251 
Smith, V.E., 451 
Sodio sulphanilamide 

Sodio-urea 

Sodium dithionite 

Spongothymidine, 6 
Spongouridine, 6 
Stadeler, 448 
Stieglitz, 434 
Struve. 400 
2-Sty~ylpyrimidine, 122, 125 

use in synthesis, 331 

use in synthesis, 53, 56 

in reducing nitrouracil, 145/ 

hydrogenation, 122 

oxidation, 128 
4-Styrylpyrimidine, 122, 125 

hydrogenation, 122 
Styrylpyrimidines, 26 

catalysts in formation, 26, 1255 
oxidation, 21 

767 

preparation from methylpyrimidines. 
1255 

Succindiamide 

Sulphadimidine, 33 1 
Sulphadiazine, 331 
Sulphamerazine, 33 I 
Sulphamethazine, 331 
“Sulphamezathine”, 33 1 
2-Sulphamoylpy~imidine. (295), 297 
Sulphanilamido derivatives 

use t o  make hydrouracil, 102, 438 

see : corresponding sulphanilylamino 
derivative 

Sulphanil ylguanidine 

Sulphapyridine, 331 
Sulphasomidine, 331 
Sulphathiazole, 33 I 
Sulphinopyrimidines, 296 

hydrolysis, 297 
Sulphoaminopyrimidines, 343 
Sulphonamide drugs, 330f 

and kidney blockage, 331 
Sulphonation, 11, 295f 
2-Sulphopyrimidine, 207, 295 

action of cyanide, 207, 297, 404 
Sulphopyrimidines, 15 

action of cyanide, 207 
esterification, 297 
formation by oxidation, 2 1 
preparation. 2955 
reactions. 2975 

use in syntheses, 37, 50 

Swain, 330 

T 

Takamizawa. 62 
Tartronyl urea, 6 
Tautomeric groups, general, 9 

utility of pK, in studying, 464 
utility of U.V. spectra in studying, 

4825 
Tetra-aminopyrimidine 

action of sulphuryl chloride, 296, 343 
action of sulpharnide, 296 
action of thionyl chloride, 334 
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I ,2,4.6-Tetra-azaindenes 

2.4,5.6-Tetrabromopyrimidine, 16 7, 250 
2,4,5,6-TetracNoropyrirnidine, 166, 250 

formation, 334 

nuclear reduction, 45 I 
pyrimidine from, 116 

1,2,3,4-Tetrahydru- 1.3-diethyl-6- 
hydroxy-2,4-dioxopyrirnidine 

nitrosation, t48 
1,2,3,4-Tetrahydro- 1,3-diethyl-6- 

hydroxy-5-nitroso-2,4-dioxo- 
pyrimidme, I48 

idine, 449 

bismethylamino-2,4-dioxopyrini- 
idine, (2 10) 

dioxopteridine 

314 

dioxopyrimidinc. (21 1). 257, 360, 
371, 373 

bromination, 174 
hydration in U.V. light, 20, 258 
nitration, 140, 364 
thiation. 252, 376 

1,4,5,6-Tetrahydro-ZI 5-dihydroxypyrim- 

1,2,3,4-Tetrahydro- lI3-dimethyl-5.6- 

5,6,7,8-Tetrahydro-5,8-dimethyl-6,7- 

formation and degradation, 107, 308. 

1,2,3,4-Tetrahydro- I ,3-dimethyl-2,6- 

Tetrahydro-2,5-dimethyl- I ,3-diphenyl- 
pyrimidine, 453 

I ,2,3,4-Tetrahydro-l,3-dimethyl-2,4- 
dithiopyrirnidine, 252, (376) 

1,2,3,4-Tetrahydro- 1,3-dimethyl-6- 
rnethylamino-2,4-dioxopyrimidine, 
198, (212) 

action of acetic anhydride, 416 
1,2,3,4Tetrahydro- 1,3-dimethyl-4- 

1,2,3,4-Tetrahydro- 1,3-dim ethyl-5-nitro- 

1.2,3,4-Tetrahydro- 1,3-dimethyl-2-oxo- 

methylimino-2-oxopyrimidine, 378 

2,4dioxopyrimidine, 140, 364 

P-thiopyrimidine, 252, (376) 

