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The Chemistry of Heterocyclic Compounds 
Introduction to the Series 

The chemistry of heterocyclic compounds constitutes one of the broadest and 
most complex branches of chemistry. The diversity of synthetic methods utilized 
in this field, coupled with the immense physiological and industrial significance 
of heterocycles, combine to make the general heterocyclic arena of central 
importance to organic chemistry. 

The Chemistry of Heterocyclic Compounds, published since 1950 under the 
initial editorship of Arnold Weissberger, and later, until Dr. Weissberger's death 
in 1984, under our joint editorship, has attempted to make the extraordinarily 
complex and diverse field of heterocyclic chemistry as organized and readily 
accessible as possible. Each volume has dealt with syntheses, reactions, proper- 
ties, structure, physical chemistry and utility of compounds belonging to a 
specific ring system or class (e.g., pyridines, thiophenes, pyrimidines, three- 
membered ring systems). This series has become the basic reference collection 
for information on heterocyclic compounds. 

Many broader aspects of heterocyclic chemistry are recognized as disciplines 
of general significance which impinge on almost all aspects of modern organic 
and medicinal chemistry, and for this reason we initiated several years ago a 
parallel series entitled General Heterocyclic Chemistry which treated such topics 
as nuclear magnetic resonance, mass spectra, and photochemistry of heterocyc- 
lic compounds, the utility of heterocyclic compounds in organic synthesis, and 
the synthesis of heterocyclic compounds by means of 1,3-dipolar cycloaddition 
reactions. These volumes are of interest to all organic and medicinal chemists, as 
well as to those whose particular concern is heterocyclic chemistry. 

It has become increasingly clear that this arbitrary distinction created as 
many problems as it solves, and we have therefore elected to discontinue the 
more recently initiated series General Heterocyclic Chemistry, and to publish all 
forthcoming volumes in the general area of heterocyclic chemistry in The 
Chemistry of Heterocyclic Compounds series. 

EDWARD C. TAYLOR 
Department o j  Chemisiry 
Princeton Unisersitj 
Princeton, N e w  Jersey 
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Preface 

Three major works on the subject of fused pyrimidines including quinazo- 
lines, purines, and pteridines have been made available to the science community. 
There remain a variety of less well known fused pyrimidines that, nevertheless, 
deserve coverage. Part IV  of Volume 24 completes the review of fused pyrimi- 
dines in which the second ring is six-membered and contains one or more of the 
elements of nitrogen, oxygen, or sulfur. Although other heteroatoms are found 
in the second ring of fused pyrimidines, as well as certain combinations of the 
three atoms mentioned above, the amount of literature available on these 
systems does not warrant a review at this time. N o  bridged heteroatoms are 
included in this volume. 

Even though the subject of the pyridopyrimidines has been reviewed several 
times since the beginning of Chemical Abstracts it has been included here in the 
interest of completeness, although only from 1967. As can be seen from the 400 
references since 1967, this subject and, to a lesser extent, the pyrimidotri- 
azines have been popular ring systems for chemical investigation. This is not 
surprising because they are readily regarded as deaza- or azapteridines. The 
remaining topics, on the other hand, may be regarded as “orphan fused 
pyrimidines.” 

In keeping with the tradition established by the three previous parts of 
Volume 24, the text attempts to provide a critical survey of synthetic methods 
and reactions of each class of compound. This is followed by tables of individual 
compounds containing practical information such as melting points and spec- 
tral data. 

Every attempt was made to provide coverage of each chapter at least through 
the end of the 1988 Chemical Abstracts volumes. However, not all of the 
literature may have been included either through oversight or because of the 
limited additional contributions to already described chemistry. 

Any effort of this magnitude depends on many more people than the author. 
At the outset my appreciation goes to Dr. Des Brown for suggesting that I 
undertake this project and for his encouragement during the period of gestation. 
Professor E. C. Taylor also provided encouragement throughout the period of 
writing but, even more importantly, allowed me to spend time in his laboratory 
at Princeton University in order to facilitate completion of the manuscript. 

My gratitude goes also to David Ginsburg, science librarian at Central 
Michigan University, for his cheerful, enthusiastic, and essential assistance in 
acquiring the necessary information through his skills with CAS ONLINE. 

During the final phase of this effort, John Warner, who was a graduate 
student at Princeton University, enthusiastically volunteered to collaborate 
with me on a subject that he knew very well, the pyridopyrimidines. I extend my 
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appreciation to him for his contribution and he, in turn, acknowledges the 
assistance provided to him by Lloyd D. Taylor (of Polaroid Corporation) and 
by Natalie Warner. 

Finally, my children Sarah, Cathy, Frank, and Alice, and especially my wife 
Sarah, are owed a debt of gratitude for their patience and encouragement as they 
suffered with me the torments of composing, editing, and proofing the manu- 
script. 

THOMAS J. DELIA 



Note to Reader 

Although an effort has been made to have this monograph conform in style to 
the previous parts of Fused Pyrimidines, the nature of the subject makes this 
difficult, if not impossible. Whereas each of the first three parts dealt with a 
single ring system this book covers six distinct ring systems. Hence, each chapter 
is presented as a complete entity, including separate tables and references. The 
indexes will, however, be collected from all of the chapters. 

Because each chapter deals with separate chemical ring systems one is at the 
mercy of the type of literature that is available. For this reason there are 
differences even within the way different fused pyrimidines are presented. This is 
seen by the variety of approaches illustrated in the tables of contents for the six 
chapters. 

Each chapter begins with a brief section dealing primarily with nomenclature. 
Examples are illustrated and the naming of the specific rings are in accord with 
IUPAC rules, especially as they apply to fused heterocycles. After this brief 
introduction each chapter follows the format of synthetic methods first and then 
reactions. Where it has been considered helpful, or the volume of material too 
large, isomers have been treated separately within the discussion. A section on 
patents is included at the end of the discussion. No attempt has been made to be 
comprehensive here. Rather, the aim is to indicate how much patent interest 
there has been in the heterocycle as well as to show the types of compound 
available exclusively through the patent literature. I t  is assumed that the reader 
will conduct a more thorough search of the patent literature where there is 
sufficient interest. 

This is followed by lengthy tables, which require further comment. I t  was felt 
desirable to provide the reader with tables containing simple headings so that 
compounds with certain features would be more accessible. Since the majority of 
compounds were collected through CAS ONLINE, the preferred Chemical 
Absrracrs nomenclature was available for each of the compounds. In many cases 
this would have created awkward listings, which would not have been grouped 
by either functional group or other distinguishing features. Therefore, the names 
of the compounds have been altered slightly from those preferred by Chemical 
Absrracrs and placed in alphabetical order within each table or section of a 
table. Any errors in naming or in alphabetizing are due to the author and 
apologies are extended to the reader for any inconvenience this may cause. 
Again, no attempt was made to include every compound in the tables. Only 
compounds that have been reasonably well characterized were selected for 
inclusion. The reader will undoubtedly perform an independent literature search 
for specific needs. Compounds that are found only in the patent literature are 
not included. 
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CHAPTER I 

P yridopyrimidines" 

1. INTRODUCTION 

This chapter deals with four possible isomeric structures for pyrido- 
pyrimidines. The method of naming and numbering the ring systems is illus- 
trated for structure I, the pyrido[3,2-d]pyrimidines. The numbers on the out- 
side of the ring indicate how substituents are defined. The numbers and letters 
on the inside of the ring depict how the ring system itself is described. The same 
designations apply to the other three isomers, 2 4 .  These systems have also been 
named as triazanapht halenes. 

PYRIDO[3,2-aPYRIMIDlNE PYRIDo(4,3-~PYRIhUDINE 
1 2 

PYRDO[3,4-d)PYRIMIDINE PYRIDo(2.3-djPYRIh4IDINE 
3 4 

The literature up to the end of 1967 has been reviewed by Irwin and 
Wibberley' and since that time other reviews**' have dealt with aspects of 
pyridopyrimidines. This chapter deals with the literature after 1967 concerning 
pyridopyrimidines with no additional ring fusions. The reader is advised to 
consult the other material in addition to this report for a complete overview of 
the chemistry and properties of these ring systems. 

By John C. Warner, Polaroid Corporation, Cambridge, Massachusetts. 

1 

Chemistry of Heterocyclic Compounds, Volume 24 
Thomas J. Delia 

Copyright 0 1992 by John Wiley & Sons, Inc. 



2 Pyridopyrimidines 

A great deal of chemistry has been investigated because of the similarity of 
pyridopyrimidines with pyrimido[2,3-d]pyrazines, which have been given the 
trivial name pteridines, 5. Two trivial names for derivatives of pteridines are 
lumazine for pteridin-2,4-dione, 6, and pterin for 2-aminopteridin-4-one, 7. 
Various pyridopyrimidines have been referred to as some combination of 
deazapteridines, lumazines, or pterins. 

mRIDINE L U M M N E  PTERIN 
5 6 7 

The synthesis and biological applications of derivatives of folic acid, 8, have 
received a great deal of attention. The chemistry of these compounds has been 
the topic of a recent review4 and thus has not been included in this chapter 
except to illustrate a specific synthetic approach or reactivity. 

FOLK ACID 
8 

2. METHODS OF SYNTHESIS OF THE RING SYSTEM 

Syntheses of pyridopyrimidines fall into two categories. Syntheses may in- 
volve fusion of the pyridine ring onto the preformed pyrimidine ring, or they 
may involve fusing of the pyrimidine ring onto an already existent pyridine. 
Examples of both of these classes have been used for the synthesis of all four 
isomers. Because the position of the nitrogen in the pyridine ring alters the 
chemistry of these compounds and their precursors, the synthesis of each ring 
system has been dealt with independently. 



2. Methods of Synthesis of the Ring System 3 

A. Synthesis of Pyrido[3,2-d]pyrimidines 

(1) From Pyrimidines 

The nitrogen atom at position 5 of pyrido[3,2-d]pyrimidines has served as the 
site of reaction in most of the syntheses starting with pyrimidines. Pyrimidines 
containing the amino group or other nitrogen function at position 5 serve as 
substrates for elaboration of the pyridine ring. This approach is especially useful 
for the introduction of substituents at position 6 of the pyridoC3.2-d ]pyrimidine. 

The condensation of 2-(acetylamino)-6-formyl-4-hydroxypyrimidine, 9, with 
ketophosphonates, 10, has given 11, which was hydrogenated with platinum oxide 
as catalyst. Diazonium coupling of the 2-amino-(3-oxopropyl)pyrimidin-6-ones, 
12, to give 13, followed by reductive ring closure has led to 2-aminopyrido[3,2- 
d]pyrimidin-4(3H)-ones, 14.5*6 

0 oms Q 
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TFA AcNH 
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1 3  
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H2 - PdC 

CH,OH 
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This reductive ring closure of 13, when performed in the presence of acid, 
affords the 5,6.7,8-tetrahydropyrido[3,2-d]pyrimidine, 

I t  is not necessary to have a substituent at position 6 of the pyrimidine ring 
since 5-aminopyrimidines have been cyclized with various 1,3-bis-electrophiles 
to fuse the pyridine ring. The acid-catalyzed condensation of 2,Sdiarnino- 
4-pyrimidinone, 16, with crotonaldehyde, 17, for example, has been reported to 
give 2-amino-6-methylpyrido[3,2-d]pyrimidin-4(3H)one, 14 (R = 
When cinnamaldehyde was used in place of crotonaldehyde only uncyclized anil 
products were formed. 

Another example of the cyclization of a functionalized side chain at position 
6 of a 5-aminopyrimidine is found in the uracil series. 5-Amino-l,3-dimethyl- 
6-(substituted-allyl)-uracils, 18 (R = Me), prepared by Claisen rearrangement of 
5-allylamino- 1,3-dimethyluracils, are thermally cyclized to pyrido[3,2-d]pyri- 
midines, 19 (R = Me).' 

+ ACHZCHO 

0 A N  CH3 I 
H3cxN5tN02 0 A N  CH3 1 CH3 2 1  

20 

H3C. 

18 

0 

CHI 

2 2  

CH3 

23 
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In a similar reaction, 6-aryl-1,3-dimethylpyrido[3.2-d]pyrimidin-2,4(1 H,3H )- 
diones, 19 (R = Ar), have been synthesized via the condensation of 1,3,6- 
trirnethyl-5-nitrouraci1, 20, with aryl acetaldehydes.' It is likely that the meth- 
odology is limited to 6-aryl derivatives because arylidine intermediates are 
formed. 

A parallel reaction involves the cyclization of 5-arylideneamino- 1,3,6- 
trimethyluracils, 22, with N,N-dimethylformamide-dimethylacetal (DMF- 
DMA) to give the same 6-aryl- I,3-dimethylpyrido[3,2-d]pyrimidin-2,4(1H,3H)- 
diones, 19, via 5-arylideneamino-l,3-dimethyl-6-(2-dimethylaminovinyl)- 
uracils.',' 

Finally, it is possible to synthesize this ring system in which there is no 
substituent at position 6. Palladium catalyzed cyclization of 1,3-dimethyl-5- 
(propargylamino)uracil, 23, has led to 19 (R = H).' 

Several interesting reactions have been described in which oxygen has been 
introduced into the pyridine ring. Michael addition of 5-aminouracil, 24, to 
dimethyl acetylenedicarboxylate (DMAD) followed by thermal cyclization of 
the intermediate enamine, 25, gives 6-(methoxycarbonyl)pyrido[3,2-d]py- 
rimidin-2,4,8( 1 H,3H,6H )-trione, 26.' However, the scope of this reaction is 
limited by poor yields of most of the products obtained. 

_.__) 

Dm 

CH3OH 0 AN 
0 A N  H H 

2 4  25  

-'iu" @ Dowlhcm A 

0 

A 0 AN 
26 

Somewhat better results have been obtained by the condensation of other 
2,4-disubstituted-5-aminopyrimidines, 27, with diethyl ethoxymethylene-malon- 
ate, 28, as the 1,3-bis-electrophile. This reaction has been reported to give the 
isomeric 7-(ethoxycarbonyl)pyrido[3,2-d]pyrimidin-8(5H)-ones, 29, although 
aryl derivatives are not possible in this case." 

R R 

0 
27  2 Y  
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The reaction of 5-amino-l,3-dimethyluracil, 30, with diethyl malonate, 31, 
gave the dioxygenated pyrido[3,2-d]pyrimidine 32 at high reaction temper- 
atures. '' 5-Aminouracil and 5-amino-2,4-dimethoxypyridine failed to give py- 
rido[3,2-d ]pyrimidines with this bis-electrophile. 

The photolysis of N-(5-pyrimidyl)methacrylamide, 33, in benzene with a cata- 
lytic amount of acetic acid has been reported to give 7,8-dihydro-7-methyl- 
pyrido[3,2-d Jpyrimidin-q5H)-one, 34, in low yield. l 3  

H H 

33  34  

(2) From Pyridines 

Most syntheses of pyrido[3,2-d]pyrimidines that involve fusion of a py- 
rimidine ring onto a pyridine ring begin with a 3-aminopyridine derivative. 
Treatment of 3-aminopyridine-2-carboxamide, 35, with DM F-DMA, for 
example, gives the pyrido[3,2-d]pyrimidin-4(3H)-one, %.I4 Presumably, the use 
of appropriately substituted pyridines would lead to the formation of py- 
rido[3,2-d ]pyrimidines with substituents in the pyridine ring, although this does 
not appear to have been explored. 

35 36 

Cyclizations of 3-aminopyridines having other substituents at the 2 position 
have been occasionally reported. Condensation of 3-amino-2-cyanopyridines, 
37, with chloroformamidine hydrochloride gives 2,4-diaminopyrido[3,2-d Jpy- 
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rimidines, 38, by which a variety of substituents at position 6 can be introduced 
either directly or through subsequent nucleophilic displacement reactions. 5*16 

‘I HCI 

HZN 
HZN NcDR / HNANHz * 

3 1  38 

One of the more versatile precursors in this approach to pyrido[3,2-d]py- 
rimidines is 3-aminopicolinic acid, 39 (R = H). The condensation of 39 (R = H) 
with a variety of thiocyanates leads to the general structure 40. Thus, am- 
monium thiocyanate leads to 40 (R‘ = H; X = S) via thermolysis of a thiourea 
intermediate” and allylisothiocyanate in refluxing alcoholic solution gives 40 
(R’ = allyl; X = S).” 

The corresponding ester, 39 (R = Et), has also proven to be extremely useful. 
Condensation of this pyridine with heteroaroylazides has been shown to give 
3-arylpyrid0[3,2-d]pyrimidin-2,4(1 H,3H)-diones, 40 (R’ = Ar; X = 0), through 
uncyclized urea intermediates.” This method represents a unique way of intro- 
ducing a hetero ring as a substituent onto the pyridopyrimidine ring. 

Treatment of 39 (R = Et) with (ethoxycarbony1)isothiocyanate gives 
a thiourea intermediate which, upon cyclization with sodium ethoxide, leads to 
the thio compound, 40 (R’ = H; X = S).I9 Other isocyanates or isothiocyanates 
behave similarly.20~2 

39 40 

A synthesis that does not follow this general strategy of starting with a 3- 
aminopyridine is the reaction of tetrachloro-2-pyridyl lithium, 41, with an excess 
of benzonitrile. This procedure has been reported to give 6,7,8-trichloro-2,4- 
diphenylpyrido[3,2-d]pyrimidine, 42, through an N-lithio-imine intermedi- 
ate.” 

4 1  4 2  
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Finally, N-(phenylsulfonyloxy)quinolinimide, 43, has been demonstrated to 
react with amine nucleophiles to give pyrido[3,2-d]pyrimidines, 45, by fusion of 
the ring open intermediate, 44.23 Nucleophilic attack occurs at the more elec- 
trophilic carbonyl group followed by a Lossen-type rearrangement24 to give 
only one regioisomer. 

4 3  

r o  

RNH2 

1 0 

4 4  4 5  
R = H, NH,. OH, Ph 

B. Synthesis of Pyrido[4,3-d]pyrirnidines 

(1) From Pyrimidines 

There are three general syntheses of pyrido[4,3-d]pyrimidines reported that 
begin with preformed pyrimidines. The cyclization of dihydropyrimidin-2- 
thiones, 46, with primary amines and formaldehyde in a Mannich-type reac- 
tion gives 8a-alkoxy-3,4,4a,5,6,7,8,8a-octahydropyrido[4,3-d]pyrimidin-2( 1 H)- 
thiones, 47.25 This undoubtedly takes advantage of the labile hydrogens of the 
methyl group on the pyrimidine. The 8a-alkoxy group derives from covalent 
addition to the double bond between 4a and 8a. 

46 4 1  

Another general approach involves an unsaturated carbon at position 6. 
Wibberley and his co-worker26 reported a novel method in which pyrano[4,3- 
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d]pyrimidin-5-ones, 49, are formed by the bromination of 4-styrylpyrimidine- 
5-carboxylic acids, 48. These lactones give pyrido[4,3-d]-pyrimidin-5-ones, 50 
(R = Ph; R' = H, OH, or NH2), on treatment with ammonia, hydroxylamine, or 
h ydrazine. 

0 

4 8  4 9  

An alternate route is available through the palladium-catalyzed cross-coupl- 
ing of phenylacetylene with 4-chloro-5-(ethoxycarbonyl)-3-methylpyrimidine to 
produce the alkyne, 51. Subsequent cyclization with ethanolic ammonia gives 
the pyrido[4,3-d]pyrimidine ring system, 50 (R = Me; R' = H).'* Although not 
explored further, it seems reasonable other substituents on either the pyridine 
ring or on the pendant phenyl ring would lead to a larger array of derivatives. 

The remaining example was discovered as part of an overall study of the 
chemistry of o-aminonitriles and has not been explored further. Thus, treatment 
of 4-amino-2-trichloromethyl-5-cyano-6-cyanomethylpyrimidine, 52, with sul- 
furic acid leads to the cyclized pyrido[4,3-d]pyrimidine, 53, in excellent yield.29 

AcOH - HzS04 

CI,C HO 0 

- 
5 2  5 3  

(2) From Pyridines 

Pyrido[4,3-dlpyrimidines, in various oxidation states, have been obtained by 
cyclization of the pyrimidine ring onto an already existent pyridine nucleus. 
Cyclic a$-unsaturated ketones, for example, have served as substrates for this 
type of fusion. The synthesis of 2-0x0, 2-thioxo, and 2-imino pyrido[4,3- 
dlpyrimidines, 55, from 3S-diarylidene- 1 -alkyl-4-piperidones, 54, by condensa- 
tion with ureas and thioureas'O or guanidine3' is illustrative of this method. 
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R'HN 
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R 

X = 0. SOT NH Ar Ar 
5 4  5 5  

The use of simpler piperidones leads also to less substituted products. Bennett 
et a1.32 described a synthesis of several fused pyrimidines. By this method, 
treatment of l-methyl-4-piperidone, 56, with Bredereck's reagent, 57,33 gave the 
enamine 58, which, following cyclization with an amidine equivalent, gave the 
reduced pyrido[4,3-d)pyrimidines, 59. This amidine cyclization was found to be 
most successful when one equivalent of sodium ethoxide was used rather than 
under neutral or acidic conditions. 

5 6  58 

59 

In a similar fashion, the condensation of arylamidines with the cyclic p-keto 
ester, 3-(ethoxycarbony1)-1-methyld-piperidone, 60, leads to the 5,6,7,8-tetra- 
hydropyrido[4,3-d]pyrimidine ring system, 61.37 Elslager et al.38 reported the 
synthesis of several 2,4-diaminopyrido[4,3-d)pyrimidines, analogous to 59, via 
condensation of cyclic enaminonitriles with guanidine. 

0 "1G EtozcDH 0 HC- Ar x, 
6 0  6 1  

4-Aminopiperidines also serve as suitable precursors to this fused pyrimidine 
ring. Kretzschmar and  diet^^^ reported a synthesis of decahydropyrido[4,3- 
dlpyrimidines, 65 and 66, by the reaction of 1 -benzyl-4-amino-3-aminomethyl 



2. Methods of Synthesis of the Ring System 1 1  

piperidine, 62, with 4-methoxybenzaldehyde, 63, or 4-(chlorophenyl)-dichloro- 
isocyanide, 64. 

,CHZPh H2Nm HZN 
62  

H,CO 
63 64  

Cl 

The following example illustrates the extension of the prolific chemistry of 
o-aminonitriles. Conversion of the cyclic o-aminonitrile, 67, to the ethoxy- 
methyleneamino derivative, 68, with ethyl orthoformate, followed by treatment 
with alcoholic sodium hydrosulfide, was demonstrated by Taylor et al.35 to be 
an efficient synthesis of 5,6,7,8-tetrahydropyrido[4,3-d]pyrimidine-4(3H)- 
thione, 69. 

67  6 8  

S 

69 

Starting with pyridines in place of piperidines allows similar chemistry to 
produce fully aromatic derivatives. Thus, Tisler and his c o - ~ o r k e r s ~ ~  described 
the cyclocondensation of 3-cyanopyridine amidines, 70, with hydroxylamine to 
give the corresponding pyrido[4,3-d]pyrimidine 3-oxides, 71. The attempted 
crystallization of crude 71 from DMF gave 72 via a Dimroth-type rearrange- 
ment. If  the crude 71 is first suspended in water and then crystallized from DMF. 
no rearrangement was observed. 
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Ncn + NH,OH.HCI - 
R,N*N 

70 7 1  

NHOH 

Although many methods are available, which lead to the formation of hydro- 
genated pyrido[4,3-d]pyrimidines, very few general approaches to aromatic 
compounds exist. The thermal cyclization of structure 73, which may be 4- 
amidonicotinamides, llamidonicotinic hydroxamic acids, or 4-amidonicotinic 
acid hydrazides, leads to more than 20 pyrido[4,3-d]pyrimidin-4(3H)-ones, 74.27 

0 

RNHCO 

7 4  

R'CONH D" 
73 

The last two examples of pyrimidine cyclizations onto a pyridine nucleus, 
while not synthetically useful, are sufficiently novel to warrant discussion. The 
reaction of 2,4-dibromo-l,6-naphthyridine, 75, with potassium amide in liquid 
ammonia39 gave ring aminated products along with small amounts of rear- 
ranged pyrido[4,3-d]pyrimidines, 76 and 77. 

Br 

75 76  7 7  

+ ring amination products 

Hermecz and his co-workers4' reported the low yielding production of 
5-oxopyrido[4,3-d]pyrimidine, 79, from the reaction of 1,3,5-triazine, 78, with 
ethyl acetoacetate. 
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C. Synthesis of Pyrid0[3,4d]pyrimidines 

( 1 )  From Pyrimidines 

There are only two examples described where pyrido[3,4-d]pyrimidines are 
obtained by the fusion of the pyridine ring onto a pyrimidine. One example 
begins with the cross-coupling of phenylacetylene and 5-bromo-4-(ethoxycar- 
bonyl)-2-methylpyrimidine in the presence of bis(tripheny1phosphine)pallad- 
ium(I1)chloride and cuprous iodide to give the pyrimidine 80. Cyclization of 80 
with ethanolic ammonia gives 2-methylpyrido[3,4-dlpyrimidine-8(7H)-one, 
81.*' One could envision this reaction as a more general approach if other 
substituents were introduced into the molecule, either at position 2 (and/or 4) of 
the pyrimidine ring or at the phenyl ring attached to position 5. 

80 

The other example is more roundabout and less generally useful. a-(Hydan- 
toin-5-ylidene)-y-butyrolactone, 83a, and its thio analog, 83b, obtained from 
a-ethoxalyl-y-butyrolactone, 82a, or its thio analog, 82b, was converted to the 
lactone derivative of 5-(/?-hydroxyethyl)orotic acid, 84a, or the thio lactone 
derivative of 5-(fi-mercaptoethyl)orotic acid, 84b, by refluxing with aqueous 
base.50 The 5,6-dihydropyrido[3,4-dJpyrimidin-2,4,8( 1 H,3H,7H)-trione, 85, was 
obtained by aminolysis of the lactone or thiolactone. 
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82 8 3  

0 0 

84  85 

n : X = O  

b: X = S  

(2) From Pyridines 

Many of the syntheses of pyrido[3,4-dJpyrimidines from pyridines are similar 
to those of the pyrido[4,3-d]pyrimidines and differ primarily by using isomeric 
precursors. For example, cyclization of N-benzyl-4-carbethoxy-3-piperidone, 
86, a derivative of the isomer 60, with amidines, urea, thiourea, and guanidine 
give pyrido[3,4-dJpyrimidin-4(3H)-ones, 87.42 

CH2Ph 

E102C 

0 

8 6  87 

R = alkyl, aryl, H. SH, NH,. OH, SH 

In a variation of the conversion of 58 + 59, the cyclization of 88 with thiourea, 
guanidine, and acetamidine gives the pyrido[3,4-d]pyrimidin-8(7H)-ones, 

H3C. ,CH3 
HN 
?-R 

0 QN" H2N - R N  A T N H  
0 0 

88 8 9  
R = SH. NH2. CH, 
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Dioxygenated derivatives are obtained through the Hofmann rearrangement 
of pyridine-3,4-dicarboxarnides, 90. The pyrido[ 3,4-d]pyrimidin-2,4( 1 H,3H)- 
diones, 91,44-46 were produced on treatment with potassium hypobromite. I t  is 
important to note that the isomeric pyrido[4,3-d]pyrimidin-2,4( 1 H,3H)-dione 
products were not formed. 

HiNCO H 2 N c o T R  

R 

H 

HN 

O R  H I  
R 

9 1  

The remaining syntheses all start from an aromatic pyridine derivative. 
Hence, the reaction of tetrachloro-4-pyridyl lithium, 92, with an excess of 
benzonitrile gave 5,6,8-trichloro-2,4-diphenylpyrido[3,4-d]pyrimidine, 9 3 . “ ’ ~ ~ ~  

Ph 
+ 2PhCN - 

CI 

CI c1 
92 93 

Pyrido[3,4-d]pyrimidin-4-one 7-oxides, 96, have been synthesized by the 
reaction of 3-amino-4-carbamoylpyridine N-oxide, 94, with triethyl orthofor- 
mate, or by the cyclization of 3-amino-4-cyanopyridine N-oxide, 95, with formic 
acid.49 
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A number of syntheses originate with o-aminopyrimidine carboxylates, either 
as the ethyl ester or as the free acid. The cyclization of ethyl 3-aminopyridine- 
4-carboxylate, 97 (R = H), with ally1 isothiocyanate gives 3-allyl-2( 1H)- 
thioxopyrido[3,4-dJpyrimidin-4-one, 98 ( R  = H).50 Although only this example 
is cited i t  appears to be a more general reaction. 

Difficulty in converting ethyl 5-amino-2-methylpyridine-4-carboxylate, 97 
( R  = Me), into the fused pyridopyrimidine by direct cyclization with guanidine 
necessitated the exploration of alternate routes. Cyclization of the benzoyl- 
thiourea derivative 98 in base produced the 2-mercaptopyridopyrimidine, 99. 
Replacement of the 2-mercapto functionality with amines was unsuccessful. The 
synthesis was finally achieved by condensation of the carboxylate, 97 (R = Me), 
with benzoylcyanamide to give the 3-benzoylpyridopyrimidine, 100, which on 
hydrolysis afforded the desired compound, 101.51*52 

0 

98 99  

PhCONCS 

0 

c--- 
N 

H 
98 PhCONHCN 

100 101 

Using analogous methodology, o-aminopyridine carboxylic acids lead to the 
same structural types. Standard reactions of 3-aminopyridine-4-carboxylic 
acids, 102, with urea,”5 formamide,”’ or imidate esters5j yields pyrido[3,4- 
qpyrimidines, 103. 

0 

102 103 
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The same general structure arises from reaction with acetic anhydride or 
benzoyl chloride. In this case the pyrido[3,4-dJ [ 1,3]oxazin-4-ones are formed 
initially and subsequent reaction produces 103, where R is derived from the 
amine.45 

In an isolated example, the synthesis of 8-chloropyrido[3,4-d]pyrimidin- 
4(3H)-one, 106, was achieved in modest yield by thermal cyclization of 3- 
amino-2-chloropyridine, 104, with ethoxymethylene-urethane, lM.54 No fur- 
ther exploration of this interesting pathway has been described. 

A ring transformation of 2-halopyrido[2,3-c]pyridine, 107, effected by potass- 
ium amide with concurrent tele-amination has been reported by van der Plass5 
to give small amounts of 4-amino-2-methylpyrido[3,4-d]pyrimidine, 108, along 
with several other byproducts. 

107 X = CI, Br 108 

D. Synthesis of Pyrido[t,ld)pyrimidines 

The pyrido[2,3-d]pyrimidines are the most thoroughly investigated of the 
four ring systems in this chapter. Because of the amount of material covered, this 
section has been further divided. The synthetic methods, after separation by 
fused ring, pyridine or pyrimidine, have been classified by which bond is being 
formed in the synthesis. In cases where more than one bond is formed an 
arbitrary decision was made to place them in the most suitable category. 

(1) From Pyrimidines 

(a) Formation of Bond 4a-5 

The most common pyrimidine structure is epitomized by 6-amino- 1,3- 
dimethyluracil, 109. Simple derivatives of this pyrimidine and subtle variations 
also play a role as precursors to pyrido[2,3-d]pyrimidines. 
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The cyclization of 4-aminopyrimidines with unsymmetrical r,/?-unsaturated 
carbonyl compounds can occur in two regiochemical fashions. This ambiguity 
has led to misidentification of products in the past. Reaction conditions play 
a key role in determining the outcome of these syntheses. It is not unlikely that 
some of the structural assignments to the products of the syntheses presented 
here may one day be found to be erroneous. Typical of this situation is the 
reaction of diethyl ethoxymethylenemalonate. 110. With 6-amino- 1,3- 
dimethyluracil, 109, under acidic conditions, 110 is reported to give exclusively 
1,3-dimet hyl-6-(ethoxycarbonyI)pyrido[2,3-~]pyrimidin-2,4,7-( 1 H,3H,8H)- 
trione, 11 1,56*57 while the same reaction under basic conditions gives, following 
thermal cyclization of the intermediate adduct, 112, 1,3-dimethyI-6-(ethoxycar- 
bonyl)pyrido[2,3-dlpyrimidin-2,4,5-( 1 H,3H,8H)trione, 1 13.56*57 No evidence 
for the formation of I I 1  could be found. 

0 0 

110 111 

Io9 I 

112 113 

The cyclization of 6-aminouracils,”’ -90 and other 6-aminopyrimidines9* with 
dimethyl acetylenedicarboxylate has been shown to give 5-(methoxycarbonyI) 
derivatives of 111, as well as related compounds. Extensive studies were conduc- 
ted to confirm the structure proposed for the product.87 Solvent also played an 
important role in the course of the reaction. 

A number of other a,/?-unsaturated carbonyl compounds have been shown to 
react with 109, resulting in either new aromatic or partially reduced ring 
systems. The cyclization of 109 with 1 -dimethylaminomethylene-3,3-dimethyl- 
2-butanone in 10% acetic acid has resulted in a reversal of regiospecificity to 
produce 7-(t-butyl)- 1,3-dimethylpyrid0[2,3-&Jpyrimidin-2,4( 1 H,3H)-dione, 114 
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(R = H; R' = t-Bu),60 and the anion of 109 undergoes cyclization with N -  
t-butylacetylketenimine to give 114 (R = Me; R' = N H - ~ B u ) . ~ '  

The condensation of 109 with benzalacetophenone gives a mixture of the 
aromatic derivative 114 ( R  = R' = Ph) as well as the reduced compound 115 
presumably via a combination of air oxidation and disproportionation of the 
dihydro intermediate.64 A variety of other a,fl-unsaturated ketones under either 
acid or base conditions leads to similar products. 

The reaction of the symmetrical and highly conjugated diacylethylenes, 116, 
with 109 under various conditions has been reported.61-63 Pyrrolo[2,3-d]py- 
rimidin-2,4( 1H,3H)-diones, 117, are believed to be formed when the reaction is 
carried out in ethanol or acetic acid. When oxidants such as oxygen, iodine, or 
DDQ, are added the pyrido[2,3-d]pyrimidin-2,4( 1 H,3H)-diones, 114 
(R = COPh or COMe; R' = Ph or Me), predominate.6' Yields range from poor 
to moderate in most cases. 

114 

109 +R\R 0 

R = Ph. Me 

116 

and 
or 

- - 

0 

H3C.N 0 A N  5J---JcoR R 

Other products derived from the reaction of 109 with @-unsaturated com- 
pounds include the dihydropyrido[2,3-d]pyrimidines, 1 18, from phenyl vinyl 
ketones, and 114 (R = SMe; R' = Ar) from mono substituted aroyl ketenethio- 
acetals.'* 
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A variety of unsaturated molecules with suitable functional groups react with 
aminopyrimidines in similar fashion. Thus 7-aminopyrido[2,3-dJpyrimidine 
119, is formed from P-dimethylaminoacrylonitrile and 109.66 

The condensation of B-aminoacrylonitriles in the presence of aldehydes, on 
the other hand, leads to incorporation of the aldehyde at position C-5 of 120 and 
produces a 5,8-dihydropyrido[2,3-d]pyrimidine, 121, with a nitrile substituent 
at position C-7.67 

120 

R’CHO 
___c 

CN 
H 

1 2 1  

R = NH,, OH 

R’ = CH3. Ph 

The presence of an amino moiety on the nonheterocyclic reagent is not 
required. Chloro groups have served well in this type of synthesis as illustrated 
by the reaction of 3-chloro-2-formyl-2-enoates, 122, and 6-amino-3-methyl- 
uracils, 123, in DMF to form 124.’* 
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R 
H 
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Furthermore, reaction of 3-aryl-3-chloro-2-propeniminium salts, 125, with 
109 results in the formation of a mixture of 5- and 7-aryl-1,3-dimethyl- 
pyrido[2,3-dJ-pyrimidin-2,4( 1 H,3H)-diones, I26 and 127.69 
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The versatile reagent, ethoxymethylene malononitrile leads directly to the 
o-aminonitrile product, 128, upon cyclization with lW.75 

109 

I 
CH3 

128 

1 re turn our attention now to reactions involving pyrimidines similar to 09. 
Basically, the chemistry is analogous to that already described. Thus, 
ketenethioacetals, 130, disubstituted with electron-withdrawing groups have 
been shown to react with 6-aminouracils, 129, to form 1,3-dimethyl-7-(methyl- 
thio)pyrido[2,3-d]pyrimidin-2,4( 1 H,3H)-diones, 131 .68 

H3cs1scH3 R' R" 

AN NH2 1 

'-pi\ 130 
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R' = C02Me. R" = CN, R"' = NH2 

R' = CN, R" = CN, R"' = N H 2  

R' = S02Ph. R" = CN. R"' = NH2 

R' = C$Me, R" = C02Me, R"' = OH 
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Arylidenemalonitriles react with 6-amino- and 6-hydroxylaminouracils to 
give pyrido[2,3-d]pyrimidines. In the case of 6-aminouracils, 132 (R’ = H), the 
5,8-dihydropyrido[2,3-dJpyrimidine, 133, which is formed initially, is believed to 
undergo spontaneous aromatization via loss of hydrogen to give the pyrido[2,3- 
dlpyrimidines, 134. The 6-hydroxylaminouraciIs, 132 (R‘ = OH) presumably 
form a dihydropyrido[2,3-d+pyrimidine, 133 (R’ = OH), that aromatizes 
through loss of water.74 
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I 
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132 

0 Ar 

133 

0 Ar 

R 

134 

Two reactions that demonstrate ring closure from intermediates that were 
derived from 6-aminouracil are illustrated below. The versatile 6-aminouracil, 
135, reacts with chromene derivatives to form the more complex product, 137.59 
The intermediate in this case can be viewed as an intramolecular reaction 
between a 6-aminouracil and an a$-unsaturated carbonyl compound. 

The growing involvement of palladium in organic reactions is illustrated by 
the palladium-catalyzed cyclization of 138 to form 139.80 Deazapurines were the 
expected products in this reaction. Although the reaction appears to be general, 
the yield did not exceed 50% for any example. 

Nitromalonaldehyde reacts with 6-aminouracils to give 6-nitropyrido[2,3- 
dpyrimidines. For example, 6-amino- 1 -hydroxyuracil, 140, was condensed with 
sodium nitromalonaldehyde to give 1 -hydroxy-6-nitropyrido[2,3-djpyrimidin- 
2,4(1H,3H)-dione, 141.79 The hydroxy group was not lost under these reaction 
conditions. 

Cyclization of 3-methyl-6-(benzylamino)uracil, 142 (R = CH2Ph), with 2,4- 
pentanedione gave 3,5,7-trimethylpyrido[2,3-6)pyrimidin-2,~IH,3H)-dione, 
143, with loss of the benzyl group, whereas 3-methyl-6-(phenylamino)uracil, 142 
(R = Ph), gave 8-phenyl-3,5,7-trimethylpyrido[2,3-6)pyrimidin-2,4(3H,8H)- 
dione, 
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142 1'  

Ph 
144 

6-Amino-1,3-dimethyluracils, 132 (R = Me; R' = H, Me, Ph, or CH2Ph), have 
been reported to undergo reaction with diketene to produce 1,3,7-trimethyl- 
pyrido[2,3-dJpyrimidin-2,4,5( I H,3H,8H)-triones, 145.86 

0 " 3 C h 3 5  

0 AN CH3 

132 + $ * 
I I  

CH3 R 

145 

Despite the predominance of uracil derivatives as precursors to pyrido[2,3- 
dlpyrimidines, other pyrimidines are capable of the requisite chemistry to 
produce analogous products. 

In a reaction that could easily be extended to other pyrimidines, 2,4-diamino- 
6-pyrirnidone, 146, has been condensed with trisformyl methane76- " to give 
2-amino-6-formylpyrido[2,3-dJpyrimidin-4(3H)-one, 147. 

146 147 

Furthermore, a large number of rnalondialdehyde derivatives produce 6- 
substituted pyrid0[2,3-&Jpyrirnidines.~O- 73 One example of this chemistry is the 
condensation of 2,4,6-triaminopyrimidine, 148, with 3-amino-2-methylacrolein, 
149, in acetic acid, which gives 2,4-diamino-5-methylpyrido[2,3-d]pyrimidine, 
150.~2 
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CH3 HOAc 
N i  + ___c 

H2N 'N NH2 cat. Q H2N 

148 149 H 150 

The condensation of 148 with fl-ketoesters, 151. leads to the 2,4-diamino- 
pyrido[2,3-dlpyrimidin-7(8H)-ones, 152.83.s4. 

COZEt 

CHzAr C H 2 h  
151 

______) 
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I 48 

152 

Pyrimidines with iodine substituted at position 5 have been found to be 
suitable precursors, especially in palladium catalyzed reactions. Palladium- 
catalyzed coupling of 4-amino-5-iodopyrimidines, 153, with ethyl acrylates have 
produced pyrido[2,3-apyrimidin-7( SH)-ones, 154. * 8*8  ' 

I 
COZEt 

U 

WCI2 
R 

I53 154" 

Application of this palladium coupling has also been reported with 4-chloro- 
5-iodopyrimidines, 156, and 5-iodo-4-pyrimidones, 155, from which 156 could 
be obtained. The common coupled intermediate 158 is further cyclized to the 
corresponding pyrido[2,3-d-Jpyrimidin-7(8H)-ones, 159.28~81 

One limited example of a photochemical process has been reported. Photo- 
cyclization of N-(4-pyrirnidyl)methacrylamide, 160, yields 5,6-di hydro-6-methyl- 
pyrido[2,3-dlpyrimidin-7(8H)-one, 161. ' 3*82 

The use of 1,2,4-triazine derivatives has found an interesting and extensive 
application in heterocyclic syntheses. The following example illustrates the 
principles by which such reactions proceed. A synthesis of pyrido[2,3-dlpy- 
rimidines, 163 and 165, via inverse electron demand 2n + 4n cycloaddition of 
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1 NH3 I EtOH 

H 
R 

159 

L3+JCH’- hv tm; 
H H 
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160 161 

enamines with pyrimido[4,5-e]-l,2,4-triazines, 162 and 164, is d e s ~ r i b e d . ~ * # ~ ~  It 
is proposed that the Diels-Alder adduct, 166, formed by cycloaddition of the 
enamine across atoms 4a and 7 of the pyrimidotriazine, collapses by loss of 
nitrogen and aromatizes via elimination of the secondary amine. 
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165 

L 

166 

(b) Formation of Bond 5-6 

The preparation of pyrido[2,3-d]pyrimidines, which occur through the 
formation of the bond at position 5-6, involves an o-aminoaldehyde or an 
aldehyde equivalent. Many examples reported for this proces utilize a 1,3- 
disubstituted uracil derivative. Very little about this chemistry, however, should 
preclude other pyrimidine derivatives from serving as precursors to this fused 
pyrimidine. 

A typical application of this type of reaction is the preparation of the 
pyrido[2,3-dJpyrimidine 168 (X = S; R = Et; R' = H; R" = C0,Et; R"' = NH2), 



28 Pyridopyrimidines 

by the reaction of ethyl cyanoacetate with 1.3-diethyl-5-(methylimino- 
methylenyl)uracil, 167 (Y = NMe).94 

X R"' 
I I 

R R 

167 I68 

X 

The reactivity of a number of pyrimidinecarboxaldehydes, including the 
formyl derivative, 167 (X = Y = 0; R = Me), towards active methylene com- 
pounds has been in~estigated.~'  - lo' Reactions with malononitrile, cy- 
anoacetamide. ethyl cyanoacetate, acetylacetone, and diethyl malonate have 
given the corresponding products, 168. The Vilsmeier intermediate, 167 
(Y = NMe2), undergoes a similar reaction under mild  condition^.^^ 

In a modification of this strategy, 5,7-dimethylisoxazolo[3,2-~pyrimidin- 
4,6( 1 H,3H)-dione, 169, reacts with active methylene compounds to give the 
%oxides of the 1,3-dimethylpyrido[2,3-d]pyrimidin-2,4(l H,3H)-diones, 168.'03 
The isoxazolo ring can be viewed as a protected form of an o-aminoaldehyde. 

0 

CH, 

169 

Cyclization of 6-amino-5-( I-chloro-N,N-dimethy1iminium)uracil salt, 170, 
with malononitrile also leads to compounds of type 168.'05 

CI 
0 CI 

C Y  

170 

Other pyrimidines with double bonds located at position 5 have been used 
successfully in preparing pyrido[2,3-dJpyrimidines. Thus, 5-arylidene derivat- 
ives, such as 171, which are derived from 1,3-diphenylthiobarbituric acid, can 
serve as precursors as well. In this case 171 was subsequently condensed with 
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N-phenacylpyridinium bromide, 172, and ammonium acetate to give 5-aryl- 
1,2-dihydro-l,3,7-triphenyl-2-thioxopyrido[2,3-(ilpyrimidin-4(3H)-ones, 173.95 

S-N' 
I I 
Ph ill 

171 173 

Pyrido[2,3-dJpyrimidines have been synthesized via Wittig reactions. 3-(5- 
Uraci1yl)acrylic acid derivatives, 174, (obtained from 6-chloro- 1,3-dimethyl- 
5-formyluracil, first by reaction with the Wittig reagent and then by treatment 
with primary aliphatic amines or ammonia to replace the chlorine) were cyclized 
in triethylamine in the presence of 1,5-diazabicyclo[4.3.O]non-5-ene (DBN) to 
give 1,3-dimethylpyrido[2,3-d]pyrimidin-2,4,7( lH,3H,8H)-triones, 175.'06 

IIEA N ho 
DBN - 0 AN 

I I I  
CH, R CH3 

I74 175 
R = Bu. CH3, H 

The use of o-amino esters works well as precursors. The preparation of 168 
(X = 0; R = Me; R' = SMe; R" = CN; R"' = NH2), has been accomplished by 
the reaction of methyl 6-amino-1,3-dimethyluracil-5-dithiocarboxylate, 176, 
with dimethyl sulfate followed by reaction with malononitrile in the presence of 
potassium carbonate in dimethyl sulfoxide (DMSO)."8 

1. M%SOd 

2.  malononitrilc 

3.  KzCO3 
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168 

CH, 
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One approach to the preparation of pyrido[2,3-dJpyrimidines in which the 
pyrimidine ring is unsubstituted involves heating 4-amino-5-(ethoxycar- 
bonyl)pyrimidine, 177, with dimethylacetamide diethylacetal to give 7- 
(dimethylamino)pyrido[2,3-d]pyrimidin-5(8H)-one, 178.'" 
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177 178 

The susceptibility of the pyrimidine ring to covalent addition provides an 
approach through the pyrimido[4,5-d]pyrimidine ring system. In a solitary 
example, 4-aminopyrimido[4,5-4jpyrimidine, 179, gave 6-cyano-4,7-dia- 
minopyrido[2,3-d]pyrimidine, 180, when condensed with malononitrile in acetic 
acid.lo4 Addition of the active methylene compound across the 5-6 bond, 
followed by ring opening and recyclization is the mechanism proposed. 

N" \ 

k,/ "' 
179 180 

(c) Formation of Bond 7-8 

The application of pyrimidine-pyrimidine rearrangements has provided 
a novel approach to pyrido[2,3-dlpyrimidine synthesis. Replacement of the urea 
portion of uracil derivatives by treatment with a suitable 1,3-ambident nuc- 
leophile serves as the starting point in their syntheses. For instance, 
5-cyanouracils have been reported to undergo cyclization with carbon nucleo- 
philes to give pyrid0[2,3-d-Jpyrimidines.'~*-' " The reaction of 1,3- 
bis(methoxymethyl)-5-cyanouracil, 181 (R = H) with malononitrile and base 
gives 7-amino-l,3-bis(methoxymethyl)-6-cyanopyrido[2,3-~pyrimidine, 182 
(R = H), presumably via ring opening of the pyrimidine ring, followed by 
recyclization."' In this process, the 5-CN group becomes part of the new 
pyrimidine ring (as the 6-NH2 group) and one of the CN groups from mal- 
ononitrile becomes the 7-NH2 group of the final product. 

.____c AN 
+ fcN NaOEt 

EtoH 
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A similar strategy is observed for the synthesis of pyrido[2,3-dJpyrimidine 
nucleosides, 184, from 3-benzyloxymethyl-2',3'-O-isopropylene-5'-O-tri~yl-5-cy- 
anouridine, 183, and malononitrile, cyanoacetamide, or ethyl cyanoacetate in 
base. 109.1 1 2 

0 0 

BoM-NY ( CN T;$kR NH2 

0x0 T4 O X 0  R = CN. CONH2, CO2Et 

183 184 

An interesting example of this type of reaction involving two pyrimidines, 185 
and 186, has been described for the synthesis of pyrido[2,3-dlpyrimidin- 
2,4,7( 1 H,3H,8H)-triones, 187.1°9,' l 3  This reaction demonstrates the use of 
C-C-N ambident nucleophiles arising specifically from a cyclic structure, 
namely, another pyrimidine, 186. The net result in this case is a pyrimidine- 
pyridine conversion. 

185 186 187 

A synthesis of 5,6-dihydropyrido[2,3-dJpyrimidines, 190, has been achieved 
from 3-( 1,3,5-triaminopyridyl)propionaIdehyde, 188, (protected as its 1,3-diox- 
olane). Treatment with acid to remove the protecting group is followed by 
cyclization to a mixture of the reduced pyrido[2,3-dJpyrimidine, 189, and its 
oxidized counterpart, 190.76 Although the product 190 (R = Me) could not be 
elaborated to folic acid analogs, the method should be useful for the preparation 
of other pyrido[2,3-d]pyrimidines. 
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189 190 

A very similar type of reaction, involving a protected carbonyl intermediate is 
provided by a synthesis leading directly to the fully oxidized pyrido[2,3- 
dlpyrimidine ring, 193. Condensation of 2-benzyl-3,3-ethylenedioxybutanal, 
192, and 6-aminouracils, 191,*' undoubtedly forms an intermediate similar to 
188. 
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The reaction of 2-dimethoxymethyl-2-methoxymethyl-4-(methoxymethy- 
1ene)glutaronitrile with acetamidine has been shown to give 4-amino-5(2-cyano- 
2-dimethoxymethyl-3-methoxy)propyi-2-methylpyrimidine, 194. Treatment of 
this pyrimidine with base, followed by acetic acid and hydrochloric acid, 
produced 5,6-dihydro-6-methoxymethyl-2-methylpyrido[2,3-~pyrimidin- 
7(8H)-one, 195.114*115 
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All of the previous syntheses have proceeded from a preformed pyrimidine. 
One approach begins with acyclic precursors and passes, presumably, through 
a pyrimidine intermediate. Thus, diethyl 2-cyanoglutarate and diethyl 2-cyano- 
4-methylglutardte. 196, have been cyclized with benzamidine and guanidine to 
give 5,6-dihydropyrido[2,3-dJpyrimidin-7(8H)-ones, 197.’ ’‘ 

(d) Formation of Bond 8-8a 

Using a pre-formed fused pyrimidine is an infrequently used approach to 
synthesis of other fused pyrimidines. However, in certain cases such a method is 
very helpful. For example, pyrylium[2,3-d]pyrimidine salts, 198, have been 
converted to pyrido[2,3-d]pyridines, 199, with ammonia and to 8-phenyl- 
pyrido[2,3-d]pyridinium salts, 200, with aniline.’ ” 

NH3 ’HzO H N S  
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198 PhNH2 
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R’ = CH,. Ph clo; Ph 
200 

Even pyrans have served as precursors in similar ring interconversions. The 
bromo compound 201 (R = H; R’ = Br) reacts with ammonia under vigorous 
conditions to give a mixture of 6-amino-7-phenylpyrido[2,3-(ilpyrimidin- 
2,4(1H,3H)-dione, 202 (R = H; R’ = NH2), and its deaminated derivative, 202 
(R = H; R’ = H). The 1,3-dimethyl derivative of 201 (R = Me; R’ = Br), under 
the same reaction conditions gave 202 (R = H; R’ = NH2), and the 6-OH 
compound 202 (R = H; R’ = OH).”’ The unmethylated compound, 202 
(R = H; R‘ = NH2) was not characterized but was converted to the dimethyl 
product, 202 (R = Me; R’ = NH2) by reaction with diazomethane. 
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Dieckmann ring closure reactions have been utilized in the synthesis of 
reduced pyrido[2,3-~fJpyrimidines.' ' * - ' 2 1  Tr eatment of 4-chloro-5-(ethoxycar- 
bonyl)-2-phenylpyrimidine with 3-aminopropionitriles or ethyl 3-amino- 
propionates leads to 203, which cyclized in base to yield 6,7-dihydro-2-phenyl- 
pyrido[2,3-dJpyrimidin-5(8H)-ones, 204. ' 

CO2Et 
1 .  NaOEt 

Ph xxN-R 2. HOAc 

R = CN. CGEt 
203 204 

R = alkyl 
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The 3-(4-chloro-5-pyrimidyl)propionates, 205, by treatment with ammonia 
have been converted into 5,6-dihydropyrido[2,3-d]pyrimidin-7(8H)-ones, 
206.'23 I t  is likely, although not completely demonstrated, that the chloro amide 
is the immediate precursor to the pyridopyrimidine. 

NH3 
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R = CH3, Ph 

R = CH3. H 
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( 2 )  From Pyridines 

The wealth of the chemistry of pyridines makes this ring an attractive starting 
point for elaborating the fused pyrimidine ring. The following examples demon- 
strate the versatility of pyridine derivatives in the approaches to pyrido[2,3- 
dlpyrimidines. Most of the syntheses reported begin with an aromatic pyridine 
ring, although some important examples utilize tetrahydropyridine derivatives. 
A few conversions begin with other heterocyclic rings that may be viewed as 
pyridines with masked functionality. 
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(a) Formation of Bond 8a-1 

Popular precursors for annelating the pyrimidine ring include molecules 
possessing o-amino and cyano functional groups, or molecules that can lead to 
such derivatives. Consequently, 2,4-diaminopyrido[2,3-d]pyrimidines, 208, 
have been obtained via cyclization of 2-amino-3-cyanopyridines or 2-halo- 
3-cyanopyridines, 207, with guanidine,lZ4-' 'O and 1,3-dimethyl compounds, 
209, result from condensation of 2-chloro-3-cyanopyridines with N , N -  
dirnethylthiourea.' '' 

NC K" 
H2N NH2 

H2N R R = NH2. C1. Br. I 

209 

Carbonyl-containing functional groups can be used in place of the cyano 
group. Treatment of 3-acyl-2-pyrimidones (portrayed here in the enolic form), 
210 (R = OH; R" = Ph; R"' = 4-CIPh), with urea or thiourea produced the 
corresponding pyrido[2,3-d]pyrimidines, 21 1.' 35 
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The thiourea derivative, 210 ( R  = CI; R’ = substituted NHCSNH; 
R” = R”’ = H), is prepared by the reaction of 2-chloronicotinoyl isothiocyanate 
with primary amines. Subsequent base cyclization of the thiourea intermediate 
leads to 2-thioxopyrido[2,3-d]pyrimidin-4(3H)-ones, 212 (X = S).’36 

Pyridine-l,2-bishydroxamic acid, 210 ( R  = HONHCO; R‘ = HONH), has 
been claimed to undergo a conversion to 3-hydroxypyrido[2,3-d]pyrimidin- 
2,4(1H,3H)-dione, 212 (R”” = H; R””‘ = OH), by means of an “amide modifica- 
tion” 24. I 3 7 of the Lossen rearrangement. This product was not easily obtained 
and the 2-isocyanatopyridine-3-hydroxamic acid intermediate is presumed to 
form initially and then cyclizes. 

The corresponding diamide, 210 ( R  = H,NCO; R’ = H2N) gives the analog- 
ous product, 212 (R”” = R””’ = H; X = 0), upon treatment with lead tetra- 
acetate in DMF.46Q140 It is noteworthy that an excellent yield of this product is 
obtained despite the possibility of cyclization to give an isomeric product. 

An interesting “dimerization” occurs when nicotinamide, 210 (R = H; 
R’ = H,N), is converted to the (2-pyridyl)pyrido[2,3-d]pyrimidine, 213, upon 
treatment with ammonium sulfamate. 14’ 

Two examples, involving thiocarbonyl moieties and a tetrahydropyridine 
ring, extend the versatility of this pyrimidine annelation process. The reaction of 
1 -methyl-2-(methylthio)- 1,4,5,6-tetrahydropyridine 3-( N-phenylcarbothioam- 
ide), 214, with guanidine or amidines yields 2-substituted 8-methyl-4- 
phenylamino-5,6,7,8-tetrahydropyrido[2,3-d]pyrimidines, 215 (R‘ = Me),’ ’ 
and the methylthio derivative, 216, gives the analogous compounds, 215 
(R’ = H), in poor yield, upon treatment with benzarnidine.’j2 

NHPh NH SCH3 

I 
R’ 

R = NH2, CH,, Ph 
214 215 216 

Cyclization of 3-cyano-4,5-dihydro-2-methoxypyridin-6(5H)-ones, 217, with 
either formamidine or guanidine forms 4-amino-5,6-dihydropyrido[2,3-d]py- 
rimidin-7(8H)-ones or 2,4-diamino-5,6-dihydropyrido[2,3-d]pyrimidin-7(8H)- 
ones, 218, in very good  yield^.'^^.'^^ This synthetic scheme is versatile in that 
many pyridine derivatives could be employed as starting materials. 
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In an unusual, but obviously very limited, reaction the benzopyrano[2,3- 
blpyridine derivative, 219, serves as precursor to the dihydropyrido[2,3-d]py- 
rimidine, 220. The dianion of 219 is first formed with lithium diisopropylamide 
(LDA) then followed by alkylation with methyl iodide to produce the intermedi- 
ate which, upon warming to room temperature, gave the base-induced ring 
rearranged 3,4-dihydro-4-(2-hydroxyphenyl)-1,3,4-trimethylpyrido[2,3-d]py- 
rimidin-2( lH)-one, 220.'39 This rearrangement will also take place without the 
addition of methyl iodide to give a 3,4-dihydro-1,3-dimethylpyrido[2,3-d]py- 
rimidine. 

0 

219 

2 2 0  

(b) Formation of Bond 1-2 

ortho-Aminonitriles prove to be very useful structures in the synthesis of 
pyrido[2,3-d]pyrimidines where the final reaction is the formation of bond 1-2. 
In a very simple reaction, 3-arylpyrido[2,3-d]pyrimidines, 222, have been ob- 
tained from cyclization of 2-amino-3-cyanopyridines, 221, with arylisothiocyan- 

Similarly, 2-amino-3-cyanopyridines have been cyclized with formamide to 
give 4-aminopyrid0[2,3-d]pyrirnidines.'~~~'~* The reaction of 2-amino-3-cy- 
ano-6-( l-methyl-3-indolyl)pyridine, 221 (R = R' = H; R" = l-methyl-3-indolyl), 
to give the corresponding pyrido[2,3-d]pyrimidine, 223, is an example of this 
type of ~ y n t h e s i s . ' ~ ~  

Treatment of 221 (R = Ph; R' = SCN; R" = OH or OEt) with polyfunctional 
nitriles also leads to pyrido[2,3-d]pyrimidines, 223. Specifically, reaction with 
trichloroacetonitrile generates the 2-(trichloromethyl)pyrido[2,3-d]pyrimidine, 
223 (R"' = C13C), which, depending on the recrystallization solvent, leads to the 

The initially formed urea intermediate is not isolated. 
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replacement of the 2-trichloromethyl substituent by hydroxide or ethoxide.' 51 

Although this study focused primarily on reaction with trichloroacetonitrile, the 
implications are that other suitable nitriles could be successfully employed. 

The nitrile moiety can easily be replaced by carboxylic acid derivatives and 
serve as convenient precursors to pyrid0[2,3d]pyrimidines. Thus, isothiocyan- 
ates have also been used to cyclize 2-amino-3-(carboxyl)pyridines, 
224.18-20.143-146 A series of 1,2-di hydro-2-t hioxo-pyrido[2,3-d]pyrimidin- 
4(3H)-ones, 225, was synthesized by this method. 144 Methyl N-aryldithiocarba- 
mates lead to the formation of similar products,'s3 albeit in modest yields. 

2 2 4  225  

If potassium 2-aminopyridine-3-carboxylate is used instead of the ester, 224 
(R = K), in the presence of mercury(I1) oxide, the desulfurized 3-arylpyrido[2,3- 
d]pyrimidin-2,4(1 H,3H)-diones are prepared.' 53 The synthesis of these same 
diones has been accomplished by the reaction of 224 with iso- 

The high-temperature condensation of 2-aminonicotinic acid, 224 
(R = R' = R" = H), with N-methylformamide gives 3-methylpyrido[2,3-d]py- 
rimidin-4(3H)-one. " 

Tetrahydropyridines, bearing appropriate functionality, have been used in the 
preparation of partially reduced pyrido[2,3-d]pyrimidine.s. For example, imi- 
date esters have been allowed to react with 2-amino-3-(ethoxycarbonyl)-1,4,5,6- 
tetrahydropyridine, 226. The products obtained are 2-substituted 5,6,7,8-tet- 
rahydropyrido[2,3-d]pyrimidin-4(3H)-ones, 227. ' 5 s  

cyanates.20.2 1.146.156.157 
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The same pyridine derivative, 226, with isocyanates leads to the formation of 
intermediate ureas at both the tetrahydropyridine ring N-H and the amino 
substituent. Cyclization in aqueous alkali gives pyrido[2,3d]pyrimidin- 
2,4( I H,3H)-diones, 228 (R' = H). When pyridine is used as the base, the pyridine 
ring urea substituent is retained to give 228 (R = CONHR2).155 

The use of o-amino ketones allows for pyrido[2,3-d]pyrimidines with no 0x0 

groups in the pyrimidine portion of the molecule. Although this chemistry has 
not been thoroughly explored, the following example illustrates the utility of this 
method. In this case 2-amino-3-benzoylpyridines, 229, have been cyclized with 
formamide to give 4-phenylpyrido[2,3-d]pyrimidines, 230.' 54 

A number of heterocyclic rings have served as precursors to the pyrimidine 
portion of pyrido[2,3-d]pyrimidines. The oxadiazole ring can be viewed as 
a masked nitrile. In this sense, catalytic hydrogenation of 3-(2-aminopyridyl)- 
1,2,4-oxadiazoles, 231, followed by dehydration leads to 4-aminopyrido[2,3- 
d]-pyrimidines, 232.' " 
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Reduced pyrido[2,3-d]pyrimidines have been prepared indirectly through the 
2,3a,6a-triazaphenalene ring system.149 In one example the imbedded py- 
rido[2,3-d]pyrimidine nucleus, 233, was prepared initially by the reaction of 
9-[(dimethylamino)chloromet hylene]pyrido[ 1 ,Za]pyrimidine and potassium 
isothiocyanate. Alkylation of 233 with methyl iodide followed by treatment with 
ethylamine afforded the ring-cleaved 4-dimethylamino-2-ethylamino-7-methyl- 
5,6,7,8-tetrahydropyrido[2,3-d]pyrimidine, 234. 

COzEt 

233 234 

Finally, the extensive chemistry associated with isatoic anhydrides has now 
been applied to azaisatoic anhydrides. In this report, 1-benzyl-3-azaisatoic 
anhydrides, 235, have been shown to undergo ring opening followed by a ring 
closing reaction with alkylthiopseudoure& 
pyrido[2,3-d]pyrimidines, 236.' 

0 
II 

SCHy 
I . HI 

to give 2-alkylamino-1-benzyl- 

0 

235 236 

(c) Formation of Bond 2-3 

Occasionally the conditions of a reaction can have a profound effect on the 
course of that reaction. One good example illustrating this effect is shown in the 
case of 2-benzoylaminopyridine-3-carboxamide oxime (X = NOH). This 
compound was transformed in the presence of sulfuric or polyphosphoric acid 
into 4-amino-2-phenylpyrido[2,3-d]-pyrimidine 3-oxrde, 237."' Clearly the 
oxime portion of the molecule has been incorporated into the new pyrimidine 
ring. In the presence of base, however, this same oxime was converted into 
4-hydroxylamino-2-phenylpyrido[2,3-d]pyrimidine, involving the amino moi- 
ety in ring formation.'" 
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The amide (X = O), follows the same pathway and is cyclized thermally 
or in the presence of alkali to 2-phenylpyrido[2,3-d]pyrimidin-4(3H)-one, 238 

Other routes to 4-0x0 products have been described. Two generally useful 
processes include the cyclization of 2-acetylaminopyridine-3-carboxylic acid, 
239, with aryl aminesls9 and treatment of substituted 2-amino-3-carbamoyl- 
pyridines, 240, with DMF-DM A 14.' 

(R = H; R' = Ph).I5* 

or with orthoformates. 6o 

239 240 

The use of an isomeric ring system can provide an entry to a similar 
cyclization process. 5-Amino-1 -benzylpyrido[4,3-d Jpyrimidin-4( 1 H)-one is hy- 
drolyzed to pyridine of the type 240, which then recyclizes to 5-ben- 
zylaminopyrido[2,3-d]pyrimidin-4(3H)-one, (R = R' = R"' = R"" = H; 
R" = NHCHzPh).'62 

If the amine bears a substituent, however, the reaction is forced to give 
a 1 -substituted product. Hence, 3-carbamoyl-4,6-dimethyl-2-(phenylamino)py- 
ridine, 241 (R  = H; R' = Ph), has been cyclized with acetic anhydride to 1- 
phenyl-2,5,7-triaminopyrido[2,3-d]pyrimidin-4( 1H)-one, U2.'63 

238 

0 CH, 0 R"' 

R" R' 
H 

RNH 
Ph 

242 24 1 243 

2-Aminonicotinamides, 241, have been treated with heteroarylaldehydes to 
give 1,2-dihydro-2-substituted pyrido[2,3-d)pyrimidin-4(3H)-ones, 243.'64 In 
this case, the "gem diamine" product is obtained, rather than a true condensa- 
tion between aldehyde and amine. 
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Several 2-amino-3-benzoylpyridine imines, 244, have been cyclized with phos- 
gene to give pyrido[2,3-d]pyrimidin-2( 1 H)-ones, This reaction is the last 
step in a circuitous route and the yields are quite varied. It is hard to envision 
this process as a generally applicable one. 

R- 
2 4 4  

Ro 
245 

In a modified Lossen rearrangement, 2,3-pyridinedicarbohydroxamate, 246, 
reacts with benzenesulfonyl chloride to produce a mixture of 3-benzenesul- 
fonyloxypyrido[2,3-d]pyrimidin-2,4( 1 H,3H)-dione, 247, and the isomeric 3- 
benzenesulfonyloxypyrido[3,2-d]pyrimidin-2,4( 1H,3H)-dione in a ratio of 
5 :  No other derivative of this pyridine precursor appears to have been 
investigated. 

0 

H 

2 4 6  2 4 7  

(d) Formation of Bond 3 4  

The cyclization reactions of a,o-dinitriles under the influence of anhydrous 
hydrogen halides have been employed in the synthesis of pyrido[2,3-d]-py- 
rimidines. In a systematic study HBr, HCI, and HI have been studied under 
various conditions. Thus, the reaction of 3-cyano-2-cyanoamino-4-5-dihydro- 
4-methyl-6-pyridone, 248, with hydrogen bromide at high temperature forms 
4-amino-2-bromo-5,6-dihydro-5-methylpyrido[2,3-~]pyrimidin-7(8H)-one, 249 
(R = Br; R' = NH2), while the same reaction at low temperature leads to the 
isomeric product, 249 (R = NH2; R' = Br).'33*167.168 The different products 
were rationalized by a consideration of the migration of the double bond from 
the six-membered ring to the exocyclic nitrogen atom at position2. At  the 
temperature extremes the products were obtained exclusively, while at inter- 
mediate temperatures mixtures of the two products were produced. 

By contrast, the reaction of 248 with hydrogen chloride does not display this 
temperature dependence and invariably produces the 2-chloro isomer, 249 
(R = C1; R' = NH2).168 In general, hydrogen iodide behaves in a manner similar 
to hydrogen bromide. So, with hydrogen iodide as the acid at low temperature 
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249 (R = NH,; R' = I)  is the only isomer produced,'68 but at higher temper- 
atures only the deiodinated product 249 (R = H; R' = NH2) is observed. 
Obviously, this must have been produced from the corresponding 2-iodo com- 
pound. 16' 

A more traditional approach to pyrido[2,3-d ]pyrimidines has been shown in 
the conversion of 2-amino-4-benzoylpyridines, 250 (R = aryl or H), to 4-phenyl- 
pyrido[2,3-d]pyrimidin-2( 1 H)-ones, 251, by reaction with either urea154 or ethyl 
car bamate. ' ' 

Ph Ph 

O k L ,  H2N - 0 AN NkL H R 

250 251 

In a reaction reminiscent of the chemistry of r,w-dinitriles cited above, the 
treatment of 2-(ethoxyrnethyleneamino)-3-~yanopyridine, 252, with methyl- 
amine gave imino product, 253, which undergoes a Dimroth rearrangement in 
base to produce 4-(methylamino)-pyrido[2,3-d]pyrimidine, 254. ' 'O 

252 253 254 

Finally, dioxo pyrido[2,3-d]pyrimidines can be prepared from either simple 
or complex precursors. orrho-Aminopyridine carboxylic acids, 255, form the 
corresponding diones, 256 (X = 0). when condensed with urea.169 

Rl 

255 256 257 
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A more complex precursor is the thiadiazole, 257. Alkaline hydrolysis of this 
unstable substance opens the thiadiazole ring to give an ethoxycarbonylurea 
intermediate, which cyclizes immediately to 256 (X = S).166 Independent syn- 
thesis and cyclization of the proposed intermediate supports the proposed 
pathway . 

(e) Formation of Bond 4-4a 

Formation of the 4-4a bond requires some form of a pyridine molecule in 
which chemical reactivity at position 3 is possible. The simplest example of such 
a molecule is a partially or completely reduced ring. The reaction of cyclic 
N-(ethoxycarbonyl)amidines, 258 (X = Et0,CN; R = Me), with DMF-DMA 
or bis(dimethy1arnino)ethoxymethane has been achieved to give the 
dimethylaminomethylene adduct, 259, which has been cyclized with ammonia to 
give 8-methyl-5,6,7,8-tetrahydropyrido[2,3-d]-pyrimidin-2( I H)-one, 260.173 

X 
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CH3 
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R I 
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Treatment of 6-valerolactam, 258 (X = 0; R = H), with two equivalents of 
formamide in phosphorus oxychloride yields the unsubstituted product 261 

In a related study, anions formed from 0-methyl-6-valerolactim and 
0-methyl-6-caprolactim, 262, with LDA undergo cyclization with arylnitriles 
to give 5,6,7,8-tetrahydropyrido[2,3-d]pyrimidines, 261 (R = R’ = aryl; R” = H 
or Me).’75 
2,4-Diamino-5-cyanopyridin-6(3H)-thione, 263, has been condensed with 

benzoylisothiocyanate or ethoxycarbonyl isothiocyanate to form the py- 
rido[2,3-d]pyrimidin-2,7-dithiones, 264 and 265. l’” ‘12 

(R = R’ = R” = H).174 
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3. REACTIONS 

The reactions of pyridopyrimidines are many and diverse. In most cases the 
chemistry of one ring system is considerably different from that of another. The 
reactions of each system therefore are presented separately. It is not surprising 
that the pyrido[3,2-d]pyrimidines and the pyrido[2,3-d]pyrimidines command 
the most attention since both are simple deaza analogs of the pteridine ring. 

A. Of Pyrido[3,2-d]pyrimidines 

Nucleophilic substitution reactions are the most convenient methods for 
introducing a variety of desired substituents. Thus, if suitable leaving groups are 
present on the heterocycle this process is the method of choice. Broom and his 
co-workers" proposed that the order of nucleophilic substitution of 2,4,8- 
trichloropyrido[3,2-d]pyrimidines, 266 (R = C0,Et; R' = R" = R"' = Cl), first 
with ammonia, followed by sodium benzylate and sodium methyl mercaptide is 
4 > 2 > 8, respectively. The reaction of the same nucleophile under varying 
conditions was not studied. 

R' 

R" J?qR R"' 

266 

0 '-*x, 
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2 6 1  

The location of the amino group was confirmed through the synthesis of 
pyrido[3,2-d]pyrimidin-4(3H)-one, 267.' ' Treatment of the trichloro com- 
pound, 266, with ammonia at room temperature followed by displacement of the 
2- and 8-chlorines with sodium methylmercaptide gave 4-amino-2,8-di(rnethyl- 
thio)pyrido[ 3,2-d]pyrimidin-6-carboxamide. This was desulfurized with Raney 
nickel, hydrolyzed in base, and decarboxylated to give 267. The product from 
this sequence was confirmed by comparison with a sample of 267 obtained 
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through an unambiguous synthetic procedure. I t  should be noted that forma- 
tion of the 2-isomer in minor proportions cannot be ruled out. 

The conversion of 6-(methoxycarbonyl)pyrido[3,2-d]pyrimidin- 
2,4,8( 1 H,3H,SH)-trione to the 2,4,8-trichloro derivative, 266, was effected readily 
with phosphorus oxychloride.” 

Although replacement of chloro groups is more often employed, other leaving 
groups have been investigated. A study of the reactivity of substituted py- 
rido[3,2-d]pyrimidines with hydrazine has demonstrated that a methoxy sub- 
stituent at the 4-position as well as a methyl ester at the 6-position are most 
susceptible to an addition-elimination reaction.’” In fact, yields are nearly 
quantitative, which rules out the formation of the 2 isomer even in minor 
amounts. 

The foregoing illustrates the nature of substitution reactions, especially at  
positions 2 and 9. However, there is considerable interest in the chemistry at  
position 6 because of the similarity to folic acid analogs. Displacement of the 
chloro substituent in 6-chloro-2,4-diaminopyrido[3,2-d]-pyrimidine, 266 
(R = Cl; R’ = R” = NH,; R”’ = H), with several nitrogen nucleophilesL6 and 
with aryl thi01s’~ has been achieved. For example, piperidine has been used to 
effect such displacements. The corresponding 5-oxide of the 6-N-piperidinyl 
derivative has been obtained through oxidation with peroxytrifluoroacetic acid, 
either before or after substitution of the chloro group. 

A further illustration of this chemistry is seen in the synthesis of 8-deazafolates 
by Broom and his co-workers.’ 76 The reaction of 6-(carbomethoxy)-2,4,8- 
trichloropyrido[3,2-d]pyrimidine, 266 (R = C0,Me; R‘ = R” = R”’ = CI), with 
methoxide at room temperature leads to 266 (R = C0,Me; R’ = R” = OMe; 
R”’ = Cl). Because of the more reactive nature of alkoxides no distinction 
between positions 2 and 4 was observed. Hydrogenolysis of the 8-chloro sub- 
stituent with hydrogen and palladium on carbon, followed by reduction of the 
6-methyl ester to the 6-hydroxymethyl compound with lithium borohydride 
produced 2,4-dimethoxy-6-hydroxymethylpyrido[3,2-d]py~midine, 266 
(R = CH,OH; R’ = R” = OMe; R”’ = H). Amination of this dimethoxy deriv- 
ative gave 2,4-diamino-6-hydroxymethylpyrido[3,2-d]pyrimidine. 

Not surprisingly, 2,4-dichloropyrido[3,2-d]pyrimidines behave in a similar 
manner. Hence, several 4-dialkylamino-2-chloropyrido[3,2-d]pyrimidines, 266 
(R = R”’ = H; R’ = R” = Cl), have been synthesized from dichloro compounds 
and secondary amines. la’* ‘ * I  Under forced conditions it is possible to replace 
the 2-chloro moiety.”’ Even the monochloro derivative 266 (R = R” = 
R”’ = H; R’ = CI), can be replaced by amines.Ia4 

In a more unusual reaction, this same dichloro compound has been converted 
to 2-chloro-4-(dimethylphosphono)pyrido[3,2-d]pyrimidine, 266 (R = R”’ = H; 
R’ = PO(OCH&; R” = CI), via an Arbuzov reaction with trimethyl phos- 
phite.’ 79 

Finally, dehalogenation can be effected under catalytic conditions. Hydrogen- 
ation of 8-chloropyrido[3,2-d]pyrimidines, 266 (R”’ = CI), using palladium- 
on-charcoal as the catalyst in DMF gives the dechlorinated products.”*’76 
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Although most common, the nucleophilic displacement reaction is not the 
only means of obtaining functional group interconversions. Hydrolysis of amino 
groups allows for introduction of oxygen moieties. 2,4-Diamino-6-methyl- 
pyrido[3,2-d]pyrimidine, 266 (R = Me; R’ = R” = NH,; R”’ = H), has been 
hydrolyzed under basic conditions to give 2-amino-6-methylpyrido[3,2-d]py- 
rimidin-4(3H)-one in excellent yield.’ 

Facile replaccment of a number of groups at position 4 has created opportun- 
ities for some interesting chemistry. The hydrazino group displays some discrim- 
ination in its reactions with two types of carbonyl-containing compounds. 

Treatment of 4-hydrazinopyrido[3,2-d]pyrimidine, 268, with formic acid or 
trimethyl orthoformate gave the triazolo fused product, 269,’”. l a 4  while con- 
densation with acetylacetones produced 4-( l-pyrazolyl)pyrido[3,2-d]py- 
rimidines, 270.’ 

269 268 270 

As part of a wider study of certain heterocyclic rings with active methylene 
reagents, the reaction of pyrido[3,2-d]pyrimidine, 271, with dimedone produced 
the compound 3,4-dihydro-4-(4,4-dimethyl-2-hydroxy-6-oxocyclohex- I -enyl)- 
pyrido[3,2-d]pyrimidine, 272, which, upon treatment with aqueous alkali, gave 
7,8-dihydro-7,7-dimethylbenzo[b] [ 1,5]-naphthyridin-9(6H)-0ne.’~~* ‘13’ The 
net reaction is a covalent addition although opening of the pyrimidine ring and 
reclosure is postulated. 

27 1 2 1 2  

The ease of synthesis of 2,4-dioxopyrimidine rings provides a wealth of 
experimental effort in many fused pyrimidine rings. The following examples 
portray the diversity of this chemistry. 
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Under certain conditions, the dioxygenated ring can be cleaved and Bauer 
and his co-worker ’” described the opening of 3-benzenesulfonyloxypyrido[3,2- 
d]pyrimidine-2,4-(lH,3H)-dione, 273 (R = PhS0,O; R’ = H; X = 0), to give 
methyl 3-[2-(methoxycarbonyl)hydrazino]pyridin- 1-carboxylate, 274. 

273 274 

Simple transformations of existing substituents have also been described. 
Methylation of 273 (R = Me; R’ = H; X = S) with diazomethane occurs on 
nitrogen to produce 273 (R = R’ = Me; X = S)20 while treatment of the same 
sulfur compound with Raney nickel causes desulfurization.20 

In a series of transformations, 6-methylpyrido[3,2-d]pyrimidine-2,4(1H,3H)- 
dione, 275, is converted to the antifolate precursor, 277 (R = CH20H).’” the 
initial oxidation with m-chloroperoxybenzoic acid to give the 5-oxide, 276, is 
the key step. Subsequent rearrangement of 276 with acetic anhydride to give the 
6-acetoxymethyl group, followed by chlorination of the two 0x0 groups, re- 
placement of the chloro moieties with ammonia, and hydrolysis of the 4-amino 
group and the acetoxy group afforded the target molecule. 
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In a separate report these same workers described further reactivity of 277 
(R = Me). After reduction of the pyridine ring, alkylation on N-5 with 3‘,5’- 
di-O-acetyl-5-bromomethyl-2’-deoxyuridine, 278, gave the diacetyl-protected 
deazanucleoside, 279.1a5 It should be noted that catalytic hydrogenations of 277 
(R = Me or CH,OH) have been performed with hydrogen and platinum oxide 
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in acetic acid/meth~xyethanol,~ and with hydrogen and platinum oxide in 
trifluoroacetic acid.IB6 
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OAc 

2 7 8  
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DeGraw et aL5 also prepared 5,6,7,8-tetrahydro-8-deazahomofolic acid, 280, 
by hydrogenation of 8-deazahomofolic acid with hydrogen and platinum oxide 
catalyst in trifluoroacetic acid (TFA). 

A variety of oxidizing agents have been employed to produce oxidation 
reactions at both side chain and on ring nitrogens in the same molecule. 
Oxidation of 6-(arylthio)-2,4-diaminopyrido[3,2-d]pyrimidines, 281, with the 
bromine complex of 1,4-diazabicyclo[2.2.2]octane gave 6-(arylsulfinyI)-2,4- 
diaminopyrido[3,2-d]pyrimidines, 282.' ' Hydrogen peroxide in acetic acid 
oxidation of the same 6-arylthio derivatives gave the corresponding 6-(arylsul- 
fonyl)-2,4-diaminopyrido[3,2-dJpyrimidines, 283. Further oxidation of 283 
(Ar = p-ClC6H4) with peroxytrifluoroacetic acid gave a compound that is 
presumed to be the 1,5-dioxide, 284. 
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The susceptibility of the pyrido[3,2-d]pyrimidine to strong oxidizing agents is 
seen in the attempted nitration of 1,3-dimethyl-8-hydroxypyrido[3,2-d]py- 
rirnidin-2,4,6(1H,3H,SH)-trione, 285, which resulted in 1,3-dimethylparabanic 
acid, 286.'' 

285 286 

B. Of Pyrido[Q,ld ]pyrimidines 

A very limited number of reactions involving this ring system have been 
reported and most of them do not have general applicability. The only nuc- 
leophilic substitution reaction involves the displacement of the bromo substitu- 
ent in 4-bromopyrido[4,3-d]pyrirnidine, 287, with amide ion via a SN(AE) 
mechanism.39 

287 288  
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Reduced pyridines served as precursors to the pyrido[4.3-dJpyrimidine deriv- 
atives. These reduced pyridopyrimidines have been shown38 to undergo alkyla- 
tion at N-6 of the pyridine ring. For example, 2,4-diamino-5,6,7,8-tetrahyd- 
ropyrido[4,3-d]pyrimidine, 288 (R = H), when treated with benzyl chlorides 
give 288 (R = alkyl) in poor yield. 

The ring-opening reaction described earlier (273 -+ 274) occurs with the 
isomeric pyrido[4,3-Jlpyrimidine compound.24* 

An oxidation reaction of an unusual structure and of limited utility is reported 
for 3,4,5,6,7,8-hexahydropyrido[4,3-dJpyrimidines, 289. These compounds can 
be ~xid ized~ ' .~ '  to their 5,6,7,8-tetrahydro derivative, 290 by use of potassium 
ferricyanide. 
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Compound 291, related to 289, takes a different pathway and undergoes 
dehydration at the 4a-8a bond under acidic conditions.25 
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The presence of two 0x0 groups at the 5 and 7 positions activates position 8. 
Such an active methylene group undergoes typical condensation reactions. 
4-Amino-2-hydroxypyridoC4,3-d]pyrimidin-5,7(6~,8~~dione has been 
coupled29 with benzenediazonium chloride to yield the hydrazone, 292. 

C. Of Pyrido[3,4-d]pyrirnidines 

A series of 2,4-diamino-6-phenylpyrido[3,4-d]pyrimidines, 294 (R"' = R"" = 

NH2), has been made by displacing the chlorines of 294 (R"' = R"" = Cl), with 
various a m i n e ~ . ~ ~  The dichloro compound is readily prepared by treating the 
dioxo derivative, 293 (R = H), with phosphorus oxychloride in the presence of 
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N,N-dimethylaniline. Base hydrolysis of 293 ( R  = H) occurs to give isonicotinic 
acids, 295 (R"''' = R""" = H).44 
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The ring opening of the 3-benzenesulfonyloxy derivative, 293 ( R  = PhSO,O), 
to give the corresponding isonicotinate, 295 (R""' = CH,; R""" = 
CH302CNH), has been described for the previous pyridopyrimidine 
isomers.24-' '* 

While not common, reductive ring cleavage of pyrimidines and fused py- 
rimidines has been shown to occur with strong reducing agents such as lithium 
aluminum hydride. For example, treatment of 2,6,8-trimethyl-3-phenyl- 
pyrido[3,4-d]pyrimidin-4(3H)-one, 2% (R = Ph; R' = R" = R"' = CH3), with 
lithium aluminum hydride gave 4-anilinomethyl-3-ethylamino-2,6-dimethyl- 
pyridine, 297, in high ~ ie1d . l ' ~  Replacement of the 3-phenyl substituent of 2% 
(R = Ph) with a nonaromatic alkyl group gave a similar reaction although much 
longer periods of time were required and various byproducts were produced. 
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Replacement of the 4-0x0 substituent of pyrido[3,4-dJpyrimidin-4-ones, 2% 
(R = H), with alkyl amines proceeds either via the chloro derivative, 298 
(R"" = CI), or directly using hexamethyldisilazane (HMDS) to generate the 
trimethylsilyloxy intermediate, 298 (R"" = OSi(CH3)3.190 
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Peracid oxidation of 2% (R = H) leads to the 7-oxide, 299 (R = H), which can 
then be methylated with diazomethane to give 299 (R = CH3).49 

Carbanion addition to pyrido[3,4d]pyrimidine, 300 (R = H), to give 4- 
substituted dihydropyrido[3,4-Cflpyrimidines has been explored. 188 Addition of 
the anion of acetophenone, followed by oxidation with potassium permanga- 
nate gives the intramolecular hydrogen bond stabilized 4-(benzoy1methyl)py- 
rido[3,4-d]pyrimidine, 301, which can also be obtained directly from 4-chloro- 
pyrido[3,4-Cflpyrirnidine, 300 (R = CI). Base hydrolysis of 301 affords the 
4-methyl derivative, 302. Direct addition of methyllithium to 300 (R = H) 
followed by permanganate oxidation leads to the same 4-methylpyrido[3,4- 
dlpyrimidine, 302. 

Ph 
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In reactions analogous to those seen in the pyrido[3,2-d]pyrimidine, series, 
cyclization of Chydrazinopyrid0[3,4-d]pyrimidine, 300 (R = H2NNH), (from 
4-chloropyrido[3,4-d]pyrimidine, 300 (R = CI), and hydrazine) with triethyl 
orthoformate or triethyl orthoacetate gives the tricyclic pyrido[3,4-d]s-triazolo- 
[3,4-fl~yrimidine.'~' while condensation with acetylacetone gives rise to two 
isomeric 4-( 1 -pyrazolyl)pyrido[ 3,4-d]pyrimidines. 

In a reaction that seems to complete the cycle, the parent molecule, 300 
(R = H) has been synthesized via the mercury(I1) oxide oxidation of the hy- 
drazine derivative, 300 (R = H2NNH).'88 

D. Of Pyrido[2,3-d]pyrimidines 

Due to the large number of reactions of pyrido[2,3-d]pyrimidines that have 
been reported, this section has been broken down into four categories; reactions 
with nucleophiles, reactions with electrophiles, reductions, and oxidations. 
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( 1 )  With Nucleophiles 

The reactivity of chloro groups in the pyrido[3,2-d]pyrimidine ring system 
has already been discussed in detail. The same methodology has been used by 
Broom and his co-workers9' to establish the order of reactivity of 2,4,7- 
trichloropyrido[2,3-d]pyrimidines with electron-withdrawing substituents at 
position C-5, 303, towards nucleophiles." 

303 

This ordering is based on the observation that 303 (R  = CH,; R' = R" = 
R"' = CI), reacts with ammonia, then sodium benzylate, and finally sodium 
methylmercaptide to give 4-amino-7-benzyloxy-5-carbamoyl-2-(methylthio)py- 
rido-[2,3-d]pyrimidine, 303 ( R  = R' = NH,; R" = SCH,; R"' = OCHzPh).91 
Using hydroxide ion as the nucleophile a different pattern of displacement 
occurred, where both the 2- and the Cchloro groups were affected at once." 

There is more chemical interest in the N-oxides of pyrido[2,3-d]pyrimidines 
than in any of the other isomeric ring systems. Furthermore, nearly all of the 
N-oxides have led to ring-opening reactions. For example, the pyrimidine ring 
of pyrido[2,3-d]pyrimidine 3-oxide, 304 (R = R' = H), is hydrolyzed in acid to 
give 2-amino-3-formylpyridine oxime.' 92- '93  

R 

R' 

R IQJ 
304 305 

Treatment of the same N-oxide with carbon nucleophiles, derived primarily 
from ketones containing a-methylene groups, results in a ring opening, followed 
by ring closure to give pyrido[2,3-b]pyridines, 305.' 9 2 * 1  93 

The presence of an amino group allows for additional reactions to occur. 
Heating the 4-amino compound, 304 (R = NH,; R' = H), in water leads to the 
formation of 4-hydroxylaminopyrido[2,3-d]pyrimidine as the main product 
( - 50%) along with small amounts of 2-amin0-3-cyanopyridine.'~~ However, it 
is likely the hydroxylamino product results also from ring opening followed by 
ring closure involving the former 4-amino group. 
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The likelihood of this suggestion is supported by thc reaction of 4-hy- 
droxylamino-2-phenylpyrido[2,3-d]pyrimidine with base. This compound has 
been shown to give a ring-opened intermediate that then either undergoes ring 
closure to an oxadiazoyl ring, 306, or rearrangement to the pyrido[2,3-d]py- 
rimidine. 307.' s* *194  

0 

306 307 

Furthermore, treatment of the N-oxide, 304 ( R  = NH,; R' = Ph), with hot 
aqueous base gave in addition to the oxadiazolyl compound, 306, and rear- 
ranged pyrido[2,3-d]pyrimidine, 307, the 3-OH derivative of 307, in small 
amounts. ''13 

The dimethylaminomethyleneamino derivative, 304 [R = N = CHN(CH3),; 
R'  = Ph]. has proven to be a useful compound as a precursor to interesting 
pyrimidines. I t  reacts with methanolic hydroxylamine hydrochloride at room 
temperature to give the ring-opened oxadiazolyl oxime derivative, 308,'s8 and 
with active methylene compounds such as diethyl malonate, ethyl cyanoacetate, 
malononitrile, 2,3-pentanedionc, and 5,5-dimethyl- 1,3-cyclohexanedione to give 
the ring opened pyridyloxadiazoles, 309.1g5 

0-N 

c.b HN 

I 
N b h  
I 

OH 

0- 

HN 

E 

308 309 

The 2-phenyl analog, 304 [R = N=CHN(CH3),; R' = Ph], when treated 
with acid leads to a benzoylamino pyridyloxadiazole.' '* 

An interesting but impractical reaction occurs when the dioxo compound, 310 
(R = R" = H; R' = OH), is treated with a mixture of phosphorus oxychloride 
and phosphorus pentachloride. An elimination-substitution process occurs 
resulting in the formation of 6-chloropyrido[2,3-d]pyrimidin-2,4( 1 H,3H)-dione, 
310 (R = R' = H; R" = Cl).79 
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310 311 

Amino groups located at position 7 have been transformed into other func- 
tional groups. Treatment of derivatives of 311 with sodium nitrite and hydro- 
chloric acid give the 7-chloro derivatives,"' but the reaction with sodium nitrite 
and acetic acid, on the other hand, leads to the pyrido[2,3-d]pyrimidin- 
2,4,7( IH,3H,8H)-tri0ne.~~ A similar method for the hydrolysis of a 7-amino 
group has been documented whereby 7-amino-6-aryl-2-methylpyrido[2,3-d]py- 
rimidines have been treated with nitrosylsulfuric acid in sulfuric acid. 19' 

Another simple transformation involves the displacement of an alkoxy group. 
The 7-butyloxy substituent of 7-butyloxy- 1,3-dimethylpyrido[2,3-d]pyrimidin- 
2,4(1H,3H)-dione has been displaced by hydrazine to form 1,3-dimethyl-7- 
hydrazinopyrido[2,3-d]pyrimidin-2,4( 1 H,3H)-dione.' 97 

Hydrolysis of the ester functionality in 6-(ethoxycarbonyl)-3-methyl- 
pyrido[2,3-d]pyrimidin-2,4(3H,8H)-diones, 312, with base results in rearrange- 
ment of the substituent at the 7 position to the 6 position giving the correspond- 
ing 3-methylpyrido[2,3-d]pyrimidin-2,4,7(1H,3H,8H)-triones, 313. This re- 
arrangement is proposed to take place via initial attack of hydroxide anion at 
position 7 on the ring to give a ring-opened pyrimidine, which recyclizes to give 
the new compound.58 This rearrangement has also been carried out with 
primary amines giving, instead, ketimine~.~' 

COzEt 
5% KOH - EtOH 

H I  
R 

313 

R' 
I 
R R = alkyl or aryl 

R = CH,, Ph 312  

Pyrido[2,3-d]pyrimidin-2( lH)-ones such as 314 have been converted to their 
2-chloro derivatives 315 (R = Cl), with phosphorus oxychloride and phos- 
phorus pen ta~h lo r ide , '~~  and then to amino derivatives, 315 (R = substituted 
amines) upon treatment with secondary amines. Displacement of 2-(methylsul- 
fonyl) substituents on pyrido[2,3-d]pyrimidines with ammonia has also been 
observed. 
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314 315 

Similar chemistry is observed for 4-0x0 compounds. Pyrido[2,3-d]pyrimidin- 
4(3H)-ones. 316, have k e n  converted to their 4-chloro derivatives, 317 (R = Cl), 
which in turn have been displaced with nucleophiles such as methoxide ion.Ig8 

0 R 

316 317 

A novel ring-opening reaction is seen in the conversion of 318 to 319. In the 
presence of nucleophilic amines at pH 4.6 the pyrimidine portion of the molecule 
is cleaved and immediately recyclizes to give the spiro compound.199 

318 
H 

319 

In what is undoubtedly an example of covalent hydration, the acid hydrolysis 
of 7-arylpyrido[2,3-d]pyrimidines give 2-amin0-6-aryl-3-formylpyridine.~~~*~~ 
The process is somewhat analogous to the ring-opening reactions of N-oxides 
described earlier. 