1,4,5,6-Tetrahydro-5,5-dimethyl-2- 
phenylpyrimidine, 445 

I ,  2,5,6-Tetrahydro-2,6-dipen tamethylene- 
4.5-tetxamethylenepyrimidine, 448 

1,2,3,4-Tetrahydro-6-bydroxyarnino- 1.3- 
dimethyl-2,4-dioxopyrimidine, 
200, 3 M  

acetylation, 344 
action of diazomethane, 344 

thiation, 252, (376) 

reduction, 344 
1,2,3.4-Tetrahydro-5-hydroxy- 1,3- 

dimethyl-2.4-dioxopyrimidine. 
144, (212), 238 

dimethyl-2,4-dioxopyrimidine, 53, 
56,230, 362 

,2,3,4-Tetrahydro-6-hydroxy- 1.3- 

action of phosphoryl chIoride, 165 
C-acylation, (416) 
alkylation, 362 
,2,3,4-Tetrahydro-6-hydroxy- I ,  3- 

dimethyl-5-nitroso-2,4-dioxo- 
pyrimidine 

chelating properties, 147 
1,2,3,4-Tetrahydro-6-hydroxy-2,4dioxo- 

1,3-dipheny1-5-phenylazopyrim- 
idine, I56 

as tautomer of 1,3-diphenyIalloxan-5- 
phenylhydrazone, 156 

I,2.3,4-Tetrahydro-6-hydroxy-2,4-dioxo- 
1,3-diphenyIpyrirnidine, 56 

coupling, 156 
1.2,3,4-Tetrahydro-6-~-hydrox)-ethyI- 

amino- I ,3-dimethyI-2,4-dioxo- 
pyrimidine, 198 

1,2,3,4-Tetrahydro-5-~-hydroxyethyl- 
amino- 1,3-dimethyl-6-rnethyl- 
amjno-2,4-dioxopyrimidine, (2 10) 

methyl- 1,3-diniethyl-2,4-dioxo- 
pyrimidine, 129, 413 

1,2,3,4-Tetrahydro-6-hydroxy-2-imino-4- 
0x0- 1,3-diphenylpyrimidine 

I ,2,3,4-Tetrahydro-6-hydroxyimino- 

doubtful preparation. 55 
I ,4,5,6-Tetrahydro-6-hydroxy-2-mer- 

capto-4,4,6-trimethylpyrimidine, 
449 

1.4,5,6-Tetrahydro-2-hydroxy- 1 -methyl- 
Cphenylpyrimidine, 450 

1,4,5,6-Tetrahydro-Z-hydroxy- 1-methyl. 
pyrimidine, 278, 452 

1,4.5,6-Tetrahydr0-2-hydroxy-4-nethyl- 
pyrimidine, 450 

1,4,5,6-Tetrahydro-5-hydroxy-2-nitro- 
aminopyrimidine, 447 

1,2,3,4Tetrahydro-6-hydroxy-5-nitroso- 
2,4-d1oxo- I ,  3-diphen ylpyrimidine 

1,2,3,4Tetrahydro-6-hydroxy-5-nitroso- 
colour of salts, 147 

4-0~0-~.3-diphenyl-2-thiopyrim- 
idine 

colour of salts, 147 
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1,2,3,4-Tetrahydro-6- hydrox y-40x0- 
1,3-diphenyl-2-thiopyn’midine. 55, 
38 1 

1,4,5.6-Tetrahydro-2-hydroxy- l-phenyl- 
pyrimidine, 447 

1,4,5.6-Tetrahydr0-2-hydroxypyrimidine, 
22, 278, 443, 446,450, 452 

1,4,5,6-Tetrahydro-Z-hydroxy- 1,4,6,6- 
tetramethylpyrimidine, 446 

1,4,5,6-Tetrahydr0-2- hy droxy- 1 -p- 
tolylpyrimidine, 447 

~,4,5,6-Tetra.hydro-2-hydroxy-4,6,6- 
trimethylpyrimidine, 446 

1,2.3,4Tetrahydro-4-imino- lI3-dimethy1- 
2-oxopyrimidine, (329), 373, 378 

hydrolysis, 373 
1,4.5,6-Tetrahydr0-2-mercapto- 1- 

phenylpyrimidine, (447) 
1,4,5,6-Tetrahydro-2-mercaptopyrim- 

idine, 447 
1,4,5,6-Tetrahydro-2-mercapto- 1 -6-tolyl- 

pyrimidine, 447 
1,4,5,6-Tetrahydro-2-mercapto-4,4,6- 

trimethylpyrimidine. 447 
I ,2,3,4Tetrahydro-6-methoxyamino- 1,3- 

dimethyl-2,4-dioxopyrimidine, 
(344) 