In contrast to the lability of compounds containing the N-oxide functionality 
in the pyrimidine portion of the pyrido[2,3-d]pyrimidines, the corresponding 
8-oxide is considerably more stable. The reaction of 1,3-dimethylpyrido[2,3- 
d]pyrimidin-2,4(1H,3H)-dione %oxide, 320, with trifluoroacetic acid caused loss 
of the N-oxide and introduction of a hydroxy group at position 6, to give 321, 
whereas treatment with a combination of trifluoroacetic acid and trifluoroacetic 
anhydride gave a mixture of the 6-OH isomer, 321, and the trione, 322.'" 

In this series 3-benzenesulfonyloxypyrido[2,3-d]pyri1t1idin-2,4( 1 H,3H)-dione, 
310 (R = PhS0,O; R' = H), when treated with sodium methoxide gives the 
ring-opened 2-(isocyanatoamino)-3-(methoxycarbonyl)pyridine, which then 
spontaneously cyclizes to give 8-(methoxycarbonyl)-s-triazolo[4,3-a]pyrazin- 
3(2H)-one.' 78 
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0 

n 

320 

CH, 
321 

0 

I H  

322 
CH3 

When 4-chloropyrido[2,3-d]pyrimidine is treated with ketones with a-hydro- 
gen atoms in the presence of sodium amide, displacement of the chlorine atom is 
observed to give, depending on the substituents, the 4-acylmethyl derivative or 
4-alk yl derivative. ’03 

The introduction of other groups into position 4 can be effected by simple 
chemistry on the parent molecule. Pyrido[2,3-d]pyrimidine undergoes nuc- 
leophilic addition at the 4 position with carbon nucleophiles such as Grignard 
reagents and hydrogen cyanide to give 3,4-dihydropyrido[2,3-d]pyrimidines, 
323 (R = alkyl, aryl, or CN).’” 

R 
I 

323 

( 2 )  With Eiectrophiies 

As expected, alkylations dominate this type of reaction. Furthermore, sulfur 
is a prime target for alkylation reactions. Thus, 6-methyl- 1,2-dihydro-2- 
thioxopyrido[2,3-d]pyrimidin-4(3H)-one, 324 (R = Me), has been alkylated on 
sulfur with alkyl halides to give 325,’98 and 324 (R = H) undergoes a similar 

0 0 

S A HN3cr’ MCI - R A N  -bR 
H 

324 325 
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reaction with phenacyl bromide.'" In the latter example the product is cyclized 
to a tricyclic compound on treatment with polyphosphoric acid. 

Once the sulfur has been alkylated, the next most susceptible position for 
alkylation is the nitrogen at position 8. For example, treatment of 6-methyl- 
2-(methylthio)pyrido[2,3-d]pyrimidin-4(3H)-one, 325 (R = R' = Me), with 
alkyl halides leads to trialkylated compounds 326, with substitution at N-8 of 
the ring.198 

N53R I Jb I Bzo$b 
R" CH3 

R' II, 
BzO OBz 

326 327 328 

When 5-(chloromethyl)uracil is used as the alkylating agent the 8-substituted 
adduct is initially formed but subsequently rearranges to the N-3 derivative 
upon recrystallization. 19' 

Alkylation at N-8 has also been observed with pyrido[2,3-d]pyrimidin- 
4(3H)-one and pyrido[2,3-d]pyrimidin-2,4( I H,3H)-dione giving 326 
(R = R' = H) and 327,lS6 employing dimethyl sulfate and methyl iodide, re- 
spectively. 

Treatment of I,3-bis(trimethylsilyloxy)pyrido[2,3-d]pyrimidine, obtained 
from the dioxo compound, with 2,3,5-tr~-O-benzoyl-~-ribofuranosyl bromide is 
reported to have given a mixture from which 1 -(2,3,5-tri-O-benzoyl-p-~- 
ribofuranosyl)pyrido[2,3-d]pyrimidin-2,~lH,3H)-dione, 328, was isolated.' s6 

N-Alkylation occurs with DMF-DMA or sodium hydroxide and methyl 
iodide,'96 at position 8 in 329 but DMF-DMA leads to a mixture of products, 
one of which derives from methylation of the ring N-8 atom, and the other from 
methylation of the exocyclic 7-amido substituent of 330.19' 

0 

Under more vigorous conditions, alkylation will occur in the pyrimidine ring 
if a position is available. Alkylation of 1-substituted pyrido[2,3-d]pyrimidin- 
2,4(1H,3H)-diones, 331 (R' = H), at position N-3 to give 331 (R = R' = alkyl), 
with alkyl halides in DMF using sodium hydride as base has been d e ~ c r i b e d . ' ~ ~  
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Alkylation of the 2,4,7( 1 H,3H,8H)-trione, 332, with butyl bromide and 
triethylamine (TEA) affords the 7-butoxy derivative, 333 (R = OBu).’06 

0 

BuBr / TEA 

CH3CN 

H3C, N 

0 R 
A I 

0 
I H  

CH3 

0 AN 
CH3 

332 333 

H3C, N J 
NH 
I 

0 AN 
CH3 I 

Treatment of the 7-hydrazino compound, 333 ( R  = NHNH2), with triethyl 
orthoformate leads to 334. Subsequent reaction with polyphosphoric acid leads 
to cyclization on N-8 to give the s-triazolo[4’,3’: 1,6]pyrido[2,3-d]py- 
rimidine.19’ 

A similar cyclization to tricyclic products occurs when 4-hydrazino- 
pyrido[2,3-d]pyrimidine reacts with diethoxymethyl acetate”‘ or triethyl or- 
t h o f ~ r m a t e . ’ ~ ~ . ~ ~ ~  Ring opening of the pyrimidine portion of the molecule is 
proposed in one instance.”‘ Likewise, treatment of the 4-chloro compound 
with sodium azide leads to a tetrazole substituted pyridine which, with 
dimethoxymethyl acetate, forms analogous tricyclic ring systems.’84v206 Other 
tricyclic compounds have been derived from reactions initiated at the 4-chloro 
g r o ~ p . ’ ~ ~ * ~ ’ ~  

Removal of groups attached to the pyridine ring are not common but can be 
effected. The carboxylic ester group in 335 undergoes hydrolysis and decar- 
boxylation with hydrobromic acid or polyphosphoric acid,68 while deamination 
of the 6-amino moiety in 336 has been accomplished via diazotization followed 
by therm~lysis.’~ 

0 AN I AN I 

OH CH3 

3 3 s  336 
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Several reactions involving partially reduced pyrido[2,3-d]pyrimidines have 
been described. Compound 337 has been converted into the 4a adducts 338 
upon treatment with electrophilic  reagent^,'^^*^'' including halogenating agents 
and oxidizing agents. 

337 338 

R 

339 

Finally, compounds with the structure 339 that possess electron-withdrawing 
groups at position C-6 (R = CN or C0,Et) have been alkylated with alkyl 
halides at position C-6,Il8 while reaction of 339 (R = CN; R' = Me) with tosyl 
chloride in pyridine leads to the 0-tosylated 7,8-dihydropyrido[2,3-d]py- 
rimidine. 

(3) Reductions 

Considerable interest in reductions of pyrido[2,3-d]pyrimidines exist owing 
to the obvious connection of the ring system to the pteridine system. One of the 
more useful reduction reactions is the removal of halogen atoms. Reductive 
debromination of 4-amino-2-bromo-5,6-dihydro-5-methylpyrido[2.3-d]py- 
rimidin-7(8H)-one, 340 (R = NH,; R' = Br), has been achieved with zinc and 
acid,'j3 as well as the isomeric compound, 340 (R = Br; R' = NH,). Lithium 
aluminum hydride, on the other hand, reduces and removes the 7-OX0 group in 
340 (R = NH,; R' = Br) without affecting the bromide.16' 

340 

R 
34 1 34 2 
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The parent pyrido[2,3-d]pyrimidine was obtained by catalytic hydrogenation 
of 4-chloropyrido[2,3-d]pyrimidine using palladium on carbon in the presence 
of magnesium oxide.203 

Removal of chlorine in the pyridine ring via hydrogenation has also been 
reported.”,’ I For example, 7-chloro-6-cyano-1,3-bis(methoxymethyl)py- 
rido[2,3-dlpyrimidin-2,4( 1 H,3H)-diones, 341 (R”’ = Cl), in dioxane with 
palladium on charcoal and magnesium oxide has produced dechlorinated 
pyrid0[2,3d]pyrimidines.’ I 

Much milder reagents can be used to remove halogen atoms located at the 
bridgehead position. Treatment of the compound 342 with reducing agents such 
as NADH or sodium borohydride generates 2-amino-6-methyl-5,6,7,8-tetrahyd- 
ropyrido[2,3-d]pyrimidin-4(3H)-one. 99 

In classical chemistry associated with the development of antifolates, catalytic 
hydrogenation of 2,4-diamino-6-styrylpyrido[2,3-d]pyrimidines, 343, with pal- 
ladium on carbon in trifluoroacetic acid gives rise initially to the 2,4-diamino- 
6-(2-arylethyl)pyrido[2,3-d]pyrimidine which, upon additional hydrogenation, 
is converted to the 5,6,7,8-tetrahydro derivative, 344. 24*1 ” 

H 
HZN TFA H2N 

343 344 

Reduction of the 5-, 6-, and 7-methyl-8-(2-hydroxyethyl)pyrido[2,3-d]py- 
rimidin-2,4(3H,8H)-diones, 345, with hydrogen in the presence of platinum 
oxide in hydrochloric acid also leads to 5,6,7,8-tetrahydro derivatives.”’ 

R 

345 346 3 4 1  

Not unexpectedly, other types of groups have been the targets for removal 
from such molecules. 5-(Methy1thio)- (R = SMe), 7-(methy1thio)- (R”’ = SMe), 
and 6-cyano (R” = CN) substituents have been removed from 1,3-dimethyl- 
pyrido[2,3-d]-pyrimidin-2,4(1 H,3H)-diones, 341 with Raney nickel,68 as well as 
2-(methylthio) substituents.’98 

Hydrogenation of either 4-aminopyrido[2,3-d]pyrimidine, 346 (R = NH2). 
4-aminopyrido[2,3-d]pyrimidine 3-oxide or 4-hydroxylaminopyrido[2,3-d]py- 
rimidine, 346 (R = NHOH) using palladium-on-carbon as catalyst produced 
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4-amino-5,6,7,8-tetrahydropyrid0[2,3-d]pyrimidine.'~~ Titanium trichloride 
also causes loss of the oxygen in the same 3-oxide cited above.'94 

4-Phenylpyrido[2,3-d]pyrimidin-2( 1 H)-ones, 347, are transformed into 3,4- 
dihydro-4-phenylpyrido[2,3-d]pyrimidin-2( I H)-ones upon borohydride reduc- 
tion.' 'O 

(4) Oxidations 

2,4-Diamino-5,6-dihydropyrido[2,3-d]pyrimidines, 348, have been oxidized 
to their fully aromatic derivatives with triphenyl carbinol in trifluoroacetic 
acid.76 

348 

Peracids can attack a number of available sites, depending on availability. If 
nitrogen sites are either masked or deactivated, oxidation of alkylthio substitu- 
ents on pyrido[2,3-d]pyrimidines can occur. Treatment of 4-acetylamino-8- 
alkyl-6-(ethoxycarbonyl)-2-(met hylthio)-pyrido[2,3-d]pyrimidin-5(8H)-ones, 
349, with m-chloroperbenzoic acid (mcpba) gives initially the 2-methylsulfinyl 
derivative and upon further reaction produces the 2-methylsulfonylpyrido[2,3- 
dlpyrimidine, 350.'0° 

AcHN AcHN 

C02Et COzEt 

I 
R 

H]CS A N  N* I mfpba H3CS02 * 

R 
349 350 

The oxidation of pyrido[2,3-d]pyrimidin-2,4( 1 H,3H)-dione, 351, with mcpba 
in acetic acid gave pyrido[2,3-d]pyrimidin-2,4(1 H,3H)-dione %oxide, which 
could be methylated to 352 with diazomethane.20' However, 1,3-dimethyl- 
pyrido[2,3-d]pyrimidin-2,4( 1 H,3H)-dione failed to undergo oxidation to give 
the same product. 

0 0 

0 A N  
H I I +  

CHI 0 

0 

35 1 352 
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Enzymic oxidation of 6-methylpyrido[2,3-d]pyrimidin-4(3H)-ones with milk 
xanthine oxidase introduces oxygen at position 7 to give pyrido[2,3-d]py- 
rimidin-4,7(3H,8H)-diones, 353 (R = OH, SH, or NH2).*09 

0 

N*R [mcH3 
I H 
R 

353 354 355 

N O  R 0 Ph A N  
H 

The reaction of 6-cyano-, or 6-(ethoxycarbonyl) derivatives of 339 (R = CN or 
C0,Et) with thionyl chloride affords the oxidized pyrido[2,3-d]pyrimidin- 
5(8H)-ones, 354.'18 This type of oxidation has also been performed with bro- 
mine and triethylamine."9*'20 

A similar dehydrogenation of 5,6-dihydro-6-methylpyrido[2,3-d]pyrimidin- 
7(8H)-one with selenium dioxide in acetic acid leads to 6-methylpyrido[2,3- 
d]pyrimidin-7(8H)-one, 355. 3 * 8 2  

4-Substituted 3,4-dihydropyrido[2,3-d]pyrimidines have been oxidized to 
their fully aromatic derivatives, 346 (R = CH3, CH,Ph, Ph, or CN), with 
potassium ferricyanide in alkali.203 

4. PATENT LITERATURE 

There are several dozen patents disclosing syntheses and uses of various 
pyridopyrimidines. Rather than attempting a comprehensive survey of these 
documents, a few representative examples have been selected to give a sampling 
of what has been reported. 

The Sumitomo Chemical Company holds patents on various pyrido[3,2- 
dlpyrimidine derivatives of cephalosporins, 356,388 and penicillins, 357.389 

CO2H 
I 

357 
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Similar derivatives containing the pyrido[2,3d]pyrimidine ring system have 
also been rep~rted.~".  

Several 3-substituted pyrido[3,2-d]pyrimidin-2,4( 1 H,3H)-diones, 358, have 
been disclosed to have herbicidal activity.39' 

Several compounds with the general structure 359, have been described as 
blood platelet aggregation inhibitors and t h r o m b o l y t i ~ s . ~ ~ ~ ~ ~ ~ ~  

I -[3-(Trifluoromethyi)phenyl]pyrido[4,3-d]pyrimidin-2,4( 1 H,3H)-diones, 
360, have been reported by the Hisamitsu Pharmaceutical Co. as having central 
nervous system depressing, analgesic, and antiinflammatory activities.394 

2-( I-Piperazinyl)pyrido[4,3-d]pyrimidines, 361 have been claimed as herbi- 
cidal agents;39s when R = 2-(4-amino-6,7-dimethoxyquinazoline), they are use- 
ful as antihyperten~ives.~'~ 

x = o , s  
Y = O , H 2  

362 

Several 1-aryl substituted pyrid0[2,3-d]pyrirnidin-2,4-diones,~~' 3-alkyl-2,4- 
diones,j9* 2(lH)-thiox0-4(3H)-oxo,~~~ and 3,4-dihydro-2-ones, 362,40° have 
been described as having central nervous system depressing, analgesic, and 
antiinflammatory activities. 
2,7-Diamino-6-arylpyrido[2,3-d]pyrimidines, 363, which have diuretic prop- 

erties have been de~cribed.~" 
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5. TABLES 

TABLE I .  DERIVATIVES OF PYRIDO[3,2-d] PYRIMIDINES 

Substituents 

~~ ~ 

mP Other Data References 

None 
2-Acet ylamino-6-bromomet hyl-4( 3 H )-0x0- 

6-[ (Acetyloxy)methyl]-4-amino-2-chloro- 
6-[( Acetyloxy)methyl]-2,4dichloro- 
64 ( Acetyloxy)methyl]-2,4( I11.3H )-dioxo- 
4-Amino-2-benzyloxy-6-carboxamido-8-chloro- 
4-Amino-2-benrylox y-6-carboxamido-8- 

2-Amino-6-bromomethy1-4(3H )-0x0- 

4-Amino-6-carboxamido- 
4-Amino-6-carboxamido-8-chloro-2-[ (4- 

methylphenyl) thiol- 
4-Amino-6-carboxamido-2.8-dichloro- 
CArnino-6-carboxamido-2,8-di-(methylthio)- 
4-Amino-6-carboxamido-8-(met hylthio)-2( 1 H I-oxo- 
4-Amino-6-carboxamido-2( I H )-0x0- 
2-Amino-6-carboxy-4(3H )-0x0- 
2-Amino-6-carboxy-4(3H )-0x0- (hydrochloride) 
4-amino-8-chloro-2-methoxy-6-(met hoxycarbonylt 
4-Amino-2-chloro-6-methyl- 
4-Amino-2,8-dichloro-6-(methoxycarbonyl)- 
3-Amino-2,4( I H,3H )-dioxo- 
2-Amino-6-formyl-4(3H)-oxo- (hydrochloride) 
2-Amino-6-hydroxymethyl-4(3H )-oxo- 
2-Amino-6-hydroxymet hyl-4(3H)-oxo-5,6,7,8- 

4-Amino-2-methoxy-6-(methoxycarbonyl)- 
6-Amino-2-met hyl- 
4-Amino-2-methyl- 
2-Amino-6-methyl-4(3H)-oxo- 
2-Amino-6-methyl-4(3H)-oxo- (hydrochloride) 
2-Amino-6-met hyl-4(3H)-oxo-5,6,7,8-tetrahydro- 
2-Amino-6-methyl-4(3H )-oxo-5.6,7,8-tetrahydro- 

(hydrochloride) 
2-Amino-6-methyl-4(3H )-oxo-5.6,7.8-tetrahydro- 

(trifluoroacetate) 
2-Amino-4(3H )-0x0- 

2-Amino-4( 3H )-oxo-6-pentyl- 
2-Amino-4(3H )-oxo-6-pentyl-5,6,7,8-tetrahydro- 

2-Amino-4(3H)-oxo-6-t ribromomethyl- 
4-Azido-6-(azidocarbonyl)-l-chlor0-2-met hoxy- 
4-Azido-6-(azidocarbonyl)-2-methoxy- 
4 4  I -Aziridinyl)-2-chloro- 
64 I ,3-Benzodioxol-5-yl)- 1,3-dimethyl-2.4( I H.3H )- 

(met h ylt hio)- 

tet rahydro- 

(hydrochloride) 

dioxo- 

199-200 
104-105 
288-289 
267-269 

285-286 

> 330 

292-293 
> 300 
31 7-318.5 
> 300 
> 300 
264 

257-25x 

> 300 
3 20-325 
> 300 
> 320 

> 300 
254-255 

> 300 
> 300 
> 300 

> 250 

222 

284-289 

179-1 82 

> 290 
> 290 
138 

285 
3-Benzoyl-4(3H)-oxo-2( I H kthioxo- 196-1 97 

NMR. UV 
NMR. UV 
NMR, UV 
NMR, UV 

NMR. UV 

NMR, UV 

NMR, UV 
NMR, UV 
NMR, UV 
NMR. UV 
NMR. UV 
uv 

NMR, UV 
IR, UV 
NMR, UV 
IR. MS 
NMR 
NMR, UV 

NMR 
NMR, UV 

NMR, UV 
uv 
NMR. UV 

uv 

NMR, UV 

NMR, UV 

MS 

104,183,210-217 
I86 
187 
187 
187 
11 

11 
187, 218 
11 

I 1  
I 1  
I t  
I1 
1 1  
186 
186 
I I  
181 
1 1  
23 
9 
9, 187 

9 
11 
219 
220,221 
185, 186,222,223 
9 
185. 186,222,223 

9 

186 
210 
6 

6 
186 
224 
224 
1 80 

8. 9 
18 
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TABLE 1. (Continued) 

Substituents Other Data References 

225 
226 
226 
1 1  
219 

229 
8. 9 
1 1  
I 1  
10 
I 1  

I 8 7 . 2  I 8,227.228 

80 4- Benzyl- 
2-Benzyl-4(3H )-0x0- 
2-Benzyl-4(3H)-oxo- (picrate) 
8-Benzyloxy-4-carboxamido-2,4-d1amino- 
6-Bromo-2-methyl- 
6-Bromomet hyl-2,4-diamino- 
6-Bromomet hyl-2.4-diamino- (hydrobromide) 
6-(4-Bromophenyl)-I ,3-dimethyl-2,4( I H.3H )- dioxo- 
6-Carboxamido-8-chloro-2,4-diamino- 
6-Carboxarnido-2.4-diamino- 
l-Carboxy-2.4l I H.3H )-dioxo-8-hydroxy- 
6-Carboxy-4(3if )-oxo- 
CChloro- 

NMR 

171-272.5 NMR. UV 

MS, NMR, UV 
215.6 
> 300 
> 300 

NMR. UV 
NMR, UV 
IR 
NMR. UV > 300 

136 139 
( 148- 150) 184,225,230, 23 I 

8-ChIoro-4-{ [(4-chlorophenyl)-methylene]- 
hydrazinyl}-6-( [(4-chlorophenyl)- 
met hylene] hydrazino }carbonyl-2-methoxy- 

2-Chloro-4-(di-(4-methoxyphenyl)methyl)- 
6-Chloro-2.4-diamino- 
6-Chloro-2,4-diamino- (5-oxide) 
2-Chloro-4-(dibenzylamino)- 
2-Chloro-C(diet hylamino)- 
2-Chloro-4-( [4-(diethylamino)- 1 - 

methylbutyl] amino )-&methyl- (hydrochloride) 
2-Chloro-4-( [ 3-(diethylamino)propyl]arnino }-6- 

methyl- (hydrochloride) 
8-Chloro-2,4-dimethoxy-6-(methoxycarbonyl)- 
2-Chloro-4-dimet hylamino- 
2-Chloro-4-dimet hylphosphonato- 
8-Chloro-6-hydrazinocarbonyl-4-hydrazinyl-2- 

met hoxy- 
8-Chloro-4-( [( 2-hydroxyphenyl)-methylene]- 

hydrazinyl}-6-{ [( 2-hydroxypheny1)- 
methylene] hydrazino } carbonyl-2-methoxy- 

methylene] hydrazinyl]-6-( [(4methoxyphenyl)- 
methylene] hydrazino)carbonyl- 

methyleneJhydrazinyl)-6-( [(Z-nitrophenyl)- 
methylene-jh ydrazino)carbonyl- 

8-Chloro-2-met hoxy-4-[ ( 3-phenyI-2- 
propenylidene)hydrazinyl]-6-[ (3-phenyl-2- 
prppen y1idene)h ydrazino]carbon yl- 

8-Chloro-2-methoxy-4-( [ (4-met hoxypheny1)- 

8-Chloro-2-methoxy-4-( [(Z-nitrophenyl)- 

4-Chloro-2-me1 h yl- 
2-Chloro-6-melhyl-4(3H )-0x0- 
2-Chloro-4-(4-morpholinyl)- 
2-Chloro-4-[ ( N-pheny1)rnethylamino)- 
2-Chloro-4-( I -piperidinyl)- 
2-Chloro-4-( 1 -pyrrolidinyl)- 

274-276 
109-1 10 
248-251.5 
283 

1 I6 
133-134 

224 
232 
15, 16 
16 
232 
232 

161- I63 IR. UV 181 

174.- 175 
214-215 
115-116 
125- 126 

IR, UV 
NMR. UV 

181 
176. 224 
232, 233 
179 IR. NMR, UV 

> 290 224 

i24 > 290 M S  

> 290 224 

278-280 N M R  224 

> 205 NMR 

NMR, UV 

224 
220 
I86 
180 
180 
180 
232 

232 
168 170 

1 I6 
180- I82 

169-170 
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TABLE 1. (Continued) 
~ 

mP Other Data References Substituents 

q4-Chlorophenyl)- 1,3-dimethyl-2,4( I H,3 H)-dioxo- 198.3 
2-{ [2-(4-Chlorophenyl)-(2-0xo)-ethyl]thioj-3 H )- 

0x0- 285 
6-[2-(4-Chlorophenyl)methyl]-l -piperidinyl)-2,4- 

diamino- 120- I24 
4-{ [2-Chlorophenyl)methylene]hydrazinyl}-6-{ [ (2- 
chlorophenyl)methylene]hydrazino)-carbonyl-2- 
methoxy- > 290 

6-[( 4-Chlorophenyl)sulfonyl]-2,4-diamino- 270-272 
6-[( CChlorophenyl )sulfonyl]-2,4-diamino- 

(l.5-dioxide) 276 
6-[ (4-Chlorophenyl)thio]-2,4-diamino- 243- 244.5 
7-Cyano-2,4-dimethoxy-8-hydroxy- 260 
7-Cyano- 1,3-dimethyl-2,4( 1 H,3H )-dioxo-8-hydroxy- 298-300 
7-Cyano-2,4( 1 H,3H )-dioxo-8-h ydrox y- 
3-Deutero-4(3D )-0x0- 

2,4-Di- { [ 44 diethylamino)- 1 -methylbutyl]-amino }- 

2,4-Diamino-6-butyl- 
2,4-Diamino-6-[(3,4-dichlorophenyl)sulfinyl]- 260-263 
2,4-Diamino-6-[( 3,4-dichlorophenyl)sulfonyl]- 31 3-3 I5 

2,4-Diamino-6-{ [4-(dimethylamino)phenyl] thio }- 227-231 

> 350 

6-methyl- ( trihydrochloride) 

2,4-Diamino-6[ (3,4-dichlorophenyl)thio]- 279-28 I 

2,4-Diamino-6-[ (4-fluorophenyl)sulfinyl]- 21 3-21 5 
2,4-Diamino-6-[( 4-fluorophenyl)sulfonyl]- 265-266 
2,4-Diamino-6-[ (Cfluorophenyl) thio J- 247-248 
2.4-Diamino-4-formyl- 

Z4-Diamino-6-methyl- 
2,8-Diamino-6-methyl-4(3H )-0x0- 
2,4-Diamino-6-[N-(3,4-dichlorophenyl)-methyl]- 198-221 
2,4-Diamino-6-[ N-(3.4-dichlorophenyl)- 

2,4-Diamino-6-( N - [  1 -(3,4-dichlorophenyl)- 

2,4-Diamino-6-{ N-[4-(trifluoromethyl)phenylJ- 

2,4-Diamino-6-hydroxymet hyl- 290-291 

methyl] formylamino- 2 18-22 1 

methyl] }-meth ylamino- 2 16-2 18 

methyl }-methylamino- 212-214 
2,4-Diamino-q2-naphthalenylsulfonyl)- 258-260 
2,4-Diamino-6-(l -naphthalenylthio)- 229-232 
2,4-Diamino-6-( 2-naphtha1enylthio)- 240-242 
Z,CDiamino-6-[2-(phenylmethyl)-l-piperidinyI]- 183- 186 
2,4-Diamino-6-(1 -piperidinyl)- (5-oxide) 267 
2,4-Diamino-q I-pipridiny1)- 235-237 
2,4-Diamino-q2,4,5- trichlorophen yl) thio- 308-310 

sulfonyl}- 236-240 
2,4-Diamino-6-{ [ 3-(trifluoromethyl)phenyl]- 

24Diamino-6-{ [3-(trifluoromethyl)phenyl] thio}- 210.5-212 
2,4Diamino-6-{ [ 3-(trifluoromethyl)phenyl]- 

sulfinyl I- 234-237 

IR 

IR, UV 

NMR. UV 

8, 9 

18 

16 

224 
I5 

15 
15 
10 
10 
10 
234 

181 
235 
15 
15 
15 
15 
I5 
I5 
I5 
228 
176. 187,228 
9,235 
222 
16 

16 

16 

16 
I5 
I5 
15 
16 
16 
16 
15 

I5 
I5 

15 
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TABLE 1 .  (Continued) 

Substituents mP Other Data References 

2,CDiamino-6-(triphenylphosphonium)methyl- 
(bromide) 

2.4-Diamino-6-[ (triphenylphosphorany1idene)- 
methyl]- 

2.4-Dichloro- 

6-(3,4-Dichlorophenyl)- 1.3-dimethyl-2,4( 1 H,3H)- 

3,4-Dihydro-4-(4,4-dimer hyl-2-hydroxy-6- 

2,4-Dichlor0-6-methyl- 150-152 

dioxo- 239.9 

oxo)cyclohexyl- 228 
7,8-Dihydro-7-methyl-6(5H)-oxo- 245-246 
1,4-Dihydro-2-{ [ (5-methyl- 1 H-imidazol-4- 

2,4-Dimethoxy-7-(ethoxycarbonyl)-8-hydroxy- 190- 19 1 
yl)methyl] thio }- (dihydrochloride) 

2.4-Dimethox y-6-h ydrox ymeth yl- 152- 153 
2.4-Dimethoxy-6-(methoxycarbonyl)- 193- 194 
2.4-Dimethoxy-6-methyl- 
4-(2,2-Dimet hoxyethy1)amino- 
q3.4-Dimethoxyphenyl )-I ,3-dimethyl-2,4( 1 H,3H)- 

dioxo- 220.3 
1,3-Dimethyl-2.4( 1 H,3H)-dioxo- 240-24 1 
1,3-Dimethyl-2,4( I H,3H)-dioxo-7-(ethoxycarbonyl)- 

1,3-Dimethyl-2,4( 1 H,3H )-dioxo-6- 
(4-methox yphenyl )- 182.2 

1,3-Dirnethyl-2,4(1H,3H)-dioxo-6-(4-methylphenyl)- 210.3 
1,3-Dimethyl-2,4( 1 H,3H )-dioxo-6-phenyl- 247.4 
1,3-Dimethyl-2,4( lH.3H)-dioxo-6-phenyl (5-oxide) 256-258 
1,3-Dimethyl-8-hydroxy-2,4,6(1H,3H,5H)-trioxo- 139-140 
1,3-Dimethyl-4(3H)-oxo-2( I H)-thioxo- 289 
4-(3,5-Dimethyl-4-propyl- I H-pyrazol- 1-y1)- 84 
4-(3,5-Dimethyl-l H-pyrazol- 1 -yl)- I I 2  
2.4-Di-(4-morpholinyl)-6-phenyl- 
2.4( lH,3H)-Dioxo- 340-345 
2,4(1H,3H)-Dioxo-S-{ [ 2,4(1H,3H)-dioxo-5- 
pyrimidinyl]methyl;-6-methyl-5,6,7.8-tetrahydro- > 280 

2,4( I H,3H)-Dioxo-7-(ethoxycarbonyl)-8-hydroxy- 

8-h ydroxy- 273-274 

3 14-3 16 
2,4( lH.3H)-Dioxo-3-hydroxy- 300-305 
2 4  1 H,3H)-Dioxo-3-(4-methoxyphenyl)- 325-330 
2,4( 1 H,3H)-Dioxo-6-methyl- > 350 

> 300 2,4( I H,3H)-Dioxo-&methyI- (5-oxide) 
2,4( 1 H,3H)-Dioxo-3-phenyl- > 340 

2,4(1H.3H )-Dioxo-3-[(phenylsulfonyl)oxy]- 290 
2,4( 1 H.3H )-Dioxo-3-(3-pyridinyl)- 

2,4( I H,3H )-Dioxo-Gphenyl- 

> 300 
168- 170 
> 280 

2,4( 1 H,3H )-Dioxo-3(2-pyridinyl)- 
2,4( 1 H,3H )-Dioxo-5,6,7,8-tet rahydro- 
2,4(1 H,3H )-Dioxo-3-(4-tolyl)- 338-342 
2,4(1 H,3H)-Dioxo- 1.3.6-trimethyl- 249-251 

228. 229 

229 
179 

IR,  UV 181, 186 

8. 9 

NMR 104, 183 
NMR 13. 236 

237 
IR 10 
NMR, UV 176 
NMR. UV 176,224 
IR 10 

184 

8, 9 
IR,  NMR 7,234 

IR 10 

8, 9 
8, 9 

IR,  NMR, UV 8, 12 
12 

IR 10 
20 

NMR 182 
NMR 182 

238 
I R ,  MS 23, 222,239, 240 

NMR, UV 
I R  
IR.  MS 
IR 

NMR, UV 
IR 

MS 
NMR 
NMR 
NMR, UV 
IR 
NMR 

222 
10 
24, 241 
23 
10, 78, 187,242 
187 
17. 20, 21, 23 
243 
24, 178,241 
17 
17 
222 
23 
7, 10, 234 
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TABLE I. (Continued) 
~~ ~~ 

Substituents mP Other Data References 

2.4-Diphenyl-6.7.8-trichloro- 
4-Ethoxy- 
4-Ethyl- 
4-H ydrazino- 
4-H ydrazino- (acetophenone hydrazone) 
4-H ydrazino- (benzaldehyde hydrazone) 
4-Hydrazino-2- (butanone hydrazone) 
4-H ydrazino-2- (pentanone hydrazone) 
4-Hydrazino-3- (pentanone hydrazone) 
4-H ydrazino- [( 1 -phenyl-2-propanone) hydrazone] 
4-Hydrazino- [( I-phenyl- I-propan0ne)hydrazoneJ 
4-H ydrazino- (2-propanone hydrazone) 
6-HydrazInocarbonyl-4-hydrazino-2-methoxy- 
442-Hydroxy- I-cyclopenteny1)- 
442-Hydroxy- 1 -pentenyl)- 
4-(2-Hydroxy-l -phenyl-I-propeny1)- 
4-[( 2-Hydroxy)-(2-phenyl)ethenyl]- 
4-(2-Hydroxy-l -propenyl)- 
4{ [( 2-Hydrox yphen yl )-meth ylenel-h ydrazinyl; -6- 

[( 2-hydroxypheny1)- 
methylene] hydrazino ) carbony l-2-met hoxy- 

2-Methoxy-4-( [(4-methoxyphenyl)- 
methylene] hydrazinyl]-6-{ [ (4methoxyphenyl)- 
methylene] hydrazino ) carbonyl- 

methylene] hydrazinyl}-6-{ [ (3-nitropheny1)- 
methylene] hydrazino carbonyl- 

2-Methoxy-4-( [( 3-nitrophcnyl)- 

4-Methyl- 
2-Methyl-4( 3H )-0x0- 
6-Methyl-4(3H )-0x0- 
6-Methyl-2,4( 1 H,3H)-oxo-5,6,7,8-tetrahydro- 
3-Methyl-4(3H)-oxo-2( 1 H kthioxo- 
4-(4-Morpholinyl)-2-(I-piperazinyl~ (sulfate) 
4-( (N-Benzyl)methylamino)-2-chloro- 
64 N-Eknzyl)ethylamino-2,4-diamino- 
6-LN43-Bromophenyl )rnethyl]-methylamino-2,4- 

6-[ N-(4-Chlorophenyl )methyl]-ethylamino-2,4- 

6-1 N-(3-Chlorophenyl )meth yl]-methylamino- 

6-[ N-(4-Chlorophenyl )methyl]-methylamino-2,4- 

6-[ N-(4-Chlorophenyl)methyl]-propylamino- 

6 4  N-(4-Chlorophenyl)methyl]-(2-propyl)amino- 

6-[ N-(3,4-Dichlorophenyl )methyl ]-met hy lamino- 

diarnino- 

diamino- 

2.4-diamino- 

diamino- 

2,Cdiamino- 

2.4-diamino- 

2,4-diamino- 

186- I87 
90 

194- 197 
I65 
160 
118 
I33 
I83 
124 
I75 
I99 
> 290 
20 I -202 

I82 

163-164 
I 98 

> 290 

z 290 

> 290 
80 

303-304 
273-274 
340-342 

121 - I  22 
201 -203 

242-244 

198-202 

254-257 

2 18-220 

204 - 207 

206-207 

248.5-251.5 

NMR 
NMR 
NMR 

NMR 
NMR 
NMR 
NMR 
NMR 

NMR 
MS 
NMR, UV 
NMR. UV 

22 
225 
225 
182. 184,225. 230 
225 
225 
225 
225 
225 
225 
225 
225 
224 
225 
225 
225 
225 
225 

224 

224 

224 
225 
220. 234 
186 
222 
20 
244 
180 
16 

16 

16 

16 

16 

16 

16 

16 
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TABLE I.  (Continued) 

Substituents mP Other Data References 

4(3H )-OXO- 

4(3H )-Oxo-2-phenyl- 
4(3H)-Oxo-3-phenyl-2( I ff)-thioxo- 
4(3H )-Oxo-3-(2-propenyl!-2( I H )-thioxo- 
4(3H)-Oxo-2(1 H)-thioxo- 
4-(2-Oxo- I -cyclohexy)- 
4-(2-Oxopentyl )- 
4-(2-Oxopropyl)- 
2-( I-Piperazinyl)-4-(4-thiornorpholinyl)- (sulfate) 
2,4,8-Trichloro-6-(methoxycarbonyl)- 

> 300 

MS 
320 
270-271 I R  
300 
201-202 NMR 

NMR 
163-164 NMR 

195-196 MS, NMR, UV 

I I. 14. 184. 230. 
240 
245 
20 
18, 246 
18, 19 
225 
225 
225 

11, 176 
247-254 

TABLE 2. DERIVATIVES OF PYRlDO[4.3-d]PYRIMIDINES 

Substituents mP Other Data References 

None 
3-Acet yl-6-met h yl- I .2.3,4,5.6,7.8-octahydro- 

2( 1 It )-oxo-4-phenyl-8-( phenylmet hylene)- 
3-Acet yl-6-met hyl- 1,2.3,4,5,6,7,8-octa hydro-4-phenyl- 

8-( phenylmethylene)-2(1Hkthioxo- 
2-Amino-4-(4-chlorophenyl)-8-[(4- 

chlorophenyl)methylene]- 3.4,5.6.7,8-hexahydro- 
&methyl- (dihydrobromide) 

2-Amino-4-(4-chlorophenyl)-8-[(4- 
chlorophenyl)methylene]-3,4,5,6,7.8-hexahydro- 
6-methyl- (hydrobromide) 

chloropheny1)met hylcne]-6-rnethyl-5,6,7.8- 
letrahydro- 

2-Amino-4-(4-chlorophenyl)-8-[(4- 

4-Amino-7,8-dihydro-8-phenylhydrazone- 

2-Amino-4-( 2-furanyl)-8-[(2-furanyl)met hylenel-6- 

2-Amin0-3,4,5.6.7,8,-hexa hydro-&met hyl-4-(4- 

2,5,7.8( 1 H.6H)-tetrdOXO- 

methyl-5.6.7.8-tetrahydro- 

methoxyphenyl)-8-[(4-methoxyphenyl)met hylenel- 
(hydrobromide) 

methoxyphenyl)-8-[(2-methoxyphenyl)methylene J- 
( hydrobromide) 

met hylphen~l)-8-[(4-methylphenyl)methylene]- 
(dihydrobromide) 

met hylphenyl)-8-[(4-methylphenyl)methylene]- 
(hydrobromide) 

2-Amino-3.4.5.6.7.8- hexahydro-6-met h y l-442- 

?-Amino-3.4.5,6.7,8- hexah ydro-6-met hyl-4-(4- 

2-Amino-3,4.5.6,7.8-hexahydro-6-rnet hyl-4-(4- 

175- 180 

180-183 

226-228 

204-206 

185-186 

240-242 

229-232 

213-215 

269- 271 

21 1-215 

30 

30 

31 

31 

31 

29 

31 

31 

31 

31 

31 
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TABLE 2. (Continued) 

Substituents mP Other Data References 

2-Arnino-3,4,5,6,7,8-hexahydro-&methyl4( 2-1 hienylb 
8-[(2-thienyl)me1hylene]- (dihydrobromide) 

2-Amino-3,4,5,6.7,8-hexahydro-&methyl-4-( 2-1 hieny1)- 
8-[(2-thienyl)methylene]- (hydrobromide) 

2-Amino-4-(2-furanyl)-8-[(2-furanyl)methylene]- 
3,4,5,6,7,8-hexahydro-6-methyl- (hydrobromide) 

2-Amino-3,4,5,6,7.8-hexa h ydro-&met hy l-4-phen y l- 
8-(phenylmethylene)- (dihydrobromide) 

2-Amino-3,4,5,6.7,8-hexahydro-&met h yl-4-phzn y l -  
8-(phenylmethylene)- (hydrobromide) 

4-Amino-2-methyl- 
2-Amino-&methyl-4-(4-methoxyphenyl)-8-[(4- 
methoxyphenyl)methylene]- 5,6,7,8-tetrahydro- 

2-Amino-6-methyl-4-(4-methylphenyl)-8-[(4- 
methylphenyl)methylene]- 5,6,7,8-1etrahydro- 

2-Amino-6-methyl-4-phenyl-8-(phenylmethylene)- 
5,6,7,8-tet rahydro- 

2-Amino-&methyl-5,6.7,8-tetrahydro- 
4-Amino- (3-oxide) 
3-Benzoyl-&methyl- 1,2,3,4,5,6,7,8-octahydro-2( 1 H )- 

6-Benzyl-2-[(4-chlorophenyl)amino]-3,4,4'.5,6.7,8,8'- 

&Benzyl-2.4diarnino-5,6,7,8-tetrahydro- 
6-Benzyl-2,4diamino-5,6,7,8-tetrahydro- 

6-Benzyl-2.4-di(benzylthio)-5,6,7,8-tetrahydro- 
6-Benzyl-2,4-( 1 H,3H)-dithioxo-5,6.7,8-tetrahydro- 
&Benzyl-5,6,7,8-hexa hydro-q3H)-I hioxo- 
&Benzyl-8'-hydroxy-3,4,4,5,6,7,8,8'-octahydro-4- 

phenyl-2( 1 H)-thioxo- 
&Benzyl-l,2,3,4,4,5,6,7,8,8'-decahydro-2-[(4- 

methoxyphenyl)amino]- (dihydrochloride) 
GBenzyl- 1,2,3,4,5,6,7,8-octahydro-211 H )-oxo-4- 
phenyl-8-(phenylmethylene)- 

&Benzyl-l.2,3,4,5,6,7,8-octahydro-4-phenyl-8- 
(phenylmethylene)-Y I Hbthioxo- 

CBromo-2-methyl- 
&Butyl-2-dimethylarnino-4(3H)-oxo-5,6,7,8- 

6-Butyl-2-(2-furanyI)-4(3H )-ox0-5,6,7,8- 

&Butyl-2-[2-(5-ni1rofuranyl)]-~3H)-ox0-5,6,7,8- 

5-Chloro-2.7-diphen y l- 
6-(2-Chlorobenzyl)-2,4-diamino-5,6.7.8-tetrahydro- 
6-(4-Chlorobenzyl)-2,4-diamino-5,6,7,8- tetrahydro- 
6-(3-Chlorobenzyl)-2.4-diamino-5,6,7,8-tetrahydro- 
4-(4-Chlorophenyl)-8-[(4-chlorophenyl)methylene]- 
6-methyl-1,2,3,4,5,6,7,8-octahydro-2( I H )-0x0- 

oxo-4-phenyl-8-(phenylmethylene]- 

octahydro- (dihydrochloride) 

(dihydrochloride trihydrate) 

tetrahydro- 

tetrahydro- 

tetrahydro- 

208-2 I0 

216-218 

239-241 

305-308 

2 10-2 I4 

2 10-21 2 

158-161 
211-213 
271-273 

2 50-25 3 

302-310 

255-258 
103-104 
248-249 
220-225 

208-2 I 0 

206 210 

21&213 

128-130 
227-229 

151 

180-190 
186-188 
207-210 
212-215 
217-220 

212-213 

31 

31 

31 

31 

31 
IR.  NMR 39 

31 

31 

31 
32 

NMR 230 

30 

34 
255 

38 
256 
256 
35 

NMR 25 

34 

30 

30 
IR, NMR 39 

257 

37 

37 
NMR 26 

38, 255 
38,255 
38 

30 
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TABLE 2. (Continued) 

13 

Substituents mP Other Data References 

4-(4-Chlorophenyl)-8-[(4-chlorophenyl)methylene]- 
6-met h y I- 1,2,3,4,5,6,7,8-octahydro-2( 1 H )-0x0- 

54 1.2-Diacetylhydrazino)-2,7-diphenyl- 
2,4-Diamino-6-(2,4-dichIorobenzyl)-5,6.7.8- 

2,4-Diamino-6-(3,4-dichlorobenzyl)-5,6,7,8- 

2,4-Diamino-6-( 2,6-dichlorobenzyl)-5,6,7,8- 

2,4-Diamino-6-(3.4-dichlorobenzyl)-5,6,7,8- 

2,4-Diamino-6-(4-pyridinylmet hyI)-5,6,7,8- 

2,4-Diamino-6-( 3-pyridin ylmet hyl)-5.6,7,8- 

2,4-Diamino-5,6.7,8-tetrahydro- (dihydrochloride 

2,4-Dichloro-7-phenyI- 
1,3-Dimethyl-3.4-diphenyl- I ,2,3,4.5.6,7,8-octahydro- 

2( 1 H)-oxo-8-(phenylmethylene)- 
6,6-Dimethyl-3,4-diphenyl- 1,2,3,4,5,6,7,8-octahydro- 

2( 1 H)-oxo-8-(phenylmethylene)- (iodide) 
6,6-Dimethyl-2-methylthio-4-phenyl- 

8-(phenylmethylene)-5,6,7,8-tetrahydro- (iodide) 
6.6-Dimethyl- 1,2,3,4,5.6,7,8-octahydro-2( 1 H )-0x0- 
4-phenyl-8-(phenylmethylene)- (iodide) 

3.6-Dimethyl- 1,2,3.4.5,6.7,8-octahydro-4-phenyl- 
8-(phenylmethylene)-2( I H)-lhioxo- 

2,6-Dimethyl-5,6,7,8-tetrahydro- 
2,4-Di(4-morphoEno)-7-phenyl- 
2,4( I H,3H)-Dioxo- 
2,4( 1 H,3H )-Dioxo-3-hydroxy- 
2,4(1 M.3H )-Dioxo-7-phenyl- 
2.4(1 H,3H )-Dioxo-3-[(phenylsulfonyl)oxy]- 
2,7-Diphenyl-5-et hoxy- 
2.7-Diphenyl-5-hydrazino- 
3,4-Diphenyl-6-methyl- 1,2,3,4,5,6,7.8-octahydro- 

3.4-Diphenyl-6-methyl- 1,2,3,4,5,6,7,8-octahydro-8- 

2,7-Diphenyl-5(6H)-oxo- 
2,7-Diphenyl-5(6H)-thioxo- 
2,4-Di(triRuoromethyl)-6-methyl-5,6,7,8-tetrahydro- 
8'-Ethoxy-6-met hyl-3,4,4,5,6,7,8,8-octahydro-4- 

3-Ethyl-6-methyl-1,2,3,4,5,6,7,8-octahydro-2( 1 H)- 

3-Ethyl-&methyl- 1,2,3.4,5,6,7.8-octahydro-4-phenyl- 

terrahydro- 

tetrahydro- 

tetrahydro- (dihydrate) 

tetrahydro- (dihydrochloride monohydrate) 

tetrahydro- 

tetrahydro- (monohydrate) 

monohydrate) 

2( IH)-oxo-8-( phenylmethy1ene)- 

(phenylmethylene)-2(I H)-thioxo- 

phenyl-2( 1 Htthioxo- 

oxo4phenyl-8-( phenylmethy1ene)- 

8-(phenylmethylene)-2( I Htthioxo- 
24 ~ - F u ~ ~ I ) - ~ ( ~ H ) - o x o -  

228-230 
269-27 I 

241-245 

206-210 

214-217 

261-263 

296-298 

288-290 

272-275 

150-152 

239 

247-250 

21 7-223 

197-200 
12-74 
180-1 8 I 
360 
340 
> 300 
238 
128-129 
245-247 

2 12-2 14 

199-204 
346-348 
2%-298 
52 

172 

215-217 

188-19 I 
335-337 

I R  

NMR 

IR, NMR 
IR, MS, NMR 

IR, MS, NMR 
NMR 
IR 

IR, NMR 
NMR 
IR, NMR 

IR 

30 
26 

38. 255 

38, 255 

38, 255 

38,258 

38. 255 

38, 255 

38 
259 

30 

30 

30 

30 

30 
32 
238, 259 
27 
24 
259 
24, 178 
26 
26 

30 

30 
26 
26 
260,261 

25 

30 

30 
27 



74 Pyridopyrimidines 

TABLE 2. (Continued) 

Substituents mP Other Data References 

8-Hydroxy-&methyl-3.4,4’.5,6,7,8,8’-octahydro- 

&Methyl-2-methylthio4phenyl-8- 

&Methyl- I ,2,3,4,5,6.7,8-octahydro-2( 1 H )-0X0-4- 

&Methyl- 1,2.3,4,5,6,7,8-octahydro4phenyl-8- 

2-Methyl-4(3H)-oxo- 
2-Met hyl-5(6H)-oxo-7-phenyl- 
6-Methyl-5.6.7,U-tetrahydro- 
N,N-[(Dimethylamino)methylene]aminyl- (3-oxide) 
24 I -Naphthyl)-4(3H)-oxo- 
2-[2-(5-Nitrofuranyl)]-4(3 H)-oxo-5,6,7.8-tetrahydro- 

2-(2-Nitrophenyl)-4(3H)-oxo- 

4-phenyl-2(1 H)-thioxo- 

(phenylmethylene)-5,6,7,8-tetrahydro- 

phenyl-8-(phenylmethylene)- 

(phenylmethylene)-2( I H)-thioxo- 

(hydrochloride) 

5(6H) -0~0-  

4(3 H )-OXO- 
4(3H)-Oxo- (oxime) 
4(3HtOxo-2-phenyl- 
4 3  H )-0~0-2-(3-pyridyl)- 
2-(p-T0lyl)-4(3H)-0~0- 

I82 

I25 -126 NMR 

2 17-223 

209-213 
309--310 IR. NMR 
279-283 IR, NMR 

182 NMR 
326-327 IR 

bp 75-80 (0.1) 

> 320 

298 
275-277 

289-290 
274-277 
284-286 
304-306 
296-299 

IR, NMR 
IR, MS, NMR, 
uv 
IR, MS, NMR 
NMR 
IR, NMR 
IR 
IR, NMR 

25 

30 

30 

30 
27 
28 
32 
230 
27 

37 
27 

40 
27,234 
230 
27 
27 
27 

TABLE 3. DERIVATIVES OF PYRIDo[3,4-d]PYRIMIDlNES 

Substituents mP Other Data References 

None 

2-Amino-3-benzoyl-&(brornomethyl~ 

2-Arnino-3-benzoyl-&(chloromethyl)- 

2-Amino-3-benzoyl-6-methyl-4(3H )-0x0- 

2-Amino-7-benzyl-4(3H )-oxo-5,6,7,8- 

2-Amino-7-benzyl-4(3 H )-oxo-5,6,7,8- 

2-Amino-6-(4-carboxyphenylamino)met hyl- 

2-Amino-5,6-dihydro-8( 7H )-0x0- 
3-Amino-6,S-dimethyl-2,4(IH,3H)-dioxo- 
3-Amino-2,4( 1 H,3H)-dioxo- 
CAmino-2-methyl- 
2-Amino-5-methyl-4(3H )-0x0- 

~(~H)-oxo-  

4(3H )-0x0- 

tetrahydro- 

tetrahydro- (dihydrochloride) 

~ ( ~ H ) - o x o -  

> 300 

> 300 
269- 270.5 

256 

264 

> 300 
> 300 
> 300 
278-279 
319-321 
> 300 

NMR 

NMR 
IR. NMR 

NMR 

IR. UV 

IR, NMR 
IR 

IR, NMR, UV 

188, 21 1-215, 
217. 262, 263 

51 

51 
51, 52 

42 

42 

51 
43 
45 
45 
55 
51 



5. Tables 

TABLE 3. (Continued) 

75 

Substituents mP Other Data References 

7-Benzyl-2-[2-(dimethylamino)ethylJ- 

7-Benzyl-2-[2-(dimethylarnino)ethyl]- 
amino-4(3H)-oxo-5,6,7,8-tetrahydro- 

amino-4(3H)-oxo-5,6,7,8-tetrahydro- 
Idi hydrochloride) 

tetrahydro- 

tetrahydro- 

tetrahydro- (dihydrochloride) 

7-Benzyl-2,4(1 H,3H)-dioxo-5.6.7.8- 

7-Benzyl-?-methyl-4(3H )-oxo-5,6,7.8- 

7-Benzyl-2-methyl-4(3H).oxo-5,6.7.8- 

7-BenzyI-4(311 )-oxo-5,6,7,8- tetrahydro- 
7-Benzyl-4(3H)-oxo-2-phenyl-5.6,7,8- 

7-Benzyl-4(3H )-oxo-2-phenyl-5,6.7,8- 

2-Benzyl-4(3H)-oxo-5,6.7.8- tetrahydro- 

7-Benzyl-4(3H )-oxo-5.6.7,8-tetrahydro- 

7-Benzyl-5.6,7.8-tetrahydro-4(3ff )-0x0- 

4-(Benzylamino)- 
4-(Benzylamino)-2-methyl- 
4-(BenzyIidenehydrazino)- 
4-Chloro- 
4-Chloro-2-met hyl- 
8-Chloro-4(3H )-0x0- 

1,2,4,5,6,7,8,8'-Decahydro-7-[4,4- 

tetrahydro- 

tetrahydro- (dihydrochloride) 

(dihydrochloride) 

2( I If)-thioxo- 

(di hydrochloride) 

di-(4-fluorophenyl)butyl]-4(3H)-oxo- 
I-phenyl- 

2,7-Dibenzyl-4(3H )-oxo-5.6.7,8-tetrahydro- 
2,7-Dibenzyl-4(3H )-oxo-5,6.7,8- 

tetrahydro- (dihydrochloride) 
2,4-Di(cyclohexylamino)-8-methyl-6-phenyl- 
6,8-Diethyl-2-methyl-4(3H)-oxo- (7-oxide) 
7-[4-Di-(4-fluorophenyI)butyl]-2-met hyl- 

4(3H)-oxo-5,6,7,8-tetrahydro- 
3.4-Dih ydro-4-methyl- 
5.6-Dihydro-2-methyl4 7H)-0x0- 
5.6-Dihydro-8(7H)-oxo-2( I H )-thioxo- 
3.4-Di hydro-4-phenacyl- 
3.4-Di hydro-2.6.8-trimethyl- 

5,6-Dihydro-2.4,8( I H,3 H,7H)-trioxo- 
2,4-Di-~(2-hydroxyethyl)methylamino)- 

2,4-Di-[(2-hydroxyethyl)methylamino]- 
8-met h y l-6-phen yl- 

6-phenyl- 

I77 

284 

232 

204 

280 
I 98 

238 

260 

248 

235 

258 
156 
I s 1 6 5  
222 

90-9 I 
259-260 

10s-1 to 

175 

218 

78-80 

145 

212-213 
121 122 
97 
144-146 

> 350 

IR, N M R  
IR. NMR, UV 
N M R  
NMR 
1R. N M R  
IR 

NMR 

IR. M S  

NMR 
IR 

IR. NMR 
IR, MS. NMR. 
uv 

42 

42 

42 

42.264 

42 
42 

42, 264 

42 

264 

42 

42 
190 
190,265 
188 

190, 265 
54 

in4,188,190.191 

266 
42.264 

42 
238 
49 

264 
188 
43 
43 
I 88 

189 
41 

238 

238 



76 Pyridopyrimidines 

TABLE 3. (Continued) 

Substituents mP Other Data References 

1,3-Dimethyl-2.4( 1 H,3H )-dioxo- 
6,8-Dimethyl-2,4( 1 H,3H )-dioxo- 
6,8-Dimethyl-4(3H)-oxo- 
6,8-Dimethyl-4(3H)-oxo- (7-oxide) 

6,8-Dimethyl-4(3H)-oxo-2-phenyl- 
4-[ 1-(3,5-Dimethylpyrazolyl)]- 
2,4-Di-(4-morpholinyl)-8-methyl-6-phenyl- 
2,6-Di-(4-morpholinyl)4[ N-methyl+- 

2,4-Di-(4-morpholinyl)-6-phenyl- 
2 4  I H,3H)-Dioxo- 
2.41 H,3H )-Dioxo-3-hydroxy- 
2,4(1 H,3H)-Dioxo-8-methyl-6-phenyl- 
2,4(1 H,3H )-Dioxo-6-phenyl- 
2,4( 1 H,3H)-Dioxo-3-[( phenylsulfonyl)oxy]- 
2 4  1 H,3H)-Dioxo-3,6,8-trimethyl- 
1.2.3.4-Tetrahydro- 1,3,6,8-tetramethyl- 

2,4-Diphenyl-5,6,8-tichloro- 
2,4-Di-(l-piperidinyl)-8-rnethyl-6-phenyI- 
2,4-Di-( 1 -piperidinyl)-6-phenyl- 
I -Ethyl-3,4-dihydro-6,8-dimethyl-2( 1 H)- 

0x0-3-phen yl- 
l-Ethyl-2( 1 H)-0x0- 1,2,3,4tetrahydro- 

3.6.8-trimethyl- 
7-[4-(4-Fluorophenyl)4oxobutyl)]-2- 
methyl-4(3H)-oxo-5,6,7,8-tetrahydro- 

7-[4-(4-Fluorophenyl)-eoxobutyl]-4(3H )- 
oxo-2-phenyl-5,6,7,8-tetrahydro- 

CHydrazino- 
4-Methyl- 
7-Methyl- (iodide) 
2-Methyl-4-[(3-methylbutyl)amino]- 
2-Methyl-4(3H)-oxo- 
2-MethyI-8(7H)-oxo-6-phenyl- 
2-Methyl-4(3H)-oxo-5,6,7,8-tetrahydro- 
2-Methyl-4(3H)-oxo-5,6,7,8-tetrahydro- 

2-Methyl-4-(phenylamino)- 
2-Methyl4[(2-phenyl)ethylamino]- 
2-Methyl-4-[( 3-phefiyl)propylamino-J- 
4-[(3-Methylbutyl)amino]- 

(2-hydroxyethyl)amino]- 

2.4 1 H,3H tdioxo- 

(dihydrochloride) 

4(3H)-0~0- 

4(3H)-Oxo-2-phenyI- 
4(3H )-0xo-2-phenyl-5,6,7,8-tetrahydro- 
4(3H)-Oxo-2-phenyl-5,6,7,8-tetrahydro- 

(hydrochloride) 

158-1 59 

289-29 I 
276-278 

270-271 
141 

137-1 39 
365 
3 30 
300 
300 
228-229 
350-353 

167-168 
186-187 

166167 

105-106 

170 

157 
209 
I 20 

126-128 

190-191 
246 

335 
232-233 
118-1 19 
113-1 14 
119-121 
258 

266 -267 
240 

32 I 

IR, MS, NMR 
MS, NMR 
IR. MS, NMR 
IR. MS, NMR, 
uv 
IR. NMR 
NMR 

IR 
IR, MS 
IR. MS, NMR 
IR 
IR, NMR 
IR, MS, NMR 
IR, NMR 

IR, MS, NMR 
MS. NMR 

IR, NMR 

IR, MS, NMR 

NMR 

IR, NMR 
NMR 
NMR 
IR, NMR 
NMR 
IR, NMR 
NMR 

NMR 
IR, NMR, UV 
IR, NMR, UV 
IR. NMR, UV 
IR, NMR 
IR, MS, NMR 

IR 

45,234 
45, 234 
45, 234 

49 
45 
191 
238 

267 
238,44 
45,46, 234 
24 
44 
44 
24. 178 
45, 234 

45, 234 
47,48 
238 
238 

189 

I89 

264 

264 
184, 188, 191 
188 
188 
190 
45 
28 
264 

264 
265 
265 
265 
190 
45, 184, 188, 234, 
268 
45, 53 
264 

264 



5. Tables I1 

TABLE 3. (Continued) 

Substituents mP Other Data 

4(3H )-Uxo-3-(2-Propenyl)-2( 1H jthioxo- 218-220 NMR 
4(3H )-Oxo-2,6,8-trimethyl- 287-289 IR, MS. NMR 
CPhenacyl- 208 IR, NMR 
1.2,3,4-Tetrahydro-3,6,8-trimethyl- 
2( I H )-Thioxo-4(3H joxo-&methyl- > 300 IR, MS, NMR, 
2,4,6-Tri-(4-morp holiny1)- uv 

References 

50 
45, 234 
I88 
189 
51 
267 

TABLE 4. DERIVATIVES OF 2,4-DIAMINOPYRIW[2.3-d] PYRIMIDINES 

Substituents mp Other Data References 

2-Amino-4-(benzylamino)-8-methyl- 
5.6.7.8-tetrahydro- 

2-Amino-6-(bromomethyl)-4- 
{ [(dimethylamino)methylene]amino}- 

6-Benzyl-7-chloro-2.4diamino-5-methyl- 
6-BenzyI-2.4-diamino- 
6-Benzyl-2.4-diamin0-5-ethyl- 
6-Benzyl-2.4-diamino-5-ethyl-7( 1 H)-0x0- 
6-Benzyl-2,4-diamino-5-methyl- 

&Benzyl-2,4-diamino-5-methyl- (hydrobromide) 
6-Benzyl-2.4-diamino-5-met hyl-7( 1 H jthioxo- 
&Benzyl-2,4-diamino-7( I H )-oxo-5-phenyl- 
6-Eenzyl-2,4-diamino-5-phenyl- 
6-Benzyl-2,4-diamino-5-propyl- 
6-Benzyl-2.4-diamino- (hydrochloride) 
6-(Benzylamino j2,Cdiamino- 
4(3H)-(Benzylimino)-1,3-dibenzyl-2( 1 Htimino- 

6-Bromo-2,4-di-(4-morpholinyl)-7-phenyl- 
64Bromomet hyl)-2,4-diamino- 
6-(Bromomethyl)-2,4-diamino-5-methyl- 
6-(Bromomethyl)-2,4-diamino-5-methyl- 

7-(4-Bromophenyl)-2,4-diamino- 
6-[(4-Bromophenyl)thio]-5-methyl-2,4,7-triamino- 
74i-Butyl j2.4-diamino- 
6-(i-Butyl)-2,4-diamino- 
6-Butyl-2.4-diarnino- 

(hydrobromide) 

(hydrobromide) 

6-Butyl-2.4diamino- (hydrochloride) 
6-Butyl-2.4-diamino- (hydrochloride) 
7-Butyl-2.4diamino-6methyl- 
6-Butyl-2,4-diamino-6-methyl- 

153-155 

326 
324 

> 320 
282 

> 300 
> 320 
> 300 

299-300 

278 

278 

IR. NMR 131 

NMR 125 
84 
70,289, 293. 323 
289 
84 
84, 289, 291, 293, 
334 
345 
84 
84 
84. 289 
84,289 
320 

uv 130. 27 1. 272 

325 
238 
111  

NMR 111,  126 

127 
289 
269 
289 
289 
70, 289, 292, 293, 

290, 318 

289 
84. 289, 292. 293, 
322. 323 
289 

323, 382-387 

UV 70, 73 



78 Pyridopyrimidines 

TABLE 4. (Continued) 

Substituents mP Other Data References 

7-Bu tyl-2.4-diamino-6-propyl- 
7-(i-Butyl)-2.4-diamino-6-(i-propyl)- 
5-Butyl-6-(methylthio)-2,4,7-triarnino- 
7-Chloro-2,4-diamino-6-[ (2.5- 
dimethoxyphenyl)methyl]-5-methyI- 

5-[4-Chloro-5-methyl-2-( 1 -methylethyl)- 
phenox yl-2.4-diamino- 

7-(4-Chlorophenyl)-2,4-diamino- 
7-(4-Chlorophenyl)-2,4-diamino-6-et hyl- 
5-(4-Chlorophenyl)-6-(methylthio)-2,4,7-triamino- 
6-(4-Chlorophenyl)met hyL2,rtdiamino- 
6-(2-Chlorophenyl)rnethyl-2.4-diamino- 
6-[ (3-Chlorophenyl)methyl]-2,4-diamino-5-methyl- 
6-(2-Chlorophenyl)methyl-2,4-diamino-5-methyl- 
6-(4-Chlorophenyl)methyl-2.4-diamino-5-methyl- 
6-(2-Chlorophenyl)methyl-2,4-diamino-5- 

methyl [mono(2-hydroxyethanesulfonate)] 
6-(4-Chlorophenyl)met hyl-2.4-diamino-5- 

methyl-7( IH)-0x0- 
6-Cyano-2.4-diamino- 
6-Cyano-2.4-diarnino-5-ethyl- 
6-Cyano-2,4-diarnino-5-rnethyl- 
6-Cyano-2,4-diamino-7( 1 H )-oxo-5-phenyl- 
2,CDiamino- 
2,4-Diamino-6-butyl-5-methyl-7( 1 H )-0x0- 
2,4-Diamino-6-( C(3.4- 

2,4-Diamino-6-{ N-[ (3,4-dichlorophenyl)met hyl]- 

2.4-Diamino-5.6-di hydro-5- 

2.4-Diamino-5,6-di hydro-5,6-diphenyl-7( 1 H )-0x0- 
2,4-Diamino-5,6-dihydro-5-(2-furanyl)-7(8H)-oxo- 
2.4-Diamino-5,6-dihydro-5-methyl-7(8H )-0x0- 

2.4-Diamino-5.6-dihydr0-6-met hyl-7(8 H)-oxo- 
2,4-Diamino-5,6-dihydro-7( 1 H )-0x0- 
2,4-Diarnino-5,6-dihydro-7(8H)-oxo-5-phenyl- 
2,4-Diamino-5,6-dihydro-7(8H )-oxo-5-(2-thienyl)- 
2,4-Diarnino-6-(dimethoxymethyl)- 
2,4-Diamino-7-(dimethoxymethyl)- 
2.4-Diamino-6-[ (2,5-dimethoxyphenyl)methyl]- 

5-methyl- 
2.4-Diamino-6-( (2,5-dimethoxyphenyl)methyl]- 

5-methyl- (hydrochloride) 
2,4-Diamino-6-[(2,5-dimethoxyphenyl)methyl]- 

5-methyl-7( I H)-0x0- 
2,4-Diamino-6,7-dimethyl- 
2.4-Diamino-5.7-dimethyl- 
2,4-Diamino-5,6-dimethyl- 
2.4-Diamin0-5.7-diphenyl- 

dichlorophenyl)methyl]amino}- 

N-nitrosamin0)- 

(dimethoxymethyl)-7( 1 H)-one 

193-196 

275-277 

208 

392-394 

32 1 

326-328 

290 
313-314 
302-303 
287-288 
> 300 
373-375 
303-304 
> 300 
> 350 
223-224 

252-254 

183-186 

325-326 

310 

N M R  

N M R  

uv 

IR 
IR 
IR 
NMR, UV 
IR 
IR 
IR, N M R  
IR, NMR 

289 
289 
269 

83 

293 
289 
289 
269 
289 
289 
322 
286289 
84, 289, 322, 367 

84 

84 
126, 127 
126 
126, 127 
359 
289, 334 
84 

130, 271, 272 

130,255. 272, 333 

134,295 
124, 326 
134 
134 
134 
I I6 
134 
134 
76.77, 270 
129 

83, 372-381 

83 

83 
289 
289 
84, 289 
289 



5. Tables 19 

TABLE 4. (Continued) 

Substituents mP Other Data References 

2.4-Diamino-7-et hyl-6-met hyl- 
2.4-Diamino-6-ethyl-7( I H )-oxo-5-propyl- 
2,4-Diamino-6-ethyl-7-phenyl- 
2.4-Diamino-6-et hyl-5-propyl- 
2.4-Diamino-6-et hyl-5-propyl- 
2,4-Diamino-6-ethyl-5-propyl- (hydrochloride) 
2.4-Diamino-6-formyl- 

2,4-Diamino-6-formyl- (hydrochloride) 
2.4-Diamin0-6-formyl-5-methyl- 
2.4-Diamino-6-heptyl-5-met hyl- 
2,4-Diamino-6-heptyl-5-methyl-7( 1 H joxo. 
2,4-Diamino-6-hexyl- 
2,4-Diamino-6-hexyl-5-methyl- 
2.4-Diamino-64 hydroxymet hyl)- 
2,4-Diamino-6-hydroxymet hyl-5-methyl- 
2.4-Diamino-6-[ (methoxymet hox y) methyl]- 

2,4-Diamino-6-(4-met hoxypheny1)methyl- 
2,4-Diamino-Q(rl-methoxyphenyl)methyl-5-methyl- 
2,4-Diamino-6-(2-met hoxyphenyl)methyl-5-methyl- 
2,4-Diamino-6-( 2-met hoxyphenyl)methyl-5- 

methyl-7( 1 H ) - 0 x 0 -  
2,4-Diamino-6-(4-met hoxypheny1)methyl- 

[mono(2-hydroxyethanesulronate)] 
2,4-Diamino-6-{ [(4- 
methoxyphenyl)methyl]thio}meth yl- 

2,4-Diamino-6-methyl- 
2.4-Diamino-7-met hyl- 
2.4-Diamino-5-methyl- 
2.4-Diamino- S-met hyl-6-( I-met hylbuty1)- 
2.4-Diamino-5-met hyl-6-(3-methylbutyl)- 

2,4-Diamino-5-methyl-6-(4-met hylphen yl)methyl- 
2.4- Diamino-5-met hyl-64 I meth  y1propyl)- 
2,4-Diamino-5-methyl-7( 1 H )-0x0- (monoacetate) 
2,4-Diamino-5-methyl-7( 1 H)-oxo-6-pentyl- 
2,4-Diamino-5-methyl-6-(2-pentyl)- 
2,4-Diamino-5-methyl-6-pentyl- 
2,4-Diamino-5-methyl-6-(i-pentyl)- 
2.4-Diamino-5-methyl-6-pentyl- (hydrochloride) 
2.4-Diamino-6-methyl-7-phenyI- 
2.4-Diamino-5-met hyl-6-propyl- 
2,4-Diamino-6-(4-met hylpheny1)met hyl- 
2,4-Diamino-6-(4-met hylpheny1)methy l- 

[mono( 2-hydroxyethanesulfonate)] 
2,4-Diamino-6-L 1-(2-methylpropyl)]- 

(hydrochloride) 
2.4-Diamino-6-nit ro- 
2.4-Diamino-6-(4-nit ropheny1)methyl- 

5-methyl- 

7 ( I H )-0x0- 

350 

200 
200 
> 350 

> 360 

282 

264 

273-274 

> 300 

288 

289-290 

320 
216 218 

248-249 
> 360 
335 

216-218 
25 1-254 

290 

286 

286 
> 395 

IR,  NMR 

NMR, UV 
NMR 

NMR. U V  
NMR 

NMR, UV 

NMR 
IR, NMR 

28Y 
84 
289 
289, 322 
84, 289 
84 
76-78, 125, 128. 
270 
78 
126, 127 
84, 289 
84 
289, 293 
84,289, 322 
125, 111 
111,  126, 127 

1 1 1  
289 
286-289 
289 

84 

70 

76,270 
76,270,283. 284 
289 
84. 289 
84, 289 

343 
289 
84. 286-294 
84 
84 
290 
322 
84, 289 
84 
289 
84, 289 
289 

70 

70 
I30 
289 
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TABLE 4. (Continued) 

Substituents mP Other Data References 

2,4-Diamino-6-(4-nitrophenyl)met hyl- 
2.4-Diamino-6-nonyl- 
2,4-Diamino-6-pentyl- 
2.4-Diamino-6-pen tyl- 

2.4-Diamino-5-phenyl- 
2,4-Diamino-7-phenyl- 
2.4-Diamin0-6-phenyl- 
2,4-Diamino-7-phenyl-6-propyl- 
2,4-Diamino-b(Z-phenylethyl)- 
2,4-Diamino-6-(2-phenylethyl)- (hydrochloride) 
2.4-Diamino-5-propyl- 
2,4-Diamino-6-propyl- 
2.4-Diamino-6-propyl- (hydrochloride) 
2,4-Diamino-5,6,7-trimet hyl- 
2,4-Di-(cyclohexylamino)-7-phenyl- 
2,4-Di-[N-(2-hydroxyethyl)- 

4-( Dimet hylamino)-2-ethylamino-7-mel hyl- 

2,4-Di-(4-morpholinyI)-5-methyl-7-phenyl- 
2,4-(Di-4-morpholinyl)-7-phenyl- 
2,4-Di-( 1 -piperidinyl)-7-phenyl- 
6-(Ethylthio)-2,4,7-triamino- 

[mono(2-hydroxyethanesulfonate)] 

N-methylamino]-7-phenyl- 

5.6,7,8-tetrahydro- 

276 

252 
360 

385 

199 
292 

275 

172-1 74 

70 
289 
289 

70 
84. 289 
84,289 
70, 289 
289 
289 
70 
84,289 
289 
70 
289 
238 

238 

NMR 149 
238 
238,327 
238 
269 

5-(4-Methoxyphenyl)-6-(methylthio)-2,4,7-triamino- 269 
5-Methyl-6-(methylthio)-2,4,7-triamino- 269 
64 Methylthio)-S-phenyl-2,4,7-triamino- 269 
2 4  1 -Piperazinyl)-4-(4-thiomorpholinyl)- (sulfate) 335 

TABLE 5. DERIVATIVES OF 2-AMINO-4-HYDROXYPYRIDO[2.3-d] PYRIMIDINES 

Substituents mp Other Data References 

2-(Acetylamino)-7-(diacetyloxymethyl)-4(3H )-0x0- 
2-(Acetylamino)-6-formyl-4(3H)-oxo- 
2-(Acetylamino)-7-formyl-4(3H )-0x0- 
2-Amino-4'-bromo-6-methyl-4( 3H)-oxo-4'.5,6.7- 

2-Amino-6-bromomet hyl-S-methyl-4( 3H)-oxo- 
2-Amino-6-butyl-4(3H )-0x0- 
2-Amino-6-carboxy-4(3H )-0x0- 

cis-2-Amino-4-chloro-6-met hyl-4(3H)-oxo- 

2-Amino-4'-chloro-6-methyl-4(3H )-0x0-4,5.6.7- 

2-Amino-5-(4-chlorophenyl)-4(3H )-0x0- 

2-Amino-6-cyano-5,7-dimethyI-4(3H boxo- 
2-Amino-6-cyano-7-methyl-4( 3H )-0x0- 

tetrahydro- 

4'.5.6,7-tetrahydro- (trifluoroacetate) 

tetrahydro- 

246-248 
>300 NMR 
>290 IR,NMR 

>300 NMR 
264 NMR. UV 

>350 NMR, UV 

> 300 
>360 IR. UV 
>360 IR, UV 

129 
76, 77,270 
129 

201,303, 304 
1 1 1  
86 
78 

199 

199.207.303,304 
329, 346 
61 
67 
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TABLE 5. (Continued) 

Suhstituents mp Other Data References 

2-Amino-6-cyano-7-methyl-4( 3H)-oxo-5-phenyl- 
2-Amino-5.6-dihydro-4.7(3H,8H bdioxo- 
2-Amino-5.6-dihydro-4,7(3H,8H )-dioxo-6-methyl. 
2-Amino-S-(dimethoxymethyl)- 

2-Amino-6-(dimethoxymethyl)-4(3H )-0x0- 

2-Amino-7-(dimethoxymethyl)-4( 3H )-oxo- 
2-Amino-5.7-dimethyl-4(3H )-0x0- 

2-Amino-8-ethyl-4(3H )-oxo-5,6,7,8-tetrahydro- 
2-Amino-4'-ethyl-4( 3H )-oxo-4',5,6,7-tetrahydro- 
2-Amino-4-formyl-4( 3H )-0x0- 

2-Amino-7-fomyl-4(3H toxo- 
2-Amino-6-formyl-4(3H )-0x0- 

2-Amino-4-hydroperoxy-6-methyl-4(3H toxo- 

2-Amino-4'-hydroxy-6-methyl-4( 3H)-oxo- 

cis-2-Amino-4-hydroxy-6-methyl-4(3H )-0x0- 

trans-2-Amino-4- hydroxy-6-met hyl-4(3H )- 

2-Amino-4-hydroxy-6-methyl-4(3H )-0x0- 

2-Amino-6-hydroxymethyl-5-methyl-4(3Htoxo- 
2-Amino-6-mcthyl-4(3H)-oxo- 
2-Amino-6-methyl-4(3H )-0~0-5,6,7.8-tetrahydro- 

5,6-dihydro-4-methoxy-7(8H)-oxo- 

{6-[(2.4-dinitrophenyl)hydrazone] } 

4,5,6,7-tetrahydro- 

4.5.6.7-tetrahydro- 

4',5.6.7-tetrahydro- (formate) 

oxo-4,5.6,7-tetrahydro- 

4,5,6,7-tetra hydro- 

2-Amino-8-methyl-4(3H)-oxo-5,6,7.8-tetrahydro- 
2-Amino-6-methyl-4( 3H )-oxo-5.6.7.8-teirahydro- 

2-Amino-5-(4-methylphenyl)-4(3H boxo- 
2-Amino-6-nitro-4(3H )-0x0- 
2-Amino-4(3H)-oxo- 
2-Am1no-4(3H)-oxo-6-pentyl- 
2-Amino-4(3H )-oxo-5-phenyl- 
2-Amino-4(3H)-oxo-6-propyl- 
2-Amino-4(3H )-oxo-5.6,7,8-tetrahydro- 
2-(Benzoylamino)-5,6-dihydro-4,7( 3H,8H )-dioxo- 
2-(Cyanoamino)-4( 3H toxo-5,6,7,8-1etrahydro- 

(trifluoroacetate) 

> 360 
> 400 
> 400 

> 350 
> 300 
> 360 

> 300 
> 300 

242-244 

> 340 
> 300 

> 360 
> 300 

> 300 
> 300 
> 300 

376-378 

IR. UV 
NMR. UV 
uv 

IR 
IR 

IR. NMR 

NMR, UV 

NMR, UV 
NMR 

NMR, UV 

NMR 

NMR 

6-Ethyl-7-(methylthio)-4(3H )-oxo-2-pivaloylamino- 
6-Ethyl-4(3H )-oxo-2-(pivaloylamino)-7-(p-tolyl)- 
2-( Ethylamino)- I -[(4-fluorophenyI)methyl]- 

1 -[(4-Fluorophenyl)methyl]-3-methyl-2( 1 H )- 
4(3H )-OXO- 249-253 IR,  NMR 

67 
I I6 
116 

295 
76. 77. 270 
I29 
117, 329 
3 54 
356 

I29 
76-78.270 

78 

199. 281 

363 

199 

199,281 

207. 303 
111 
78, 209 
199,201.303,314, 
360-362 
355 

199 
329, 346 
274 
79, 273, 274 
86 
329, 346 
86 
356 
I I6 
356 
92 
92 

150 

(methylimino)-4(3H )-0x0- 11?-114 IR,  NMR. UV 150 

~ ( ~ H ) - v x o -  242-246 I R ,  NMR I 50 

2-(2-propenylaminot 192-195 IR. NMR I S 0  

I-[(4-Fluorophenyl)methyl]-2-(methylamino~- 

1 -[(4-Fluorophenyl)methyl]-4(3H )-0x0- 
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TABLE 6. DERIVATIVES OF 2-AMINOPYRIDO[2,3-d] PYRIMIDINES 

Substituents mp Other Data References 

2-Amino-4-bromo-4,5-dihydro-5-methyl-7(8H toxo- 
2-Amino-5.6-dihydro-4-iod0-5-methyl-7(8H )-0x0- 
2-Amino-5,6-dihydro-5-methyl-7(8H )-0x0- 

2-Amino-5,6,7,8-tetrahydro- 
6-Carboxy-6.7-dihydr0-8-ethyl- 

244-methyl- I -piperazinyl)-5(8H )-0x0- 
6-Cyano-6,7-dihydro-8-ethyl-2-(4-met hyl- 
I-piperazinyl)-5(8H)oxo- 

6-Cyano-6,7-dihydro-8-et hyl-2-(4-rnorpholinyl)- 

6-Cyano-6,7-dihydro-8-ethyl-5(8H)-oxo-2- 

6-Cyano-6,7-dihydro-8-ethyl-5(8H )-0x0-2- 

2,7-Di(acetylamino)-6-(2,6-dichlorophenyl)- 
2,7-Diamino-6-(2,6-dichlorophenyl)- 
2-(Diethylamino)-4,7-diphenyl- 
2-[Di-(2-hydroxyethyI)amino]-4,7-diphenyl- 
4,7-Diphenyl-2-hydrazino- 
4,7-Diphenyl-2-(4-methyl- I -piperazinyl)- 
4,7-Diphenyl-2-(4-morpholinyl)- 
4,7-Diphenyl-2-(phenylamino)- 
4.7-Diphenyl-2-( 1 -piperidinyl)- 
4.7-Diphenyl-2-( 1 -pyrrolidin yl)- 
2-[ (2-Hydroxyethyl)amino]-4.7-diphenyl- 

~ ( ~ H ) - o x o -  

( I  -piperidinyl)- 

( I  -pyrrolidinyl)- 

300 IR, NMR 
293-294 IR, NMR 

I70 

189 

I80 

170 
223-225 
338-341 
105-107 
187-188 
187-189 NMR 
193-195 NMR 
200-202 NMR 
209-210 
190-191 
209-2 1 I 
190-191 

133, 168 
i68 
133 
358 

338 

119 

119 

119 

119 
196 
99 
154 
154 
154 
154 
154 
154 
154 
154 
154 

TABLE 7. DERIVATIVES OF 4-AMINOPYRID0[2,3-d]PYRIMIDINES 

Substit uents mP Other Data References 
- ~~ 

4-Amino- 
4-Amino-2-bromo-5,6-dihydro-5-methyl-7(8H )-0x0- 
4-Amino-2-bromo-6-methyl-5,6,7,8-tetrahydro- 
4-Amino-5-carboxamido-2-chloro- 
4-Amino-5-carboxamido-2-chloro-7- 

4-Amino-5-carboxamido-2-chloro-7( I H tthioxo- 
4-Amino-5-carboxamido-2.7-dichloro- 
4-Am1no-2-chloro-5.6-dihydro-5-rnethyl-7(8H toxo- 
4-Arnino-5-( 2-chlorophenyl)-7-phenyl- 
4-Amino-5-(4-chlorophenyl)-7-phenyl- 
4-Amino-5.6-dihydro-5,6-diphenyl-7( 1 H )-0x0- 
4-Amino-5,6-dihydro-2-iodo-5-methyl-7(8H toxo- 
4-Amino-5,6-dihydro-5-methyl-7( I H )-0x0- 

4-Amino-5,7-diphenyl- 

(pheny1methoxy)- 

305-310 
273-275 

>210 

225 
> 220 
>310 
293-294 

247-248 

NMR 
1R. NMR 

NMR, UV 

NMR. UV 
NMR. UV 
NMR, UV 
IR, NMR 

IR. NMR 

194, 273, 324 
133, 167, 168 
167 
91 

91 
91 
91 
168 
324 
324 
326 
168 
133, 168 
324 
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TABLE 7. (Continued) 

Substituents mP Other Data References 

4-Amino-7-ethoxy-5-phenyl-6-(t hiocyanatot. 

4-Amino-7-( I H-indol-3-yl)- 
4-Amino-6-[N-(2-methoxyet hyl)carboxamidoJ- 

7( I tf )-oxo-2-phenyl- 
4-Amino-5-(4-met hoxyphenyl)-7-phenyl- 
4-Amino-2-met hyl- 
4-Amino-7-( 1 methyl- I H-indol-3-yl)- 
4-Amino-?-methyl- (3-oxide) 
4-Amino-5-(naphthalenyl)-7-phenyl- 
4-Amino- (3-oxide) 
4-Amino-7(8H )-0xo-5-phenyl-6-(thiocyanato)- 

4-Amino-2-phenyl- 
4-Amino-2-phenyl- (3-oxide) 
4-Amino-5,6,7,8-tetrahydro- 
4-(Benzylamino)-2,8-dimet hyl-5.6.7.8-1etrahydro- 
4-( Benzylamino)-8-methyI-2-phenyl- 

4-( [2.6-Bis( 1 -pyrrolidinylmethyl)- 

6-Carboxy-5-hydroxy-2-methyl-4-( [( 5-nitro- 

4-[(4-Chlorophenyl)arnino]-2-phenyl-5.6.7.8- 

6-Cyano-4.7-diamino- 
4,7-Di(acetylamino)-2-met hyl-6- 

4,7-Diamino-6-(2.6-dichlorophenyl)-2-methyl- 
4.7-Diamino-6-[N-(2-methoxyethyI)carboxamido]- 

2-phenyl- 
4.7-Diamino-6-{ N-[2-(4-morpholinyl)ethyl]- 

carboxamido}-2-phenyI- 
4-(Diethylamino)-2-phenyl- 
4-(Diethylamino)-2-( 3-pyridiny1)- 
4-[(2,2-Dimet hoxyethyl)amino]- 
3.7-Dirnethyl-4-(dimet hylamino)-2,3.5,6,7,8- 

4-(Dimethylamino)-2-phenyl- 
4-(Dimethylamino)-2i 3-pyridiny1)- 
44 [(Dimethylamino)methylene]amino}- 
4-[(Dimethylamino)methylenyl]amino- (3-oxide) 
4-[(Dimethylamino)methylenyI]amino-2-phenyl- 

4-(Dipropylamino)-2-phenyl- 
6-(Erhoxycarbonyl)-4-(2-lormyl h ydrazino)- 

6-(Ethoxycarbonyl)-5-hydroxy-2-methyl- 

Z-(trichloromethyl)- 

2-(trichloromet hyl)- 

5,6,7,8-tetra hydro- 

4-hydroxylphenylamino J- 

2-furanyl)met hylene] hydrazino }- 

tetra hydro- 

(2.6-dichlorophenyl)- 

hexahydro-2-phenyl- 

(3-oxide) 

5-hydroxy-2-[2-(5-nitro-2-furanyl)ethenyl]- 

4(  [ (5-nitro-2-furanyl)methylene]hydrazinoJ- 

376- 377 

> 360 

271-273 
320-321 
>310 

210-275 

249-25 I 
214215 
233-236 

134136 

> 320 

160 165 
> 200 

308 
389-39 I 

258-261 

299--300 

173-176 

153 

205-2 I0 

165-167 

> 320 

255 

IR, N M R  

IR. N M R  
IR, N M R  

N M R  

IR, N M R  
N M R  
N M R  
IR, N M R  

IR, N M R  

N M R  

N M R  

N M R  

N M R  

151 
I47 

102 
324 
152 
147 
194 
324 
194, 282 

151 
152. 300 
158 
194 
131 

131 

279 

348 

132 
104 

196 
99 

I02 

102 
300 
300 
in4.206 

I49 
300 
300 
194 
194, 195, 282 

I58 
300 

348 

348 
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TABLE 7. (Continued) 

Substituents mP Other Data References 

6-(Ethoxycarbonyl)-5-hydroxy-4-(methylamino)- 

6-(Ethoxycarbonyl)-5-hydroxy-4-(4-morpholinyl~ 

6-(Ethoxycarbonyl)-5-hydroxy-2-[2-(S-nitro- 

6-(Ethoxycarbonyl)-5-hydroxy-2-[2-(5-nitro- 

4-(Ethylamino)-2-phenyl- 
4-Hydrazinyl- (acetone hydrazone) 
4-H ydrazinyl- (benzaldehyde hydrazone) 
4-H ydrazinyl- (2-butanone hydrazone) 
4-Hydrazinyl- (2-pentanone hydrazone) 
QHydrazinyl- (3-pentanone hydrazone) 
4-Hydtazinyl- [ ( I  -phenyl-2-propanone) hydrazone] 
QHydrazinyl- [( 1 -phenyl-1 -propanone) hydrazone] 
4-[ (Hydroxyimino)methylenylamino]- 
4-H ydroxylamino-2-phenyl- 
2-Methyl-4(3H)-oxo- (acetyloxime) 
44Methylamino)- 
4-(Methylamino)-2-phenyl- 
4-(4-Morpholinyl)-2-phenyl- 
4-(Naphthylamino)-2-phenyl-5,6,7,8-tetra hydro- 
7(8H )-Oxo-4-(4-morpholinyl)-2-phenyl- 
4(3H)-Oxo- (oxime) 
4(3H )-0x0- (oximc hydrochloride) 
7(8H )-Oxo-2-phenyl-4-( I-piperidiny1)- 
2-Phenyl-4-[di-(2-propyl)amino]- 
2-Phenyl-4-( phenylamino)-5,6.7,8-tetrahydro- 
2-Phenyl-4-( 1 -propylamino)- 
2- Phenyl-4-(2-propylamino)- 
441 -Piperidinyl)-2-phenyl- 
4-(4-Methyl- I -piperazinyl)-2-phenyl- 
243- Pyridinyl)-4-( 1 -pyrrolidin yl)- 
44 I-Pyrrolidinyl)-2-phenyl- 

2-[2-(5-nitro-2-furanyl)ethenyl]- 

2-[2-(5-nitro-2-furanyl)ethenyl]- 

2-furany1)ethenyl J-q I -pyrrolidin yl)- 

2-furanyI)ethenylJ-4-( 1 -piperidinyl)- 

> 300 

278-280 

24 1-242 

285 

204 
254 
166 
151 
167 
I50 
195 
164-166 
212-214 
210-21 2 
23 1 

145-150 

226-227 
237- 242 

146-148 

348 

348 

348 

348 
300 
225 
225 
225 
225 
225 
225 
225 

NMR 194 
NMR 158 
NMR 194 

170 
300 
300 
132 
238 

NMR 194 
194 
238 
300 
132 
300 
300 
300 
300 
300 
300 

TABLE 8. DERIVATIVES OF 2.4-DIHYDROXYPYRIDO[2,3-d] PYRIMIDINES 

Substituents mP Other Data References 

6-(Acetoxymethyl)- 1,3-di(methoxymethyl)- 

6-(Acetoxyrnethyl)-2.4( I H,3H )-dioxo- 
6-(Acetoxymethyl)-2,4(I H,3H)-dioxo-5-methyl- 
6-Acetyl- I ,3-diethyl-2,4,7( I H,3H,8H ttrioxo- 
6-Acetyl- 1,3-dimethyI-2,4,7( I H,3H,IH)-trioxo- 
6-Acetyl-2,4(1H,3H)-dioxo- 1,3,7-trimethyl- 
5-Acetyl-2,4( 1 H,3H)-dioxo- 1.3.7-trimethyl- 

2.4( 1 H,3H)-dioxo-5-methyl- 128-1 29 NMR, UV 
> 340 NMR, UV 
294-295 NMR. UV 
183-184 NMR, UV 
242-243 NMR, UV 
151 NMR 
203-204 IR, NMR 

I l l  
1 1 1  
1 1 1  
113 
113 
96 
61, 63 
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TABLE 8. (Continued) 

85 

Substituents mP Other Data References 

6-[N-Acetyl(N-nitrosoamino)]methyl- 
I ,3-di(rnethoxymethyl)-2.4(1 H,3H )-dioxo- 

qAcety1amino)methyl- I ,3-di(methoxymethyl)- 
2,4( 1 H,3H Fdioxo- 

6-(N-Acetylamino)methyl- I ,3- 
di(methoxymethyl)-2,4( 1 H,3H )-dioxo- 
5-methyl- 

6 4  N-Acetyl-(N-nitrosoamino)] methyl- 
1.3-di(methoxymethyl)2.4( I H.3H)-dioxo- 
5-methyl- 

6-(Acetyloxy)methyl- 1,3-di(methoxymethyl)- 
2 4  1 H,3H)-dioxo- 

7 4  I-(5-Acetyloxy-3-carbomethoxy- I !f- 
pyrazolo)]-l,3-dimethyl-2,4(1 H.3H tdioxo- 

7-114 5-Acetyloxy-3-carbomethoxy- 
I H-pyrazolo)]- 1.3-dimethyl-2.4( I H.3H bdioxo- 

6-(Acetyloxy)- 1,3-dimethyl-2,4( 1 H,3H )-dioxo- 
7-Amino-6-carbamoyl- 1,3-dimethyl-2,4( 1 H,3H )- 

7-Amino-6-carbamoyl-2,4( 1 H,3H)-dioxo- 1.3- 

7-Aminod-carboxy-l,3-diethyl- 

7-Amino-6-carboxy- 1,3-dimethyl- 

7-Amino-6-cyano-l,3-di(met hoxymethy1)- 

7-Amino-6-cyano-1.3-di(methoxymethyl)- 

6-Cyano- 1.3-di(methoxymethyl)-5-methyl- 

7-Amino-6-cyano- I ,3-dimethyl-5- 

7-Amino-6-cyano- 1.3-dimethyl-2,4( I H,3H)- 

dioxo- (8-oxide) 

dimethyl- 

2,4(1H,3H )-dioxo- 

2 4  1 H,3H)-dioxo- 

2,4(1 H.3H )-dioxo- 

2.41 H,3H)-dioxo-5-methyl- 

2,4,7( I H.3H.IH)-trioxo- 

(dimethylamino)-2,4( 1 H,3H)-dioxo- 

dioxo- 

7-Amino-6-cyano- 1,3-dimethyl-2,4( I H.3H b 

7-Amino-6-cyano- 1,3-dimethyl-2,4( I H.3H )- 

7-Amino-6-cyano- 1,3-dimethyl-2,4(1 H.3H)- 

5-Amino-6-cyano- I ,3-dimethyl-2,4( I H.3H )- 

7-Amino-6-cyano-l,3-dimethyl-2,4(1 H.3H)- 

'I-Amino-6-cyano- 1,3-dimethyl-2.4( 1 H.3H)- 

7-Amino-6-cyano- 1,3-dimethyl-2.4( I H,3H)- 

dioxo-5-(4-methoxyphenyl)- 

dioxo-5-(4-methylphenyl)- 

dioxo-5-(methylthio)- 

dioxo-7-(methylthio)- 

dioxo-5-(4-ni tropheny1)- 

dioxo- (I-oxide) 

dioxo-5-phenyl- 

143-144 NMR. UV 

207-208 NMR. UV 

209-210 NMR, UV 

149-150 NMR, UV 

159- 160 NMR. UV 

198-199 NMR. UV 

IR, NMR 

>300 NMR 

332 

310-31 1 I R ,  NMR 

274-275 

228-229 

> 345 

232-234 

354356 

31 5-31 6 

308-3 10 

267 

232 

305-307 

308-312 

I R ,  NMR, UV 

IR.  NMR. UV 

NMR, UV 

I R  

IR,  NMR 

IR, NMR 

IR, NMR 

IR,  NMR, UV 

IR,  NMR, UV 

IR,  NMR 

I R ,  NMR 

IR,  NMR 

I l l  

1 1 1  

1 1 1  

1 1 1  

I l l  

371 

371 
20 1 

103 

96 

94 

98 

111 

I l l  

111  

105 

75, 96-98, 108, 
110. 350 

74 

74 

68 

68 

74 

I03 

74 
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TABLE 8. (Continued) 

Substituents mP Other Data References 

7-Amino-6-cyano-2.4 1 H,3H)-dioxo- 
5-(4-met hoxyphenyl)-3-met hyl- 

7-Amino-6-cyano-2,4( I H.3H)-dioxo-3- 
methyl- 5-(4-nit rophen ylj- 

7-Amino-6-cyano-2,4( I H,3H )-dioxo-3- 
methyl-5-phenyl- 

5-Amino-6-cydno-2.4( 1 H.3H )-dioxo-7- 
(methylthi0)- I-phenyl- 

7-Amino-l,3-diethyl-2,4(1H,3H)-dioxo- 
7-Amino-l.3-diethyl-2,4( 1 H.3H)- 

7-Amino- 1.3-diethyl-2,4( 1 H.3H )-dioxo-&nitro- 
5-Amino- 1.3-dimethyl-2,4( I H,3H)-dioxo- 
7-Amino-l,3-dimethyI-2,4( 1 H,3H)- 

7-Amino-l,3-dimethyl-2,4(1 H,3H)- 

5-Amino-1.3-dirnethyl-2.4( I H.3H )- 

5-Amino-I ,3-dimethyl-2,4( 1 H.3H)- 

5-Amino-l,3-dimethyl-2,4( 1 H,3H)- 

6-Amino-l,3-dimethyl-2,4(1 H,3H)- 

7-Amino-2.4 1 H,3H)-dioxo-6-(et hoxycarbony1)- 

7-Amino-2,4( I H,3H)-dioxo-b(et hoxycarbony1)- 

7-Amino-2,4( 1 H,3H )-dioxo-6-(ethoxycarbonyl)- 

5-Amino-2,4( 1 H,3H tdioxo-6- 

'I-AZidO- 1,3-dimethyl-2,4( 1 H,3H)-dioxo- 
S-Renzoyl-l,3-dimethyl-2,4(1 H,3H )- 

&Benzoyl-l,3dirnethyl-2,4.7( IH,3H,8Httrioxo- 
74 Benzo yloxy)- I .3-dimethyl-2.4( I H.3H )-dioxo- 
3-Benzyl- 1 -(2.4-dimethylphenyl)-2,4( I H.3H)- 

3-Benzyl-2,4(1 H,3H)-dioxo-l-propyl- 
7-(4-Bromophenyl)-l.3-dimethyl-2,4( 1 H,3H)- 

5-(4-Bromophenyl)- I ,3-dimethyl-2.4( I H.3H)- 

7-(4-Bromophenyl)-1,3-dimethyl-2,4( 1 H,3 H )- 

3-(4-Bromophenyl)-2,4( I H,3Hkdioxo- 
7-(4-Bromophenyl)-2,4( 1 H,3H)-dioxo-5-phenyl- 
3-(2-Butenyl)- I -(2+dimethylphenyl)- 

dioxo-6-fet hoxycarbony1)- 

dioxo-6-(ethoxycarbonyl)- 

dioxo-6-(ethoxycarbonyl)- @-oxide) 

dioxo-6-( met hoxycarbonyl)-7-(methyl t h i ~ ) -  

dioxo-7-(methylthio)- 

dioxo-7-(methylthio)-6-(phenyIsulfonyl)- 

dioxo-7-phenyl- 

3-methyl- 

I-methyl- 

3-methyl-I-phenyl- 

(methoxycarbonyl)-7-(methylthio)-l-phenyl- 

dioxo-7-phenyl- 

dioxo- 

dioxo- 

dioxo- 

dioxo-5-(methylthio)- 

2,41 H.3H )-dioxo- 

3 19-320 

319-320 

320-32 I 

335 
20 I 

207 
224 
223 

220 

232 

268 

23 1 

236-237 

214-215 

> 300 

z 330 

28 1 
128--129 

288-290 
2 I 5-2 16.5 
222-223 

I82 
97 

218 

206 

282 

243 

I16 

IR.  NMR 

IR. NMR 

IR. NMR 

IR. NMR, UV 

IR, NMR, UV 

NMR 

IR, NMR 

IR, NMR, UV 

IR.  NMR, UV 

IR. NMR. UV 

IR 

IR, N M R  

IR,  NMR 

IR, NMR 

IR, NMR, UV 
IR, N M R  

IR, N M R  
IR. NMR 
IR, N M R  

IR, NMR 
IR, N M R  

IR. N M R  

IR, N M R  

IR. NMR,  UV 

IR, N M R  

74 

74 

74 

68 
94 

94 
94 
68 

96-98, 108, 110 

I03 

68 

68 

68 

122 

98 

98 

98 

68 
197 

61.63 
197 
197 

I69 
169 

69 

69 

68 
332 
148 

I69 
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Substituents mp Other Data References 

1-(2-Butenyl)-2.4( 1 H,3H)-dioxo- 
3-(2-Butenyl)-2,4( 1 H.3H )-dioxo- 1 -propyl- 
1 -Butyl-6-cyano-2,4,7( I H,3H,8H )-trioxo- 
7-(r-Butyl)-1,3-dimethyl-~4(1 H,3H)-dioxo- 
7-(r-Butyl)-l.3-dimethyl-2.4( I H,3H )- 

7-(r-Butyl)-l,3-dimethyl-2,4(1 H,3H)- 

I-Butyl-2.4(1H,3H)-dioxo- 
l-Butyl-2.4(1H.3H)-diox0-7-methyl-6- 
(N-morpholinylcarbonyl)-3-phenyl- 

l-Butyl-2,4(IH,3H)-dioxo-7-methyl-3- 
phenyl-6-(N-piperidinylcarbonyl)- 

1 -Butyl-2,4( 1 H,3H)-dioxo-7-methyl-3- 
phenyl-6-(N-pyrrolindinylcarbonyl)- 

I-Butyl-2,4( IH,3H)-dioxo-7-methyl-3- 
phenyl-6-[N-( 2-propenyl)carboxamido 3- 

I-Butyl-6-~N-(cyclohexyl)carboxamido]- 
2 4  1 H.3H )-dioxo-7-methyl-3-phenyl- 

7-(r-Butyl)amino-2.4(l H,3H)-dioxo- 
1,3,5-trimethyl- 

7-(Butyloxy)-l,3-dimethyl-2,4( 1 H,3H)-dioxo- 
7 4  I -(3-Carbomethoxy-5-hydroxy- 

7-[ 1 -(3-Carbomethoxy-5-hydroxy-l Ii- 

dioxo-5-methoxycarbonyl- 

dioxo-5-phenyl- 

1 Ii-pyrazolo)]-1,3-dimethyl-2,4(1 H,3H)-dioxo- 

pyrazolo)]-1,3-dimethyl-2,4( I H.3H )-dioxo- 
(DBU salt) 

6-Carboxamido-3,7-dime1hyl-2,4( 1 H.3H )-dioxo- 
1-( phenylmethy1)- 

6-Carboxamido- I ,3-dimethyl-2,4.7( I H.3H.XH )- 
trioxo- 

6-Carboxy- 1,3-dimethyl-2.4( 1 H.3H )-dloxo-7- 
phenyl- 

5-Carboxy- 1,3-dimethyl-2,4,7( lH,3H,8H)-trioxo- 
6-Carboxy- 1,3dimethyl-2,4,7( 1 H,3H,8H )-trioxo- 
7-Chloro-6-cyano-l,3-di(methoxymethyl)- 

7-Chloro-6-cyano- I .3-di(methoxymethyl)- 

7-Chloro- 1,3-dimethyl-2,4( I H,3H)-dioxo- 

7-Chloro-2.4 I H,3H)-dioxo-5-methoxycarbonyl- 
6-(5-Chloro-2-hydroxybenzoyl)-2.4( I H,3H)- 

6-(4-Chloro-2-hydroxybenzoyl)- I ,3dimethyl- 

7-(CChlorophenyl)- 1,3-dimethyl-2,4( I H,3H)- 

7-(4-Chlorophenyl)-l,3-dimethyl-2,4(lH,3H)- 

3-(4-Chlorophenyl)-2.4(1H,3H )-dioxo- 

2.4 1 H.3H )-dioxo- 

2.4 1 H,3H)-dioxo-5-methyl- 

5-(methoxycarbonyl)- 

dioxo- 

2,4( I H,3H)-dioxo- 

dioxo- 

dioxo-5-(methylthio)- 

191 I R .  NMR 
52 IR.  NMR 
221-223 NMR, UV 
83-85 NMR 

109.5-1 I 1  IR,  NMR 

139-142 IR,  NMR 
92 IR,  NMR 

354356 NMR 
91-92 IR.  NMR 

242-243 

229-23 I 
3 20 
> 320 

178-1 79 

128-129 

310-313 

> 300 

246 

139-140 

283 

NMR, UV 

IR. NMR 
NMR, UV 
NMR 

IR, NMR, UV 

NMR, UV 

NMR 
NMR, UV 

IR,  NMR 

IR, NMR 

IR, NMR, UV 

169 
I69 
113 
60 

62 

64 
I69 

336 

336 

336 

336 

336 

60 
106, 197 

37 1 

37 I 

336 

113 

58 
87 
87 

111 

111  

87 
91 

59 

59 

65 

68 
332 
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TABLE 8. (Continued) 

Substituents mP Other Data References 

5-(4-Chlorophenyl)-2.4( 1 H,3H)-dioxo- 
7-(4ChIorophenyl)-2,4( 1 11,3H )-dioxo-6- 

7-(4-Chlorophenyl)-2.4( 1 H,3H)dioxo- 

6-Cyano-l,3-diethyl-2,4,7( 1 H.3H.8H )-trioxo- 
6-Cyano- 1,3-di(methoxymethyl)-2,4( 1 H,3H )- 

6-Cyano- 1,3-di(methoxymethyl)-2,4( 1 H,3H)- 

6-Cyano- 1,3-di(methoxymethyl)- 

6-Cyano- 1,3-dimethyl-2,4( 1 H.3H )-dioxo- 

6-Cyano-l,3-dimethyl-2,4.7( 1 H,3H,8H)-trioxo- 
6-Cyano-2,4( 1 H.311 )-dioxo-7-methyl-5-phenyl- 
6-Cyano- 1,3-dipropyI-2.4,7( 1 H,3H,8H)-t rioxo- 
6-[N-(Cyclohexyl)carboxamido]-3,7-dimethyl- 

6,7-Diamino- 1,3-diethyl-2,4( 1 H,3H )-dioxo- 
7-(2,4-Dichlorophenyl)- 1.3-dimethyl- 

7-{ [Di-(ethoxycarbonyl)rnethyl] hydrazino}- 

1.3-Diethyl-2,4( I H,3H)-dioxo- 
1.3-Diethyl-2,q 1 H,3H )-diono-5-rnethyl- 
1,3-Diethyl-2,4( 1 H,3H)-dioxo-6-methyl- 
1.3-Diethyl-2,4( IH,3H)-dioxo-7-methyl- 
6.7-Dimethyl-2,4( 1 H,3H)-dioxo- 
5,6-Dimethyl-2.4(1 H,3H tdioxo- 
1.3-Dimethyl-2,4(1 H,3H)dioxo- 

I ,3-Dimethyl-2,4( I H,3H )-dioxo-5.6-diphenyl- 
I ,3-Dimethyl-2,4( 1 H.3H)-dioxo-6.7-diphenyl- 
1,3-Dimethyl-2,4( 1 H,3H)-dioxo-5,7-diphenyl- 
1,7-Dimethyl-2,4( IH,3H)-dioxo-6- 

(ethoxycarbony1)- 
1,3-Dimethyl-2,4( 1 H,3H)-dioxo-6- 

(ethoxycarbonyl)-7-hydroxy- (8-oxide) 
1.3-Dimethyl-2,4( 1 H.3H)-dioxo- 

6-(ethoxycarbonyl)-7-phenyl- 
1.3-Dimethyl-2,4( 1 H,3H)-dioxo-7- 
(2-ethoxycarbonyl)hydrazinyl- 

( E ) -  1,3-Dimethyl-2,4( 1 H.3H)dioxo- 
7-(2-ethoxymethylene)hydrazinyl- 

(Z)- 1,3-Dimethyl-2,4(1 H,3H)-dioxo- 
7-(2-ethoxymethylene)hydrazinyl- 

1,3-Dimethyl-2,4( 1 H,3H)-dioxo-6-ethyl- 
1,3-Dimethyl-2,4( 1 H,3H)-dioxo-7-ethyl- 

methyl- 1-(2-propenyl)- 

I -(2-propenyl)- 

dioxo- 

dioxo-5-met hyl- 

2,4.7(1 H,3H,IH)-tnoxo- 

7-phen yl- 

2 4  1 H,3H )-dioxo- 1 -(phenylmethyl)- 

2 4 1  H,3H)-dioxo- 

1,3-dimethyl-2,4( IH.3H)dioxo- 

> 300 329,346 

215-216 65 

21 5-216 65 
294-295 NMR, UV 113 

185-186 IR, NMR, UV 111 

144-145 NMR, UV 111 

>350 IR, NMR, UV 111 

232-233 IR, NMR 
>300 NMR,UV 

264-265 NMR, UV 
316-319 IR, UV 

240 

223 NMR 

134 135 1R.NMR 
210-211 NMR 
96-97 NMR 
210-210.5 NMR 
96-97 NMR 

NMR 
>310 NMR, UV 
164-164.5 MS. NMR 

uv 
204-205 
243 IR. NMR 

221-223 IR, NMR 

IR, NMR 

155- 157 IR, NMR 

221-222 IR. NMR 

213-214 IR, NMR 

213-214 IR. NMR 

83-84 NMR 

197 
96, 113 
67 
I I3 

336 
94 

97 

197 
80,311 
80, 311 
80, 311 

353 
339. 353 
80, 108, 234, 310, 
31 1 
305, 306 
65 
64,309 

no, 31 I 

98 

103 

58 

197 

197 

197 
92 
108, 110 
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TABLE 8. (Continued) 

Substituents mP Other Data References 

1,3-Dimethyl-2.4( I H.3fl )-dioxo-6-ethyl- 

1,3-Dimethyl-2.4(1 H.3fl)-dioxo-6-ethyl-7-phenyl- 164-165 
1.3-Dimethyl-2.4 1 H.3H)-dioxo-6-ethyl- 

1.3-Dimethyl-3.4( 1 H,3H )-dIOX0-7- 

I .3-Dimethyl-2,4( I H.3H )-dioxo-7-hydrazino- 

7-(methylthio)- 

74 p-t0lyl)- 

(2-furanyl)-5-(methylt hiot 2 30 IR. NMR, UV 

(2-oxobutanedioic acid dimethyl ester hydrazone) 
I ,3-DimethyI-2,4( 1 H,3H )-dioxo-7-hydrazinyl- 
I .3-DimethyI-2.4( 1 H,3H )-dioxo-6-hydrox y- 
1.3-Dimethyl-2,4( I H.3Htdiox0-5-hydroxy- 
6-(methoxycarbonyl)-7-(met hylthio)- 

1,3-Dimethyl-2.4( IH,3H)-dioxo-5-hydroxy- 
7-(methylthio)- 

1,3-Dimethyl-2,4( I H.3Htdioxo-6-hydroxy- 
7-phenyl- 

1.3-Dimethyl-2,4( I H.3H )-dioxo-6- 
(2-hydroxybenzoy1)- 

5.6-Dimethyl-2,4( I H,3H )-dioxo-8- 
(2- hydroxyethyl)-5,6,7,8- tet rahyd ro- 

1,3-Dimethyl-2.4-( 1H,3H)-dioxo- 
7-(4-hydroxyphenyl)- 

I .3-Dimethyl-2,4( I H,3H)-dioxo-7- 
methoxy-S-(methoxycarbonyl)- 

1,3-Dimethyl-2.4( 1 HS3H)-dioxo-6- 
met hox y-7-phenyl- 

1.3-Dimethyl-2,4( IH.3H)-dioxo-5- 
(met hoxycarbony1)- 

1,3-Dimethyl-2,4( I H.3H )-dioxo- 
7-(4-methoxyphenyl)- 

1.3-Dimethyl-2,4( 1 H.3H )-dioxo-7- 
methylamino-6-(methylarn~nocarbonyl)- 

I ,3-Dimethyl-2.4( I H.3H)-dioxo-5- 
(4-methylpheny1)- 

1.3-Dimethyl-2,4( I H,3H)-dioxo-7- 
(4-met hylpheny1)- 

I ,3-Dimethyl-2.4( I H,3H)-dioxo-7- 
(4-methylphenyl)-5-(methyIthio)- 

1.3-Dimethyl-2,4(1 If,3H)-dioxo-5- 
(methylthio)-7-phenyI- 

3,7-Dimethyl-2,4( I H,3H)-dioxo-6- 
(N-morpholin ylca rbon yl)- I -( phenylmethy1)- 

3,7-Dimethyl-2,4( 1 H.3H)-dioxo- 1 - 
(phenylmethy1)-6-( N-pyrrolidin ylcarbony1)- 

1,3-DimethyI-2,4( I H,3H)-dioxo-7- 
(2-naphthaleny1)- 

1,3-DImethyl-2.4( I H,3H)-dioxo- 
7-(4-nitrophenyl)- 

273- 374 
265 

222 

I62 

311-312 

> 300 

317-319 

350 

154-155 

190-194 

153-155 

164 

IR. NMR 
NMR. UV 

IR, NMR. UV 

IR. NMR, UV 

1R. UV 

I R ,  N M R  

IR, NMR 

NMR. UV 

IR, UV 

NMR, UV 

I70 IR, NMR 

173-174 IR, NMR 

284 IR.  NMR, UV 

249 IR, NMR, UV 

210-211 

92 
65 

92 

68 

371 
197. 371 
20 1 

68 

68 

122 

59 

208 

69 

87 

122 

87 

65 

357 

69 

65. 69 

68 

68 

336 

336 

65 

69 



90 Pyridopyrirnidines 

TABLE 8. (Continued) 

Substituents mp Other Data References 

1,3-Dimethyl-2,4( 1 H,3H )-dioxo- 

1,3-Dimethyl-2,4(1H,3H)-dioxo- (8-oxide) 
1,3-Dimethyl-2,4(1 H,3H)-dioxo-5-phenyl- 
1.3-Dimethyl-2,4( 1 H,3H )-dioxo-6-phenyl- 
1,3-Dimethyl-2,4( 1 H,3H )-dioxo-7-phenyl- 

5-(4-nitrophenyl)- 

1,3-Dimethyl-2,4( I H.3H )-dioxo-7-phenyl- 

1,3-Dimethyl-2,4(1 H,3H)-dioxo- 

3,7-Dimethyl-2,4( IH.3Htdioxo-I- 

3.7-Dimethyl-2,4(1H.3H)-dioxo-l- 

3,7-Dimethyl-2,4( I H,3H)-dioxo-l- 

1,3-DimethyI-2,4( I H,3H)-dioxo-7(8H)-thioxo- 
1.3-Dimethyl-6-(ethoxycarbonyl)- 

1.3-Dimethyl-5-(methoxycarbonyl)- 

1,3-Dimethyl-6-nitro-2.4,7( 1 H,3H,8H)-trioxo- 
I ,3-Dimethyl-2.4,7( I H,3H,8H)-trioxo- 

1,3-Dimet hyI-2,4,7( I H,3H.8H )-trioxo-6- 

3-(2,4-DimethyIphenyl)-2.4( 1 H,3H)-dioxo- 
3-(3,5-Dimethylpheny1)-2.4( 1 H,3H tdioxo- 
1 -(2,4-DimethyIphenyl)-2.4( 1 M,3H )-dioxo- 
I-(2,4-Dirnethylphenyl)-2.4( 1 H,3H )- 

1-(3,4-DimethylphenyI)-2,4( IH.3H)- 

2,4(1H.3H)-Dioxo- 

6-( N-phenylmet hy1)carboxamido- 

74 2-phenyletheny1)- 

(phenylmethyl)-6-(N-piperidinylcarbonyl)- 

(phenylmethyl)-6-[ N-(phenylmethyl)carboxamido]- 

(phenylmethyl~6-[N(2-propenyl)carboxamido]- 

2,4,7( IH,3H,8H)-trioxo- 

2,4,7( 1 H,3H,8H )-trioxo- 

{ [(4-nitrophenyl)hydrazono]phenylmethyl}- 

dioxo-3-et hyl- 

dioxo-3- hydroxy- 

2,4( I H,3H )-Dioxo-3,7-dimethyl-6- 

~ , ~ I H , ~ H ) - D ~ o x o - ~ - [ ~ , ~ ( I H , ~ H ) -  

2.4 1 H,3H)-Dioxo-6-(ethoxycarbonyl)- 

2.4 1 H,3H )-Dioxo-3-ethyl-I-propyl- 
2.41 H,3H)-Dioxo-3-ethyl- I -  

2.4 1 H.3H )-Dioxo- 1 -[ (4-fluorophenyl)methyI]- 

2.4 I H.3H)-Dioxo-3-hydroxy- 
2.4 I H,3H)-Dioxo-5-hydroxy-6- 

(et hoxycarbony1)- 

dioxo-5-pyrimidinyl] methyl-6-methyl- 

1.3.7-trimethyl- 

[3-(trifluoromethyl)phenyl]- 

3-methyl- 

(methoxycarbonyl)-7-(methylthio)- 1 -phenyl- 

69 
174-175 NMR, UV 201 
184-186 IR.  NMR 64,69 
157-159 IR, NMR 71 
186 187.5 IR, NMR 64, 65. 68. 69, 97, 

3 50 

190-192 IR.  NMR 58 

185-186 65 

336 

336 

336 
191-193 

239--240 
239-240 
288--289 

> 300 
275-276 
> 300 
230 

160 

219-220 

> 300 

I23 
70 

338.5 

312 

NMR. UV 

NMR 

NMR, UV 
NMR, UV 
NMR, UV 

IR,  NMR 
I R ,  NMR 
IR, NMR 
IR,  NMR 

IR, NMR 

MS 

IR. NMR 

NMR, UV 

NMR 
IR. NMR 

IR. NMR 

IR, NMR, UV 

113 

56,87. 108 

86, 87. 90 
113 
106,113,197,325, 
364, 365 

197 
I53 
153 
169 

169 

369 
140,l46,156,l98, 
201, 238, 328 

98 

198 

96, 349 
169 

312 

I50 
24, 138, 178, 202 

68 
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Substituents mP Other Data References 

2.41 M.3f~)-Dioxo-3-hydroxy-l- 

2.4 1 H.3H)-Dioxo-3-hydroxy-l-phenyl- 
2.4 I H,3H )-Diox0-6-(2-hydroxybenzoyl)- 
2.4 1H,3H)-Dioxo-8-(2-hydroxyethyl)-7- 
methyl-5,6,7,8-tetrahydro- (hydrochloride) 

2.4 I H.3H )-Dioxo-8-(2-hydroxyethyl)-5- 
methyl-5,6,7,8-tetrahydro- (hydrochloride) 

2,4 1 H,3H )-Dioxo-8-(2-hydroxyethyl)-6- 
methyl-5.6.7.8-tetrahydro- (hydrochloride) 

2.4 1 H,3H )-Dioxo-6-(hydroxymethyl)- 
2 4  I H.3H )-Dioxo-6-hydroxymethyl-5-methyl- 
2.4 1 H,3H )-Dioxo-5-methoxycarbonyl- 
2.4 1 H.3H )-Dioxo-6-(methoxycarbonyl)- 

2,4( 1 H,3H )-Dioxo-7-(4-methoxyphenyl)- 
2.4 1 H.3H )-Dioxo-3-(4-methoxyphenyl)- 
2.4 I H,3H bDioxo-5-(4-methoxyphenyl) I - 
2.41 H.3H )-Dioxo-7-(4-methoxyphenyl)- 

2.4 1 H,3H )-Dioxo-6-methyl- 
2.41 H,3H )-Dioxo-5-methyl- 
2.41 H,3H )-Dioxo-3-methyl- 
2.4 1 H.3H FDioxo- I-methyl-7-amino-6-carboxy 
2.4 1 H,3H )-Dioxo-6-methyl-7-phenyl- 

2.4 1H,3H)-Dioxo-3-(4-methylphenyl)- 
2,4  1 H,3H )-Dioxo-5-(4-methylphenyl)- 
2.41 H,3H)-Dioxo-6-pentyl- 
2.4 I H,3H )-Dioxo-3-phenyl- 
2.4 I H,3H)-Dioxo-7-phenyl- 
2 4 1  If,3H)-Dioxo-5-phenyI- 
2.41 H,3H)-Dioxo-7-phenyl-l~2-propenyl)- 
2.4 I H,3H )-Dioxo-’l-phenyI- 1,3,5-trimethyl- 
2.4 1 H.3H)-Dioxo-7-phenyl-I ,3,6-trimethyl- 
2.4 1 H,3H )-Dioxo-5-phenyl- I ,3,7-trimethyl- 
2.4 1 H.3H )-Dioxo-3-[(phenylsuIfonyl)oxy]- 
2,4(lH,3H)-Dioxo- I-propyl- 
2.4 I H,3H)-Diox0-3-propyl- 
2.4 1 H,3H )-Dioxo-3-(3-pyridinyl)- 
2.4 I H,3H)-Dioxo- I-B-D-ribofuranosyl- 
2.4 I H,3H )-Dioxo-5,6,7,8-tetrahydro- 
2,4 1 H.3H )-Dioxo-l,3,6.7-tetramethyl- 
2.4 I H,3H)-Dioxo- 1.3.5.7-tetramethyl- 
2,4 IH.3H )-Dioxo- I-(2,3.5-tri-O-benzoyl- 

2.4 I H,3H)-Dioxo-1.3,6-trimethyl- 
2 ,q I  H,3H)-Dioxo-3.5.7-trimethyl- 
2.41 H,3H)-Dioxo-1.3,7-lrimeIhyl- 

(3-met hoxypheny1)- 

1,3,7-trimethyl- 

1-(2-propenyl)- 

1 -(2-propenyl)- 

8-D-ribofuranosyl- 

>300 IR.NMR 

295-298 NMR. UV 

314316 NMR. UV 

311-314 NMR, UV 
2300 NMR,UV 
>300 N M R , U V  
265 NMR. UV 

340 NMR 
>300 IR,NMR 
330-333 NMR 

216217 

>300 NMR,UV 
274275 NMR, UV 
> 3 M  IR,NMR 

NMR 

185- I 86 
>300 IR,NMR 
>320 NMR 
278 NMR 
> 3 0 0  IR,NMR 
340-344 
317-319 NMR 
235-236 
I93 NMR 
162-163 
187- I89 IR,  NMR 
254-256 IR,  NMR 
192 IR,  NMR 

235 NMR, UV 

147-148 NMR 
178-180 IR,  NMR 

1 I4 
I59 NMR 

369 
369 
59 

208 

208 

208 
1 1 1  
111 
91 

350 
65 
153, 332 
328 

65 
198, 209 
328. 329 
21. 156, 157 
98 

65 
153, 332 
328 
86 
91. 153, 332 
65. 327 
328 
65 
309 
65 
64 
24, 138. 178, 202 
169 
332 
314 
156 
3 56 
108, 110 
64 

I56 
80, 311 

242-244 IR,NMR, UV 85 
155-156 IR, NMR 64, 80, 108, 1 10. 

31 1 
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TABLE 8. (Continued) 

Substituents mP Other Data References 

2.4 I H,3H )-Dioxo-l.3.5-trimethyl- 158-159 IR, NMR 64, 80, 31 1 
5.7-Diphenyl-2.4 1 H,3H )-dioxo- 244 i48 
S-(Methoxycarbonyl)- 1 -methyl- 

2,4,7( 1 H,3H,8H)-trioxo- 289 NMR. UV 87 
54 Methoxycarbonyl)-3-methyl- 

2,4,7( 1 H,3H,8H)-trioxo- 317-319 NMR, UV 87 
5-(Methoxycarbonyl)-2.4,7( I H.3H,8H )-trioxo- 3 20 NMR, UV 87, 88.91 

TABLE 9. DERIVATIVES OF 2-HYDROXYPYRIDO[2,3-d] PYRIMIDINES 

Substituents mp Other Data References 

4-Amino-5-( 2-chlorophenyl)-2( I H )-oxo-7-phenyl- 
4-Amino-5-(4-chlorophenyl)-2( 1 H )-oxo-7-phenyl- 
4-Amino-2.7-diethoxy-5-phenyl-64 thiocyanat0)- 
4-Amino-2.7( 1H.8H )-dioxo-5-phenyl-6- 

4-Amino-5,7-diphenyl-2( I H )-oxo- 
4-Amino-7-ethoxy-2( 1 H )-oxo-5-phenyl-6- 

4-Amino-2-ethoxy-7(8H )-oxo-5-phenyl-6- 

4-Amino-5-(4-methoxyphenyl)-2( I H )-oxo-7-phenyl- 
4-Amino-5-(naphthalenyl)-2( I H )-oxo-7-phenyl- 
7-(4-Chlorophenyl)-4-methyl-2( I H )-oxo-5-phenyl- 
1 -Cyclopropyl-3,4-dihydro-2( 1 H )-oxo-4-phenyl- 
3.4-Dihydro- 1,3-dimethyl-4-(2-hydroxyphenyl)- 

3.4-Dihydro-4.6-diphenyl- I-( I-methylethyl)-2( 1 H )- 

3,4-Dihydro-4-(2-hydroxyphenyl)-2( 1 H )-0x0- 1.3,4- 

3.4-Dihydro- I-( I-methylethyl)-2( I H )-oxo-4-phenyl- 
5,7-Diphenyl-2(1 H)-0x0- 
7-Methyl-2( I H)-oxo4-phenyl- 
8-Methyl-2( I H ~oxo-5.6.7.8-tetrahydro- 
2( IH)-Oxo-4-phenyl- 
2( 1 If )-Oxo-5,6,7,8-tetrahydro- 

(thiocyanat0)- 

(thiocyanat0)- 

(thiocyanatoj- 

2(1H)-oxo- 

0x0- 

trimethyl- 

324 
324 

>300 IR.NMR 151 

110 IR.  NMR 151 
232 148, 324 

65 IR.  NMR 151 

>300 1R.NMR 151 
324 
324 

> 300 135 
179-18 1 165 

219-221 IR, NMR, UV 139 

151-161 165 

250-252 IR, NMR, UV 139 
149-153 165 
269--271 NMR 154 
232-234 NMR 154 
2W265 173 

154, 165 
358 

TABLE 10. DERIVATIVES OF 4-HYDROXYPYRIDO[2.3-4) PYRIMIDINES 

Substituents mP Other Data References 

7-Amino-6-(2,6-dichlorophenyI)-4-ethoxy-Zmethyl- 237-238 

2-(3-Aminosulfonyl-4-chlorophenyl)-4(3ff )-0x0- 
2-(4-Aminophenyl)- 1,2-dihydro-4(3H )-0x0- 249-250 

2-(5-Bromo-2-furanyl)- 1,2-dihydro-4(3H )-0x0- 242-243 

99 
164 
299, 302 
164 
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TABLE 10. (Continued) 

93 

Substituents mp Other Data References 

&Carboxy-S-hydroxy-2-[ 2-(5-nitro-2-furanyl)ethenyl]- 

2-(4-Chlorophenyl)-4(3H )-0x0- 

2 4  3-Chlorophenyl)-4( 3H)-oxo- 
2-[2-(4-Chlorophenyl)ethenyl]-4-ethoxy-6 

(ethoxycarbony1)-5-hydrox y- 
2-[2-(4-Chlorophenyl)ethenyl]-4(3H)-oxo- 
1,2-Dihydro-5.7-dimethyl-4(3H )-0x0- 1 -phenyl- 
5,6-Dihydro-4,7(3H,81f )-dioxo-2-phenyl- 
1.2-Dihydro-2-(2-furanyl)-3-methyl-4(3H )-0x0- 

1,2-Dihydro-2-(2-furanyl)-4(3H )-oxo- 
1,2-Dihydro-3-methyl-4( 3H j-oxo-243-pyridinyl)- 
1,2-Dihydro-2-[4-( I-methylethyl)phenyl]-4(3H )- 

1.2-Dih ydro-21 I methyl- 1 H-pyrroI-2-y1)-4(3H )-0x0- 
1,2-Dihydro-2-(4-nitrophenyl)-4( 3H )-0x0- 
1,2-Dihydro-4(3H)-oxo-2-phenyl- 
1.2-Dihydro-4(3H )-oxo-2-(3-pyridinyl)- 
1,2-Dihydro-4(3II)-oxo-2-[4-(trifluoromethyl)phenyl~- 
5.7-Diphenyl-2-methyI-2.4( 1 H,3H)-dioxo- 
2-Ethenyl-4(3H)-oxo- 
4-Ethoxy-6-(ethoxycarbonyI)-5-hydroxy-2- 

4-Ethoxy-6-(ethoxycarbonyl)-5-hydroxy-2- 

4-Ethoxy-2-phenyl- 
64 Ethoxycarbonyl)-5-hydroxy-4-methoxy-2- 

6-(EthoxycarbonyI)-5-hydroxy-2-[2-(5-nitro-2- 

6-(Ethoxycarbonyl)-5-hydroxy-2-[2-(5-nitro-2- 

6-(Ethoxycarbonyl)-S-methyl-4(3H )-oxo-7- 

2-(Ethoxylcarbonyl)-4(3H~oxo- 
2-(2-Furanyl)-4(3H)-oxo- 
3-Hydroxy-4(3H)-oxo-2-phenyl- 
74 I H-lndol-3-yl)-4(3H)-oxo- 
4-Methoxy- 

4(311)-0xo- 

oxo- 

[2-(5-nitro-2-furanyl)zthenyl]- 

[ 2-(4-nit ropheny1)et henyll- 

[2-(5-nitro-2-furanyl)ethenyl]- 

furanyl)ethenyl]-4(3H)-oxo- 

furany1)et henyll-4-phenox y- 

(trichloromethy1)- 

4-Methoxy-2-phenyl- 
4-Methoxy-2-(3-pyridinyl)- 
2-(4-Methoxyphenyl)-4(3H )-0x0- 
2-(3-Methoxyphenyl)-4(3H)-oxo- 
2-Methyl-4(3H)-oxo- 
1 -Methyl-4(3H )-oxo-5,6,7,8-tetrahydro- 
2-(3-Nitrophenyl)-4(3H)-oxo- 
4(3H)-Oxo- 

> 320 

255 

219 
>400 NMR,UV 
178 179 
241-243 NMR 
157-158 

256257 
228-229 
295-296 
263-265 
25 1-252 
308--3 10 
318-320 

254-256 

265 

282-286 

> 320 

274-278 

>360 NMR 

234-235 
213-215 NMR 
350-351 IR ,  NMR 

IR,  MS. NMR, 
119-120 UV 

26 1 

262-263 NMR 

348 
299, 302 
299, 302 

348 
34 1 
163 
116 
164 
164 
164 

164 
164 
164 
164 
164 
164 
148 
34 1 

348 

348 
340 

348 

348 

348 

160 
313 
164 
158 
I47 

203, 278 
340 
340 
299. 302 
299, 302 
341, 342 
356 
299,302 
14. 156. 161, 
194, 198, 273, 
277, 278 



94 Pyridopyrimidines 

TABLE 10. (Continued) 

Substituents mp Other Data References 

4(3D)-Ox0- 
4(3H )-Oxo-6-methyl- 

4(3H)-Oxo-2-phenyl- 

4(3H)-Oxo-2-phenyl-5.6,7,8-tetrahydro- 
4(3H )-Oxo-2-(2-phenylethenyl)- 
4(3H)-Oxo-2-(phenylmet hyI)-5,6,7,8-tetra hydro- 
4(3H)-Oxo-5-[(phenylmethyl)amino]- 
4(3H)-Ox0-2-(3-pyridinyl)- 
4( 3H)-Oxo-2-(4-pyridinyI)- 
4(3H)-Oxo-2-(2-pyridinyI)- 
4(3H )-Oxo-2-(3-sulfonamidophenyl)- 
4(3H)-Oxo-5.6.7.8-tetrahydro- 

4(3H )-Oxo-2-[2-(3,4,5-trimethoxyphenyl)ethenyl]- 

> 270 

287-289 

262-263 

288-289 
264-266 
238-239 

243-245 
264-266 

MS 234 
NMR, UV 198 

NMR 158. 245, 299, 
300, 302 

uv 155 
34 1 

uv 155 
NMR 162 

164,299-302 
299, 302 
299. 302 
299. 302 

uv 155, 319 
34 I 

TABLE 11. DERIVATIVES OF 4-AMINO-2-MERCAPTOPYRIDO[2.3-d]PYRIMIDlNES 

Substituents mp Other Data References 

4-[(4-Acetylphenyl)amino]-2-(methylthio)- 
4 4  (3-Acetylphenyl)amino]-2-(methylthio)- 
4-Amino-3-(4-bromophenyl)-7-(4-methoxyphenyl)- 

4-Amino-3-(4-bromophenyl)-7-(4-methylphenyl)-5- 

4-Amino-5-carboxamido-2-(methylthio)-7( 1 H )-0x0- 

4-Amino-5-carboxamido-2-(methylt hio)-7- 

4-Amino-5-carboxy-2-(methylthio)-5(8H )-0x0- 
4-Amino-6~carboxyethyl)-2-(methylthio)-5(8H)-oxo- 
4-Amino-5-(carboxyethyl)-2-(methylthio)-7(8H boxo- 
4-Amino-3-(4-chlorophenyl)-7-(4-methoxyphenyl)- 

4-Amino-3-(4-chlorophenyl)-7-(4-methylphenyl)-5-phenyl- 

4-Amino-5-(2-chlorophenyl)-7-phenyl-2( I Hbthioxo- 
4-Amino-5-(4-chlorophenyl)-7-phenyl-2(1 ff bthioxo- 
4-Amino-3,7-di(4-methylphenyl)-5-phenyl-2( 3H)-thioxo- 
4-Amino-3,5-diphenyl-7-(4-methoxyphenyl)-2(3H )-thioxo- 
4-Amino-3,5-diphenyl-7-(4-methylphenyl)-2( 3H)-t hioxo- 
4-Amino-5,7-diphenyl-2( I H )-t hioxo- 
4-Amino-7-(4-met hoxyphenyl)-3-(2-methylphenyl)- 

4-Amino-7-(4-methoxypheny1)-3-( 3-met hylpheny1)- 

4-Arnino-7-(4-rnethoxyphenyl)-3-(4-methylphenyl)- 

S-phenyl-Z(3H )-thioxo- 

phenyl-2(3H )-thioxo- 

(pheny1methoxy)- 

5-phenyl-2(3H)-thioxo- 

2(3H kthioxo- 

5-phenyl-2(3H bthioxo- 

5-phenyl-2(3H)-thioxo- 

5-phenyl-2(3H)-thioxo- 

233-237 
220-223 

297 

300 

264-266 
> 300 

> 300 

287 

318 

285 
293 
276 

278 

274 

290 

uv 352 
uv 352 

IR 142 

I R  142 
91 

NMR, UV 91 
NMR, UV 57 

57 
NMR, UV 57 

1R 142 

IR 142 
324 
324 

IR 142 
I R  142 
IR 142 

324 

IR 142 

IR 142 

IR 142 
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TABLE I I .  (Continued) 

Substituents mp Other Data References 

4-Amino-5-(4-methoxyphenyl)-7-phenyl-2( I H )-thioxo- 
4-Amino-3-(3-methylphenyl)-7-(4-methylphenyl)-5- 

4-Amino-3-( 2-methylphenyI)-7-(4-methyIphenyl)-5- 

4-Amino-2-(methylthio)-7(8H)-oxo- 
4-A1pino-2-(methylthio)-5(8H)-oxo- 
4-Amino-5-(naphthalenyl)-7-phenyl-2( 1 H )-thioxo- 
4-[(4-Brornophenyl)amino]-2-(methylthio)- 
4-[ (3-Bromophenyl)amino]-2-(methylthio)- 
4-(Butylamino)-2-(methylthio)- 
4-[(3-CarboxyphenyI)amino]-2-(methylt hio)- 
4-[ (4-Carboxyphenyl)amino]-2-(methylthio)- 
4-1 (4-Chlorophenyl)amino]-2-(methylthio)- 
4-[ (2-Chlorophenyl)amino]-2-(rnethylthio)- 
4-[I4-Cyanophenyl)arninoJ-2-(methylthio)- 
4-[(3-Cyanophenyl)amino]-2-(methylthio)- 
4-(Cyclobutylamino)-2-(methylthio)- 
4-(Cyclohexylamino)-Z-(methylthio)- 
64 N-Cyclohexylcarboxamido)-4,7-diamino-2- 

4-(Cyclopentylamino)-2-(methylthio)- 
4,7-Diamino-6-[N-( 2- 

4-[( 3,5-Dichlorophenyl)amino]-2-(methylthio)- 
4-[(2,4-Dichlorophenyl)amino]-2-(methylthio)- 
3.4-Dihydro-4-imino- I ,3-dimethyl-2( 1 H tthioxo- 
44 Dimethylamino)-7-met hyl-5.6.7.8-tet rahydro- 

4-[(3.5-Dimethylphenyl);lmino]-2-(methylthio)- 
4-[(2,5-Dimethylphenyl)amino]-2-(methylthio)- 
4-[(3,4-Dimethylphenyl)amino]-2-(methylthio)- 
4-[(2-Ethoxyethyl)amino]-2-(methylthio)- 
4-[ (4-Et hoxyphenyl)amino]-2-(methylt hio)- 
4-[(2-Ethylhexyl)amino]-2-(methylthio)- 
44 (2-Ethylhexyl)amino]-2-(methylthio)- (2.4.6- 

4-[(4-Ethylphenyl)amino]-2-(methylthio)- 
4-[(3-Ethylphenyl)amino]-2-(methylthio)- 
4-[ (l-Ethylpropyl)amino]-2-(methylthio)- 
4-[(4-Fluorophenyl)amino]-2-(methylthio)- 
4-[ (3-Fluorophenyl)amino]-2-(methylthio)- 
4-(Heptylamino)-?-(methyl t hio)- 
4-(Hexylamino)-2-(methylthio)- 
4-[ (3-Hydroxyphenyl)amino]-2-(~ethylthio)- 
4-[(3-lodophenyl)arnino]-2-(methylthio)- 
4-[ (4-lodophenyl)amino]-2-(methyl thio)- 
4-[ (2-Methoxyethyl)amino]-2-(methylthio)- 
4-1 (4-Methoxyphenyl)amino]-2-(methylt hio)- 
4-(Methylamino)-2-(methylthio)- 

phenyl-2(3H kthioxo- 

phenyl-2(3H )-thioxo- 

(rnethylthi0)- 

dimethylamino)ethyl]carboxamido)-2-(methylthio)- 

2( I H )-thioxo- 

trinitrophenolate) 

2x3 

286 
333 
> 360 

273-275 
223-225 

292 
> 300 
267-269 
125- 128 
242-244 
227-228 

> 360 

297-300 
224-228 
233-235 
192- I95 

205-206 
229-232 
173-1 76 
234-235 
135-138 
212-215 

219-244 
21 1-213 
189-1 9 I 
215-218 
243- 245 
155-1 58 
146-148 
234 

280-282 
262-263 

135-1 38 
221-224 
230 

IR 

IR 
NMR, UV 
NMR, UV 

uv 
uv 

uv 
uv 
uv 
uv 
uv 
uv 

uv 
uv 
IR, NMR 

NMR 
uv 
uv 
uv 
uv 
uv 

uv 
uv 
uv 
uv 
uv 
uv 
uv 
uv 
uv 
uv 
uv 
uv 
uv 

324 

142 

142 
57 
57 
324 
352 
352 
351,352 
352 
352 
352 
352 
352 
352 
352 
352 

102 
352 

102 
352 
352 
307 

149 
352 
352 
352 
352 
352 
352 

32 1 
352 
352 
352 
352 
352 
352 
352 
352 
352 
352 
352 
352 
352 
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TABLE 1 I.  (Continued) 

Subs tit uen ts mp Other Data References 

4-[(3-Methylphenyl)amino]-2-(methylthio)- 
4-[(2-Methylphenyl)amino]-2-(methylthio)- 

4-[ (2-Methylpropyl)amino]-2-(methylthio)- 
4-[( I-Methylpropyl)amino]-2-(methylthio)- 
2-( Methylthio)-4-(octylamino)- 
2-(Methylthio)-4-(pentyiamino)- 
2-(Methylthio)-4-(phenylamino)- 
24 Methylthio)-4-(phenylamino)- 

2-(Methylthio)-4-[(phenylmethyl)amino]- 
2-(Methylthio)4[(phenylmethyl)amino]- 

2-(Methylthio)-4-[ (2-propenyl)amino]- 
2-(Methyl t hio)-4-(propylamino)- 
2-(Methylthio)-4-[ (3-nitrophenyl)amino]- 
2-(Methylthio)-C[ (4-nitrophenyl)amino]- 

(2.4.6-trinitrophenolate) 

(2,4,6-trinitrophenola te) 

(2,4.6-trinitrophenolate) 

220 uv 352 

178-180 uv 352 
352 
352 

92-93 uv 352 
352 
352 

352 
352 

321 
193- 194 uv 352 
178-179 uv 352 
259-260 uv 352 
223-224 uv 352 

TABLE 12. DERIVATIVES OF 4-HYDROXY-2-MERCAPTOPYRlDO[2,3-d]PYRlMIDINES 

Substituents mp Other Data References 

6-Acetyl-5-( 1,3-benzodioxol-5-yl)5,6-di hydro- 
4,7(3H,8H)-dioxo-2( lH)-thioxo- 

6-Acetyl-5,6-dihydro-4,7(3H,8H )-dioxo-5-(4- 
nitrophenyl)-2(1 H)-thioxo- 

6-Acetyl-5,6-dihydro-4,7(3H,8H )-dioxo-5-phenyl- 
2( 1H )-thioxo- 

7-Amino-5-( 1.3-benzodioxol-5-yl)-6-carboxamido- 
5,6-dihydro-4(3H )-0x0-2( 1H )-thioxo- 

7-Amino-5-( 1,3-benzodioxol-5-yl)-6-cyano-5,6- 
dihydro-4(3H)-oxo-2( I Hpthioxo- 

7-Amino-6-carboxamido-5,6-dihydro-5-(4- 
nitrophenyl)-4(3H)-oxo-2( 1 H )-thioxo- 

7-Amino-6-carboxamido-5,6-dihydro-4(3H)-oxo- 
5-phenyl-2(1 HFthioxo- 

7-Amino-6-cyano-5.6-di hydro-5-(4-nitrophenyl)- 
4(3H)-oxo-2( lH)-thioxo- 

7-Amino-6-cyano-5,6-dihydro-4(3H )-oxO-s- 
phenyl-2( 1 H )-thioxo- 

5-Amino-6-cyano-2,7( I H,8H )-di thioxo-4(3H )-0x0- 
3-Benzoyl-4(3H)-oxo-2( 1 H )-thioxo- 
3-Benzyl-6-bromo-5,7-dimethyl-4(3 H )-0x0- 

l-Benzyl-6-carboxy-3,7-dimethyl-4(3H )-OXO- 

1 -Benzyl-3,7-dimethyl-6-(ethoxycarbonyl)-4(3H)- 

2( 1H)-thioxo- 

2( IH)-thioxo- 

0x0-2( 1 H)-thioxo- 

317 

317 

317 

317 

317 

317 

317 

317 

317 
210-212 IR, NMR 172 
196197 18, 143 

285, 316 

297, 336 

297 
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~ 

Substituents mP Other Data References 

3-Benzyl-S,7-dimethyl-4(3H )-oxo-2( 1 H )-thioxo- 
3-Benzyl-4(3H )-oxo-7-phenyl-2( I H )-thioxo- 
I-Benzyl-4(3H)-oxo-2( I H )-thioxo- 
6-Bromo-3-butyl-5,7-dimethyl-4(3H )-0x0-2( I H t 

6-Bromo-3-( 3-chlorophenyl)-5,7-dimethyl-4(3H !- 

6-Bromo-3-cyclohexyl-5.7-dimethyl-4(3H )-0x0- 

6-Bromo-5.7-dimet hyl-3-(4-met hoxypheny1)- 

6-Bromo-5,7-dimethyl-(2-methylphenyl)-4(3H 1- 

6-Bromo-S.7-dimethyl-(3-met hylphenyl)-4(3H )- 

6-Bromo-5,7-dimethyl-(4-methylphenyl)-4(3H )- 

6-Bromo-5.7-dimethyl-4(3H)-oxo-3-phenyI- 

I-(4Bromopheny1)-4(3H )-0xo-2( I H )-thioxo- 
3-Butyl-6-carboxy-l,7-dimethyl-4(3H)-oxo- 

1 -Butyl-6-carboxy-7-methyl-~3ff )-oxo-3-phenyl- 

I-Butyl-5-carboxy-7-methyl-4(3H)-oxo-3-phenyl- 

l-Butyl-6-chlorocarbonyl-7-methyl-4(3H)-oxo-3- 

3-Butyl- I .7-dimet hyl-6-(ethoxycarbonyl)-4(3H )- 

3-Butyl-5,7-dimethyl-~3H)-oxo-?( lH)-thioxo- 
I-Butyl-6-(ethoxycarbonyl)-7-methyl-4(3H~ 

I-Butyl-5-(methoxycarbonyl)-7-methyl-4(3H)-oxo-3- 

3-Butyl-4(3H~oxo-7-phenyl-2( I H)-thioxo- 

6-Carboethoxy-l-[2-(diethylamino)ethyl]-3,7- 
dimethyl-4(3H )-0x0-2( IH )-thioxo- 

6-Carboethoxy- 1 -[2-(diethylamino)ethyl]-3.7- 
dimethyl-4(3H)-oxo-2( 1H)-thioxo- (hydrochloride) 

6-Carboethoxy-l -[?-(diethylamino)ethyl]-7- 
methyl-4(3H )-oxo-3-phenyl-2( 1 H pthioxo- 

6-Carboethoxy-I-[Z-(diethylamino)ethyl]-7- 
methyl-4(3H )-oxo-3-phenyl-2(1 H )-thioxo- 
(hydrochloride) 

(phenylmethyl)-2( 1 H)-thioxo- 

thioxo- 

oxo-2( I H)-thioxo- 

2( I If )-thioxo- 

4(3H)-ox0-2( I If )-thioxo- 

ox0-2( IHkthioxo- 

ox0-2( I H)-thioxo- 

0x0-a I M )-thioxo- 

2( IH)-thioxo- 

2( I H )-I hioxo- 

2( I If )-thioxo- 

2(1 If )-thioxo- 

phenyl-2(1 H)-thioxo- 

ox0-2( lH)-thioxo- 

oxo-3-phenyl-2( 1 H)-thioxo- 

phenyl-2( I H)-thioxo- 

6-B~tyl-4(3H)-0~0-2( I H )-thioxo- 

6-Carboxamido-3,7-dimethyl-4(3H)-oxo- 1- 

6-Carboxy- 1,3-diethyl-7-methyl-4(3H)-oxo- 

216-217 144 
> 300 144 
214 IR. NMR. UV 136 

285 

285, 316 

285 

285, 316 

285. 316 

285 

285. 316 

285. 316 
270 IR, NMR, UV 136 

298 

297, 336 

296 

336 

> 300 
298 
144 

297 

296 
160-162 144 
274 NMR 86 

347 

347 

347 

347 

336 

2(1H)-thioxo- - 298 
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TABLE 12. (Continued) 

Substituents mP Other Data References 

6-Carboxy- 1-[2-(diethyIamino)ethyl]-3.7- 
dimethyl-4(3H)-oxo-2( 1 H )-thioxo- 
(hydrochloride) 

4(3H )-oxo-3-phenyl-2( 1 H bthioxo- 
(hydrochloride) 

6-Carboxy-l-[2-(diethylamino)ethyl]-7-methyl- 

5-Carboxy-4.7(3H,8H)-dioxo-2-(methylthio)- 
6-Carboxy-7-methyl-4(3H)-oxo- I -phenyl-2( I H )- 

5-Carboxy-7-methyl-4(3H)-oxo- I-phenyl-3 I H ) -  

6-Carboxy-4(3H )-oxo-2( I H )-thioxo- I .3.7- 

6-Chlorocarbonyl-3.7-dimethyl-4(3H )-0x0- I - 
3-(3-Chlorophenyl)-S,7-dimethyl-4(3H toxo- 

1 -(4-Chlorophenyl)-6-(ethoxycarbonyl)-7-methyI- 

5-(4-Chlorophenyl)-4(3H )-0x0-2( 1 H)-thioxo- 

3-Cyclohexyl-5,7dimethyl-4(3H )-oxo-2( 1 H )- 

3-(Cyclohexyl)-4(3H )-oxo-7-phenyl-2( 1 fl tthioxo- 
I-Cyclohexyl-4(3H)-oxo-2( 1 H tthioxo- 
6-[ N-(Cyclohexyl)carboxamido]-3,7-dimethyl- 
4(3H)-oxo-1-(phenylmethyl)-2( lH)-thioxo- 

I ,3-Diethyl-6-(ethoxycarbonyl)-7-methyl-4(3H)- 
ox0-2( 1 H)-thioxo- 

1,7-Dimethyl-6-(ethoxycarbonyl)-4(3H )-0x0-3- 
(2-propenyl)-2( IH)-thioxo- 

1,7-Dimethyl-6-(ethoxycarbonyl)-4(3H )-0x0- 
2( I H )-thioxo- 

3,7-Dimethyl-S-(methoxycarbonyl)-4(3H)-oxo- 
I-phenyl-2( 1 H )-thioxo- 

I ,7-Dimethyl-S-(methoxycarbonyl)-4(3H )-0x0- 
3-phenyl-2(1H)-thioxo- 

5,7-Dimethyl-3-(4-methoxyphenyl)-4(3H)-oxo- 
2( 1H)-thioxo- 

5,7-Dimethyl-3-(2-methylphenyl)-4(3H koxo- 
2( I H)-thioxo- 

5,7-Dimethyl-3-(3-methylphenyl)-4(3H)-oxo- 
2( I H )-thioxo- 

5.7-Dimethyl-3-(4-methylphenyl)-4(3H )-oxo- 
2( I H)-thioxo- 

3,7-Dimethyl-6-(N-morpholinylcarbonyl)-4(3H )- 
0x0- I-(phenylmethyl)-2( I H)-thioxo- 

3,7-Dimethyl-4(3H)-oxo- 1 -(phenylmethyl)-6- 
(N-pyrrolidinylcarbonyl)-2( 1H)-thioxo- 

thioxo- 

thioxo- 

trimethyl- 

(phenylmethyl)-2( 1 H )-thioxo- 

2( 1 H kthioxo- 

4(3H )-oxo-2( 1 H kthioxo- 

1,3,7-triphenyl- 

thioxo- 

> 320 

25 1-253 

150 

> 300 
239-241 
20 I 

267 

210-21 I 

204-205 

162-164 

347 

347 
NMR. UV 91 

297 

296 

298 

336 

144, 316 

297 

95 

144 
144 

IR, NMR, UV 136 

336 

298 

298 

298 

296 

296 

144 

144, 316 

144,316 

144. 316 

336 

336 
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TABLE 12. (Continued) 

Substituents mP Other Data References 

5,7-DimethyI-4(3H )-oxo-3-phenyl-2( I H tthioxo- 
3,7-Dimethyl-4(3H )-0x0- 1 -( phenylmethyl)-6- 

3.7-Dimethyl-4(3H )-oxo-1 -(phenylmethyl)-6- 

3.7-Dimethyl-4(3H)-oxo- I -(phenylmethyl)-6- 

3,7-Dimethyl-4(3H )-0x0- 1 -(phenylmethyl)-6- 

5,7-Dimethyl-4(3H)-oxo-2( I H kthioxo- 
1-[4-(Dirnethylamino)phenyl]-4(3H)-oxo-2( 1 H )- 

5-[4-(Dimethylamino)phenyl]-4(3H )-0x0-2( 1 H )- 

3-(2,4-Dimethylphenyl)-4(3H )-oxo-2( 1 H tthioxo- 
3-(3,5-Dimethylphenyl)-4(3H )-oxo-2( 1H)-thioxo- 
4.7(3H,8H )-Dioxo-5-methoxycarbnyl-2- 

3.7-Diphenyl-4(3H )-oxo-2( I H)-thioxo- 
6-(Ethoxycarbonyl)-7-methyl-4(3H)-oxo- 1 - 

6-(Ethoxycarbonyl)-7-methyl-4(3H )-0x0-1-(2- 

64 Et hoxycarbonyl)-4( 3H )-oxo-2( 1 H )-thioxo- 

8-Ethyl-4(3H)-oxo-5,6,7,8-tetrahydro-2( I H )- 

I-Ethyl-4(3H)-oxo-2( 1H )-thioxo- 
6-(2-Hydroxybenzoyl)-4(3H )-oxo-2( 1 H )-thioxo- 
4-Methoxy-6-methyl-2-( methylthio)- 
5-(Methoxycarbonyl)-7-methyI-4(3If toxo- 1 - 

3-(4-Methoxyphenyl)-4(3f! )-oxo-2( I H )-thioxo- 
I -(4-Methoxyphenyl)-4(3H )-oxo-2( 1 H )-thioxo- 
5-(4-Methoxyphenyl)-4(3ff )-oxo-2( I H)-t hioxo- 

6-Methyl-2-(methylthio)-4(3H)-oxo- 
8-Methyl-4(3H )-oxo-5,6,7,8-tetrahydro-2( 1 H)- 

I-Methyl-4(3H)-oxo-2( 1H )-thioxo- 
3-Methyl-4(3H)-oxo-2( lH)-thioxo- 
3-(2-Methylphenyl)-4(3H)-oxo-7-phenyl-2( I H )- 

3-(3-Methylphenyl)-4(3H)-oxo-7-phenyl-2( I H )- 

3-(4-Methylphenyl)-4(3H )-oxo-7-phenyl-2( 1 H )- 

3-(4-Methylphenyl)-4(3H)-oxo-2( IH)-thioxo- 
1 -(4Methylphenyl)-4(3H kox0-2( I H )-thioxo- 

(N-piperidinylcarbonyI)-2( 1 H )-thioxo- 

[N-(phenylmethyl)carboxamido]-2( IHkthioxo- 

[N-(2-propenyl)carboxamido]-2( 1 H bthioxo- 

[ N-(2-pyrimidinyl)carbxamido J-2( I H)-thioxo- 

thioxo- 

thioxo- I .3.7-triphenyl- 

(methy1thio)- 

phenyl-2( 1 H tthioxo- 

propenyl)-2( I H)-thioxo- 

I ,3.7- t rimethyl- 

thioxo- 

phenyl-2(1 Htthioxo- 

1.3.7-triphenyl- 

thioxo- 

thioxo- 

thioxo- 

thioxo- 

259-260 

260 

286 

2M 
270-272 
> 300 

313 
258- 259 

209 
> 300 

> 300 
246 

1 50 
255-257 

276278 
310 

> 300 

> 300 

> 300 
> 300 
267 

IR, NMR, UV 

IR, NMR 
IR, NMR 

NMR, UV 

IR, NMR, UV 
IR, NMR 
NMR, UV 

IR, NMR 
IR, NMR, UV 

NMR, UV 

IR, NMR, UV 

IR, NMR 
IR, NMR, UV 

144, 316 

336 

336 

336 

336 
329, 346 

136 

95 
I53 
153 

91 
144 

291 

298 

298 

354 
I36 
59 
198 

296 
153 
I36 

95 
I98 

355 
136 
20, 146 

144 

144 

144 
153 
136 
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TABLE 12. (Continued) 

Substituents mP Other Data References 

I-(2-Methylphenyl)-4(3H)-oxo-2( I H )-thioxo- 210 IR ,  NMR, U V  136 
5-(4Methylphenyl)-4(3H )-oxo-2( 1 fI )-thioxo- 

2-(Methylthio)-4(3H)-oxo- 32 1 
1-(2-Naphthalenyl)-4(3H )-0x0-2( 1 H )-thioxo- 316 IR,  NMR. UV 136 
I-(3-Nitrophenyl)-4(3H)-oxo-2( 1H)-thioxo- 347 IR ,  NMR, UV 136 
5-(4-Nitrophenyl)-4(3H)-oxo-2( I H )-1hioxo-1.3,7- 

5-(3-Nitrophenyl)-4(3H)-oxo-2( 1 H)-thioxo- I ,3,7- 

4(3H)-Oxo-6-methyl-2( I Htthioxo- >300 N M R  198, 209 
4(3H)-Oxo-2-[ (2-oxo-2-phenylethyl)thio]- 219-221 N M R  166 
4(3H)-Oxo-6-pentyl-2( I H )-thioxo- 258 NMR 86 

4(3H)-Oxo-5-phenyl-2( 1 H kthioxo- 260 329, 346 
4(3H)-Oxo-3-phenyl-a 1 H )-thioxo- >300 IR,NMR 153, 366 
4(3H)-Oxo-3-(2-propenyl)-a IH )-thioxo- 368 
4(3H )-Oxo-6-propyl-2( 1 H)-thioxo- >300 NMR 86 
4(3H)-Oxo-2(1H)-thioxo- > 300 19. 136, 145, 

1,3.7-triphenyl- 150 95 

triphenyl- 205 95 

triphenyl- 85 95 

4(3H )-Oxo-l-phenyl-2( I H)-thioxo- 210-212 IR,  NMR, UV 136 

166 

TABLE 13. DERIVATIVES OF 2-MERCAPTO- AND 
4-MERCAPTOPYRID0[2,3-~PYRIMIDINES 

Substituents 

5-Amino-6-cyano-2,7( 1 H,3H)-dithioxo-4-phenyl- 
6-Carboxy-5-hydroxy-2-fmet hy1thio)- 
4-Chloro-6-methyl-2-(rnethylthio)- 
4-Chloro-2-(methylthio)- 
7-(4-Chlorophenyl)-4-et hyl-5-phenyl-2( 1 H )-t hioxo- 
7-(4-Chiorophenyl)-4-met hyl-5-phenyl-2( 1 Hkthioxo- 
6-Cyano-6.7-dihydro-R-ethyl-2-(methylthi0)-5(8H )-0x0- 
1,4-Dihydro-2-{ [(S-methyl-1 H-imidazol-4- 

3,4-Dihydro-2( 1 H )-thioxo- 
7-(Dimethylamino)-5-hydroxy-2-(methylthio)- 
7-(3,4Dimethylphenyl)-5-phenyl-2( 1 H )-thioxo- 
5,7-Diphenyl-2,4( 1 H,3H)-dithioxo- 
5,6-DiphenyI-2.4( 1 H, 3H )-dithioxo-’l-methyl- 
2,4( 1 H,3H )-Dithioxo-5-(4-methoxyphenyl)-7-methyl- 
2,4( 1 H,3H )-Dithioxo-5-(4-methoxyphenyl)-7-methyl- 

2,4( I H,3H )-Dithioxo-5-(4-methoxyphenyl)-7-phenyI- 
24( 1 H,3H )-Dithioxo-7-methyl-5-phenyl- 
4-(Methylthio)-5,6,7,8-tetrahydro- 
2-Phenyl-4(3H)-thioxo- 
5.6,7,8-Telrahydro-4(3H)-thioxo- 
4(3H)-Thioxo- 

yl)methyl]thio}- 

6-phen yl- 

mP 

283-285 

126127 
230 
290 
> 300 
215 

2 30 
149- 150 

Other Data References 
~ 

IR, NMR 171 
315 

NMR. UV 198 
uv 352 

135 
135 
119 

237, 276 
331 
I07 
275 
370 
3 70 
370 

3 70 
370 
370 
319 
340 
319 
308 
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TABLE 14. DERIVATIVES OF PYRIDO[2,3-d] PYRIMIDINES 

Substituents mP Other Data References 

None 

7-(Acetylamino)-6-(2- bromopheny1)- 
7-(Acetylamino)-2-cyclopropyl-6-(2,6- 

7-(Acetylamino)-6-(2,6-dichlorophenyl)- 
7-(Acetylamino)-6-( 2,6-dichlorophenyl)-2.4- 

dimethyl- 
7-Acetylarnino-6-(2,6-dichlorophenyl)-2- 

methyl- 
7-(Acetylamino)-2,4dimet hyl-642- 

methylpheny1)- 
7-(Acetylamino)-2-met hyl-6-( 2- 

methylpheny1)- 
7-(Acetylamino)-6-(2-rnet hylpheny1)- 
4-(Acetylmet hyl)- 
7-[(N-Acetyl)methylaminol-6-(2,6- 

7-Amino-6-(6-bromo-2-chlorophenyl)- 
7-Amino-6-(6-bromo-2-chlorophenyl)-2- 

7-Amino-6-( 3-bromo-2-methylphenyl)-2- 

7-Amino-6-(6-bromo-2-met hylphenyl)-2- 

7-Arnino-6-(2-bromophenyl)- 
7-Amino-6-(2-bromophenyl)-2-cyclopropyl- 
7-Amino-6-(2-bromophenyl)-2-met hyl- 
7-Amino-6-(2-chloro-6methylphenyl)- 
7-Amino-6-(2-chloro-6-methylphenyl)-2- 

7-Amino-6-(2-chlorophenyl)- 
7-Amino-6-( 2-chlorophenyl)-2-ethyl- 
7-Arnino-6-(2-chlorophenyl)-2-merhyl- 
7-Amino-6-(4-chlorophenyl)-2-methyl- 
7-Amino-2-cyclopropyl-6-(2,6- 

7-Amino-2-cyclopropyl-6-(2-methylphenyl)- 
7-Amino-6-(2,6-di bromophenyl)-2-methyl- 
7-Amino-6-(2,6-dichlorophenyl)- 
7-Amino-6-(2,6-dichlorophenyl)-2,4-dimet hyl- 
7-Amino-6-(2.6-dichlorophenyl)-2-eihyl- 
7-Amino-6-(2,6-dichlorophenyl)-2- 

7-Amino-6-(2,6-dichlorophenyl)-2- 

7-Arnino-6-(2,6-dichlorophenyl)-4-methyl- 
7-Amino-6-( 2,3-dichlorophenyl)-2-rnet hyl- 
7-Amino-6-(2,4-dichlorophenyl)-2-met hyl- 
7-Amino-6-( 3,4-dichlorophenyl)-2-met hyl- 
7-Amino-6-(2,6-dichlorophenyl)-2-met hyl- 

dichloropheny1)- 

dichlorophenyl)-2-methyl- 

rnerhyl- 

methyl- 

methyl- 

methyl- 

dichloropheny1)- 

(hydroxymethy1)- 

(rnethoxymethy1)- 

I8 I -  182 

189- 191 
215-21 7 

201-203 

202-203 

138-140 

145- 148.5 
152-154 

196199 
326330 

272-274 

253-257 

257-259 
265-267 
227-229 
228-230 
300-302 

267-271 
269-270 
186188 
259-260 
262-264 

261-262 
21 1-212 
260-264 
328-330 
239-240 
269-270 

244-246 

208-209 
280-282 
270-272 
259-26 I 
267-268 
288-290 

76, 78, 21 I ,  270, 
27 1 
196 

196 
196 

196 

196 

196 

196 
1% 
203 

196 
99 

99 

99 

99 
99 
99 
99 
99 

99 
99 
99 
99 
99 

99 
99 
99 
99 
99 
99 

99 

99 
99 
99 
99 
99 
99 
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TABLE 14. (Continued) 

mP Other Data References Su bstit uen ts 

7-Amino-6-(2,6-dichlorophenyl)-2-( 2- 
phenylethy1)- 

7-Amino-6-(2,6-dichlorophenyl)-2- 
(t rifluoromethy1)- 

7-Amino-5.6-dihydro-6-(dimethoxymet hyl)-6- 
(methoxymethyl)-2-methyl- 

7-Amino-2,4-dimethyl-6-(2-methylphenyl)- 
7-Amino-6-(2.3-dimethylphenyl)- 
7-Amino-6-(2.6-dimethylphenyl)- 
7-Amino-6-(2.3-dimethylphenyl)-2-met hyl- 
7-Arnino-6-(2,6-dimethylphenyl)-2-methyl- 
7-Amino-2-ethyl-6-(2-methylphenyl)- 
7-Amino-6-(2-ethylphenyl)- 
7-Amino-6-(2-fluorophenyl)-2-methyl- 
7-Amino-6-(2-furanyl)-2-methyl- 
7-Amino-6-(2-iodophenyl)- 
7-Amino-6-(2-iodophenyl)-2-methyl- 
7-Amino-2-methyl-6-(2-ethylphenyl)- 
7-Amino-2-methyl-6-(2-methylphenyl)- 
7-Amino-2-methyl-6-(4-nitrophenyl)- 
7-Amino-2-methyl-6-phenyl- 
7-Amino-2-methyl-6-[2- 

(trifluoromethyl)phenylJ- 
7-Amino-6-(2-methylphenyl)- 
7-Amino-6-pheny l- 
7-Amino-6-(3-pyridinyl)- 
7-Amino-6-(3-pyridinyl)-2-met hyl 
7-Amino-6-[2-( trifluoromet hyl)phenyl]- 
7-Amino-6-(2,4,6-trimethylphenyl)-2-methyl- 
7-{ Amino[carbonyl(amino)] }-642.6- 

7-(Benzoylamino)-6-(2,6-dichlorophenyl)-2- 

2-fBenzoylrnethyl)- 
4-(Benzoylmethyl)- 
4-(BenzoylmethyI)-3,Cdihydro- 

4-Benzyl-3.4-dihydro- 
CBenzyl- (monopicrate) 
7-{ [ (Benzylcarbamoyl)amino]acetyl)amino- 
6-(2,6-dichlorophenyl)-2-methyl- 

4-(Butyroylmethyl)- 
7 4  (I-Butyl)amino[carbonyl(amino)] }- 
6(2,6-dichlorophenyl)-2-methyl- 

6-Carboxy-6.7-dihydro-8-ethyl-5(8H )-0x0- 
6-Carboxy-5-hydroxy-2-[ 245-nitro-2- 

CChloro- 

dichlorophenyl)-2-methyl- 

methyl- 

furanyl)ethyl]- 

269-27 I 

195-196 UV 
234-236 
3 17-3 I9 
285-287 
259-261 
273-275 
192- I93 
235-236 
278-279 
232-233 
262-264 
255-258 
21 1-213 
234-235 
299-301 
229-230 

244-245 
253-255 
289-290 

296-298 
295-297 

29 1 -292 
254-255 

196- 198 

185-187 
151 IR, UV 
248 
146147 IR, MS. NMR, 

uv 

113-120 

204-207 

320 
137 IR, NMR, UV 

99 

99 

114, 115 
99 
99 
99 
99 
99 
99 
99 
99 
99 
99 
99 
99 
99 
99 
99 

99 
99 
99 
99 
99 
99 
99 

196 

196 
193 
203. 280 

203.278 
203 
203 

196 
203 

196 
337 
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Substituents mP Other Data References 

2-Chloro-6,7-dihydro-6-(methoxycarbonyl)- 

2-Chloro-6.7-dihydro-6-(ethoxycarbonyl)- 
8-(2-rnethoxyethyl)-5(8H )-0x0- 

5(8H )-oxo-l( 2-[ (tetrahydro-ZH-pyran-2- 
yl)oxy]ethyl}- 

5-Chloro-7-(dimethylamino)- 
2-Chloro-4,7-diphenyI- 
CChloro-2-pheny l- 
4-Chloro-2-( 3-pyridiny1)- 
7-[(2-Chloroacetyl)amino]-6-(2.6- 
dichlorophenyl)-2-methyl- 

7-(4-Chlorophenyl)-4-phenyl- 
8-[ (4-Chlorophenyl)methyl]-6-cyano-6.7- 

CCyano- 
dihydro-5(8H)-oxo-2-phenyl- 

4-Cyano-3.4-di hydro- 
6-Cyano-6,7-dihydro-3-(2-methoxyet hyl)- 

5(8H )-oxo-2-phenyl- 
6-Cyano-6.7-dihydro-8-methyl-5(8H)-oxo-2- 

phenyl- 
6-Cyano-6.7-dihydro-8-[2-(4- 

morpholinyl)ethyl]-~8H )-oxo-2-phenyl- 
6-Cyano-6.7-dihydro-5(8H )-oxo-2-phenyl-l- 

(2-phen y let hy1)- 
4-( 1 -Cyan()-I-phenylmethy1)- 
6-(2.6-Dichlorophenyl)-7- { [ (2.6- 

6-(2.6-DichlorophenyI)-7-[ (3.4- 

6-(2,6-Dichlorophenyl)-7-( [ (3,4- 

6-( 2,6-Dichlorophenyl)-7-[3- 

64 2,6-Dichlorophenyl)-7- 

6-(2.6-Dichlorophenyl)-7- 

dichlorophenyl)acetyl]amino) -2-methyl- 

dimethoxybenzoyl)arnino]-2-methyl- 

dimethoxyphenyl)acetyl]amin0}-2-methyl- 

(dirnet hylamino)benzoyl]amino-2-meihyl- 

[(dimethylarninocarbonyl)aminoJ- 2-methyl- 

[ (dimethylamino)methylenyl jamino-2- 
rnethyl- 

dimet hyl)guanidinyl]-2-met hyl- 

[carbonyl(amino)] j-2-methyl- 

fluorobenzoyl)amino]-2-rnethyl- 

methyl- 

furylcarbonyl)arnino]-2-methyl- 

6-(2,6-Dichlorophenyl)-7-[(N.N- 

6-(2,6-DichlorophenyI)-7-(ethylarnino- 

6-(2,6-Dichlorophenyl)-7-[(2- 

6-( 2,6-Dichlorophenyl)-7-formylamino-2- 

6-(2,6-Dichlorophenyl)-7-[(3- 

33n 

338 
I 77-1 no I07 
203-204 NMR I54 

300 
300 

170 
202-204 

I96 
1 54 

225-227 118 
I 19- 120 IR.  MS. N M R .  203.278 

uv 
203 

172- 174 1 i n  

218-220 I R  1 I8 

107 109 118 

199-202 
206 

I I8 
280 

160 I96 

175 177 

128- I30 

196 

I96 

207 208.5 I96 

I 77-181 196 

189- 19 I I96 

115-125 I96 

257-259 I96 
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TABLE 14. (Continued) 

Substituents mP Other Data References 

6-(2,6-Dichlorophenyl)-7-[ (i- 

6-(2,6-Dichlorophenyl)-7- 

6-(2,6-Dichlorophenyl)-7-[( 2-. 

6-(2,6-Dichlorophenyl)-7-[ (2- 

6-(2,6-Dichlorophenyl)-7-[(2- 

6-(%.6-Dichlorophenyl)-2-methyl-7- 

6-(2,6-Dichlorophenyl)-2-met hyl-7- 

6-(2,6-DichlorophenyI)-2-met hyl-7- 

64 2,6-Dichlorophenyl)-2-methyl-7- 

furylcarbonyl)amino]-2-methyl- 

(rnethanesulfonamido)-2-methyl- 

met hoxyacetyl)amino]-2-met hyl- 

met hoxybenzoyl)amino]-2-met hyl- 

methoxycarbonyl)amino]-2-methyl- 

[(dimethylarnino)(methylmethylenyl)]amino- 

(ethoxy)(methylaminomethylenyl)amino- 

(methylamino)- 

[ (rnethylamino)(methylthio)rnethylenyl j 
amino- 

6-(2,6-Dichlorophenyl)-2-met hyl-7- 
[(methylamino)thiocarbonyI]amino- 

6-(2,6-Dichlorophenyl)-2-methyl-7-(N- 
methylguanidiny1)- 

6-(2,6-Dichlorophenyl)-2-methyl-7(8H)-oxo- 
6-(2,6-Dichlorophenyl)-2-met hyI-7- 
[(phenylacetyl)amino]- 

64 2,6-Dichlorophenyl)-2-met hyl-7- 
{ phenylamino[carbonyl(amino)] }- 

6-(2,6-Dichlorophenyl)-2-methyl-7- 
(propiony1amino)- 

6-(2,6-Dichlorophenyl)-2-met hyl-7- 
(trifluoroacetylamino)- 

6-(2.6-Dichlorophenyl)-7- 
[(methylaminocarbonyl)amIno]-2-methyl- 

6-(2.6-Dichlorophenyl)-7-[ (2- 
methylbenzoyl)arnino]2-methyl- 

6-(2.6-Dichloropheny1)-7-[ (4- 
nitrobenzoyl)amino]-2-methyl- 

6-(2,6-Dichlorophenyl)-7-( [ (2- 
propyloxy)carbonyI]amino}-2-me1 hyl- 

6-( 2,6-Dichlorophenyl)-7-[(2- 
pyrazinylcarbonyl)amino]-2-met hyl- 

6-(2,6-Dichlorophenyl)-7-[(4- 
pyridylcarbonyl)amino]-2-methyl- 

6-( 2,6-Dichlorophenyl)-7-[(2- 
pyridylcarbonyl)amino]-2-rnet hyl- 

6-(2,6-Dichlorophenyl)-7-[ (3- 
pyridylcarbonyl)amino]-2-methyl- 

2,4-Di-(2-furanyl)-5,6,7,8-tetra hydro- 

2 19-22 1 

2 12-21 3 

185-189 

2 I9 -225 

13&139 

219-221 

I 10-112 

230-23 I 

163-165 

207-208 

250-25 1 
265-267.5 

158.- 161 

21 1-215 

192-193 

195 

168-1 71 

199-200 

227-229 

1 70 

258-260.5 

201-204 

260-262 

174.5-176 
167-170 

196 

196 

I96 

196 

I96 

I96 

I96 

196 

I96 

196 

196 
I96 

I96 

196 

196 

196 

196 

196 

I96 

I96 

I96 

196 

196 

196 
175 
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Substituents mP Other Data References 

5,6-Dihydro-6-(dimet hoxymethyl)-6- 
(methoxymethyl)-2-methyl-7(8H toxo- 

5.6-DI hydro-6-(et hoxycarbonyl)-2-met hyl- 

5.6-Dihydro-4-iodo-5-methyl-7(8H toxo- 
5,6-Dihydro-6-(met hoxymet hyl)-2-methyl- 

3.4-Di hydro-4-met hyl- 
5.6-Dihydro-6-methyl-7(8H~oxo- 
3.4-Dihydro-4-phenyl- 

~ ( ~ H ) - o x o -  

7(8H )-0x0- 

4,6-DiniethyI-2-( I -methylethyl)-7(8H )-0x0- 

4,5-Dimethyl-2-( 1-methylethyl)-7(8H)-oxo- 
2,4- Dimet h y l-7( 8 M  )-0x0- 

4,6-DimethyI-7(8H )-0x0- 

4.6-Dimethyl-7(8H)-oxo-2-phenyl- 
4,5-Dimethyl-7(8H )-oxo-2-phenyl- 
7-(Dimethylamino)-5-[2-(dimet h ylamino)- 

74 Dimet hylamino)-5-[2- 

7-fDimethylamino)-5-hydroxy- 
7-(Dimethylamino)-5-methoxy- 
4.7-Diphen y l- 
6,7-Diphenyl- 
2,4-Diphenyl-7-mrt hyl-5,6,7,8-tetrahydro- 
2,4-Diphenyl-5.6,7,8-tetrahydro- 
2,4-Di-(2-pyridinyl)-5,6,7,8-tetra hydro- 
2,4-Di-(4-pyridinyl)-5,6,7,8-tetra hydro- 
2.4-Di-(2-lhienyl)-5,6.7.8-1etrahydro- 
6-(Ethoxycarbonyl)- 1.8-diethyl-6.7-dihydro- 

6-(Ethoxycarbonyl)-5-hydroxy-2-[2-(5-nitro- 

6-(EthoxycarbonyI)-2-met hyl-7(8H)-oxo- 

ProPoxY 1- 

(dimethy1amino)propoxyl- (dihydrochloride) 

5(8H)-ox0- 

2-furdnyl)ethenyl]- 

4-Ethyl- 

7-(4-Fluorophenyl)-4-phenyl- 
54Methoxycarbonyl)-2,4,7-trichloro- 
4-Methyl- 

4-Methyl-2-( I -methylethyl)-7(8H toxo- 
4-Methyl-7(8fl)-oxo- 
6-Methyl-7(811)-0~0- 
4-Methyl-7(811 )-oxo-2-phenyl- 
&Met hyl-7-phenyl- 
7-Methyl-6-phenyl- 
742-Napht haleny1)- 
7-(2-Naphthalenyl)-4-phenyl- 

125-125.3 

200- 200.5 
177-178 

185-1 86 

229-230 
195 

138-139 
180 
22 1-222 
142- 143 
239-240 
265-270 

135-138 

2 18-220 
241-243 

128-130 
157 
118-120 
176-177 
158-159 
188-190 
171-172 

> 320 
230-231.5 
loo 

153-155 
109-1 10 
I39 

136-137 
265-270 
302-303 
240.24 1 
I69 
203 
272 
203-205 

UV. NMR, I R  

UV, NMR, 1R 
IR, NMR 

NMR 

NMR 
IR, MS. NMR, 
uv 
IR. NMR 
IR, NMR 
IR. NMR 
IR,  NMR 
IR, NMR 
IR, NMR 

IR. NMR 
IR, NMR 

IR. NMR. UV 

UV, NMR, IR 
IR. MS. NMR, 
uv, 

NMR, U V  
IR, MS, NMR. 
uv 
IR, NMR 
IR, NMR 
NMR 
IR, NMR 
IR, NMR 
IR, NMR 
IR.  NMR 

114. 115 

114, 115 
168 

114, 115 
203 
13, 82 

203. 278 
28, 81 
28,81 
28, 81 
28, 81 
28, 81 
28, 81 

107 

107 
107 
107 
154 
101 
175 
175 
175 
175 
175 

330 

348 
114, 115 

203,278 
154 
91 

203, 278 
28, 81 
28. 81 
13. 82 
28,81 
101 
101 
101 
154 
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TABLE 14. (Continued) 

Su bstit uents mP Other Data References 

(3-Oxide) 
7(8H )-Oxo-2.4,6-trimethyI- 
2-(2-Oxopropy I)- 
7-Phenyl- 
4-Phenyl- 

44 I-Phenyl-2-hydroxypropenyl)- 
CPropyl- 
7-(2-Pyridinyl)- 
7- { 2-16-( 7- Py rido[ 2.3- 

2-(3-Pyridyl)- 
5,6.7,8-Tetrahydro- 

JJpyrimidiny1)pyridyI J i -  

216 
144-145 
166-167 
188.5 
128-129 

200 

> 360 
224 
106-108 

IR, NMR 
NMR. UV 
IR, NMR 
IR. MS, NMR, 
uv 

IR. NMR 

IR 

NMR, UV 

192, 193. 280 
28, 81 
193 
101 

203,278 
225 
203 
101 

100 
141 
174. 344 
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CHAPTER I1 

Pyrano- and Thiopyranopyrimidines 

1. NOMENCLATURE 

There are four possible isomeric structures for pyrano- or thiopyranopyri- 
midines that are the subject for this chapter. These are shown in the figure below. 
Structure 1 is used to illustrate the naming and numbering for each of the 
isomers. The outer numbers show how the ring substituents should be assigned. 
The inner numbers and letters describe how each isomer is defined. Structures 
2-4 are classified in a similar manner. 

Each of the isomeric structures is capable of existing in several tautomeric 
forms in which the hydrogen may be located at positions 2,4,5,6, or 7. Because 
of the valency of the oxygen and sulfur atoms only one double bond may exist in 
the ring containing the oxygen or sulfur atom and still maintain a molecule in 
a neutral form. 

4 5  

1 0  

1 2 

WRANOOr THIOPYRANO W R W  or THIOPYRANO 
[2.3-4PYRIMIDNE [3,4~f'YRIMIDINE 

3 4 

PYRANO- (x THOPYRANO- 
[3,2-@'YAIMIDlNE 

a:  X I 0  
b :  X - S  
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2. METHODS OF SYNTHESIS OF THE RING SYSTEM 

There are two major pathways leading to the synthesis of the isomeric 
pyrano- or thiopyranopyrimidines. These involve either commencing with a py- 
rimidine ring and adding the oxygen- or sulfur-containing ring or commencing 
with the oxygen- or sulfur-containing ring and adding the nitrogen ring. Both 
pathways have been used although the former approach has received, by far, the 
most attention. 

All of the four possible position isomers of pyranopyrimidines have been 
reported, although most of the literature covers the pyrano[2,3-d]pyrimidines, 
la. 

Of the four possible isomers for thiopyranopyrimidines three have been 
described. And, like the oxygen analog, by far the greatest amount of work has 
been reported for l b  with only two references to 2b.I” 

For the convenience of the reader the discussion that follows will be divided 
into syntheses based on the starting ring system as well as separate accounts of 
the oxygen and sulfur fused pyrimidines. 

A. Syntheses of Pyrano[2,3-dlpyrimidines 

(1) From Pyrimidines 

The synthesis of this ring system is unusual in that most of the pyrimidines 
used as starting materials are barbituric acid derivatives. 

The first reported example3 illustrates many of the reactions that have been 
employed. Barbituric acid, 2-thiobarbituric acid, N-monosubstituted and N,N‘- 
disubstituted barbituric acids, 5, and a variety of combinations of these simple 
systems serve as the basic building blocks for this isomer. Thus, Ridi et uses 
P-keto esters, 6, to form part of the oxygen-containing ring. Although not 
isolated, the intermediate is likely the product resulting from condensation of 
the active methylene group at position 5 of the barbituric acid and the keto 
carbonyl. Subsequent cyclization to form the lactone product is rapid. In the 
second report4 malonylurea precursors of barbituric acids are used in lieu of the 

5 6 7 
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nitrogen heterocycle but the presumption is that the barbituric acid ring system 
is formed in situ. These initial studies are summarized in the reaction leading to 
the formation of trioxo- or dioxothio-pyrano[2,3-d]pyrimidines, 7. 

Compound 7 (R = R' = H; RZ = Me; X = 0) was unexpectedly obtained 
from the reaction of ethyl acetoacetate and 6-(2-hydroxyethylamino)uracil in 
hot phosphoric acid.' I t  is suggested that hydrolysis of the amino moiety to give 
a barbituric acid derivative accounts for the formation of a pyranopyrimidine 
instead of the desired pyridopyrimidine. 

2-Thiobarbituric acid reacts with carbon suboxide to form the 7-hydroxy- 
2-thio analog (7: R = R' = H; X = S; R2 = OH).6 

Treatment of 1,3-dimethylbarbituric acid, 8 (X = 0), with dimethyl 
acetylenedicarboxylate, 9, in the presence of triethylamine leads to the Michael 
addition product. The adduct, presumed to be in the trans formation, is heated 
to 170°C and gives the corresponding 5-carboalkoxy esters of 1,3-dimethyl- 
1,3,4,7-tetrahydro-2,4,7-trioxo-2H-pyrano[2,3-d]pyrimidine, 10 (R = Me or 
Et).' Overall yields in the two-step reaction are 50% or less. 

CH3 hi3 

8 9 10 

Schiff bases, 11, are formed from 1,3-dimethylbarbituric acid or its 2-thio 
analog, 8 (X = 0 or S), with ethyl orthoformate and anilines. These Schifi bases 
react further with alkylcyanoacetates or malononitrile in the presence of KOH 
to give 6-substituted 7H-pyrano[2,3-d]pyrimidines, 

n 0 

11 12 

compound x R 

a 0 C02E t 
b 0 CONH2 

d S CONH2 
C S COMe 
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Carbon analogs of the 7-OX0 compounds previously described have also been 
obtained. 4-Pyrones fused to other rings serve as the functional group required 
to form the requisite pyran ring. 1,3-Dimethylbarbituric acid, 8 (X = 0), and 
I ,3-diphenyl4-pyrono[2,3-b]pyrrole, 13, afford 1,3-dimethyl-2,4-dioxo-7-( 1,3- 
diphenyl-5-0x0-pyrrolinylideny1)- 1,2,3,4-tetrahydr0-7H-pyrano[2,3-d]py- 
rimidine, 14.9 

I 
13 14 Ph 

A similar reaction with 4,5-dihydro-4-oxo-indeno[ 1,2-b]pyran, 15, leads to 
1,3-dimethyl-2,4-dioxo-7-( 1 -oxo-2-indanylideny1)- 1,2,3,4-tetrahydr0-7H-pyra- 
no[2,3-d]pyrimidine, 16." Extensive use of NMR facilitated the structural 
assignment. The pathway of these latter two  reaction^'"^ is not clear but the 
products arose, inadvertently, while attempting to condense the barbituric acid 
with the intact pyrone compounds. 

+ 

0 

1 5  1 6  

Condensation of 1,3-diphenyl-2-thiobarbituric acid, 5d, with malonyl chloride 
provides 1,3-diphenyl-4,6-dioxo-7-hydroxy-2-thio-1,2,3,4-tetrahydro-5H-pyra- 
no[2,3-d]pyrimidine, 17 (R = H), in poor yield." Methylation at the 7-OH 
function fixes the structure as shown, 17 (R = Me). 