1,2.3,4-Tetrahydro-5-methoxy- 1,3- 
dimethyl-2,4-dioxopyrimidine, 
248, 363 

1,2,3,4Tetrahydro-6-methoxy- I ,3- 
dimethyl -2 ,4dioxopyrimidine, 362 

1,2,3,4Tetrahydro-6-methoxy- 1,3.5- 
trimethyl-2,4-dioxopyrimidine, 203 

1,4.5,6-Tetrahydro-4(or 6)-methyl-2- 
nitroaminopynmidine, 
447f 

1,2,5,6-Tetrahydro- 1 -methyl-2-oxo-4- 
phenylpyrimidine, 84. 444 

disproportionation, 84 
halogenation. 457 

1,2,5,&Tetrahydro- I-methyl-4-phenyl- 
2-oxopyrimidine, 436 

disproportionation. 436 
1,4,5,6-Tetrahydr0-2-methylpyrim1dine, 

1,4,5,6-Tetrahydro-4-methylpyrimidine, 

I ,4,5,6-Tetrahydro-5-methylpyrimidine. 

1,4,5,6-Tetrahydro-2-nitroaminopyrim- 

445, 451 

45 1 

45 1 

idine. 447 

I ,4,5,6-Tetrahydro-2-nonylpyrimidine, 

1,2,5,6-Tetrahydro-2,2,4,6,6-pentamethyl- 

formation of a benzoyl derivative, 455 
ring cleavage, 455 

1,2,5,6-Tetrahydr0-2,2,4,6,6-pentamethyl- 

446 

5-nitrosopyrimidine. 455 

pyrimidine, 448 
nitrosation, 455 
reductive cleavage, 454 

445, 449, 451 
attempted benzoylation, 456 
dehydrogenation, 455 

1,4,5,6-Tetrahydro-2-phenylpyrimidine, 

1,4,5,6-Tetrahydr0-5-phenylpyrimidine. 

1,4,5,6-Tetrahydro-2-propylpyrimidine, 

Tetrahydropyran-2-yloxy group 

45 I 

45 1 

as a “protection” for hydroxy group 
240 

446 
benzoyl derivative, 1 18, 45 1 
oxatate. 118 
preparations, 446. 451 

by reduction, 450f 
from carbonyl compounds and amines, 

from 1.3-diaminopropane, 445 
from 1,3-dihalogenopropane deriv- 

I ,2,5.6-Tetrahydro- 1,4,6.6-tetramethyl- 
2-phenylpyrimidine, 448 

1,2,3,4-Tetrahydro- 1,3,5-trimethyl-2,4- 
dioxopyrimidine, 362 

1,2,3,4-Tetrahydro-l,3,6-trimethyl-2,4- 
dioxopyrimidine, 259, 361 

I ,4,5,6-Tetrahydropyrimidine, 22, 118, 

Tetrahydropyrimidines, 445f 

448 

atives, 449 

Claisen reaction at C-methyl group, (4 16) 
nitrosation to an oxime, 413 
oxidation, 371, 400 
oxidation to aldehyde, 129 

1,2,3,4-Tetrahydro- 1,3,5-trimethyl-6- 
methylamino-2.4-dioxopyrimidine, 
198 

1,2,3.4-Tetrahydro- 1,3,6-trimethyl-5- 
nitro-2.4-dioxopyrimidine, 364 

1,2,5,6-Tetrahydro-4,6,6-trimethyl-2- 
pentamethylenepyrimidine, 448 

1,4,5,6-Tetrahydro-2,4,6-trimethylpyrim- 
idine, 445 
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1,2,5,6-Tetrahydro-4,6,6-trimethyl- 
pyrimidine, 448 