I 
Ph 

1 7  
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The 1.3,7-trimethyl derivative, 19, arises from the acid catalyzed cyclization of 
the 5-acetoacetyl compound, 18,” in exceptional yield (99%). The intermediate, 
18, was obtained in the reaction of dimethylbarbituric acid (8, X = 0) and 
ketene in the presence of triethylamine. 

18 

19 

A carbocyclic analog of the 5-0x0 derivatives, 21, is reported to result from the 
condensation of 1,3-dimethylbarbituric acid, 8 (X = 0), and 4-pyrone, 20, in 
refluxing acetic anhydride and acetic acid.13 

20 2 1  
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Quite a few examples of this class of compound in which position 5 is not 
oxidized have been reported. Many of these have resulted from reactions 
involving a phenylacetylenic moiety. Whether the side chain is previously 
attached to the pyrimidine'* or results from reaction of aldehydes and sub- 
stituted phenylacetylenes' with the pyrimidine the general structure of the 
resulting products is 22. 

22 

R = H. C k .  Ph 

R' = H, CH3. Ph, 4-NQPh 

I? = H. CH3, Ph, x-NO2Ph. x-CIPh, x-CH~OP~,  OH 

The reaction of tetracyanoethylene with barbituric acids yields tricyano 
derivatives, 23 (R' = R 2  = R3 = CN).16 Under very similar conditions 
dipyrimidinylmalonodinitriles are the isolated products. The reason for these 
variable results is unclear. Monoaryl dicyanoethylenes afford the monocyano 
derivatives, 23 (R'  = H; R2 = Ar; R3 = CN), in very good yields."*" 

23 

( R = H w C Y )  

Ester substituents can be obtained, 23 (R' = H; R2 = Ar; R3 = C02Et) ,  in an 
analogous way by using the appropriately substituted ethylene derivatives." 

Barbituric acids treated initially with benzalacetophenone in the presence of 
triethylamine form the Michael addition products that, when heated with 
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0 1% R I Ph 

24 

phosphorus pentoxide in glacial acetic acid, lead to the 5,7-diphenyl derivatives, 
24 (R = H or Me).’ 

Condensation of malonic acid or methylmalonic acid with 1,3-dimethylbar- 
bituric acid in acetic anhydride-acetic acid medium affords the corresponding 
6H-pyrano[2,3-d]pyrimidines, 25 (R = H or Me).I9 The compounds exhibit 
properties of only the keto form although the enol form can be postulated. 

2 5  

A series of 5-(3-hydroxybutyl)-barbituric acids, 26, were cyclized in acid media 
to form 7-methyl derivatives, 27,20 in yields ranging from 31 -88%. Ultraviolet 
spectra figured prominently in characterization of the structure. 

2 6  2 1  

R = H. cycbhexyl. 4-hydroxycycbhexyl. Ph. CH3 

R’ = H. cycbhexyl, CH3 

In a related manner, 5-phenyl-5-(3-iodopropyl)barbituric acid, 28, was cyc- 
lized to give a bridgehead substituent, 29.” This compound was used as an 
intermediate in the production of barbituric acids with other functionalities in 
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2 8  2 9  

place of iodine. For example, ring opening of 29 occurs readily in water or 
methanol with traces of trifluoroacetic acid present. 

The reaction of barbituric acids, aldehydes, and unsaturated compounds 
provides a general approach to the synthesis of multisubstituted derivatives, 
21 2 2 - 2 4  
31. 

t A3CH0 - 5 8  

0 
I 
H 

3 0  

3 1  

Finally, treatment of a series of barbituric acids with ethyl orthoacetate results 
in a condensation of two equivalents of the barbituric acid to form an extended 
conjugated system, 32 (R = Me or Et; X = 0 or S).25 Although the yields of 
these products were generally poor, chemical studies confirmed their usefulness 
as dyes. 

Products analogous to the previous examples are obtained from 4,6-diox- 
opyrimidines. Thus, the reaction of 6-hydroxypyrimidin-4(3H)-ones, 33, with 
bis-2,4,6-trichlorophenyl malonates or diethyl malonates produced the corres- 
ponding 4H-pyrano[2,3-d]pyrimidines, 34 (where R3 = OH).26 

Two-Substituted 4,6-dihydroxypyrimidines readily react with the Vilsmeier 
reagent to give the methyleneimonium salt at position 5. While this species is 
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0 

R 
3 2  

3 3  3 4  

most often converted to the 5-formyl compound, reaction with diethyl malonate 
in base affords 6( 1 H)-4-hydroxy-5-( P, 6-bisethoxycarbonyl-ethylene)pyrimidine, 
which is not isolated. Ring closure with either acetic acid or hydrochloric acid 
provides the corresponding pyrano[2,3-d]pyrimidine, 34 (R = H, Me or Ph; 
R’ = H; RZ = COzEt; R3 = H), in moderate  yield^.^^*^^ 

Condensation of barbituric acids with P-dicarbonyl compounds leads to 
a series of charged aromatic species, 35,29*30 isolated as salts of the acid used in 
catalyzing the reaction. These reports appear to be the only references asso- 
ciated with pyrylium derivatives. 

0 R’ 

5 + R’COCH$ORZ 

( X  =o.s 
R = H )  I +  

H 

3 5  

(2) From Pyrans 

Few examples of syntheses of pyranopyrimidines from pyran derivatives have 
been reported. One approach involves a carbonyl function located on the pyran 
ring. 

In the first case a P-dicarbonyl structure, 36, is allowed to condense with 
cyclohexylurea to form a substituted pyrano[2,3-d]pyrimidine, 37.20 This com- 
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H 

3 6  3 7  

pound has previously been prepared starting from the corresponding py- 
rimidine. Although only this compound is described in the present work,” the 
method appears to be general. 

Monosubstituted derivatives of this isomer, 39 (R = NH2 or NHCN), are 
obtained in modest yields through the Mannich base of 2-pyrone, 3fi3’ 

The condensation of substituted 2-amino-3-cyano-4H-pyrans with either 
acetic anhydride or triethoxymethane, followed by primary amines afforded 
a wide range of pyran0[2,3-d]pyrimidines.~’*~~ Substantial use of spectral data 
ruled out other plausible reaction products. 

More recently, similar enaminonitriles reacting with trichloroacetonitrile, 
3-amino-2-cyano-4-trichlorocrotonate or benzoylisothiocyanate resulted in 
further examples of pyran0[2,3-d]pyrimidines.~~ 

( 3 )  From Nonheteroaromatic Precursors 

The ?-OX0 derivatives formed in the preceding reaction can be obtained in 
alternative ways. For example, amide oxime ethers, 40, react with malonyl 
chloride to give the 7-OH derivatives, 41, presumably through the intermediate 
formation of a pyrimidine.” This is one of the few cases in which a true 
barbituric acid derivative is not involved. 

B. Synthesis of Pyrano[4,3-d]pyrirnidines 

(1) From Pyrimidines 

The conversion of the o-styrylpyrimidinecarboxylic acids, 42, into 7-phenyl 
derivatives, 43 (R = Ph or OH), by boiling acetic acid and bromine was 
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40 4 1  

compound R R'  

a PhCH2 C& 
b PhCH2 CH&& 
C PhCH2 Ph 

d C H 3 W  ph 

4 2  4 3  

acc~mpl i shed .~~  The products, 43, were used as precursors to pyrido[4,3- 
dlpyrimidines by treatment with nitrogen nucleophiles. 

In an isolated example, the adduct from 6-dimethylamino-l,3-dimethylbar- 
bituric acid and phosphorus oxychloride reacts further with malononitrile and 
ethyl cyanoacetate to give 4-dimethylamino-2,5,7-trioxo-( 1 H , 3 H ) -  1,3-dimethyl- 
8-cyan0-7H-pyrano[4,3-d]pyrimidine.~~ 

In a more general approach, 5-formyl- 1,3,6-trimethyluracil, 44, reacts with 
a variety of aldehydes in the presence of lithium diisopropylamide to give 
7-substituted pyrano[4,3-d]pyrimidines, 45 (R  = H, Et, Ph, or b e n ~ y l ) . ~ ' . ~ ~  The 
reaction appears to proceed via a Diels-Alder pathway in which the aldehyde 
functions as the dienophile. The diene results from abstraction of a proton from 
the &methyl group and also involves the 5-formyl group. The reaction proceeds 
with high regio- and stereoselectivity. 

& 
4 4  
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( 2 )  From Pyrans 

The 5,6-dihydro-2H-pyran-3-carboxaldehydes, 46, react with urea in aqueous 
ethanolic hydrogen chloride solution to give 4-ureido-octahydropyrano[4,3- 
dlpyrimidines, 47 (R = H or Me).40 

4 6  

H 

4 7  

C. Synthesis of Pyrano[3,2-6)pyrimidines 

(1) From Pyrimidines 

The only reported syntheses of this isomer, 49, from a pyrimidine precursor 
are derived from the Claisen rearrangement of 5-propynyloxypyrimidines, 48 
(R = R' = Me).41 The course of the reaction is very dependent on solvent with 
toluene affording the best yield of 49. Other solvents gave varying quantities of 
furo[3,2-d]pyrimidines. Uracil and uridine derivatives, 48 (R = R' = H and 
R = H, R' = triacetyiribose), where the latter compound is the first nucleoside 
to be involved in any of the pyranopyrimidines, also serve as the precursors in 
this reaction. 

0 0 

I I 
R' R' 

4 8  4 9  

( 2 )  From Pyrans 

The diphenyl pyrano[3,2-d]pyrimidine, 51, has been prepared, in poor yield, 
from the benzoyl pyran, 50, and b e n ~ a m i d i n e . ~ ~  Fused pyrimidines, however, 
were not the major objective of this study. 
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0 Ph 

5 0  5 1  

D. Synthesis of Thiopyrano[2,3--d)pyrimidines 

(1) From Pyrimidines 

B. R. Baker43 in his continuing quest for antifolate compounds first described 
a series of derivatives of thiopyrano[2,3-d]pyrimidines in 1963. The first 
example resulted from an acid-catalyzed alcoholysis of a side chain acetal, 52, 
that unexpectedly formed the cyclic acetal, 53 (R = OEt). 

5 2  5 3  

Acid-catalyzed hydrolysis of 53 (R = OEt) led to the open chain aldehyde of 
52 that, in turn, could react with aniline to give the corresponding 7-anilino 
derivative, 53 (R = PhNH). Later extension of this reaction using 4- 
dimethylamino- and 4-chloroanilines was reported by Baker.44 

In similar fashion the corresponding 4-methyl derivative was formed from 
6-chloro-5-[2-( 1,3-dioxolan-2-yl)ethyl]-4-methylpyrimidine by treatment with 
thiourea.45 

If the analogous carboxylic acid derivative, 54, is used instead of the aldehyde 
the 7-0x0 derivative, 55, is obtained upon treatment with acetic anhydride.46 

5 4  5 5  
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A slightly different approach was taken by Wamhoff and K ~ r t e . ~ '  Thus 
treatment of 5-mercaptopropyl-6-0x0 derivatives, 56 (R = OH, SH, or  NH,; 
R' = Me, Ph, or NH,), with polyphosphoric acid at 90°C leads to reduced 
thiopyranopyrimidines, 57. 

R' R' 

5 6  5 7  

Another reaction that occurs by introducing the sulfur atom to the pyrimidine 
moiety via an aliphatic reagent is described by Santilli and S c o t e ~ e . ~ ~  The 
reaction of ethyl mercaptosuccinate with 4-chloro-5-cyano-2- methyl- 
thiopyrimidine, 58, leads to diethyl 5-amino-2-(methylthio)-7H-thiopyrano[2,3- 
d]pyrimidine-6,7-dicarboxylate, 59, instead of the isomeric thieno[2,3-d Jpy- 
rimidine, 60. The structural assignment is supported by IR and NMR data. 

5 9  5 8  6 0  

The initial report of the synthesis of a thiopyrano[2,3-d]pyrimidine from 
a pyrimidine with no substituent at position 5 proved to be un~ubs tan t ia ted .~~ 
In subsequent studies Ogura and his co-workers5' demonstrated that it was 
necessary to have the functional group used as the electrophilic agent in a cis 
configuration. The reaction of 1,3-dimethyl-6-mercaptouracii, 61, with diethyl 
ethoxymethylidenemalonate, either at room temperature or in refluxing chloro- 
form, led to the cyclized product, 62 (R = C0,Et). Acid hydrolysis leads ulti- 
mately to the 6-unsubstituted derivative, 62 (R = H). 

6 1  6 2  
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(2) From Thiopyrans 

WamholTs' constructed a few relatively simple uracil derivatives beginning 
with the 2-amino-3-carboxylic ester of dihydrothiopyran, 63. In this manner 
substituents could be introduced at either the 2- or 3-positions of the pyrimidine 
ring, leading to 64 and 65, respectively. 

6 4  63 6 5  

In a related reaction in which it is not clear that either ring is formed first 
treatment of N-phenylbenzamidine with CsSz at room temperature leads to 
5-mercapto-2,3-diphenyl-3,4-dihydro-7H-thiopyrano[2,3-d]pyrimidin-4,7- 
d i t h i ~ n e . ~ ~  Although extensive spectral data is provided the elemental analysis 
of this product was not consistent with the proposed structure. 

E. Synthesis of Thiopyrano[3,QdJpyrimidines 

The first example of a thiopyrano[3,4-d]pyrimidine, 67, has been described by 
Berlin and Korbukh.' This reaction involves neither thiopyran nor pyrimidine 
as the actual starting material, and is prepared by heating the imidazole 
precursor, 66, in aqueous KOH. 

0 

H O  

6 6  6 7  

Some 10 years later a second report of the synthesis of thiopyrano[3,4- 
dlpyrimidines appeared.' The precursor, 68, was easily prepared from 2 H -  
thiopyran-3,5(4H,6H)-dione and DMF-DM A. The 2-substituted derivatives, 69 
(R = Me, Ph, NH2,  or NMez) were readily prepared by refluxing 68 and 
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6 8  6 9  

amidines or guanidines in ethanol. Formamidine did not give the fused ring 
system. 

F. Synthesis of Thiopyrano[4,3--d]pyrimidines 

An unusual thiopyran derivative serves as the precursor for the only 
thiopyrano[4,3-d]pyrimidine reported thus far. Diphenyldiarylidenethia- 
pyrones, 70, upon condensation with thiourea in the presence of KOH afford the 
thiapyranopyrimidinethiones, 71.53 

C 

H Ar 
I 8  tC\ 

H Ar 

7 0  71  

3. REACTIONS 

A. With Nucleophilic Reagents 

There are few examples of nucleophilic reactions occurring on either the 
thiopyran or pyrimidine rings. 

Acid-catalyzed hydrolysis of 2-amino-5,6-dihydro-7-ethoxy-4-methyl-7H- 
thiopyrano[2,3-d]pyrimidine, 53 (R = OEt), or its 2-acetamido derivative leads 
to the 2-amino-7-hydroxy derivative, probably via the open chain aldehyde 
form of 52.43 Similarly the 7-anilino derivative, 53 (R = PhNH), is formed by 
reaction of the 2-amino compound, 53 (R = OEt), with aniline. However, 
treatment of the 2-acetamido-7-0x0 compound with aniline derivatives leads 
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not to the 7-substituted ring system but rather to opening of the thiopyran 
ring.46 

Nitrogen nucleophiles have been shown to replace the 2-methylthio group in 
the pyrimidine ring4* 

B. Other Reactions 

The 2-hydrazino moiety has been shown to react with methanesulfonyl 
chloride and with anilines to form the sulfonamide and Schiff bases, respect- 
i ~ e l y . ~ ~  

One example of conversion to a new ring system is reported.' Reaction of the 
thiolactone with ammonia at 200 "C leads to the corresponding lactam. 

4. PATENT LITERATURE 

Although not all patents are cited here, some indication of the major synthetic 
efforts reported through patents are described. The interested reader is encour- 
aged to conduct a more thorough search of the patent literature for comprehens- 
ive coverage. 

A major contribution to the pyrano[2,3-djpyrimidine literature has been 
made in the area of nucleoside derivatives, 72.54*ss A series of more than 50 
compounds is described in which a variety of arabinofuranosyl-, arabino- 
pyranosyl-, ri bofuranosyl-, ribopyranosyl-, xylofuranosyl-, xylopyranosyl-, and 
the corresponding acetylated derivatives have been introduced at position 1 (R). 
Other modifications have included 0x0- or thioxo- derivatives (X = 0 or S) and 
halogens at position 6 (R' = H, Br, or CI). Enantiomeric carbohydrate moieties 
were also introduced. 

R 

7 2  7 3  

R' R' 

r 4  7 5  
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A few dihydro derivatives of the same ring system, 73, have been prepared as 
potential  herbicide^.^^ The groups at position 2 are substituted sulfonylurea 
moieties (R) while R' = H or Me. 

Well over 100 compounds are reported for the thiopyrano[4,3-d]pyrimidines, 
74.57*58 Numerous variations on the substitution pattern are presented where 
R is unsubstituted, amino-, substituted-amino-, alkyl-, phenyl-, or mercapto- 
while R' is alkoxy-, amino-, substituted-amino-, chloro-, or hydroxy-. In 23 
cases, R2 is a methyl group. 

A series of 2,4-disubstituted-7,8-dihydro-thiopyrano[3,2-~pyrimidines, 75, is 
reported.59 In this case R may be amino-, substituted amino-, chloro-, hydroxy-, 
mercapto-, or aralkyl- while R ' varies among the amino-, substituted amino-, 
chloro-, and hydroxy- moieties. In a separate patent, some S-oxide derivatives of 
this ring system with many of the same substituents at R and R' have been 
described. 6o 

5. TABLES 

TABLE 1. THE PYRANO[2,3-d]PYRlMIDlNES 

Substituents mp Other Data Rererences 

A. The 2H-Isomers 

7-Amino-5-(4-bromophenyl)-6-cyano- 1.3.4.5- 

7-Amino-5-(2-chlorophenyl)-6-cyano- 1.3.4.5- 

7-Amino-5-(4-chlorophenyl)-6-cyano-l.3,4,5- 

7-Amino-5-(4-chlorophenyl)-6-ethoxycarbonyl- 

7-Amino-6-cyano-5-(3-fluorophenyl)- 1,3,4,5- 

7-Amino-6cyano-5-(4-fluorophenyl)-l,3,4,5- 

7-Amino-6-cyano- I ,3,4,5-tet rah ydro-5-(2- 

7-Aminod-cyano- 1,3.4,5-tetrahydro-5-(3- 

7-Amino-6-cyano- 1.3,4,5-tetrahydro-5-(4- 

7-Amino-6-cyano- 1.3,4,5-tetrahydro-2,4-dioxo- 
7-Amino-6-ethoxycarbnyl-5-(4-fluorophenyl)- 

7-Amino-6-ethoxycarbonyl- I ,3,4,5-tetrahydro- 

7-( I ,3-Benzodioxol-5-ylmethyl)-l,5,6.7- 

tetrahydro-2.4-dioxo- 

tetrahydro-2.4-dioxo- 

tetrahydro-2.4dioxo- 

I ,3.4,5-tetrahydro-2,4-dioxo- 

tetrahydro-2,4dioxo- 

tetrahydro-2,4-dioxo- 

nitrophenyl)-2,4-dioxo- 

nitrophenyl)-2,4-dioxo- 

ni trophenyl)-2,4-dioxo- 

1,3,4,5-tetrahydro-2,4-dioxo- 

2.4-dioxo-5-phenyl- 

tet rahydro-2,4(3 H)-dioxo- 

226-227 

214-215 

240-241 

240-241 

230 

157- I58 

225-226 

213-274 

237-238 
210-21 I 

157-158 

194-195 

267-270 

IR  

1R 

I R  

IR 

I R  

IR 

IR 

I R  

IR 
IR 

IR 

IR 

17, 18 

18 

18 

18 

18 

18 

18 

18 

18 
18 

I8 

18 

22 
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TABLE 1 .  (Continued) 

137 

Substituents mP Other Data References 

6-Bromo- 1.5-dihydro- I -methyl-3-(4-nitrophenyl)- 

6-Bromo- 1.5-dihydro-3-methyl-2,4(3H)-dioxo- 

6-Bromo- 1 .5-di hydro- 1.3-dimet hyl-2,4(311)- 

6-Bromo- 1 ,S-dihydro-3-(4-nitrophenyl)-2,4(3H)- 

6-Bromo- 1 ,S-dihydro-2.4(3H)-dioxo-7-phenyl- 
6-Carbamoyl- I .3,4,7-tetrahydro- 1.3-dimethyl- 

6-Carbamoyl- 1.3.4.7-tetrahydro- 1.3-dimethyl- 

6-Carboxy- 1-cyclohex yl- I ,3,4.5,6,7-hexahydro- 
7-methyl-2.4-thioxo- 

6-Carboxy-3-cyclohex yl- I ,3.4,5,6.7-hexahydro- 
7-met hyl-2.4-diox.o- 

6-Carboxy- 1,3,4.5,6,7-hexahydro-7-methyI-2,4- 
dioxo- 

6-Carboxy- I ,3,4,5,6,7-hexahydro-2,4-dioxo-7- 
phenyl- 

7-(3-Chlorophenyl)-6-ethoxycarbonyl- 1,3,4,5,6,7- 
hexa hydro-2.4-dioxo- 

7-(4-Chlorophenyl)-6-ethoxycarbonyl- 1,3,4,5,6.7- 
hexa hydro-2.4-dioxo- 

5-(4-Chlorophenyl)-7-ethoxy- 1.5.6.7-tetrahydro- 
1,3,7-trimethyl-2,4(3H)-dioxo- 

5-(4-Chlorophenyl)-l,5,6,7-tetrahydro-7-hydroxy- 
7-methyl-2.4(3H)-dioxo- I ,3-diphenyl- 

5-(4-Chloropheny1)- I .5.6.7-tetrahydro-l,3,7- 
trimethyl-7-( 1 -methylethoxy)-2.4(3H)-dioxo- 

7-(4-Chlorophenyl)- I ,5,6,7-tetrahydro-2,4(3H)- 

5-(2-Chlorophenyl)-l .S-dihydro-2.4(3H)-dioxo-7- 

5-(3-Chlorophenyl)-I .S-dihydro-2.4(3H)-dioxo- 

5-(4-Chlorophenyl)-l,5-dihydro-2,4(3H)-dioxo- 

7-(4-Chlorophenyl)- 1,5,6,7-tetrahydro-2.4(3H)- 

5-(4-Chlorophenyl)- I ,5,6.7-tetrahydro-2,4(3H)- 

I -Cyclohexyl-6-ethoxycarbonyl- I .3.4,5,6.7- 

3-Cyclohexyl-6-ethox ycarbonyl- 1,3,4,5,6,7- 

3-Cyclohexyl-6-et hoxycarbonyl- I ,3,4,5,6,7- 

2,4(3H)-dioxo-7-phenyl- 

7-phen yl- 

dioxo-7-phenyl- 

dioxo-7-phenyl- 

2,4.7-trioxo- 

4.7-di0~0-2-thioxo- 

dioxo- 

phenyl- (monoacetate) 

7-phenyl- (monoacetate) 

7-phenyl- (monoacetate) 

dioxo-5-phen yl- 

dioxo-7-phenyl- 

hexa hydro-7-methyl-2.4-dioxo- 

hexahydro-7-met h yl-2.4-dioxo- 

hexahydro-l,7-dimethyl-2,4-dioxo- 

255-256 

236 

160- 162 

275-285 
272-274 

295-297 

230 

228(d) 

252(d) 

289 - 29 1 (d) 

228-231 

202 

149 

200-201 

181-183 

262-264 

2 18 -220 

283 -285 

281 -283 

260-263 

165-170 

187 

214-216 

102-105 

IR 

1R 

1R 

IR 
IR 

IR, NMR 

IR 

IR. MS, NMR 

NMR 

IR, MS. NMR 

NMR 

15 

IS 

15 

IS 
15 

8 

8 

23 

23 

23 

23 

23 

23 

24 

24 

24 

22 

15 

15 

15 

22 

15 

23 

23 

23 
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TABLE I .  (Continued) 

Su bstituents mP Other Data References 

1 -Cyclohexyl-6-ethoxycarbonyl- I .3,4,5.6,7- 
hexahydro-3,7-dimet hyl-2,4-dioxo- 

3-Cydohex yl-6-ethox ycarbon yl- 1,3,4,5,6,7- 
hexahydro- 1 -methyl-2,4-dioxo-7-phenyl- 

I-Cyclohexyl-6-ethoxycarbonyl- I .3,4,5,6,7- 
hexahydro-3-methyl-2.4-dioxo-7-phenyl- 

I -Cyclohexyl-6-et hoxycarbonyl- I ,3,4.5,6,7- 
hexa hydro-2,4dioxo-7-phenyl- 

3-Cyclohexyl-6-ethoxycarbonyl- I ,3,4,5,6.7- 
hexahydro-2,4-dioxo-7-phenyl- 

3-Cyclohexyl- I ,5,6,7-tetrahydro-7-methyl- 
2,4(3H)-dioxo- 

I ,3-Dicyclohexyl- 1,5,6,7-tetrahydro-7-methyl- 
2,4(3H)-dioxo- 

3-Cyclohexyl- I ,5,6,7-tetrahydro-2,4(3H)dioxo- 
6-Ethoxycarbonyl- I ,3,4,5,6,7-hexahydro-7-(3- 

6-Ethoxycarbonyl- 1.3,4,5,6,7-hexahydro-7-(4- 

6-Ethoxycarbonyl-1.3.4,5,6,7-hexahydro-7- 

5-Ethoxycarbonyl- I .3,4,7-tetrahydro- 1.3- 

6-Ethoxycarbonyl- 1.3.4.7-tetrahydro- 1.3- 

6-Ethoxycarbonyl- I ,3,4,5,6.7- hexahydro-7- 

6-Ethoxycarbonyl- 1,3,4,5,6,7-hexahydro-l,3- 

6-Ethoxycarbonyl- 1,3,4,5,6,7-hexahydro-7-(3- 

6-Ethox ycarbonyl- I ,3,4,5.6,7-hexahydro-7-(4- 

6-Ethoxycarbonyl- 1,3,4,5.6,7-hexahydro-2,4- 

7-Ethoxycarbonyl- 1,3,4,5,6.7-hexahydro-2,4- 

6-Ethoxycarbonyl- 1,3.4.5,6,7-hexahydro-4-0~0- 

I ,3-Diethyl-7-[ I ,3-diethyl-2,4.6( I H.3HSH)- 

methoxyphenyl)-2,4-dioxo- 

met hoxyphenyl)-2,4-dioxo- 

methyl-2.4-dioxo- 

dimethyl-2,4.7-trioxo- 

dimet hyl-2.4.7-trioxo- 

methyl-2,4-dioxo-7-phenyl- 

dimethyl-2.4-dioxo-7-phenyl- 

nitrophenyl)-2,4-dioxo- 

nitrophenyl)-2,4-dioxo- 

dioxo-7-phenyl- 

dioxo-7-phenyl- 

7-phenyl-bthioxo- 

trioxo-pyrimidin-5-yl]- 1,3,4,7-tetrahydro-5- 
met hyl-2.4-dioxo- 

phenyl- 

dioxo- 

dihydro- 1.3-dimethyl-2,4(3H)-dioxo- 

5-Ethyl- 1.5,6.7-tetrahydro-2,4(3H)-dioxo-7- 

7-(4-Fluorophenyl)- 1.5,6,7-tetra hydro-2,4(3H)- 

74 1,3-Dihydro-l-oxo-2H-inden-2-ylidene)- 1.7- 

82-84 

123- I25 

121-123 

174- 177 

220-222 

287 

131 
304 

165(d) 

186 

202-207 

I62 

I22 

244 246 

162-163 

212 

214-215 

202 - 204 

220-222 

118- 121 

195 

185 200 

250-252 

291 - 299 

23 

NMR 23 

NMR 23 

23 

23 

IR, U V  20, 61 

20 
20 

23 

23 

23 

MS, NMR 7 

IR, NMR 8 

23 

23 

23 

23 

22 

23 

23 

MS, UV 25 

15 

22 

IR, NMR, UV 10 
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TABLE I .  (Continued) 

Substituents m P  Other Data References 

74 I .2-Dihydro-2-oxo- 1,4-diphenyl-3/1-pyrrol- 
3-ylidene)-1,7-dihydro- 1.3-dimethyI-2,4(311)- 
dioxo- 

1,5,6,7-Tetrahydro-3-(4-hydroxycyclohexyl)-7- 
methyl-2,4(3H)-dioxo- 

1.5-Dihydro-5-(2-hydroxyphenyl)-2.4(3H)-dioxo- 
7-phenyl- 

1,5-Dihydro-5-(4-acetyloxyphenyl)-2,4(3H)-dioxo- 
7-phen yl- 

I ,3,4.7-Tetrahydro-5-methoxycarbonyl- I ,3- 
dimethyl-2,4.7-trioxo- 

1.3.4.7-Tetrahydro-6-methoxycarbonyl-1.3- 
dimethyl-4.7-dioxo-2-thioxo- 

1,5,6,7-Tetrahydro-7-(4-methoxyphenyl)-2,4(3H)- 
dioxo- 

I .5,6,7-Tetrahydro-7-(4-methoxyphenyl)-6- 
met hyl-2,4(3H)-dioxo-S-phenyl- 

I ,5,6.7-Tetrahydro-7-(4-methoxyphenyl)-6- 
methyL2,4(3H)-dioxo- 

I ,S-Dihydro-5-(3-methoxyphenyl)-2,4(3H)-dioxo- 
7-phenyl- (monoacetate) 

1,5.6.7-Tetrahydro-5-(3-methoxypheny1)-2.4(3H)- 
dioxo-7-phenyl- (monoacetate) 

1 S-Dih ydro- 1 -methyl-3-(4-nitrophenyl)-2.4(3H)- 
dioxo-7-phenyl- 

I .5.6,7-Tetrahydro-7-methyl-2,4(3H)-dioxo- 
1,5,6.7-Tetrahydro-3.7-dimethyI-2,4(3H)-dioxo- 
1.5,6,7-Tetrahydro-l,3,7-trimethyl-2.4(3H)-dioxo- 
I ,3.4,7-Tetrahydro- 1,3-dimet hyl-2.4-dioxo-7- 
(tetrahydro-1.3-dimet hyl-2,4,6-trioxo-5(2H)- 
pyrimidin ylidene)-5-sulfomet hyl- 

1.5.6,7-Tetrahydro-7-methyl-2,4(31~)-dioxo-3- 
phenyl- 

I.5-Di hydro-3-met hyl-2,4(3M)-dioxo-7-phenyl- 
1.5-Dihydro-5-methyl-2,4(3H)-dioxo-7-phenyl- 
1,5.6.7-Tetrahydro-7-methyl-2,4(3H1-dioxo-7- 

1.5,6,7-Tetrahydro-7-methyl-2.4(31i)-dioxo-5,7- 

1.5-Dihydro- I .3-dimethyl-2,4(3H)-dioxo-7- 

1.5.6.7-Tetrahydro- 1,3-dimethyI-2,4(3H)-dioxo- 

I S-Dih ydro- 1.3-dimethyl-2,4(3H)-dioxo-5,7- 

I ,5,6.7-Tetrahydro-1,3-dimethyl-2,4-(3H)-dioxo- 

1,5.6.7-Tetrahydro-6-nitro-2,4(3H)-dioxo-7- 

phenyl- 

diphenyl- 

phenyl- 

7-phenyl- 

dimethyl- 

6.7-diphenyl- 

phenyl- 

294-29qd) 

> 300 

340 

250-260 

98- 100 

188-190 

218--220 

250(d) 

2 I6--?20 

258-260 

232-234 

265-267 
> 300 
> 300 
143 

> 300 
236-237 
255-260 

225-227 

238-240 

208-210 

I18 

276-278 

220 -222 

IR,  NMR. UV 9 

20 

15 

IR 15 

N M R  7 

IR, NMR 8 

22 

22 

22 

IS 

1R 

15 

IS 
20 
20 
20 

N M R ,  UV 25 

IR 
I R  

IR 

20 
15 
IS 

22 

I R  15 

NMR 7 

22 

190-225(d) 22 
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TABLE 1. (Continued) 

Substituents mP Other Data References 

1,5-Dihydro-3-(4-nitrophenyl)-2,4-(3H)dioxo- 

1,5,6.7-Tet rahydro-5-(4-nitrophenyl)-2,4( 3H)- 

I ,5-Dihydro-5-(4-nitrophenyl)-2,4(3H)-dioxo-7- 

1.5-Dihydro-5-(3-nitrophenyl)-2,4(3H)-dioxo-7- 

1,5.6,7-Tetrahydro-2,4(3H)-dioxo- 
4a,5,6,7-Tetrahydro-2,4(3H)-dioxo-4a-phenyl- 
1.5-Dihydro-2,4(3H)-dioxo-7-phenyl- 
1,5.6,7-Tetrahydro-2,4(3H)-dioxo-7-phenyl- 

I ,5-Dihydro-2,4(3H)-dioxo-5,7diphenyl- 
1.5-Dihydro-2,4(3H)-dioxo-5,7-diphenyl- 

1,5,6,7-Tetrahydro-2,4(3H)-dioxo-5,7diphenyl- 

1,5,6,7-Tetrahydro-2,4(3H)-dioxo-6,7-diphenyl- 
1.5-Dihydro-2,4(3H)-dioxo- 1,3,7-triphenyl- 
I .5-Dihydro-4(3H)-oxo-1,3,7-triphenyl-2-thio- 
5-Hydroxy-4,7( 1 H,3H)-dioxo-2-t hioxo- 
5-Methyl-2,4,7( 1 H,3H)-trioxo- 
5,7-Dimethyl-24(3H)-dioxo- 
5,7-Dimtthyl-2,4(3H)-dioxo- (monoperchlorate) 
5,7-Dimethyl-2,4(3H)-dioxo- (phosphate) 
1,3.7-Trimethyl-2.4,5( 1 H.3H)-trioxo- 
5- { 2-14-( Dimeth y1amino)phen yl]ethenyl) -7- 

methyl-2,4(3H)-dioxo- (monoperchlorate) 
5-Met hyl-2,4(3H)-dioxo-7-phenyl- 

(monoperchlorate) 
1,3-Dimethyl-5-[( 1,3-dimethyl-2,4,6-trioxo- 

pyrimidin)-et h ylidene]-2,4-dioxo- 
2,4(3H)-Dioxo-5,7-diphenyl- (monoperchlorate) 

7-phen yl- 

dioxo-7-phenyl- (diacetate) 

phenyl- (monoacetate) 

phenyl- (monoacetate) 

(monoacetate) 

(monoacetate) 

(monoacetate) 

B. The 4H-lsomers 

2-Amino-5,7-dimethyl-4-0~0- (monoperchlorate) 
2-Amino-5,7-dimethyl-4-0~0- 

2-Amino-5-methyl-4-0~0-7-phenyl- 

2-Amino-5-rnethyl-4-0~0-7-phenyl- 

2-Amino-4-oxo-5,7-diphenyI- 

3-( Benzyloxy)-2-ethyl-5-hydroxy-4.7(3H)-dioxo- 
3-( Benzyloxy)-5-hydroxy-2-methyl-4,7( 3H)- 

3-(Benzyloxy)-5-hydroxy-4,7( 3H)-dioxo-2-phenyl- 

(monotrifluoroacetate) 

(monoperchlorate) 

(monotrifluoroacetate) 

(monotrifluoroacetate) 

dioxo- 

273-275 

137 

270-213 

284-286 
> 300 

208--211 
275-277 

248-250 
275-276 

275-276 

2 50 - 2 52 
22O(d) 
250 
232 

> 300 
197-198 
249 
153 
155(d) 

2 7 ~ )  

> 320 

325(d) 
295 

226 

> 300 

274 

> 300 

> 300 
177-179 

199-201 
195- 198 

IR 

IR, MS, NMR 
I R  

1R 

IR, MS, UV 

NMR 

MS, NMR, UV 

IR, MS, UV 

15 

15 

15 

I5 
20 
21 
15 

15 
7 

I5 

15 
22 
15 
15 
6 
3-5 
30 
29, 30 
29 
12 

29 

29 

13 
29 

29 

29 

29 

29 

29 
35 

35,62 
35 
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TABLE 1. (Continued) 

mp Other Data References Su bsti t uents 

6-But yl-5- hydroxy-4.7( IH)-dioxo-2- 

6-Butyl-5-hydroxy-4,7( 3H)-dioxo-2,3-diphenyl- 
6-Butyl-2-melhyl-4,7( t H)-dioxo- 
6-Cyano- 1,5-dihydro-2-methyl-4-oxo-5,7- 

6-Cyano-3,5-dihydro-2,3-dimethyl-4-oxo-5,7- 

3-Ethoxy-5-hydroxy-4,7(3ff)-dioxo-2-phenyl- 
2-Ethyl-4a,8a-dihydro-5-hydroxy-4,7(3H)-dioxo- 

3- (pheny1methoxy)- 
2-(Ethylthio)- 1,5,6,7-tetrahydro-4,5,7-trioxo- 1,3- 

diphenyl- (hydroxide, inner salt) 
4a,8a-Di hydro-4,7( 3H)-dioxo-2-phenyl-3- 

(pheny1methoxy)- 
2,3-Dihydro-5-methyI-4-oxo-7-phenyl-2-thioxo- 

(monoperchlora te) 
2,3-Dihydro-5,7-dimethyl-4-oxo-2-thioxo- 

(monoperchlorate) 
1,5,6,7-Tetrahydro-4,5.7-trioxo- 1,3-diphenyl-2- 

(phenylamin0)- (hydroxide, inner salt) 
2,3-Dihydro-4-oxo-5,7-diphenyl-2-thioxo- 

(monoperchlorate) 
5-Hydroxy-2,6-dimet hyI-4,7( I H)-dioxo- 
5-Hydroxy-2-methyl-4,7(1 H)-dioxo-6-phenyt- 
5-Hydroxy-6-methyl-4,7( I H)-dioxo-2-phenyl- 
5-Hydroxy-6-methyl-4,7( 3H)-dioxo-2,3-diphenyl- 
5-Hydroxy-2-methyl-4,7( 1 H)dioxo-6- 

5-Hydroxy-4,7-( 1 H)-dioxo-2,6-diphenyl- 
5-Hydroxy-4,7(3H)-dioxo-2,3,6-triphenyi- 
5-Hydroxy-4,7( 1 H)-dioxo-2-phenyl-6- 

5-Hydroxy-4,7( 3H)-dioxo-2,3-diphenyl-6- 

5,7-Dimethyl-2-(methylthio)-4-oxo- 

5-Methyl-2-(methylthio)-4-0~0-7-phenyl- 

2,5-Dimethyl-4,7( 1 H)dioxo- 
5-Methyl-4,7( 1 H)-dioxo-2-phenyl- 
5-Methy1-4,7(3H)-dioxo-2,3-diphenyl- 
2-(Methylthio)-4-0~0-5.7-diphenyl- 

4,7( 1 H)-Dioxo-2.5-diphenyI- 

C. The 5H-Isomers 

7-Amino-5,5,6-tricyano- 1.2.3.4-tetrahydro- I ,3- 

phenyl- 

diphenyl- 

diphenyl- 

(phenylmethy1)- 

(phenylmethy1)- 

(phenylmethy1)- 

(monoperchlorate) 

(monoperchlorate) 

(monoperchlorate) 

dimethyl-2.4-dioxo- 

262 
86 
228 

285 

238 
172-175 

177-179 

195-198 

270 

235 

229 
300 
280 
290 
208 

226 
3 30 
I30 

3 30 

1-50 

232 

232 
296 
3 54 
260 

262 
302 

220(d) 

IR.  N M R  
IR.  N M R  
I R ,  N M R  

IR,  N M R  

1R 

N M R  

IR, N M R  
IR,  N M R  
IR,  N M R  
IR, N M R  

IR,  N M R  
IR,  N M R  
IR,  N M R  

IR, N M R  

IR, N M R  

IR, N M R  
IR, N M R  
IR, N M R  

IR,  N M R  

IR 

26 
26 
26 

32 

32 
35.62 

35,62 

63 

35.62 

29 

29 

63 

29 
26 
26 
26 
26 

26 
26 
26 

26 

26 

29 

29 
26 
26 
26 

29 
26 

16 
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TABLE I.  (Continued) 

Substituents mP Other Data References 

7-Amin0-5.5.6-tricyano- I .2,3,4-tetrahydro-2,4- 

4-Amino-6-cyano-7-[ I,l’-biphenyl]-4-yl-5- 

2-Amino-6,7-di hydro- 
2-Cyanamidyl- 
6-Cyano-7-[ l,l’-biphenyl]-4-yl-4-( butylamino)-5- 

6-Cyano-7-[ 1, I’-biphenyl]-4-yl-(ethylamino)-5- 

6-Cyano-7-[ I ,  1 ‘-biphenyl]-4-yl-4-hydrazino-5- 

6-Cyano-7-[ I , I  ’-biphenyl]4-yl-4-(methylamino)- 

6-Cyano-7-[ 1. I ’-biphenyl]-4-yl-5-phenyl-4- 

6-Cyano-7-[ I,l‘-biphenyl]-4-yl-5-phenyC 

dioxo- 

phenyl- 

phenyl- 

phen yl- 

phenyl- 

5-phen yl- 

(propy1amino)- 

[(phenylrnethyl)amino]- 

D. The 7H-Isomers 

5-Bromomethyl-7-(1,2,3,4,5,6-hexahydro- 1.3- 
dimethyl-2,4,6-trioxopyrimidin-5-ylidene)- 1,7- 
dihydro-l,3-dimethyl-2,4(3H)dioxo- 

dimethyl-2,4,6-trioxopyrimidin-S-ylidenej I ,7- 
dihydro- 1,3-dimethyl-2,4(3H)-dioxo- 

S-DibrornornethyI-7-( 1,2,3,4,5,6-hexahydro-l,3- 

6-Ethoxycarbonyl-4-hydroxy-2-methyI-7-oxo- 
6-Ethoxycarbonyl-4-hydroxy-7-oxo- 
6-Ethoxycarbonyl4hydroxy-7-oxo-2-phenyl- 
74 1.3-Diethyl- 1,2.3,4,5.6-hexahydro-2.4.6- 

trioxopyrimidin-5-y1idene)- 1.3-diethyl- I ,7- 
dihydro-5-methyl-2,4(3H)-dioxo- 

benzoxazoly1idene)- 1,3-pen tadienyll-7- 
( I ,3-diethyl- 1,2,3,4,5,6-hexahydro-2,4,6- 
t rioxopyrimidin-5-y1idene)- I ,7-di hydro-2,4(3H)- 
dioxo- 

benzoxazolylidene]-l -propenyl}-7-( 1.3diethyl- 
1,2,3,~,5,6-hexahydro-2.4,6-trioxopyrimidin-5- 
ylidene)-l,7dihydro-2,4(3H)-dioxo- 

benzothiazolylidene]rnethyl}-7-( 1.3-diethyl- 
1,2.3,4.5.6-hexahydro-2,4,6-trioxopyrirnidin-5- 
ylidene)-l,7-dihydro-2,4(3H)dioxo- 

quinolinylidene]rnethyl)-7-( 1.3-diethyl- 
I ,2,3,4,5,6-hexahydro-2,4,6-trioxopyrimidin-5- 
y1idene)- l,7-dihydro-2,4(3H)-dioxo- 

1,3-Diethyl-5-[(3ethyl-2(3H)- 

1,3-Diethyl-5-{ 3-[3-ethyl-2(3H)- 

1,3-Diethyl-5-{ [3-ethyl-2(3H)- 

1,3-Diethyl-5-( [ l-ethyl-2(1H)- 

2Wd) 

269-271(d) 
> 200 
> 320 

18s- in7 

256-258 

204-206(d) 

275- 277 

191-193 

205 - 207 

240-241 

260 

214-215 
215-21n 

287-290 

195 

I 7n 

267 

319 

263 

IR 

IR, NMR, UV 
IR, MS 
IR.  MS 

IR. NMR. UV 

IR. NMR, UV 

IR. NMR, UV 

IR,  NMR, UV 

IR. NMR. UV 

IR. NMR, UV 

MS, NMR, UV 

MS, NMR. UV 

MS, UV 

MS. UV 

MS, UV 

uv 

MS, UV 

16 

33 
31 
31 

33 

33 

33 

33 

33 

33 

25 

25 

27,28 
27, 28 

27,2n 

25 

25 

25 

25 

25 
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TABLE 1. (Continued) 

Substituents mP Other Data References 

1.3-Diethyl-5- [ [3-ethyl-2( 3H)- 
benzothiazolylideneJmet hyl)-7< 1.3-diethyl- 
I ,2,3.4.5,6-hexahydro-4,6-dioxo-2- 
thioxopyrimidin-S-ylidene)-1,2,3.4-tetrahydro- 
4-0~0-2-thioxo- 333 uv 

quinolinylidene]methyl~-7-( 1.3-diethyl- 1,2.3,4.5.6- 
1,3-Diethyl-S-{ [1-ethyl-2( lH)- 

2s 

hexahydro-4.6-dioxo-2-1 hioxopyrimidin-5- 
y1idene)- 1.2.3,4-tetrahydro-4-oxo-2-thioxo- 277 uv 25 

trioxopyrimidin-S-ylidene)-l,7-dihydro-I,3,5- 
trimethyl-2,4(3H)-dioxo- 277 MS, NMR. UV 25 

1.2,3,4-Tetrahydro-7-( I .2,3,4,5.6-hexahydro- 1.3- 
dimethyl-2,4.6-trioxopyrimidin-5-ylidene)- 1.3- 

1,2,3.4-Tetrahydro-7-( 1,2,3.4,5.6-hexahydro-l .3- 
dimethyI-2.4,6-trioxopyrimidin-5-yIidene)- I .3- 
dimethyl-2,4-dioxo-5-[ (N-phenyl-N- 
acet ylamino)-?-et henyll- 330 uv 25 

74 1,2.3,4,5,6-Hexahydro- I .3-dimethyl-2,4,6- 

dimethyl-2A-dioxo-5-[2-(phenylamino)ethenyl]- 296-297 MS, UV 2s 

TABLE 2 .  THE PYRANO[4,3-d]PYRlMlDrNES 

Substituents m p  Other Data References 

A .  The 2H-lsomers 

8-Cyano-4-(dimet hylamino)- I ,3,5,7-tetrahydro- 
1.3-dimethyI-2.5,7-trioxo- 

7-Ethyl- 1,5,7.8-tetrahydro-5-hydroxy- 1.3- 
dirnet hyl-2,4(3H)-dioxo- 

7-(2-Furanyl)- I ,5,7,8-tetrahydro-5-hydroxy- I ,?- 
dimet hyl-2.4(3H)-dioxo- 

7-(2-Furanylmethyl)-I.S.7,8-tetrahydro-S- 
hydroxy- 1.3-dimethyl-2,4(3H)-dioxo- 

1,5,7,8-Tetrahydro-5-hydroxy-1,3-dimethy1- 
243H )-dioxo- 

1.5.7.8-Tetrahydro-5-hydroxy-l.3-dimethyl- 
2,4(3H)-dioxo-7-phenyl- 

1.S,7.8-Tetrahydro-5-hydroxy-1,3-dimethyl-2,4- 
(3H)-dioxo-7-(phenylmethyI)- 

I .3.4.4a.5.6,8,8a-Oclahydro-4-(2-hydroxy-3,5- 

I ,3.4,4a.S,6,8,8a-Octahydro-4-(4-hydroxy-3,5- 

I ,3.4.4a,5.6,8.8a-Octahydro-4-( 2-hydroxy-3.5- 

I .5,7,8-Tetrahydro-S-methoxy- 1.3-dimethyl- 

xylyl)-2-oxo- 

xylyl)-2-oxo- 

xylyl)-5.7-dimethyl-2-oxo- 

2,4(3H)-dioxo-7-phenyl- 

270-274 

204 - 206 

184-186 

I84 - I86 

189-191(d) 

169-172 

181-183 

231(d) 

250(d) 

275(d) 

150- 152 

37 

38.39 

39 

38 

38.39 

38.29 

38. 39 

40 

40 

40 

39 
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TABLE 2. (Continued) 

Substituents mp Other Data Referenccs 

1,5.7,8-Tetrahydro-7,7-dimethyl-2-t hioxo- 64.65 
1,5,7,8-Tetrahydr0-5-hydroxy-l,3dimethyl-7- 

( 1,2,3,4-tetrahydro- 1,3,6-trimet hyl-2.4-dioxo-5- 
pyrirnidinyl)-2,4(3H)dioxo- 200-203(d) 38. 39 

4-ureidyl- 2Sl(d) 40 
1,3.4,4a,5,6.8,8a-Octahydro-5,7-dimet hyl-2-0x0- 

1,3,4,4a,5,6,8,8a-0ctahydro-2-oxo-4-ureidyl- 258 40 

coumariny1)- I ,3.4,4a,5,6,8.8a-octahydro-2-0~0- 227(d) 40 
1,3,4,4a,5.6.8,8a-Octahydro-4-(4-hydroxy-3- 

2.y I H)-Dioxo-’I-phenyI- > 360 IR. NMR 36 

TABLE 3. MISCELLANEOUS PYRANOPYRIMIDINES 
~ 

Substituents 

~~ ~ ~ 

mp Other Data References 

1~2,3,5-Tri-0-acetyl-~-~-ribofuranosyl- 1 H- 
pyrano[ 3,2-d]pyrimidine-2,4(3H,6H)-dione 

5.6-Dihydro-1 H-pyranoC3.4-dIpyrimidine- 
2,4,8( 3H)-t rione 

7,8-Dihydro-7,7-dimethyl-SH-pyrano[4.3- 
dlpyrimidin-2-amine 

5,8-Dihydro-2,4-diphenyl-6H-pyrano[3,4- 
Qpyrimidine 

7,8-Dihydro-2,4-diphenyl-6H-pyrano[ 3.2- 
dlpyrimidine 

4 4  (5.8-Di hydro-2-phenyl-6H-pyrano[3.4- 
d]pyrimidin-4-yl)rnethoxy]- 1 -phenyl- 1 -butanone 

1.3-Dimethyl- 1 H-pyrano[3,2-d]pyrirnidine- 
2,4(3H,6H)-dione 

4.7-Dimethyl-5-0~0-2-phenyI-5H-pyrano[4,3- 
d]pyrirnidine-8-carboxylic acid (ethyl ester) 

2,7-Diphenyl-SH-pyrano[4,3-d]pyrimidin-5-one 

NMR, UV 41 

66 

64.65 

119-120 IR, MS, NMR 42 

144-147 IR, MS, NMR 42 

70-72 IR. MS, NMR 42 

202-204 NMR, UV 41 

67 
216-218 IR. NMR 36 

TABLE 4. THE THIOPYRAN0[2,3-~PYRrMlDINES 

Substituent mP Other Data References 

A. The 2H-lsomers 

3-Cyclohexyl-l,5.6,7-tetrahydro-2,4(3H)-dioxo- 304-306 IR, NMR, UV 51 
6-Ethoxycarbonyl- I ,3,4.5-tetrahydro- 1.3- 

dimethyl-2.4.5-trioxo- 202-205 MS, NMR, UV 50 

1,5.6,7-Tetrahydro-2,4(3H)-dioxo- 3 I2(d) IR, NMR 68 
1,5,6,7-Tetrahydro-2,4(3H)-dioxo-3-phenyl- 279-282 IR, NMR, UV 51 
1,3-Dimethyl-2,4.5( 1 H,3H)-trioxo- 160 MS, NMR. UV 50 

1,5,6,7-Tetrahydro-3-met hyl-2,4(3H)-dioxo- 282-284 IR, NMR, UV 51 

1,3,7-TrimethyI-2,4,5( 1 H,3H)-trioxo- NMR 49 
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TABLE 4. (Continued) 

Substituent mP Other Data References 

B.  The 4H-Isomers 

C.  The SH-Isomers 

5-Acetyloxy-6.7-diethoxycarbonyl-6,7-di hydro- 

2-Acetamido-7-et hoxy-6.7-dihydro-4-methyl- 
2-Acetamido-6.7-dihydr0-7-0~0-4-phenyl- 
2-Amino-7-anilino-6,7-dihydro-4-met hyl- 
2-Amino-7-(4-chloroan~lIno)-6,7-dihydro-4- 

2-Amino-7-[4-dimethylamino)anilino]-6,7- 

2-Amino-’l-(dimet hylamino)-6,7-di hydro-4- 

2-Amino-7-et hoxy-6.7-dihydro-4-methyl- 
2-Amino-7-[4-(glutamylcarbonyl)-phenylamino]- 

2-Amino-6,7-dihydro-7-hydroxy-4-met hyl. 
2-Amino-6.7-di hydro-4-methyl- 
4-Amino-6,7-dihydro-2( 3 H)-0x0-  
2-Amino-6,7-di hydro-4-phen yl- 
4-Amino-6.7-dihydro-2( 3H)-thioxo- 
6.7-Dihydro-4-methyl-2( 3H)-oxo- 
7-Ethoxy-6.7-dihydro-4-methyl- 
6,7-Dihydro-4-methyl-2(3H)-thioxo- 
7,7‘-1minobis(6,7-dihydro-4-methyl)- 

D. The 7H-Isomers 

5-(Diacetylamino)-6,7-diet hox ycarbonyl-2. 
(methylthiot 

5,-Amino-7-carboxy-6-ethoxycarbonyl-2- 
(methylthi0)- 

5-Amino-6.7-diet hoxycarbonyl-2-hydrazino- 
S-Amino-2-( “2.6- 
dichlorophenyl)methylene]hydrazino)-6,7. 
diethoxycarbonyl- 

5-Amino-6,7-diethoxycarbonyl-2-[2- 
(methylsullon yl)h ydrazinol- 

5-Aminod.7-diet hoxycarbonyl-2- 
[ (phenylmethy1ene)hydrazino)- 

5-Amino-6,7-diet hoxycarbonyl-2-(4- 
morpholiny1)- 

5-Amino-6,7-diethoxycarbonyl-2-( 1- 
pyrrolidiny1)- 

5-Amino-6,7-diethoxycarbonyl-2-(methylthio)- 

6-hydroxy-2-(methylthio)- 

methyl- 

dihydro-4-methyl- 

methyl- 

6.7-dihydro-4-met hyl- 

241 -243 
247 250 
I96 

164-167 
129-130 
188- I89 
177- 178 

190-192 

175- 177 

184-185 
181-182 

> 28Nd) 
254 
335(d) 
I72 
275 - 280(d) 
254-256(d) 
87-88 
205-208 
215-216 

118-120 

197-200 
130 

153- 155 

210-212 

220 222 

145-148 

113-115 
115-117 

IR,  N M R ,  UV 
IR,  N M R .  UV 
MS 

IR, N M R  
IR, UV 
IR,  UV 
IR, UV 

IR, UV 

IR, UV 
IR, UV 

IR. UV 
uv 
uv 
uv 
uv 
uv 
IR, UV 
uv 
IR.  UV 

IR 

IR, N M R  

IR 

I R ,  N M R  

51 
51 
52 

48 
43 
46 
43 

44 

44 

44 
43 

43 
47 
47 
47 
47 
47 
45 
47 
45 

48 

48 
48 

48 

48 

48 

48 

48 
48 
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TABLE 5. THE THIOPYRANO[3.4-d]PYRlMlDlNES 

Substituents mP Other Data Reference 

A.  The 6H-Isomers 

2-Amino-5(8H)-oxo- 
2-(Dimethylamino)-~8H)-oxo- 
5,6-Dihydro-2,4.8(3H)-trioxo- 
2-Methyl-5(8H)-oxo- 
5(8H)-Oxo-2-phenyl- 

257(d) IR,  NMR, UV 2 
I43 IR, NMR, UV 2 
300-302(d) I 
70 1R. NMR. UV 2 
I76 IR. NMR. UV 2 
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CHAPTER 111 

P yrimidop yrimidines 

1. NOMENCLATURE 

This bicyclic system contains four nitrogen atoms, two in each ring. In order 
to arrange the nitrogens into a pyrimidine ring only two possibilities exist. These 
are the pyrimido[4,5-d]pyrimidine, I, and pyrimido[5,4-dlpyrimidine, 2, 
isomers illustrated in the figure below. The numbering system used in each case 
is shown on the structures. 

4 5  
3 

2 k X J 6  
1 8  

1 

4 5  
3 

f a  

2 

PYRIMIDq4.5-dJPY RlMlDlNE WRIMIDq5,4-~PY RlMlDlNE 

2. METHODS OF SYNTHESIS OF THE RING SYSTEM 

A. Synthesis of Pyrimido[4S-dJpyrimidines 

(1) From Pyrimidines with Amino Groups Adjacent to  Hydrogen 

The overwhelming majority of examples of syntheses of pyrimido[4,5-djpy- 
rimidines from precursor pyrimidines in which an amino group is adjacent to 
hydrogen in the 5 position involve a uracil derivative. Hence, the reaction of the 
6-aminouracil, 3 (R = H or Me) with either formamide at 140°C or trisfor- 
maminomethane leads to the 2,4-dioxopyrimid0[4,5-d)pyrimidine.~ No experi- 
mental details are reported for this reaction. In a subsequent report’ this 
observation was expanded to include additional examples of substituted uracils 
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as starting materials, as well as a suggested pathway for this reaction. The results 
of both of these investigations are summarized below. 

Other reagents have been applied to uracil derivatives with similar results. In 
all cases new substituents were added to the newly formed pyrimidine ring. 
Ethoxymethyleneurethane reacts with 3b to give the 5-OXO compound, 5.3 The 
5,7-dioxo analog, 6 (R = R' = H or Me), is prepared from either 3a or 3b upon 

__t 3r,b 

I I  
R' H 

6 
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treatment with ethylisocyanatoformate in DMF, followed by high temperature 
to eliminate ethan01.~ In a related reaction, 3b forms the 2,4,7-tnoxo derivative 
when treated with I ,3-dimethyl-2,4-dio~o-s-triazine.~ 

In another study, treatment of a series of N-substituted-6-aminouracils with 
aroylisothiocyanates, followed by thermal cyclization of an intermediate urea, 
produces the partially reduced 5-thio-7-aryl derivatives, 7.6 

3 7 

R R' R2 

PhCHz PhCHz 4-NOd'h 

Me Me 4-NQPh 

Me Me Ph 

nPr RPf 4-NOzPh 

m8u n&l 4-NOzPh 

PhCHz PhCHz 4-NQPh 

PhCHz PhCH2 4-CIPh 

Other pyrimido[4,5-dJpyrimidines bearing functional groups that may serve 
as precursors to additional analogs have been prepared from standard 
aminouracil derivatives. The use of (perchloroalky1idene)-(perchloroalkyl) 
amines and pentachloroethylisocyanate leads to a series of compounds, 8, that 
can undergo nucleophilic substitution.' 

Direct introduction of an amine function into the newly formed ring, 9, has 
been accomplished by treatment of 6-aminouracils, 3 (R = Me or H; R' = Me 
or Ph), with dimethyl cyanoimidodithiocarbonate,**9 

The reaction of 6-amino- 1,3-dimethyluracil with benzoyl chloride to give the 
corresponding 5-keto derivative, followed by treatment with benzamidine, af- 
forded the diphenyl derivative l O . ' O  

Although this next example formally shows a bromine in position 5, it is not 
clear that this substituent is really necessary. Consequently, it will be treated as 
an example with no substituent in position 5. The reaction of 6-amino-5- 
bromo-l,3-disubstituted uracils, 11, with formamide at approximately 150 "C 
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leads to the corresponding cyclization product, 12 (R  = H or Me).I1 Also 
S-bromo-2,4-diamino-q 1 H)-oxopyrimidine behaves similarly. l Subsequently, 
6-amino-2,4( 1 H,3H)-dioxopyrimidine, 2,4-diamino-6( 1 H)-oxopyrimidine, and 
2,4,6-triaminopyrimidine were heated to ca. 150T with formamide to give the 
corresponding 2,4-disubstituted pyrimid0[4,5-JJpyrimidines.'~ 

1 1  12 

Two reports of the use of 5,6-dihydrouracils, 13, to form pyrimidoC4,S- 
dlpyrimidines are of In both cases the amine function has been 
converted into a urea derivative prior to cyclization. Aldehydes were used as the 
cyclizing agents. 

13 14 

The use of the Mannich reaction has also been employed to generate py- 
rimido[4,5-d)pyrimidines. These reactions lead directly to tetrahydro derivat- 
ives in which a new substituent is introduced into the N-6 position. Treatment of 
3b with two equivalents of aqueous formaldehyde and one equivalent of amine 
in ethanol afforded 15 (R = Me, Et, ally], Ph, or PhCH2) in moderate to good 
yields. '* 

15 
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Commencing with 2,4,6-triaminopyrimidine, 16, a similar reaction occurs 
with a variety of benzylamines, phenethylamines, and 0-substituted hy- 
droxylamines to give the corresponding tetrahydropyrimido[4,5-d]pyrimidines, 
17.17.18 

16 17 

( 2 )  From Pyrimidines with Amino Groups Adjacent to Nitriles 

In the course of a broader study on o-aminonitriles, Taylor et al.” described 
the dimerization of 4-amino-5-cyanopyrimidines, 18 (R = R’ = H and R = Me; 
R’ = H), in ethanolic sodium ethoxide. The resulting pyrimido[4,5-&Jpy- 
rimidines, 19, were obtained in very good yields. The corresponding 6-methyl 
analog, 18 (R = H; R’ = Me), did not react under these conditions. 

18 1 9  

The majority of the reactions with 4-amino-5-cyanopyrimidines involves 
condensation with small molecules leading to the formation of a second py- 
rimidine ring. Treatment of unsubstituted or monosubstituted aminonitriles, 18 
(R = p, Me, NH2, or OH; R’ = H),” or diary1 aminonitriles, 18 (R = R’ = Ph, 
4-CIPh),2’ with formamide at reflux temperatures yields the corresponding 
pyrimido[4,5-&Jpyrimidines, 20. 

More recent examples of this type of cyclization have involved the conversion 
of the amino group of 18 by means of DMF-DMA into dimethylamino- 
methyleneamino intermediates.” Subsequent treatment with hydrazine hydrate 
afforded the 3-amino-4-imino derivative which, through diazotization, gave the 
previously reported 4-amino-7-methylthiopyrimido[4,5-JJpyrimidine, 20 
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1 8  2 0  

(R = SMe; R' = H).23 If the corresponding oxime is used the bicyclic product is 
the 3-N-oxide analog of 20. 

Simple sulfur-containing pyrimido[4,5-ri)pyrimidines can also be obtained 
from heterocyclic aminonitriles. Reaction of 18 (R = R'  = H) with CS2 in 
pyridine provides the 2,4-dithio derivative, 21.24*25 In a related reaction ethyl 
orthoformate, followed by NaHS, converts the same pyrimidine to the 4-thio 
derivative. 22.26.27 

S S 

2 1  2 2  

Potassium xanthogenate has also been used to provide more complex prod- 
ucts, 23.2a*29 

R 
I 
H 

23 

R R' 
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The introduction of two amino groups into the newly formed ring has been 
accomplished by the reaction of suitably substituted aminonitriles, 1% (R = H, 
Ph or NH,; R' = Me, Et, or Ph), with guanidine. The expected diamino 
derivatives, 24, are obtained in good yield." A related example involves the 
treatment of 2-amino-5-cyano-4-methoxy-6-phenylpyrimidine with guanidine 
to give 24 (R = NH,; R' = Ph).3' 

2 4  

( 3 )  From Pyrimidines with Amino Groups Adjacent to Amides 

A large number of fairly simple pyrimidine-5-carboxamides have been pre- 
pared and converted into the corresponding pyrimido[4,5-d)pyrimidines using 
a variety of  reagent^.'^*^^*^'-'^ The general scheme for these reactions is 
illustrated by the conversion of 25 to 26. In a very closely related example 
4-amino-2-phenyl-7-propylpyrimido[4,5-dJpyrimidine has been derived from 
4-amino-N-benzoyl-2-propyl-5-pyrimidinecarbo~amidine.~' The precursor to 
the carboxamidine is a 1,2,4-oxadiazole. 

X R' 0 R' 

2 5  2 6  

Only a few examples involve thioamides 25 (X = S).'9*32 Meanwhile a varied 
group of substituents has been incorporated, including alkyl, aryl, amino, and 
hydroxy moieties, at the available ring carbon sites. The primary reagents used 
to effect ring cyclization include triethyl orthoformate, diethyl carbonate, and 
formamide. 

In a related reaction, 2-hydroxypyrimidine-4,5-dicarboxamide was treated 
with hypobromite. The amine, produced in sifu, cyclized to 2,4,7-trihyd- 
roxypyrimid0[4,5-6Jpyrimidine.~* 

If one begins with an N-substituted amide or thioamide in position 5 of 
6-amino- 1,3-dimethyluracil, 27, the corresponding N-substituted pyrimido[4,5- 
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dlpyrimidines, 28, may be ~b ta ined .~ ’ -~ ’  The reagents in these examples are 
acid chlorides, acid anhydrides, DMF- DM A, or N ,  N’-carbonyldiimidazole. 

One further example involves the cyclization of N-(S-carbamoyl-4-py- 
rimidinyl)-S-nitr0-2-furamide upon heating for a short time in D o ~ t h e r m ~ . ~ ~  

(4) From Pyrimidines with Amino Groups Adjacent fo Esters 

There are few examples of reactions involving esters adjacent to amino 
groups. Two simple examples involve the conversion of either an 0x0~’  or 
t h i o ~ o ~ ~  derivative, 29 (X = 0 or S), into the corresponding pyrimido[4,5- 
dpyrimidine, 30, upon heating in formamide. 

In the latter case, heating with phenyl isocyanate produces the corresponding 
N-phenyl d e r i ~ a t i v e . ~ ~  

There is one example of cyclization of a uracil derivative in which the ester 
contains two sulfur atoms. Heating compound 31 with formamide leads to the 
corresponding amino derivative, 32.40 
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3 1  32 

( 5 )  From Pyrimidines with Amino Groups Adjacent to 
Aldehyde or Ketone Groups (or Their Deriuatiues) 

Only one research group seems to have made a serious effort to examine the 
reaction of adjacent amino and aldehyde f u n ~ t i o n a l i t i e s . ~ ~ ~ ~ ~  Treatment of the 
appropriately substituted dimethyl acetals, 33, with s-triazine leads to generally 
poor yields of the corresponding pyrimido[4,5-&jpyrimidines, 34. One reason 
for the poor yields is the instability of the product; covalent addition of solvent 
to the initially formed product leads to ring-opened products, which are iso- 
lated. 

33 3 4  

In a separate effort, 2,7-diphenyl-5,6-dihydropyrirnido[4,5-d-Jpyrimidine was 
reported to have been produced from the reaction of 2-phenyl-4-amino-5- 
dimethoxymethyl-5,6-dihydropyrimidine and ben~amidine .~~ 

Another aldehyde derivative that has been successfully employed in the 
preparation of pyrimido[4,5-d]pyrimidines is the Schiff base. The uracil derivat- 
ive, 35, can be converted to 36 in moderate yields4' 
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35 36 

The formation of 7-amino-l,3-dimethyl-5-N,N-dimethylaminopyrimido[4,5- 
dIpyrimidine-2,q 1 H,3H)dione has been reported to proceed along similar 
lines.48 More recently, 6-amino-5-formyl-l,3-dimethyluracil provided the cor- 
responding 7-substi tuted- 1,3-dirnethyl-2,4-dioxopyrimido[4,5-~pyrimidine 
when heated at 180°C with simple a m i d e ~ . ~ ~  

Finally, a single report on the use of ketones has appeared." Although the 
starting material is actually a chloro derivative it is possible that the intermedi- 
ate bears an amino group. Thus, treatment of 37 with acetamidine, benzamidine, 
or phenylguanidine provides the corresponding pyrimido[4,5-d)pyrimidines, 38. 

CH3 R' CH3 R' 

R R 

3 7  38 

R R'  R2 

Ph 

Me 

Ph 

Ph 

Me 

Me 

Ph 

Me 

Ph 

Ph 

Me 

Ph 

Ph 

Me 

Ph 

Me 

Ph 

Ph 

Ph 

Me 

Me 

Ph 

NHPh 

NHPh 



160 Pyrimidopyrimidines 

(6) From Pyrimidines with Amino Groups Adjacent to 
Substituted Methyl Groups 

Some of the earliest examples of this ring system were reported by Todd and 
co-workers5' who had been studying the chemistry of aneurin (vitamin Bl).  
Some of the products were isolated quite by accident while others were clearly 
the target compounds. The usual structural feature of the original pyrimidine 
was an aminomethyl substituent at position 5. Thus, the conversion of 39 to 40 is 
typical of these syntheses. 

3 9  40  

Treatment of 39 (R = MeC=S; R '  = Me) with methyl a-bromo-y-acetoxy- 
propyl ketone affords 40 (R2 = Me).5' Alternatively, 39 (R = H; R' = Me) leads 
to 40 (R'  = Me; R2 = SH) when treated with thiourea (poor yield), potassium 
thiocyanate (moderate ~ i e l d ) , ~ ~ . ~ ~  or carbon di~ulfide.'~ Other simple derivat- 
ives of this type, as well as additional methods of preparing the same derivatives, 
have been r e p ~ r t e d . ~ ' * ~ ~ * ~ ~  

4 1  

Several examples of ring N-substituted derivatives have been reported. The 
accidental preparation of 41 [R = HOCH,CH,(SNa)C=C(Me)] from aneurin 
by means of base hydrolysis is one example.56 Starting with a 5-bromomethyl 
derivative, treatment with DMF provides the quaternary salt of 41 (R = Me2)." 
Another N-substituted derivative, 43, is obtained by the diazotization of 42.58 

4 2  4 3  
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The reaction of 39 (R = Me or Ph) with aromatic aldehydes can lead to 
tetrahydro products, 44 or 45, depending on the nature of the substituent on the 
aromatic ring.59 

44 45 

An unusual N-formyl compound has also been reported, 

46 

(7 )  From Pyrimidines with Miscellaneous Groups 
Adjacent to Each Other 

The original synthesis of the pyrimido[4,5-dlpyrimidine ring system was 
reported by T. B. Johnson and Chi.6' 5-Carbethoxy-2-ethylmercapto-6- 
thiocyanopyrimidine was converted to the corresponding thiourea and cyclized 
to 47 (R = H). Likewise the intermediate phenylthiourea provided 47 (R = Ph). 

H 

47 

The only nucleoside, 48, of this ring system to have been reported thus far was 
prepared from ~-gluconyl isothiocyanate and a 6-aminouracil in 96% yield.62 
Note that this is a C-nucleoside derivative rather than the more usual N- 
nucleoside. 
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( 8 )  From Pyrimidines Fused to Other Rings 

One example of a pyrimidine fused to a pyran ring has been reported to lead 
to a substantially reduced pyrimido[4,5-dlpyrimidine, 49 + 

NHCONH2 CHzCH20H 

- 
0 

I I I  
H H  H 

0 

4 9  5 0  

Ring expansion of pyrrolopyrimidines, 51 ( R  = NH2 or NO), by treatment 
with lead tetraacetate, potassium pyrosulfite, or triphenylphosphine produces 
52 ( R 2  = OH).64-66 If dry ammonia is used instead, 52 (R2  = NH2)  is ob- 
tained.6 

51 5 2  
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The reaction of thiamine with diethyl pyrocarbonate affords a mixture from 
which 53 can be isolated.67 

5 3  

(9) From Nonheteroaromatic Precursors 

There are several examples of pyrimido[4,5-d]pyrimidine derivatives that 
arise from acyclic precursors. I t  is probable, however, that pyrimidine intermedi- 
ates are formed in situ. For example, benzamidine and N-(2.2-dicyano-1- 
ethoxyviny1)-acetamidoyl chloride in ethanol affords a poor yield of 5-amino- 
4-et hoxy-2-methyl-7-phenylpyrimid0[4,5-d)pyrimidine.~~ 

In a study of the reaction between acetone and urea a compound was isolated 
that was identified as 2,7-dioxo-4,4,5,5,8a-pentamethyldecahydropyrimido[4,5- 
d l ~ y r i m i d i n e . ~ ~  

Finally, 2,4-diaminopyrimido[4,5-JJpyrimidine (previously made in another 
manner) was prepared by condensation of guanidine in ethanolic base.” 

B. Synthesis of Pyrimido[5,4-dJpyrimidines 

(1) From Pyrimidines with Amino Groups Adjacent to 
Carboxylic Acids 

In contrast to the pyrimido[4,5-dlpyrimidines the majority of the py- 
rimido[5,4-JJpyrimidines have been synthesized from existing derivatives via 
ring substitution. These reactions will be described in Section 3. 

The original ring system synthesis was developed by F. G. Fischer, how- 
ever.7 ‘ * ”  In a series of reactions, beginning with a 5-amino-6-carboxyuracil 
derivative, 54, treatment with urea or methyl substituted ureas provided the 
corresponding tetra-oxo-pyrimido[5,4-d]pyrimidines, 55. 

In  similar fashion, treatment of 54 with formamide led to the corresponding 
trioxo derivatives, 5 6 a - ~ . ~ ’ . ’ ~  The use of N,N’-dimethylformamidine allowed 
for the formation of substituents in the second ring, 56d and e, while N.N‘-  
diphenylformamidine afforded 
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Analogous reactions were used to prepare other C-substituted derivatives. 
Thus, the unusual guanidine derivative, 57, when heated in sulfuric acid, led to 
the amino derivative, 58 (R = NH2).73 In what may be a reaction with a similar 
pathway, 54 (R' = RZ = H) affords 58 (R = Ph) when treated with ben- 
~arnidine.'~ 
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Finally, 5-amino-4-hydroxy-2-methylthiopyrimidine-6-carboxylic acid served 
as the precursor to 58 (R = SMe or SHh7' 

57 58 

(2) From Pyrimidines with Amino Groups Adjacent to 
Carboxylic Acid Derivatives 

Only two types of acid derivatives, esters and amides, have been employed in 
the synthesis of pyrimido[5,4-dJpyrimidines. 

The conversion of the methyl ester 59 (R = Me; R' = R2 = NH2) into the 
corresponding pyrimid0[5,4d]pyrimidine 60 through condensation with ben- 
zamidine is typical of this p ro~ess . ' ~  In similar fashion, 59 (R = Et; 
R' = RZ = OH) affords the analogous 

59 60 

When the amide, 61, was treated with potassium ethylxanthogenate, com- 
pound 62 was obtained in yields of 74-98%, depending on reaction solvent." 

The same reaction, carried out with potassium dithioformate or diethylam- 
monium N,N-diethyldithiocarbamate, gives poorer yields of the p r ~ d u c t . ' ~  

61 62 
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The trioxo compounds, 64 (R = alkyl groups), are obtained from the 
acetylated amine, 63.78 

- 
0 0 

I 
H H O  

63 6 4  

A very recent example employs as starting materials ethyl 5-aminoorotate. In 
this instance the 5-amino group is first converted to the ethoxymethyleneamino 
derivative, by means of diethoxymethylacetate, and then refluxed with a variety 
of amines. In this way a series of trioxo compounds, 56 (R'  = Rz = H; R3 = H 
and a variety of substituted alkyl groups), are formed, possibly through an 
amide intermediate formed in  sit^.^^ 

( 3 )  From Pyrimidines with Miscellaneous Groups 
Adjacent to Each Other 

In an unusual reaction, the diamide 65 undergoes a Hofmann rearrangement 
to form a mixture of 66 and the isomeric pyrimid0[4,5-&Jpyrimidine.'~ Obvi- 
ously, both amide functional groups can be attacked by the hypobromite 
reagent. 

t i  
I 

65  6 6  

The formation of 68 (R = aryl or benzyl) in excess of 80% yields results from 
heating 64 with triethyl orthoformate." Alternatively, 67 formed the corres- 
ponding Schiff base when treated with DMF-DMA, which could be cyclized to 
68 by heating in toluene." 
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0 0 

6 7  6 8  

(4) By Rearrangement of Other Heterocyclic Systems 

Two examples of this type of synthesis have been reported. In both cases the 
process involves expansion of a five-membered ring. In the first example, Robins 
and his co-workers81.82 treated acetylated purine nucleosides, 69, with ammonia 
and obtained the pyrimido[5,4-dJpyrimidines, 70. I t  seems probable that open- 
ing of the five-membered imidazole ring, followed by cyclization at the cyano 
moiety, is the pathway undertaken. 

69 ro 

R R' 

2.3.5-Tri-Oacetyl-fl-D- ribofuranosyl- &D-RiluranOsyC 

2.3.5-Tri-Oacetyl-pD- arabiwfuranosyl- p-~~&nOfuranOSyl- 

pentofuranosyl- pentoluranosyl- 
2-Deoxy-3.5-di-Oacelyl-p-D-e~hm- P-Deoxy-fl-DWYthm- 

In the second case, it is a fused pyrazole-N-oxide that undergoes ring opening 
and recyclization to the six-membered ring. Hence, 71, when treated with base, 
undergoes the transformation to the corresponding pyrimido[5,4-d]pyrimidine, 
72.83*84 It should be pointed out, however, that the N-substituent must contain 
a methylene group that becomes the sixth atom in the new ring. 
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71 72 

( 5 )  From Nonheteroaromatic Precursors 

An interesting method of preparing this ring system from aliphatic com- 
pounds is illustrated by the reaction of the urea derivatives, 73, with a variety of 
aldehydes. A series of imino derivatives, 74, is obtained.*' 

- 
NH 

73 74 

In a simple, but limited, process completely reduced pyrimido[5,4-dJpy- 
rimidines, 75, are prepared from 1,2,3,4-tetrarninobutane~."~ 

R 
I 

7 5  

3. REACTIONS 

A. Of Pytimido[4,5-dJpyrimidines with Nucleophiles 

The majority of reactions on preformed pyrimido[4,5-dlpyrimidines are sub- 
stitutions by nucleophiles. In a typical case, 76 (R = SEt) upon treatment with 
NH3 affords the corresponding amine derivative, 76 (R = NH2)." In similar 
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fashion, the 2-0x0 derivative of 76 leads to the corresponding amine. In contrast, 
treatment of both of these ethylmercapto compounds with concentrated HCI 
provides different results. In the dioxo molecule hydrolysis of the mercapto 
group occurs and the corresponding trioxo analog is obtained. However, 76 
(R = SEt) affords a ring-opened product, 77.” 

7 6  7 7  

B. Other Reactions of Pyrimido[4,5-6)pyrirnidines 

One further type of reaction worth mentioning here is covalent hydration. 
This type of reaction, thoroughly reviewed by Albert,” involves addition of 
water across a carbon-nitrogen double bond. In an effort to prepare the 
unsubstituted pyrimido[4,5-d]pyrimidine simple covalent hydration occurs in 
moist air to give 4-hydroxy- 1,2-dihydro-pyrimid0[4,S-JJpyrimidine.~~ Opening 
of the unsubstituted ring of pyrimido[4,5-JJpyrimidines subsequent to covalent 
hydration can also occur. In this way o-aminopyrimidine-5-carboxaldehydes 
can be p r e ~ a r e d . * ~ > ~ ~  

C. Of Pyrimido[5,4-d)pyrimidines with Nucleophiles 

The pioneering work of Fischer again provides the basis for a large number of 
pyrimido[5,4JJpyrirnidines. Treatment of the oxygenated compounds, 55 and 
56, with POC13 and PC15 affords the corresponding chloro compounds, 78 and 
79, where all of the R groups are chlorine.” 

R R 

7 8  79 
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These two compounds serve as the basis for many nucleophilic reactions 
leading to a large number of pyrimido[5,4-dpyrimidine derivatives. Thus, the 
nucleophilic displacement of chlorine with ammonia,90 alkoxide  ion^,'^,'' iod- 
ide ion," ethan~lamine, '~ p i p e r i d i n e ~ , ~ ' * ~ ~ * ' ~ - ~ '  aniline d e r i v a t i ~ e s , ' ' * ~ ~ . ~ ~  azi- 
de ion,93 pipera~ines,'~.~' benzylamines,'OO m ~ r p h o l i n e , ~ ~ * ~ '  diethan~lamine,~'  
and alkylamines7' have all been reported. 

Some nucleophilic reactions on sulfur-containing moieties have also been 
reported. Thus, 7th (R = R2 = CI; R'  = R 3  = SCI), upon treatment with 
piperidine, provides 78b (R = R 2  = piperidinyl; R' = R 3  = S-piperidi~~yl)~' or, 
with other nucleophiles, 78c (R = R2 = C1; R' = R 3  = SOMe, S-morpholino, 
or S-d ie th~lamine) .~~ Hydrogen sulfide replaces the methyhercapto group 
also. 

The foregoing discussion focused on substitution at carbon. However, alkyla- 
tion at the ring nitrogen positions has also been achieved. Direct methylation of 
55 and 56 by means of dimethyl sulfate or diazomethane to give mono-, tri-, and 
tetramethyl derivatives has been ac~ompl i shed .~~  Compound 55 leads to the 
tetrabenzyl derivative when treated with benzyl ~hlor ide .~ '  

D. Other Reactions of Pyrimido[5,44Jpyrimidines 

Very little chemistry of this ring system, which is not a variation of the 
reactions discussed above, has been explored. One notable example is the 
reduction of the aromatic ring. Hydriodic acid and phosphorus iodide can 
remove the chloro group from the ring and produce the unsubstituted 3,4- 
dihydropyrimido[5,4-dJpyrimidine and the unsubstituted 3,4,7,8-tetrahydro- 
pyrimido[ 5,4-d]pyrimidine.90 

4. PATENT LITERATURE 

Of all the miscellaneous fused pyrimidines the most extensive patent coverage 
is found in the pyrimidopyrimidine series. Space does not permit adequate 
citation of this body of literature here. Several major patent reports must be 
mentioned, however. 

Several dozen patents have been granted for work in the pyrimido[4,5- 
dpyrimidine series. The greatest number of compounds are found in a small 
number of these patents. A patent awarded to Boehringer Ingelheim G. m. b. 
h."' describes more than I20 examples of 2,4,7-trisubstituted pyrimido[4,5- 
dpyrimidines of the general structure 80. In this series R and R2 are found to be 
a variety of cyclic secondary amines, such as the morpholinyl, piperazinyl, and 
pyrrolidinyl groups. Considerable variation of group types are introduced at R '. 
Here, secondary amines, both cyclic and acyclic, primary alkyl amines, al- 
koxides, and 0x0 groups predominate. 
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Some 20 examples of similar structure were synthesized as potential diuretic 
agents.'02 For 80 (where R 2  = H) a limited number of dialkylamino groups 
were located at R'. Substituents at R included the chloro, alkoxy, thioalkoxy, 
secondary amino, alkyl, and 0x0 moieties. 

Nearly 50 derivatives of 81 have been described in which R = phenyl or 

of the compounds reported in other patents appear to be variations on the three 
series described above. 

substituted phenyl and R '  = H or a large variety of alkyl  group^.'^^*'^^ Ma nY 

R' 0 

80 81 

I t  can be truly said that the synthesis of pyrimido[5,4-dJpyrimidine derivat- 
ives by industrial chemists has been dominated by those at  Dr. Karl Thomae, 
G. m. b. h.'05-lo7 Moreover, the majority of these compounds are described 
only in the patent literature, and the focal point of the syntheses is always the 
same. 

Literally hundreds of trisubstituted pyrimido[5,4-d]pyrimidines (78) have 
been preparedlo5* lo6 in which either R '  or R 3  remains unsubstituted. The three 
substituents, located either at R, R', and R2  or at R, R2, and R3, include nearly 
all imaginable forms of amino, substituted thio, or substituted 0x0 groups. 
A significant number of derivatives also contain the chloro group, particularly 
at R3. 

Several score of additional compounds of the same general structure, 78, from 
the same laboratories include many of the same groups with an increased 
emphasis on chloro substituents at R and/or R3. lo7  

5. TABLES 

TABLE 1 .  THE PYRlMIDO[4,5-dJPYRIMlDlNES THAT H A V E  NO OX0 OR 
THIOXO GROUPS 

Substituents mP Other Data References 

None 193(d) UV 44,45, 108 
I -Acetyi-2-[ 1 -(acetylthio)-3-(benzoyIoxy)propylJ- 

3(2H)-formyl- 1,4-dihydro-2,7-dimethyl- 174-175 IR,NMR, UV 60 
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TABLE 1. (Continued) 

Substituents mP Other Data References 

I-Acet yl-2-[ 3-( benzoyloxy)-3(2H)-formyl- 
1,4-dihydro-2,7-dimethyl- 

2-[ I -(Acetylthio)-3-(benzoyloxy)propyl]-3(2M)- 
formyl- I ,4-dihydro-2,7-dimethyl- 

CAmino- 
2.4-Diamino- (monohydrochloride) 
2.4.7-Triamino- 
5-Amino-2.4- bis(4-chloropheny1)- 
2,4-Diamino-6-[2-(4-chlorophenyl)et hox y ]- 

5.6.7.8-tet ra hydro- 
2.4-Diamino-6-[2-(2.4-dichlorophenoxy)et hoxy], 

5,6.7,8-tetrahydro- 
2,4-Diamino-6-[ 2-(2-~hlorophenyI)ethyl]- 

5,6,7,8-tetrahydro- 
2,4-Diamino-6-[2-(3-chlorophenyl~t hyll-5.6.7.8- 

tetrahydro- 
2.4-Diamino-6-[2-(4-chlorophenyl)ethyl]-5,6.7.8~ 

tetrahydro- 
2,4-Diamino-6-[2-(2,4-dichlorophenyl)et hyll- 

5,6,7,8-tetrahydro- 
2,4-Diarnino-6-[2-(2,6-dichlorophenyl)et hy i]- 

5,6,7,8-tet ra hydro- 
2,4-Diamino-6-[(4-chlorophenyl)methoxy J- 

5,6,7,8-tetrahydro- 
2.4-Diamino-6-[ (2,4-dichlorophenyl)methoxy]- 

5,6,7,8-tetrahydro- 
2.4-Diamino-6-[ (2,6-dichlorophenyl)methoxy]- 

5,6,7,8-tetrahydro- 
2,4-Diamino-6-[ (4-~hlorophenyl)rnethyl]- 

5,6,7,8- tet rahydro- 
2.4-Diamino-6-[ (2,4-dichlorophenyl)methyl]- 

5.6,7,8-tetra hydro- 
2.4-Diamino-6-[ (3,4-dichlorophenyl)methyl]- 

5.6.7.8-tetrahydro- 
2,4,7-Triamino-5-et hyl- 
2-Amino-5,6-dihydro- 
CAmino- 1,24hydro- 
2,4-Diarnino-5,6,7,8-tetrahydro-6-hydroxy- 
2,4-Diamino-5.6.7,8-tetrahydro-6-{ 2-[3- 

(trifluorornethy1)phenyl ]ethyl}- 
2,4-Diamino-5,6,7,8-tetrahydro-6-{ 13- 
(trifluoromethyl)phenyl]methoxy }- 

2,4-Diamino-5,6,7,8-tetrahydro-6-{ [3- 
(t rifluorometh yl)phen yllmeth yl }- 
(monohydrochloride) 

2,4-Diarnino-7-met hyl- 
2,4,7-Triamino-5-methyl- (monohydrochloride) 
4-Amino-2-methyl-7-phenyl- 

158-159 IR. NMR. UV 

170-171 IR ,  NMR, UV 
> 34qd) 
> 300 NMR 
> 300 

305- 3 I 5 

187-189 MS. NMR 

180.0-182.5 MS, NMR 

186-188 NMR 

104.0- 105.5 NMR 

187-193 NMR 

186-188 NMR 

200-202 NMR 

205.0-206.5 MS. NMR 

208.5-209.5 MS, NMR 

230.0-231.5 MS. NMR 

240-241 

155- 157 

194 196 
> 300 

228 - 229 
> 300 
> 219(d) 

112-114 

200-202 

21 3--215 
> 300 
1 300 
> 300 

5-Amino-2.4-diphen y l- 242 

NMR 

NMR 

NMR 
uv 

NMR 

NMR 

MS, NMR 

uv 

60 

60 
20.23, 109. 110 
23, 70, 88 
23 
21 

18 

18 

17 

17 

17 

17 

17 

18 

18 

18 

17 

17 

17 
30 
20 
43 
18 

17 

18 

17 
23 
30 
34 
21 
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TABLE 1. (Continued) 

Substituents mP Other Data References 

4-Amino-2.5.7-triphenyl- 
2.4-Diamino-5-phenyl- 
2.4-Diamino-7-phenyl- 
4.7-Diamino-2-phenyl- 
2.4-Diamino-5.7-diphenyl- 
2,4,7-Triamino-5-phenyl- (and phosphate) 

2,4,5-Triamino- (phosphate) 
4-Amino-2-phenyl-7-propyl- 
2-Anilino-5-met hyl-4.7-diphenyl- 
2-Anilino-5.7-dimet hyl-4-phenyl- 
2-[3-(Benzoyloxy)- 1 -(benzoylthio)propyl]- 

3(2H)-formyl- 1,4-dihydro-2,7-dimethyl- 
2-[3-( Benzoy1oxy)-1 -mercaptopropyl]-3( 2H)- 

formyl- 1,4-dihydro-2,7-dimethyl- 
2-[3-(Benzoyloxy)-l-(methylthio)propyl]-3(2H)- 

formyl- 1,4-dihydro-2,7-dimethyl- 
4-Chloro- 1,2-dihydro- 
3-(4-Chlorobenzyl)- 1.2.3.4-tetrahydro-2.7- 

2-(2,4-DichlorophenyI)- 1,2,3,4-tetrahydro-2,7- 

2-(3,4-Dichlorophenyl)- 1.2.3.4-tetrahydro- 

4-Chloro-2-( 5-ni tro-2-furany1)- 
1(2H)-Cyano-3- { 3 4  (4,5-dihydro-2-methy1-3- 

dimethyl- 

methyl- 

7-methyl- 

furanyl)dithio]tetrahydro-2-methyl-2-furanyl}- 
3,4-dihydro-2-methoxy-7-methyl- 

4-Dimet hylamino-2-met hyl-7-phenyl- 
2.2’4 DithiobisC3- 

(benzoylox y)propylidene] } bis[ I .4-dihydro- 
2,7-dimethyl]-3( 2H)-formyl- 

[(ethoxycarbonyl)thio]tetrahydro-2-methyl- 
2-furanyl}-3,4-dihydro-2-hydroxy-7-met hyl- 

2-(4-Fluorophenyl)- I ,2.3,4-tetrahydro-7-methyl- 
(mixture with open chain form) 

3.4-Dihydro- 
3.4-Dihydro-4-hydroxy- 
3,4-Dihydro-4-methoxy- 
3,4-Dihydro-4-methoxy-7-methyl- 
1,2,3,4-Tetrahydro-2-(4-methoxyphenyI)- 

I ,2.3.4-Tetrahydr0-2-(4-methoxyphenyl)- 

1(2H)-Ethoxycarbonyi-3-( 3- 

7-methyl- 

275 
> 300 
> 300 
> 300 
> 300 

353-355 
( > 300) 
> 300 

239 - 24 1 
I83 
265 

218-219 

193-195 

166-168 
> 300 

146-147 

179- 180 

163-165 
210 

180- 183 
174 

154- 168 

160-163 

163-170 
172- 173 
2 10- 2 1 3(d) 
190-195(d) 
104-106 

142-143 

uv 

uv 
uv 
IR, MS, 
NMR, UV 
uv 
IR. N M R  
IR, NMR. UV 
IR, NMR, UV 

IR, NMR, UV 

IR,  NMR, UV 

IR, NMR, UV 

IR, NMR 

NMR 

NMR 

IR. NMR,  UV 

IR, NMR, UV 

IR, NMR. UV 

NMR 

NMR, UV 
NMR, UV 

N M R  

7-phenyl- 132.5-133.0 N M R  
1,2,3,4-Tetrahydro-7-methyl-2-(4-nitrophenyl)- 189-190 N M R  
3,4-Dihydro-2,7-diphenyl- 210.5-211.5 IR, UV 
3.4-Di hydro-2.7-dipropyl- 96 uv 
4-(2-Methoxyethyl)amino-2-(5-nitro-2-furanyl)- 275 

21 
30 
23 
30 
30 
30, 31 

30 
37 
50 
50 

60 

60 

60 
43 

59 

59 

59 
42 

111 
34 

60 

67, 112 

59 
20, 90 
45 
45 
45 

59 

59 
59 
46, 113 
I14 
42 
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TABLE I .  (Continued) 

Substituents mP Other Data References 

2,4,7-Trimethyl-5-(methylthio)- 
4-Met hyl-2,5,7-triphenyl- 
2.4-Dimet hyl-5.7-diphenyl- 
2.5-Dimet hyl-4.7-diphenyl- 
4,5-Dimethyl-2,7-diphenyl- 
2,4,7-Trimethyl-5-phenyl- 
2,4,5-Trimethyl-7-phenyl- 
2~5-Nitro-2-furanyl)-4-( 1 -pyrrolidinyl)- 
2-Phenyl- 

I78 
229 
164 
160 
270 
I65 
189 
279-280 
236- 237 

34 
IR, NMR, UV 50 
IR, NMR, UV 50 
IR,NMR,UV 50 
IR, NMR, UV 50 
IR, NMR, UV 50 
IR, NMR, UV 50 

42 
NMR, UV 45 

TABLE 2. THE PYRIMIDO[4,5-6JPYRIMIDINES WITH ONE OX0 OR 
THIOXO GROUP 

Substituents mP Other Data References 

2-Amino-4(3H)-oxo- (picrate) 

2-Amino-5( 1 H)-0x0- 
2-Amino-5( 1 H)-oxo-4-phenyl- 
2-Butyl-4( I H)-oxo-7-phenyl- 
2-Butyl-7-phenyl-4( lH)-thioxo- 
2-Dimethylamino-5(6H)-oxo- 
2-Dimcthylamino-5(6H)-t hioxo- 
2-(Ethylthio)-5(6H)-oxo- 
2-(Ethylthio)-5(6H)-thioxo- 
3,4-Dihydro-7-methyl-2( 1 H)-thioxo- 
1,2-Dihydro-4(3If))-oxo- (hydrate) 
3,7-Dihydro-5(6H)-oxo-2( 1 H)-thioxo- 
3,4-Dihydro-2( 1 H)-thioxo- 
1,2-Dihydro4(3H)-thioxo- 
3.7-Dihydro-2,5( 1 HBH)dithioxo- 
2,5,7-Trimethyl-4( I H)-0x0- 
2-Methyl-4(1 H)-oxo-7-phenyl- 
5.7-Dimethyl-4( I H)-oxo-2-phenyl- 
2,5-Dimethyl-4( 1 H)-oxo-7-phenyl- 
2-Methyl-5(6H)-thioxo- 
2,5,7-Trimethyl-4( I H)-thioxo- 
2-(Methylthio)-5(6H)-oxo- 
2-(5-Nitro-2-furanyl)4(1 H)-0x0- 
4(3H)-0~0- 

4(3H)-Oxo-5-phenyl- 
4(3H)-Oxo-5-(trifluoromethyl)- 
4(3H)-Thioxo- 

256(d) 
(230-231) 
> 300 
> 300 

272 - 273 
262 
> 300 

M Y 4  
238 
276 
245(d) 

> 350 
> 24qd) 

2 4 W  
> 290 
> 300 
> 300 
> 300 
> 300 
> 320 

275-277 
225--229 
334-335 
220-25qd) 
258 
> 300 

264-266 
260-275(d) 
> 360 

252-254 

NMR 

MS, NMR 

uv 

uv 

uv 

uv 

uv 

uv 

11.  20, 32, 88 

35, 115 
30 
34 
34 
23 
20 
23,32 
20, 23 
20 
43 
43 
20 
43 
43 
34 
34 
34 
34 
20 
34 
23, 116 
42 
33 

30 
I17 
27. 33 
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TABLE 3. THE PYRIMID0[4,5-d]PYRIMlDlNES WITH TWO O X 0  AND/OR 
THIOXO GROUPS 

Substituents mP Other Data References 

7-Amino-5-(dimethylamino)- 1.3-dimethyl- 

5-Amino-I .3-dimethyl-7-(methylamino)- 

5-Amino-3-methyl-7-(methyIthio)-2.4( 1 H.3H)- 

5-Amino- 1,3-dimethyl-2,4-( I H,3H)-dioxo- 
7-Amino- 1.3-dirnethyl-2,4( I H.3H)-dioxo- 
5.7-Diamino-1,3-dimethyl-2,4( IH,3H)-dioxo- 
5-Amino-] ,3-dimethyl-2.4( 1 H,3If)-dioxo- 

5-Amino-7-( met hylt hio)-2.4( 1 H,3H)-dioxo- 

5-Amino-2.4 I H,3H)-dioxo-7-phenyI- 
5-( I ,3-Benzodioxol-S-yl)- 1,3-dimethyl-2,4( 1 H.3H)- 

I ,3-Dibenzyl-2.4( 1 H.3H)-dioxo- 
5-(4-BromophenyI)-hexahydro- 1,4,6-trimethyl- 

5.7-Bis(butylarnino)- 1,3-dimethyl-2,4( I H,3H)- 

7-Chloro-S-(et hy1arnino)- 1.3-dimethyl-2.4 I H.3H)- 

5.7-Dichloro- 1.3-dimet hyl-2.q IH,3H)-dioxo- 
5,7-Dichloro-3-methy1-2,4( 1 H,3H)-dioxo- 1 -phen yl- 
5-(4-Chlorophenyl)- I .3-dimethyl-2.4( 1 H,3H)- 

7-(4-Chlorophenyl)- I ,3-dimethyl-2,4( I H.3ff)- 

5-(3,4-DichlorophenyI)- 1.3-dimet hyl-2.4 I H,3H)- 

5,7-Dichloro-2,4( 1 H,3H)-dioxo- 1 -phenyl- 
5.7-Dichloro-2,4( 1 H.3H)-dioxo- I .3- 

5,7-Dichloro-2,4( 1 H.3H)-dioxo- 1.3-di-2-propenyl- 
5,7-Bis(dodecylamino)-1,3-dirnethyl-2.4( 1 H,3H)- 

5,7-Bis(ethylamino)-l,3-dimethyl-2.4( lH.3H)- 

5,7-Bis(ethylamino)-2,4( I H,3H)-dioxo- 1 -phenyl- 
5,7-Bis(ethylarnino)-2,4( I II,3H)-dioxo- 1.3-di-2- 

6-Ethyl-5,6,7,8-tetrahydro- 1.3-dimethyl- 

1,6-Diethyl-hexahydro-3.4.5,8-tetramethyl- 

2.q I H . ~ H ) - ~ ~ o x o -  

2.4 1 H,3H)-dioxo- 

dioxo-l -phenyl- 

7-phenyl- 

I-phenyl- 

dioxo-7-pheny l- 

2,7( 1 H.3H)-dioxo- 

dioxo- 

dioxo- 

dioxo-7-pheny l- 

dioxo-5-phenyl- 

dioxo-7-phen yl- 

bis(2-phenylethyl)- 

dioxo- 

dioxo- 

propenyl- 

2.4 I H,3H)-dioxo- 

2,7( I H,3H)-dioxo- 
7-(Ethylthi0)-2.4(1H,3Htdioxo- 
4.5-Bis(4-fluorophenyl)-hexahydro-2,7( I H.3H)- 

dioxo-8a-pheny l- 

174- 176 IR ,  MS 48 

236 I R ,  NMR, UV 8.9 

IR. NMR. UV 8, 9 257 
268 IR. NMR. UV 8, 9. 40 
1 3 0 0  NMR 49 
> 350 7 

260 65, 118 

329 IR. NMR. UV 8,9 
> 320 30 

272 10 
84-85 2 

275.0-276.5 1R 14 

120-121 

149 
186 
I92 

256 

245 

258 
> 320 

147 

116-117 

175- I76 
261 -263 

108-109 

I56 

132-135 
241-242 

309-312 

7 

7 
7 
7 

10 

10 

10 
7 

7 
7 

7 

7 
7 

7 

1 5  

IR, NMR 119 
uv 32 

120 
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TABLE 3. (Continued) 

Su bst i t uen t s mp Other Data References 

5-(2-Furanyl)-hexahydro-l,4,6-trimethyl- 

Hexahydro-5-(4-hydroxy-3-methoxyphenyl)- I ,4,6- 

Hexahydro-4-(2-hydroxyethyl)-2,7( I H,3H)-dioxo- 
Hexahydro-5-(2-hydroxyphenyl)- 1,4,btrimethyl- 

Hexahydro-5-(3-hydroxyphenyl)- 1.4.6-trimethyl- 

Hexahydro-8a-(4-methoxyphenyl)-2,7( I H,3H)- 

Hexahydro-5-(4-methoxyphenyl)- 1,4,6-trimethyl- 

Hexahydro-5-( 3,4-dimethoxyphenyl)- 1.4.6- 

Hexahydro-4-methyl-l,bbis(1-methylethyl)- 

Hexahydro- I ,4,6-trimethyl-5-(3-nitrophenyl)- 

Hexahydro- 1,4,6-trimethyl-5-(4-nitrophenyl)- 

Hexahydro-8a-methyl-2,7( 1 H,3H)-dioxo- 
Hexahydro-4,5dimethy1-2,7( 1 H.3H)dioxo- 

2,7( I H,3H)dioxo- 

trimethyl-2,7( 1H,3H)dioxo- 

2,7( 1H,3H)-dioxo- 

2,7( I H,3H)-dioxo- 

dioxo-4.5-diphenyl- 

2,7( 1 H,3H)-dioxo- 

trimethyl-2,7( 1 H,3H)dioxo- 

2,7( 1 H,3H)-dioxo-5-phenyl- 

2,7( 1 H,3H)-dioxo- 

2,7( I H,3H)-dioxo- 

(mixture of isomers) 

Hexahydro-3,6,8a-t rimethyl-2,7( 1 H,3H)-dioxo- 
Hexahydro-4,4,5,5,8a-pentamethyl-2,7( 1 H,3H)- 

dioxo- (and sulfate) 

Hexah ydro- 1,3,4,5,6,8-hexamethy1-2.7( 1 H,3H)- 

5,6,7,8-Tetrahydro- 1,3,6-trimethyl-2.4( I H,3H)- 

5,6,7,8-Tetrahydro- 1,3dimethyl-2,4( 1 H.3H)- 

Hexahydro- 1,4,6-trimethyl-2,7-(1 H,3H)-dioxo-5- 

Hexah ydro- I ,3,4,6,8-pcnlamethyl-2,7( I H,3H)- 

Hexahydro-l,4,6-trimethyI-2,7( 1H,3H)dioxo-5- 

Hexahydro- 1.3,4,6,8-pcntamethy1-2,7( I H,3H)- 

5,6,7,8-Tetrahydro-1,3-dimethyl-2,4( 1H,3H)- 

5,6,7,8-Tetrahydro-l,3-dimethyl-2,4( 1H,3H)- 

Hexahydro-l,4,6-trimethyl-2,7( IH,3H)aioxo-5- 

dioxo- 

dioxo- 

dioxo-bphenyl- 

phenyl- 

dioxo-5-phenyl- 

(2-phenyletheny1)- 

dioxo-5-(2-phenylethenyl) 

dioxo-qphenylmethy1)- 

dioxo-6-(2-propenyl)- 

ProPYl- 

310-312 

279-280 
310; 225(d) 

298-299 

254-255 

270-272 

277-278 

272-273 

24 I - 242 

272-273 

242-243 
275 

and 

191 

142-144 

167-168 

260- 262(d) 
I71 - 172(d) 

142-144 

185 

226 

306-307 

190-196 

273-275 

184-186 

160 

I78 

IR 

IR 
N M R  

1R 

IR 

IR 

IR 

IR 

IR 

IR 

IR, N M R  

IR, N M R  

IR, N M R  

IR 

IR, N M R  

1R 

IR, N M R  

IR, N M R  

14 

14 
63 

14 

14 

120 

14 

14 

14 

14 

14 
121 
119, 122 

121 

69 

119 

15 

I5 

14 

119 

14 

119 

16 

15 

292.0-292.5 IR 14 



5. Tables 

TABLE 3. (Continued) 

177 

~~ ~ 

mp Other Data References Substituents 

Hexahydro-2,7( 1 H,3H)-dioxo-4,5-diphenyl- 

Hexa hydro-2,7( I H,3H)-dioxo-8a-phenyI- 

Hexahydro-2,7( 1 H,3H)-dioxo-4.5,8a-triphenyl- 
1,3-Dimethyl-7-(methylamino)-2,4( 1 H,3HkdiOXO- 
1.3-Dimethyl-5,7-bis[( 1-methyiethyl)amino]- 

1.3-Dimethyl-5,7-di-4-morpholinyl-2,4( 1 H,3H)- 

I-Methyl-2,4( 1 H,3H)-dioxo- 
3-Methyl-2,4( 1 H.3H)-dioxo- 
1,3-Dimethyl-2,4( lH,3H)-dioxo- (and picrate) 

8a-(Ctolyl)- 

4,5-di-(4-tolyl)- 

2,4(1 H,3H)-dioxo- 

dioxo- 

I ,3,7-Trimelhyl-2,4( 1 H,3H)-dioxo- 
I ,3-Dimethyl-2,4( I H,3H)-dioxo-7-phenyl- 

1.3- Dimet h yl-2,4( I H,3H)-dioxo-5,7-diphenyl- 
1,3-Dimethyl-2,4(1H.3H)-dioxo-7-phenyl-5- 

1.3-Dimethyl-2,4( 1 H,3H)-dioxo-7-phenyl-5- 

1,3-Dimethyl-2,4(1 H,3H)-dioxo-5,7- 

1.3-Dimethyl-2,4( 1 H,3H)-dioxo-5,7-di- 1 - 

1.3-Dimethyl-2,4(1H,3H)-dioxo-5-phenyl-7- 

3-Methyl-2,4( 1 H,3H)-dioxo- 1 -phenyl-5,7-di- 1 - 

1,3-Dimethyl-2,4(1H,3H)-dioxo-5,7-di- 1- 

1,3-Dimethyl-2,4( 1 H,3H)-dioxo-7- 

7-(4-MorphoIinyl)-2.4-( LH,3H)-dithioxo- 
2 4  1 H,3H)-Dioxo- (and monohydrochloride) 
2.4 1 H,3H)-Dioxo- 1.3-bis(2-phenylethyl)-5,7- 

di-l -pyrrolidinyl- 
4(3H)-Oxo-2( 1H)-thioxo- 
2,4(1 H,3H)-Dithioxo- 

(phenylamin0)- 

[(phenylmethyl)amino]- 

bis[(phenylmethyl)amino]- 

piperidinyl- 

(3-pyridiny1)- 

pyrrolidinyl- 

pyrrolidinyl- 

(trifluoromethy1)- 

301-303 

309-314 
305-308 
260.5 

189-190 

282-283 
251-252 
242-244 
140-141 
(148- 149) 
113-115 
266-268 
279-28 1 
230 

> 320 

152-154 

156-157 

233 

132-133 

205-206 

135- 139 
350 
> 350 

146-147 
> 350 
> 360 

1 20 

120 
1 20 

NMR 49 

7 

7 
2 
L 

NMR I,  2, 49 

NMR 49 
NMR 49, 123 

10, 124 

65, 118 

65, 118 

7 

7 

10 

7 

7 

NMR 49 
28 

NMR 1, 11, 88 

7 
2 
24, 25 

TABLE 4. THE PYRIMIDO[4,5-dlPYRlMlDlNES WITH THREE OR FOUR O X 0  AND/OR 
THIOXO GROUPS 

Substituents mP Other Data References 

7-(4-Bromophenyl)- 1.3-dimethyI-2,4,5( 1 H,3H,6H)- 

I ,3-Dibutyl-5,6-dihydro-7-(4-nitrophenyl)- 
trioxo- > 320 

2 4  lH,3H)-diox0-5-thioxo- 156-160 

64,66, 118 

6 



178 Pyrirnidopyrirnidines 

TABLE 4. (Continued) 
~ 

Substituents mP Other Data References 

l-ButyI-2,4,7( 1 H,3H,6H)-trioxo- 
7-(4-Chlorophenyl)-5,6-dihydro-2,4( 1 H,3H)-dioxo- 

1.3-bis(phenylmethyl)-S-thioxo- 
6-(2-Chlorophenyl)- 1.3-dimethyl- 

2,4,5,7( 1 H,3H,6H,8H)-tctroxo- 
7-(4Chlorophenyl)- I ,3dimethyl-2.4,5( I H.3H.6H)- 

trioxo- 
6-(2-Chlorophenyl)- 1,3,7-trimethyl- 

2,4,5(lH,3H,6H)-trioxo- 
5-(Ethylamino)-l,3-dimethyl-2,4,7( I H.3H.6H)- 

trioxo- (7-hydrazone) 
1,3-DiethyI-2.4,7( lH,3H,6H)-trioxo- 
6-Ethyl- 1.3,7-trimethyI-2,4,5(: I H,3H,BH)-trioxo- 
6-(2-Fluorophenyl)- 1.3.7-trimethyl- 

5,6-Dihydro-l,3-dimethyl-7-(4- 

Tetrahydro-5-methyl-2,4,7( 1 H,3HAaH)-trioxo- 

2,4,5( 1 H,3H,6H)-trioxo- 

nitrophenyl)2,4( 1 H.3H)-dioxo-S-thioxo- 

(4a-a, 5-a, 8a-a) 

260-262(d) IR, NMR 

360-362 

> 210 

> 320 

> 270 

204-205 
232-237 
I78 

258 

> 360 

292-293 
6,8a-Dihydro-l,3-dimetbyl-2,4,5(1 H,3H,4aH)-trioxo- 
5.6-Dihydro-I ,3-dimethyl-2,4( 1 H,3H)-dioxo- 

5.6-Dihydro- 1,3,7-1rirnethyl-2,4( I H,3H)-dioxo-5- 

5.6-Dih ydro- 1,3,6,7-tetramethyI-2,4( I H,3H)-dioxo- 

5,6,7,8-Tetrahydro-7-(4nIt rophenyl)-2,4( 1 H,3H)- 

5.6-Dihydro-7-(4-nitrophenyl)-2.4( 1 H.3H)-dioxo- 

5,6-Dihydro-7-(4-nitrophenyl)-2,4( 1 H,3H)dioxo- 

1,3-Dimethyl-6-(2-methylphenyl)- 
2,4,5,7( I H,3 H,6H,8H)-tetroxo- > 270 

I ,3,7-Trimethyl-6-(2-methylphenyl)- 
2,4,5( 1 H,3H,6H)-trioxo- > 270 

7-phenyl-5-thioxo- > 320 

thioxo- 306- 307 

5-thioxo- 262 

dioxo-l-(phenylrnethyl)-5-thioxo- > 320 

1,3-bis(phenylmethyl)-5-thioxo- 208-210 

1.3-dipropyl-5-thioxo- 180-1 83 

1,3-Dimet h yl-2,4,7( 1 H,3H,6H)-t rioxo- 291 -293(d) 
1,3,6,7-Tetramethyl-2.4,5(l H,3H,6H)-trioxo- 256 
l.3-Dimethyl-2,4.5.7( 1 H,3H,6H,8H)-tetroxo- 
1,3.6-Trimethyl-2,4,5,7( 1 H,3H,6H,8H)-tetroxo- > 270 
1,3-Dimet hyl-24,7( I H,3H,6H)-trioxo-6-phenyl- 308 
1,3-Dimethyl-2.4.5( 1 H,3H,6H)-trioxo-7-phenyl- > 320 
1,3-Dimethyl-2,4,5,7( lH,3H.6H,8H)-tetroxo-6-phenyl- > 270 
1,3,7-Trimethyl-2,4,5(1 H,3H.6H)-trioxo-6- 

(phenylmethy1)- 263 
I .3-Dimethyl-2,4.7( 1 H,3H.6H)-trioxo-6-phenyl- 

7-1 hioxo- 303 
1,3-Dimethyl-2,4,5( 1 H,3H,6H)-trioxo-7- 

2,4,5,7( 1 H,3H,6H,8H)-Tetroxo- 
2.4 I H.3H)Dioxo-3-phenyl-7-thioxo- > 350 

(trichloromethy1)- 244-245 

IR. NMR 

NMR, UV 

IR. UV 

IR, UV 

IR, NMR 

uv 

5 

6 

39 

64. 66. 118 

39 

7 
5 
39 

39 

6 

125 
3 

6 

40 

40 

6 

6 

6 

39 

39 
5 
39 
4 
39 
123 
64.66, 118 
39 

IR, NMR. UV 40 

123 

7 
4 
43 



5. Tables 

TABLE 5. MISCELLANEOUS PYRlMIDO[4.5-~PYRIMIDINES 

I79 

Name mP Other Data Reference 

Acetic acid, 2,2'-[(5.6,7.8-tetrahydro-6.8-dimethyl- 
5,7-dioxopyrimido[4.5-dJpyrimidine-2.4- 
diyl)bis(thio)]bis-dimethyl ester 

rrArabinito1, I -C-( 1,4,5,6.7,8-hexahydro-6,8- 
dimet hyl-5.7-dioxo-4-t hioxopyrimido[4,5-dJ 
pyrimidin-2-yl)-.l.2,3.4,5-pentaacetate. (S) -  

4-Bromobenzoic acid, 3-(benzoylthio)-3-(3-formyl- 
I ,2.3,4-tetrahydro-2,7dimethylpyrimido[4,5-&j 
pyrimidin-2-y1)propyl ester 

4-Bromobenzoic acid, 3-(3-formyI- 1.2.3.4-tetrahydro- 
2,7-dimet hylpyrimid0[4,5-dJpyrimidin-2-y1)-3- 
mercaptopropyl ester 

2,7-dimet hylpyrimido[4.5-dJpyrimidin-2-yl)- 
3-(methylthio)propyI ester 

4-Chlorobenzoic acid, 3-(benzoylthio)-3-(3-Tormyl- 
I .2,3.4-tetrahydro-2.7-dimethylpyrimido[4,5-6] 
pyrimidin-2-yl)propyI ester 

4-Chlorobenzoic acid, 3-(3-formyl- 1,2,3,4-tetrahydro- 
2.7-dimet hylpyrimido[4,5-&jpyrimidin-2-yl)-3- 
mercaptopropyl ester 

2.7-dimethylpyrirnid0[4.5-dlpyrimidin-2-y1]- 
3-(methylthio)propyl ester 

Ethanimidic acid, N-(5.6-dihydro-7-methyl-5- 
oxopyrimido[4.5-d]pyrimidin-2-yl)-ethyl ester 

Ethyl carbamothioic acid, S-[tetrahydro-2-methyl- 
2-(7-met hylpyrimido[4,5-d]pyrimidin-3(4H)-yl)]- 
3-furanyl ester 

N'-( I ,5-Dihydro-5-oxopyrimido[4,5-dJpyrimidin-2- 
yl)-N.N-dimethyl-met hanimidamide 

N,N-Dimethyl-N'-phenyl-carbamimidothioic acid, 
1,5,6,7-tetrahydro-4-(methylthio)-5,7- 
dithioxopyrimido[4,5-d]pyrimidin-2-yl ester 

2 4  Methyl[2-(5-nitro-2-furanyl)pyrimido[4,5-dl 
pyrimidin-4-yl]amino}~thanol 

2 4  [2-(S-Nitro-2-furanyl)pyrimido[4,5-dJpyrimidin- 
4-yl]amino}-ethanol 

I-{ [2-(S-Nitro-2-furanyI)pyrimido[4,5-&jpyrimidin- 
4-yl]amino)-2-propanoI 

1.1 '-{ [2-(5-Nitro-2-furanyI)pyrimido[4,5-&j- 
pyrimidin-4-yl]imino)-bis-2-propanol 

5-Ni tro-2-furancarboxaldehyde,[4-(ethylamino)- 
5,6,7,8-tetrahydro-6,8-dimethyl-5,7- 
dioxopyrimido[4.5-d]pyrimidin-2-yl]hydrazone 

N-Phenyl- I-pyrrolidinecarboximidothioic acid. 
1,5,6,7-tetrahydro-4-(methylthio)-5.7- 
dithioxopyrimido[4,5-&jpyrimidin-2-yl ester 

3(4H)-yl)]-3-penten- 1-01 

4-Bromobenzoic acid, 3-(3-formyl- 1,2,3,4-tetrahydro- 

4-Chlorobenzoic acid, 3-(3-formyl- 1,2,3,4-tetrahydro- 

3,3'-Dithiobis[4-(7-methylpyrimido[4,5-d]pyrimidin- 

129-130 

160-161 

162-164 

98- 110 

143-148 

164-166 

171 -174 

241 -244 

160-163 

> 300 

288-294(d) 

206 - 207 

278-279 

276-277 

215.5-216.5 

271 -273(d) 

207(d) 

168-170 

IR, MS, NMR 

IR,  NMR, UV 

IR, NMR, UV 

IR,  NMR, UV 

IR, NMR, UV 

IR, NMR, UV 

IR, NMR, UV 

MS, NMR 

IR. NMR, UV 

7 

62 

60 

60 

60 

60 

60 

60 

35 

67 

116 

29 

42 

42 

42 

42 

7 

29 

126 
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TABLE 6. THE PYRIMlDO[5.4-dJPYRlMIDlNES WITH N O  0 x 0 ,  THIOXO. OR 
HALOGEN GROUPS 

Substituents mP Other Data References 

4.8-Diarnino- 
2,4,8-Triarnino-6-phenyl- 
2,4-Diamino-6-phenyl-8-piperidino- 
2.6-Diarnino-4.8-di- I -piperidinyl-N,N'-bis(2- 

2.6-Diarnino-4.8-di- 1 -piperidinyl-N,N'-bis(3- 
pyridinylrnethy1)- (with 2.4.6-trinitrophenol) 

pyridinylrnethy1)- (with 2.4.6-trinitrophenol 
and [hydrochloride]) 

2,6-Diarnino-4,8-di- 1 -piperidinyl-N,N'-bis(4- 

2,4,6,8-Tetraanilino- 
4,8-Dianilino-2,6-dibutoxy- 
4,8-Dianilino-2,6-diethoxy- 
4,8-Dianilino-2,6-dirnethoxy- 
2,4,6,8-Tetra-o-anisidino- 
2.4.6.8-Te tra-rn-anisidino- 
2.4.6,s-Tetra-p-anisidino- 
4.8-Di-rn-anisidino-2.6-diethoxy- 
2,4,6,8-Tetraazido- 
2,6-Diazido-4,8-dipiperidino- 
4,8-Bis(2,5-dirnethoxyanilino)-2,5-dipiperidino- 
6-[Bis(Z-hydroxyethyl)arnino]-2-[N,N'-bis(2- 

pyridinylrnethy1)- (with 2.4.6-trinitrophenol) 

hydroxyethyl)sulfonarnido]-4,8-di- I - 
piperidinyl- 

6-[ Bis(2-hydroxyethyl)arnino]-2-[N,N- 
dibutylsulfonarnido]-4,8-d~-4-rnorpholinyl- 

6-[Bis(Z-hydroxyet hyl)arnino]-2-[N- 
butylsulfonarnido]-4,8-di-l -piperidinyl- 

6-[Bis(2-hydroxyethyl)arnino]-2-[N.N- 
di butylsulfonarnido]-4,8di-I -piperidiny l- 

6-[Bis(2-hydroxyethyl)arnino]-2-[ N , N -  
diethylsulfonarnido-4,8-di- 1 -piperidinyl- 

6-[Bis(2-hydroxyethyI)arnino]-2-[ N- 
cyclohexylsulfonarnido]-4.8-di- I -piperidin yl- 

6-[ Bis(2-hydroxyethyl)arnIno]-2-[N,N- 
diethylsulfonarnido-4.8-di-4-rnorpholinyl- 

6-[Bis(2-hydroxyethyl)arnino]-2-( N- 
[2-(diethyIarnino)ethyl]sulfonarnido}- 
4.8-di- 1 -piperidinyl- 

ethylsulfonarnido]-4,8-di- 1 -piperidinyl- 
6-[Bis(2-hydroxyethyl)arnino]-2-[N- 

354-356 
215 

14 I - 142 

126-128 
(267 - 268) 

126-131 
> 310 
122.0- 122.5 
208-210 
228-229 
> 300 

228-230 
264- 266 
170-172 

155- I56 

140.0- 141.5 

125- 127 

165-167 

108-110 

118-120 

185-187 

99-100 

99.5-101.5 

164-165 

L'V 

U V  
uv 
MS. U V  
uv 
uv 
UV 
uv 
MS, UV 
IR 
IR 

IR.  MS. NMR 

6-[ Bis(2-hydroxyethyl)arnino]-2-[N,N-bis(2- 

2-[N,N-Bis(2-hydroxyethyl)sulfonarnido]-6- 
hydroxyethyl)sulfonarnido]-4.8di-4-rnorpholinyl- 125- 167 

{ 2-[(2-hydroxyethyl)arnino]ethoxy}-4,8-di- I - 
piperidinyl- NMR 

90 
76 
76 

100 

100 

100 
99 
99 
99 
99 
99 
99 
99 
99. 127 
93 
93 
92 

97 

15 

1 5  

75 

75 

I5 

75 

75 

75 

75 

75 
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TABLE 6. (Continued) 

Other Data References Substituents 

6-[Bis(2-hydroxyethyl)amino]-2-[N-(2- 
hydroxyethyl)-N-methylsulfonamido]-4.8-di- 1 - 
piperidin yl- 

2 4  Bis(2-hydroxyethyl)amino]-6-methoxy-4,8- 
di-l -piperidinyl- 

6-[Bis(2-hydroxyethyI)amino]-2-[ N-methyl- 
sulfonamido)-4,8-di- I -piperidinyl- 

6-[Bis(2-hydroxyethyI)amino]-2-[ N,N- 
dimet hylsulfonamido)-4,8-di- I -piperidin yl- 

6-[Bis(2-hydroxyethyl)amin0]-4.8- 
di-piperidinyl-2-sulfonamido- 

6 4  Bis(2-hydroxyethyl)amino]-2-[N-(2- 
phenylethyl)sulfonamido]-4,8-di- I-piperidinyl- 

6-[ Bis(2-hydroxyethyl)amino]-4,8-di-l- 
piperidinyl-2-(N-propylsulfonamido)- 

6-[Bis(2-hydroxyethyl)amino]-4.8-di- 1- 
piperidinyl-2-(N.N-dipropylsulfonamido)- 

2-[N,N-Bis(2-hydroxyet hyl)sulfonamido]-6- 
(methylsulfonyl)-4,8-di-I-piperidinyl- 

2,6-Bis-[N-(2-hydroxyethyl)amino-N'- 
methyl]sulfooamido-4,8-di- 1 -piperidinyl- 

2.6-Bis-[ N-(2-hydroxyethyl)amino]sulfonamido- 
4.8-di-1 -piperidinyl- 

4,8-Bis(4-methyl- I -piperazinyl)-2,6-dimorpholino- 
4,8-Bis(4-methyl- 1 -piperazinyl)-2$-dipiperidino- 
6-Chloro-2-{ 2-[(2-hydroxyethyl)amino]- 
ethoxy}-4,8-di-l-piperidinyl- 

2,4,6,8-Tetrakis(o-chloroanilIno)- 
2,4,6,8-Tetrakis(m-chloroanilino)- 
2.4,6,8-Tetrakis(p-chloroanilino)- 
2-(Chlorosulfonyl)-6-(met hylsulfonyl)-4,8-di- I - 
2,6-Di-(chlorosulfonyl)-4,8-di- I -piperidin yl- 
2,6-Di-( N.N-diet hylsulfenamido)-4,8-di- 1 - 
2-(N.N-Diethylsulfonamido)-6-(met hylsulfony1)- 

6-(Dimethylamino)-2-(N,N-dimethylsulfonamido)- 

2,2-Dithiobis[6-(methylthio)-4,8-di-I -piperidinyl]- 
2.4.6.8-Tetrael hoxy- 
2.6-Diet hoxy-4,8-di-2.4-xylidino- 
3.4-Dihydro- (picrate) 
3,4,7,8-Tetrahydro- (picrate) 
cis-( + / - )-Decahydro-I,3,5,7-tetranitro- 
trans-Decahydro- I ,3,5,7-tetranitro- 
6-[(2-Hydroxyethyl)methylamino]-2-[ N- 

piperidinyl- 

piperidinyl- 

4.8-di- 1 -piperidinyl- 

4.8-di- 1 -piperidinyl- 

(2-hydroxyet hyl)N-methyl]sulfonamido-4,8- 
di-l-piperidinyl- 

109- 110 75 

131-133 96 

153- 155 75 

142- I43 75 

201 -203 75 

88.0-91.5 75 

186.5-187.5 75 

75 122-124 

152- I53 NMR 96 

111-113 97 

192- 194 
239-241 
158-159 

97 
94 
94 

113.0- 115.5 
> 300 

295-298 
> 300 

96 
99 
99 
99 

uv 
MS, UV 
uv 

165- 167(d) 
196- 198(d) 

96 
91 NMR 

175- 177 97 

133.0- 135.5 96 

75 
97 
90 
99 
20,90 
90 
86 
86, 128 

160-161 
195-197 
198-201 
239-244 
155- I57(d) 
242-245(d) 
234-235 
252-254 

uv 

NMR 
NMR 

114-115 75 
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TABLE 6. (Continued) 

Su bsti t uen ts mP Other Data References 

2.6-Di-[ (2-hydroxyethyl)amino]-4.8-di- 1 - 
piperidinyl- 

2-[2-(Hydroxyethyl)amino]-6-(methylsulfonyl)- 
4,8-di-l -piperidinyl- 

2-[(2-Hydroxyethyl)methylamino]-6- 
(methylsulfonyl)4.8-di- I-piperidinyl- 

24  2 4  (2-Hydroxyethyl)amino]ethoxy]-6- 
methoxy-4,ldi-l -piperidinyl- 

2-(2-[(2-Hydroxyethyl)amino]ethoxy)-6- 
(methylsulfonyl)-4,8-di- 1 -piperidinyl- 

2[ N-(2-Hydroxyethyl)-N-methylsulfonamido]-6- 
(methylsulfonyl)4,8-di- 1 -piperidinyl- 

2.4.8-Trimethoxy- 

147- I 50 NMR 97 

121.5- 129.0 96 

133- 135 96 

84 -86 96 

50-63 (amor) 96 

142.0-143.5 
225 - 226 
(sub1 200) 

96 
90 

2-[ N-(2-Hydroxyethyl)sulfonamido]-6- 
(rnethylsulfonyl)-4,8-di- I -piperidinyl- 

2,6-Di-[N,N-( 2-hydroxyethyl)sulfonamido]. 
4.8-di- 1 -piperidinyl- 

2-[ N , N - (  2-H ydroxyet hyl)amino]-6- { 2-[ (2- 
hydroxyethyl)amino]ethoxy)-4,8-di- I - 
piperidinyl- 

?-[A'-( 2,3-Dihydroxypropyl)sulfonamido]-6- 
(methylsulfonyl)-4,8-di- 1 -piperidinyl- 

2-[N-(3-Hydroxypropyl)suIfonamido J-6- 
(methylsulfonyl)-4,8-di- 1 -piperidinyl- 

2.4,6.8-Tetrakis(2,5-dimethoxyanilino)- 
2-(4-Methyl-l-piperazinyl)-4,6,8-tri- 1 -piperidinyl- 
24N-Me! hylsulfonamido)-6-(methylamino)- 

2-[N-Methyl-N-(phenyImethyl)sulfonamido]- 

2424 Methylamino)ethoxy]-6-(methylsulfonyl)- 

2,4,6,8-Tetrakis (N-methy1anilino)- 
2.4.6.8-Tetrakis (4-methyl- 1 -piperazinyl)- 
2.6-Di-(methylsulfenyl)-4,8-di-I -piperidinyl- 
2-(Methylsulfonyl)-4.6,8-tri-4-morpholinyl- 
24 Methylsulfonyl)-6-(4-morpholinyl)-4,8-di- 

2-(Methylsulfonyl)-4.8-di-4-morpholinyl-6- 

24 Methylsulfonyl)-4.6.8-tri- I -piperidinyl- 
6-(Met hylsulfonyl)-2-( 1 -piperidin ylsu1fonamido)- 

64 Methylsulfonyl)-4,8-di- 1 -piperidinyl-2- 

6-(Methylthio)-Z-( 1 -piperidinylthio)4,8-di- 

2.4-Di-4-morpholinyI-6-phenyl- 

4,8-di- I -piperidinyl- 

6-(methylsulfonyl)-4,8-di- 1 -piperidin yl- 

4.8-di-I-piperidinyl- 

I -piperidinyl- 

( I-piperidiny1)- 

4.8-di- I -piperidinyl- 

sulfonamido- 

I-piperidinyl- 

111.0-113.5 96 

153.0- 154.5 NMR 97 

160.0 162.5 95 

142.5-145.0 96 

148.0-150.5 96 
92 
94 141 - 143 

I5  193-194 

109-112 96 

93-95 
235-237 
153-155 
173- I75 
240-242 

96 
uv 99 

94 
NMR 91 

I5 

186-188 I5  

179-181 
126-128 

75 
I5  

143-147 96 

> 250 96 

138-140 
210-212 

MS, NMR 97 
NMR 74. 129 
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TABLE 6. (Continued) 

Substituents mP Other Data References 

2.4.8-Tri-4-morpholinyl-6-phenyl- 236-238 I29 
2.6-Di-(4-morpholinylthio)-4,8-di-I-piperidinyl- 226-228 97 
2,6-Di~I-piperidinylsulfonyl)-4,8-di-I-piperidinyl- 233-234 91 
2.6-Di-(I-piperidinylthio)-4~8-di-l-piperidinyl- 165- 167 MS. NMR 97 
?,4,6.8-Tetra-o-toluidino- 264-267 MS, UV 99 
2.4.6.8-Tetra-m-toluidino- 241.0-244.5 MS, UV 99 
2,4,6.8-Tetra-p-toluidino- > 300 99 

TABLE 7. THE PYRlMiDO[5.4-JJPYRlMlDlNES WITH NO OX0 OR THIOXO GROUPS 
BUT WITH HALOGEN GROUPS 

Substituents mp Other Data References 

4,8-Diamino-?-chloro- 
2.4.8-Triamino-6-chloro- 
4.8-Diazido-2,6-dichloro- 
6-[Bis(Z-hydroxyethyI)amino]-2-chlor0-4.8-di-l- 

24 N-Butylsulfonamido)-6-chloro-4.8-di- 1 -piperidinyl- 
2-( N,N-Dibutylsulfonamido)-6-chloro-4.8-di-4- 

2,4,6,8-Tetrachloro- 
4.8-Dichloro-2.6-dichlorosulfenyl- 
4.8-Dichloro-?-chlorosulfenyI-6-(methylthio)- 
6-Chloro-2-( N-cyclohexylsulfonamido)-4,8-di- 1 - 
2.6-DIchloro-4.8-diet hoxy- 

piperidin yl- 

morpholinyl- 

piperidinyl- 

4,8-Dichloro-2.6-(N.N-diethylsulfenyl)- 
6-Chloro-2- N-[2-(diethylaminokthyl]- 

sulfonamido)-4.8-di- 1 -piperidinyl- 
6-Chloro-2-( N,N-diethylsulfonamidot4.8-di- I -  

piperidinyl- 
6-Chloro-2-( [N-( 2-hydroxyethyl)-N-met hyl] 

sulfonamido) -4.8-di-I-piperidinyl- 
6-Chloro-2-[N.N-bis(2-hydroxyethyl)sulfonamido]- 

4.8-di-4-morpholinyl- 
6-Chloro-2-[ N.N-bis(2-hydroxyet h yl)sulfonamido]- 

4.8-di- I -piperidinyl- 
2.6-Dichloro-4.8-di- I -(4-hydroxypiperidinyl)- 
2.6-Dichloro-4.8-bis(2.5-dimet hoxyani1ino)- 
2,6-Dichloro-4,8-bis(4-methyl- I-piperaziny1)- 
4,8-Dichloro-2,6-dimethoxysulfenyl- 
6-Chloro-2-(N-methylsulfonamido)-4.8-di- 1 -piperidinyl- 
2,4.8-Trichloro-6-(met hylsulfon yl)- 
2-Chloro-6-(methylsulfonyl)-4.8-di-4-morpholinyl- 

250(d) 
> 360 

155-157 
131-132 

148-149 
265 
198- 199 
171-178 

208 - 2 10 
186-188 
(subl) 
109-111  

112-115 

1 52 - 1 54 

109.0- 110.5 

198.0- 198.5 

166- I68 
237-239 
338-340 
208-210 
146 
203- 205 
232-233 
193-195 
I59 -- 16 I 

90 
90 

I R  93 

96 
75 

75 
100 
97 
97 

75 
90 

91 

75 

75 

75 

75 

75. 96 
94 
92 
94 
91 
75 
75 
75 
75 2-Chloro-6-(methylthio)-4.8-di- I -piperidinyl- 

2-Chloro-6-(mer hylsulfonyl)-4,8-di- I-piperidin yl- 176-178 IR 15 
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TABLE 7. (Continued) 

Substituents mp Other Data References 

4,8-Dichloro-2,6-(4-morpholinylthio)- 
6-Chloro-2-(4-morpholinyIsulfonyl)-4,8-di- I-piperidinyl- 
6-Chloro-2-[N-(2-phenylethyl)sulfonamido]-4,8-di- 

6-Chloro-4.8-di-1 -piperidinyl-2-sulfonamido- 
6-Chloro-4.8-di-1 -pipridinyl-2-( 1 -piperidinylsulfonyl)- 
6-Chloro-4.8-di- I-piperidinyl-2-(N- 

6-Chloro-4.8-di-I -piperidinyL2-(N,N- 

2,2’-Dithiobis[4,8-dichloro-6-(methylthio)]- 

I-piperidinyl- 

propylsu1fonamido)- 

dipropy1sulfonamido)- 

184- I 86 
152.0- 153.5 

109-111  
230-233 
169-171 

159 - 161 

161-164 
238-241 

97 
75 

75 
75 
75 

75 

75 
96.97 

TABLE 8. THE PYRIMlDo[5,4-d]PYRIMlDlNES WITH OX0 AND/OR 
THIOXO GROUPS 

Substituents mP Other Data References 

A. Derivatioes wirh One 0 x 0  Group 

8-Amino-3-butyl-6-chloro-2-methyl-4(3H)-oxo- 
8-Arnino-3-butyl-6-rnethoxy-2-rnethyl-4(3H)-oxo- 
8-Amino-3-butyl-2-methyl-6-(methylth10)-4(3H)-oxo- 
8-Amino-4( 1 H)-0x0- 
4,8-Diamino-2( 1 H)-0x0- 
6,8-Diamino-4( 1 H)-oxo-2-phenyl- 
6-[Bis(2-hydroxyethyI)amino]-3-butyl-2-met hyl- 

4(3H)-oxo-8-( I-piperidiny1)- 
3-Butyl-6,8-bis(butylamino)-2-methyl-4(3H)-oxo- 
3-Butyl-6-chloro-8-( [2-( 1 -cyclohexen- I -yl)ethyl]- 

3-Butyl-6-chloro-8-(diethylamino)-2-met hyl-4(3H)-oxo- 
3-Butyl-6.8-dichloro-2-methyl-4(3H)-oxo- 
3-Butyl-6-chloro-2-methyl-8-[( I-methylethyl)amino]- 

3-Butyl-8-chloro-2-methyl-6-(methyl t hio)-4(3H)-oxo- 
3-Butyl-6-chloro-2-methyl-4(3H)-oxo-8- 

3-Butyl-6-chloro-2-rnethyl-4(3H)-oxo-8-( 1 -piperidinyl)- 
3-Butyl-2-methyl-6,8-bis(methylthio)-4(3H)-oxo- 
2-(N,N-Diethylsulfonarnido)-5,6-dihydro-6-oxo- 

2,6,8-Triethoxy-4( I Htoxo- 
5.6-Di hydro-2-[N-(3-hydroxypropyl)sulfonamido]- 

6(5H)-Oxo-4.8-di-I -piperidinyl-2-( I -piperidinyl- 

6(5H)-Oxo-4,8-di- 1 -piperidinyl-2-sulfonamido- 

amino}-2-met hyl-4(3H)-oxo- 

4(3H)-OXO- 

[(phenylmethyl)amino]- 

4,8-di- I -piperidinyl- 

6-oxo-4,8-di- 1 -piperidinyl- 

sulfony1)- 

233 - 235 
181 -182 
190-192 

272-273 

238 
194-196 

109-111  
127-129 
117-119 

121 
119-121 

180-181 
146-149 
1455147 

189-191 
230 -232 

164.- I67 

203 - 205 
> 250 

78 
78 
78 
20. 32, 90 
90 

uv 76 

78 
78 

78 
78 
78 

78 
78 

78 
78 
78 

96 
90 

96 

96 
96 
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TABLE 8. (Continued) 

Substituents mp Other Data References 

B. Duritutives with Two 0x0 Groups 

3-But yl- 1,3,4.7-tetrahydro-4-imino-6-methyI-2,8-dioxo- 
3-Butyl-l.3,4,7-1e1rahydro-4-imino-2,8-dioxo-6- 

3-Butyl-3,7-dihydro-2-methyl-6-(methyIthio)-4.8- 

2-Chlor0-1.5-dihydro-4.8-dioxo- 
3-Cyclohexyl-6-(2-furanyl)- 1.3+4.7-tetrahydro-4- 

2-Ethoxycarbonyl-5.6.7,8-tetrahydro-5,7-dimethyl- 

6-(2-Furanyl)- 1,3-dimethyl-2,4( I H.311 pdioxo- 
1,3,4,7-Tetrahydro-4-imino-3,6-dimethyl-2,8-dioxo- 
1,3.4,7-Tetrahydro-4-imino-6-met hyl-2,8-dioxo-3- 

I .3,4,7-Tetrahydro-4-imino-6-(4-nitrophenyl)-2.8- 

1.3,4,7-Tetrahydro-4-imino-2,8-dioxo-3-phenyl- 
1,3,4,7-Tetrahydro-4-imino-2,8-dioxo-3,6-diphenyl- 
7,8-Dihydro-7-(4-methoxyphenyl)- 1,3-dimethyl- 

7.8-Dihydro- I ,3-dimethyl-7-(4-methylphenyl)- 

7.8-Dihydro- 1.3-dimethyl-2.4 1 H,3H)-dioxo-7-phenyl- 
7,8-Dihydro- 1.3-dimethyl-2,4( 1 H,3H)-dioxo-7- 

1,5-Dihydro-4,8-dioxo- 
6-(4-Methoxyphenyl)- I ,3-dimethyl)-2,4( I H,3H)-dioxo- 
1,3-Dimethyl-2.4( IH.3H)-dioxo-6-phenyl- 

phenyl- 

dioxo- 

imino-2.8-dioxo- 

6.8-dioxo- 

phenyl- 

dioxo-3-phenyl- 

2.4 I H,3H)-diox0- 

2,4( 1 H,3H)-dioxo- 

(phenylmethy 1)- 

260-261 

296-298 

233-235 
> 300 

> 300 

202-203 
298-299 
294 - 295 

> 300 

> 300 
> 300 
> 300 

177- 179 (d) 

187-189 (d) 
208-210 (d) 

198(d) 

259-260 
263-264 

C. Duriwrices with Three or Four 0x0 (or 7iiioX-o) Groups 

6-Amino-2,4,8( I H,3H,5H)-trioxo- [mono(ammonium 
hydrogen sulfate)] 217-218 (d) 

7-Butyl- 1,7-dihydro-6-methyl-2,4,8(3H)-trioxo- 300- 302 
3-Butyl-5,6,7,8-tetrahydro-2-methyl-4(3H)-oxo-6,8- 

I .7-Dihydro-7-(2-hydroxyethyl)-6-methyl-2,4,8(3H)- 

1.5-Dihydro-3-methyl-2,4,6,8(3H,7H)-tetroxo- 270 (subl) 
1,5-Dihydro-3,7-dimethyl-2.4,6,8( 3H,7H)-tetroxo- 280 (subl) 
1,5-Dihydro-I .3-dimethyl-2,4,6.8(3H.7H)-ietroxo- 250 (subl) 
I.5-Dihydro-I,3,7-lrimethyI-2,4,6,8(3H,7H)-tetroxo- 320-324 
1,7-Dihydro-3-methyl-2,4,8(3H)-tr~oxo- > 300 (d) 

200 (subl) 

dit hioxo- > 340 

trioxo- 3 20 

1,7-Dihydro-7-methyl-2,4,8(3H)-trioxo- > 360 
1.7-Dihydro-3.7-dimet hyl-2.4,8( 3H)-trioxo- > 360 
1,7-Dihydro-6,7-dimethyl-2,4,8(3H)-trioxo- > 300 

85 

85 

78 
90 

85 

83. 84 
83, 84 
85 

85 

85 
85 
85 

80 

80 
80 

80 
90 
83, 84 
83. 84 

73 
78 

78 

78 
72, 130 
72 
72 

72 
uv 131 

72 
uv 72 

78 
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TABLE 8. (Continued) 

Substituents mp Other Data References 

1,7-Dihydro-l,3,7-trimethyl-2,4.8( 3H)-trioxo- 
1.5-Dihydro- 1.3.5,7-tetramethyl-2,4.6,8(3H,7H)-tetroxo- 
1.2,3,5-Tetrahydro-6-(methylthio~,8-dioxo-2-thioxo- 
1.5-Dihydro-2.4,6.8(3H,7H)-tetroxo- 

1,5-Dihydro-2,4,8(3H)-t rioxo-6-phen yl- 
2,3,6,8-Tetrahydro-4,8-dioxo-2,6-di t hioxo- 
6,7-Di hydro-2.4,8( I H,3H.5H)-t rioxo-6-1 hioxo- 
6~Methylsulfonyl)-2,4,8( I H,3H,7/f)-trioxo- 
qMethyIthio)-2,4,8( I H,3H,7H)-trioxo- 
2,4,6,8( 1 H,3H,SH,7H)-Tetroxo- (disodium 

(and dipotassium salt) 

tetrahydrate) 

328-330 (d) 
23O(su bl) 
185 (sub]) 
170 (sub]) 
> 300 

277 (d) 
> 300 

250 
3 50 
350 

uv 72. 131 

72 
131 

MS 77, 96 

71, 100 
74 

MS 77 
IR 75, 77 

75 
75 

71 

TABLE 9. MISCELLANEOUS PYRIMIDO[5.4-d]PYRIMIDINES 

Name mp Other Data References 

5-(Acetylamino)-3-[ (4-(2,6-dichloro-5,8-di hydro-8- 
oxopyrimido[ 5.4-6]pyrimidin-l-yl)amino]-?- 
sulfophenyl}azo]-4-hydroxy-2,7-naphthalenedisulfonic 
acid. trisodiurn salt 

1 -Amino4-[ {%[ (2,6-dichloro-8-hydroxypyr~mido[5,4-d] 
pyrimidin-%yi)amino]-3-~ulfophenyl}amino 3-9.10- 
dihydro-9.1O-dioxo-2-anthracenesulfonic acid, 
disodium salt 

44 [ (6-Amino-7,8-dihydro-8-oxopyrimido[5,4-d] 
pyrirnidin-2-yl)methyl]amino}-benzoic acid 

N-(8-Aminopyrimido[5,4-d]pyrimidin-4-yl)-/~- 
D-ara binofurdnosylamine 

N-(8-Aminopyrimido[ 5.4-d]pyrimidin-rl-yl)-2-deoxy- 
fl-D-er y thro-pentofuranosylamine 

N-(S-Aminopyrimido[ 5,4-d]pyrimidin-4-yl)-fl-~- 
ri bofuranosylamine 

4-[ [2-[Bis(2-hydroxyethyl)amino]-4.8-di- I - 
piperidinylpyrimido[5,4-d]pyrimidin-6-yl}sulfonyI]- 
morpholine 

piperidinylpyrimido[ 5.4-d]-pyrimidin-6-y1) - 
sulfonyl]-piperidine 

7.7’- [ [4.8-Bis( 2-hydroxyethy1)- 1 -piperazinyl]pyrirnido- 
[5,4-d]pyrimidine-2,6-diyl]bis { [(2-hydroxyethyl) 
imino]-2,1-ethanediyl)-bI~3,7-dihydro-l,3-dimethyl~ 
I M-purine-2.6-dione 

I -[ (-2-[Bis(2-hydroxyethyl)aminoJ-4.8-di-l- 

> 360 

192-193 

165- 166 

214-216 

160 162 

141 - I43 

180 (dl 

91 

91 

IR I32 

NMR. UV 81 

NMR. UV 81 

NMR. UV 81,82 

75 

75 

98 
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TABLE 9. (Continued) 

187 

Name m p  Other Data References 

I . I  ‘-(4.8-Bis[4-(2-hydroxyethyI)-I-piperazinylpyrimido- 
[5.4-d]pyrimidine-2.6-diyl) -bis( [ (2-hydroxyethyl) 
iminol-2.1 -ethanediyl) bis( 3.7-dihydro-3.7- 
dimethyl)-1 I/-purine-2.6-dione 

2.2’,2”.2”’-( [4,8-Bis(2.5-dimethoxyanilino)pyrimido- 
[5.4-d]pyrimidine-2.6-diyl]d~nItnlo}-tetraethanol 

?,2’,2“,2”’- [2.6-Bis[ (2-pyridin ylmethyl) 
amino]pyrimido[S.4-d]pyrimidine-4,8-diyl]dinitrilo ) -  
tetrakisethanol, hydrochloride (and picrate) 

2.2‘.2”,2”’-( [2.6-Bis[ (3-pyridinylmethy1)- 
amino]pyrimido[5,4-~pyrimid~ne-4,8-diyl]dinitrilo~ 
tetrakisethanol. hydrochloride (and picrate) 

2.2”2”.2”’-{ [2.6-BisL(4-pyridinyImethyl)- 
amino]pyrimido[ 5,4-dJpyrimidine-4.8-diyl]dinitrilo) 
tetrakisethanol, hydrochloride (and picrate) 

(7-Butyl-2-chloro-7.8-dihydro-6-methyl-8-oxopyrim~do- 
[5.4-d]pyrimidin-Cyl)-propanedioic acid. 
(diethyl ester) 

pyrimidin-4-yl)amino]-4- hydroxy-3-[( 2-sulfopheny1)- 
azo]-2.7-naphthalenedisulfonic acid, (trisodium salt) 

3-[ (-4-[(2.6-Dichloro-8-hydroxypyrimido[ 5.4-4- 
pyrimidin-4-yl)amino]-3-methylphenyl}azo]-l ,5- 
naphthalenedisulfonic acid. (disodium salt) 

4-[ (4-[ (2,6-Dichloro-8-hydroxypyrimIdo[S,4-dl- 
pyrimidin-4-yl)amino]-2-sullophenyl}azo]-4.5- 
dihydro-5-oxo-l-(Csulfophenyl)-l H-pyrazole-3- 
carboxylic acid, (disodium salt) 

2,2’,2”,2”’- { L2-Chloro-61methylsulfonyl)pyrimido- 
~5,4-d]pyrimidine-4,8-diyl]d~imino}-tetrakisethanol 

4-( [ (7.8-Di hydro-8-oxo-6-sulfo-2-pyrimidoL5,4-d]- 
pyrimidinyl)methyl]amino)-benzoic acid. 
(monopotassium salt) 

pyrimidinyl)methyl]amino j-benzoic acid 

pyrimidinyl)methylJarnino}-benzoic acid 

piperidinylpyrimido[ 5.4-dl-pyrimidin-2-yI imino] 
biset hano1 

piperidin yl)pyrimido[ 5.4-d]pyrimidine-2,6-diyl~~ 
dinitrilo]tetrakisethanol 

2.2’.2”,2”’- [ [Z-( MethylsuIlonyl)-6-(4-morpholinyl) 
pyrimido[5,4-d]pyrimidine-4.8-diyl Jdinitrilo) 
tetrakisethanol 

[ 5.4-d]pyrimidin-2-yl]imino) bisethanol 

5-[ (2,6-Dichloro-5,8-dihydro-8-oxopyrimIdo[ 5.4-d]- 

4-( [( 3,4-Dihydro-2-hydroxy-4-oxo-6-pyrimido[5,4-dl- 

4- { [(7,8-Dihydro-6-mercapto-8-oxo-2-pyrimido[5,4-4- 

2.2’-[ {6[ (2-Hydroxyethyl)methylamino]-4,8-di-l- 

-. 7 2’,2’’,2”’-[ (4-[ (2-Hydroxyethyl)amino1-8~ I - 

2 2 - i  [64 Met hylsulfonyl)-4.8-di-4-morpholinylpyrimido- 

258-268 
(195- 196) 

I30 
(1 35- 138) 

98 

92 

100 

100 

( 189- 192) 100 

107-108 78 

91 

91 

168- 170 

91 

75 

> 360 I R  132 

> 360 I R .  U V  I32 

360 I R  132 

97.0-8.5 MS, NMR 75 

161 163 IR, N M R  97 

155- I57 

186- 188 

75 

75 
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TABLE 9. (Continued) 

Name mp Other Data References 

2-{ [6-(Methylsulfonyl)-4,8-di-l -piperidinylpyrimido[5,4- 
dJpyrimidin-2-yl]oxy)ethanemine 142.0- 145.5 96 

2,2‘-( [6-(Methylsulfonyl)-4,8-di- I -piperidinylpyrimido- 
[5.4-~pyrimidin-2-yl]imino} biset hanol 138- 141 75,96 

2,2,2“,2”’-( [2-(Met hylsulfonyl)-6-( 1 -piperidin y1)- 
pyrimido[5,4-dJpyrimidine-4,8-diyl]dinitrilo} 
tetrakisethanol 172-174 75 

2,2‘,2”,2’”,2”’,2‘’”-( [6-(Methylsulfonyl)pyrimido[5.4-dJ- 

7,7”7’‘-{ (4.8-Di- 1 -piperidinylpyrimido[ 5,4-d]pyrimidine- 
2.6-diyl)bisC [(2-hydroxyethyl)imino]2,I-ethanediyl] } -  
bis(3,7-dihydro- I ,3-dimethyl)- 1 H-purine-2.6-dione 262-264 98 

I, I’-[(S,S-Di- I-piperidinylpyrimido[5,4-dJpyrimidine- 
2,6-diyl)bis[ [(2-hydroxethyl)imino]-2, I-ethanediyl] 
bis(3,7-dihydro-,37-dimethyl)- 1 H-purine-2.6-dione > 300 98 

pyrimidine-2,4,8-triyl]triimino} hexakisethanol 164-166 75 
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CHAPTER IV 

P yrimidopyridazines 

1. NOMENCLATURE 

Only three isomeric structures are possible for the pyrimidopyridazines and 
all have been reported in the chemical literature. The figure below illustrates the 
structure of each, including the Chemical Abstracts accepted numbering system. 
The numbers and letters on the inside of the structure indicate the method of 
obtaining the name of the ring system. 

5 4  A C  

2. METHODS OF SYNTHESIS OF THE RING SYSTEM 

Chemical syntheses of these isomers have followed fairly traditional ap- 
proaches, as will be described below. After an initial interest in these com- 
pounds, many investigators have abandoned their efforts in the field. Undoubt- 
edly, this can be attributed to a general lack of biological activity. 

Each of the pyrimidopyridazine isomers can be prepared starting either from 
a pyrimidine precursor or a pyridazine precursor. As is true for many of the 
fused pyrimidine derivatives, however, the majority of syntheses originate with a 
suitably substituted pyrimidine. Of the three isomers, 3 appears to have been 
investigated the least. Descriptions of the syntheses will be divided according to 
the precursor ring, as well as the specific isomer. 
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A. Syntheses of Pyrimido[4,5-c]pyridazines 

(1) From Pyrimidines 

The syntheses of derivatives of 1 fall distinctly into two categories. One 
involves the hydrazine moiety as a substituent of the pyrimidine ring at position 
4. The other method begins with a 4-chloropyrimidine, which can be converted 
to the bicyclic ring system via an intermediate hydrazine derivative. 

The first example of the synthesis of pyrimido[4,5-~]pyridazines was reported 
by Pfleiderer and Ferch.' Treatment of the hydrazino uracil 4 (R = Me) with 
1,2-diketones gave the corresponding pyrimido[4,5-c]pyridazine, 5 (R = Me; 
R '  = R 2  = Me, or Ph).'*2 Similar reactions with a-keto esters gave expected 
products, 5 (R = Me; R 1  = H, or C0,Et; R 2  = OH).ls3 

4 5 

The use of a-halomethyl ketones leads initially to dihydro derivatives. Substi- 
tuted phenacyl bromides react with 4 (R = Me) in refluxing ethanol to afford the 
dihydro product, 6 (R = Ph, 4-BrPh, 4-CIPh, 4-MePh), in yields up to 50%. 
Subsequent oxidation with diethyl azodicarboxylate led to the aromatic pro- 
ducts, 5 (R = Me; R '  = Ph, 4-BrPh, 4-CIPh, or 4-MePh; R 2  = H), in poor 
yield.' Refluxing 4 (R = Me) with the same phenacyl bromides in DMF pro- 
vided the aromatic compounds directly in variable  yield^.^ If the benzylidene 
derivatives [from 4 (R = Me) and the corresponding benzaldehydes] are heated 
with DMF-DMA at 160°C only 6 is obtained in poor ~ i e l d . ~ , ~  

The reaction of aldoses, ketoses, and D-glucuronolactone with 4 (R = Me) 
gave, initially, hydrazones. These hydrazones were converted by cyclodehydr- 

4 

6 
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ation with acetic anhydride to pyrimido[4,5-~]pyridazines, which were essen- 
tially C-nucle~sides.~*~ 

Pyrimidines other than uracil derivatives may also participate in similar 
reactions. 6-Hydrazinoisocytosine, 7 (R = NH,), reacted with bromoacetone in 
aqueous medium to give a poor yield of 8 (R = NH,; R '  = Me).' 

7 8 

Equally poor yields resulted when 7 (R = H) was heated with the glyoxal 
sodium bisulfite addition compound in aqueous solution to form 8 (R = R '  
= H).' Somewhat better results were obtained when 7 (R = NH,) was treated 

with benzil to give the 3,4-diphenyl derivative of 8.' 
The presence of a substituent on the hydrazine moiety dictates that the 

resulting product will not be completely aromatic. 
In a reaction similar to one described above the N-methyl hydrazine com- 

pound, 9 (R = R 2  = Me; R' = H), afforded variable yields of 10 (R' = substi- 
tuted phenyl; R4 = H) upon treatment with phenacyl bromides in boiling 

Refluxing 9 (R = R '  = H; R 2  = Me) with phenacyl bromides in 2- 
methoxyethanol did not significantly improve the yield of the corresponding 
product.' In an alternate pathway, the corresponding benzylidenes (from the 
hydrazone and 4-substituted benzaldehydes) were heated with excess triethylor- 
thoformate in DMF.".'' Again the yields were below 50%. 

9 1 0  

Treatment of hydrazine-substituted pyrimidines with a variety of 1,Zdicar- 
bony1 compounds has been successful. It is quite likely that the preferred 
pathway in these examples is initial formation of the corresponding hydrazone, 
followed by cyclization. Thus, when 9 ( R  = R2 = Me; R' = H) was allowed to 
react with glyoxal, 2,3-butanedione, or benzil, respectively, good yields were 
obtained for 10 (R4 = H) and 10 ( R 3  = R4 = Me) but a poor yield was obtained 
for 10 ( R 3  = R4 = Ph).l3-I5 Both 9 ( R  = Me; R' = H; RZ = CH,Ph) and 9 
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(R = Me; R' = R 2  = H) behaved similarly with glyoxal and 2,3-butanedione, 
respectively.'3 

Several N-alkylated hydrazinoisocytosines, 11 (X = OH; R = Me, Et, n-Bu, 
CH,Ph, or CH,CH,OH), were heated to reflux in either methanol or water with 
a variety of r-keto esters. The products, 12, were obtained in quite variable 
yields." A study of the cyclization behavior of 11 (X = NH,, SH, OMe, C1, or 
H; R = Me) suggested that the more activating the substituent the more likely 
that formation of compound 12 would occur.16 

1 3  1 1  1 2  

1 4  

In contrast to the previous report of Pfleiderer and Ferch' about the poor 
reactivity of free acids, pyruvic acid and phenylglyoxylic acid behave in a 
manner similar to their esters." Thus, 11 (X = OH, R = Me) and these two 
acids in refluxing water give 13 (R' = Me, or Ph) in ca. 50% yield. 

Similar reactions of 11 (X = OH; R = Me) with both symmetrical and 
unsymmetrical 1,2-diketones has been investigated.'* In some cases only single 
isomers were formed, 14 (R' = H; R2 = Ph), while in others, mixtures of isomers 
resulted, 14 (R '  = Me; R 2  = H) and 14 (R'  = H; R 2  = Me)." 

The reaction of 11 (X = OH; R = Me) with r,y-diketo esters in refluxing 
methanol leads to a mixture containing 12 (X = OH, R' = 3,4,5-trimetho- 
xyphenacyl) and the isomer in which the two substituents at positions 3 and 4 
are inter~hanged. '~  Changes in reaction conditions altered the proportion of the 
isomers formed. 

Hydrazino pyrimidines with substituents on the second nitrogen have re- 
cently been employed in the formation of pyrimido[4,5-c]pyridazine. Thus, 
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treatment of arylidenehydrazinouracils, 15 ( R  = Ph, or substituted Ph), with N- 
bromosuccinimide (NBS) in acetic acid produces poor yields of 16 (R = Ph, or 
substituted Ph).” 

1 5  1 6  

Some 4-chloropyrimidines serve as the immediate precursor to pyrimido[4,5- 
clpyridazines. In all cases, however, there exists a carbonyl containing moiety in 
position 5. Thus, initial displacement of the chloro group by a hydrazine 
derivative is followed immediately by condensation between the carbonyl group 
and the hydrazine functionality to afford the pyridazine ring. 

The first report of this method illustrates the process quite well. The chloro 
derivatives, 17 [R = H or Me; R 1  = C1, NHC(Me),CH,OH, OH, or Me], gave 
the corresponding pyrimido[4,5-c]pyridazines, 18 (R’ = H), directly upon treat- 
ment with hydrazine hydrate in yields ranging from 42-98Y0.~’ Treatment of 17 
(R = Ph; R’ = Et) with hydrazine, methyl hydrazine, or phenyihydrazine led to 
the formation of 18 (R’ = H, Me, or Ph).” 

R’ R’ 

1 7  1 8  

The reaction of a-diazo-~-oxo-5-(4-chloropyrimidine)propionate, 19 
(R = MeS), with a fourfold excess of hydrazine in ethanol at 8-20°C was 
reported to give a nearly quantitative yield of 20 (R = MeS; R’ = NHz).23 
However, a 1.5-fold molar amount of hydrazine in a mixture of benzene and 
ethanol at @-5 “C formed 20 ( R  = MeS; R’  = NH,) in a poor yield of 24Y0.’~ 
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In an alternative pathway, 19 (R = MeS, Ph, or C1) was allowed to react with 
triphenylphosphine in diisopropyl ether at room temperature. The products, 20 
(R = MeS, Ph, or C1; R' = OEt), were obtained in yields of 76, 80, and 37% 
respectively. 2 5  

(2) From Pyridazines 

Two major approaches to the synthesis of pyrimido[4,5-c]pyridazines from 
pyridazines have been developed. One involves the use of pyridazines with an 
amino group adjacent to another functional group that could be used to 
complete the pyrimidine ring. The second is a limited process involving the 
Hofmann rearrangement of 1,2-disubstituted carboxamides. 

Druey26 reported, without experimental detail, an example of the first type, in 
which the o-aminocarboxamide 21 (R = R' = Me) was converted into the 
corresponding pyrimido[4,5-c]pyridazine, 22 (R = R 1  = Me). 

2 1  2 2  

Subsequently, Castle and his co-workersZ7 provided another example of this 
approach. The monomethyl pyridazine 21 (R = H; R' = Me) with ethyl ortho- 
formate gave 22 (R = H; R' = Me) in 78% yield. The use of several other 
substituted pyridazines of this type have been utilized in an analogous reaction 
to form the corresponding pyrimido[4,5-c] pyridazines. 28 

Pyrimido[4,5-c]pyridazines were also obtained from appropriate 1,2-dicar- 
boxamides by reaction with alkaline hypobromite. 3-Methyl-5,6-pyridazine 
dicarboxamide, 23, afforded a poor yield of 24." 

2 3  2 4  

Further investigation of this reaction by Castle and his c o - ~ o r k e r s ~ ~  re- 
affirmed the structure of this product while improving the yield somewhat. 
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Because either of the carboxamide groups could undergo Hofmann rearrange- 
ment, the pyrimido[5,4-c]pyridazine isomer was also obtained. However, 
pyridazine-3,4-dicarboxamide gave the dioxo pyrimido[4,5-c]pyridazine as the 
principal product.” 

One example of a pyrimido[4,5-c]pyridazine formed from an o-aminocyano- 
pyridazine has been reported. Heating 3-amino-4-cyano-5-phenylpyridazine 
with formamide and acetic anhydride gave l-amino-8-phenylpyrimido[4,5- 
clpyridazine in 32% yield.” 

B. Synthesis of Pyrimido[4,5dIpyridazines 

(1) From Pyrimidines 

The overwhelming approach to the synthesis of derivatives of this isomer has 
been to condense hydrazine (or its derivatives) with ortho disubstituted pyrimi- 
dines possessing suitable functional groups. These groups are typical moieties 
that might be expected to interact with nucleophilic hydrazine and include 
esters, aldehydes, ketones, and halomethyl functionalities. 

The first report of this approach involved treatment of dimethyl 2- 
aminopyrimidine-4,5-dicarboxylate, 25 (R = NH, ), with hydrazine to afford an 
excellent yield of the dioxygenated pyrimido[4,5-d]pyridazine, 26 (R = NH2).31 

OH 

OH 

2 5  2 6  

A series of analogous compounds in which R is alkyl, aryl, substituted aryl, or 
heteroaryl has also been reported following the same pr~cedure.~’ By a similar 
process the introduction of 14C at C-2 has been accomplished leading to 26 
(R = Ph).33 

The use of a reactive bromomethyl substituent in lieu of a carboxylic ester has 
been demonstrated. Hydrazine and methyl hydrazine were allowed to react with 
27 (R =2,6-Cl2-Ph). The resulting derivatives, 28 (R =2,6-Cl2Ph; R’ = H or 
Me), were obtained in ca. 50% yield.j4 

Aldehydes or ketones adjacent to a carboxylic ester also serve as suitable 
functional groups in the synthesis of pyrimido[4,5dJpyridazines. Pyrimidines 
29 (R = H, Me, NH,, Ph, SH, or OH; R’ = H or Me) undergo cyclization with 
h ydrazine or phenylhydrazine to the corresponding pyrimido[4,5-dlpyridazine, 
30 (Rz = H or Ph).j5 
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H H 

2 7  2 8  

0 

2 9  3 0  

It is not necessary to utilize a carboxylic ester as one substituent in this 
process. 6-Bromomethyl-l,3-dimethyl-5-formyluracil, 31, treated with hydra- 
zine or an arylhydrazine afforded pyrimido[4,5-d]pyridazine, 32 (R = H, Ph, 4- 
BrPh, or Me), in modest to poor  yield^.^^,^' 

3 1  32 

Using a slightly different approach, the complex pyrimidine structure, 33 
(R = CN or CO,Et), was first treated with benzenediazonium chloride to yield 
an arylhydrazone derivative and then cyclized to the corresponding 
pyrimido[4,5-d)pyridazine, 34 (R' = H or COMe; X = 0 or NCOMe), by 
heating in acetic 

3 3  3 4  
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( 2 )  From Pyriduzines 

A small number of pyrimido[4,5-d]pyridazines have been prepared from 
appropriately substituted pyridazines. A single example utilizes the hypobrom- 
ite rearrangement of pyridazine-4,5-dicarboxamide, 35 (R = R' = CONH,), to 
afford an 87% yield of 2,4-dihydroxypyrimido[4,5-d]pyridazine, 36 (Rz = R3 
= 0 ~ 1 . 4 0  

3 5  36 

Using more traditional methods of preparing the pyrimidine ring, ethyl 5- 
aminopyridazine-4-carboxylate, 35 ( R  = NH,; R' = CO,Et), gave 2-amino-4- 
hydroxy pyrimido[4,5-dlpyridazine, 36 (Rz = NH,; R3 = OH), when treated 
with g~an id ine ;~ '  and the 2-anilino derivative, 36 (Rz = NHPh; R3 = OH), 
when treated with 1,3-diphenylguanidine in refluxing tetrahydrofuran (THF).42 
The N-acetyl derivative, 35 ( R  = NHCOMe; R' = CO,Et), was cyclized in 
ethanolic ammonia to 36(R2 = Me; R3 = OH).41 Similarly, 5-aminopyridazine- 
7-carboxamide, 35 (R = NH,; R' = CONH,), with ethyl orthoformate af- 
forded the 4-OH derivative, 36 (Rz = H; R3 = OH).41 

C. Synthesis of Pyrimido[5,4c]pyridazines 

(1) From Pyrimidines 

Two different approaches have been taken in the synthesis of pyrimido[5,4- 
clpyridazine derivatives from pyrimidines. Treatment of uracil-&acetic hydraz- 
ide, 37, with potassium cyanate. followed by alkali at 100°C gave a modest yield 
of the dihydro derivative, 38.43 

H H 

37 38 
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In a method similar to that used for pyrimido[4,5-~]pyridazine derivatives, 6- 
methyi-4(3H)-oxo-5-phenylazo-2-thio-pyrimidine, 39 (R = SH), unexpectedly 
formed 6-dimethylamino-8-oxo-2-phenylpyrimido[5,4-c]pyridazine, 40 (R 
= Me, N), as the major product when heated with rerr-butoxybis(dimethy1- 

amino)methane in dry DMF.44 The dioxo precursor, 39 (R = OH), led to the 
corresponding pyrimido[5,4-c]pyridazine derivative, 40 (R = OH), as did the 
amino pyrimidine, 39 ( R  = NH2).44 

0 

39 

R 

4 0  

(2) From Pyridazines 

Only two reports describe the preparation of pyrimido[5,4-c]pyridazine 
derivatives from a pyridazine precursor. 4-Aminopyridazine-3-carboxamide, 41, 
gave the 6,8-dioxo pyrimido[5,4-c]pyridazine. 42 (R = OH), upon treatment 
with ethyl ort hoformate. ’’ 

OH 

4 1  4 2  

The pyrimido[5,4-c]pyridazine derivative, 40 (R = NH,), could also be ob- 
tained by heating 2-ethoxycarbonyl-4-0x0- 1-phenylpyridazine with tert- 
butoxybis(dimethy1amino)methane in DMF.44 

3. REACTIONS 

Each of the three ring systems described in this chapter undergo reactions that 
may lead to other derivatives of the starting pyrimidopyridazine or are conver- 
ted to different heterocyclic ring structures. For the convenience of the reader 
this section will cover each isomer separately and will follow the same order as 
was used for syntheses. 
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A. Of Pyrimido[4,5-c]pyridazines 

Arylation of the heterocyclic ring has been described by a group from 
Nagasaki University. 3-ChIoro-5-hydroxypyrimido[4,5-c]pyridazine, when 
treated with phosphorus oxychloride and N,N-dimethylaniline gave 43.28 

H 

4 3  4 4  4 5  

Both chlorines could be removed from 43 by 5% Pd-C while treatment with 
amines led to the replacement of the 5-chloro substituent in the pyrimidine 
ring.’* 

The similarly situated chlorine atom in I ,4-dihydro-3-methyl-5-chloro- 
pyrimido[4,5-c]pyridazine is replaced by dimethylamine and hydrazine.2 ’ 

Conversion of the 3-chloro substituent to a hydroxy group (with formic acid), 
methoxy group (with sodium methylate), and hydrazine (with hydrazine hydr- 
ate) has been described.45 

With certain 5,7-dioxo-pyrimido[4,5-c]pyridazines alkylation of one nitrogen 
of the pyrimidine ring has been accomplished. If N-6 already possesses an alkyl 
group, N-8 is the site of the alkylation proce~s .~  Otherwise, the preferred 
position for alkylation is at N-6.12.15 

Oxidation of 12-dihydro derivatives by means of diethylaz~dicarboxylate~ 
and of the aromatic pyridazine ring with performic acid to form the 2-N-0xide~~ 
has been reported. Treatment with m-chloroperbenzoic acid, on the other hand, 
leads to epoxidation as in 3,4-disubstituted-4,4a-epoxy-4-deazatoxoflavins, 
44.” This type of reaction occurs with similar compounds.” 

Reduction of the pyridazine ring to give dihydro derivatives results with zinc 
and alkali treatment9*” and with sodium dithionite in aqueous ammonia.’ 

Diazotization of amino groups in the pyrimidine ring by nitrous acid, with 
concomitant formation of a hydroxy derivative, has also been demonstrated. l 6  

Hydrolysis of the amide function to the carboxylic acid with dilute aqueous 
acidz3 and ring N-acetylation by means of acetic anhydride are also rep~r ted . ’~  

Ring opening of the pyrimido[4,5-c]pyridazine ring system has been accomp- 
lished by heating an aqueous alkaline solution of the heterocycle in a sealed 
vessel at temperatures above 150°C. The products are the corresponding o- 
aminopyridazine carboxylic acids, 45 ( R  = H or Me).” 
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B. Of Pyrimido[4,5-djpyridazines 

The 2-amino-4-0x0 derivative of pyrimido[4,5-d]pyridazine is transformed 
by phosphorus pentasulfide and pyridine into the corresponding 4-thio ana- 

The resulting sulfur atom is displaced by ammonia in ethanol at high 
temperature in an autoclave. In addition, 2-phenyl-5,6,7,8-tetrahydro-5,7- 
dithiopyrimido[4,5-d]pyridazine is prepared in the same way.47 

However, attempted chlorination of oxygenated pyrimido[4,5-CfJpyridazine is 
not always a straightforward reaction. Thus, for chlorination of derivatives of 46 
with phosphorus oxychloride and phosphorus pentachloride to be successful the 
2-substituent must be aromatic. An explanation based on the chemistry of other 
condensed pyridazine diones is pre~ented.~’ 

4 6  4 7  

The reaction of 2-phenyl-5,8-dithiopyrimido[4,5-djpyridazine with primary 
and secondary amines afforded the corresponding monosubstitued compounds, 
which were mixtures of two isomers. The mixture consisted of 5-substituted and 
8-substituted derivatives and some conclusions about the reactivity of the two 
positions are offered.48 

Both chlorines can be satisfactorily replaced, however, by heating in an excess 
of an aliphatic amine above 100°C. Thus, in a typical example 243- 
methylphenyl)-5,8-dichloropyrimido[4,5-d]pyridazine is heated with isopropyl- 
amine leading to the diamine product in 66% yield.47 This method has been 
used to incorporate 14C into the pyrimidine ring.33 

Both aqueous alkaline and aqueous acidic solutions of 5,8-dichloro or 5,8- 
disubstituted pyrimido[4,5-&Jpyridazine lead, initially, to hydrolysis of the 
groups at those positions and, ultimately, to ring-opened products. It is the 
pyrimidine ring that is affected. In the case of acidic solutions covalent hydr- 
ation appears to be the initial reaction in the ring-opening process.49 

Reduction of a number of 2-aryl-5,8-diaminopyrimido[4,5-d]pyridazines to 
the corresponding 3,4-dihydro compounds has been effected with sodium boro- 
hydride, lithium aluminum hydride, or sodium isopentoxide. Selected examples 
of these products have been reported to undergo acylation or alkylation at N-3 
of the pyrimidine ring.50 

A later r e p ~ r t , ~ ’  however, suggests that equimolar amounts of benzyl brom- 
ide and sodium hydride lead to a mixture of 1- and 3- benzyl derivatives. When 
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two equivalents of benzyl bromide and sodium hydride are used a 1,Cdibenzyl 
compound is obtained. Alkylation at C-4 has been confirmed. 

An alternative route to this C-4 substitution is accomplished by treating 2- 
phenyl-5,8-dimorpholinopyrimido[4,5-d-Jpyridazine with organolithium re- 
agents. Both Grignard reagents and organolithium compounds add selectively 
to the C-4 double bond affording 4-alkyl-3,4-dihydro products.52 Large excess 
of organometallic agents can lead to displacement of the morpholino moieties in 
the pyridazine ring. 

Alkylation of 8-morpholino-5(6H)-oxo-2-phenylpyrimido[4,5-d]pyridazine 
with a variety of alkyl halides and sodium hydride proceeds normally to give N -  
alkyl substituents at position 6.53 

Oxidation of these 3,4-dihydro compounds to the aromatic derivatives can be 
achieved by the use of 2,3-dichloro-5,6-dicyanoquinone. However, treatment 
with other oxidizing agents such as potassium ferricyanide, bromine, or nitro- 
benzene lead to the expected aromatic compound or aromatization with con- 
comitant loss of the C-4 alkyl group. This latter behavior is dependent on the 
nature of the C-4 alkyl group.’‘ 

The photochemical behavior of 2-phenyl-5,8-dimorpholinopyrimido[4,5- 
dlpyridazine in a variety of solvents has been investigated. In methanol the 
product is the 4-hydroxymethyl-3,4-dihydro compound. When the medium was 
made acidic an additional compound was formed. This was the 3,4-dihydro 
derivative of the initial pyrimid0[4,5-&jpyridazine.~~ 

Cyclic ether solvents also gave rise to 4-substituted derivatives while diethyl 
ether promoted polymerization. 

Ring contraction accompanied the treatment of 5,8-dioxo-2,4-diphenyl- 
5,6,7,8-tetrahydropyrimido[4,5-d-Jpyridazine, 47, with dilute hydrochloric acid. 
The pyridazine ring was opened and recyclized to form 2-amino-1,3-dihydro- 
1,2-dioxo-4,6-diphenylpyrrolo[3,4-6)pyrimidine, 

4 7  4 8  

C. Of Pyrimido[fi,Qc]pyridazines 

8-0xo-pyrimido[5,4-c]pyridazine was converted to the 8-thio analog by 
reaction with phosphorus pentasulfide in refluxing pyridine.” 
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4. PATENT LITERATURE 

Although not all patents are cited here, some indication of the major synthetic 
efforts reported through patents are described. The interested reader is encour- 
aged to conduct a more thorough search of the patent literature for comprehens- 
ive coverage. 

Nearly lo0 specific compounds of the pyrimido[4,5-c]pyridazine class are 
described solely in the patent literature. The overwhelming majority of this 
effort is divided between two laboratories, namely, Dainippon Pharmaceutical 
Co., Ltd. of Japan and the Welcome Foundation, Ltd. of Great Britain. 

The Japanese laboratory has developed a focused series of derivatives, 49 
(R = SH, SMe, or NR'R'; R 3  = H, Et; R4 = H, alkyl, or e ~ t e r ) . ~ ~ - ~ ~  Sub- 
sequently, the British laboratory described a series of folate-like compounds, 50 
(R = OH, alkyl, or aryl; R '  = H, CH,0R2, alkyl, C02R3, or CH,COAr; 
R4 = Me or Et).59*60 

4 9  5 0  

Very few pyrimido[4,5-d]pyridazines have been the target of industrial re- 
search as evidenced from the paucity of patent applications. The limited 
examples feature aryl or heteroaryl groups at C-26' and a variety of amino 
moieties at C-5 and C-8.62-64 

5. TABLES 

TABLE 1. THE PYRIMIDO[~-~-C]PYRIDAZINES 

Substituents mP Other Data References 

I -Acetyl-3-[(acetyloxy)methyl]4,8-dihydro- 
6,8-dimethyl-5,7( 1 H,6H)-dioxo-4-[ 1.2.3- 
tris(acety1oxy)propyI J- 

I -Acetyl-4,8-dihydro-6.8-dimethyl-( 1.2.3.4- 
tetrahydroxybutyl)-5.7( I H,6H)-dioxo- 

3-[(Acetyloxy)methyl]-7-amino- 1 - 
methyl-4,5( 1 H,6H)-dioxo- 

7-Amino- I -butyl-3-methyl-4,5( 1 H,6H)-dioxo- 
7-Arnino-l-bu1yl-4,5(1H,6H)-dioxo- 

IR,  MS, NMR, 
uv 7 

IR, MS, NMR. 
141 

20 I uv 7 

> 280 
> 280 
> 280 

16 
16 
16 
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TABLE I .  (Continued) 

Substituents mP Other Data References 

7-Amino-l,4,5,6-tetrahydro- I-methyl-4.5- 

7-Amino- 1,4,5,6-tetrahydro-l -methyl-4,5-dioxo- 
7-Amino- 1.2.3.5-tetrahydro- I -methyl-3,5- 

dioxo- (disodium salt) 
5-Amino-3-chloro-4-[4- 
(diethylamino)phenyl]-l,4-dihydro- 

S-Amino-3-chloro-4-[4- 
(dimeth ylamino)phenyl]- I ,4-dihydro- 

7-Amino-3-chloro-S-hydrox y- 
7-Amino-3-[(3,4-dimethoxyphenyl)methyl]- 1 - 

methyl-4,5( I H,6H)-dioxo- 
7-Amino-4-ethoxycarbnyl- 1.2.3.5- 

tetrahydro- 1 -methyl-3,S-dioxo- 
7-Amino-3-[2-(ethoxycarbonyl)ethyl]- 

I ,4,5,6-tetrahydro-l -methyl-4,S-dioxo- 
5.7-Diamino-3-ethoxycarbonyl- I ,4- 

dihydro- 1 -methyl-4-oxo- 

dioxo- (disodium salt) > 300 
> 300 

> 300 

260- 261 

285 (d) 
> 300 

> 280 

> 300 

> 280 

238.5-239.5 
7-AmIno-3-[l-(ethoxycarbonyl)ethyl]-l,4,5,6- 
tetrahydro-l-methyl-4,5-dioxo- (disodium salt) > 280 

7-Amino-3-[ I-(ethoxycarbonyl)-I- 
(methoxy)methyl]- I .4,5,6-tetrahydro- 1 - 
met hyl-4.5-dioxo- 

(methoxy)methyl]- 1,4.5.6-tetrahydro- 1 - 
methyl+-dioxo- (disodium salt) 

2,4,5,6-tetrahydro- 1 -methyld,5dioxo- 

7-Amino-3-[ 1 -carboxy- 1 - 

7-Amino-3-ethoxycarbonylmet h yl- 

7-Amino- 1 -ethyl-3-methyl-4,5( I H,6H)-dioxo- 
7-Amino-3-hexyl-I -methyl-4.5( 1 H,6H)-dioxo- 
7-Amino- 1 -(2-hydroxyethyl)-3-met hyl- 

7-Amino-3-(hydroxymethyl)- I -methyl- 

7-Amino-4-(3-hydroxyphenyl)- I - 

5.7-Diamino- 1,4-dihydro-3- 

5-Amino- 1,5,7,8-tetrahydro-3- 

7-Amino-1,4,5,6-tetrahydro-3-[ I -  

4.3 1 H,6H)-dioxo- 

4.3 1H,6H)-dioxo- (monosodium salt) 

methyl-% I H)-0x0- 

methoxycarbonyl- 1 -methyl-4-oxo- 

methoxycarbonyl-I-methyl-4.7-dioxo- 

(methoxycarbonyl)-2-phenylethyl J- 1 - 
met hyl-4.5-dioxo- 

7-Amino- 1.2-dih ydro- 1,4-dimethyl-3,5-dioxo- 
7-Amino- 1,2,4,6-tetrahydro- I -methyl-3,5-dioxo- 
7-Amino- 1,2,4,6-tetrahydro- I ,4dimethyl- 

7-Amino- 1.2-dihydro- I -methyl-3,5-dioxo- 
7-Amino-4.6-dihydro- 1.3-dimethyl-5( I H)-0x0- 

3,Sdioxo- 

> 280 

> 280 

> 280 
> 280 
> 280 

> 280 

> 280 

> 300 

274-276 

> 300 

> 280 
> 300 
> 300 

> 300 
> 300 
> 300 

NMR, UV 

NMR, UV 

uv 

IR,  MS, NMR 

NMR 
IR, MS. NMR, 
uv 

MS, NMR, UV 

MS, NMR, UV 
NMR 

NMR 

NMR 

16 
16 

16 

28 

28 
28 

16 

16, 18 

16 

16 

16 

16 

16 

16 
16 
16 

16 

16 

18 

16 

16 

16 
18,19 
18 

18 
18 
18 
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TABLE 1. (Continued) 

Su bst i t uen ts mP Other Data References 

7-Amino-4,6-dihydro-3-met h yl-5-( 1 H)-0x0- 
7-Amino-2,3dihydro-1.3-dimet hyl- 

7-Amin0-1.2-dihydro- 1 -methyl-4-[2-oxo- 

7-Amino-2.3.4.6-tetrahydro- l-methyl- 

7-Amino-4,6-dihydro- 1 -methyl-5( 1 H)-0x0- 

7-Amino-4.6-dihydro-1 -methyl-5-( I H)-0x0- 

7-Amin0-5.6-dihydro- 1,3-dimethyl-4( 1 H ) -  

7-Amino-4,6-dihydro-5( 1 H)-0x0- 
7-Amino-3-(1H-indol-3-ylmethyl)- l-methyl- 

7-Amino-3-( 1 H-indol-3-y1)- 1 -methyl- 

7-Amino-5-methoxy-l,3-dimethyl-4( 1 H)-0x0- 
7-Amino-I -methyl-3-(2-methylpropyl)- 

4,5( 1 H,6H)-dioxo- 
7-Amino-l-methyl-3-[(2- 

ni trophenyl)methyl]-4,5(1 H,6H)-dioxo- 
5,7-Diamino-1,3-dimet hyl-4 1 H)-0x0- 
7-Amino- I ,3-dimethyl-4,5( 1 H,6H)-dioxo- 

4,5(l H,6H)-dioxo- 

2-(3,4,5-trimethoxyphenyl)ethyl]-3,5-dioxo- 

31 H)-oxo-.Q-phenyl- 

4-phen yl- 

3-phenyl- 

0x0-5-1 hioxo- 

4.3 I H,6H)-dioxo- 

4 3  I H,6H)-dioxo- 

{ 5-[( 2-amino-6-chloro-4- 
pyrimidiny1)methylhydrazone)) 

5-Amino- 1,3-dimethyl-4,7( 1 H,IH)-dioxo- 
7-Amino- 1,3-dimethyl-4,5( 1 HbH)-dioxo- 
7-Amino-3-methyl-5(6H)-oxo- 
7-Amino- 1,3,4-trimethy1-5( 1 H)-0x0- 
7-Amino- I -methyl-4,5( I H,6H)-dioxo-3- 
[2-0~0-2-(3,4.5-trimethoxyphenyl)ethyl]- 

7-Amino- l-methyl-4,5(1 H,6H)-dioxo-3-phenyl- 
7-Amino-l-methyl-5( 1 H)-oxo-3-phenyl- 
7-Amino-l-methyl-5( I H)-oxo-Cphenyl- 
7-Amino- 1 -methyl-5( 1 H)-oxo-3,4-diphenyl- 
7-Amino-3-methyl-4,5( 1 H,6H)-dioxo-l- 

(phenylmethy1)- 
7-Amino- 1 -methyl-4,5( 1 H,6H)-dioxo-3- 

(phenylmethy1)- 
7-Amino- 1 -methyl4,5( 1 H,6H)-dioxo-3-propyl- 
7-Amino-5( 1 H)-0x0- 
7-Amino-% 1 H)-oxo-3-phenyl- 

7-Amino-5( 1 H)-oxo-3,4-diphenyl- 
7-Arnino-4.Y 1 H,6H)-dioxo-3-phenyl- 1- 

(phenylmethy1)- 
5-Amino4phenyl- 

(and hydrochloride) 

> 300 

> 300 

300 

> 260 

> 300 

> 300 

> 300 
> 300 

> 280 

> 280 
> 275 

> 280 

> 280 
> 275 

> 300 
> 300 
> 300 
> 300 
> 300 

> 300 
> 280 
> 300 

NMR 

MS, NMR. UV 

MS, NMR, UV 

NMR. UV 

NMR 

NMR 

NMR 

MS, NMR, UV 

NMR 
MS, NMR, UV 
MS, NMR, UV 
NMR 

MS, NMR, UV 

NMR 
262.5-264.0 (d) NMR 
> 300 NMR 

> 280 

> 280 
> 280 
> 300 

> 300 
> 300 

> 280 
229-232 

NMR 

NMR 
MS 

18 

18 

19 

18 

18 

18 

16 
18 

16 

16 
16 

16 

16 
16 

16 
16 
16-18 
8, 18 
18 

19 
16, 17 
18 
18 
18 

16 

16 
16 
18 

18 
2 

16 
30 
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TABLE I.  (Continued) 

209 

Substituents mP Other Data References 

34 1,3-Benzodioxol-5-yl)-1.6-dimethyl- 

3-(4-Bromophenyl)-4,8-di hydro- I .6- 

3-(4-Bromophenyl)-2,X-dihydro-6.8- 

3-(4-Bromophenyl)- 1 -methyl-5.7( 1 H,6H)-dioxo- 
3-(4-Bromophenyl)-l,6-dimethyl-5.7( 1 H.6H)- 

3-(4-Bromophenyl)-6,X-dimet hyl-S,7(6H,XH)- 

3-(4Bromophenyl)- I ,&dimethyl- 

3-Carboxamido- I ,2-diacetyl- 1.2-dihydro- 

3-Cdrboxamido- 1.2-dihydro-4-hydroxy-7- 

3-Carboxy- 1.2-dihydro-4-hydroxy-7- 

3-Carboxy- 1,4-dihydro-7-(methyIthio)-4- 

3,5-Dichloro-4-[4-(diethylamino)phenyl~- 

3,5-Dichloro-4-[4-(dimethylamino)phenyl]- 

3-Chloro4-[4-(diethylamino)phenyl]- 1.4- 

3-Chloro-4-[4-(dimethylamino)phenyl]- 1.4- 

7-Chloro-3-ethoxycarbonyl- 1.4-dihydro-4-0x0- 
3,4-Bis(4-chlorophenyl)-6-et hyl4.8-dihydro- 

I -methyl-5,7( I H,6H)-dioxo- 
5-Chloro- 1.4-dihydro-3-methyl- 
3-(4-Chlorophenyl)-4,8-dihydro-1,6- 

dirnethyl-S,7( I H,6H)-dioxo- 
3-(4-Chlorophenyl)-2,8-dihydro-6,8- 

dimethyl-5.7( IH,6H)-dioxo- 
3-Chloro-5-hydroxy- 
3-Chloro-6,8-dimethyl-5,7(6H,8H)-dioxo- 
344-Chloropheny1)- 1 -methyl-5,7( 1 H,6H)- 

3-(4-Chlorophenyl)-6-methyl-5.7( I H,6H)- 

3,4-Bis(4-chlorophenyl)- I-methyl- 

3,4-Bi44-chlorophenyl)- 1.6-dimethyl- 

342.4-Dichloropheny1)- I ,6-dimethyl-5,7- 

5,7( 1 tf,6M)-di0~0- 

dimethyl-5,7( 1 H,6Hbdioxo- 

dimethyl-5,7( I H,6H)-dioxo- 

dioxo- 

dioxo- 

4.5,7( 1 H,6H,8lf)-trioxo- 

4-hydroxy-7-(methylthio)- 

(methylthi0)- 

(methylthi0)- 

oxo- 

I .4-dihydro- 

1 A-dihydro- 

dih ydro-5-(methylamino)- 

dihydro-5-(methylamino)- 

dioxo- 

dioxo- 

5,7( 1 H,6H)-dioxo- 

5,7( 1 H,6H)-dioxo- 

287 NMR 

2 56 NMR, UV 
Thermal 
oxidation 
> 300 NMR. UV 

256 NMR, UV 

297-298 

> 300 

29 1-292 uv 

2W265 (d) UV 

IR, MS, NMR. 