1,4,5,6-Tetrahydro-4,4,6(or 4,6,6)-tri- 
methyl-2-p-tolyfpyrimidine, 446 

1,3,6,8-Tetrahydroxy-2,4,5,7,9,10-hexa- 
azaphenanthrene, 335 

2,4,5,6-Tetrahydroxyyrimidine, 229, 
238, 240. 260, 263 

167, 250 
action of phospborus pentabromide, 

action of phosphorus pentachloride, 250 
acylation. 253 
general, 2625 
nuclear reduction, 443 
oxidation, 260 
reaction with alloxan. 262 

see : “ l,%Diaminopropane” 
Tetramethylenediamine 

4,5-Tetramethylenepyrimidine, 95 
2,4,5,6-Tetramethylpyrimidine, 1 19 
Theobromine, 366 
Thialbarbitone, 54 
Thiamine, 6 
&Thiapunnes, 334 
Thiation 
of hydroxypyrimidines, 16 

Thiazines 
pyrimidines from, 104f 

Thiazolo[5,4-d]pyrimidine, 334 
Thiazolo [4.5-d]pyrimidines 

Thiazolo[5,4-d ]pyrimidines 
formation, 334, 420 

formation from pyrimidines, 420 
formation from thiazoles, 108 

4-2’-Thiazolylpyrimidine, 1 18 
4-2’-Thienylpyrimidine, 1 19 
2-Thiobarbiturates 

formation, 251 
2-Thiobarbituric acid, 6 
Thiocarbamoylpyrimidines, 399 
Thiocyanatopyrimidines. 15, 419f 

amination, 309 
formation, 207f. 419f, 421f 
isomerization, 15, 208 
to alkoxypyrimidines, 420f 
to aminopyrimidines, 420 
to mercaptopyrimidines. 275, 420f 
to thiazolopyrimidines, 420 

“2-Thio-5-keto-4-carbethoxy- 1.3- 
dihydropyrimidine” 

really a thiazole, 449 
Thionyl chloride 

use in making extranuclear halogeno 
derivatives. 178f 

Thiopentone, 54 
2-Thiophen-lithium 

Thiopyrimidines, 381 f 
Thiosalicylic acid 

212 

reaction with pyrimidine, 118 

reaction with a 5bromopyrimidine, 

Thiosemicarbazidopyririmidines, 34 1 
“4-Thiothymidine disulphide“, 292 
2-Thiothymine 

see : “4-Hydroxy-2-mercapto-5- 
methyl pyrimidine” 

2-Thiouracil, 6 
and homologues as drugs, 300/ 
estimation of, (and homologues), 300 

4-Thiouracil, 6 
2-Thiouracil 

Thiouracils 

Thiouramit. 6 
Thiourea 

use as trivial name, 5 

numbering of, 4 

use in primary syntheses, 82-1 11 
use in Principal Synthesis, 31-74 

Thioureidopyrimidines, 340f 
Thiourethanes, 337f 
2-Thiouridine, 90, 273 
“4-Thiouridine disulphide”. 292 
Thiouronium salts 

formation, 2051 
hydrolysis, 205f 

Thorpe, 262 
Thymidine, 6, 258 
Thymine, 7 

monograph, 2581 
Thyminyl alcohol, 5, 7 
Th yrotoxicosis 

Timmis 

Todd, A.R., 2, 256, 326 
2-p-Toluenesulphonamidopyximidine, 330 
Toluenesulphonic acid 

3-p-Toluidinoprop ylamine 

N-(3-p-Toluidinopropyl)thiourea, 447 

4-p-Tolylpyrimidine, 118, 119 
Traube, 2, 68, 99, 149 

treatment by thiouracils, 300f 

pteridine synthesis, I5  1 

as catalyst in syntheses, 91 

to corresponding thiourea, 447 

facile cyclization, 447 
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2,4,6-Triamino-5-benzylpyrimidine, 74 
4,5.6-Triarnino-2-chloropyrirnidine. 144 
2,4,6-TriamiDo-5-ethylpyrimidine, 74 

2,4,5-Triamino-6-hydroxypyrimidine, 
hydrolysis, 230 

(150), 157 
acylation, 324, (327). (328) 