IR. MS, NMR, 

IR,  MS, NMR, 
250--252 (d) UV 

278.5279.5 (d) IR 

163-165 

229 -230 

208-209 

231-232 
209-210 

297 (subl) 
200 

248 
Thermal 
oxidation 
250-251 
178-1 80 

> 300 

> 300 

337 

> 226 (subl) 

MS, NMR. UV 

UV 

MS. NMR, UV 

NMR, UV 
IR. NMR 

NMR 
IR, NMR 

NMR, UV 

IR. UV 

NMR. UV 

NMR 

NMR 

(IH,6H)-diox0- 254 NMR 

11, 10, 65 

11.12 

4. 5 
12 

10-12.65 

4. 5 

12 

23,24 

23, 24 

23.24 

23,24 

28 

28 

28 

28 
25 

15 
21 

11. 12 

4, 5 
28 
45 

I2 

5 

14, 15 

14, 15 

11,  65 
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TABLE I .  (Continued) 

Substituents mP Other Data References 

3-(4-Chlorophenyl)-l,6-dimethyl-5,7( 1 H.6H)- 

3-(4-Chlorophenyl)-6.8-dimethyl-5,7(6H,8H)- 

3-(3,4-DichlorophenyI )- I ,6-dimethyl- 

3-(4-Chlorophenyl)-l.6-dimethyl- 

4-[4-(Diethylamino)phenyl]- 1.4dihydro- 
4-[4-(Diethylarnino)phenyl]- I .4-dihydro- 

4-[4-(Dimethylamino)phenyl]- 1 ,Cdihydro- 
5-Dimethylamino- 1,4-dihydro-3-methyl- 
3-Ethoxycarbonyl-l,4-dihydro-7- 

3-Ethoxycarbonyl- 1.4-dihydro-0x0-7-phenyl- 
3-Ethoxycarbonyl-4-hydroxy-6,8-dimethyl- 

5-Ethyl- 1,4dihydro-3-methyl-7-phenyl- 
5-Ethyl- 1,4dihydro-3-methyl-1,7-diphenyl- 
5-Ethyl- 1,4-dihydro- 1,3-dimethyl-7-pheny1- 
8-Ethyl-6-methyl-5,7(6H,8H)-dioxo-3-phenyL 
3-(4-Ruorophenyl)- 1.6-dimethyl-5.7( 1 H.6H)- 

5-Hydrazino-l.4dihydro-3-methyl- 
1.4-Dihydro-3-methyl-5-( [ (2-hydroxy- 1.1 - 

1,4-Dihydro-3-methyl-S{ L(2-hydroxy- I -  

1,4-Dihydro-3,5,7-trimethyl- 
1,4-Dihydro-3-methyl-5-(4-morpholinyl)- 
2,8-Dihydro-3-(4-methoxyphenyl)-6,8- 

dimethyl-5,7( IH,6H)-dioxo- 
4,5-Dihydro-3-rnethyl-S( 1 H)-0x0- 
4,5-Dihydro-3,7-dimethyl-S( I H)-oxo- 
4.6-Dihydro- 1,3-dimethyl-4-met hylene- 

2,8-Dihydro-6,8-dimet hyl-3-(4- 

4.8-Dihydro- 1,3,4-trimethyl-5,7( 1 H,6H)-dioxo- 
4.8-Dihydro- 1,3,4,6-tetramethyl-5,7( I H.6H)- 

2.8-Dih ydro-&met hyl-5,7( 1 H,6H)-dioxo- 

2,8- Dihydro-6,8-dimethyl-5,7( I H .6H)- 

4.8-Dih ydro- 1 -methyl-5,7( I H,6H)-dioxo- 

4,8-Dihydro- 1 -methyl-5,7( 1 H,6H)-dioxo- 

dioxo- 

dioxo- 

5,7( I H,6H)-dioxo- 

4,5,7( 1 H,6H,IH)-trioxo- 

5-(rnethylamino)- 

(methylthio)-4oxo- 

5,7(6H,8H)-dioxo- 

dioxo- 

dimethyl)ethyl]-amino}- 

hydroxymethyl-I-methyl)ethyl]-amino}- 

5( I H)-0x0- 

methylphenyl)-5,7( I H4H)dioxo- 

dioxo- 

3-phenyl- 

dioxo-3-phen yl- 

3.4-diphenyl- 

3,4,6-triphenyl- 

248 

264265 

240 

> 300 
134135 

192-193 
235 (d) 
260 

269-270 
256257 

263--266 
154 
137 
110 
173-1 75 

258 
215 

210-212 

213 

180-181 
Thermal 
oxidation 
> 350 
> 350 

198-200 

217-219 (d) 
Thermal 
oxidation 
270 (d) 

239 
Thermal 
oxidation 
Thermal 
oxidation 

300 

300 

NMR, UV 10-12.65 

4, 5, 20 

NMR 11 

LL 

MS, NMR 28 

uv 28 
28 

IR,  NMR 21 
I R ,  MS, NMR, 
uv 23-25 
NMR 25 

uv 1 
IR, NMR 22 
IR,  NMR 22 
IR, NMR 22 

5 

NMR I I ,65 
IR, NMR 21 

IR, NMR 21 

IR,  NMR 21 
IR, NMR 21 
1R. NMR 21 

4. 5 
IR,  NMR 21 
IR. NMR 21 

M S , N M R . U V  9 

4, 5 
NMR 15 

NMR 15 

5 
1R. MS, NMR. 
uv 4, 5 

NMR IS 

NMR 15 
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TABLE 1. (Continued) 

21 1 

Substituents mP Other Data References 

I ,4-Dihydro- I h-dimethyl- 

4,8-Dihydro- I ,3-dimethyl-5,7( 1 H,6H)-dioxo- 

4.8-Dih ydro- I ,6-dimethyl-5,7( I ff,6H)-dioxo- 

4.8-Dihydro- 1,3,6-trimethyl-5,7( I H,6H)- 

1,4-Dihydro-3-methyl-5-( I-piperidiny1)- 
4,6-Dihydro-5( I H)-0x0- 
I ,4,5,6-Tetrahydra-5-0~0-4-sulfonyl- 

(monosodium salt) 
4-Hydroxy-6,8-dimethyl-5.7(6H,8H)-dioxo- 
3-Methoxy-6.8-dimethyl-5.7(6ff,8H)-dioxo- 
3-(4-Methoxyphenyl)-6-methyl-5,7( I 11.6H)- 

dioxo- 
3-(4-Met hoxyphenyl)-6,8-dimethyl-5,7- 

(6H,8H)-dioxo- 
3-(3,CDimethoxyphenyl)- 1,6-dimethyl- 

5,7( 1 H,6H)-dioxo- 
3-Methyl-S(6H)-oxo- 
3-Methyl-5,7(6H,8H)-dioxo- 
1,6-Dimethyl-5,7( 1 H,6H)-dioxo- 
6,8-Dimethyl-5,7(6H,8H)-dioxo- 
6.8-Dimethyl-5,7(6H.8H)-dioxo- (2-N-oxide) 
1,3,4-TrimethyI-5.7( 1 H,6H)-dioxo- 
3,4,6-Trimethyl-5,7(6H,8H)-dioxo- 
1,3,4,6-Tetramethyl-5,7( 1 H,6H)-dioxo- 
3,4.6,8-Tetramethyl-5,7(6H,8ff)-dioxo- 
I ,3-Dimethyl-4,5,7( I H.6H.8ff)-trioxo- 
6.8-Dimethyl-3-(4-methylphenyl)- 

6,8-DimethyI-4,5,7( I H,6H,IH)-trioxo- 
6.8-Dimethyl-3.5,7(2H,6If,8Httrioxo- (also 

2,6,8-Trimet hyl-3,5,7(2H,6H.8H)-trioxo- 
6-Methyl-5,7(6H,8H)-dioxo-3-phenyl- 

1 -Methyl-5,7( lH,6H)-diox0-3-phenyl- 
&Met hyl-5,7( 1 H,6H)-dioxo-3-phenyl- 
6-Methyl-5.7( 1 H,6H)-dioxo- 1 - (phenylmethy1)- 
I-Methyl-5,7( 1 H,6ff)-dioxo-3,4-diphenyl- 
I-Methyl-5,7( 1 ff,6H)-dioxo-3.4.6-triphenyl- 
I ,6-Dimethyl-5,7( 1 H.6H)-dioxo-3-phenyl- 
I .3-Dimet hyl-5,7( 1 H,6H)-dioxo-4-phenyC 

6,8-Dimethyl-5.7(6H,8H)-dioxo-3-phenyl- 
1,6-Dimethyl-5,7( I H,6H)-dioxo-3,4-diphenyl- 
6,8-Dimethyl-5,7(6H,8H)-dioxo-3,4-diphenyl- 

5,7( 1 H.6H)dioxo-3-phenyl- 

4-phenyl- 

3.4-diphenyl- 

dioxo-4-phen yl- 

5,7(6H,8H)-di0~0- 

the hydrazone) 

8-propyl- 

256 

290 (4 

300 

262 
125-130 
285 (d) 

> 300 
229- 232 
190-192 

280 (d) 

24.5245 

303 
> 300 
> 350 

235-237 

167--168 
> 295 (subl) 

261 -263 
235-237 (d) 
146147 
1 3 0 0  

257-260 
240-24 I 
248-249 
(22 1-223) 
190-193 

164-165 
> 300 
> 300 

302-304 
347 
> 272 (subl) 

250 
> 260 (subl) 

255-256 
308-310 
200-202 

NMR 10-12 

NMR 15 

NMR 15 

NMR 15 
IR, NMR 21 
NMR,UV 9 

NMR,UV 9 
uv 1 
uv 45 

5 

4, 5, 20 

NMR 10, 11. 65 
IR, UV 27 
IR, UV 27 
NMR, UV 13 

45 
45 

NMR 14, 15 
IR, NMR. UV 13 
IR, NMR, UV 13-15 
uv I 
MS, NMR 16 

4, 5 
3 

45 
uv 45 

NMR. UV 

IR, NMR 
NMR 
NMR 
NMR, UV 
NMR 
IR, MS. NMR, 
uv 
IR, NMR. UV 

5 
12 
5 
13 
14, 15 
14, 15 
10-12.65 
14. I5 

4, 5. 20 
13-15 

(208-209) MS 1. 2 
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TABLE I.  (Continued) 

Substituents mP Other Data References 

14, 15 1.3,6-Trimethyl-5,7( 1 H,6H)-dioxo-4-phenyl- > 278 (subl) NMR 
1.6-Dimethyl-4.5,7( I H.6H,8H)-trioxo-3-phenyl- > 300 IR, MS, NMR. 12 
yl H)-0x0-  > 300 uv 9, 28 
5,7(6H,8H)-Dioxo- 356 IR. UV 27 

TABLE 2. THE PYRIMIDO[4,5-6~PYRlDAZlNES 

Substituents mP Other Data References 

3-AcetyI-3.4di hydro-5.8-di-4-morpholinyl-2- 

8-(Acetyloxy)-S(6H)-oxo-2,4-diphenyl- 
5,8-Diacetyloxy-2-phenyl- 
4-Amino-8-cyano-2-ethoxy-5.6-dihydro-5-0x0-6- 

4-Amino-8-cyano-5,6-dihydro-5-oxo-6-phenyl-2- 

2-Amino-8-methyl-5(6H)-oxo- 
2-Amino-8-methyl-5(6H)-oxo-6-phenyl- 
2-Amino-4(3H)-oxo- 
4-Amino-2(1 H)-0x0- 
4-Amino-2(1H)-thioxo- 
2-Amino-4(3H)-thioxo- 
8-Anilino-5-chloro-2-phenyl- 
5-Anilino-8-(4-morpholinyl)-2-phenyl- 
8-Anilino-5-(4-morpholinyl)-2-phenyl- 
5.8-Dianilin0-2-phenyl- 
5,8-Diazido-2-(3-methylphenyl)- 
5.8-Diazido-2-phenyl- 
44 1,3-&nzodioxol-5-ylmethyl)- 1,4- 

3-Benzoyl-3,4-dihydro-S,8-di-4-morpholinyl-2- 

phenyl- 

phenyl- 

(trichloromethyl)- 

dihydro-5,8-di4morpholinyl-2-phenyl- 

phenyl- 
5-Benzylamino-8-chloro-2-phenyl- 
8-Benzylamino-5-chloro-2-phenyl- 
5,8-Dibenzylamino-3,4-dihydro-2-phenyl- 
5,8-Bis(benzylamin6)-2-phenyl- 
5,8-Bis(2,6-dimethyl-4-morpholinyl)- I ,4-di h] 

2-phenyl-4-(phenylmethyl)- 
3-(4-BromobutyI)-3,4-dihydro-5,8-di- 

4-morpholin yl-2-phen yl- 
3-(5-Bromophenyl)-3,4-dihydro-5,8- 

di-4-morpholinyl-2-phenyl- 
7-(4-Bromophenyl)-7,8-dihydro- 1.3. 

dimethyl-2,4(1 H,3H)-dioxo- 
5-Butylamino-8-chloro-2-phenyl- 

{dro- 

243--245 
225-226 
205-201 

95 

I23 
> 380 

207 
> 350 (d) 
> 360 
> 360 
> 360 

209-2 1 0 
234-235 
262-263 
273 
214-216 
214216 

222-224 

2W241 
245-247 
169 
104-105 
85--87 

171-173 

137-141 

145-150 

197--199 (d) 
248-250 

IR, N M R  
IR, NMR 
IR 

IR, N M R  

IR, N M R  
N M R  
N M R  
IR, U V  
IR 
IR, U V  
IR 

NMR 
N M R  

IR, N M R  

NMR, U V  
NMR 

N M R  
NMR, UV 

50. 66 
32 
32.67 

39 

39 
35 
35 
41 
46 
41 
46 
48 
48 
48 
47, 50, 66,67 
47 
47 

52,66 

50, 66 
48 
48 
50 
47, 50, 66 

51 

51.66 

51 

36,37 
48,49 
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TABLE 2. (Continued) 

Substituents mP Other Data References 

5-1 -Bu tylamino-8-chloro-2-phenyl- 
8-Butylamino-4-chloro-2-phenyl- 
8-r-Butylamino-5-chloro-2-phenyl- 
3-Butyl-3,4-dihydro-5,8-di-4- 
morpholinyl-2-phenyl- 

1 ,4-Dibutyl- I ,4dihydro-5,8di-4- 
morpholin yl-2-phenyl- 

4-Butyl-l,4-dihydro-5,8-di-4- 
morpholinyl-2-phenyl- 

4.8-Dibutyl-1,4-dihydro-5-(4-morpholinyl)-2- 
phenyl- 

4-Butyl- 1 ,4-dihydro-5-(4-morpholinyl)-2- 
phenyl-8-( I -propylpentyl)- 

4,8-Dibutyl-5-(4-rnorpholinyl)-2-phenyl- 
4-Butyl-5,8di-4-morpholinyl-2-phenyl- 
8-Butylamino-5(6H)-oxo-2-phenyI- 
8-Butylamino-2-phenyl- 
8-Butylamino-2-phenyI-5(6H)-t hioxo- 
5-Butylamino-2-phenyl- (monohydrochloride) 
5-Butylarnino-2-phenyl-8(7~f)-thioxo- 
5.8-Dichloro-2( 5-chloro-2-furany1)- 
5,8-Dichloro-2-(4-chlorophenyl)- 
4-(4Chlorophenyl)- 
5,8-Bis(3-chloroanilino)-2-phenyl- 
8-Chloro-5-(2-hydroxyethyl)arnino-2-phenyl- 
8-Chloro-5-isopropylamino-2-phenyl- 
6-(2-Chloroet hyl)-8-(4-morpholinyl)-5(6H)- 

4-(4-Chlorophenyl)-2-ethyl- 
4-(2,6-Dichlorophenyl)-4,6,7,X-tetra hydro-7- 
methyl-2,5(1 H,3tl)-dioxo- 

4-(2.6-Dichlorophenyl)-4,6,7,8-tetrdhydro- 
2,5(l H,3H)-dioxo- 

2-(4-Chlorophenyl)-6,7-di hydro-5.8-dioxo- 
4-[(4-Chlorophenyl)methyl]- 1.4-dihydro-5.8- 
di-4-morpholinyl-2-phenyl- 

5,8-Dichloro-2-(3-methylphenyl)- 
4-(4-Chlorophenyl)-2-methyl- 
4-(4-ChlorophenyI)-l -methyl-2( I H)-0x0- 
3,4-Bis[(4-chlorophenyl)methyl]-3,4-dihydro- 

2-(4-Chlorophenyl)-5,8-di-4-morpholinyl- 
5,8-Dichloro-2-(4-nitrophenyl)- 
4-(4-Chlorophenyl)-2( 1 H)-0x0- 
2~4-Chlorophenyl)-5,8-di-1-piperidinyl- 
6-{ 2-[4-(3-Chlorophenyl)-l-piperazinyl]ethyl]~ 
8-(4-morpholinyl-5(6H)oxo-2-phenyl- 

643-C hloropropyl)-8-(4-morpholinyl)-5(6H)- 
0x0-2-phen yl- 

5-Chloro-8-(2-hydroxyethyl)amino-2-phenyl- 

0x0-2-phen yl- 

5.8-di-4-morpholinyl-2-phenyl- 

266-267 
141-142 
252-255 

178-181 

156-158 

193-1 95 

210-212 

203 -204 
70-73 
128-1 29 
245-246 
235-236 
283-286 
21 5-218 
235 -236 
159 

214-215 
245-246 

127- 128 
238-240 
249-250 

170-172 
1%-193 

> 300 

> 310 
> 300 

212-214 
175- 177 
254-256 
277-280 

248-25 I 
216217 
240- 242 
> 300 (d) 
180-181 

197-198 

177 
212-21 5 

NMR, UV 
NMR, UV 
NMR, UV 

IR, NMR 
IR 
NMR 
IR 

NMR 

NMR, UV 

IR 
NMR 

NMR 
68 

NMR 

IR 
NMR, UV 

48 
48,49 
48 

51.66 

51, 66 

52, 54, 66 

52, 54, 66 

52 
54 
5466 
49 
48 
48 
48 
48 
32 
32 
68 
47,66 
48 
48.66 

53 
68 

34 

34 
32 

51.66 
32 
68 

51 
47.66 
32 
68 
47, 50, 66 

53.66 

53 
48 
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TABLE 2. (Continued) 

Substituents mP Other Data References 

5-Chloro-8-isopropylamino-2-phenyl- 
3-(3-Chloropropyl)-3,4-dihydro-5,8-di-4- 

5-Chloro-8-(4-morpholinyl)-2-phenyl- 
8-Chloro-5-(4-morpholinyl)-2-phenyl- 
5,8-Dichloro-2-(2-naphthyl)- 
5-Chloro-8(7H)-oxo-2-phenyl- 
8-Chloro-5(6H)-oxo-2-phenyC 
5.8-Dichloro-2-phenyI- 
5,8-Dichloro-2-(2-pyridyl)- 
5,8-Dichloro-2-(2-thienyl)- 
CCyclohexyl- 1,4-dihydro-5,8-di-4- 

morpholin y l-2-phenyl- 
4.8-Dicyclohexyl- I,edihydro-5-(4- 

morpholinyl)-2-phenyI- 
5,8-Dicyclohexylamino-3,4-dihydro-2-phenyl- 
4,8-DicyclohexyI-5-(4-morpholinyl)-2-phenyl- 
CCyclohexyl-5,8-di4morpholinyl)-2-phenyl- 
5,8-Dicyclohexylamino-2-phenyl- 
4-( 1.4-Dioxan-2-yl)- 1.4dihydro-5.8-di-4- 

morpholin y l-2-phen y l- 
4-( I.eDioxan-2-yI)-5,8di-4- 

morpholiny l-2-phen y l- 
3(4H)-Ethoxycarbonyl-5,8-di-4-morpholinyl- 

2-phen yl- 
6(5H)-Et hoxycarbonylmethyl-8- 

(Cmorpholinyl)-5-0~0-2-phenyl- 
5,8-Bis[(2-ethoxyethyl)amino]-2-phenyl- 
8-Ethoxy-5-(4-morpholinyl)-2-phenyl- 
5-Ethoxy-8-(4-morpholinyl)-2-phenyl- 
6-[2-(Diethylamino)ethyl]-8-(4- 

84 1-Ethylbuty1)- 1,4-dihydro-5-(4- 

CEthyl- 1,4-dihydro-8-( 1 -methylpropyl)- 

4,8-Diethyl-l,4di hydro-5-(4-morpholinyI)- 

3-Ethyl-3,4dihydro-5,8-di4morpholinyl- 

1,CDiethyl- 1,4-dihydr0-5,8-di-Cmorpholinyl- 

4-Ethyl- 1,4dihydro-5,8-di4morpholinyl- 

2-Ethyl-6,7dihydro-5,8-dioxo- (with one 

4-Ethyl-5,8di4morpholinyl-2-phenyl- 
2-(2-Furanyl)-6,7-dihydro-5,8-dioxo- 
4-Hexyl-l,4-dihydro-5-(4-morpholinyl)- 

morpholinyl-2-phenyl- 

morpholinyl)-2-phenyl- 

morpholinyl)-2-phenyl4propyl- 

5-(4-morpholinyl)-2-phenyl- 

2-phenyl- 

2-phenyl- 

2-phenyl- 

2-phen yl- 

equivalent of hydrazine) 

8-(l-pentylheptyl)-2-phenyl- 

184-186 

121-125 
198- 200 
21 1-213 
> 300 

262-265 
300 
21 2-2 14 
180-185 
I80 

251-254 

236-237 
135-140 
197-200 
22 1-227 
223-226 

227-229 

202-204 

132-136 

160-162 
125-127 
143-144 
156-157 

67-70 

233-235 

204-207 

198-200 

22 1-223 

185-187 

159-1 6 I 

> 300 
178-180 
> 300 

128-130 

NMR, UV 48,49, 66 

51.66 
NMR, UV 48.66.67 
NMR,UV 48,67 

32 
49 
49 
32, 47, 49, 67 
32 
32 

52, 54, 66 

52, 54 
NMR 50 

54 
54 
47, 50, 66 

54, 55, 66 

54 

IR. NMR 50. 66 

53. 66 
47, 66 
47 
47 

53 

52 

52 

52. 66 

50.66 

51 

52, 54, 66 

32 
54 
32 

52 
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TABLE 2. (Continued) 

215 

Substituents 

CHexyl- 1.4-dihydro-5.8-di-4-morpholinyl- 

4.8-Dihexyl- I ,4-dihydro-5-(4-morpholinyl)- 

4.8-Di hexyl-3,4-dihydro-5-(4-morpholinyl)- 

4,8-Dihexyl-5-(4-morpholinyl)-2-phenyl- 

4-Hexyl-5,8-di-4-morpholinyl-2-phenyl- 
6,7-Dihydro-2-(hydroxymethyl)-5,8-dioxo- 

(with one equivalent of hydrazine) 
3.4-Dihydro-4-( 1 -hydroxy- I-methylethyl)- 
5,8-di-4-morpholinyl-2-phenyl- 

3.4-Dihydro-4-( I -hydroxyethyI)-S-X-di-4- 
morpholinyl-2-phenyl- 

1,4-Dihydro-4-hydroxymethyl-5,8-di-4- 
morpholinyl-2-phenyl- 

3.4-Dihydro4( I -hydroxy- I-phenylmethy1)- 
5,8di-4-morpholinyl-2-phenyl- 

3.4-Dihydro-5,8-di-isopropylamino-2- 
(3methylphenyl)- 

1,4-Dihydro-4-[(4-methoxyphenyl)methyl]- 
5,8-di-4-morpholinyl-2-phenyl- 

3,4-Dihydro-3-[(4-methoxyphenyl)methyl]- 
5.8-di-4-morpholinyl-2-phenyl- 

1,4-Dihydro-1,4-bis[(4-methoxyphenyl)methyI]- 
5.8-di-4-morpholinyl-2-phenyl- 

6,7-Dihydro-2-(4-met hoxyphenyl)-5,8-dioxo- 
7.8-Dihydro- 1,3-dimethyl-7-[(4- 
methylphenyl)sulfony1]-2,4( 1 H,3H)-dioxo- 

1.4-Dihydro-4,8-dimethyl-5-(4-morpholinyl)- 
2-phenyl- 

1.4-Dihydro-4,8-bis(3-methylbutyl)-5- 

2-phcnyl- 

2-phen yl- 

2-phenyl- (monohydrochloride) 

(monohydrochloride) 

mP Other Data References 

173 176 

137-1 39 

137-139 

118-119 
118-1 I9 

,300 

100-102 

250-252 

251-253 

Amorphous 

104-109 

159-163 

170-173 

85-90 
> 300 

152-153 

243-246 

(4-morpholinyl)-2-phenyl- (monohydrochloride) 139- 142 
I,CDihydro-4,8-bis(l -methylethyl)-S- 

I .4-Dihydro-4,8-bis(2-methylpropyl)-5- 

I ,4-Dihydro-4,8-bis(3-methylbutyl)-5- 

1,4-Dihydro-4-[(4-methylphenyl)methyl]- 

3,4-Dihydro-3-[(4-met hylphenyl)methyl]- 

I ,CDihydr0-5,8-bis(2-methyl-4-morpholinyl)- 

1 ,CDihydro4methyl-5,8-di4morpholinyl- 

1,4-Dihydro-4-(l-melhylethyl)-5.8-di- 

(4-morpholinyl)-2-phenyl- 252-255 

(4-morpholinyl)-2-phenyl- 264266 

(Cmorpholinyl)-2-phenyl- 139-142 

5.8-di-4-morpholinyl-2-phenyl- 220-223 

5.8-di-4-morpholinyl-2-phenyl- 

2-phenyl-4-(phenylmethyl)- 

2-phenyl- 275-271 

4-morpholin yl-2-phenyl- 132-136 

52. 54, 66 

52, 66 

52. 54 

54 
54 

32 

55 

55, 66 

54, 55.66 

55, 66 

50, 66 

51, 52, 66 

51 

51 
32 

IR, NMR, UV 37 

52 

52,54 

52, 54, 66 

52 

52 

51, 52, 66 

51 

66 

52, 54, 66 

52. 54, 66 
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TABLE 2. (Continued) 

Substituents mP Other Data References 

1,4-Dihydro4(2-methylpropyl)-5,8-di- 

1,4-Dihydro-4-(3-methylbutyl)-5.8- 

1,4-Dihydro-l,4-dimethyl-5,8-di-4- 

3,4-Dihydro-3-methyl-5,8-di-4- 

3,4-Dihydro-3-(2-methyl- 1 -0xopropy1)- 

3,4-Dihydro-3,4-bis[(4-methylphenyl)methyl]- 

7.8-Dihydro- 1,3,7-trimethyl-2,4( 1 H,3H)-dioxo- 
6.7-Dihydro-2-methyl-5,8-dioxo- (with one equi- 

6.7-Di hydro-2-(3-methylphenyl)-5,8-dioxo- 
7.8-Dihydro- 1,3-dirnethyl-2,4( I H,3H)- 

3.4-Dihydro-5,8-di4morpholinyl-2-[ 544- 

3,4-Dihydro-5,8-di4morpholinyl-2-phenyl- 
I ,4-Dihydro-5,8-di-4-morpholinyl-2,4-diphenyl- 
1,4-Dihydro-5-(4-morpholinyl)-2,4,8-triphenyl- 
3,4-Di hydro-5,8-di4morpholinyl-2-phenyl-4- 
(tet rahydro-2-furany1)- 

1,4-Dihydro-5~4-morpholinyl)-2-phenyl- 
4.8-dipropyl- 

1 .CDihydro-5,8di-4-morpholinyl-2- 
phenyl-4-( 2-phenylethy1)- 

1,4-Dihydro-5-(4-morpholinyl)-2- 
phenyl-4,8-bis(2-phenylethyl)- 

1,4-Dihydro-5,8-di4morpholinyl-2- 
phenyl- I-(phenylmethy1)- 

3.4-Di hydro-5,8-di-4-morpholinyl-2-phenyl-3- 
(phenylmethy1)- 

3,4-Dihydro-5,8-di4morpholinyl-2-phenyl-3,4- 
bis(phenylmethy1)- 

1,4-Dihydro-5,8-di-4-morpholinyl-2-phenyl-Q- 
(phenylmet hy1)- 

l,4-Dihydro-5,8di-4-rnorpholinyl-2-phenyl- 
1,4-bis(phenylmethyI)- 

I ,4-Dihydro-5-(4-morpholinyl)-2-phenyl-4,8- 
bis(phenylmethy1)- 

1,4-Dihydro-5,8-di4morpholinyl-2-phenyl- 1.4- 
di-2-propen yl- 

3,4-Dihydro-5,8-di-4-morpholinyl-2-phenyl-3- 

I ,4-Dihydro-5,8-di-4-morpholinyl-2-phenyl4 

4-morpholin y l-2-phen yl- 

di-4-rnorpholinyl-2-phenyl- 

morpholin y l-2-phenyl- 

morpholin y l-2-pheny l- 

5,8-di-4-morpholinyl-2-phenyl- 

5,8-di-4-morpholinyl-2-phenyl- 

valent of hydrazine) 

dioxo-7-phen y l- 

rnorpholinyl)-2-furanyl]- 

(2-propeny 1)- 

(2-propenyIt 

297-302 52, 54 

206-208 52, 54, 66 

51 175-177 

196-198 50, 66 

IR. N M R  50.66 189-191 

51 
NMR 36. 37 142-144 

> 300 
> 300 

32 
32 

192- 193 NMR 36, 37 

145-146 
245-247 
225-227 
222-224 

NMR 50 
NMR 50, 51, 66 

52, 54, 66 
52 

245-247 

217-21 8 

55 

52. 54 

208-21 I 52, 54, 66 

93-99 

151-153 

52, 54 

IR, NMR, UV 51, 66 

206-207 NMR, UV 51.66 

173-1 75 
223-224 
(221-223) 

51,  66 

5 1. 52, 54, 66 

66 

116-120 66 

176-180 51.66 

218-221 50.66 

2 18-222 51, 66 
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Substituents mp Other Data References 

1.4-Dihydro-5.X-di-4-morpholinyl-2-phenyl- 

3,4-Dihydro-5.8-di-4-morpholinyl-2-phenyl- 

I ,4-Dihydro-5,8-di-4-morpholinyl-2-phenyl- 

I ,4-Dihydro-5,X-di-morpholinyl-2-phenyl- 

1.4-Dihydro-5.8-di-4-morpholinyI-2-phenyl- 

3,4-Dihydro-5,8-di-4-morpholinyl-2-(2-thienyl)- 
1,4-Dihydro-5.8-di-4-morpholinyl-2-phenyl- 

6.7-Di hydro-2-(2-napht halen y l)-S,I-dioxo- 
6,7-Dihydro-2-(4-nitrophenyl)-5,R-dioxo- 
6.7-Dihydro-5.8-dioxo- 
6,7-Dihydro-5,8-dioxo-2-pentyl- 
6,7-Dihydro-5,8-dioxo-2-phenyl- 
6,7-Dihydro-5,8-dioxo-2,4-diphenyl- (with one 

6.7-Dihydro-5,8-dioxo-2-(2-pyridinyl)- 
6.7-Dihydro-5.8-dioxo-2-(2-thienyl)- 
3,4-Di hydro-5.8-diphenylamino- 
1,4-Dihydro-2-phenyi-1,4-bis(phenylmethyl)- 

1,4-Dihydro-2-phenyl-4-(phenylmethyl)-5,8- 

3.4-Dihydr0-2-phenyl-5.8di- 1 -piperidinyl- 
6.7-Dihydro-2-phenyl-5.8dit hioxo- 
3,4-Dihydro-5,8-di-l-piperidinyI-2-(2-thienyl)- 
5,8-Bis(3,4-dihydro-1(2H)-quinolinyl)-2-phenyl- 
4-H ydroxymet hyl-5.8-di-4-morpholinyl- 

S.X-Bis(isopropylamino)-2-( 3-met hylpheny1)- 
5,8-t)is(isopropylamino)-2-phenyl- 
S,R-Bis[( 2-met hoxyet hyl)amino]-2-phenyl- 
5.8-Dimet hox y-2-phen yl- 
4-( 1.1 -Dimethylethylj-I,4-dihydro- 
5,8-di-4-morpholinyl-2-phenyl- 

5.8-Di-[(N-methyl-2-hydroxyethyl)amino]- 
2-phenyl- 

6-[2-(2-Methyl-4-morpholinyl)ethyi]- 
8-(4-morpholinyl)-5-(6H)-oxo-2-phenyl- 

64 I -Methylethyl)-8-(4-morpholinyl)-5-(6H)- 
0x0-2-phen yl- 

7-[2-(2-Methyl-4-morpholinyI)ethylJ- 
8-(4-morpholinyI)-5(6H)-oxo- 

5.8-Bis(2,6-dimet hyl-4-morpholinyl)-2-met hyl- 
5,8-Bis(2-met hyl-4-morphoiinyl)-2-phenyl- 

4-propy l- 

3-propyl- 

1 .4-dipropyl- 

4-(3-pyridinyl)- 

4-(3-pyridinylmet hyl)- 

442-thienyl)- 

equivalent of hydrazine) 

5.8-di- I-piperidinyl- 

di-l-piperidinyl- 

2-phenyl- 

228-230 

201-204 

75-80 

164-166 

195-1 96 
238-240 

162-164 
> 300 
> 300 
> 300 
> 300 
> 300 

236-238 (d) 
> 300 
>300 
133-137 

22 1-224 

238-243 
118-121 
269-272 
130-133 
2 19-22 I 

19&192 

265 

204-206 

297 (d) 

119-121 

168-1 69 

273-274 

116-117 

169-171 

168- 169 
209-2 I2 
165-167 

52. 54 

50.66 

51.66 

52. 54. 66 

52. 66 
NMR 50, 66 

52. 54. 66 
32 
32 
32 
32 
32. 50, 66 

32 
32 
32 

NMR 50.66 

51 

51.66 
N M R  50 

47. 50 
NMR 50, 66 

47.66 

54 
47. 50, 66 
47,66 
47.66 
47, 50, 66 

52, 66 

47. 66 

53. 66 

53. 66 

53 
47, 50. 66 
47, 66 
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TABLE 2. (Continued) 

Su bst i t uen ts mP Other Data References 

5,8-Bis(2,6-dimethyl-4-morpholinyl)- 1.4- 
dih ydro-2-phen yl- 

S.R-Bis(2.6-dimet hyl-4-morpholinyl)- 1,4- 
dihydro-2-phenyl-1,4-bis(phenylmethyl)- 

5,8-Bis(2,3-dimet hyl-4-morpholinyl)-2-phenyl- 
2-(3-Methylphenyl)-5.8-di4morpholinyl- 
4-(3-Methylbutyl)-5,8-di4morpholinyl- 

4-(2-Methylpropyl)-5,8-di-4-morphoIinyl- 

4.8-Biq3-met hylbutyl)-5-(4-morpholinyl)- 

4,8-Bis(l-methylethyl)-S-(4-morpholinyl)- 

44 I -Methylethyl)-5,8-di-4-morpholinyl- 

4-Methyl-5,8-di4morpholinyl-2-phenyl- 
2-Methyl-4(3H)-oxo- 
2-Methyl-5(6H)-oxo- 
8-Methyl-S(6H)-oxo- 
2,8-Dimethyl-5(6H)-oxo- 
8-Met hyl-5(6H)-oxo-2-phenyl- 
2,8-Dimethyl-5(6H)-oxo-6-phenyl- 
8-[( I-Methylethyl)amino]-Y6H)-oxo-2-phenyl 
5.8-Bia4-met hyl- 1 -piperazinyl)-2-phenyl- 
5,8-Bis(methylthio)-2-phenyl- 
2-(3-Methylphenyl)-5,8-di- 1 -piperidinyl- 

2-(3-Methylphenyl)-5,8-di- I-piperidinyl- 
5,8-Di-4-morpholinyl-2-[ 5-(4-morpholinyl)- 

5,8-Di-4-morpholinyl-2-(2-naphthalenyl)- 
5,8-Di-4-morpholinyl-2-(4-nitrophenyl)- 
5-(4-Morpholinyl)-8(7H)-oxo-2-phenyl- 
8-(4-Morpholinyl)-5(6H)-oxo-2-phenyl- 
8-(4-Morpholinyl)-6-[3-(4-morpholinyl)propyl]~ 

8-(4-Morpholinyl)-6-[2-(4-morpholinyl)ethyl]- 

8-(4-Morpholinyl)-S(6H)-oxo-2-phenyl-6- 

8-(4-Morpholinyl)-5(6H)-oxo-2-phenyl-6- 

8-(4-Morpholinyl)-5(6H)-oxo-2-phenyl-6- 

8-(4-Morpholinyl)-S(6H)-oxo-2-phenyl-6- 

2-phen yl- 

2-phenyl- 

2-phenyl- (monohydrochloride) 

2-phen yl- 

2-phenyl- 

(monohydrochloride) 

2-furanyl]- 

5(6H)-oxo-2-phenyl- 

5(6H)-oxo-2-phenyl- 

(phenylmethy1)- 

(2-phenylethy1)- 

(3.3-diphenylpropy1)- 

114 119 

182-183 
149- I53 
160-162 

157-159 

167-169 

155 158 

143-144 

191-192 
188- 190 
235 (d) 
219 
210 
216 
339 
185 
293-296 
152-154 
174 176 

226228 
226-228 

222 
21 6-2 I8 
269-270 
303-305 
> 305 

145-146 

183-184 

166-168 

161-162 

116117 

{2-[4-(3,3-diphenylpropyl)-l-piperazinyl]ethyl)- 155-1 56 
8-(4-Morpholinyl)-2-phenyl- 183-1 85 
5,8-Di-4-morpholinyl-2,4-diphenyl- 229-230 

50 

51 
47.66 
47. 66 

54 

54 

54 

54 

54 
54. 66 

IR, UV 41 
NMR 35 
NMR 35 
NMR 35 
NMR 35 
NMR 35 

49 
47. 66 
47, 50, 66 

47 
47. 66 

50. 66 
47 
47. 66 
47 
47. 53, 66 

53, 66 

53, 66 

53. 66 

53.66 

53. 66 

53, 66 

54. 66 
NMR 52 
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TABLE 2. (Continued) 

Substituents mP Other Data References 

5-(4-Morpholinyl)-2-phcnyl-4,8- 

5,8-Di-4-morpholinyl-2-phenyl-4- 

S,8-Di-.l-morpholinyl-2-phenyl-4- 

5-(4-Morpholinyl)-2-phenyl-4.8- bis(2- 

5-(4-Morpholinyl)-2-phenyl-X-( 1 -piperidinyl)- 
8-(4-Morpholinyl)-2-phenyl-5-( 1 -piperidinyl)- 
5.8-Di-4-morpholinyl-2-phenyl-4-propyl- 
5-(4-Morpholinyl)-2-phenyl-4,8-dipropyl- 
5,8-Di-4-morpholinyl-2-phenyl-4-( 3-pyridinyl). 
5.8-Di-4-morpholinyl-2-phenyl-4-( 2-thieny1)- 
5,8-Di-4-morpholinyl-2-(2-pyridinyl)- 
5,8-Di-2-morpholinyl-2-( 2-thieny1)- 
2-(4-Nitrophenyl)-5,8-di- I -piperidinyl- 

bis(phenylmethy1)- 

(phenylmethy1)- 

(2-phenylethy1)- 

phenylethy1)- 

4(3H)-OXO- 
2.4-( 1 H,3H)-Dioxo- 
4( 1 H)-Oxo-2-(phenylamino)- 
5(6H)-Oxo-6-phenyl- 
2,4( I H,3H)-Dioxo-4-thio- 
2-Phenyl-5.8-bis(phenylthio)- 
2-Phenyl-S,8-bis[(phenylmethyl)thio]- 
2-Phenyl-5.8-di-l-piperidinyl- 
2-Phenyl-5,8- bis[4-(phenylmethyl)- 

2-Phenyl-5,8-dipropylamino- 
2-Phenyl-5.8-di- 1 -pyrrolidin yl- 
2-Phenyl-5.8-di-4-t hiornorpholin yl- 

I-piperazinyll- 

170-172 

163-164 

189-191 

202-204 
159-161 
156-158 
158-1 61 
207-210 
254-256 
224-226 
197 
2W203 
22 1-223 
330 (d) 
> 360 
> 330 
158 
310 (d) 
209-2 I2 
189-192 
144 

181-182 
227-229 
141-142 
198-200 

4,8-Di-piperidinyl-2-L5-( I-piperidinyl)-2-furanyl]- 185 
5.8-Di- I -pipridinyl-2-(2-thienyl)- 158-159 
5,8-Bis(propylthio)-2-phenyl- 103-105 
2.4(1 H,3H)-Dithioxo- > 360 (d) 

54 

54,66 

54 

54 
47 
47 
54 
54 
54 
54 
47.66 
47. 50, 66 
47. 66 

IR, UV 41 
IR, NMR. UV 40 
IR, NMR, UV 42 
NMR 35 
IR, NMR, UV 41 

47 
47 
47, 50, 66. 67 

47,67 
47 
47, 66. 67 
47. 66 
47. 66 
47, 50, 66 
47 

IR.  NMR 41 

TABLE 3. THE PYRIMIDO[5,4-c]PYRIDAZlNES 

Substituents 

&Amino- 
6-Amino-8(211)-0~0-2-phenyl- (monohydrochloride) 
6-(Dimethylamino)-8(2H)-oxo-2-phenyl- 
1 .5-Dihydro-3,6.8(2H,4H.7H)-trioxo- 
3-Methyl-6,8(5H,711)-dioxo- 

6.8( SH,7H)-Dioxo- 
6,8(211.71f)-Dioxo-2-phenyl- 
8(7H)-Thioxo- 

X(7Hb-0~0- 

mP 

295 (d) 
245 (d) 
> 300 
> 300 
1 3 0 0  
> 300 
> 380 
> 300 
>400 

Other Data Reference 

IR. UV 27 
NMR 44 
NMR, UV 44 
IR, UV 43 
IR. UV 27 
IR ,  U V  27 
I R ,  UV 27 
NMR, U V  44 
IR ,  UV 27 
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TABLE 4. MISCELLANEOUS PYRIMIDOPYRIDAZ1NES 

Name m p  Other Data Reference 

Acetamide, N-[4-(acetylamino)-8-cyano-6- 
phenyl-2-(trichloromet hyl)pyrimido[4,5- 
d]pyridazin-5(6H)-ylidene]- > 3 0 0  I R , N M R  38 

rnethylpyrimido[4,5-c]pyridazin-5- 
Eknzaldehyde, (1.4-dihydro-3- 

ylHhydrazone) 250 251 IR, NMR 21 
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CHAPTER V 

Pyrimidooxazines and Pyrimidothiazines 

1. NOMENCLATURE 

There are six possible isomers in the pyrimidooxazine and pyrimidothiazine 
classes of fused pyrimidines. The figure below illustrates each of the isomers, 
along with their names and appropriate numbering system. The interior num- 
bers and letters indicate how the names are derived while the exterior numbers 
indicate how substituents on the ring are assigned. Regardless of the position of 
the oxygen or sulfur atoms the oxazine or thiazine portion of the molecule does 
not behave very much like an aromatic system. Indeed, many of the known 
derivatives do not possess a ~t bond connecting the nitrogen to an adjacent 
carbon. 

As with several other ring systems described in this book, one isomer has been 
the object of most of the chemical interest. In this case the pyrimido[4,5-6] 
[ 1,4]oxazines, la, and thiazines, Ib, as the most obvious analogs of the biolo- 
gically important pteridines, occupy the preeminent position among all of these 
isomers. Consequently, this isomer will be described first. Both oxygen and 
sulfur analogs of 2 and 3 are also significant targets of experimental work, 
although somewhat less so than 1. The three remaining isomers, curiously, have 
barely been examined. In fact, only the oxygen analogs, 4a and 5a, have received 
any attention while the sulfur containing isomer 6 is the subject of only limited 
investigation. 

The description of the synthesis of the various derivatives of each isomer that 
has received significant attention will be covered separately. The oxygen and 
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sulfur analogs will also be treated independently. However, the chemical reac- 
tions associated with these compounds will be discussed together under the 
appropriate heading of reactions. 

2. Methods of Synthesis of the Ring System 

A. Synthesis of Pyrimido[4,54] [ 1,4]oxazines 

(1) From Pyrimidines 

All of the known derivatives of this isomer have been prepared from pyrimi- 
dine precursors. Furthermore, the overwhelming majority of precursors are 
ortho-substituted amino- (or substituted amino-) hydroxypyrimidines. 

Russell, Hitchings and Elion' provided the first example of this series when 
they treated 5-chloroacetamido-2,6-dihydroxy-4-methylpyrimidine, 7 (R = OH; 
R'  = Me), with barium hydroxide. The pyrimidooxazine, 8 (R = OH; R '  = Me; 
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R 2  = H), obtained in 30% yield, was subjected to spectroscopic investigation to 
confirm the assigned structure. Other derivatives of 8 (R = NH,, MeNH, 
Me,N, OH, or NH,; R' = Me; R2 = H or Me) are also described.' I t  is worth 
noting that these compounds can be portrayed as enols rather than lactams. 
However, no attempts were made by early investigators to assign the structure 
one form or the other. For convenience the lactam structure will be used 
whenever no evidence to the contrary is presented. 

In a subsequent report 7 (R = R' = NH,) afforded the corresponding 8 
(R = R'  = NH,; R 2  = H) upon treatment with the weaker base, sodium bicar- 
bonate.' This result corrects an earlier assignment of the product as a dihydro- 
xanthopterin.' 

R' H 
I I 

R OH 

7 

R' H 

8 

More recently, 5-aminopyrimidines have been treated with monochloroacetic 
acid, followed by sodium carbonate, to form directly the corresponding 
pyrimido[4,5-b] [1,4]oxazines 8 (R = Me or H; R' = CI or OH; R 2  = H).j 

A single example of a dimethyluracil analog has been described.* 1,3- 
Dimethyl-4,5-diaminouracil, heated to 165 "C with rnonochloroacetic acid 
afforded the corresponding 1,3-dimethyl-2,6,8-trioxo-1,2,3,6,8,9-hexahydro- 
pyrimido[4,5-b] [ 1,410xazine. 

Other studies originally designed to prepare pteridine derivatives involved the 
condensation of 2,4,5-triaminopyrirnidin-6(IH)-one, 9 (R = R' = NH,), with a- 
bromoisopropyl methyl ketone. The unexpected product was a pyrimido[4,5-b] 
[1,4]oxazine, 10 (R = R' = NH,).5 Spectral and chemical properties of this 
product supported the assigned structure. Further examples of this reaction 
were reported involving combinations in which R = NH,, H, or NHAc and 
R' = NH,, Me,N, MeNH, cyclohexylNH, or AcNH.' 

R' R' 

9 1 0  
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Other a-halogenated ketones were found to give, as the major products, the 
corresponding pyrimido[4,5-b] [ 1,4]oxazines, along with lesser amounts of the 
corresponding pteridines.' 

An extension of the use of a-halo ketones involved the condensation with 2,5- 
diamino-4,6-pyrimidinediol, 11, in the presence of sodium bicarbonate.6 In this 
manner a series of products were obtained, 12 (R = Me, n-pentyl, Ph or 
Ph(CH2),_,; R '  = Me or Ph) in yields ranging from 50 to 70%.6-8 

OH OH 

1 1  1 2  

The design of pyrimido[4,5-h] [ 1,4]oxazines based on biological rationale 
began approximately 10 years ago. Specifically, the substitution of the oxazine 
ring for the pyrazine ring of folic acid analogs spurred considerable interest in 
this fused pyrimidine. 

The introduction of functional groups into position 6 was first demonstrated 
through the condensation of 11 with ethyl 4-chloroa~etoacetate.~ The structure 
of the resulting 6-ethoxycarbonylmethylene derivative, 13 (R = CHCO,Et), was 
assigned on the basis of NMR data. The use of ethyl bromopyruvate leads, 
however, to the 6-ethoxycarbonyl derivative 12 (R = C0,Et: R '  = H).9 Elabor- 
ation of these derivatives into the more complex folk acid structures has been 
described." 

13 

I t  was, of course, a logical step to construct a-halo ketones containing a 
greater portion of the desired folate side chain. Thus, 4-carbomethoxyphen- 
acylbromide was prepared and condensed with 11 to give the corresponding 
fused pyrimidine, 12 (R = 4-MeOCOPh; R '  = H)." Either the methyl ester, 
through hydrolysis and coupling with diethyl glutamate, or condensation of the 
newly synthesized diethyl N-[4-( I -bromo-2-oxypropyl)benzoyl]-1.-glutamate, 
14, with 11 afforded the target compound, 15 (R = Et)." 

Through either route, hydrolysis of the ethyl esters gives the corresponding 
diacid 15 (R'  = H). 
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There is only one example describing the preparation of pyrimido[4,5-b] 
[ 1,410xazines in which the pyrimidine precursor does not possess an amino 
group in position 5. 5-Bromo-4-methyluracil, 16, is heated to 110 “C with one 
equivalent of ethanolamine to give the corresponding fused ring product, 17.” 
Again it is noted that this is the only example of a pyrimido[4,5-b] [1,4]oxazine 
reported in a paper describing a number of pteridine derivatives. 

H 
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B. Synthesis of Pyrirnido[5,4-b] [ 1,4]oxazines 

(1) From Pyrimidines 

All of the members of this class of compound are derived from pyrimidines, 
and in particular pyrimidines bearing the hydroxy group at position 5 and an 
adjacent amino group. 

A general method for the preparation of 7-0x0 derivatives of this ring system 
was first reported in 1972.” The reaction of 5-hydroxy-6-aminopyrimidines, 18, 
with r-halo esters or a-halogenated acid halides has been reported to give the 
corresponding pyrimido[5,4-b] [ 1,4]oxazines 19 by several laboratories.12- 
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1 8  1 9  

The types of groups found in the pyrimidine portion of the molecule include 
alkyl, amino, and chloro while the oxazine portion contains alkyl, amidoalkyl, 
and esters. 

Treatment of 18 (R = NH,; R '  = Me) with either the dimethyl or diethyl 
ester of acetylene dicarboxylic acid leads to the o-quinoid structure 20 
(R = NH,; R '  = Me; R 2  = Me or Et). 

NyxcHcozR~ R' 

- 
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I 
A N  

18  

R 

H 

2 0  

Finally, the reaction of 18 (R = H or Me; R '  = C1) with a-chloroacetoacetic 
ester in the presence of triethylamine yields the corresponding pyrimidooxazines 
21 (R = H, Me; R '  = CI)." 

2 1  

The structural assignment is based on IR and NMR spectral data. 
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C. Synthesis of Pyrimido[4,5-e] [ lJ]oxazines 

(1) From Pyrimidines 

Investigations into the synthesis of derivatives of this isomer have been very 
limited. It is interesting to observe that the first synthesis of a pyrimido[4,5-e] 
[ 1,310xazine began with a 5-hydroxypyrimidine without a suitable adjacent 
group that could become part of the new ring. Thus, refluxing 2-methyl-4,5- 
dihydroxypyrimidine, 22 ( R  = Me), with aqueous formaldehyde and methyl- 
amine provided the cyclic structure, 23 (R = Me; R '  = Me).19 

2 2  23 

This new application of the Mannich reaction appears to have general 
applicability and has already been extended to incorporate hydroxy and phenyl 
groups at R and benzyl and cyclohexyl groups at R'.'9,20 

D. Synthesis of Pyrimido[4,5-d] [I 73]oxazines 

(1) From Pyrimidines 

6-Methyl-2-phenyl-4-substituted-phenylaminopyrimidine-5-carboxylic acids, 
24, serve as the precursors in the only examples of the synthesis of a 
pyrimido[4,5-d] [ 1,3]oxazine from a pyrimidine. The acids, treated with ethyl 
chloroformate, undoubtedly form a mixed anhydride that subsequently reacts 
with the amine function in the adjacent position to give the unusual structures 
25 (R = H, C1, EtO, or CF3).*' 

- 
Ph 

I 
R 

Ph 
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(2)  From Other Rings 

One example is reported for the synthesis of a pyrimido[4,5-d] [1,3]oxazine 
from another ring system although it is proposed to result from an unstable 
intermediate pyrimidine. Treatment of 1,3-dimethyl-5-nitroso-6-phenylpyrrolo 
[2,3-d]-2,4( 1 H,3H)-pyrimidinedione, 26, with tosyl chloride in pyridine leads to 
the unstable pyrimidine 27, which cyclizes on workup to the imino product 28 in 
90% yield.22 

2 6  2 7  2 8  

This product is, itself, capable of undergoing a Dimroth rearrangement to a 
pyrimido[4,5-d]pyrimidine. 

E. Synthesis of Pyrimido[5,4-d] [I ,310xazines 

(1) From Pyrimidines 

All of the pyrimidine precursors to the pyrimido[5,4-d] [ 1,3]oxazines have 
the same general structure, namely, an o-amino (or amido) carboxylic acid. 

Treatment of the pyrimidines, 29 (R = Ph or 3-CF3Ph; R' = R2 = H), with 
trifluoroacetic anhydride produced the fused pyrimidine products, 30 (R = Ph 
or 3-CF3Ph; R '  = H, R3 = CF,), in excellent yield.', 

2 9  3 0  

If an amide is used instead, 29 (R = R' = OH; R2 = COPh), refluxing in 
acetic anhydride gives an excellent yield of the phenyl-substituted product, 30 
(R = R' = OH; R 3  = Ph).24 
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F. Synthesis of Pyrimido[4,5-6] [ 1,4]thiazines 

(1) From Pyrimidines 

The majority of derivatives prepared originate from pyrimidines bearing an 
amino function in position 5 and a sulfur containing group in position 6 (4). 

In one of the earliest reports the pyrimidylthioacetic acid," 31 (R = NH,; 
R '  = Me; R 2  = CH,CO,H), formed the corresponding lactam product, 32 
(R = NH,; R '  = Me; R 3  = H), upon heating in dilute hydrochloric acid.25 The 
compound was characterized only by elemental analysis (as the monohydro- 
chloride monohydrate) and no other comment was made about it in the paper. 

3 1  32 

If the thiol derivative 31 (R = R 2  = H; R' = NH, or SH) is heated briefly 
with monochloroacetic acid to 140 "C the corresponding products 32 (R = R' 
= H; R' = NH, or SCH,CO,H) are obtained, presumably through the inter- 

mediate pyrimidylthioacetic acid, 31 ( R 2  = CH2C0,H).26 The IR spectrum 
supports the carbonyl moiety at position 6 rather than the enol form. Additional 
examples of this type of derivative using the same methodology have been 
reported. '* 2 8  

One further application of this approach is reported by Taylor and Garcia.29 
Compound 31 (R = H; R '  = MeO; R Z  = CH,C02H) cyclized directly to 32 
( R  = R, = H; R '  = MeO) under catalytic hydrogenation conditions used to 
form 31 from the corresponding 5-nitropyrimidine. This compound with a 35S 
label has also been described although it was prepared from the appropriate 
pyrimidylthioacetic ester." Alkyl groups may be introduced in position 7 (R3) 
by using a-substituted chloro (or bromo) acetic acids instead of chloroacetic 
acid, as described above. In this way a series of compounds (32: R = NH, or H; 
R'-= OH, MeO, or Me; R 3  = H, Me, Et, or i-Pr) has been ~ r e p a r e d . ~ '  

Treatment of 31 ( R  = R 2  = H; R '  = MeO) with bromomalonic ester affords 
the corresponding methoxy derivative 32 (R = H; R '  = MeO; R 3  = C0,Et) 
depending on reaction  condition^.^^ The methoxy product can also be obtained 
by condensation of 7 with diethyls~ccinate .~~ 

The pyrimidothiazine containing no other substituents, other than the 6-0x0 
moiety, 32 (R = R '  = R 3  = H), is prepared from an o-diamino structure rather 
than a sulfur containing pyrimidine. 4,5-Diaminopyrimidine, when heated with 



232 Pyrimidooxazines and Pyrimidothiazines 

mercaptoacetic acid, affords a 33% yield of 5H-pyrimido[4,5-b] [ 1,4]-thiazin- 
6(7H)-0ne.~j The course of the reaction most likely proceeds through formation 
of an amide at position 5 with the carboxylic acid portion of the molecule 
followed by attack of sulfur at position 4 giving a tetrahedral intermediate. Loss 
of ammonia completes the reaction. This is the only example of an o-diamine as 
the precursor and this interesting result has not been explored further. 

The use of a-halogenated ketones instead of the a-halo acids leads not to the 
6-0x0 derivative but rather to the dehydrated product. One Russian laboratory 
has developed the majority of this chemical methodology. Thus, 4-methoxy-5- 
amino-6-mercaptopyrimidine, 31 (R = R 2  = H; R '  = MeO), leads to 4- 
methoxy-6-phenylpyrimido[4,5-b] [1,4]thiazine, 33 (R = R 2  = R4 = H; 
R' = MeO; R3  = Ph), upon treatment with a-bromoa~etophenone.~~ Addi- 
tional pyrimidothiazines have been prepared using the same methodology in 
which compounds with substituents in the aryl portion of acetophenone and 
aliphatic bromomethyl ketones have been allowed to react with the same 
methoxy d e r i ~ a t i v e , ~ ~  as well as 2,5-diamin0-4-methyI-6-mercaptopyrimidine~~ 
and 4-chloro-5-methylamino-6-mercaptopyri~idine, where the product 33 has 
R 2  = Me.35 

R' R2 

33 

Extending this approach to include the ketoester, MeCOCHCICO,Et, af- 
forded the corresponding derivatives, 33 (R3  = Me; R4 = C02Et), and the 
aldehydo ester, OHCCHCICO,Et, gave 33 (R3 = H; R4 = C0,Et). Treatment 
of the pyrimidines with a-halo ketoesters, BrCH2COC02Et and 
ClCH2COCH2C02Et, provided the corresponding 6-substituted compounds, 
33 (R3  = C0,Et; R4 = H and R3 = CH,CO,Et; R4 = H), respectively.36737 
Similar aikylation of niercaptopyrimidines with a-halo a-substituted ketones, 
followed by cyclization gave the 7-ketones 33(R4 = COMe, COEt, or COPh).38 

Finally, esters of fl-halo-a,y-diketoacids leads to the formation of 6,7-dis- 
ubstituted compounds of the type 33 ( R 3  = C0,Et; R4 = COMe, COEt, COPr, 
or COPh).39 

The previous discussion focused on the preparation of pyrimido[4,5-b] 
[ 1,4]thiazines in which a carbonxarbon double bond was assumed to be 
located between C-6 and C-7. This unsaturation typically arose from a dehydra- 
tion reaction. In some instances, for example, where nitrogen contained a methyl 
group, the location of the resulting double bond is certainly correct. It should be 
pointed out, however, that no reports cited specifically addressed the evidence 
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for the assignment of the location of the double bond. In the following discus- 
sion it is again assumed that the location of the double bond is between N-5 and 
C-6, as the authors have indicated. For some cases, where disubstitution occurs 
at position 7, for example, it is not possible for the double bond to be located at 
the C-6-C-7 bond. Again, no definitive arguments have been put forth in those 
cases where structure does not absolutely prohibit an assignment. 

The first case, then, of this type of structure arises from the treatment of 5- 
amino-6-mercapto-4-methoxy-pyrimidine, 31 (R = R 2  = H; R '  = MeO), with 
I-chloroacetophenone in alkaline solution. The product, 34 (R = R3 = H; 
R '  = MeO; R 2  = Ph), is obtained directly in 62% yield.,' The extended con- 
jugation between the phenyl substituent and the pyrimidine ring makes this a 
likely structure. 

R' 
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Additional examples exploring this method of synthesis have been provided in 
which the structure 34 contains phenyl or substituted phenyl rings at R2.40-42 
The use of uracil analogs, 31 (R = R '  = OH; R2  = H),43-44 isocytosine analogs, 
31 (R = NH,; R '  = OH; R2  = H),4' and the 5-amino-6-mercapto-1,3-dimethyl- 
uracil4" have also been described. 

An interesting structure commanding a fair amount of interest is the 6-amino 
derivative. Sokolova et a1.32-47 report thecyclization of31 ( R  = NH,; R '  = Me; 
R 2  = CH,CN) to give 34 (R = NH,; R' = Me; R2 = NH,; R3 = H).32*47 A 
phenyl group can be introduced at R 3  by using an a-halo, cx-phenylacetonitrile in 
the initial reaction with the mer~aptopyrimidine.~* 

"S-Labeled in the thiazine ring has been accomplished for pyrimido[4,5-h] 
[IPlthiazines, 34 (R = R 3  = H; R '  = MeS; R 2  = NH,),49 (R = R 3  = H; 
R'  = Me,N; R Z  = NH,)," and I4C for the methoxy group in 34 (R = R3 = H; 
R '  = MeO; R 2  = NH,)." 

Reaction of the triamino pyrimidine, 31 (R = R '  = NH,; R2  = H), with a- 
halo ketones in the presence of sodium acetate yields the corresponding 
pyrimido[4,5-b] [1,4]thiazines 34 (R = R '  = NH,; R2  = PH, CO,Et, or 
(CH2),NHPh-4-C0,Et; R 3  = H) in fair yield.', The 'H NMR evidence is 
reported to confirm the assignment of the structure as shown. 

The synthesis of a 6-hydroxymethyl derivative of 34 ( R 2  = CH,OH) was 
achieved by cyclization of a suitable pyrimidine 31 (R = NH,; R '  = OH; 
R 3  = H) with l-iodo-3-hydroxypropan-2-one in dry methanol and one equi- 
valent of KOH.'3 Spectral data were cited to support the structure. Thirty-eight 
other derivatives were claimed by the authors but no details were provided. 
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In what is described as initial studies designed to elaborate folic acid analogs 
possessing the thiazine ring in lieu of the pyrazine ring, a series of 6-substituted 
aryl derivatives of 36 have been prepared. Sodium dithionite reduction of the 
appropriate 5-nitropyrimidines, 35 (R = 4-MePh, 4-ClPh, 3-MeOPh, or 2- 
MeOPh),54 led to the products, 36, upon standing in the cold for 4 days. Yields 
ranged from 70 to 80%. 6-Phthalimidomethyl- and 6-phthalimidoethyl derivat- 
ives were also prepared.’* 

0 
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A large number of derivatives of 34 have been reported of which only two 
have dimethyl substitution at position 7.” The majority of the reported com- 
pounds, however, possess a phenyl substituent in position 6. Finally, condensa- 
tion of 4,5-diaminopyrimidine derivatives with a-bromoisopropyl methyl ke- 
tone has been shown to give 7,7-dimethylpyrimido[4,S-b] [ 1,4]thia~ines.~ 

Compounds in which both carbon atoms at positions 6 and 7 are quaternary 
usually arise upon cyclization to give the intermediate carbinol at position 6. In 
most cases, the carbinol eliminates water to give a double bond between N-5 
and C-6. A series of 6-OH compounds have been prepared from the appropriate 
5-methylaminopyrimidine, 37 (R = H), by treatment with a-halo ketones.56 The 
products, 38 (R’  = Me, CH,CI, or CH,CO,Et), can be isolated and have been 
examined by spectroscopic methods. An equilibrium between the pyrimido[4,5- 
b] [1,4]thiazine structures and the open form pyrimidines 37 (R = CH,CORZ) 
has been dete~ted.’~,’’ 

37 38 

An interesting and efficient process for the preparation of these reduced 
pyrimidothiazines begins with a 5-hydroxypyrimidine, 39 (X = 0 or NH). 
Treatment of the pyrimidine with N-bromosuccinimide (NBS), followed by 
heating with cysteamine or cystein ethyl ester, affords the products 40 (X = 0, 
NH; R = H or C0,Et) in generally good yields.” Although it was suggested 
that the 6-bromopyrimidine was the intermediate, this unstable compound 
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H H 

39 40 

could not be isolated. However, a pyrimidine in which ethoxy groups were 
present at positions 6 and 7 was isolated and this pyrimidine was also viewed as 
an intermediate in the reaction leading to the products. 

( 2 )  From Other Rings 

Although one might envision the starting material to be 6-chloro-1,3-di- 
methyl-5-nitrouracil, the thiazolo[5,4-d]pyrimidine I -oxide, 41, is isolated from 
the reaction with methyl thioglycolate.s9 Refluxing 41 with dimethyl acetylene- 
dicarboxylate results in the formation of the pyrimidothiazine, 42, as well as the 
expected pyrrolopyrimidine. A 1,3-dipolar cycioaddition of DMAD to the N -  
oxide is suggested as the initial step in this process. 

CH, CH, 

41 42 

G. Synthesis of Pyrimido[5,44][1 ,4]thiazines 

(1) From Pyrimidines 

The precursor to three different types of product is a uracil derivative. In the 
first case, the pyrimidylmercaptoacetic acids, 43 (R = alkyl; R' = alkyl or ally]; 
R 2  = CH,CO,H), formed the derivatives 44 on heating in acetic anhydride.60 

Compound 43 [R = R' = Me; R2  = C(NH,)lCl-], formed by the reaction 
of the 5-chloropyrimidine with thiourea, underwent alkylation with a-bromoke- 
tones followed immediately by cyclization to the pyrimido[5,4-b] [ 1,4]thiazines, 
45 (R = Me; R' = H, Me or Ph).6' 
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R R H  
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While the previous two examples are general approaches that have been seen 
before, the following case is a novel method, which takes advantage of the 
double-bond character of the C-5-C-6 bond in uracil. The reaction of 1,3- 
dimethyl-6-N,N-(allyImethylamino)uracil, 46, with sulfur dichloride at 0 "C gave 
a good yield of 1,3,8-trimethyl-6-chloromethyl-2,4-dioxo-6,7-dihydropyr- 
imidine[5,4-b] [ 1,4]thiazine, 47.62 

0 
I I  11 
CH3 CH3 CH3 CH3 
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The reaction appears to proceed via the addition of sulfur dichloride to the 
allylic double bond followed by cyclodehydrohalogenation at C-5. 

(2) From Thiazines 

After a failed attempt to prepare 2,4-diamino-q 1 H)-oxo-5-mercaptopyrimi- 
dine as the required pyrimidine precursor for the pyrimido[5,4-b] [ 1,4]thiazine 
of the type 49, a new strategy employing a thiazine as precursor was adopted. 
Condensation of diethyl chloromalonate with suitably substituted B-mercapto 
amines afforded the requisite thiazines 40 (R = H, Me, or Ph).45 This lactam 



2. Methods of Synthesis of the Ring System 731 
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could not be directly cyclized to the pyrimidothiazine. Treatment with triethyl- 
oxoniumtetrafluoroborate, however, gave a lactim ether that did cyclize in the 
presence of two equivalents of guanidine to give 49 (R = H, Me, or Ph) in 
moderate yield.45 

H. Synthesis of Pyrirnido[4,5-d] [ 1,4]thiazines 

(1) From Pyrimidines 

Several reports describe the reaction of 4-amino-5-chloromethyl-2-methyl- 
pyrimidine, 50, with thiourea to form an isothiuronium salt, which, when heated 
gave the pyrimido[4,5-d] [ 1,4]thiazine structure, 51.63-h5 

50 51 

I f  the isothiuronium salt is heated in neutral aqueous solution the imino 
derivative, 51 (X = NH), is obtained63b65 while heating in acid medium affords 
the 0x0 derivative, 51 (X = O).63.64 

A single example has been shown to arise from 6-amino- 1,3-dimethyluracil, 52 
(R = H). Reaction of 52 (R = H) with dimethyl sulfate and excess carbon 
disulfide in the presence of sodium hydroxide gives a good yield of the dithio 
compound, 53.66 Presumably the intermediate is a pyrimidine-5-carbodithioate 
52 [R = C(S)SMe]. 

Finally, a vitamin B,  derivative, 1'-methylthiaminium ion, was refluxed with 
thiourea to give a moderate yield of 1 -amino-7,7-dimethyl-4H-pyrimido[4,5-d] 
[ 1,3]thiazinium per~hlorate.~'  
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52 53 

1. Synthesis of Pyrimido[5,4e] [I ,3]thiazine 

(1) From Pyrimidines 

In 1 95768 a comprehensive study of the reactions of pyrimidine-5-carboxalde- 
hydes accounted for the only example of a pyrimido[5,4-e] [1,3]thiazine pre- 
pared to date. Treatment of the chloro-aldehyde, 54, with thiourea gave the 
pyrimidothiazine, 55. 

5 4  

3. REACTIONS 

5 5  

A. With Nucleophilic Reagents 

The simple displacement of a ring substituent by a nucleophilic group is one 
of the most common reactions in heterocyclic compounds. Therefore, it must 
have been disappointing to Taylor and Garcia29 when a variety of amines and 
hydrazine failed to displace the 4-methoxy substituent of the pyrimido[4,5-b] 
[1,4]thiazine, 56 (R = R' = H). 

Even the methoxy group of the 6-phenyl analog 34 (R = R3 = H; R' = M e 0  
R2 = Ph) could not be displaced by ammonia, although treatment of this 
compound with hydrazine hydrate in refluxing ethanol afforded a good yield of 
the corresponding 4-h ydrazino derivative.* 
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CH3O H 
I I 

5 6  

Hydrolysis of the 4-methoxy group, however, was more readily accomplished. 
Thus, treatment of 56 (R = R '  = H and/or alkyl) with 2 N HCI, at reflux, led to 
the 4-0x0-derivatives in modest yields." Hydrolysis of the methoxy group in the 
6-amino derivative 57 apparently accompanies the conversion of this compound 
into 58. Very little experimental detail is provided, h~wever ."~.  'O 
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No examples of displacement of a methoxy group in the pyrimidooxazines 
have been reported. By contrast, conversion of the 4-OH (or the tautomenc 0x0) 
group to a chloro substituent, by means of phosphorus oxychloride, followed by 
treatment with nucleophiles was more readily accompli~hed.~ In this way 
secondary amines have been introduced to give 4-(substituted amino)- 
2-methyl-6(7H)-oxo-pyrimido[4,5-b] [ 1,4]oxazines in yields above 50%. 

In the pyrimido[5,4-b] [ I,4]oxazine series the same strategy leads to 4- 
substituted amino derivatives, 21 ( R '  = substituted amino), in excellent yields.'* 
Infrared analysis of the products confirmed that reaction occurred at the chloro 
group and not at the ester functionality where an amide could be expected as the 
product. The hydrazino group was found to replace the chloro group in a 
related structure, 19(R = H; R '  = CI; RZ = Me, Et, or Pr),14 and the thio group 
was substituted for the chloro group in a single example, 19 (R = RZ = H; 

While the examples described above have illustrated chemistry that has 
occurred exclusively in the pyrimidine ring, there are similar cases of this type of 
chemistry in the thiazine derivatives. Treatment of the 6-oxopyrimido[4,5-b] 
[1,4]thiazines, 56 (R = H; R '  = H or CO,Et), with sulfuryl chloride gave the 7- 
chloro derivatives, 56 (R = C1). The chloro group, in turn, was replaced by a 
number of nitrogen nucleophiles to give 56 (R = substituted amino).71 

A systematic investigation of the introduction of functional groups into the 
thiazine portion of pyrimido[5,4-h] [ I  ,4]thiazines has been reported.60 The 

R' = c1).14 
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single compound 59 (R = R' = H) has been used as the starting material for a 
series of functional group interconversions. Treatment of this compound with 
one equivalent of bromine in chloroform and sodium bicarbonate gave the 6- 
bromo derivative 59 (R = H; R'  = Br). The use of one or two equivalents of 
sulfuryl chloride in glacial acetic acid produced the 6-chloro, 59 (R = H; 
R'  = CI), and 6,6-dichloro, 59 (R = R'  = CI), derivatives, respectively. 

Heating the 6-bromo compound in absolute ethanol gave the 6-ethoxy 
derivative, 59 (R = H; R'  = EtO), in 81 % yield. In similar fashion the 6-chloro- 
and 6,6-dichloro- derivatives were converted into the 6-methoxy- and 6,6- 
dimethoxy- derivatives upon heating in methanol. The 6-bromo compound, 59 
(R = H; R' = Br), sodium acetate, and acetic acid, heated on a steam bath for 
2 min gave the unstable acetoxy analog 59 (R = H; R' = MeCO). This, in turn, 
readily hydrolyzed to the hydroxy compound 59 (R = H; R'  = OH). Parallel 
chemistry was observed for the corresponding 5-oxide of 59.60 

Hydrolysis of an amino group to give an 0x0 group can also be achieved. 
Aqueous acid converts 6-aminopyrimido[4,5-b] [ 1,4]thiazines into the corres- 
ponding 6-0x0 compound.6Y*72 

B. Ring-Opening Reactions 

A number of chemical processes, primarily oxidation and hydrolysis, cause 
the oxazine or thiazine rings to open. In some cases the resulting pyrimidine is 
suitably substituted and, under the original conditions of the ring-opening 
reaction, recyclizes to give a new ring system. The newly formed pyrimidines, in 
other cases, are either stable in the reaction medium or lack the appropriate 
functionality to recyclize. These pyrimidines can be isolated. Examples of both 
types of reaction are covered in this section. 

The first example of a ring-opening reaction, followed by a recyclization, was 
reported by Russell, Elion, and Hitchings' and confirmed later by Pfleiderer and 
his co-workers.' The reaction involves the conversion of a pyrimido[4,5-b] 
[ 1,4]oxazine, 60, into a pteridine, 61, by heating with ammonia in an autoclave 
at 120°C. The major product was the 6-phenyl isomer with only traces of the 7- 
phenyl isomer being reported.' 

A second method for converting pyrimidooxazines into pteridines was ac- 
complished by refluxing the pyrimidooxazine with 1,2-dicarbonyl compounds. 
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Three 6,7,7-trimethylpyrimido[4,5-b] [ 1,4]oxazines, when treated with either 
biacetyl, ethyl pyruvate, or methyl glyoxal, were transformed into the corres- 
ponding 6,7-dimethylpteridines.' 

N o  pteridines appear to have been formed directly from pyrimidothiazines. 
However, a 9-deazapurine, 63, can be formed by heating 6-aryl-pyrimido[4,5-b] 
[1,4]thiazines, 62, in DMF at 130"C.43 

H H 
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A similar type of ring contraction results when the 6,6-diethoxy-pyrimido[5,4- 
b] [1,4]thiazine, 59 ( R  = R '  = EtO), isheated in acid or the 6-ethoxy-$oxide 
derivative is heated in ammonium hydroxide. A thiazolo[4,5d]pyrimidine is 
confirmed to be the product.60 

One final example of ring opening followed by a recyclization to a new ring is 
illustrated in the conversion of 64 to 65 under thermal  condition^.^^ 
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Not surprisingly, ring opening by means of reductive removal of a sulfur atom 
has been reported. What is surprising, however, is that only one report for such a 
process has appeared. Treatment of several 6-arninopyrimido[4,5-6] 
[1,4]thiazines, 66, with Raney nickel gives a ring-opened Schiff's base, 67.72 
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Nucleophiles play a major role in ring-opening reactions. In the 
[pyrimido[4,5-d] [ 1,310xazine series, treatment of 25 (R = Ar) with alcoholic 
sodium hydroxide provides the o-amino carboxylic acid, 24.” The reverse 
direction has been described previously as a method for the synthesis of this 
pyrimidooxazine.’ ’ Similar treatment with amines afforded the corresponding 
carboxamides. The reaction with aromatic amines and primary aliphatic amines 
is reported to proceed readily, while secondary aliphatic amines required 
prolonged heating2’ It should be noted, however, that the yields from treatment 
with aromatic amines are uniformly poor. 

Treatment of the pyrimido[5,4-b] [IPlthiazines, 59 (R = R’ = H), with am- 
monium hydroxide, methylamine, or n-propylamine resulted in its conversion to 
the corresponding 6-amino-5-(carbamoylmethylthio)-uracil.60 It is possible to 
recyclize these pyrimidines to the original compound by gently heating with one 
equivalent of aqueous sodium hydroxide.60 

Two equivalents of aqueous sodium hydroxide causes ring opening of 51 
(X = 0), which results in the formation of 4-amino-2-methyl-5-thiomethyl- 
~ y r i m i d i n e . ~ ~  Again, this is similar to the reverse pathway for the synthesis of 
this pyrimidothiazine. 

Oxidative conditions also provide facile ring opening. Compound 51 (X = 0) 
affords the sulfonic acid analog of the thiomethylpyrimidine upon heating with 
hydrogen peroxide in acetic acid at 70-80 cC.74 

Similarly, peracetic acid treatment of 4-methoxy-6(5H)-oxo-7(H)-pyri- 
mido[4,5-b] [ 1,4]thiazine gave 5-amino-4(3H)-oxo-pyrimidine-6-sulfonic 

C. Other Reactions 

Alkylation has been demonstrated to occur in the thiazine portion of pyrimi- 
dothiazines. Monoalkyl derivatives could be prepared by alkylating position 7 
of 56 (R = R’ = H) with one equivalent of an alkyl halide, stirred in 1 N 
aqueous sodium hydroxide for 24-48 h. The resulting alkylated product, 56 
(R = H; R’ = alkyl), could be further alkylated at position 7 to give a dialkyl 
derivative, 56 (R = R’ = alkyl), by essentially the same procedure used for 
monoalkylation. Two different alkyl substituents can be introduced in this 
way.27 

With the same compound, methylation is reported to occur at N-5. In this 
case, methyl iodide was added to a solution of the pyrimidothiazine in ethanol 
containing potassium hydroxide, and the mixture heated to 70-75 “C for 5 h.” 
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Reduction of the carbonyl group in the 1,3-thiazine ring has been described. 
Lithium aluminum hydride in THF reduces the carbonyl group in 1,2-dihydro- 
7-methyl-2(4H)-oxo-2H-pyrimido[4,5-d] [ 1,3]thiazine to a methylene moiety.74 

Reduction of the ring has also been reported. Thus, hydrogen and platinum 
oxide reduces the N-5 to C-6 double bond in pyrimido[4,5-h] [ 1,4]0xazines.~*~ 

Nondestructive oxidation is limited to reaction at the sulfur atom in pyrimi- 
dothiazines. Peracid oxidation of pyrimidothiazines, under mild conditions, 
affords the corresponding 5-oxide derivatives. This behavior has been observed 
in the pyrimido[5,4-6] [ 1,4]thiazines6' and pyrimido[4,5-b] [ 1,4]thia~ines.~~ 

The usual derivatives can be made from functional groups already existing in 
these heterocyclic systems. Acetylation of amino  group^^*'^ and Schiff bases of 
h y d r a ~ i n e s ~ ~  are reported. One example of the nitrosation of a ring nitrogen is 
also de~cribed.~ 

4. PATENT LITERATURE 

Very few of the pyrimidooxazines have been the subject of patent activity. 
Some 10 derivatives of the 2H-pyrimido[4,5-d] [ 1,3]oxazine-2,4( 1 H)-dione 
class, 68, in which changes at N-l and C-7 were made have been described in the 
most extensive patent report.76 Several sporadic and limited reports of patented 
compounds have appeared. 

0 
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The patent literature for the sulfur analogs is also sparse. Only one systematic 
collection of derivatives of pyrimido[4,5-h] [ 1,4]thiazine, 69, is worthy of 
mention. In this patent the pyrimidine portion of the molecule remains un- 
substituted while position 6 bears a series of alkoxycarbonyl groups and 
position 7 is substituted with a few acyl or aroyl 
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5. TABLES 

TABLE I .  THE PYRIMIDO[4.5-h] [1,4JOXAZINES 

Substituents mP Other Data References 

A. The 2H-Isomers 

4-Amino-3.7-di hydro-6.7-dimet hyl-2-0x0- 246247 (d) 
4-Amino-1,7-dihydro-1.6.7,7-tetramethyl-2-oxo- IY6 
4-Amino-3,7-dihydro-3,6,7,7-tetramcthyl-2-oxo- 330 (d) 

4-Amino-3,7-dihydro-3,6,7-trimethyl-2-oxo- 234-236 
4-Amino-3,7-dihydro-3-methyl-2-oxo-6,7-diphenyl- 230-232 (d) 

4-Amino-3,7-dihydro-6,7,7-trimethyl-2-0~0- 253-255 (d) 

4-Amino-3,7-dihydro-2-0~0-6-phenyl- 
5-(2-Chloroethyl)-3,5,6,7-tetrahydro-3- 

1.5.6,7-Tetrahydro-4-methyl-2-oxo- 
(2-hydroxyethyl)-2-0~0- 

(monohydrobromide) 

B. The 4H-Isomers 

2-Amino-6-carboxy- 1,7-dihydro-4-oxo- 
2-Amino-6-carboxymethylene-3,5-di hydro-4-0x0- 
2-Amino-6-{ [4-carboxyphenyl)amino]carbonyl I- 

2-Arnino-6-L(4-~arboxyphenyl)methylJ- 

2-Amino-6-(4-carboxyphcnyl)- 1.7-dihydro-4-oxo- 
2-Amino-6-[(ethoxycarbonyl)-( bromo)- 

2-Amino-6-[ (et hoxycarbonyl )- 

1 ,l-dihydro-.l-oxo- 

1.7-dih ydro-40x0- 

methinyll- 1.5-dihydrod-0x0- 

(4-ethoxycarbonylphenylamino)-met hinyll- 
1 .S-dihydro-4-oxo- 

2-Amino-6-et hoxycarbonyl- 1,7-dihydro-4-oxo- 
2-Amino-6-[(ethoxycarbonyl)-methinyl]- 

2-Amino- 1,7-dihydro-6-[4- 

2-Amino- I ,7-dihydro-6-[4- 

2-Amino-] ,7-dihydro-6,7-dimethy1-4-0~0- 
2-Amino- 1,7-dihydro-6-met hyl-4-0x0- 
2-Amino- 1,7-dihydro-6.7,7-trirnethyl-4-0~0- 
2-Amino- 1,7-dihydro-7-methyl-4-0~0-6-phenyl- 
2-Amino- 1,7-dihydro-6-met hyl-4-oxo-7-phenyl- 
2-Amino-I ,7-dihydro-4-oxo-6.7-diphenyl- 
2-Amino- 1,7-dihydro-4-0~0-6-phenyl- 
2-Amino-4-oxo-6-pentyl- 
2-Arnino-4-0~0-6-(4-phenylbutyl)- 
2-Amin0-4-0~0-6-(2-phenyle:hyl)- 
2-Amino-4-oxo-6-(phenylmethyl)- 
2-Amin0-4-0~0-6-(3-phenylpropyl)- 

I ,5-dihydro-4-0~6- 

(methoxycarbonyl)phenyl]-4-oxo- 

(methoxycarbon y1)phen ylmet h yl J-4-0x0- 

327-330 (d) 

267 

> 300 
> 3 0  

212-216 (d) 
257-260 (d) 

> 305 (d) 

289-290 (d) 

> 320 
320 
260 (d) 

314-316 (d) 
294-296 (d) 

> 298-299 (d) 

303-305 (d) 
272-275 
259-263 
280-284 

250-253 
239-242 

uv 5 
uv 5 
uv 5 
uv 5 
uv 5 
uv 5 
uv 5 

16 

IR, NMR, UV 1 1  

IR, NMR, UV 9, 78 
IR. UV 9, 78 

IR, NMR, UV 78 

NMR. UV 10 
NMR. U V  10 

IR, N M R  9 

9 IR ,  N M R  
I R , N M R , U V  9 

I R , N M R , U V  9 

10 NMR, UV 

NMR 10 
NMR, UV 6, 7 
NMR, UV 6, 7, 9 
NMR. UV 8 
NMR, UV 
NMR, UV 
NMR, UV 
NMR. UV 
NMR, UV 
NMR, UV 
NMR, UV 
NMR, UV 
NMR, UV 

6. 7 
6, 7 
6, 7 
6, 7 
7 
7 
7 
7 
1 
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TABLE 1. (Continued) 

Substituents mp Other Data References 

1.5-Dihydro-2-methyl-4,6(7H)-dioxo- 295296 
1,5-Dihydro-4,6( 7H)-dioxo- > 300 

3 
3 

C. The SH-lsomers 

2,4Diace1ylamino-6,7-dihydro-6,7,7-trimethyl- 170- 174 uv 5 
2-Amino-S-form yl- I ,4,6,7-tetra hydro-6,7- 

2-Amino-5-formyl- 1,4.6.7-1etrahydro-6-methyl- 

2-Amino-5-formyl- I ,4,6,7-tetrahydro-6-met hyl-40x0- 

dimet hyl-40x0- 272-274 (d) NMR, UV 6 

4-0x0- 286-288 (d) NMR, UV 6 

7-phenyl- 

4-0x0-6-phen yl- 

6.7-diphenyl- 

6-phen yl- 

(free base) (monohydrochloride) 

5-nitroso- 

2-Amino-5-formyl- 1.4.6.7-tetrahydro-7-methyl- 

2-Amino-5-formyl- 1,4,6,7-tetrahydro-4-0~0- 

2-Amino-5-formyl- I ,4,6,7-tetrahydro-4-0~0- 

2-4-Diamino-6.7-dihydro-6,7,7-trimethyl- 

2.4-Diamino-6.7-dihydro-6.7.7-trimethyl- 

2-Amino-6-hydroxy-4-methyl- 
2-Amino-6-hydroxy-4,7-dimet hyl- 
2-Amino-4,6(3H,7H)-dioxo- 
2.4-Diamino-q7H)-oxo- 
4-Chloro-2-methyl-6(7H)-oxo- 
4-( Diethylamino)-2-methyl-6(7H)-oxo- 
2-( Dimethylamino)-6-hydroxy-4-methyl- 

44 Dimethylamino)-2-methyl-q7H)-oxo- 
6.7-Di hydro-6-methyl-2-propyloxy- 
6-Hydroxy-2-met hylamino-4-met hyl- 
2.6-Dih ydrox y-4-met hyl- 
2,6-Dihydroxy-4,7-dimethyl- 
2-Methyl-4-(4-morpholinyl)-6(7H)-oxo- 
1.3-Dimethyl-2,4,6( I H,3H,7H)-trioxo- 
2-Methyl-6( 7H)-oxo-4-( 1 -piperidinyl)- 

D. The 7H-lsomers 

2,4-Diacetylamino-6,7,7-trimet hyl- 
2-Amino-4-(cyclohexylamino)-6,7,7-trimethyl- 
2-Amino-4-(dimethylamino)-6,7,7-trimethyl- 
2,4Diamino-6,7-dimethyl- (monohydrochloride) 
4-Amino-6.7.7-lnmet hyl- 
2,4Diamino-6,7,7-trimethyl- 
2-Amin0-6,7,7-trimethyl-Q(methylamino)- 
2,4-Diamino-6-phenyl- 
2,4-Diamino-6,7-diphenyl- 

> 320 

310-313 (d) NMR, UV 

315-318 (d) NMR, UV 

273-274 (d) NMR. UV 
2 1 8-220 uv 
[239-240 (d)] 

255 (d) uv 
290 (4 
299 (d) 

uv 
uv 

235-236 
179-180 
311--312 (d) 
22Cb250 (subl) 
195- 196 

34&350 (d) 
348-349 (d) UV 
338-340 (d) 
238-239 
26 1-263 
187-1 89 

165-1 67 uv 
212 (d) uv 
192-19 3 uv 
271--273 (d) UV 
228-230 uv 
250-251 (d) UV 
217-219 (d) UV 
> 360 uv 

282 (d) uv 

6 

6 

6 

6 
5 

5 
I. 79 
1 
2 
2 
3 
3 
1 

3 
80 
1 
1 
1 
3 
4 
3 

5 
5 
5 
5. 7 
5 
5 
5 
5. 7 
5. 7 
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TABLE 2. THE PYRIMlDO[5,4-h] [1.4]OXAZINES 

Substituents mP Other Data References 

A. Thr 1H-Isomers 

2-Acetylamino-6.7-dihydro-4-methyl-7-oxo- 
2-Acetylamino-6,7-dihydro-4,6-dimethyl-7-oxo- 
2-Amino-6-carbamoylmethyl-6,7dihydro-4- 

methyl-74x0- 
2-Amino-6-[ N-(4-~hlorophenyI)carbamoyl- 
methyl]-6,7-dihydro-4-methyl- 7-0x0- 

2-Amino-6-[N-(ethylamino)carbamoyl- 
methyl]-6,7-dihydro-4-met hyl-7-0x0- 

2-Amino-6-ethyl-4-met hyl-7(6H)-oxo- 
2-Amino-6,7-di hydro-6-[N-(4- 
methoxyphenyl)carbamoylmethyl]-4- 
methyl-7-0x0- 

2-Amino-6,7-dihydro-4-met hyl-6-[N-(4- 
methylphenyl)carbamoylmethyl]-7-oxo- 

2-Amino-6,7-dihydro-4-methyl-6-[ N42- 
napthalenyl)carbamoyImethyl]-7-oxo- 

2-Amino-6,7-dihydro-4-methyl-6-[ N-(4- 
nitrophenyl)carbamoylmethyl]-7-oxo- 

2-Amino-4-methyl-7(6H)-oxo- 
2-Amino-4,6-dimethyl-7(6H)-oxo- 
4-Azido-6ethyl-7(6H)-oxo- 
4-Azido-bmethyl-7( 6H)-oxo- 
4-Azido-7(6H)-oxo-6-propyl- 
6-Butoxycarbonyl-6,7-dihydro-2-methyl-4- 

4-Chloro-6-et hoxycarbonyl-6,7-dihydro-2- 

4-Chloro-6-ethoxycarbonyl-6,7-di hydro-7-0x0- 
4-Chloro-6-ethoxycarbonyl-7-met hyl- 
4-Chloro-bet hoxycarbonyl-2,7-dimethyl- 
4-Chloro-bethyl-2-met hyl-7(6M)-oxo- 
4-ChIoro-bethyl-7(6H)-oxo- 
4-Chloro-2-met hyl-7(6H)-oxo- 
4-Chloro-6-methyl-7(6H)-oxo- 
4-Chloro-2,6-dimethyl- 7(6H)-oxo- 
4-Chlor0-6~6-dimet hyl-7(6H)-oxo- 
4-Chloro-2,6,6-trimethyl-7(6H)-oxo- 
4-Chloro-2-methyl-7(6H)-oxo-6-propyl- 
4-Chloro-7(6H)-oxo- 
4-Chloro-7(6H)-oxo-6-propyl- 
4-(Diethylamino)-6-ethoxycarbonyl-7-methyl- 
6-Ethoxycarbonyl-4-(4- 

[(diethylamino)carbonyl]- 1 -piperazinyl}- 
7-methyl- 

6-Ethoxycarbonyl-7-met hyl-4-(4-morpholinyl)- 
bEthoxycarbonyl-2,7-dimethyl-4-(4-morphoIinyl~ 
bEthoxycarbonyi-7-methyl-4- 

(4-morpholinyl)-7-oxo- 

methyl-7-0x0- 

245-246 
225-227 

> 300 

> 300 

> 300 
> 300 

> 300 

> 300 

> 300 

> 300 
> 345 
> 300 
190-191(d) 
200-201 (d) 
151-152 

185-187 

172- I74 
138- I39 
260 (d) 
229-230 
155.0-155.5 
171.5-1 72.0 
175.5- 176.0 
177.5 178.0 
169.5-170.5 
18 1-1 82 
155.5-1 56.0 
151-1 52 
222-224 
164-165 
177- I79 

156-158 
227-229 
210-21 1 

12 
12 

I R ,  NMR 15 

15 

I5 
I 2  

15 

I5 

15 

15 
IR 12, 13 
IR 12, 13 

14 
14 
14 

IR 17 

IR, NMR 17 
IR 17 
IR, NMR. UV I 8  
IR, NMR, UV 18 

12, 14, 17, 81 
14 
12, 14, 81 
14 
12, 14, 84 
14 
14 
14 
12, 14 
14 

IR, UV 18 

IR, UV 18 
IR, UV 18 
IR. UV 18 

[(phenylmethyl)amino]- 187-188 IR, U V  18 
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TABLE 2. (Continued) 

Substituents mP Other Data References 

6-Ethoxycarbonyl-7-methyl-4-( I -piperidinyl)- 
6-Ethoxycarbonyl-2.7-dimethyl-4-( 1 -piperidinyl)- 
6-Ethyl-2-rnethyl-4,7(6H.8H)-dioxo- 
6-Elhyl-4,7(6H, 8H)-dioxo- (hydrazone) 
4-Hydroxy-2-methyl-7(6H)-oxo- 
6-Methyl-4,7(611.81/)-dioxo- (hydrazone) 
2,6-Dimethyl-4,716H,UH)-dioxo- 
2.6.6-Trimet hyl-4,7(6H,8H)-dioxo- 

4,7(6H.8H)-Dioxo-6-propyl- (hydrazone) 
7(6H)-Ox0- 

B.  77te 6H-Isomers 

2-Acetamido-8-acetyI-7,8-dihydro-4,6- 

2-Amino-6-et hoxycarbonyl-7,8-di hydro-4- 

2-Amino-6-ethoxycarbonyl- 1.7-dihydro-4- 

2-Amino-8-et h yl-7.8-di hydro-4-met hyl-6-0x0- 
2-Amino-8-et hyl-7.8-dihydro-4.7-dimethyI-6-oxo- 
2-Amino-8-et hyl-4-meihy1-7(8H)-oxo- 
2-Amino-8-ethyl-4,6-dimethyl-7(8 I / ) - 0 x 0 -  
2-Amino- I .7-dihydro-6-methoxy- 

carbonylmet hylene-4-met hyl-7-0x0- 
2-Amino- 1,7-dihydro-4-met hyl-6-0x0- 
2-Amino- I ,7-dihydro-4.7-dimethyl-6-oxo- 
2-Amino-7.8-dihydro-4.8-dimethyl-6-oxo- 
2-Amino-7,8-dihydr0-4,7,X- trirnet hyl-6-0x0- 
4-Azido-6-ethyl-8-met hyl-7( XH)-oxo- 
4-Chloro-2,8-dimethyI-7(8H )-0x0- 
4-Chloro-2-methyl-7(8f/)-oxo-8-(phenylmethyl)- 
6-Ethyl-3.4-dihydro-2-methyl-7(8H)-oxo-4-th~oxo- 
6-Ethyl-2,X-dimethyl-4-(methylthio)-7(XH)-oxo- 
3,4-Dibydro-2-methyl-7(8H)-oxo-4-thioxo- 
3,4-Dihydro-2.6-dimethyl-7(8H)-oxo-4-thioxo- 
3,4-Dihydro-2,8-dimethyl-7( 8H)-oxo-4-thioxo- 
3,4-Dihydro-7( 8H)-oxo4thioxo- 
4-Methoxy-2-methyl-7(8H)-oxo- 
2-Methyl-4-(methylthio)-7(8H)-oxo- 
2.8-Dimet hyl-4-(methylthio)-7( 8H)-0x0- 
2-Methyl-4-(4-morpholinyl)-7(8H)-oxo- 
2,8-Dimethyl-4-(4-morpholinyl)-7( 8H)-oxo- 
2-Methyl-7(8H)-oxo- 
4-( Methylthio)-718H)-oxo- 
2-Methyl-7(8H)-oxo-4-( I -piperidinyl)- 
4-(4-Morpholinyl)-7(8H)-oxo- 
7-(8H )-oxo-4-( I -pipcridinyl)- 

dimethyl-7-0~0- 

met hy l-7-0x0- 

methyl-7-0x0- 

200-202 
153-157 
> 300 

219-220 (d) 
> 300 (d) 

250-251 (d) 
> 300 
> 300 

21 9.5-220.5 
212-214 (d) 

IR, U V  18 
IR, U V  18 

12, 14 
14 
12, 14 
14 
12, 14 
14 
14 
14 

238-239 NMR 15 

> 300 IR, NMR, UV 16 

> 300 IR. NMR 15 
280 15 
245 15  
193 NMR, UV 13 
162-163 NMR. UV 13 

> 300 
> 300 
> 300 

235.5 
199-200 
97-98 
145.5- 146.0 
87-88 
> 300 

98-100 
> 300 
> 300 

281 (d) 
> 300 

227-228 
228-229 
127.5-128.5 
243-245 
121. I22 
267-286 
270-271 
177.5-178.5 
242-243 
179-180 

IR, NMR 15 
IR, NMR 15 
NMR 15 

15 
15 
14 
81 
81 
81 
81 
81 
81 
81 
14.81 
81 
81 
81 
81 
81 
81 
81 
81 
81 
81 
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TABLE 3. THE 2H-PYRIMID0[4,5-e] [1.3]0XAZINES 

Substituents mp Other Data References 

3-Benzyl-3,4-dihydro-8-hydroxy-S-methyl-6(5H)-oxo- 
3-Cyclohexyl-3.4-dihydro-8-hydroxy-6-met hyl- 
3,4-Dihydro-8-hydroxy-3,5-dimet hyl-6(5H)-oxo- 
3,4-Dihydro-3-methyl-6,8(5H,7H)-dioxo- 
3.4-Dihydro-3,6-dimethyl-8(5H)-oxo- 
3.4-Dihydro-6-met hyl-8( 5H)-oxo-6-phenyl- 
3,4-Dihydro-6-methyl-8(5H)-3-(phenylmethyI)- 
3,4-Dihydro-6,8(5H,7H)-dioxo-3-(phenylmethyl)- 
3,4-Dihydro-8( 5H)-oxo-6-phenyl-3-(phenylrnethyl)- 