2,4,6-Triamino-5-isopropylpyrimidine, 74 
4,5,6-Triamino-Z-mercaptopyrimidine, 

(149), 280 
acylation, 328 
to 2-sulphino analogue, 296 

2,4,5-Triamino-6-methylaminopyrim- 

2,4,5-Triamino-6-rnethylpyrimidine, 3 1 1 

4,5,6-Triami,no-2-methylpyrirnidine, (1 50) 

4.5,6-Triamino-2-methylthio- 

idine, 156 

acylation, (326) 

acylation, (326) 

pyrimidine. (150) 
acyIation, (326) 

2,4.6-Triamino-5-nitopyrimidine 
reduction by sodium bisulphite, 296 

2,4,6-Triamino-5-nitrosopyrimidine, 73 
hydrolysis, 230 
reaction with thiourea, 334 
reduction with bisulphite, 343 

2,4,5-Triaminopyrimidine, 144, 145 
darkening in air, 335 

2,4,6-Triaminopyrimidine, 74, 191, 198, 
290,306 

acylation, 324 
4,5,6-Triaminopyrimidine, 144, (150), 

156, 280, 297 
action of selenous acid, 334 
acylation, (326) 

4,5,6-Triamino-2-sulphinopyrimidine, 296 
acid hydrolysis to triaminopyrimidine, 

297 

pyrimidine, 296, 343 
2,4,6-Triamino-5-sulphoamino- 

2,4,6-Trianilinopyrimidine, I91 
swn.Triazine 

Triazines 
use in hydropyrimidine synthesis, 446 

formation instead of pyrimidines, 65 
intermediates for pyrimidines, 93, 95 

4-Tribromomethylpyrimidine, 130 
2.4.6-Tribromopyrimidine, 167 

2,4,6-Tributoxy-5-s-butylpyrimidine, 202 
2,4,6-Tricarboxypyrimidine, 391 

action of alkoxide, 202 

2,4,5-Trichloro-6-dichloromethyl- 

2,4,6-Trichloro-5-ethylpyrimidine 
pyrimidine, I3 1 

action of alkoxides, 202 
amination, I93 

5-/3/3/3-Trichloro-a-hydroxyethylpyrim- 
idines, 11, 126 

action of alkali, 126 

action of alkoxide, (202) 
bromination, 13 1, 177 
dechlorination, 12 1 

dehalogenation, 2 16 

amination, 196 
hydrogenation, 143 

2,4.5-Trichloropyrimidine, 164 
action of alkoxide, (203) 
amination, 200 

action of alkoxides, 202 
amination, 191f, 344 
nuclear reduction. 451 
pyrimidine from, 116 
reaction with tertiary amines, 193 
to trimercaptopyrimidine, 206 

4,5,6-Trichloropyrimidine. 164 
1,3.3-Triethoxy- 1 -methoxypropane 

2,4,6-Trichloro-5-methylpyrimidine 

4-TrichloromethyIpyrimidlne, 130 

2,4,6-TrichIoro-5-nitropyrimidine. 163 

2.4.6-Trichloropyrimidine, 163, 166 

use, 94, 116 
see also : “Malondialdehyde” 

use in syntheses, 33, 94 
1,3.3-Triethoxypropene 

2,4,6-Triethoxypyrimidine. 202 
Triethylamine 

use with phosphoryl chloride, 164 
2,4,6-Triethyl- 1,3,5-triazine 

formation and isomerisation. 93 
Trifluoroacetamidhe 

use in synthesis, 179 
Triduoromethyl group 

effect on acidic pKa, 467 
2,4,6Triformylpyrimidine, 128 

as p-nitrophenylhydrazone, 41 1 
oxidation, (391) 

action of silver nitrate giving carboxy 
Trihalogenomethylpyrimidines 

derivative, 216 
2,4,6-Trihydroxy-5- (2‘,4‘-dihydroxy-5‘- 

pyrimidinylazo)pyrirnidine, 155 
2,4,6-Trihydroxy-5-a-hydroxy- 

iminoethylpyrimidine, 418 
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2,4,6-Trihydroxy-5-iminomethyl- 
pyrimidine 

to  fi-formyl analogue, 410 
2,4,6-Trihydroxy-5-isothioureido- 

pyrimidine 

140 

42 I 

nitration to 5-nitrobarbituric acid, 

2,4,6-Trihydroxy-5-mercaptopyrimidine, 

doubtful preparation, 212 
4,5,6-Trihydroxy-2-niercaptopyrimidine, 

2,4,6-Trihydroxy-5-methylamino- 

2,4,5-Trihydroxy-6methylpyrimidine, 

240 

pyrimidine, 262 

239 
acylation. 253 
probable formation, (241) 

2,4,6-Trihydroxy-5-methylpyrimidine, 57 
4,5,6-Trihydroxy-2-methylpyrimidine, 

240 
probable formation, (241) 

pyrimidine, 156 

151 

2,4,6-Trihydroxy-5-2’-naphthylazo- 

2,4,6-TrihydroxyS-nitropyrimidine, 140, 

reaction with bromine, 172 
reaction with phosphoryl chloride 

reduction, 145, 263 
etc., 163 

2,4,5-Trihydroxy-6-nitrosopyrimidine, 
10, 151 

oxime formation, 152 
reduction, 152, 310 

2,4.6-Trihydroxy-5-nitrosopyrimidine 
colour of salts, 147 
condensation with benzyl phenyl 

ketone. 151 
formation from alloxan, 147, 261 
formation from barbituric acid, 146, 

148, 151 
metal chelate complexes, 147 
methylation, 147 
“nitration“ to 5-nitrobarbituric acid, 

140, 142 
reaction with bromine, 172 
reaction with chlorine, 151 
reduction, (150). 343 

2,4,5-Trihydroxy-6-phenylazo- 
pyrimidine, 154 

2,4,6-Trihydroxy-5-phenylazo- 
pyrimidine, 155 

tautomerism, I55 
2,4,6-Tnhydroxy-5-a-phenyl- 

2,4,6-Trihydroxy-5-phenyliminomethyl- 
hydrazonoethylpyrimidine, 41 8 

pyrimidine, 410 
alkaline hydrolysis, 410 

2,4,6-Tnbydroxy-5-phenylpyrimidine. 99 
4,5.6-Trihydroxy-2-phenylpyrimidine, 

2,6,%Tribydroxypurine 

2,4,5-Tribydroxypyrimidine, 14, 2 12, 

240 

see: “Uric acid” 

229. 232. 238, 239, 240, 321 
acylation, 253 
alkylation, 248, 363 
bromination, 19 
coupling, 154, 332 
formation from nitrouracil, 144 
nitrosation, 10, 151 
reaction with benzaldehyde, 12 
reaction with phosphoryl chloride, 163 

2,4.6-Trihydroxypyrimidine, 227, 233, 
297 

action of acetic anhydride, 416 
action of diphenylformamidine, 410 
action of phosphorus pentachloride, 

alkylation, 124, 362 
coupling, 155, 332 
halogenation, 172 
nitration, 140, 147 
nitrosation, 148 
nuclear reduction, 443, 450 
oxidation, 261 
reaction with benzaldehyde, 123 
reaction with phosphoryl bromide, 

167 
reaction with phosphoryl chloride, 163 
thiation, 251 
to 5-cyano derivative, 405 
see also: “Barbituric acid” 

4,5,6-Trihydroxypyrimidine, 240 
2,4,6-Trihydroxy-5-suIphoaminopyrim- 

2,4,5-Trihydroxy-6-psulphophenylazo- 

1 65 

idine, 343 

pyrimidine, 154 
rearrangement, I54 
reduction, 154 

2,4,6-Trihydroxy-5-p-sulphophenylazo- 

2,4,6-Trihydroxy-5-tetrahydropyran-2’- 
pyrimidine, 154 

yloxypyrimidine, (240) 
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hydrolysis, (240) 
2.4.6-Tnhydroxy-5-thiocyanato- 

action of aqueous alkali, 421 
2.4,6-Tnhydroxy-5-ureidopyrimidine, 339 
2,4,6-Trimercaptopyrimidine, 206 
2,4,6-Trimethoxypyrirnidine, 202 

5.5-Trimethylenebarbitric acid, 57 
4,5-Trimethylenepyrimidine, 93. 95, 280 
Trimethyleneurea 

see: 1,4,5,6-Tetrahydro-2-hydroxy- 

pyrimidine 

isomerization, 372 f 

pyrimidine” 
2,4,6-Trimethylpyrimidine, 36, 119 

action of phenyl-lithium. 122 
Claisen reaction of, 132 
.V-oxjde formation. 128 
styrylation, 26, 125, 41 1 

2,4,6-Trimethylpyrimidine-I-oxide, 128 
TrimethylpyTimidinylammonium 

chlorides, 345 
“ 1-[5-(2,4,6-Trioxohexahydropyrimidyl)] 

pyridinium betaine”, 214 
3,6,7-Triphenyl-lumazine, 109 
2,4,6-Triphenylpyrimidine, 36, 95, 103, 

120, 433 
2.4,6-Trisacetamidopyrimidine, 324 
Trisformamidomethane 

use in syntheses, 91 
2,4.6-Trismethylaminopyrimidine, (191) 
2,4,6-Trismethylanilinopyrimidine. 193 
2,4,6-Tris(trimethylamrnonium)pyrirn- 

2,4,6-Tristyryipyrimidine, 26, 125. 4i 1 
ozonization, 128, 41 I 

Trithiobarbiturates 
formation, 251 

Trivial names, 4f 
table, 6f 

Tuberculostatic properties of pyrimidine 

idine trichloride, 193 

hydrazones, 323 

U 

Ultraviolet light 

Ultraviolet spectra, 4771 
action on aqueous uracil, 20 

changes in intensity with substitution, 

effect of substituents, 478f, 486f 
energy considerations, 4901 
need to know pK., 464, 477 

4W 

need to record pure species, 477f 
table of simple tautomeric 

pyrimidines, 4925 
table of simpIe non-tautomeric 

pyrimidines, 491 
theoretical studies, 485f 
the 1p -+ J and x -+ n bands, 478. 486 
uses of, 478 

reaction with amidines, 102 

halogenation of derivatives. 1721 
monograph, 256f 
numbering, 4 
see also: “2,4-Dihydroxypyrimidine” 

a/?-Unsaturated ketones 

Uracil, 7 

“Uracilazobarbituric acid”, 155 
Urarnil, 7 
Urea 

use in primary syntheses, 82-1 11 
use in Principal Synthesis, 3 1-74 

Ureidopyrimidines, 3395, 419 
Ureidosuccinic acid, (423), 435 

cyclization, (423). 435 
in pyrimidine biosynthesis, 424 

from azides, 401 

action of hot ammonium sulphide. 273, 

degradation to pyrimidines, 106. 308 
oxidation to alloxan. 106, 260 

Uridine, 7, 90, 257 
action of formaldehyde, 244 
hydrolysis, 257 
reduction, 443 

Uridine-5’-monophosphate. 257, 425 
Uridylic acids, 257 

Urethanes, 336f 

Uric acid, 339 

314 

V 

Valerylacetone 

van Dam, 438 
van Dorp, 434 
Van Praag, 452 
“Veronal“, 53 
Vicine, 7, 259 
Vilbrans, 340 
Vinbarbital, 54 
Vinbarbitone, 54 
4-VinyIpyrimidine, I22 

failure in  synthesis, 37 

bydrogenation of, 122 
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polymerization, 134 
Violuric acid, 7, 10 
Vitamin B,. 176, 326 

action of sodium bisulphite, 2 16, 295 
analogue intermediates, 242 

von Meyer, 1 ,  2, 96 
von Pechrnann, 38 

Whiteley, 156. 262 
Widmann, 1 
Wierzchowski, 258 
WiIey, 2 
Williams, 331 
Winnik, 331 
WOhler, 1 .  260 
Wyatt, 347 

W 
Y 

Walker, J. ,  477 
Wang, 174 
Water 

Webster, 301 
Weidel, 438 
Wempen, 370 
Wheeler, 2. 210. 261, 300, 346, 347. 422. 

Wheeler-Johnson colour test, 257, 263 
Whitehead, 42 

addition to uracil, 20 

423 

Synthesis, 62f, 398 

Yamanaka, H., 207, 382 
Yung, 370 

z 

Zinc chloride 

Zwitterion 
use in synthesis, 91 

minor contribution to carboxy- 
pyrimidines, 466 