195 -197 (d) 
166-167 
208-210 (d) 
218-219 (d) 
2 w 2 0 2  
197-1 99 
199-200 
21 1-213 
187- 189 

~~~ 

uv 20 
20 

uv 20 
NMR, UV 19. 20 
NMR. UV 19.20 
uv 20 
uv 20 

20 
uv 20 

TABLE 4. THE PYRIMID0[4,5-d] [1,3]0XAZINES 

Substituents mp Other Data Reference 

A. The 2H-lsomurs 

1 -(2-Chlorophenyl)-5-methyl-2,4( I H)-dioxo-’l-phenyI- 
1-(3-Chlorophenyl)-5-methyl-2,4(lIf)-dioxo-7-phenyl- 
I -(4-Chlorophenyl)-5-rnethyl-2,4( lH)-dioxo-7-phenyl- 
1 -(3,4-Dichlorophenyl)-5-methyl-2,4( 1 tf)-dioxa-7-phenyl- 
I -[4-Chloro-3-(trifluoromethyl)phenyl]-5-methyl- 

1-(4-Ethoxyphenyl)-5-methyl-2,4( 1 H)-dioxo-’l-phenyI- 
5-Methyl-2.4 1H)-dioxo-1,7-diphenyl- 
5-Methyl-2,4( 1 H)-dioxo-’l-phenyl- 143- 

2,4( 1 H)-dioxo-’l-phen yl- 

(triRuoromethyl)phenyl]- 

210-212 
257-260 
262-264 
238-240 

220-222 
244-246 
257-259 

25tk258 

21 
21 
21 
21 

21 
21 
21 

21 

B. The 4H-Isomers 

4-Imino-6,8-dimethyl-5,7(6H,8H)-dioxo-2-phenyl- > 285 (sub]) MS 22 

TABLE 5. THE 4H-PYRIMIW[5,4-d] [IJ]OXAZINES 

Substituents mP Other Data References 

6-(3-Chlorophenyl)oxo-2-(trifluoromethyl)- 176-178 
2-Methyl-4,6,8(5H,7H)-trioxo- 292 (d) 
4,6,8(5H.7H)-Trioxo-2-phenyl- 310-31 1 
4-0xo-6-phenyl-2-( trifluoromethyl)- 210-212 

23 
73,82 
24 
23 



5. Tables 249 

TABLE 6. MISCELLANEOUS PYRlMlDOOXAZlNES 

Name m p  Other Data Reference 

N-[4-(2-Amino- 1.7-dihydro-4-oxo-411-pyrimido[4,5-h] 

N- (4-[(2-Amino-l.7-dihydro-4-oxo-4fl-pyrimido[4,5-hJ 
[1,4]oxazin-6-yI)benzoyl]-~-glutamic acid > 3 0  N M R , U V  10 

[1,4]oxazin-6-yl)methyl]benzoyl}-i.-glutamic acid NMR, UV 10 

TABLE 7. THE PYRIMID0[4,5-h] [1,4]THIAZINES 

Substituents mP Other Data References 

A.  The 2H-Isomers 

6-Amino- I .7-dihydro- 1.3-dimethyl-2,4(3H)-oxo- 
7-Benzoyl-7-ethoxycarbony l- I ,3.4,7- 
tetrahydro-6-methoxycarbonyl- I .3- 
dimet hyl-2.4-dioxo- 

6-(4-Bromophenyl)-l.7-dihydro-1.3- 
dimethyl-2.413H)-dioxo- 

6-(4-Bromophenyl)- I ,7-dihydro-2,4(3H)-dioxo- 
643 hoxycarbonyl- 1,3,4,5.6,7- 

hexa hydro-2.4-dioxo- 
1.3-Diethyl- 1.7-dihydro-2,4(3H)-dioxo- 

6.7-diphen yl- 
1,3.4.5-Tetrahydro-6.7-dimethoxy- 

carhonyl- 1.3-dimethyl-2,4-dioxo- 
1.7-Dihydro-7-methoxy- 1,3,7- 

trimet hyl-2,4(31&dioxo-6-phenyl- 
I .7-Dihydro-7-methoxy- I .3-dimethyl- 

2,4(311)-dioxo-6.7-diphenyl- 
1.7-Dihydro-7-methoxy-2,4-(311)- 

dioxo-6-phenyl- 
I .7-Dihydro-7-methoxy-2,4(3H)- 

dioxo-6.7-diphenyl- 
1,7-Dihydro-6-(4-methoxyphenyl)-2.4(3H)- 

dioxo- I ,3-bis(phenylmethyl)- 
1,5-Dihydro-3-methyl-2,4,6(3H.7H)-trioxo- 
1,s-Dihydro- I ,3-dimethyl-2,4.6(3fI,7H)-trioxo- 
1,7-Dihydro-6,7.7-trimethyl-2,4(3H)-dioxo- 
I,7-Dihydro-l,3.6,7-1etramethyl-2,4(3H)-dioxo- 
1.7-Dihydro-l.3,6.7.7-pentamethyl- 

IS-Dihydro- r.3-dimer hyl-2.4(3H) 

I ,5-Dihydro-I,3-dimethyl-2.4(3H)-dioxo-6.7- 

I ,5-Dihydro- 1.3.7-trimelhyl-2,4(3H)-dioxo-6- 

1,7-Dihydro-7-methyi-2,4(3H~-dioxo- 

2,4(3 H )-dioxo- 

-dioxo-6-phenyl- [radical ion ( I  +)] 

diphenyl- [radical ion ( I  + )]  

phenyl- [radical ion ( 1  +)]  

6-phenyl- 

235-237 

175-176 

217 
310 

239 

168 

158-159 

135 

I55 

255 (d) 

182 

I48 
> 300 

250 
258 
164 

207 

24 1 

265 

195 

272 

UV 

MS, NMR 
MS, NMR 

uv 

NMR 

NMR 

NMR 

NMR 

MS, NMR 

NMR 

NMR 

MS, NMR 

47 

59 

46 
46 

58 

44 

59 

83 

83 

83 

83 

44 
27 
27 
44 
44 

44 

46, 83 

46,83 

46,83 

44,46 
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TABLE 7. (Continued) 

Substituents mP Other Data References 

1.7-Dihydro- 1,3-dimethy1-2,4(3H)- 
dioxo-6-phen yl- 

1.7-Dihydro- 1.3-dimethyl-2,4(3H)- 
dioxo-6.7diphenyl- 

I .7-Dihydro- I .3,7-trimethyl-2,4(3H)- 
dioxo-6-phenyl- 

1,5-Dihydro-1,3-dimelhyl-2.4,6(3H,7H)- 
t rioxo-5-(phenylmethyI)- 

1.7-Dihydro-7-methyl-2.4(3H)-dioxo- 
6-phenyl-l.3-bis(phenylmethyl)- 

1,7-Dihydro-6-(4-nitrophenyl)-2,4(3H)- 
dioxo-1.3-bis(phenylmethyl)- 

1,5,6.7-Tetrahydro-2,4(3H)-dioxo- 
1.7-Dihydro-2,4(3H)-dioxo-6-phenyl- 
1.7-Dihydro-2,4(3H)-dioxo-6,7-diphenyl- 

24 1 

265 

195 

181-182 

I73 

I69 
292 
305 
212 

B. The 4H-Isomers 

2-Amino-6-(4-bromophenyl)- 1.7- 

2-Amino-6-(4-chlorophenyl)- 1,7- 

2-Aminod-ethoxycarbonyl- 1,5,6,7- 

dihydro-4-0x0- > 320 

dihydro-4-0x0- > 300 

tetrahydro-4-0~0- 

hydroxy-6-(hydroxymethyl)-Coxo- 
2-Amino-l,5,6.7-tetrahydro-6- 

2-Amino- 1,7-dihydro-6-(hydroxymethyl)-4-oxo- 
2-Amino-I ,7-dihydro-6-(2- 

methoxyphenyl)-4-oxo- 
2-Amino-1,7-dihydro-6-(3- 

methoxypheny1)-4-0~0- 
2-Amino-I .7-di hydro-6-(4-met hylphenyl)-4-oxo- 
2-Amino- I .7-di hydro-7-met hyl-4-oxo-6-phenyl- 
2-Amino-I .5-dihydro-4,6(7H)-dioxo- 
2-Amino- I ,7-dihydro-4-oxo-&phenyl- 
2-Amino- I ,5,6.7-tetrahydro-4-oxo-6-phenyl- 
2-Amino-I ,7-dihydro-4-0~0-6,7-diphenyl- 
7-Carboxymethyl-3,5,6,7-tetrahydro- 

7-Ethoxycarbonyl- 1.5,6,7-tetrahydro- 

3.5-Di hydro-5-methyl-4,6(7H)-dioxo- 
3,5-Di hydro-3,5-dimet hyl-4,6(7H)-dioxo- 
3,5-Dihydro-7,7-dimet hyl-4,6(7H)-dioxo- 
3,5-Dihydro-5,7,7-trimethyl-4,6(7H)-dioxo- 
3,5-Dihydro-5,7-dimethyl-4.6(7H)-dioxo- 
3.5-Dihydro-3.5.7-trimet hyl-4,6(7H)-dioxo- 
3,5-Dihydro-3-met hyl-4,6(7H)-dioxo- 

3.5-Dihydro-7-methyl-4,6(7H)-dioxo- 

4.6-dioxo- 

4.6-dioxo- 

5-(2-propenyl)- 

5-(2-propenyl)- 

188 

> 300 

3.300 
> 300 
191 
208 
28 I -283 (d) 

198 
255 (d) 

275-277 

186 187 
225-227 
239-241 
273 

250-251 
197-199 

180-181 

128- I29 

203-204 

MS, NMR 46 

MS, N M R  44.46.83 

MS, NMR 44,46,83 

27 

44 

44 
58 

MS, NMR 46.83 
MS, NMR 4 , 4 6 , 8 3  

IR, NMR, UV 42 

NMR,UV 54 

58 

53 
53 

NMR, UV 54 

NMR, UV 54 
NMR, UV 54 
IR. NMR. UV 42, 54 

NMR, UV 45 
uv 45 
IR, NMR, UV 42 

47, 48. 84 

NMR 27 

85 
NMR 21, 86 
NMR 27. 86 
NMR 27, 86 
NMR 27. 86 
NMR 27. 86 
NMR 27. 86 

NMR 27. 86 

NMR 27.86 
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TABLE 7. (Continued) 

Su bstituents mP Other Data References 

I S-Dihydro-4.6(7H)-dioxo- 
I ,5-Dihydro-4,6(7H)-diox~~- (dihydrazone) 
3,5-Dihydro-4.6(7//)-dioxo-5-(2-propenyl)- 
3,5-Dihydro-6(7H)-oxo-4-thioxo- 

C .  The Sff-Isomers 

7-Acetyl-4-chloro-6-ethoxycarbonyl- 
7-Acetyl-4-chloro-5,6-dimef hyl- 
7-Acelyl-6-ethoxycarbonyl-4-methoxy. 
7-Acetyl-4-methoxy-6-methyl- (oxime) 

2-Amino-6-(4- bromophenyl)-4-met hyl- 
2-Amino-6-ethoxycarbonylmethyl-6.7- 

2-Amino-6-et hoxycarbon yl-4-met hyl- 
2-Amino-7-et hoxycarbon yl-4.6-dimethyl- 
2-Amino-6-et hoxycarbony lmethyl-4-met hyl- 
2-Amino-7-et hyl-4-methyl-6(7H)-oxo- 
2-Amino-7-isopropyI-4-met hyl-q7H)-oxo- 
2-Amino-6-mef hoxycarbonyl-4-methyl- 
2-Amino-4.6-dimethyl- 
2-Amino-4,6,7-trimet hyl- 
2-Amino-4-met hyl-6-(4-nitrophenyl)- 

dihydro-4-methyl- 

263-265 

146148 
251 -253 

273--274 

196198 
132-1 34 
131-132 
162-163 
( I  61 -162) 
240-242 

197-1 99 
175-177 
198-200 
226-227 
224-225 
I 98-200 
223 -224 
200.c202.5 
> 300 

2-Amino-4-mefhyl-6(7H)-oxo- (and hydrazone) > 300 

2-Amino-4.7-dimet hyl-6(7H)-oxo- 
2-Amino-4-met h yl-6-phenyl- 
4-Amino-6(7H)-oxo- (and hydrazone) 

7-Benzoyl-6-ethoxycarbonyI-4-met hoxy- 
7-Benzoyl-4-mef hoxy- 
7-Benzoyl-4-met hoxy-6-met hyl- 
7-Benzoyl-4-methoxy-6-phenyl- 
6-(2-Bromophenyl)4chloro- 
~4-RromophenyI)-4-chloro-6,7-dihydro-6- 

hydroxy- [crystallized with 1 mol of solvent) 
6-(2-Bromophenyl)-4-chloro-5-methyl- 
6-(4-Bromophenyl)-4-chloro-5-methyl- 
6-(4-Bromophenyl)-6,7-dihydro-6- 

6-(4-Bromophenyl)-4-methoxy- 
6-Carboxy- 
7-CarboxymethyI-6.7-dihydro-4- 

4lCarboxymet h ylt hio)-6.7-di hydro-6-0x0- 

hydrox y-4-met hoxy- 

methoxy-6-0x0- 

7-[4-Carboxyphenyl)amino J-4- 

4-Chloro-6-(chIoromethyl)-6.7- 
met hoxy-6-0x0- 

dihydro-6-hydrox y- 

267-268 
281- 282 
27CL300 (d) 
(281L282) 
95-97 
254-255 
193-195 
1 6 4  165 
144145 
92-93( MeOH) 
138-140(EtOH) 
114- 1 I6 
134135 

NMR 

NMR, UV 

NMR, UV 

NMR, UV 
NMR, U V  

145- I47 
175-177 
223 224 IR. NMR 
23C232 
(207- 209) IR ,  NMR 
215 217(d) 
( ? I  3-21 5 )  

234-236 

89-9 I NMR 

31, 47, 85. 86 
47, 72 
27, 86 
27 

39 
38 
39 
38 

34 

36 
36 
36 
36 
31 
31 
36 
34 
34 
34 
25, 31, 47, 
72. 75 
31 
34 
26. 72 

39 
39 
38 
38 
x7 

40 
87 
40 

55  
34 
37 

27, 85 
26, 75 

71 

56 
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TABLE 7. (Continued) 

Substituents mP Other Data References 

4-Chloro-6-(chloromet h yl)-6.7- 
dihydro-6-methox y-S-meth yl- 

4-Chloro-6-(chloromethyl)-6,7- 
dihydro-6-hydrox y-S-methyl- 

4Chloro-6-(2-chlorophenyl)- 
4-Chloro-6-(2,5-dichlorophenyl)- 
4-Chloro-6-(2,5-dichlorophenyl)-6,7- 

4-Chloro-6-ethoxycarbonyl- 
4-Chloro-6-ethoxycarbonylmethyl- 
4-Chloro-6-ethoxycarbony lmet hyl- 

6,7-dihydro-6-hydroxy- 
4-Chloro-6ethoxycarbonylmethyl- 
6.7-dihydro-6-hydroxy-S-met hyl- 

7-Chloro-7-et hoxycarbonyl-6.7- 
dihydro-4-methox y-6-0x0- 

4-Chloro-7-ethoxycarbonyl-6-methyl- 
4-Chloro-6-(2-fluorophenyl)- 
4-Chloro-6,7-dihydro-6-hydroxy-6-met hyl- 
4-Chloro-6,7-dihydro-6-hydroxy-5.6-dimethyl- 
4-Chloro-6,7-dihydro-6-hydroxy-6- 

4-Chloro-6,7-di hydro-6-hydroxy-6- 

4-Chloro-6,7-dihydro-6-hydroxy-6-phenyl- 
6-(2,5-Dichlorophenyl)-6~7-di hydro- 

6-hydroxy-4-met hoxy- 
4-Chloro-6-(2-iodophenyl)- 
4-Chloro-5-methyl-6-(3-nitrophenyl)- 
4-Chloro-5-methyl-6-(4-nitrophenyl)- 

4-Chloro-5-met hyl-6-phen yl- 
4-Chloro-6-(2-met hylpheny1)- 

4-(Cyclohexylamino)-6(7H)-oxo- (and 
monohydrochloride) 

4-(Dimet hylamino)-6(7H)-oxo- 
(monohydrochloride) 

4-(Dimet hylamino)-6(7H)-oxo- 
{ [4-(dimethylamino)-7H-pyrimido[4.5-hJ 
[ 1.4]thiazin-6-yl]hydrazone} 

dihydro-6-h ydroxy- 

(3-nitropheny1)- 

(4nitrophenyl)- 

4-Chloro-q7H)-0~0- 

6-Ethoxycarbonyl- 
7-EthoxycarbonyI-4-ethoxy-6.7-di hydro-6-0x0- 
6-Ethoxycarbonyl-6.7-dihydro-6- 

7-Ethoxycarbonylmethyl-6,7-dihydro- 

7-Ethoxycarbonyl-6.7-dihydro-4- 

h ydrox y-4-methox y- 

4-methoxy-6-oxo- 

9R-100 

94 96 
130 131 
197 199 

138-1 39 
97 99 
126-128 
115 117 
(107-109) 

94 96 

136-138 
136-137 
145-146 
104-306 
73-75 

145-146 
118-120 

148-150 
1 0 0  103 
180 181 
156-158 
(179 181) 
73-75 
I l l  113 
157 
286 (d) 
(288 (d)) 

238 

292-294 
180-181 
173 

1M-103 

15&152 

met hox y-6-0x0- 132-134 

NMR 

NMR 

NMR 

NMR 

NMR 

NMR 

IR. NMR, UV 

I R  

IR 

56 

56 
87 
87 

55 
36 
36 
36, 56 

56 

71 
36 
87 
55,56 
56 

40 

40 
40 

55 
87 
40 

35.40 
35,40 

27 

27 

28 

87 

72 
37 
85 

36 

85 

71.85 
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TABLE 7. (Continued) 

Substituents mP Other Data References 

7-Ethoxycar bonyl-6,7-dihydro-4-met hoxy-7- 
(4-methyl- 1 -piperazinyl)-6oxo- 

7-Ethoxycarbonyl-6,7-dihydro-4- 
(4-morpholinyl)-6-oxo- 

7-EI hoxycarbonyl-6,7-dihydro-6-oxo- 
4-[(phenylmethyl)amino]- 

7-Ethox ycarbonyl-6.7-di hydro-6-0x0- 
4-( I -piperidinyl)- 

7-EI hoxycarbonyl-6.7-dihydro-6-oxo- 
44 1 -pyrrolidinyl)- 

6-Ethoxycarbonyl-4-methoxy- 
7-Ethoxycarbonyl-4-methoxy- 
6-Ethoxycarbonylmethyl-4-methoxy- 
7-EI hox ycarbon yl-4-met hoxy-6-met hyl- 
6-Ethoxycarbonyl-4-methoxy-7-( 1 -0xobuty1)- 
6-Ethoxycarbonyl-4-methoxy-7-( 1 -0xopropyl)- 
7-Ethoxycarbonyl-6-met hyl- 
7-Ethoxycarbonyl-6-phenyl- 
4-Ethoxy-5-methyl-6(7H)-oxo- 

4-(Ethylamino)-6(7H)-oxo- (and 

4-( Et hylamino)-7-methyl-6(7H)-oxo- 
7-Ethyl-4-hydroxy-6(7H)-oxo- 
7-Ethyl-4-methoxy-6(7H)-oxo- 
4-(Ethylphenylamino)-6(7H)-oxo- 
6.7-Dihydro-6-hydroxy-4-methoxy- 

6,7-Dihydro-6-hydroxy-4-1net hoxy- 

6.7-Dihydro-6- h ydrox y-4-methoxy- 

6,7-Dihydro-6-hydroxy-4-mcthoxy-6- 

6.7-Dihydr0-6-hydroxy-4-methoxy- 

4-Hydroxy-7-isopropyl-6(7H )-0x0- 
6,7-Dihydro-4-met hoxy-6-0x0-7- 

4-Hydroxy-7-methyl-6(7H)-oxo- 
7-Methox ycarbon y l- 
4-Methoxy-5-methyl-6(7H)-oxo- 
4-Methoxy-7-methyl-6(7H)-oxo- 

~ - E ~ ~ o x ~ - ~ ( ~ H ) - o x o -  

monohydrochloride) 

6,7-dimethyl- 

7.7-dimethyl-6-phenyI- 

6-(3-nitrophenyl)- 

(4-nitropheny1)- 

6.7-diphenyl- 

(I-pyridiniumt (chloride) 

4-Met hoxy-7,7-dimethyl-6(7H)-oxo- 
4-Methoxy-5,7-dimethyl-6(7H)-oxo- 
4-Methoxy-5.7,7-trimethyl-6(711)-0~0- 
4-Methoxy-7-[( I-methylethy1)aminoJ- 

163- I65 

213 (d) 

155-157 

197- 199 

223 (d) 
105-107 
2 6 2 0 7  
120-122 
141-143 
78-80 
82-84 
216-217 
186-187 
110-112 
198-200 
268 (d) 
(252) 
249-250 
230-232 
138-140 
157-158 

97-99 

148-150 

161 ~ I63 

> 300 

155-1 57 
274-276 

> 300 
2370-239.5 
229-230 
125-1 26 
175.0- 176.5 

186-187 
154-156 

( 173-1 74) 

123-1 24 

6(7H)-ox0- 170- 172 

NMR 

NMR 

NMR 

NMR 

NMR, UV 
NMR, UV 
IR, NMR, UV 
IR, NMR, UV 

NMR 

NMR 
NMR 

IR, NMR, UV 
NMR 
NMR 

NMR 
NMR 
NMR 

71 

28 

28 

28 

28 
36 
36 
36 
36 
39 
39 
37 
37 
75 
27.75 

28 
28 
31 
31 
28 

55 

55 

55  

55 

55 
31 

71 
31 
37 
27, 75 
27. 31 

27 
27 
27 

71 
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TABLE 7. (Continued) 

Substi t uen ts mP Other Data References 

4-Methoxy-7-(4-methyl-I -piperazinyl)- 

4-Methoxy-6-rnethyl-7-( I -0xopropy1)- 
4-Methoxy-7-methyl-6(7H)-oxo-5- 

4-Methoxy-7-(4-morpholinyl)-6(7H)-oxo- 
4-Methoxy-6(7H)-oxo- (also " S  

labeled compound) 
4-Methoxy-6(7H)-oxo-(4-methoxy-7H- 

pynmido[4.5-b] [ 1,4]thiazin-6-y1- 
(hydrazone) 

4-Methoxy-6(7H)-oxo-5-(2-propenyl)- 
CMethoxy -6-phenyl- 
S-Methyl-4-(4-morpholinyl)-6(7H )-0x0- 
4-[( I-Methylethyl)amino]-6(7H)-oxo- (and 

4-(Methylthio)-6(7H)-oxo- (hydrazone) 
7-Methyl-5-(phenylmethyl)-4- 

(1 -pyrrolidinyl)-6(7H)-oxo- 
5-Met hyl-4-( I -piperidinyl)-6( 7H)-oxo- 
7-MethyI-4-( I -piperidinyl)-6(7H)-oxo- 
7-Methyl-6(7 H)-oxo-5-(2-propenyl)- 

7-Met hyl-6(7H)-oxo-4-( I -pyrrolidinyl)- 
5,7-Dimethyl-6(7H).oxo-rl-1 I -pyrrolidinyl)- 
4-(4-Morpholinyl)-6(7H)-oxo- 

6(7H)-OXO- 

(2-propeny I). 

monohydrochloride) 

441 -pyrrolidinyl)- 

194196 
1 15-1 17 

71-72 
228-230 

191-193 

250-252 
64-65 
17 1-1 73 
179-180 
260 
(249 (dll 
> 300 

174- I75 
145-146 
159- I60 

146- I47 
217 -218 
I 19- 1 20 
275- 276 

4-(4-Morpholinyl)-6(7H)-oxo-5-(phenylrnethyl)- 194-195 
4-(4-Morpholinyl)-6(7H )-oxo-5-(2-propnyl)- 
6(7H)-Ox0- 

2,4,6( I H,3H,7H)-Trioxo- 
6(7H)-Oxo4-[(phenylmethyl)amino]- 

(monohydrochloride) 
6(7H)-Oxo-5-(phenylrnethyl)4- 

(1 -piperidinyl)- 
6(7H)-Oxo-5-(phenylmethyl)-4- 

( I  -pyrrolidinyl)- 
6(7H)-Oxo-44 I -piperidinyl)- 
6(7H)-Oxo-4-( I -piperidinyl)-S-(2-propenyl)- 
6(7 H)-Oxo-5-(2-propenyl)-4~ I -pyrrolidin yl)- 
6(7H)-Oxo-4-( 1 -pyrrolidinyl)- (and 

monohydrochloride) 

D. The 7H-lsomers 

4,bDiamino- 
2,4,6-Triamino- 
2-Amino-6-(4-aminophenyl)-4-met hyl- 
2-Amino-6-(4-bromophenyl-4-methyl- 
2.4-Diamino-6-carboxy- 

I39 
295-300 (d) 
(295.-296 (d)) 
> 300 

240(d) 

169-170 

168- I69 
174175 
162-163 
165-166 
21 5-216 
(233 (4) 

24 1-242 
> 300 

262-264 
240-242 
258-260 

NMR 

NMR 

NMR 

NMR 
NMR 
NMR 

NMR 
NMR 
NMR 
NMR 
NMR 
IR. UV 

NMR 

NMR 

NMR 

NMR 
NMR 

NMR. UV 

71 
38 

27 
71 

27, 

72 
27 
39 
28 

28 
47. 72 

28 
28 
28 

28 
28 

28 
28 
28 
33, 37 

28 

47 

28 

28 

28 
28 
28 
28 
28 

47. 72 
47 
41. 47 
55 
52 

71, 7 
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TABLE 7. (Continued) 
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Substituents mP Other Data References 

2,4-Diamino-6- 2-"4- 

6-Amino-4-chloro- 
2-Amino-6(2,5-dichlorophenyl)-4-methyl- 
6-Amino-4-dimet hylamino- 
2.4-Diamino-6-ethoxycarbonyl- 
2.4-Diamino-6- 2-[(4-et hoxycarbonylpheny1)- 

amino]ethyll.- 
6-Amino-4-methoxy- (also I4C- 

labeled M e 0  compound, 
monohydrochloride. and '5S-labeled 
compound) 

carboxyphenyl)amino]ethyl)- 

6-Amino-4-met hox y-7-phenyl- 
2-Amino-6-(4-met hoxyphenyl)-4-met hyl- 
6-(4-Aminophenyl)-4-methoxy- 
2,6-Diamino-4-met hyl- 
2-Amino-4.6-dimet hyl- 
2-Amino-4,6,7-trimrthyl- 
4-Amino-6,7,7-trimethyl- 
6-Amino-4-methylamino- 
2-Amino-4-met hyl-6(4-morpholinyl)- 

(monohydrochloride) 
2-Amino-4-methyl-6-( 3-nitropheny1)- 
2-Amino-4-methyl-6-(4-nitrophenyl)- 
2-Amino-7-met hyl-4(3H)-oxo- 
2-Amino-4-met hyl-6-phenyl- 
2-Amino-4.7.7-trimethyI-6-phenyl- 
6-Arnino-4-(methylthio)- (and 

"S-labeled compound) 
2.4-Dtamino-6-phenyl- 
6-Amino-4-[(phenylmrihyl)thio]- 
6-(4-Bromophenyl)-4-chloro- 
6-(4-Bromophenyl)-4-mettoyy 
4-Chloro-6-(4-met hoxypheny1)- 
6-(2.5-Dichloropheny1)-4-met hoxy- 
4-Chloro-6-(3-nitrophenyl)- 
4-Chloro-6-(4-nitrophenyl)- 
4-Chloro-6-phenyl- 
4-H ydrazino-6-phenyl- 
4-Met hoxy-6-(4-methoxyphenyl)- 
4-Methoxy-7.7-dimethyl-6-phenyl- 
4-Methoxy-6-(3-nitrophenyl)- 
4-Methoxy-6-(4-nitrophenyl)- 
C M e t  hoxy-6(7H)-oxo- 
4-Methoxy-6-phenyl- 

219 221 

204.0-205.5 
213-214 
200-21 1 

210-214 

2 13-214 
(210) 
l89- lW 
296 298 
220-222 
234-235 
223-224 
200.0-202.5 
150-154 
185-187 

> 300 
> 300 

281-283 
179-181 

210-212 
200-202 
I 56- I 57 
149- 151 
175-177 
186-187 
2 19-220 
i80-ixi 

i9n-200 

179-181 
138-139 

135-137 
141 142 
> 300 
> 300 
190-19I 
177-179 
( I  71-173) 

NMR, UV 

NMR. U V  

NMR, UV 

uv 

NMR, UV 

NMR, U V  

uv 

uv 
uv 

52 
47 
55 
47, 72 
52 

52 

47. 48. 5 I .  72 
48 
41 
41,47 
47. 48. 72 
55 
55 
5 
47. 72 

88 
55 
55 
54 
55 
55 

47- 49, 72 
52 
48 
55 
55 
41 
55 
40 
40 
55 
29 
41 
55 
55 
55 
27. 29 
29. 34. 55 
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TABLE 8. THE PYRIMIDO[5,4-h] [I.4]THIAZINES 

Substituents mp Other Data Reference 

A. The IH-Isomers 

6-Acetyloxy-3-ethyl-6-hydroxy- 
I -propyl-2,4,7(3H,6H,8H)-trioxo- 159-160 

I-Allyl-3-et hyl-2,4,7( 3H,6H.8H)-trioxo- 231-233 
2-Amino-7,8-dihydro-6-methyl-4(6H)-oxo- 265-269(d) 
2-Amino-7,8-dihydro-6-methyl-4(6H)-oxo- (5-oxide) 22@230(d) 
2-Amino-7,8-dihydro-4(6H)-oxo- 288-293(d) 
2-Amino-7.8-dihydro-4(6H)-oxo- (5-oxide) > 300 
2-Amino-7.8-dihydro-4(6H)-oxo-6-phenyl- 270-280(d) 
2-Amino-7.8-dihydro-4(6H)-oxo-6-phenyl- (5-oxide) 246-250(d) 
6-Bromo-3-ethyl-2,4,7(3H.6H,8H)-trioxo- 1 -propyl- 197-1 99 

6-Chloro-3-ethyl-2,4.7(3H,6H,8H)-trioxo- I -propyl- 203-205(d) 
6.6-Dichloro-3-ethyl-2,4,7(3H.6H.8H)-trioxo-1-propyl- 145-147(d) 

6-Ethoxy-3-ethyl-2,4,7(3H,6H,8Hjtr~oxo-l-propyl- 164-165 
6-Ethoxy-3-ethyl-2,4.7(3H,6H,8H)-trioxo- I-propyl- 

(5-oxide) 186  187 

3-Ethyl-l-(2-hydroxyethyl)-2,4.7(3~,6H,8ff)-trioxo- 225- 226 
3-Ethyl-6-hydroxy-2,4.7(3H,6H,8H)-tr~oxo-I-propyl- 205-207(d) 
3-Ethyl-6-methoxy-2,4.7(3H,6H,8H)-tr~oxo- I -propyI- I99-2W(d) 
3-Ethyl-6,6dimethoxy-2.4,7(3H,8H)-trioxo- I -propyl- 162- 163 
3-Ethyl-2,4,7(3N,6H,8H)-trioxo- I-propyl- 186 188 
3-Ethyl-2,4,7(3H.6H,8H)-trioxo-I-propyl- (5-oxide) 165-167 . 
3-Ethyl-2,4,7(3H,6H,8H)-trioxo- I-propyl- (5,5-dioxide) 248--294 
3-Ethyl-2,4,6,7(3H,8H)-tetroxo-I-propyl- 236-238 

1.3-Dibutyl-2,4.7(3H,6H,8H)-trioxo- 213-214 

6-Chloromethyl- 1,3,8-trimethyl-2,4(3H)-dioxo- 203- 205 

6,6-Diethoxy-3-ethyl-2,4(3H,8H)-dioxo- 1 -propyl- 165-167 

1,3-Dimethyl-2.4,7(3H,6H,8H)-trioxo- 270-272 
1,3,6,6,7-Pentamethyl-2,4(3H,6H)-dioxo- 162- I64 
1,3,6-Trimethyl-2,4(3H,6H)-dioxo-7-phenyl- 18 1-183 

IR, UV 60 
IR. UV 60 
U V  45 
uv 45 
uv 45 
uv 45 
uv 45 
UV 45 
IR. UV 60 
IR, UV 60 
IR. UV 60 
IR. UV 60 
MS, NMR 62 
IR, UV 60 

IR, UV 60 
IR, UV 60 
IR, UV 60 
IR, UV 60 
I R ,  UV 60 
IR, UV 60 
IR, UV 60 
I R ,  UV 60 
IR. UV 60 
1R. UV 60 
IR, UV 60 
NMR 61 
NMR 61 

TABLE 9. MISCELLANEOUS PYRlMlDOTHlAZlNES 

Name mP Other Data References 

2-[2-(2-Amino- 1,7-dihydro-4-0~0-4H-pyrirnido[4,5-b] 
[I ,4]thiazin-yl)ethyl]- 1 H-isoindole- I ,3(2H)-dione 214-2 I6 NMR, UV 54 

2-[(2-Amino- 1,7-dihydro-4-0~0-4M-pyrimido[4,5-b] 
[ 1,4]thiazin-6-yl)methyl]-1H-isoindole-l,3(2H)-dione 228 NMR, UV 54 

2-Amino-7-methyl-4H-pyrimido[4,5-dJ [ 1.31 thiazine 258-259(d) 63.65 

2-Amino-6,7-dimethyl-4H-pyrimido[4,5-dJ 

(2-Amino-4-methyl-7H-pyrimido[4,5-b] [ 1,4]thiazin- 

(2-Amino-4-methyl-7H-pyrimido[4.5-b] [ I  ,4]thiazin- 

(256-258) 

[ 1.3)thiazinium perchlorate 290-293(d) NMR, UV 67 

6-yl) (hydrazone of benzaldehyde) 226-227 72 

6-yl) (hydrazone of 4-nitrobenzaldehyde) 272-273 72 
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TABLE 9. (Continued) 

Substituents mp Other Data References 

7-Cyclohexylamino-3,4-dihydro-5-met hyl-2-oxo-2H- 

I .2-Dihydro-7-methyl-2(4H)-oxo-2H-pyrimido[4,5-d] 

4.8-Di hydro-6.8-dimet hyl-2.4-di t hioxo-2H- 

I ,5-Dihydro-4H-pyrimido[4,5-h] [ I  ,4]thiazine-4,6(7H)- 

N-(4-[(6,7-Dihydro-4-methoxy-6-oxo-SH- 

pyrimido[5,4-e] [ I..l]thiazine 228-230(d) 

[ 1,3]thiazine 247(d) 

pyrimido[4,S-d 3 [ 1,3]thiazine-5,7( 1 H,6H)-dione 21 1 

dione, bis(fi-u-glucopyranosylhydrazone) 157-1 60 

pyrimido[4,5-h] [ I  ,4]thiazin-7-yl)methylamino]- 
benzoyll-~-glutamic acid [barium salt(l:l)] 

benzoyl i-L-glutamic acid (diethyl ester) 

> 300 
N-4-{ (6.7-Dihydro-4-met hoxy-6-0x0-5H- 

pyrimido[4,5-b] [ 1,4]thiazin-7-yl)methylamino]- 
149- IS 1 

6,8-Dimethyl-2-(methylthi0)-4-thioxo-411 - 
pyrimido[4,5-d] [ 1,3]thiazine-5,7(6H,8H)-dione I63 

68 

63.64. 74 

IR, UV 66 

47 

71 

71 

IR, UV 66 
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CHAPTER VI 

P y r imido t r iazines 

1. NOMENCLATURE 

The possible arrangements of the three nitrogen atoms in the tnazine ring 
allows for four different isomers when fused to the pyrimidine ring. Commonly, 
these isomers are labeled with symmetric and asymmetric designations. In this 
chapter the more formalized names will be used and their corresponding 
structures will be shown below. Examples of all four isomers are known, 
although most of the literature concentrates on the unsymmetrical triazine 
derivatives. 

The major impetus for the development of these isomers lies in the isolation of 
several antibiotics. Toxoflavin was first isolated from the bacterium Pseudomo- 
nus cocovenenans' and has been characterized as an example of the 
pyrimid0[5,4-e]-1,2,4-triazines.~ The second antibiotic, fervenulin, has been 
shown to be isomeric with toxoflavin. Its physical and spectral properties 
indicate that it is a member of the pyrimid0[4,5-e]-l,2,4-triazines.~ Finally, a 
third antibiotic substance, initially known as MSD-92, has been identified as a 
pyrimido [5,4-e]-1,2,4-tria~ine.'.~ Although the literature of these compounds 
uses their common names the more systematic names are preferred throughout 
this chapter. 

PYRIMIDO(5.4-eJ-1.2.4-TRIAZINE 

1 

PYRIMIDq5.4-~1.2.3-TRIAZINE 

3 

L 

PYRIMID0(4.5-d]-l.2.3-TRIAZlNE 

4 

26 1 
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2. METHODS OF SYNTHESIS OF THE RING SYSTEM 

A. Synthesis of Pyrimido[5,4-e]-l,2,4-triazines 

As with other members of the miscellaneous fused pyrimidines covered in 
this volume there is one favored route to the final product. In the case of 
pyrimido[5,4-e]-l,2,4-triazines, the approach taken is to utilize a suitably substi- 
tuted pyrimidine. To a very minor degree triazines and other heterocyclic rings 
have served as precursors to this ring system. Many of the syntheses of 
pyrimido[5,4-e)-l,2,4-triazines that are derived from pyrimidines incorporate, 
in one way or another, an amino group adjacent to a hydrazino group on the 
pyrimidine ring. A few exceptions to this approach are found while the number 
of variations on either the amino moiety or the hydrazino moiety is significant. 

(1) From Pyrimidines with Adjacent Amino and Hydrazino Groups 

The earliest and still the most popular route to the pyrimido[5,4-e]- 1,2,4- 
triazine ring system is represented by the conversion of 5-amino-6- 
hydrazinopyrimidines, 5, into the corresponding dihydro pyrimido[5,4-e]- 1,2,4- 
triazines, 6. Thus, the reaction of 4-(alkylhydrazino)-5-amino-pyrimidines (5: 
R = R 3  = R" = H; R '  = H or CI; R2 = Me or PhCH,) with formic acid at 
reflux temperature leads to the dihydro product, 6.6 The alkyl substituent on 
hydrazine is reported to be required for this result since purines are the major 
product when unsubstituted hydrazines are used. 

R' R' 

5 6 

However, when 5-amino-4-hydrazino-6-methylpyrimidine (5: R = R 2  = R 3  
= R" = H; R '  = Me) is treated with hot formic acid the dihydro pyrimido- 
[5,4-e]-1,2,4-triazine, 6 ( R '  = Me; R 5  = H), is obtained as the major product. In 
this instance the purine derivative is the minor component.' These results are in 
direct contrast to the earlier report.6 Hydrolysis reactions support the initial 
formation of the pyrimido[5,4-e]-l,2,4-triazine derivative which, through ring 
opening and recyclization, produces the purine ring. 
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In a straightforward reaction simple 5-amino derivatives, such as 5 
(R = R' = R 2  = R3 = H; R4 = COPh) were cyclized by methanolic hydrogen 
chloride to give the dihydro product, 6 (R5 = Ph).'.' Oxidation of this dihydro 
compound to the fully aromatic derivative proved to be very difficult. 

The cyclization of the chloropyrimidine, 5 (R  = R2 = R3 = H; R '  = CI; 
R4 = COMe), in hot acetic acid gave, as the major component, the correspond- 
ing 6 (R5 = H).'" 

Spontaneous cyclization has been demonstrated under catalytic hydrogen- 
ation conditions. Thus, if 5 (R = RZ = R3 = H; R' = Me or Pr; R4 = CHO or 
COMe) is prepared by catalytic hydrogenation of the corresponding nitro 
compound it cyclizes in the reaction mixture to give the appropriate 6." 

A series of 4-chloropyrimidines with either an amino or acetylamino substitu- 
ent at position 5 and substituted hydrazino groups at position 6 reacted with 
excess ethyl orthoformate in the presence of hydrogen chloride at room temper- 
ature to give a variety of 1,2-dihydropyrimido[5,4-e]-1,2.4-triazines, 6 ( R 2  = H, 
Me, or PhCH,; R3 = H or Me; R5 = H or Me)." Ethyl orthoformate alone, 
even at higher temperatures, failed to form the ring compounds. 

Under analogous conditions a number of reports have described the pre- 
paration of other 1,2-dihydropyrimid0[5,4-e]-1,2,4-triazines.'~'~-'~ Tr eatment 
of 2.5-diamino-4-benzylt hio-6-h ydrazinopyrimidine with ethyl ort ho(et hoxy- 
carbony1)acetate affords ethyl 7-amino-5-(benzyIthio)pyrimido[5,4-e]-1,2,4- 
triazine-3-acetate. * 

Isomeric 1,4-dihydropyrimido[5,4-e]- I ,2,4-triazines, 8 (R = H or Me), are 
formed when 7 (R = H or Me) is similarly treated with ethyl orthoformate." 

k 

7 a 

In a very brief report 5-acetamido-4-hydrazinouracil, 9, was heated above 
200°C in diphenyl ether to afford a poor yield (22%) of the 3-methyl 
pyrimido[5,4-e]-l,2,4-triazine, 10 (R = Me).19 Presumably, oxidation of the 
initially formed I ,2-dihydro derivative occurred readily under these vigorous 
conditions. 
6-Hydrazino-3-methyl-5-nitrouracil is reduced catalytically to the amine 

which, upon stirring in aqueous solution for several days, cyclized to 6-methyl- 
5,6,7,8-tetrahydro-5,7-dioxopyrimido[5,4-e]- 1,2,4-t1iazine.~~ 

Sodium dithionite reduces the nitroso group in 6-(24ormyl)hydrazino- 1,3- 
dimethyl-5-nitrosopyrimidine to the amine. The amine is then cyclized to the 
dihydro derivative, which is oxidized to the 6,8-dimethyl- compound.21 
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As an extension of the cyclization conditions described above more elaborate 
reagents have been employed in order to introduce particular side chains onto 
the heterocyclic ring. Since the pyrimido[5,4-e]- 1,2,4-triazine can be viewed as 
an aza analog of the pteridine ring it is logical to introduce the typical folate side 
chain into such a ring system. The imino ethers, 12 [R’ = OEt and 
NHCH(C02Et)CH,CH,C0,Et], were prepared in situ from the nitrile and 
condensed with the pyrimidine, 11 (R = PhCH,S) to give the corresponding 
aromatic products, 13.22-24 

11 12 

13 

(2) From Pyrimidines with Adjacent Amino and Chloro Groups 

Methyl hydrazine has been used to convert the chloro substituent of 14 
(R = CHO or COMe) into the corresponding hydrazino compound which, 
without isolation, cyclizes and undergoes spontaneous oxidation to the corres- 
ponding l-methylpyrimid0[5,4-e]-1,2,4-triazine.~~* z6 
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14 15 

The semicarbazide, 16, serves as the precursor to two isomeric structures. 
Warming 16 in aqueous sodium acetate under aerobic conditions produces the 
trioxo compound, 17.27 

17 16 18 

Alternatively, heating 16 at 135°C (0.01 torr) gave a good yield of the 1- 
methyl compound, 18.27 

The imidates, 19 (R = Me or Et), prepared from the corresponding amines 
react with methanolic hydrazine to give 20. It is proposed that the hydrazine 
displaces the ethoxy group of the imidate, then cyclizes to the dihydro deriv- 
ative, which is spontaneously oxidized.*' The reaction of 19 fails when R = H. 

19 20 

( 3 )  From Pyrimidines with 5-Nitroso or 5-Nitro Groups 

Clearly the 5-amino substituent on the pyrimidine ring arises, in the majority 
of cases, from the reduction of either the nitroso or nitro group. In the previous 
discussion the amino group was, in fact, presumed to be the precursor, regard- 
less of the actual functionalized pyrimidine used. In the examples that follow, the 
nitroso or nitro groups are presumed to be involved in a different way. 
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One of the popular precursors for the synthesis of pyrimido[5,4-el-f ,2,4- 
triazines is 6-hydrazino-l,3-dimethyl-5-nitrosouracil, 21. Treatment of 21 with 
acetophenone, for example, gives a poor yield of the phenylpyrimido[5,4-e]- 
1,2,4-triazine, 22 (R = Ph).29 

2 1  22  

Analogous reactions employing either benzyl halides or phenacyl halides lead 
to similar products, 22 (R = substituted phenyl), in yields ranging from poor to 

Under the conditions of the reaction it is presumed that oxidation to 
the corresponding carbonyl compounds occurs with the benzyl and phenacyl 
halides. 

Treatment of 21 with benzylidenetriphenylphosphoranes (Wittig conditions) 
likewise afforded the corresponding 3-aryl derivatives of 22 in varying yields3 
Further examples of this approach have appeared more r e ~ e n t l y . ~ ~ . ~ ~  

By employing the Vilsmeier reagent (DMF-POC13) 21 undergoes cyclization 
to give the 4-oxide of 22 (R = H) in 72% ~ i e l d . ’ ~ . ~ ’  Other reagents that have 
been reported to yield the same product are (a) DMF4imethyl sulfate at room 
temperature (43%), (b) refluxing formic acid (54%), and (c) triethyl orthoformate 
at 90°C (54%).36 The reaction is somewhat more general in the latter case 
because triethyl orthoacetate and triethyl orthopropionate can also be used to 
give the corresponding 4-oxides of 22 where R = Me and Et, respe~t ive ly .~~ 
Finally, treatment of the 5-unsubstituted pyrimidine with sodium nitrite in 
acetic acid produces first 21, which immediately cyclizes to 22 (R = H), pre- 
sumably through the intermediacy of Schiff base formation between the hydra- 
zine moiety and acetic acid, followed by cyclization and ~xidat ion.~’  Other 
examples that follow this general approach have been 

The previous examples employ a hydrazinopyrimidine as the immediate 
precursor with the presumption of a Schiff base intermediate. Preformed hydra- 
zine derivatives, such as 23 (R = H, alkyl, aryl, or heteroaryl; R’ = NO), readily 
afford the corresponding aromatic products, 22, upon hydrogenation and 
oxidation of the dihydro compound with silver The same products are 
obtained by nitrosating the analogous pyrimidine 24 (R’ = Me) in situ, followed 
by the same hydrogenation and oxidation conditions. The term “nitrosating 
cyclization” has been used to describe this process and it is catalyzed by 
hydrochloric acid.47 

Refluxing 24 (R = substituted phenyl; R’ = H) in acetic anhydride resulted in 
cyclization accompanied by dehydration to the demethyl derivative of 22.48 
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23 24 

A variation of the nitrosating cyclization involves the treatment of 24 
( R  = Me, Ph, or substituted Ph) with sodium nitrite in acetic acid in the presence 
of diethyl azodiformate. The 4-oxides, 25, are obtained as the exclusive pro- 
duct~.*~**' 

R 

25 

Similar pathways exist for 5-nitropyrimidines as well as for the nitroso 
derivatives just described. For example, the nitropyrimidine 26 (R = SH; 
R' = COMe) after treatment with sodium hydrogen sulfide and sodium dith- 
ionite was cyclized in methanolic hydrogen chloride to the corresponding 
dihydro compound, 27.' Other analogs of 27 were obtained by reduction with 
iron and acetic acid.' 

26 27 

The hydrazine derivatives, 28 ( R  = R' = H; R 2  = Me, PhCH,, or CH,OH) 
were cyclized to the dihydro compounds, 29, which could be oxidized by 
treatment with oxygen in ethanolic sodium hydroxide." On the other hand the 
dimethyl pyrimidines, 28 (R = R' = Me), afforded very good yields of the 
corresponding 1 ,tdimethyl- 1 .Zdihydro  product^.^' 
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0 0 

28 29 

Schiff base derivatives of the hydrazine moiety can also be employed to form 
pyrimido[5,4-eJ-1,2,4-triazines. Thus, derivatives of 30 (R = H or Me; R’ = H; 
R2 = H or Me) were hydrogenated with palladium on carbon resulting in 
cyclization to the corresponding dihydro derivatives, 31. Other examples have 
been reported to give analogous results. Where possible, oxidation with silver 
oxide in the presence of barium oxide provided the fully aromatic com- 
po~nd . ’ l - ’~  The same chemistry has been applied to derivatives of 30 in which 
RZ is also an alkoxy 

R’ R’ 

I 
R2 

30 31 

Indirect evidence indicates that the initial product is derived from an inter- 
mediate hydrate across the 5-6 bond. In some cases the use of the preformed 5- 
amino compound with triethyl orthoformate afforded better yields of the desired 
dihydro compounds. 

Hydrogenation of 6-(benzylidene- 1 ’-methylhydrazino)-3-methyl-5-nitrouracil 
using palladium on carbon affords the expected pyrimido[5,4-e]- 1,2,4-triazine, a 
toxoflavin derivative.” 

ortho-Nitroso aminopyrimidines have been used as precursors to 
pyrimido[5,4-eJ-l,2,4-triazines. In these examples it is likely that the amino 
group is lost during the reaction. Thus the uracils, 32 (R = H or Me; R’ = H or 
Me), react with both aliphatic and aromatic aldehyde hydrazones to give a series 
of 3-substituted derivatives 33.58*59 

32 33 
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(4) From Pyrimidines with Adjacent Hydruzino Groups 

Locating a hydrazine moiety at position 5 has proved to be an effective 
approach to the synthesis of pyrimido[5,4-e]- l,2,4-triazines as long as there is a 
portion of the hydrazine that can serve as a leaving group. One of the earliest 
examples of this type of reaction involved the treatment of the hydrazinopyrimi- 
dine 34 with phosphorus oxychloride in DMF, which gave 35 ( R  = H).60 The 3- 
OH derivative (R  = OH) is prepared from the same pyrimidine by treatment 
with either sodium ethoxide or ethanolic KOH.27*60*6' 

34 35 

An improved procedure has been developed by formylating 34 to give 5 4  1,2- 
dicarboethoxyhydrazino)-6-(2-formylhydrazino)-l,3-dimethyluracil and cycli- 
zing with sodium ethoxide.61 The acetyl derivative can be similarly cyclized.62 

Hydrazino derivatives similar to 34 have been prepared, by treatment of 6-(2- 
benzylidene-l-methylhydrazino)-3-methyiuracils with diethyl azodiformate. 
The products, 36 (R = R' = H or Me; A r  = substituted phenyl), are cyclized 
into the corresponding pyrimido[5,4-e]- 1 ,2,4-triazine, 35 or 37, by treatment 
with excess lead tetraacetate or heating in n i t r~benzene .~~ 

36 37 

Reaction of 5-arylazo-6-arylidenehydrazino- 1,3-dimethyluracils with DMF- 
DMA also resulted in the formation of 35.64*65 

( 5 )  From Pyrimidines with u 6-Azido Group 

A relatively recent approach to the synthesis of pyrimido[5,4-e]-1,2,4- 
triazines is the photochemical reaction of 6-azido- 1,3-dimethyluracil, 38. Ir- 
radiation of 38 and either formylhydrazine or a variety of acylhydrazines 



210 Pyrirnidotriazines 

CH3 

38 

afforded generally good yields of the expected pyrimido[5,4-e]-l,2,4-triazine, 35 
(R = R’ = Me).66-68 

(6) From Pyrimidines with Adjacent Amino Groups 

Only one report describes a cyclization in which a nitrogen-nitrogen bond is 
formed. The thioureido compounds, 39 (R = carbohydrate moieties), gave the 
nucleoside analogs, 40, upon NBS oxidation.69 

39 40  

(7) From Triazines 

Essentially all efforts to prepare pyrimido[5,4-e]- I ,2,4-triazines from triazines 
begin with an amino group located adjacent to a carboxamido or substituted 
carboxamido group. 

Although products such as 35 have been prepared from pyrimidines, experi- 
mental difficulties suggested that a new approach was needed. The triazine 41, 
which happens to originate from a pyrimidine via a pyrimido[5,4-e)-1,2,4- 

4 1  4 2  4 3  
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triazine, is treated with a phosgene-pyridine complex in hot dioxane to give a 
37% yield of 35 (R = R’ = H).70.71 

The related triazine, 41 (R’ = OEt), is treated with triethyl orthoformate in 
acetic anhydride to afford the diethoxy compound, 42 (R’ = R3 = OEt).” 
Other amides have been similarly treated. 

The guanidino and benzamidino derivatives, 43 (R = NH, and Ph, respect- 
ively), were cyclized in hot DMF containing potassium carbonate to 42 
(R3 = NH, or Ph; R’ = SMe).72 

( 8 )  From Other Heterocyclic Rings 

The purine, 44, serves as a source for the synthesis of the pyrimido[5,4-e]- 
1,2,4-triazine, 45, even though the purine is readily prepared from 5-amino-4- 
chloro-6-hydrazinopyrimidine. Refluxing the purine in dilute alcoholic hydro- 
gen chloride caused a ring-opening reaction to occur followed by recyclization 
to the 0x0  pyrimid0[5,4-e]-l,2,4-triazine.~~ 

4 4  4 5  

A similar chlorine-containing heterocycle, 46, undergoes a displacement 
reaction of the chlorine atom with methylhydrazine. Apparently, the inter- 
mediate hydrazino pyrimidine cyclizes at the carbon atom of the five-membered 
ring, liberating the sulfur, to give the structure 47.16 

CI S 

4 6  4 7  

The furazanopyrimidine, 48, undergoes nucleophilic attack by acylhydrazides 
at the amino group. This is followed by catalytic hydrogenation during which 
time recyclization to the appropriate pyrimido[5,4-e]- 1,2,4-triazine, 49, 
occurs.74 
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48 49 

B. Synthesis of Pyrimido[4,5e]-1,2,4triazines 

Much of the stimulus for the synthesis of pyrimido[4,5-e]-l,2,4-triazine 
derivatives has been due to the great interest in the antibiotics, fervenulin and 
toxoflavin. As noted earlier, these antibiotics are members of the pyrimido[5,4- 
e]-1,2,4-triazine class of heterocyclic ring systems. Hence, it is quite logical to 
consider moving the nitrogen atom within the triazine portion of the molecule to 
convert a “7-azapteridine” to a “6-azapteridine”. 

(1) From Pyrimidines 

Alloxan and some of its N-methyl derivatives, 50 (R = H or Me; R’ = H or 
Me), have been condensed with nitrogen-containing reagents to produce the 
corresponding pyrimido[4,5-e]- 1,2,4-triazines, 51. Examples of such reagents 
are S-alkylisothiosemicarbazides (R2  = SMe or SEt)7S and arninoguanidinium 
hydrogen carbonate derivatives (R2 = NH,, NHEt, or NHCH,Ph).76-79 The 
biological activity of some of these compounds had been reported earlier but 
without chemical experimental 

50 51 

Similar chemistry has resulted from the use of 5,5-dibromobarbituric acid 
and the 1;3-dimethyl analog. It is likely that the dibromo substituents serve 
as a synthon for the 0x0 group found in alloxan.82 Analogous reactions have 
been shown to occur with 2-amino- or 2-substituted amino-5,5-dibromo- 
pyrimidines.82 

Heating 5-nitrosopyrimidines with suitable nitrogen molecules also provided 
the expected pyrimido[4,5-e]- 1,2,4triazine. Stoichiometric amounts of formyl- 
hydrazine react with 52 (R = R’ = Me) in aprotic solvents to give 51 (R = H).83 
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52 

Other acid hydrazides gave analogous products in yields of ca. 15-40°/o. The 
presumed reactive species is the tautomeric imino-oxime form. 

Condensation of the trioxo compound, 52 (R = R' = Me; R2 = OH), with 
either 2-amino- I -ethylguanidine or 2-amino- I-methylguanidine in DMF pro- 
duced the expected pyrimido[4,5-e]-l,2,4-triazine derivatives, 51 ( R 2  = NHEt 
and NHMe).84 However, under these conditions the nonmethylated compound 
failed to give the expected product. Success is achieved when this pyrimidine is 
first treated with aminoguanidines in aqueous hydrochloric acid and the isol- 
ated intermediate alloxan guanylhydrazones subsequently cyclized. 

A poor yield of 51 (R = R' = Me; R2 = H) is obtained from the reaction of 52 
(R2  = NH,) with formylhydrazine in DMF." 

Under Vilsmeier-Haack conditions 6-amino-5-( 1,2-dicarbethoxyhydrazino)- 
1,3-dimethyluracil, 53, cyclized to the pyrimido[5,4-e]-l,2,4-triazine. Treatment 
of this same pyrimidine with lead acetate took a different pathway and cyclized 
to give the 0x0 pyrimido[4,5-e]- 1,2,4-triazine, 54 (R = OH).60 

53 54 

Under the less vigorous conditions of sodium ethoxide at room temperature 
cyclization of 53 proceeded to form 2-carboethoxy- 1,4-dihydro-5,7-dimethyl- 
pyrimido[4,5-e]- 1,2,4-triazine-3,6,8( 2H,5H,7H)-tri0ne.'~ 

Similar derivatives of 54 (R = aryl) have been isolated as minor products in 
the reaction between 6-hydroxylamino- 1,3-dimethyluracil and arylhydrazides in 
refluxing DMF." 

The use of 5-azopyrimidine derivatives has also proved to be effective in 
forming different pyrimido[4,5-e]-l,2,4-triazine compounds. Fusion of 55 
(R = Ph, 3-MePh; R' = Me,N) above 200°C in the absence of moisture led to 
reasonable yields of the corresponding 56.'' 
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56 55  57  

Poorer yields of the analogous derivatives of 56 were isolated, as secondary 
products, when either benzaldehyde or 4-chlorobenzaldehyde were used to 
prepare the Schiff base. 

Photochemical cyclization of 55 in the presence of oxygen produced the 
trioxo products, 57 (R = aryl), in moderate yields.89 In the absence of oxygen 
the photochemical reaction gave purines. These and similar compounds could 
be prepared by condensing the 6-aminouracils with urea at 180"C89*90 or with 
N,N'-~arbonyldiimidazole.~' Simple thermal cyclization afforded 56 (R = aryl; 
R' = Me,N).89 

(2) From Triazines 

Typical methods for the formation of pyrimidines have been employed. One 
of the classical systems, an amino group ortho to a carboxamido group, was the 
first to be explored. Diethyl carbonate, in ethanolic sodium ethoxide, condenses 
with the diaminotriazine, 58 (R = NH,), to produce 59 (R' = OH). 

0 0 

58 59  

Similar reactions with formamide and acetamide lead to the expected 59 
(R' = H or Me).76*77 Analogous chemistry occurs with the ethoxy compound, 

The chlorotriazine, 60 (R = Ph), can react with acetamidine or benzamidine 
to give the appropriate 0x0 derivatives 59 (R '  = Me or Ph)93 or with dimethyl- 
urea to give 61 (R = Ph).93 

The methylthio derivative 60 (R = MeS) gave, with benzamidine or guani- 
dine, the corresponding products, 59.72 

Another functional group that has played a role in forming the pyrimidine 
ring is the cyano moiety. Thus, the nitriles 62 (R = OEt and aryl) were cyclized 

58 ( ~ 1  = 0~t1.92 
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n 0 

60 61 

with guanidine to give the diamino pyrimido[4,5-e]-l,2,4-triazine, 63 (R = OEt 
and aryl; R’ = NH2),92.94 while 62 (R = MeS) readily closes with benzamidine 
to 63 (R = MeS; R’ = Ph).’’ 

62 63 

The elaborate triazine 64 was converted in refluxing ethanol, with base 
catalysis, first to the imino compound, 65 (X = NH), and then, under acidic 
conditions, hydrolyzed to the 0x0 compound (X = 0) in 60% overall yield.95 

64 65 

(3) From Purines 

In an unusual ring expansion 7-aminotheophylline (66, X = H )  and the 8- 
bromo derivative (X = Br) are oxidized with lead tetraacetate to give the 
pyrimidotriazines, 67.96*97 What makes this reaction unusual is that ring 
contractions of pyrimidotriazines leading to purines are more commonly ob- 
served. This interesting observation does not appear to have been examined 
further. 
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C. Synthesis of Pyrimido[5,4-d]-1,2,3-triazines 

There is, practically speaking, only one approach to the synthesis of 
pyrimido[5,4-~f-J-l,2,3-triazines. This involves the use of a pyrimidine with an 
amino group adjacent to a methyl group. The relevant chemistry takes advant- 
age of the acidity of the methyl hydrogens. 

In the first instance, 5-amino-l.3,6-trimethyluracil, 68, was treated with 
sodium nitrite and concentrated hydrochloric acid. The product was identified 
as the 3-N-oxide, 69,98 which had earlier been prepared by the same reaction but 
incorrectly identified.99 

6 8  6 9  

Twenty years passed before this pyrimidotriazine isomer was again the 
subject of chemical investigation. Nevertheless, the chemistry was the same as 
that described earlier. Thus, pyrimidines of the type 70 (R = NH,, MeNH, 
Me,N, piperidine, or MeS; R '  = S-alkyl, Me,N, or morpholine) were treated 
either with sodium nitrite or isopentyl nitrite to afford the corresponding 
N-oxides, 71.100-102 

7 0  7 1  



3. Reactions 217 

D. Synthesis of Pyrimido[4,5-d]-l,2,3-triazines 

The only example of a pyrimido[4,5-d]-1,2,3-triazine was reported in 1983.'03 
As a part of a general examination of 6-azidouracil derivatives, 6-azido-5- 
formyl- I ,3-dimethyluracil, 72, afforded 6,8-dimet hylpyrimido[4,5-d]- 1,2,3- 
triazine-5,7(6H,8H)-dione, 73, upon treatment with triethyl phosphite and tri- 
phenylphosphine under mild conditions. 

0 0 

7 2  7 3  

3. REACTIONS 

A. Of Pyrimido[S,4-e]-1,2,4-triazines 

(1) Simple Group Transformations 

(a) Oxidation Reactions 

The most common oxidation reaction involving this ring system is the 
conversion of the 12-dihydro compounds into the fully aromatic species. The 
dihydro compounds are usually the immediate product obtained by ring clos- 
ure. In some cases the oxidation occurs spontaneously in the presence of 

while in others a rather vigorous oxidation agent is necessary. 
Silver oxide is the agent of choice in many  example^'^-^^^^^ -53 although other 
agents such as potassium permanganate,' 1-~hlorobenzotriazole,~~~ and 2,3- 
dichloro-5,6-dicyano- 1 ,4-benzoquinone2 have been employed occasionally. In 
the majority of reports the oxidation is described in the experimental procedures 
for the preparation of the aromatic compounds and the original literature 
should be consulted for examples other than those described here. 

Direct oxidation of the heterocyclic ring to afford an N-oxide is also known. 
An illustration of this process is seen in the oxidation of the dimethyl com- 
pounds, 22 ( R  = H, Me, or 2-pyridyl), into the 1-N-oxides, 74, by treatment with 
hydrogen peroxide in trifluoroacetic Under similar conditions 22 
(R = PhNH) gave the 2 - N - o ~ i d e . ~ ~  

Other examples of N-oxides arise chiefly through ring cyclization of nitroso 
or nitro precursors. 

air,9. 10.16.20.26 
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7 4  7 5  

(b) Functional Group lnterconversions 

The replacement of one functional group by another represents a significant, 
although certainly not novel, method for the preparation of desired derivatives 
of the pyrimido[5,4-e]-l,2,4-triazine ring system. 

Conversion of an amino group (75, R = NH,) into a different nitrogen- 
containing group has been described for hydrazine (R = NHNH,)" and 
benzylamine (R = PhCH, NH)," while base-catalyzed hydrolysis affords the 
corresponding 0x0 derivatives (R = Nitrous acid treatment of 
the hydrazino group provides the azido s~bsti tuent. ' '~ 

Treatment with phosphorus oxychloride converts the hydroxy moiety into 
the chloro group,60*6 ' which may undergo simple nucleophilic displacement 
with a variety of agents such as hydrazine,60*6' a l k ~ x i d e s , ~ ~ . ~ ~  azide i ~ n , ' ~ . ~ '  
aniline,44 secondary amines,'7-53*71 sulfhydryl ion," methylthio ion,53 and the 
malononitrile anion. lo' 

The replacement of alkoxy groups by aminesS4.'" or water (hydrolysis)56 has 
also been described. 

Sulfur-containing groups, such as benzylthio, also figure prominently in 
functional group interconversions. This group can be displaced by the sulfhydryl 
ion,' 3*16q22 the hydroxide ion,,, and various amino compounds.' 3316v22.24  

Phosphorus pentasulfide transforms the 5-OXO group of the uracil compound, 
22, into the corresponding 5-thio compound.'06 

Alkylation at one of the ring nitrogen atoms can be achieved, although 
sometimes accompanied by an unusual demethylation. Hence, treatment of 76 
(R = H, substituted aryl, or heteroaryl) with methyl iodide in DMF containing 
potassium carbonate leads to the appropriate 77.59*'07 Other alkyl groups can 
be introduced in this manner.48.107- ' I 0  

7 6  7 7  
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A special case of the alkylation reaction involves the formation of a nucleoside 
product. Using standard methodology 78 is transformed into the corresponding 
isomers, 79 and 80, in which R can be methyl, ribose, deoxyribose, or glucose.' 

7 8  7 9  8 0  

(c) Covalent Addition 

One of the more interesting group transformations involves the initial cova- 
lent addition of an alcohol, followed by subsequent oxidation (rearomatization), 
to provide an alkoxy substituent. The first example of this behavior was 
reported by BifTen and Brown" in which covalent addition of methanol across 
the 5-6 double bond of 81 was postulated to give 82. Under the oxidizing 
conditions of the reaction 83 was isolated. This results in a replacement of the 
hydrogen at position 5 by a methoxy group. 

8 1  8 2  83 

Other examples of this type of chemistry involving other molecules as adducts 
have been reported.~~.14.1~.~3.1'2-~14 

(2) Ring-Opening Reactions 

(a) With Retention of One of the Heteroaromatic Rings 

Depending on the reaction conditions either the triazine or the pyrimidine 
portions of the pyrimido[5,4-e]-l,2,4-triazines can be cleaved resulting in the 
appropriately substituted pyrimidine or triazine products. 

A few simple derivatives have been shown to have labile triazine rings, 
particularly toward aqueous hydrolysis. Aqueous ethanolic sodium chloride 
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treatment of 5-chloro- I ,2-dihydropyrimido[5,4-e]- 1,2,4-triazine results in open- 
ing of the triazine ring to give 5-amino-4-chloro-6-(2-formylhydrazino)- 
pyrimidine." The analogous 5-thio dihydropyrimidotriazine is cleaved zt room 
temperature in 4 N HCI to 5-amino-4-hydrazinopyrimidine-6( 1 H)-thione.13 

The 5-chloro-1,2-dihydro compound mentioned above (and some of its 3- 
substituted derivatives) undergoes opening of the pyrimidine ring upon treat- 
ment with bromine in methanol to give the o-amino ester t r i a~ ine . '~  A similar 
fate befalls the 5-methoxypyrimido[5,4-e]- 1,2,4-triazine with methanolic hydro- 
gen chloride. In addition, the same thio analog above cleaves the pyrimidine 
ring when treated with tr ieth~lamine. '~ Similarly, reaction of the fully aromatic 
5-aminopyrimido[5,4-e]- 1,2,4-triazine with excess ethylamine or hydrazine 
under vigorous conditions provided the triazine derivatives, 84 (R = Et or 
NH,)," while the corresponding 5-OXO compound opens with morpholine in 
ethanol to 84 (R = N-morpholino).lls 

8 4  

As expected the pyrimidine ring that resembles 1,3-dimethyluracil is readily 
opened by nucleophiles, such as primary amines or hydrazine.' l 6  

Clearly, the most susceptible type of molecule toward such ring-opening 
reactions is the N-oxide. As a good example, 6,8-dimethylpyrimido[5,4-e]-1,2,4- 
triazine-5,7(6H,8H)-dione 4-oxide (fervenulin 4-oxide), 85, gives the nitroso 
pyrimidine, 86, on treatment with acid or the 6-hydroxypyrimidine, 87, on 
treatment with acetic acid-acetic anhydride mixture.35 Other studies report 
similar ~hemis t ry .~~ . '  "-' l9 

86  8 5  87  

(b) With Formation of New Heteroaromatic Rings 

The lability of the triazine ring under certain conditions has provided a 
suitable method for the conversion of pyrimido[5,4-e]- 1,2,4-triazines into pur- 
ines. One of the first examples of such a transformation is the reaction of 5- 
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chloro-l,2-dihydropyrimido[5,4-e]-1,2,4-triazine with formic acid to give 4- 
hydro~y-9-formamidopurine.'~ Presumably, the ring opened intermediate is a 
5-formamidopyrimidine. which undergoes slow ring cyclization. Simultaneous 
displacement of the chloro group occurs. 

A more general application of this type of chemistry is shown by the treatment 
of the 3-substituted-5,7-dioxo compounds, 88 (R = H or alkyl; R' = substituted 
phenyl), with formamide at 190 "C to afford the corresponding 8-substituted 
purines, 89."' 

89 88 90 

An interesting feature of the triazine ring that has been exploited is the ability 
to eliminate the adjacent nitrogen atoms as molecular nitrogen. The triazine 
ring can serve as a suitable substrate and participate in a 1,3-dipolar cycloaddi- 
tion reaction. This type of chemistry has been demonstrated with the 4-N-oxide 
of 88 and dimethyl acetylenedicarboxylate resulting in the deazapurines, 

As noted earlier the pyrimidine portion of the pyrimido[5,4-e]- 1.2,Ctriazine is 
also susceptible to ring cleavage. In some cases this, too, can be used to provide 
different ring systems. 

One early case of this is the aqueous base hydrolysis of 6,8-dimethyl- 
pyrimido[ 5,4-el- 1,2,4-triazine-5,7(6H,8H)-dione to afford the five-membered 
ring, dimcthylparabanic acid.2' Of course this is a destructive process and has 
no real value in synthesis. 

On the other hand a variety of azapurines have been elaborated from such 
ring systems in which the triazine portion of the molecule is stable but the 
pyrimidine is opened and reclosed to a five-membered ring. The use of 10% 
alcoholic sodium hydroxide converts 88 into the azapurine, 91.48*124-126 The 4- 
N-oxides of 88 behave similarly to give a z a p ~ r i n e s . ~ ~  

90.12 1 - 1 2 3  

91 
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B. Of Pyrimido[4,5-e]-1 ,fCtriazines 

(1) Simple Group Transformations 

Many of the standard functional group transformations are possible with this 
ring system. Replacement of the ethylmercapto moiety at position 2 of the 
triazine portion of the molecule with a variety of a m i n e ~ ~ ~ . ~ ~  and the hydroxy 

or the corresponding ethoxy group with ammoniag2 and the hydroxy 
has been described. Oxidation of the ethylmercapto group to the 

sulfone with subsequent replacement by azido, hydroxy, mercapto, or amino 
groups has also been reported.' 2 7  

Chlorination of an 0x0 moiety by phosphorus oxychloride and phosphorus 
p e n t a ~ h l o r i d e ~ ~  or phosphorus oxychloride alone" has been accomplished. 
One example, 2-chloro-6,8-dimethyIpyrimido[4,5-e]-l,2,4-triazine-5,7(6H,8H)- 
dione, undergoes further displacement with hydrazine.60*86 

Alkylation of ring nitrogen  atom^^^*^^'^^ proceeds under usual conditions. 

( 2 )  Ring-Opening Reactions 

The pyrimidine portion of the pyrimido[4,5-e]-l,2,4-triazines is also reported 
to undergo cleavage. Both the uracil and dimethyluracil analogs have been 
subjected to such ring-opening conditions. These uracil compounds (with two, 
one, or no N-alkyl groups) lead to the corresponding triazines when treated with 
aqueous b a ~ e ~ ~ - ' ~ * ' ~ *  or alkyl a m i n e ~ . ~ ~  

Ring contraction of the triazine component of pyrimido[4,5-e]- 1,2,4-triazines 
leading to purines is a consequence of the ring cleavage of the triazine ring. For 
example, the reaction of 92 with sodium dithionite in formic acid gave the 8- 
substituted theophyllines, 93."*'" 

92 93 

The assumption made for this transformation is that reductive nitrogen 
nitrogen bond cleavage occurs to give a 5-amino-6-amidinouracil. Subsequent 
cyclization, accompanied by loss of ammonia would produce the purine struc- 
ture shown. 
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C. Of Pyrimido[5,4-d]-l,2,3-triazines 

Only a few reactions involving this ring system have been described in the 
literature. As one of the earliest examples, the 3-N-oxide, 69, upon treatment 
with thionyl chloride produced the 4-0x0 derivative (with loss of the N-oxide) 
accompanied by 5-diazo- 1,3-dimethylbarbituric acid.98 Both of these com- 
pounds were undoubtedly derived from an intermediate 4-chloro compound 
that could be isolated, although with great difficulty. The 4-0x0 compound 
obtained was methylated with dimethyl sulfate but the position of alkylation 
was not established unambiguously. 

Other 6,8-disubstituted 3-N-oxides were also converted to the corresponding 
4-chloro derivatives that were, in turn, transformed into a variety of 4-amino 
c o m p ~ u n d s . ~ ~ ' ~ ' ~ ~  

4. PATENT LITERATURE 

Only the pyrimido[5,4-e]-l,2,4-triazines have been the subject of any signific- 
ant patent coverage. Some 40 examples of 94 have been prepared and examined 
as antiinflammatory agents.13".131 So me of the compounds were the 1,2- 
dihydro derivatives. The major functional groups were R = CI, NH,, or a 
variety of secondary and tertiary amines while R' = alkyl or phenyl. The only 
variations at RZ were methyl and phenyl. 

R 

94 

A somewhat smaller collection of similar compounds, 94, were prepared for 
the purpose of controlling unwanted plants.'32 These compounds were substi- 
tuted only at R with alkyl or aromatic amines. 

A few compounds similar to 92 have also been re~0r ted . l '~  
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5. TABLES 

TABLE 1. T H E  PYRIMIDO[5,4-~J-I.2.4-TRIAZINES THAT HAVE N O  O X 0  OR THIOXO 
GROUPS 

Substituents mP Other Data References 

5-Amino- 
3.5-Diamino- 
5,7-Diamino- 
5-Amino-3-(azidomet hy1)- 
7-Amino-3-(azidomethyl)-5-[( phen ylmeth yl) 

5-Amino-3-[(diazido) (carboethoxy)methyl]- 
5-Amino-3-[(bromo) (carboethoxy)methyl]- 

5-Amino-3-[(carboethoxy)met h yll-  
7-Amino-3-[(carboethoxy)methyl]-5- 

7-Amino-5-[(4-carboethoxyphenyl)amino]- 

5-Amino-3-{ [(4-~arboethoxyphenyI)amino]- 

7-Amino-3-{ [(4-carboethoxyphenyI)amino]- 

5,7-Diamino-3-{ [(4carboethoxyphenyI)- 

5-Amino-3-carboxamido- 
3,5-Diamino-7-chloro- 
5-Amino-3-(chloromet hy1)- 
7-Amino-3-(chloromethyl)- 1.2-dihydro-5- 

[(phenylmethyl)thio]- (and hydrochloride) 
7-Amino-3-(chloromet hyl)-5- 

[(phenylmethyl)thio]- 
5.7-Diamino-3-[(3,4-dichlorophenyl)- 

aminoJmethy1- 
7-Amino-3-( [(3,4-dichlorophenyl)amino]- 

met hyl]-5-[( phenylmethy1)t hio]- 
5.7-Diamino-3-{ [( 3,4-dichlorophenyl)- 

formylamino]meth yl- 
5,7-Diamino-3-{ [(3.4-dichlorophenyl)- 

nitrosoamino]methyl )- 
5,7-Diamino-3-{ [(4-chlorophenyl)- 

sulfinyl]methyl )- 
7-Amino-3-{ [(4-chlorophenyl)thio]methyl)- 

5-[(phenylmethyl)thio]- 
5,7-Diamino-3-{ [(4-chlorophenyl)- 

thiolmet h yl) - 
5-Amino-3-ethoxy- 
3,5-Diamino-7-et hoxy- 
5-Amino-3-ethoxy-7-propoxy- 
5.7-Diamino-3-et hyl- 
5-Amino-3-et hyl-7-methox y- 
5-Amino-7-met hoxy- 

thiol- 

(monohydrobromide) 

[(phen ylmethyl)thio]- 

3-(chloromet hyl)- 

methyl)- 

methyl)-5-(phenylmethyl)thio- 

amino]methyl}- 

> 264 
> 340 
> 264 
179-180 (d) 

210 (d) 
154 

187 (d)  
I75 

20 1 

157 (d) 

160 (d)  

> 264 

> 264 
1 2 6 4  
> 310 (d) 

212 213 (d) 
219 (d) 
[217 (41 

243 (d) 

> 300 

255 (d) 

282-284 (d) 

> 300 

282 285 

> 191-193 

> 280 
> 242 (d) 
> 260 

209-210 (d) 
> 320 

205 
> 210 (d) 

IR.  NMR. UV 
NMR, UV 
IR, NMR, UV 
NMR, UV 
IR.  MS, NMR, 
uv 
IR,  NMR, UV 

IR,  NMR, UV 
NMR, UV 

IR,  NMR. UV 

IR,  NMR, UV 

IR.  NMR, UV 

IR,  NMR, UV 

IR, NMR, UV 
lR, UV 
NMR, UV 
IR. NMR. UV 

IR, NMR, UV 

IR.  NMR. UV 

NMR, UV 
NMR, UV 
NMR, UV 
IR,  NMR, UV 
IR. NMR 
NMR, U V  

71 
55  
15, 16 
14 

18 
18 

14 
14 

18 

18 

18 

10, 115 

10, 115 
14 
56 
18 

18 

18 

24 

24 

24 

24 

24 

24 

24 
55 
55 
55 
54 
54 
15  
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TABLE I .  (Continued) 

Substituents mP Other Data References 

3,5-Diamino-7-methoxy- 
3-Amino-5-methoxy-7-methyl- 
5-Amino-7-methoxy-3-methyl- 
5-Amino-3-(methoxymethyl)- 
7-Methylamino-5-(trifluoromethyl)- 
5,7-Diamino-3-methyl- 
3,5-Diamino-7-methyl- 
5-Amino-3-methyl-7-phenyl- 
7-Amino-3-met hyL5-(trifluoromet hyl)- 
5,7-Diamino-3-phenyl- 
5-Amino-3.7-diphenyl- 
7-Amino-5-[(phenylmethyl)thioJ- 
3.5-Diamin0-7-propoxy- 
5,7-Bis(bu tylamino)- 
5,7-Bis(butylamino)-3-methyl- 
5-Carboet hoxy-7-chloro- 
3-(Carboethoxy)methyl-5-chloro- 1.2-dihydro- 
5-Carboethoxy-7-chloro- 
5-Carboet hoxy-7-(dimet hy1amino)- 
5-Carboet hoxy-7-( I-piperidiny1)- 
5-[(4-Carboethoxyphenyl)amino]-3- 

5-Chloro-3-(chloromethyl)- 1.2-dihydro- 

5-Chloro-3-ethoxy- 1.2-dihydro- 

7-Chloro-5-ethoxy- 1.2-dihydro- 
7-Chloro-5-hydroxy-5,6-dihydro-5- 

(trifluoromethy1)- 
7-Chloro- 1.2-dihydro- 
5-Chloro- 1.2-dihydro-3-(methoxymethyl)- 

(and monohydrochloride) 
7-Chloro- I ,2-dihydro-3-methyl- 
7-Chlor0-1.2-dihydro-5-methyl- 
7-Chloro- 1.2-dihydro-3-methyl-5- 

7-Chloro-I.2-dihydro-5-(trifluoromethyl)- 
3-(Chloromethyl)-5-met hoxy- 
7-Chloro-5-(trifluorome1hyl)- 
5-[(Cyanomethyl)thio]- 1.2dihydro- 
54 Diethy lamino)- 
S-(Diethylamino)-3-methyl- 
5-(Dimethy lamino)- 
5-( Dimethylamino)-7-methoxy- 
S-(Dimethylamino)-7-methoxy-3-methyl- 
5-(Dimethylarnino)-3-methyl- 
5-(Dimethylamino)-7-methyl- 
S-(Dimethylamino)-3,7-dimet hyl- 
74 Dimethylamino)-3-methyl-5- 

(ch1oromethyl)- 

(monohydrochloride) 

(monohydrochloride) 

(trifluoromethy1)- 

(t rifluoromet h yl)- 

> 275 (d) 
> 220 (d) 

200 
178-180 
1 94 
> 320 
> 315 (d) 

237 (d) 
205 (d) 
> 320 
> 300 

226 (d) 
> 270 (d) 
133-1 34 
109-110 
87 
177 (d) 
278 
I24 
I02 

NMR, UV 
NMR, UV 
IR,  NMR, UV 
NMR, UV 
MS, NMR, UV 
IR, NMR, UV 
NMR, UV 
NMR, UV 
MS, NMR, UV 
IR, NMR 
NMR, UV 
IR, NMR, UV 
NMR, UV 
NMR, UV 
NMR. UV 
NMR. UV 
NMR, UV 
NMR 
NMR, UV 
NMR. UV 

245-246 (d) I R ,  NMR, UV 

180-181 (d) NMR, UV 

> 300 NMR 
> I8O(d) NMR 

107-1 10 MS, NMR 
> 250 (d) NMR. UV 
148-150 
1147-149 (d)] NMR 
> 230 NMR, UV 
> 300 NMR. UV 

214 
212 (d) 

I57 
228 (d) 
127 
97-99 
180-181 
2 14-216 
244-245 (d) 
277-280 (d) 
179- 180 
222-223 

79-8 I 

MS. NMR 
MS, NMR 
NMR. UV 
MS. NMR, UV 
I R .  NMR, UV 
IR, UV 
NMR, UV 
NMR, UV 
NMR, UV 
NMR. UV 
IR, NMR. UV 
NMR, UV 
NMR. UV 

I I6 MS. NMR, UV 

55 
55 
54 
14 
9. 134 
54 
55, 56 
74 
9. 134 
54 
74 
16 
55 
15 
15 
17 
14 
17 
17 
17 

18 

14 

55 
55, 56 

9 
15 

14 
15 
15 

9, 135 
9, 135 
14 
9. 134 
13 
71 
53 
1 1  
I5 
11 
53 
11 
1 1  

9, 134 
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TABLE 1 .  (Continued) 

Substituents mP Other Data References 

74 Dimethylamino)-5-(tr~fluoromethyl)- 

3,SDiethoxy- 
5.7-Diet hoxy- 
3.5.7-Triet hoxy- 
5-Ethoxy-5,6-dihydro-3-methyl- 
7-Ethoxy- I .2-dihydro-3-methyl-5- 

(trifluoromet hyl)- 
3-Ethoxy-5-methoxy- 
3-Ethoxy-5,7-dimethoxy- 
5-Ethoxy-7-methoxy- 
3-Ethoxy-5-methoxy-7-methyl- 
3-Ethoxy-5-methoxy-7-propoxy- 
3-Ethoxy-5-methy lamino- 
3-Ethoxy-5-methylamino-7-methyl- 
3-Ethoxy-5-methylamino-7-propoxy- 
5-Ethoxy-3-methyl- 
5-Ethoxy-3.7-dimethyl- 
5.7-Diethoxy-)-methyl- 
5-Ethylamino- 
3-Ethyl-5.7dimethoxy- 
5-Guanidino- 
5-Hydratino- 
5-( Hydroxyamino)- 
1.2-Dihydro- (and monopicrate) 
5.6-Dihydro-5-met hoxy- 
1.2-Dihydr0-5-methoxy-3-methyl- 

(and monopicrate) 
5.6-Dihydro-5-methoxy-3-rnethyl- 

5.6-Dihydro-5-met hoxy-7-methyl- 
5.6-Dihydro-5-rnethoxy-3.7-dimet hyl- 
I ,2-Di hydro-7-methon y-3-methyl-5- 

1,2-Dihydro-3-methyl- (and 

1.2-Dihydro-5-methyl- 
1.2-Dihydro-7-methyl- (and monopicrate) 

5-Ethoxy- 

(trifluoromethy1)- 

dihydrochloride and monopicrate) 

1,2-Dihydro-3,5-dimethyl- (dihydrochloride) 
1,2-Dihydro-3,7-dimethyl- (and picrate) 
1,2-Dihydro-5,7-dimethyl- (monoformate) 
1,2-Dihydro-3,5,7-trimethyl- 
1,2-Dihydro-5-(methylthio)- 
1,2-Dihydro-l-methyl-5-[(phenylmethyl)thio]- 
1,2-Dihydro-3-methyl-5-[(phenylmethyl)thio]- 
1,2-Dihydro-3-methyl-5-propyl- 

1,2-Dihydro-5-[(phenylmethyl)thio]- 
(monohydrochloride) 

90 
95- 96 
90-9 I 
141-142 
145-146 
I14 (d) 

180-182 
139- 140 
157 
145-146 
169- 17 I 
I 22.- I23 
> 247 (d) 

215 (d) 
160-161 (d) 
I I 8-1 19 
148-150 
140-141 
I72 
142-143 
> 264 
> 264 
> 264 
> 350 (197) 
150 (d) 
I72 
( 168- 1 70) 

214 (d) 
> 300 
> 320 

196-198 
> 350 

( > 300;205) 
190 
> 350 

( I  98- I 99) 
252-253 (d) 
> 320 (194) 

210-21 1 
189-190 
208-209 
131 (d) 
125- 126 

222--224 
160 

MS. NMR, UV 
NMR. UV 
NMR. UV 
NMR. UV 
NMR, UV 
IR. MS. NMR 

MS. NMR 
NMR, UV 
NMR, UV 
NMR, UV 
NMR, UV 
NMR, UV 
NMR, UV 
NMR, UV 
NMR, UV 
NMR, UV 
NMR, UV 
NMR. UV 
IR, NMR, UV 
IR. NMR 
IR, NMR, UV 
IR, NMR, UV 
IR. NMR. UV 
MS. NMR. UV 

IR, MS, NMR. 
uv 
NMR, UV 
I R  

MS, N M R  

MS, NMR. UV 
NMR, UV 

MS. NMR. UV 

MS, NMR. UV 

NMR, UV 
IR, NMR. UV 
IR, NMR, UV 
IR, NMR, UV 

NMR. UV 
IR, NMR, UV 

9. 134 
53 
55 
I I2 
55, 56 
51 

9. 135 
55,  56 
55 
I12 
55  
55, 56 
55  
55 
55 
I12 
1 I 2  
I12 
71 
54 
13 
71 
13 
51, 52 
52 

52 

51, 52, 136 
52 
52 

9, 135 

51, 52, 136 
52 

51, 52 
52 
51.  52 
52 
52 
13 
16 
10 

I 1  
13 
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TABLE I.  (Continued) 

Substituents mP Other Data References 

5.7-Dtisopropoxy- 
5-lsopropoxy-3-met hyl- 
5-Methoxy- 
3.5-Dimethoxy- 
5.7-Dimethoxy- 
3.5.7-Trimet hoxy- 
S-Methoxy-3-(methoxymethyI)- 
S-Methoxy-3-methylamino-7-methyl- 
5-Methoxy-3-methyl- 

5-Methoxy-7-methyl- 
5-Methoxy-3-7-dimethyl- 
5.7-Dimethoxy-3-methyl- 
7-Methoxy-S-(rnethylthio)- 
5.7-Dimethoxy-3-phenyl- 
5-Methoxy-3-propox y- 
3.5-Di(methylamino)- 
3.5.7-Tri(met hy1amino)- 
5-Methylamino-3-methyl- 
3,5-Di(methylamino)-7-methyl- 
3,5-Di( methylamino)-7-propoxy- 
3-Methyl- 
3.7-Dimethyl- 
3,5,7-Trimet hyl- 
3-Methyl-5-(methylthio)- 
3-Methyl-5-propoxy- 
3-Methyl-5-(propylamino)- 
3,7-Dimethyl-S-( propylamino)- 
S-(Methylthio)- 
5-[(Diphenylmet hy1)amino)- 
5-[ (  Phenylmethyl)thio]- 
5,7-Dipropoxy- 
S-(Propylamino)- 
74 1 -Pyrrolidinyl)-5-( trilluoromethyl)- 

118-120 
117-119 
100 
152-153 
155-156 
181 (d) 
91 
194 

169 
110 
I89 
160 
185- I87 
I88 (d)  
67-68 
267--268 
> 257 (d)  

256 (d) 
> 245 (d)  

200-201 
81-82 
> 300 

91 (4 
19&191 
4 5 4 6  
181-182 
114-116 
137- I39 
155 
I13 
87-88 
143- 145 
127 

NMR. UV 
NMR, UV 
NMR, UV 
NMR, UV 
NMR. UV 
NMR. UV 
NMR. UV 
NMR. UV 
IR, MS. NMR, 
uv 
MS, NMR, UV 
MS. NMR, UV 
NMR. UV 
NMR, UV 
IR. NMR 
NMR, UV 
NMR, UV 
NMR. UV 
NMR, UV 
NMR, UV 
NMR. UV 
NMR, UV 
IR, NMR. UV 
NMR. UV 
NMR, UV 
NMR, UV 
NMR, UV 
NMR, UV 
IR, NMR, UV 
IR, NMR, UV 
IR, NMR, UV 
NMR, UV 
NMR, UV 
MS, NMR. UV 

1 I2 
1 I2 
52 
55 
112 
55 
14 
55 

51, 52 
51. 52 
51, 52 
112 
112 
54 
56 
55 
55 
1 1  
55 
55  
52. 136 
52 
52 
53 
112 
11 
I I  
13 
13 
13 
112 
I t  
9. 134 

TABLE 2. T H E  PYRIMIDO[S.~-U]-~,~,~-TRIAZINES WITH O N E  O X 0  O R  
THIOXO GROUP 

Substituents mP Other Data References 

7-Amino-3-1 [(4-carboethoxyphenyI)- 

7-Amino-3-{ [(4-~arboethoxyphenyI)- 

7-Amino-3-(4-chlorophenyl)-S( 1 Hkoxo- 

amino]methyl;-5( 1 H)-0x0- > 264 IR, NMR, UV 10.22 

amino]methyl]-S( I Ht thioxo-  > 264 IR, NMR. UV 10.22 

(4-oxide) 262 43 



288 Pyrimidotriazines 

TABLE 2. (Continued) 

Substituents mP Other Data References 

7-Amino-3-(3,4-dichlorophenyl)-5( I H)- 

7-Amino-3-ethyl-5(1H)-oxo- 
7-Amino-2,6-dihydro-S( 1 H)-thioxo- 
7-Amino-3-(4-methoxyphenyl)-S(l H)- 

3-Amino-6-methyl-5(6H)-oxo- 
3-Amino-7-methyl-5( I H)-0x0- 
7-Amino-3-methyl-5( 1 H)-0x0- 
7-Amino-3-(methylthio)-S(l H)-0x0- 
3-Amino-5( 1 H)-0x0- 
7-Amino-5( 1 H)-0x0- 
3,7-Diamino-S(lH)-oxo- 
7-Amino-5( I H)-oxo-3-phenyl- 
7-Amino-S( 1 H)-oxo-3-phenyl- (4-oxide) 
7-(Butylamino)-3-methyl-S(lH)-oxo- 
7-(Butylamino)-5( I H)-0x0- 
7-(Dirnethylamino)-5( 1 H)-0x0- 
3-Ethoxy-6-met hyl-5(6H)-oxo- 

0x0- (4-oxide) 

0x0- (4-oxide) 

~ - E ~ ~ o x ~ - S ( I H ) - O X O -  
3-Ethoxy-y 1 H)-oxo- 
3,7-Diethoxy-S( IH)-oxo- 
3-Ethoxy-5(1H)-oxo-7-propoxy- 
3-Ethyl-7-methoxy-S(1 H)-0x0- 
1,2-Dihydro-3-(methoxymethyl)-5(6H)-oxo~ 
1,2-Dihydro-3-methyl-5(6H)-oxo- 

2,6-Dihydro-l-methyl-S( I Hkthioxo- 
2.6-Dihydro-3-rnethyl-7( 1 H)-thioxo-S- 

1,2-Dihydro-3-methyl-5(6H)-thioxo- 
2.6-Dihydro-S( 1 H)-thioxo- 
6-Hydroxy-S(6H)-oxo- 
7-Methoxy-3-methyl-5( 1 H)-0x0- 
7-Methoxy-6-methyl-5(6H)-oxo- 
3-(Methoxymethyl)-S( 1 H)-0x0- 
3-(Methoxymethyl)-5( 1 H)-thioxo- 
3-Methoxy-5( I H)-0x0- 
7-Methoxy-5( I H)-0x0- 
7-Methoxy-S( I H)-oxo-3-phenyl- 
3-Methyl-5(l H)-0x0- 

(rnonohydrochlonde) 

(trifluoromethy1)- 

3-Methyl-7-(methylarnino)-5( 1 H)-0x0- 
3-(Methylamino)-S( 1 Hkoxo- 
3,7-Bis(methylamino)-S(l H)-0x0- 
3-(Methylthio)-S(l H)-oxo-7-phenyl- 

5( I H)-Thioxo- 
5( 1 H)-OXO- 

I92 
> 320 
> 264 

265 
> 340 
> 320 
> 320 
> 300 
> 340 
> 264 
> 340 
> 320 

295 
210-21 1 
213-214 
299-300 
21 1-212 (d) 
I 86 
198 (d) 
191 (d) 
170- I71 
154-156 (d) 
253-254 (d) 

> 300 
> 264 

230 (d) 
> 264 
> 264 

300 (4 
176178 (d) 

175 (d) 
160-161 (d) 
150 (d) 
185 (d) 
216 (d) 
213-215, 
210-212 
> 270 (d) 
> 320 (d) 
> 340 

256 (d) 
> 260 

282-283 

IR, NMR, UV 
IR, NMR, UV 

NMR, UV 
NMR, UV 
IR, NMR, UV 
MS, NMR 
NMR, UV 
IR, NMR, UV 
NMR, UV 
IR, NMR, UV 

NMR, UV 
NMR. UV 
NMR, UV 
NMR, UV 
NMR, UV 
NMR, UV 
NMR, UV 
NMR, UV 
IR, NMR 
NMR, UV 

NMR. UV 
IR, NMR, UV 

MS 
IR. NMR, UV 
IR, NMR, UV 
MS, NMR 
IR, NMR 
NMR. UV 
IR, UV 
NMR, UV 
NMR, UV 
NMR, UV 
IR, NMR 
IR, NMR, UV 

NMR, UV 
NMR, UV 
NMR, UV 
MS, NMR 
IR, NMR, UV 
IR, NMR, UV 

43 
54 
16 

43 
56 
56 
54 
72 
56 
15. 16 
56 
54 
43 
15 
15 
15 
56 
I12 
56 
56 
56 
54 
14 

53 
16 

9, 135 
10 
13 
115 
54 
1 1 1  
14 
14 
56 
112 
54 

28, 53 
15  
56 
56 
12 
71, 115 
13 
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TABLE 3. THE PYRIMlDO[S.4-~~]-1,2,4-TRIAZlNES WITH TWO O X 0  OR 
THIOXO G R O U P S  

Substituents mP Other Data References 

1 -Acrtyl-2,8-dihydro-6-methyl-5,7( I H.6H)- 

2-Acetyl-2,8-dihydro-6-met hyl-5,7( I H.6H)- 

1.4-Diacetyl-2.3.4.8-letrahydro-6-methyl- 

7-Amino-1.2-dihydro-3.5-dioxo- 
3-Amino-6-methyl-5.7( 1 H.6H)-dioxo- 
3-Amino-5.7( 1 H,6H)-dioxo- 
3-Azido-6,R-dimet hyl-S,7(6H,8H)-dioxo- 
34 1,3-Benzodioxol-5-yl)-6-butyl-8- 

methyl-5,7(6H,XH)-dioxo- 
34 1,3-Benzodioxol-5-yl)-6-ethyl-8- 

methyl-5.7(6H,8ff)-dioxo- 
3-( I ,3-Benzodioxol-5-yl)-8-ethyl-6- 

methyl-5,7(61/,8H)-dioxo- 
3-( I ,3-Benzodioxol-S-yl)-5,8-dihydro-6,8- 

dimethyl-6-1 hioxo-7(6H)-oxo- 
34 1,3-Ben~odioxol-5-yl)-6-met hyl- 

SJ(6H.8 H)-dioxo- 
34 1,3-Benzodioxol-5-yl)-8-methyl- 

5,7(6H,8H)dioxo- 
34 I ,3-Benzodioxol-S-yl)- 1.6-dimethyl- 

5,7( 1 H,6H)-dioxo- 
3-( 1.3-Benzodioxol-5-yl)- 1.6-dimethyl- 

5.7( I H,6H)-dioxo- (4-oxide) 
34 1.3-Benzodioxol-S-yl)-6,8-dimethyl- 

5.7(6H.8H)-dioxo- 
3 4  I ,3-Benzodioxol-5-yl)-8-methyl-6-( I - 

methylethyl)-5,7(611,Xt/)-dioxo- 
34 1,3-Benzodioxol-5-yl)8-met hyl-6- 

propyl-5,7( 6H.8H)-dioxo- 
3-[(4-Bromophenyl)amino]-6.8-dimet hyl- 

5,7(6H,8H)-dioxo- (4-oxide) 
3-(4-Bromophenyl)-6,8-dimethyl- 

5,7(6H,8t/)-dioxo- 
8-ButyI-3-(4-chlorophenyl)-6-methyl- 

5,7(6H,8H)-dioxo- 
8-Butyl-3-(3,4-dichIorophenyl)-6-methyl- 

5,7(6H,8H)-dioxo- 
6-Butyl-8-met hyI-3-phenyl-S,7(6H,8H)- 

dioxo- 
8-Butyl-6-met hyl-3-phenyl-5.7(6H.W)- 

dioxo- 
3-Chloro-6,8-dimethyl-5,7(6H,8H)-dioxo- 
3(4-[Bis(2-~hloroethyl)amino]phenyl)- 

3-[(4-Chlorophenyl)amino]-6,8-dirnet hyl- 

dioxo- 

dioxo- 

5,7( IH,6H)-dioxo- 

6,8dimethyl-5,7(6H,8H)-dioxo- 

5.7(6H.8H)-dioxo- (4-oxide) 

21 1 

232-233 

202-203 
> 300 
> 230 
> 340 
130-132 

213 

253 

238 (230) 

290 

> 300 

320 

262-264 (d) 

233 (d) 

274 

208 

25 1 

282 283 

303 

I50 

135 

177 

215 
146147 

270-272 

287-289 

IR, MS, UV 
IR, MS, NMR, 
uv 
I R ,  MS, NMR, 
uv 
IR, U V  
NMR, UV 
NMR, UV 
IR 

IR,  MS 

I37 

137 

137 
62 
56 
56 
104 

I25 

125 

48, ion 

106 

41, 57 

125 

41, 57 

41 

58, 59 

I25 

125 

44 

58, 59 

125 

125 

125 

I25 
18, 35 

32 

44 



2yo Pyrimidotriazines 

TABLE 3. (Continued) 

Substituents mP Other Data References 

3-(4-Chlorophenyl)-8-ethyl-6-methyl- 
5.7(6H.8H)-dioxo- 

34 3,4-Dichlorophenyl)-8-ethyl-6-met hyl- 
5,7( 6H,tH)-dioxo- 

3-(4-Chlorophenyl)-5,8-di hydro-6.8- 
dimethyl-6-thioxo-7(6H)-oxo- 

3-(4-Chlorophenyl)-&rnethyl-5,7( I1f.6H)- 
dioxo- 

3-(3,4-Dichlorophenyl)-6-met hyl- 
5,7( 1 H,6H)-dioxo- 

3-(4-Chlorophenyl)-l,6-dimethyl- 
5,7( lH,6H)-dioxo- 

3-(4-Chlorophenyl)- I ,6-dimethyl- 
5,7( 1 H,6H)-dioxo- (4-oxide) 

3-(3.4-Dichlorophenyl)- 16-dimet hyl- 
5,7( 1 H,6H)-dioxo- 

3-(3,4-Dichlorophenyl)- 1.6-dimethyl- 
5,7( I H,6H)-dioxo- (4-oxide) 

3-(4-Chlorophenyl)-6,8-dImet hyl- 
5,7(6H,RH)-dioxo- 

3-(4-Chlorophenyl)-6,8-dimet hyl- 
5,7(6H,8H)-dioxo- (4-oxide) 

34 3,4-Dichlorophenyl)-6,8-dimethyl- 

3-( 3.4-Dichlorophenyl)-6,8-d~met hyl- 
5,7(6H.811)-dioxo- (4-oxide) 

3-(4-Chlorophenyl)-6-methyl-8-( I - 
methylethyl)-5,7(6H,8H~dioxo- 

3-( 3,4-Dichlorophenyl)-6-methyl-8-( I - 
methylethyl)-5,7(6H,8H)-dioxo- 

3-(4-Chlorophenyl)- 1 -methyl-6- 
(pheny lmet hyl)-5.7( 1 H,6H)-dioxo- 

3-( 3,4-Dichlorophenyl)- 1 -methyl-& 
(phenylmet hyl)-5,7( 1 If,6H)-dioxo- 

3-(4-Chlorophenyl)-6-met h yl-8-propy l- 
5,7(6H,8H)-dioxo- 

3-(3.4-DichIorophenyl)-6-methyI-tl-propyl- 
5,7(6H,8H)-dioxo- 

3-(4-Chlorophenyl)-6-(phenylmet hyl)- 
5,7( I H,6H)-dioxo- 

3-(3.4-Dichlorophenyl)-6-( phenylmet hyl)- 
5,7( 1 H,6H tdioxo- 

3-[4-(Dimethylamino)phenyI]-8-ethyl-6- 
methyl-5,7(6H,8H)-dioxo- 

3-[4-( Dimet hylamino)phenyl]-6-rnethyl- 
5,7(6H,8H)-dioxo- 

3-[44Dimet hy1amino)phenyll- I ,6-dimet hyl- 
5.7( I H,6H)-dioxo- 

3-[4-(Dimethylamino)phenyl]-l,&dimethyl- 
5,7( I ff,6H)-dioxo- (4-oxide) 

5,7(6H,8H)-di0~0- 

255 (246) 

258 

273 

> 300 

> 300 
205-207 
(227; 280) 
207 (d); 
221 (d) 

23 1 
221 Id); 
207 (d) 

280: 251 

257 
249; 
259-260 

165: 222 

191 

200 

I75 

I95 

205 

I80 

> 300 

> 300 

258 

> 300 

270 (d) 

z 315 

uv 

uv 

U V  

48, ion 

48 

106 

41, 57, 107 

41, 107 
41. 57. 59 

37, 41, 49 

41 

37, 41, 49 

59, 124 

42,49 

30, 31. 59 

38, 42. 49 

125 

125 

39 

39 

125 

125 

39 

39 

108 

41, 57 

41, 57 

49 



5. Tables 

TABLE 3. (Continued) 

29 1 

Substituents mP Other Data References 

3-[4-(Dimethylamino)phenyl]-h,8-dimethyl- 

3-[4-(Dimet hylamino)phenyl]-6.X-dlmet hyl- 

3-Ethoxy-6-methyl-5,7( 1 H,6H)-dioxo- 

8-Ethyl-3-(4-met hoxyphenyl)-6-methyl- 

3-Ethyl-6,H-dimethyI-5,7(6H.81f)-dioxo- 
3-Elhyl-6,8-dimethyI-5,7(6~,8I/)~ioxo- 

6-Ethyl-8-methq I-5,7(6H.8H)-dioxo-3-phenyl- 
8-E1hyl-6-methyI-5,7(6H,8H)-dioxo-3-phenyl- 

S , ~ ( ~ H . ~ H ) - ~ I O X O -  

5,7(6H,8H)-dioxo- (4-oxide) 

3-EIhoxy-5,7( I If,X/f)-dloxo- 

5,7(6H,8H)-di0~0- 

(4-0xide) 

4-Formyl- I,%dihydro- 1.6-dimethyl- 

3-Hydrazino-6.8-dimethyl-5,7( 6H.8H)- 

8-(2-Hydroxyethyl)-6-methyI-5,7(6ff,XH)- 

3-(2-Hydroxyphenyl)-6,8-dirnet hyl- 

4.6-Dihydro-3.5-dioxo- (and disodium salt) 
2,S-Dihydro- 1.6-dimethyl-5.7( I1/,6H)- 

5.8-Dihydro-6.8-dimethyl-7(6Ii)-oxo-3- 

5,8-Dihydro-6,8-dimethyl-7(6H)-oxo-3-( 2- 

5 3 -  Dihydro-6.8-dimethyl-7(6f/)-oxo-3-( 3- 

S,X-Dihydro-6,8-dirnethyl-7(6H)-oxo-3-(4- 

3-( I H-lndol-3-yl)-6,8-dimethyl- 

3-Methoxy-6.8-dimethyl-5,7(6ff,8H)-dioxo- 
3-[(4-Met hoxyphenyl)amino]-6.8-d~mcthyl- 

3-(4-MethoxyphenyI)-6-methyl-5,7(61f .81I)- 

3-(3.4-Dimethoxyphenyl)-6-met hyl- 

3-(4-Methoxyphenyl)- I ,6-dimethyl- 

3-(4-Methoxyphenyl)- 1.6-dimethyl- 

3-(3,4-DimethoxyphenyI)- I .6-d imet hyl- 

3-(3,4-Dimethoxyphenyl)- 1,6-dimethyl- 

5.7(6H,8H)-dioxo-3-phenyl- 

dioxo- 

dioxo-3-phenyl- 

5.7(6H.8H)-dioxo- 

dioxo-3-phenyl- 

phenyl-5-thioxo- 

pyridinyl)-S-t hioxo- 

pyridiny1)-5-thioxo- 

pyridinyl)-5-t hioxo- 

5.7( 6H,BH)-dioxo- 

5,7(6H,8H)-dioxo- (4-oxide) 

dioxo- 

5,7( I H,6/f)-di0~0- 

5.7( I H,6H)-dioxo- 

5,7( 1 H,6H)-dioxo- (4-oxide) 

5,7( 1 H,6H)-dioxo- 

5,7( 1 fI,6H)-dioxo- (4-oxide) 

340 

305 (d) 
217 
263 (d) 

225 
88 89 

145.5-1 47.0 
262 
223; 228; 234 

292 294 

225-227 (d) 

215; 209 

2x2 
> 290 (d) 

> 219 (d) 

269 

252 

210 

2 50 

> 360 
144 145 

265- 266 

> 300 

> 300 

243- 244 (d) 

230 (d) 

229 

191 (d) 

uv 46.47 

49 
NMR. UV 56 
NMR. UV 55. 56 

48 
IR. MS 35 

IR ,  MS 35. 36 
125 
48, 59, 
107, IOU 

MS. NMR, UV 41 

18 

MS 59. 107, 108 

58, 59 
NMR, UV 56 

MS, NMR. UV 41 

106 

106 

106 

I06 

uv 46,47 
18.27 

44 

41, 57 

41, 107 

41. 57, 108 

41.49 

37.41 

41 
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TABLE 8. (Continued) 

Substituents mP Other Data Rererences 

3-(Butylamino)-S-methyl-6,8(5H,7H)-dioxo- 

3-Chloro-5.7-dimethy1-6.8(SH.7H)-dioxo- 
3-(4-Chlorophenyl)- I S-dihydro-5.7- 

dimethyl-6,8(2H,7H)-dioxo-l -phenyl- 
3-( Dimethylamino)- I .S-dihydro-5.7-dimei hyl- 

1 -(3-methylphenyl)-6,8(2H,7H)-dioxo- 
3-(Dimethylamino)- I .S-dihydro-5,7- 
dimethyl-6,8(2H,7H)-dioxo-l-phenyl- 

3-Ethoxy-6,8(5H.7H)-dioxo- 
34 Ethylamino)-5.7-dimethyl-6,8(5H,7H)-dioxo- 
3-(Ethylamino)-6,8(SH,7H)-dioxo- 
34 Ethylsulfonyl)-5-methyl-6.8(5H.7H)-dioxo- 
34 EthylsuIfonyl)-5,7-dimethyl-6.8(5H,7H)-dioxo- 
34 Ethylsulfonyl)-6,8(2H,7H)-dioxo- 
34 Ethylthio)-5-methyl-6.8(5H,7H)-dioxo- 
34 Ethylthio)-7-methyl-6,8(2H,7H)-d~oxo- 
3-(Ethylthio)-5,7-dimethyl-6,8(5H,7H)-dioxo- 
34 Ethylthio)-7-methyl-6,8(5H,7H)-dioxo- 

34 Ethylthio)-5-methyl-6.8(511.7H)-dioxo- 

3-(Ethylthio)-6.8(2H.7H)-dioxo- 
3-(Elhylthio)-6,8(5f~.7H)-dioxo-7-(phenylmethyi)- 
3-(2-Fury1)-5.7-dimethyl-6,8(5H,7H)-dioxo- 
3-(3-Fury1)-5,7-dimethyl-6,8(5H,7H)-dioxo- 
3-Hydrazino-5,7-dimet hyl-6.8(5H,7H)-dioxo- 
7.8-Di hydro-S-irnino-4-rnethyl-3,6(2H,4H)- 

1.5-Dihydro-S,7-dimethyl-6.X(ZH,7H)- 

3-Hydroxy-5-methyl-6,8(SH,7H)-dioxo-7- 

3-(2-Hydroxyphenyl)-S.7-dimethyl-6.8( SH,7H)-dioxo- 
3-(MethyIamino)-6,8(5H,7H)-dioxo- 
5,7-Dimethyl-3-(methylamino)-6,8(SH,7H)-dioxo- 
5,7-Dimethyl-3-(methylthio)-6,8( SH,7H)-dioxo- 
5-Methyl-3-(4-morpholinyl)-6,8( SH,7H)-dioxo- 
5.7-Dimet hyl-3-morpholino-6,8( SH,7H)-dioxo- 
5,7-Dimelhyl-6.8(5H,7H~dioxo- 
3-(Methylthio)-6,8(2H,7H)-dioxo- 
5-Met hyl-6,8( SH,7H)-dioxo-3-(phenylamino)- 
5- Met hyI-6.8( SH,7H)-dioxo- 

3[(phenylmethyl)amino]- 
7-Methyl-6,8(5H,7H)-dioxo-S- 
(phenylmethyi)-3-[(phenyimethyl)oxy J- 

5.7-Dimet hyl-6.8( SH,7H)-dioxo-3-phenyL 
5,7-Dimethyl-6,8(5H,7H)-dioxo-3- 

7-( phen yimet h yl)- 

S-(phenylmet hyl)- 

7-(phenylmethyl)- 

dioxo-2.7-diphenyl- 

dioxo-1,3-diphenyl- 

(phenylmethy1)- 

[(phenylmethyl)thio J- 

225-227 
252-253 

79 
75. 86 

250 88 

197 X8 

25 1 
247-248 
267-268 
> 350 
162-163 
155-156 
220-22 1 
215-216 
247-248' 
146.5 147.5 

88 
92 
84 
79 
I27 
105, 127 
105. 127 
79 
75 
75. 82 

uv 
UV 

uv 
uv 
uv 

167-168 79 

165- 167 
> 300 

24&246 
275-276 
275-276 
253-255 (d) 

79 
75 
79 
87 
85 
60. 86 

uv 

230-232 IR, MS, NMR 95 

248 88 

232-234 
292 
1 3 0 0  

290-29 I 
215 
> 350 

264-265 
211.5-212.5 
340-342 (d) 
> 300 

79 

84 

75 
128 
128 
60. 86 
75 
I27 

87 

82.84 

79 

207-208 
137- I39 

79 
85,87 

201 202 uv 82 
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TABLE 3. (Continued) 

Other Data References Substituents mP 

I ,&Dimel hyl-5,7( 1 H,6H)-dioxo-3-phenyl- 

6,8-Dirnethyl-5,7( 6H,8H)dioxo-3-phenyl- 
(4-oxide) 

6,8-Dirnethyl-5,7(6H.8H)-dioxo-3-phenyl- 

6.8-Dirnet hyl-5,7(6H,8H)-dioxo-3- 

6,8-Dirnethyl-5.7(6H,8H)-dioxo-3- 

6-Methyl-S,7( I H,6H)-dioxo-3-(2- 

1,6-Dimethyl-5,7( 1 H,6H)-dioxo-3-(2- 

1.6-Dirnethyl-5,7( 1 H,6H)-dioxo-3-(2- 

6,8-Dimet hyl-5.7(6H,8H)-dioxo-3-(2- 

1 -Methyl-5.7( 1 H,6H)-dioxo-3-(2- 

6.7-Dirnethyl-5,7(611,8H)-dioxo-3- 

6,8-Dirnethyl-5,7(6H,8H)-dioxo-3- 

1 -Methyl-5.7( 1 H,6H)-dioxo-6- 

1 -Methyl-5.7( I H,6H)-dioxo-6- 

I -Met hyl-5.7( 1 H,6H)-dioxo-3-phenyl-6- 

6-Methyl-5.7(6H.8H)-dioxo-3-phenyl-8-(2- 

8-Methyl-5,7(6H,8H)-dioxo-3-phenyl-6-propyl- 
6-Met hyl-5,7(6H,8H)-dioxo-3-phenyl-8-propyl- 
5.7-Dirnet hyl-6.8(5H.7H)-dioxo-2-(3- 

6.8-Dirnet hyl-5,7(6H,8H)-dioxo-3-(2- 

6,8-Dirnethyl-5.7(6H.8H)-dioxo-3-(2- 

6,8-Dirnethyl-5,7(6H,8H)-dioxo-3-(3- 

6,8-Dirnethyl-5,7(6H.8H)-dioxo-3-(4- 

6-Methyl-5,7( 1 H,6H)-dioxo-3-(2-pyridinyl)- 
6-Methyl-5,7( I H,6H)-dioxo-3-(3-pyridinyl)- 
6-Methyl-5.7( 1 H,6H)-dioxo-3-(4-pyridinyl)- 
1,6-Dimethyl-S.7( 1 H.6Htdioxo-342- 

(4-oxide) 

(phenylarnin0)- 

(phenylarninot (4-oxide) 

phenyletheny1)- 

phenyletheny1)- 

phenyletheny1)- (4-oxide) 

phenyletheny1)- 

phenylet henyl)-6-(phenylrnet hyl)- 

(pheny1rnethoxy)- 

(phenylrnethy1)- 

(phenylrnethyl)-3-(3-pyridinyl)- 

(phenylrnethyl)-3-(4-pyridinyl)- 

(phenylrnethy1)- 

propeny1)- 

pyridiny1)- ( I  -oxide) 

pyridiny1)- 

pyridiny1)- (I-oxide) 

pyridinylb 

pyridiny1)- 

204 (4 
274-275; 
270 

233; 229 

245-248 

272-273 

> 300 

213 

209 (4 

263 

I26 

185-1 87 

196 

137 

121 

223 

213 
20 I 
214 

I78 

280 

233 

218 

270 
> 300 
> 300 
> 300 

pyridin yi)- 210 

41. 49 

30, 59, 65 

uv 38, 42, 49 

44 

44 

41. 107 

37.41 

41 

58, 59 

39 

IR, MS 35 

uv 46,47 

39 

39 

39 

59, 107 
125 
59, 107, 125 

38 

UV 46,47 

NMR, UV 47 

uv 46.47 

46.47 
41, 107 
41, 107 
41, 107 

37,41 
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TABLE 3. (Continued) 

Substituents mP Other Data References 

I .6-Dimethyl-5,7( I H.6H)-dioxo-3-(3- 

1,6-Dimethyl-5,7( lH,6H)-dioxo-3-(3- 

I ,6-DimethyI-5,7( 111,6H)-dioxo-3-(4- 

1,6-Dimethyl-5.7( 1 H,6H)-dioxo-3-(4- 

6-Methyl-5,7( I H,6H)-dioxo-3-( 2-thieny1)- 
1,6-Dimethyl-5,7( lH,6H)-diox0-3-(2-thienyl)- 
6,8-Dimethyl-5,7(6H,8H)-dioxo-3-(2-thienyl)- 
6,8-Dimet hyl-5,7(6H,8H)-dioxo-3- 

5,7( I H,6H)-Dioxo- 
5,7( I H,6H)-Dioxo-3-(2-phenylethenyl)-6- 

(phenylmethy1)- 
5.7( 1 H,6H)-Dioxo-3-phenyl-6-( phenylmethy1)- 
5,7( 1 H,6H)-Dioxo-6-(phenylmet hyl)-3-(3- 

5.7( I H,6H)-Dioxo-6-(phenylmet hyl)-3-(4- 

pyridiny1)- 

pyridiny1)- (4-oxide) 

pyridiny1)- 

pyridiny1)- (4-oxide) 

(trichloromethy1)- 

pyridiny1)- 

pyridiny1)- 

205 (d) 

200 (d); 210 

209 (d) 

215 (d) 
> 300 

233 
272 

194 
> 264 

> 300 
> 300 

> 300 

> 300 

37,41 

41.49 

37.41 

41 
41. 107 
37,41 
58, 59 

uv 46,47 
IR, NMR. UV 70, 71 

39 
39 

39 

39 

TABLE 4. THE PYRIMIDO[5,4-e]-I,2,4-TRIAZINES WITH THREE OX0 GROUPS 

Substit uents mp Other Data References 

8a-(3.4-Diamino-5-methylphenyl)- 1,2,8,8a- 
tetrahydro-6.8-dimet hyl-3.5,7(6N)-trioxo- 

8a-(3,4-Diaminophenyl)- I ,2,8,8a- 
tetrahydro-6,8-dimethyl-3,5,7(611)-trioxo- 

4-(Carboet hoxy)amino-6,8-dimethyl- 
3.5.7(4H,6H.8H)-trioxo- 

la-Ethoxy- 1.2.8.8a-tetrahydro-6.8- 
dimethyl-3,5,7(6H)-trioxo- 

1,2,8,8a-Tetrahydro-8a-( 1 H-indol-3-y1)- 
6,8-dimethyl-3,5,7(6H)-trioxo- 

1,2,8,8a-Tetrahydro-6,8-dimethyl-8a-(2- 
methyl- IH-indol-3-yl)-3,5,7(6H)-trioxo- 

2,8-Dihydro-6.8-dimethyl-3,5,7( 6H)-trioxo- 

4,8-Dihydro-4,6,8-trimet hyl-3,5,7(6H)-trioxo- 
I,2,4.8-Tetrahydro-6,8-dimethyl-3,5,7(6H)-trioxo- 
1,2,4,8-Tetrahydro- 1.6.8-trimethyl- 

3,5,7(6H)-trioxo- 

297-298 IR. NMR 

270-272 IR, NMR 

148 149 NMR 

IR, NMR 

IR. NMR 

IR, NMR 
260-261 (d); 
256-258 (d) MS 

uv 
181-182 IR, MS, NMR. 

2 I 8-220 
251-252 (d) 

241-242 

I13 

113 

61 

1 I3 

114 

I I4 

35,61 

35,61 
27, 61 
27.61 

27, 61 
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TABLE 5. MISCELLANEOUS PYRIMIDO[5,4-e]-I.2.4-TRlAZlNES 

Name mP Other Data References 

N-[4-{[(7-Amino-l S-dihydro-5- 
oxopyrimido[5,4-r]- I ,2.4-triazin-3- 
yl)methyl]amino}benzoyl J-L-glutamic acid 

thioxopyrimido[5,4-e]- 1,2,4-triazin-3- 
yl)methyl]amino} benzoyl]-~-glutamic acid 

thioxopyrirnido[5,4-e]-l,2.4-1riazin-3- 
yI)methyl]amino]benzoyl}-~-glutamic acid, 
diethyl ester (monohydrochloride) 

[(phen ylmethyl)thio] pyrimido[ 5,4-c]- 
1.2.4-triazin-3-yl]methyl]amino]benzoyl]- 
~-glutamic acid (monopotassium salt) 

[(phenylmethyl)thio]pyrimido[5,4-e]- 
I ,2,4-triazin-3-yl]methyl]amino]benzoyl]- 
~-glutamic acid (diethyl ester) 

N44-{ [(5.7-Diaminopyrimido[5,4-r]- 1.2.4- 
triazin-3-yl)rnethyl]amino}benzoyl]-~- 
glutarnic acid 

8-[ 2-Deoxy-3,5-bis-O-(4-methylbenzoyl)-a- 
~-eryrhro-~ntofuranosyl]-6-methyl- 
pyrimido[5,4-c]-l,2,4-triazine- 
5,7(6H,8H)-dione 

8-[2-Deoxy-3.5-bis-O-(4-met hy 1benzoyl)-l(- 
1~-erythro-pentofuranosyl]-6-met hyl- 
pyrimido[5.4-~]- I .2,4-triazine- 
5,7(6H,8H)-dione 

6-Methyl- I -(2.3,4,6-tetra-O-acetyl-~- 
u-glucopyranosyl)-pyrirnido[5,4-e]- I .2,4- 
triazine-5,7( 1 H,6H)-dione 

ribofuranosy1)-pyrimido[ 5,4-e]- 1.2.4- 
triazine-5,7( I H,6H)-dione 

ribofuranosyl)-pyrimido[5,4-e]-1,2,4- 
lriazine-5.7(6H,8H)dione 

6-Methyl-8-~~-o-ribofuranosyl- 
pyrimido[ 5.4-41- I .2,4-triazine- 
5,7(6H,8H)-dione 

N-[Ci [(7-Amino-I,S-dihydro-5- 

N-[4-f [( 7-Amino- 1,5-dihydro-5- 

N-[4-[[[7-Amino-5- 

N-[4-[[[7-Amino-5- 

6-Methyl-1-(2,3,5-tri-O-acetyl-~-~- 

6-Methyl-1-(2,3,5-tri-O-acetyl-a-~- 

> 264 

255 (d) 

164 (4 

203 (d) 

151 

> 270 

179-1 80 

186187 

6 4 6 5  

IR, NMR, UV 

IR, NMR, UV 

IR. NMR, UV 

IR, NMR, UV 

IR, NMR, UV 

IR. NMR, UV 

lR, NMR, UV 

IR, NMR, UV 

IR, NMR, UV 

IR. NMR. UV 

IR, NMR, UV 

IR, NMR, UV 

10, 18. 23 

10 

10 

18 

10, 23 

18 

111 

1 1 1  

111 

1 1 1  

I l l  

I l l  
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TABLE 6. THE PYRIMIDO[4.5-e]-1,2.4-TRIAZINES WITH NO O X 0  OR 
THIOXO GROUPS 

Substituents mP Other Data Reference 

3,6,8-Triamino- (and di-p-toluenesulfonate salt) 

6,8-Diamino-3-(4-chlorophenyl)- 
6.8-Diamino-3-ethoxy- 
6,8-Diamino-3-(4-met hylpheny1)- 
8-Amino-3-(methylthio)-6-phenyl- 
6,8-Diamino-3-phenyl- 
6,8-Diamino-3-(2-pyridyl)- 
8-Chloro-6-(dimethylamino)-2,6-dihydro-3- 

(methy1thio)- 

> 300 
[278-279 (d)] 
> 300 
> 300 
> 300 

279-280 (d) 
> 300 
> 300 

240-24 I 

uv 92 
94 

uv 92 
94 

IR, MS, NMR 72 
94 
94 

IR, MS, NMR. 
uv 54 

TABLE 7. THE PYRIMIDO[4,S-e]-1,2,4-TRIAZlNES WITH ONE OX0 GROUP 

Substituents mP Other Data Reference 

6-Amino-3-(dimethylamino)-8( 5H)-0x0- 
6-Amino-3-(ethylamino)-8(5H)-oxo- 
6-Amino-3-(ethylthio)-8(SH)-oxo- 
6-Amino-3-(met hylamino)-8(5H)-oxo- 
6-Amino-3-(met hylt hio)-8(2H)-oxo- 
6-Amino-B(5H)-oxo- 
6-Amino-8(5H)-oxo-3-[(phenylmethyl)thio]- 
6-(Dimethylamino)-3-(met hylamino)-U( SH)-oxo- 

&Met hyl-8(2H)-oxo-3-phenyl- 
3-(MethyIthio)-8(2H)-oxo- 
3-(Met hylthio)-8(2H)-oxo-6-phenyl- 
8(2H)-Oxo-3,6-diphenyl- 

3-Ethoxy-8(7H)-0~0- 

> 300 
> 300 
> 300 
> 300 
> 300 (d) 
> 300 
> 300 
> 300 

204-205 (d) 
304-306 
> 300 

281 -283 
346-347 

uv 82 
uv 82 

82 
MS. NMR 72 
uv 82 

uv u2 
NMR, UV 92 
IR, NMR, UV 93 
IR, NMR 54 
MS, NMR 72 
IR, UV 93 

82 

82 

TABLE 8. THE PYRIMIDO[4,5-e]-I,2,4-TRIAZINES WITH TWO O X 0  OR 
THIOXO GROUPS 

Substit uents mp Other Data References 

3-Amino-6.8(5H.7 Hbdioxo- 
3-Amino-5.7-dimethyl-6,8(5H,7H)-dioxo- 
3-(4-Aminophenyl)-5,7-dimethyl-6.8(5H,7H)-dioxo- 
3-Azido-S-methyl-6,8( 5H,7H)dioxo- 
3-Azido-7-methyl-6,8(5H,7H)-dioxo- 
3-Azido-5,7-dimethyl-6,8(5H,7H)dioxo- 
3-Azido-6,8(2H,7 H)-dioxo- 
3-(Butylamino)-5-methyl-6,8(5H.7H )-dioxo- 
34Bu tylamino)-5,7-dimethyl-6,8( 5H,7H)-dioxo- 

>300 uv 
> 300 uv 
> 300 

MS 
MS 

178-179 MS 
MS 

284-285 
197-199 

82,84 
82 
87 
138 
139 
127. 139 
139 
79 
79 
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TABLE 8. (Continued) 

Substituents mP Other Data Rererences 

3-(Butylamino)-S-methyl-6,8(5H,7H)-dioxo- 

3-Chloro-5.7-dimethy1-6.8(SH.7H)-dioxo- 
3-(4-Chlorophenyl)- I S-dihydro-5.7- 

dimethyl-6,8(2H,7H)-dioxo-l -phenyl- 
3-( Dimethylamino)- I .S-dihydro-5.7-dimei hyl- 

1 -(3-methylphenyl)-6,8(2H,7H)-dioxo- 
3-(Dimethylamino)- I .S-dihydro-5,7- 
dimethyl-6,8(2H,7H)-dioxo-l-phenyl- 

3-Ethoxy-6,8(5H.7H)-dioxo- 
34 Ethylamino)-5.7-dimethyl-6,8(5H,7H)-dioxo- 
3-(Ethylamino)-6,8(SH,7H)-dioxo- 
34 Ethylsulfonyl)-5-methyl-6.8(5H.7H)-dioxo- 
34 EthylsuIfonyl)-5,7-dimethyl-6.8(5H,7H)-dioxo- 
34 Ethylsulfonyl)-6,8(2H,7H)-dioxo- 
34 Ethylthio)-5-methyl-6.8(5H,7H)-dioxo- 
34 Ethylthio)-7-methyl-6,8(2H,7H)-d~oxo- 
3-(Ethylthio)-5,7-dimethyl-6,8(5H,7H)-dioxo- 
34 Ethylthio)-7-methyl-6,8(5H,7H)-dioxo- 

34 Ethylthio)-5-methyl-6.8(511.7H)-dioxo- 

3-(Ethylthio)-6.8(2H.7H)-dioxo- 
3-(Elhylthio)-6,8(5f~.7H)-dioxo-7-(phenylmethyi)- 
3-(2-Fury1)-5.7-dimethyl-6,8(5H,7H)-dioxo- 
3-(3-Fury1)-5,7-dimethyl-6,8(5H,7H)-dioxo- 
3-Hydrazino-5,7-dimet hyl-6.8(5H,7H)-dioxo- 
7.8-Di hydro-S-irnino-4-rnethyl-3,6(2H,4H)- 

1.5-Dihydro-S,7-dimethyl-6.X(ZH,7H)- 

3-Hydroxy-5-methyl-6,8(SH,7H)-dioxo-7- 

3-(2-Hydroxyphenyl)-S.7-dimethyl-6.8( SH,7H)-dioxo- 
3-(MethyIamino)-6,8(5H,7H)-dioxo- 
5,7-Dimethyl-3-(methylamino)-6,8(SH,7H)-dioxo- 
5,7-Dimethyl-3-(methylthio)-6,8( SH,7H)-dioxo- 
5-Methyl-3-(4-morpholinyl)-6,8( SH,7H)-dioxo- 
5.7-Dimet hyl-3-morpholino-6,8( SH,7H)-dioxo- 
5,7-Dimelhyl-6.8(5H,7H~dioxo- 
3-(Methylthio)-6,8(2H,7H)-dioxo- 
5-Met hyl-6,8( SH,7H)-dioxo-3-(phenylamino)- 
5- Met hyI-6.8( SH,7H)-dioxo- 

3[(phenylmethyl)amino]- 
7-Methyl-6,8(5H,7H)-dioxo-S- 
(phenylmethyi)-3-[(phenyimethyl)oxy J- 

5.7-Dimet hyl-6.8( SH,7H)-dioxo-3-phenyL 
5,7-Dimethyl-6,8(5H,7H)-dioxo-3- 

7-( phen yimet h yl)- 

S-(phenylmet hyl)- 

7-(phenylmethyl)- 

dioxo-2.7-diphenyl- 

dioxo-1,3-diphenyl- 

(phenylmethy1)- 

[(phenylmethyl)thio J- 

225-227 
252-253 

79 
75. 86 

250 88 

197 X8 

25 1 
247-248 
267-268 
> 350 
162-163 
155-156 
220-22 1 
215-216 
247-248' 
146.5 147.5 

88 
92 
84 
79 
I27 
105, 127 
105. 127 
79 
75 
75. 82 

uv 
UV 

uv 
uv 
uv 

167-168 79 

165- 167 
> 300 

24&246 
275-276 
275-276 
253-255 (d) 

79 
75 
79 
87 
85 
60. 86 

uv 

230-232 IR, MS, NMR 95 

248 88 

232-234 
292 
1 3 0 0  

290-29 I 
215 
> 350 

264-265 
211.5-212.5 
340-342 (d) 
> 300 

79 

84 

75 
128 
128 
60. 86 
75 
I27 

87 

82.84 

79 

207-208 
137- I39 

79 
85,87 

201 202 uv 82 
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TABLE 8. (Continued) 

Substituents mP Other Data References 

5-MethyI-6,8( 5H,7H)-dioxo-3-piperidino- 275-279 
5,7-Dimethyl-6.8( 5H,7H)-dioxo-3-(propylamino)- 2 14-2 I 5 
5,7-Dimethyl-6.8(5H.7H)-dioxo-3-(3-pyridinyl)- 245 
5,7-DimethyI-6.8(5H.7H)-dioxo-3-(4-pyridinyl)- 292-294 
5.7-Dimethyl-6,8(5H,7H)-dioxo-3-(2-thienyl)- 249-250 
5,7-Dimethyl-6,8(5fI,7H)-dioxo-3-( 3-thieny1)- 249-250 
6.8(2H,7H)-Dioxo-3-( pheny1amino)- > 300 

128 
79 
87 
87 

85 
I27 

83, x7 

TABLE 9. THE PYRIMIDO[4,5-e]-I.2,4-TRlAZINES WITH THREE O X 0  OR 
THIOXO GROUPS 

Substituents mP Other Data References 

2-(4-Bromophenyl)-5,7-dimethyl- 
3,6,8( 2H,5H,7H)-trioxo- 

2(3If)-Carboethoxy-5,6,7,8-tetrahydro-5,7- 
dimethyl-3.6.8-trioxo- 

2( 1 H)-Carboethoxy-3,4,5,6,7-hexahydro- 
5,7-dimethyl-3,6,8-trioxo- 

2( 1 H)-Carboethoxy-3,4,5,6.7,8-hexahydro- 
4.5,7-trimethyl-3,6.8-t rioxo- 

2-( 3-Chlorophenyl)-5,7-dimethyl- 
3,6,8(2H.5H,7H)-trioxo- 

2-(4-Chlorophenyl)-5,7-dimet hyl- 
3,6,8(2H,5H,7H)-trioxo- 

2-(3,4-Dichlorophenyl)-5,7-dimethyl- 
3,6,8(2H.511,7H)-trioxo- 

2-(4-FluorophenyI)-5,7-dimethyl- 
3,6,8(211.5H,7H)-trioxo- 

1,4-Dihydro-5,7-dimethyl-3.6,8(2H,511,7H)- 
trioxo- 

3.5-Dihydro-5-methyl-6.W2H.7H)-dioxo-3- 
thioxo- 

3.5-Dihydro-6,8(4H,7H)-dioxo-3-t hioxo- 
2-(4-Methoxyphenyl)-5,7dimethyl- 

7-Methyl-3,6,8(2H,5H,8H)-trioxo- 
5-Methyl-3.6,8(2H.5H.7H)-trioxo- 
5.7-Dimethyl-3.6.8(2H.SII.7H)-trioxo- 

2,5,7-Trimethyl-3.6,8(2H.5H.7H)-lri0~0- 
5,7-Dimethyl-2-(3-methylphenyl)- 

5,7-Dimethyl-2-(4-methylphenyl)- 

2-(3,4-Dimethylphenyl)-5,7-dimethyl- 

4-Methyl-3,6,8(2H.4H,7H)-trioxo-2,7-diphenyl- 

3,6,8(2H,5H,7H)-lrioxo- 

3,6,8( 2II,5H,7H)-trioxo- 

3,6,8(2H,5H,7H)-trioxo- 

3,6,8( 2H,5H,’IH)-trioxo- 

258 

228-229 (d) 

124 125 

191-192 (d) 

I99 

233 

232 

227 
287 289 (d); 
284-285 (d) 

269-270 
> 300 

210 
315-317 (d) 
344-346 (d) 
287- 289 (d); 
284-285 (d) 
184185 (d) 

22 I 

195 

220 
242-245 

91 

86 

86 

86 

90.91 

91 

91 

91 
75. 86 

127 
127 

91 
75. 128 
79, I28 

75. 86 
86.92 

89. 90, 91 

90.91 

90.91 
IR, MS. NMR 95 
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TABLE 9. (Continued) 

Substituents mP Other Data References 
~ 

5,7-Dimethyl-3.6.8( ?H,S1~.7~I)-trioxo-1- 

7-Methyl-3.6,8(2H.5H.7H)-trioxo-5- 

3,6,8(2H,5H,7H)-Trioxo- > 360 IJV 75. 128 

phenyl- 219 89-9 i 

(phenylmet hyl)- 272-273 79 

TABLE 10. MISCELLANEOUS PYRlMID0[4,5-~]-I.2.4-TRIAZINES 

Name mp Other Data Reference 

~-Cyano-2,6.7,8-tetrahydro-6.8-dioxo-pyrimido[4,5-u]- 

(5,6,7,8-Tetrahydro-5,7-dimethyl-6,8- 
I ,2,4-triazine-3-acetic acid (ethyl ester) 

dioxopyrimidoL4.5-e]- 1,2,4-triazin-3-yl)- 
propanedinit rile 

dioxopyrimido[4,5-e]- I ,2,4-triazin-3-y] 
ester carbonimidic acid 

6,8-dioxopyrimido[4,5-e]- 1 2.4-1 riazin- 3- 
yl) ester carbonimidothioic acid 

0-Et hyl-S-(2.6,7.8-tetrahydro-6.8- 
dioxopyrimido[4.5-eJ- 1.2.4-triazin-3-yl) 
ester carbonimidothioic acid 

2-(2.6.7,8-Tetrahydro-6,8-dioxopyrimido[4,5-e]- 
1,2,4-triazin-3-yl)hydrd~no-4-pyridinecarboxylic acid 

5-Nitro-2-furancarboxaldehyde. (2.6.7.8- 
tetrahydro-6,X-dioxopyrimido[4,5-e]- 
I ,2,4-triazin-3-yl)hydrazone 

Elhyl-5,6.7,8-letrdhydro-5-met hyI-6,8- 

0-Ethyl-S-( 5,6,7,8-tetrahydro-5-methyl- 
261-262 

2 17-21 8 

265-266 

105 

105 

127 

127 

127 

105 

105 

TABLE 1 1. THE PY RIMIDO[5,4-d]-I.2,3-TRIAZINES 

Substituents mP Other Data References 

4-Amino-6.8-dimethy lamino- 
6-Amino-8-( [(4-nitrophenyl)methyl]thio}- (3-0 
6-Amino-8-[(phenylmethyl)thio]- (3-oxide) 
4-( [ (Benzoyl)methyl]thio}-6.8-dimethylamino. 
4-{ [(BenzoyI)methyl]thio]-6-methylamino- 

8-(4-morpholinyl)- 
4-( [(Carboet hoxy)methyl]thio}-6- 

met hylamino-8-(4-morpholinyl)- 
4-Chloro-6,8-dimethylamino- 
4-[(Chloroethyl)amino]-6.8-di-4-morpholinyl- 
4-Chloro-6-methylamino-8-(4-morpholinyl)- 
4-Chloro-6.8-bis(methylt hio)- 
4-ChIoro-6-(methylthio)-8-(4-morpholinyl)- 

268-269 (d) 
Nxide) 215 

229-23 1 
193- 195 

177-179 

160-161 
133 (d) 
224226 
143-144 (d) 
179- 180 (d) 
158-160(d) 

MS 129 
IR, MS 100, 102 
I R  loo, 102 
N M R  101 

NMR 101 

NMR 101 
101. 129 
129 
101 
101 
101 
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TABLE 1 I .  (Continued) 

Substituents mP Other Data References 

4-Chloro-6.8-di-4-morphoIinyl- 
4-Diethylamino-6.8-bis(methylthio)- 
6.8-Dimethylamino-4-methyl- (3-oxide) 
4-dimethy lamino-6-met hyl thio-8-(4-morpholinyI)- 
6,8-Bis(dimethylamino)- (3-oxide) 
6,8-Bis(dimethylaminot4( 1 Hj-0x0- (hydrazone) 
6,8-Bis(dimethylamino)-4( 1 €I)-0x0- 

[ (2-hyd rox yeth yl)hydrazone] 
6,8-Bis(dimethylarnino)-4-[(2-oxopropyl)thio]- 
6,8-Bis(dimethylamino)-4-[( pheny lmet hyl)amino]- 
6,8-Bis(dimethylamino)-~ 1 Hkthioxo- 
4-[(2-Hydroxyethyl)arnIno]-6,8-bis(met hy1thio)- 
4-[(2-HydroxyethyI)amino]-6-(methylthio)- 

4-[(2-Hydroxyethyl)amino]-6.8-bis(4-morpholinyl)- 
4-[(3-Hydroxypropyl)amino]-6- 

4-[(3-Hydroxypropyl)amino]-6,8-bis(methylthio)- 
6-(Methylamino)-8-(4-morpholinyl)- (3-oxide) 
44 Methylarnino)-6.8-bis(4-morpholinyl)- 
6-(Methylarnino)-8-(4-morpholiny1)-4[( 2- 

64  Methylamino)-8-(4-morpholinyl)-4( I H)-thioxo- 
6.8-Di-4-morpholinyl- (3-oxide) 
6,8-Bis(methylthio)- (3-oxide) 
6-( Methylthio)-8-(4-morpholinyl)- (3-oxide) 
6-( Methylthio)-8-(4-morpholinyl)-4-[(2- 

6-( Methylthi0)-8-(4morpholinyl)-4-( 1 - 

6-( Methylthio)-8-(4-morpholinyl)-4( I Htthioxo- 
6,8-Bis(methylthio)-4-( I-pyrrolidiny1)- 
6.8-Di- 1 -piperidinyl- (3-oxide) 

8-(4-morpholinyl)- 

(methylthio)-8-(4-morpholinyl)- 

oxopropyl)thio]- 

oxopropyl)thio]- 

pyrrolidiny1)- 

I26 
122- I23 
112-113 
192 (d)  
201-202 

140 
187 188 
172- I74 
204 (4 
172- 174 

180 182 
2% 252 

177-178 

190 (d) 
270 (d) 

179-1 81 

205-206 
207-208 
210-212 (d) 
171-173 (d)  
191 (d) 

184-185 

119-121 
193-194 (d) 
1 8 6 1 8 7  
183-184 

NMR 
NMR 
NMR 
NMR 
MS 

NMR 
NMR 
NMR 
NMR 
NMR 

NMR 
MS 

NMR 
NMR 
MS, NMR 

NMR 
NMR 
MS, NMR 
NMR 
NMR 

NMR 

NMR 

NMR 
NMR 

i29 
101 
101 
101 
101 
129 

101 
101 
101 
101 
101 

101 
129 

101 
101 
129 
129 

101 
101 
129 
101 
101 

101 

101 
101 
101 
101 

TABLE 12. MISCELLANEOUS PYRlMlDO[5,4-dJ-l,2,3-TRlAZlNES 

Name mp Other Data References 

4-{ [(6-Aminopyrimido[5,4-dJ- 1.2.3-triazin-8- 

4-{ [(6-Aminopyrimido[5,4-d]- 1,2,3-triazin-8- 

2-[6,8-Bis(dimethylamino)pyrImido[ 5.44- 1,2,3-triazin4yl J 

[6,8-Bis(dimethylamino)pyrimido[5,4-d]- I ,2,3-triazin-4-yl] 

[6,8-Bis(dimethylamino)pyrimido[5.4-~- 1,2,3-triazin-4-yl] 

yl)thio]methyl}-N-(I-methylethyl)-benzamide (N-oxide) 241 -243 IR loo, 102 

yl)thio]methyl}-benzoic acid (ethyl ester, N-oxide) 221-222 IR, MS 100, 102 

(hydrazide of benzoic acid) 222(d) NMR 129 

(hydrazone of benzaldehyde) 218(d) NMR 129 

(hydrazone of 4methoxybenzaldehyde) 191-192 NMR I29 
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2-Amino-?-(carboxyl)pyridines. 38 
5-Amino-bcarhoxyuracils. 163 
bAmino-5-( I -c hloro-h! N- 

dimethy1iminium)uracil salt. 28 
5 - A m i n o - l - c h l o r ~ - 2 - f o ~ y l -  

hydrazino)pyrimidine. 2x0 
5-Amino-4-chloro-6- hydrazinopyrimidine. 

27 1 
4-Amino-5-chlorornethyl-2- 

methylpyrimidine. 237 
3-Amino-2-chloropyridine, I7 
4-Amino-5-(2-cyano-2-dimethoxymethyl-3- 

methoxy)propyl-2-methylpyrimidine. 32 
2-Amino-S-cyano-4-methoxy-6- 

phenylpyrimidine. IS6 
2-Amino-3-cyano-6-( I-methyl-3- 

indoly1)pyridine. 37 
3-Amino-4-cyano-5-phenylpyridazine. 

199 
2-Amino-3-cyano31f-pyrans. 12X 
o-Am inocyanopyridazine. 190 
l-Amino-3-cyanopyridine(s). 35.37. 54 
3-Amino-2-cyanopyridines. 6 
3-Amino-4-cyanopyridine N-oxide. I5 
4-Amino-5-cyanopyrirnidines. 154 
bAmino-5-( 1.2-dicarbethoxyh ydrazino)- I .3- 

?-Amino- 1.3-dihydro- 12-dioxo-4,b 

2-Amino-5.6-dihydro-7-ethoxy4-methyl-7H- 

dimethyluracil. 273 

diphenylpyrrolo[3.4-d~pyrimidine, 205 

thiopyranol2.3-d)-pyrimidine. I34 
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4-Amino-5.64 hydropyridol2.3-djpyrimidin- 

5-Amino-2.4-dimethoxypyridine. 6 
7-Amino-1.3-dimethyl-5-N.N- 

7(8H)-ones. 36 

dimethylaminopyrimido[4,S-dl- 
pyrimidine-2.q IH.3ll)dione. I 59 

I-Amino-7.7-dimethyl-4/f-pyrimido[4.5- 
d]ll,3)thiazinium perchlorate 
from 1'-methylthiaminium ion. 237 

S-Amino-l,3-dimethyl-6-(suhstitute~~-allyl)- 
uracils, 4 

4-Amino-Z.X-di( methylthio)pyrido[3.2- 
djpyriniidin-6carboxamide. 45 

5-Amino- 1.3-dimethyluracil. 6 
6Amina-1,3-dimethyluracil(s). 17. 18. 24. 29. 

6Amino-2.4( IH.3N)-dioxopyrimidinc. I53 
4-Amino-5-(ethoxycarbonyl)pyrimidine. 29 
2-Amino-3-(et hoxycarbony1)- 1.4.5.6- 

tctrahydropyridine. 38 
5-Amino4ethoxy-2-methyl-7- 

phenylpyrimido[4,5-dIpyrimidine. 163 
2-Amino-I-ethylguanidine, 273 
CrAmino-S-formyl-1.3-dimethyluracil. 159 
2-hmino-3-formylpyridine oxime. 54 
2-Amino-h-formylpyrido~2.3-d~pyrimidin- 

Amino group: 

151.237 

4(3H)-one. 24 

replacement by chloro group. 56 
replacement by 0x0 group, 47.48.56.240 

Aminoguanidinium ions. 272 
S-Amino4hydrazin0-6-methylpyriniidine. 

5-Amino-6hydrazinopyrimidines. 262 
S-Amino-l-hydrazinopyrimidine-6( I H)- 

S-Amino-4-hydroxy-2-methylthiopyrimidine- 

4-Amino-2-hydroxypyrido[4.3-clIpyrimidine- 

2-AminoQhydroxy pyrimidol4.5- 

6Amino-I-hydroxyuracil. 22 
4-Amino-54odopyrimidines. 25 
5-Amino-6-mercapto- 1.3-dimethyluracil. 233 
5-Amino-6-mercapto-4-methoxy-pyrimidine. 

3-Amino-2-methylacrolein. 24 
2-Amino-I-methylguanidine. 273 
4-Amino-2-methylpyrido[3.4-d]pyrimidine. 

2-Amino-6-methylpyridol3.2-d]pyrimidin- 

5-Aminomethylpyrimidines. 160 
4-Aniino-7-methylthiopyrimido[4.5- 

dlpyrimidine. 154 
2-Amino-6-met hyl-5.6.7.8- 

tetra hydropyridoI2.3-Jlpyrimidin-4(3H)- 
one. 62 

262 

thione. 280 

bcarhoxylic acid. 165 

5,7(6H,8H)-dione. 51 

dlpyridazine. 201 

233 

17 

4(3H)-one 4.47 

6Amino-3-methyliiracils. 20 

2-Aminonicotinamidrs. 41 
2-Aminonicotinic acid. 38 
o-Aniinonitriles. 10. 11.21. 37. 154-156 
2-Amino-(3-oxopropyl)pyrimidin-6oncs. 3 
5-Amino-4(3Il)-oxo-pyrimidine-6-sulfonic 

~-Amino-?-phenyl-7-propylpyrimido~4.5- 

4-Aniino-2-phenylpyridol2.3-dl-pyrimidine 

h-Amino-7-phenylpyrid(1[2.3-fllpyrimidin- 

1 -Aniino-8-phcnylpyrimido14.5-c Ipyridazine. 

3-Aminopicolinic acid. 7 
4-Aminopiperidines, 10 
3-Aminopropionitrilcs. 34 
2-Aminopteridin-4-one. 2 
4-Aminopyridazine-3-carhoxamide. 202 
L-Aminopyridazine-7-arhoxamide. 201 
o-Aminopyridazine carhoxylic acids. from 

acid. 242 

dlpyrimitline. 156 

3-oxide. 40 

2.4( IH.3N)-dione. 33 

I99 

hydrolysis of  pyrimidol4.5-clpyridazines. 
203 

3-Aminopyridines. 6. 7. 16 
3-Aniinopyridine-Z-carhoxarnide. h 
o-Aminopyridine carhoxylic acids. 16.43 
CAminopyrido[2,3-dIpyrimidinrs. 37.39.62 
7-Aminopyridol2.3-dlpyrimidine. 20 
4Aminopyridol2.3-dlpyrimidine 3-oxide. 62 
I-Aminopyrido[3.2-clIpyrimidin-4(3H)-ones. 

3-(2-Aminopyridyl)- I .2,4-oxadiazoles. 39 
4Arninopyrimidines. 18 
5-Aminopyrimidines. 4. 5.225 
6-Aminopyrimidines. 18. 227 
Aminopyrimidine-5-carhoxaldchydes. from 

3 

ring opening of pyrimido[4.5- 
dl pyrimidines 169 

o-Aminopyrimidine carhoxylates. 16 
o-Aminopyrimitlinc carhoxylic acid. 230 
4-Aminopyrimidol4.5-Jlpyrimidinc. 30 
h-Aminopyrimidol4.5-hlj I.4lthiazines. 240. 

5-Aminopyrimido[5.4~]-1.~.4-triazine. 280 
4-Amino-S.6.7.8-tetra hydropyridol2.3- 

d ]  py ri m id ine. 63 
7-Aminotheophyllines. precursors to 

pyrimidotriazines. 275 
4-Amino-2-tric hiorornet hyl-5-cyano-h- 

L.yanomethylpyrimidine. 9 
5-Amino-1.3.6-trirnethyluracil. 276 
Aminouracils. 22. 22-5 
5-Aminouracil. 5.6 
h-Aniinouracils;. IX. 21. 22. 32.49. 149. 151. 

Ammonium thiocyanate. in synthesis. 7 
Analgesic activity. 65 
Aneurin. 160 
4-Anilinomethyl-3-ethylamino-2.6- 

24 1 

161. 274 

dimethylpyridine. 52 
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Antihiotics: 
krvenulin 261. 272 
MSD-92.261 
pyriniitlotriarine derivatives. 261 
toxoflavin. 261. 272 

Antihypertensives. 65 
Antiinflammatory agents. 65.2X3 
Arhuzov reaction. 46 
Aroylisothiocyanatrs. in synthesis. 151 
Aroyl ketenethioacetals. I9 
Aql acetaldehydes, in synthesis. 5 
Arylamides. 10 
Arylation of hetercxyclic ring. 203 
5-ArqlaLo-6-arylidenehydrazino- 1.3- 

3-Aryl-?-chloro-~-propeniminium salts. 20 
5-Aryl-l.2-dihydro- 1.3.7-triphenyl-2- 

dimcthyluracils. 269 

t hioxopyridol2.3-t/)pyrimidiii~( 3H)- 
ones. 29 

Aql-  1.3-dimethylpyridol2.7-cllpyriniidin- 
2.4 111.3//)-diones. 20  

6-Aryl- I .?-cfimethylpyrido[3,2-~~lpyrimidin- 
2 .4  1//.3/I)-diones. 5 

Arylhydrazides. 273 
S-Arylideneamino- 1.3-dimethyl-6-(2- 

5-Arylideneaniino-l.3.6-triniethyluracils. 5 
Arqlidcnchydrazinouracils. 197 
Arylidencmalonitriles. 22 
Arylisothic~yaiiates. 37 
?-Arylpyrido[2.3-~~pyrimitlines. 37 
7-Arylpyridol7.3-dlpyrimidiiies. 57 
3-Arylpyridol2.3-tl]-pyrimidin-2.4( 1H.W )- 

tliones. 38 
3-Aq Ipyrido[?,2-t/lpyriiiiidin-2.4( I H.3H)- 

diones. 7 
6-Aryl-pyrimidol4.5-h I 11.4lthiazines. 

conversion into tleazapurincs. 241 
(~Arylsultiuyl)-2.4-dianiinopyriilo~3.2- 

d Jpq rimidines. 49 
h-(Arylsulfonyl )-2.J-dianiinopyridol3.2- 

dlpyrimidines. 49 
h-(Aryltliio)-7.4-diamiclopyri~io~3.~- 

dlpyrimidines. 49 
&. 'iisotoic ' .  anhydrideh. 40 

dimethylarninovinyl)-urac.ils. S 

6-Azido-1.3-dinirthyluracil. 269 
h-Azido-5-l'ormyl- 1.3-dimcthyluracil. 277 
6-Azidouracils. 277 
5-A7opyrirniJines. 273 

Rarhituric acid(>). 120-129. 272. 2x3 
Benz;il;lcctophcii~)ne. 19. 124 
Benramitlinc. in synthesis. 33. 36. 130. 13.1. 

157-159. 163-lhS.274.275 
Henrencsullonyl chloride. 42 
?-BenzrnesulTonyloxypyrido[2.3~~ll- 

3-Benzenesulfonyloxypyrido[3.2-d[- 

Benzil. 195 

pyrimidin-2.4( IH.3H)-dione. 42. 57 

pyrimidine. 4X 

Renzopyranol2.3-h Ipy ridines. 37 
~-BenzoyIaminopyritline-3-~arhoianiitlc 

Benzoylcyananiide. I6 
Benroylisothicxyanate. 44 
4-( Benroy1incthyl)py rido(3.4-cll-p)riniidinc. 

Beiiroql pyran. 130 
3-Benzoqlpyridopyriniiiline. I6 
Benroylt hiourea. I6 
I-Bmz~l-l-amiiio-3-amiiionie~hyl-pi~en~iiie. 

s-Benzylaniinopyrido12.3l/lpyrimidin- 

I-Brnryl-3-azaisotoic anhydrides. 40 
h'-BenzyI4carhcthoxy-3-piperidoiie. I4 
2-Benryl-3.3-ethylenedioxyhutan~il. 32 
h-(Bcnzylidcne-l '-methy1hyJrazino)-?- 

(r(2-Benzylidene- I-nirthylhyilrazino)-2- 

Benzylidenetripheiiylphosphorane\. Wittig 

3-Benryloxymcth~l-2'.3'-O-isoprop~ Iene-5'- 

Benrylthio group: 

oxime. 40 

.. 51 

1 0 

4(3H)-one. 41 

methyl-5-nitrouracil. 268 

methyluracil. 269 

reagent. 266 

O-trityl-5-cqanouridine. 31 

replacement hy aniines. 27X 
replacement by hydroxy. 278 
replacement hy sullhydryl. 27X 

Biacetyl. 241 
Bis(tiimcthylamino)cthoxymcthane. 4 
Bis-electrophiles. 6 

1.3-Bis(mrthoxymethyl)-S-cy;inouracil, 3 0  
Bis-2.4.6-trichlorophenrl malonates. in 

1.3-Bis(trimethylsilyloxy)~~yrido~2.3- 

Bis(triphenylphosphine)p~iladium( 11)- 

Blood platelet aggregation inhihitors. 65 
Hredereck's reagent. 10 
Rromination. 9 

with bromine. 240 
Bromine. as oxidiLing agent. 205 
Hromoacetone. in synthesis. 195 
a-Bromoacrtophenoiie. in synthesis. 232 
5-Rromo-'.J-dianiino-h-oxo( IH )-pyrimidine. 

I53 
5-Bromo-l-( ethoxycarhonql)-2- 

methylpyrimidine. I 3  
Bromo group. replacement hy amidc ion. 50 
a-Bromoisopropyl methyl ketone. in 

Hromomalonic ester. in synthesis. 231 
6-Broniomethyl- I.3-dimethyl-5-form~Iur;i~il. 

reaction with hydrazines. 2 W  
Hromomethylpyrimidines. reaction with 

hydrazines. I 9 9  
5-Bronio-l-met hyluracil. 227 

1.3-his-elcctrophiles. 4, 5 

synthesis. I26 

dl pyriniidi ne. 59 

chloride. 13 

synthesis. 225.234 
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4-Bromopyridol4.3-dlpyrimidine. 50 
CrBromopyrimidines. 234 
N-Bromosuccinimide (NBS). 197.234.270 
2.3-Butanedione, 195. 196 
tert-Butoxybis(dime1hylamino)mcthane. 102 
N-I-Butylacetyl-ketcnimine. 19 
7-(r-Rutyl)- 1.3-dimethylpyridol2.3- 

7-Butyloxy-1.3-dimethylpyridol2.3- 
d]pyrimidin-2,4( IH,3H)-dione. I8 

dlpyrimidin-2.4( IH.3H)-dionc. 56 

3-Carbamoyl-4.6-dimethyl-2- 
(pheny1amino)pyridine. 41 

N-( S-Carbamoyl-4-pyrimidinyl)-S-nitro-2- 
furamide. 157 

5-Carbethoxy-2-ethyImercapto-Cr 
thiocyanopyrimidine. 161 

2-Carboethoxy- 1.4-dihydro-5.7- 
dimethylpyrimido[4.5-r/- 1.2.4-triazine- 
3.6.8(2H.SM.7H)-trione. 273 

synthesis. 226 

dlpyrimidine. 46 

CCarbomethoxyphenacyl bromide. in 

6-( Carbomethoxy)-2.4.X-trichloropyrido(3.2- 

NN'-Carbonyldiimidazole. 157. 274 
Catalytic hydrogenation. 39.47-49. 62. 23 1. 

Central nervous system-depressing activity. 

Chlorination: 

263.268.271 

65 

of 0x0 group(s). 48. 169.204.282 
with phosphorus osychloride. 51.278 
using sulfuryl chloride. 240 

methylpyrimidine. 224 
5-C hloroaceta mido-2.64 hydroxy-4- 

aChloroacetoacetic ester. in synthesis. 228 
I-Chloroacetophenone. in synthesis. 233 
I-Chlorc~benzotriazole, oxidizing agent. 277 
7-Chloro-6-cyano- 1.3- 

bis(methoxymethyl)pyrido~2.3- 
dlpyrimidin-2.4 IH.3H)-diones. 62 

4-Chloro-5-cyano-2-methylthiopyrimIdinr. 
132 

2-Chloro-3-cyanopyridines. 35 
6Chloro-2.4-diaminopyridol3~-d]- 

5-Chloro- 1.2-dihydropyrimidol5.4-c 1- 1.2.4- 

6Chloro- 1.3-dimethyl-5-formyluracil, 29 
6Chloro-1.3-dimethyl-S-nitrouracil. 235 
2-Chloro-4-dimethyl-phosphonopyrido[3.2- 

djpyrimidine. 46 
2-Chloro-6,8-dimethylpyrimido~4.S-e]-1.2.4- 

triazine. 282 
6Chloro-5-[2-( I .3-dioxolan-2-yl)ethyl]-4- 

methylpyrimidine. 13 I 
4-C h loro-5-(et hoxycarbonyl)-2- 

methylpyrimidine. 9 
4-C hloro-5-(et hoxycarbonyl)-2- 

phenylpyrimidine. 34 

pyrimidine, 46 

triazine ring opening of. 280 

Chloroforniamidine hydrochloride, 6 
3-Chloro-2-formyl-2-enoates. 20 
Chloro group: 

replacement by alkoxy, 240 
replacement by amines. 29.46.51. 52. 56. 

replacement by ammonia. 45.48.54 
replacement by arylthiols. 46 
replacement by azide. 60 
replacement by benzyloxy. 45.54 
replacement by carbanion. 58 
rephcemenl by hydrdzine. 53.203 
replacement by hydroxy. 54.203 
replacement by methoxy. 46.57.203 
replacement by methylhydrazine. 271 
replacement by methyl mercapto. 45. 54 
replacement by nitrogen nucleophiles. 

replacement by nucleophiles, 171 

203.204.283 

239 

2-Chlor~S-hydroxypyrimidol4.5-c Ipyridazine 
reaction with phosphorus oxychloride 
and dimethylaniline. 203 

4-Chloro-5-iodopyrimidines. 25 
CChloro-5-met hylamino-6 

5-(Chloromethyl)uracil, 59 
2-Chloronicotinoyl isothiocyanate, 36 
m-Chloroperoxybenzoic acid. 48.63 
4-(Chlorophenyl~dichloroisc~-yanide. I 1 
4-Chloropyridol?.3-dIpyrimidine. 62 
4Chloropyrido~3,4-d]-pyrimidine, 53 
6Chloropyridol2.3~Jpyrimidin-2.4( I H.3H)- 

R-Chloropyridol3.4-dIpyriniidine~3~~)- 

4-ChIoropyridol2.3-dIpyrimidine. 58 
CChloropyrimidines. 197 
5-Chloropyrirnidines. 235 
3-(4-Chloro-5-pyrimidyl)propionates. 34 
Chromene. 22 
Cinnamaldehyde. in synthesis, 4 
Claisen rearrangement. 4. 130 
Covalent addition. 8, 30,47. 57. 158. 169. 

Crotonaldehyde. in synthesis. 4 
Cyanoacetamide. 28.31 
3-Cyano-2-cyanoamino-4-S-di hydro-4- 

6Cyano-4.7diaminopyrid0~2.3~~pyrimidine. 

3-Cyan0454  hydro-2-methoxypyridin-q5H)- 

Cyanopyranol2.3-dlpyrimidines. 124 
3-Cyanopyridine amidines. 1 1  
5-Cyanouracils. 30 
Cycloaddition. 25.26 

1.3-dipolar. 235. 281 
Cyclodehydrohalogenation. 236 
Cysteamine, 234 
Cystein ethylester. 234 

mercaptopyrimidine. 232 

dione. 55 

one. 17 

204.279 

methyl-6-pyridone. 42 

30 

ones. 36 
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R-Deazaf~lates. 46 
Deazapurines. 22.281 

Decahydropyrido[4.3-d]pyrimidines. 10 
Ilesulfurization. with Raney nickel. 48. I69 
3'.5'-DiU-acetyl-5-brom~~met hyl-2'- 

Diacylethylencs, 19 
4-Dialkylamino-2-chloropyrido[ 3.2- 

dlpyrimidines. 46 
2.4-Diamino-6-( 2-arylethyl)pyrido[2.3- 

dlpyrimidine. 62 
2.7-Diamino-6-arylpyridol2.3-d]pyrimidines. 

65 
2.5-Diamino4benzylthio-6- 

hydrazinopyrimidine. 263 
2.4-Diamino-S-cyanopyridin-q3H)-thione, 

44 
2.4-Diamino-5.6-di hydropyrido[2.3- 

dlpyrimidines. 63 
2.4-I)iamino-5.6-dihydropyridol~.3- 

dlpyrimidin-7(XH)-ones. 36 
2.4-Diamino-6-hydroxymethylpyridol3.2- 

dlpyrimidine, 46 
2.5-Diamino-4-methyl-6-mt.rcaptopyrimidine. 

232 
2.4-Diamino-S-methylpyrido12.3- 

dlpyrimidine, 24 
24Diamino-6-methylpyrido[3.2- 

dlpyrimidinc. 47 
2.4-Diamino-6( 1/f)oxo-5- 

meraptopyrimidine. 236 
2.4-Diamino-fi IH)-oxopyrimidine. 153 
2.4-Diamino-6-p henylpyridol3.4- 

2.4-DiaminopyridojZ.3-d~pyrimidines. 35 
2.4-Diaminopyrido[4.3-dlpyrimidines. 10 
2.4-Diaminopyridol3.7-dlpyrimidines. 6 
2.4-Diaminopyrido[?,3-dJpyrimidin-7(X/~)- 

Z.4-Diaminopyrimido[4,5~~pyrimidine. 163 
4.5-Diaminopyrimidine(s). 231,234 
2,5-Diamino3.h-pyrimidinedi(~l. 226 
2.4-Diamino-6-pyrimidone. 24 
2.5-Diamino-l-pyrimidinone. 4 
Diamino pyriniidol4.5-el-l.2.4-triazines. 275 
2.3-L>iamino-h-styryIpyrid(~[2.3-d]- 

2.4-Dianiino-5.6.7.X-tetra hydropyridol4.3- 

Iliaminotriazines. 274 
Diary1 aminonitriles. in synthesis. IS4 
?.5-Diarylidcne-l-alkyl~-piperidones. 9 
I.5-Diazahicyclol4.3.0lnon-S-ene. 29 
I .4-Diaz;ihicyclo[Z.2.2~octaiic. bromine 

complex of. 49 
5-Diazo-l.3-diniethylharhituric acid. 285 
a-Diazo-@-oxo-5-(4- 

from pyrimidothiazines. 241 

tleoxyuridine. 48 

dlpyrimidines. 51 

ones. 25 

pyrimidines. 62 

dlpyrimidinc. 51 

ch1oropyrimidine)propionate. reaction 
with hydrazine. 197 

Diazotization. 60. 154. 160.203 
5.5-Dihromobarbituric acid. 272 
2.4-Dihromo- 1.6-naphthyridinc. 12 
5-( 1.2-Dicarboethoxyhydrazin(~~h-(2- 

formylhydrazino)-l.3-ciimcthyluracil. 269 
2.3-Dichloro-5.6-dicyano- I .4-benzoquinone. 

oxidizing agent. 277 
2.3-Dichloro-5.6-dicyanoquinone. as 

oxidizing agent. 19.205 
2.4-Dichloropyrido[3,2-djpyrimidines. 46 
N-(Z.Z-Dicyano- I -ethoxyvinyl)-acetamidoyl 

Dieckmann reaction. 34 
Diels-Alder reaction, 26. 129 
Diethoxymethyl acetate. 60. 166 
h.h-Diethoxy-pyrimido(S.4-bjlI Ajthiazinc. 

Diethyl S-amino-2(methyIthio)-7/f- 

chloride. 163 

conversion into thiazolopyrimidines. 241 

thiopyranol2.3-dJpyrirnidine-6.7- 
dicarboxylate, 132 

Diethylammonium N . N -  
diethyldithiocarhamate. 165 

Diethyl azodicarboxylate. as oxidizing 
agent. 194,203 

Diethyl azodiformate. 267. 269 
Diethyl N-[4-( 1 -bromo-2-oxypropyl)benzoyl~- 

Diethyl chloromalonate. in synthesis. 236 
Dicthyl 2-cyanoglutarate. 33 
Diethyl 2-cyano4methylglutarate. 33 
Diethyl ethoxymethylenemalonate. 5. I8 
Diethyl ethoxymethylidenemalonate. 132 
Diethyl malonate. 6 2 8 .  55. 126, 127 
I .3-Diethyl-5-(methyliminomethylenyl)uracil, 

Diethyl pyrocarhonate. 163 
Diethyl succinate. in synthesis. 231 
7.X-Dihydro-7.7-dimethylbenzo~h 1 I 1.51- 

naphthyridin-9(6H)-onc, 47 
3.4-Di hydro-4-(4.4-dimethyl-2-hydroxy-6- 

oxocyclohex- I-enyl)-pyrido[3.2- 
dlpyrimidine, 47 

3.4-Dihydro-l,3-dimethylpyrido(2.3- 
dlpyrimidine. 37 

3.4-Dihydro4(2-hydroxyphenyl)- 1.3.4- 
trimethylpyrido[2.3-d]-pyrimidin-2( IH)- 
one. 37 

methylpyrido[2.3-d]pyrimidin-7(8H)-one. 
32 

1.4-Dihydro-3-methyl-S-chloropyrimido[4.5- 
clpyridazine. 203 

1.2-Dihydro-7-methyl-2(4H)-oxo-2H- 
pyrimidol4.5-d J [ 1.3 Jthiazine. 243 

5.6-Dihydro-6-methylpyrido[2.3-d~pyrimidin- 
7(8H)-one. 25.64 

7.8-Dihydro-7-methylpyrido[3.2-dlpyrimidin- 
6(SH)-one. 6 

4.S-Dihydro4oxo-indenol 1.24 jpyran. 
122 

L-glutamate. in synthesis. 226 

28 

5.h-Dihydro-h-methoxymethyl-2- 
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6.7-Dihydro-2-phenylpyrido[2.3-[1 Ipyriniidin. 

3.4-Dihydro-4-phenyIpyrido[2.3-~f Ipyrimidin- 

5.6-Dihydro-2H-pyran-3-carboxaIdchyde~. 

Dihydropyranol2.3-JIpyrimidines. 125. 126 

34 

2( lH)-ones, 63 

I30 

from dicarbonyl compounds and 

as herbicides. 136 
cyclohexylurea. 127 

Dihydropyrimidol4.5-(.Ipyrida~ines. 194. 197 
Di hydropyrimido[4.5-dlpyridazinrs. 200 
DihydropyrimidolS.4-c Ipyridazines. 201 
Dihydropyrido[2.3-dlpyrimidine(s). 19. 37 
5.h-Dihydropyridol2.3-dlpyrimidinc. 3 I 
5.8-Dihydropyrido12.3-dtpyrimidines. 20.22 
5.6-Dih~’dropyrido(2.3-dJ-pyrin~idin-7(XH )- 

ones. 33.34 
5,643 hydropyrido(3.4-dlpyrimidin- 

2.44 IH.3H.7H )-triono 13 
Dihydropyrimidol4.5-d lpyrim idines. from 5-  

;tminomt.thylpyrimidincs. 164) 
3.J-Dihydropyrimidol5.4-dlpyrimidiii~. I71 
Dihydropyrimidin-2-thiones. 8 
Dihydropyrimido[ 5.4-e)-1 .2.4-triazines. 202. 

263 
1.2-Dihydro-2-suhstituted pyridol2.3- 

djpyrimidin4(3H)-ones. 41 
Dihydrothiopyranopyrimidines. 132 
Dihydrothiopyrano(2.3-dlpyrimidin~~. from 

dihydrothiopyrans. 133 
I .2-Dihyd ro-2-thioxo-pyrido(2.3-d I py rim id i n- 

4(3H)-ones. 38 
5.6-Dihydrouracils. IS3  
3.4-Dihydroxypyrimido14.5-dIpyridazine. via 

Diketene. 24 
Dimedone. 47 
2.4-Dimethoxy-6 hydroxymethylpyrido[3.2dl- 

Dimethoxymethylacetate. 60 
2-DimethoxymethyI-2-methoxymethyl-4- 

Dimethylacetamide diethylacetal. 29 
Dimethyl acetylenedicarboxylate (DMAD). 

1.3-Dimethyl~~~~allylmethylamino)uracil .  

~Dimrthylaminoacrylonitrile. 20 
9-I( Dimethylamino)chloromethylene]- 

6-Dimethylamincrl.3-dimethylbarbituric 

4-Dimethylamino-2-ethylamino-7-methyl- 

Hofmann rearrangement. 201 

pyrimidine. 46 

(methoxymcthy1ene)-glutaronitrile. 32 

5. 18. 121.23s. 281 

236 

pyrido(l.2-a Ipyrimidine. 40 

acid. 129 

5.6.7.8-tetrahydro-pyrido12.3- 
dlpyrimidine, 40 

butanone. 1X 

clpyridazine. 202 

I-Dimethylaminomethylene-3.3-dimethyl-2- 

h-Dimethylamino-8-oxo-2-phenylpyrimido[ 5.4- 

7-( I)imethylamino)pyrid[)[3.~-~lpyrimidin- 
5( XH)-onc. 29 

Dimrthyl 2-aminopyrimidine-4.5- 
dicarhoxylate. l9Y 

4-Diniethylamino-2.5,7-trioxo-( IH.3N)- I .3- 
dimet hyl-l-cyano-7H-pyrano12.3- 
dlpyrimidine. 129 

129.2x3 

synthesis. 151 

1.3-Dimelhylharbiturie acid(s). I:! I - 123. 115. 

Dimethyl cyanoimidodithiocarhonate. in 

5.5-Dimethyl- 1.3-cyclohexanedionc. 55 
I .3-Dimethyl-4.5-diaminouracil. 225 
1.3-Dimethyl-3.4-dioxo-7-( 1.3-diphenyl-5- 

oxo-pyrrolinylidenyl)-l.2.3.4-tetrahydro- 
7H-pyranoj2.3-Jjpyrimidine. 122 

indanylidenyl)-1.2.3,4- tetrahydro-7H- 
pyranol2.3-Jlpyrimidine. 122 

1.3-Dimethyl-2.4-dioxo-s-triazine. in 
synthesis. 151 

I.?-Dimethyl-6-(ethoxycarhonyI)pyrido[2.3- 
d]pyrimidin-2.4,7( IH.3tf.XH)-trione. I X 

Dimethylformamide dimethylacetal 

1.3-Dimethyl-2.4-dioxo-7-( I-ox0-2- 

(DMF-DMA). 5.6.41.44. 59. 133, 154. 
157. 166.269 

d]pyrimidin-2.4( It/.31f)-dione. 56 

dlpyrimidin-2.4.6( I H.3H.SH)-trionc. 50 

4.q IH.3H)dione. 2X 

I ,3-Dimethyl-7-hydrazinopyrido[2.3- 

1.3-Diniethyl-X-hydroxypyrido[3.2- 

5.7-Dimrthylisoxazolo[3~-d~pyrimidin- 

1.3-DimethyI-trmercaptou~~cil. 132 
1.3-l~imcthyl-7-(methylthio)pyritlol2.3- 

dlpyrimidin-2.4( IH,3H)-diones, 21 
1 .3-Dimethyl-S-nitroso-6-phcnylpyrrolo[2.3- 

dl-2.q I H.3H)-pyrimidinedione. 230 
1.3-1)imethylparabanic acid. 50. 281 
1.3-Dimrthyl-5-(propargylamino)ur~cil. 5 
6.7-Dimethylpteridines. from 

pyrimidooxazines. 241 
1.3-Dimethylpyridol2.3-djpyrimidin- 

2.4( I H,3M)-Jione. 28. 57.62. 63 
I .3-Dimethylpyrido[2.3-d]pyrimidin- 

2.4,7( 1 H.3H.BH)-triones. 29 
7.7-Diniethylpyrimido14.5-b I [  1A)thiazines. 

234 
6.8-Dimrthylpyrimido[4.5-d~-l.2.3-triazine- 

5.7(6tf.XH)-dione. 277 
6.8-Dimethylpyrimido[5.4-c]- 1.2.4-triazine- 

5,7(6H.8H)-dione, 280. 28 I 
Dimethylsulfate. 59.237 
I .3-Dimethyl- I .3.4.7-tetrahydro-2.4,7-trioxo- 

2H-pyran. from 1.3-dimethylherhituric 
acid and dimethyl acetylenedi- 
carboxylate. I21 

NN-Dimethylthiourea. 35 
I .3-DimethyI-2.6.8-trioxo- I.2.3.6.8.9- 

hexahydropyrimido-14.5-h I I 1.4)oxazine. 
225 
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Dimcthylurea. 274 
Dimroth rearrangement. 1 I .  43. 2 3 )  
Dioxopyritlol2.3-dlpqrimidincs. 43 
5.X-Dioxo-2.4-diphenyl-5.6.7.8- 

tetra hqdropyrimiJol4.5-~/lpyriii;i~ine. 
3 J 5  

hydropqririiidol4.5-dlpyrimidine. I63 
-. 7 7-L~ioxo-4.4.5.5.Xa-peiit~11iiethqI~lec;i- 

2.4-Dioxopyrimidinc. 47 
Dioxopyrimicto[4.5-c.]pyridarines. 199 
5.7-Dioxopyrimido[4.5-c.lpyridazines. 203 
6.X-Dioxopyrimido( 5.3-clpy ridazine. 202 
2.4-l)ioxopyritiiido[4.5-c/~~iy riniidines. 

1)ioxygenatcil pyrido(3.2-cl1pS.riniidines. h 
I>i~iticnyltlinr)..lidenetlii;ipyr~nes. 134 
2.7-DiptienyI-5.h-Jih~dropq rimitlol4.5- 

c/]pqriniitline. I 5 X  
I .3-I)iphcny Iguanidinc. 20 I 
Diphenylpyrano[2.3-cIlpyrimidines. I25 
Diphrnylpqr;inol3.2-cl]pyritnidine. 130 
Diphenylpqrimido(.l.~-c.Ipyridazines. 195 
Diphcnylpyriniitlo[4.5-d~pynmidines. I21 
1.3-Diphenyl-2-thioharhituric acid. I22 
I.?-I~iphcnyl-4.h-dioxo~7-hydroxy-2-thio- 

I .2.3.4-tetrahydro-SH-pyrano[2.3- 
ci’lpyriniidine. I22 

1.3-Diphenyl-epyrono[2.3-~ Ipqrrole. 122 
1.3-1)iphenylthioharhituric acid. 28 
2.4-Disuhstituted-5-aminopyrimidinc 
2.4-Disuhstitutetl-7.X-di hydro-thiopqranol 3.2- 

dlpyrimitlines. I36 
3A-Disuhstitu ted3.4a-epoxy-4- 

dearatoxoflavins. 203 
2.4-Disuhstitutrdpyrimido[4.5-cllpyrimidint.s. 

I53 
Dithiopyriniitlo~4.5-d)pqriniicline~. 155 
IXuretic agents. 65. 173 

a-Et hoxalyl-y-hutyrolactone. I3 
N-(Ethoxqcarbony1)amidines. 54 
Ethoxycarhonyl isothiocyanate. 54 
3-( Ethoxycarhony1)- I -mrthyI-.l-piperidonc. 

I 0 
h-(Ethoxycarhonyl)-3-niethylpyridol2.3- 

d I py r i  mid i n-2.q 3H.811 )-diones. 56 
2-Ethoxycarbonyl-4-oxo-l-phenylpyrida~inr. 

202 
7-Ethoxycarhonylpyrido~3.2-~lpyrimitlin- 

8(5H)-ones. 5 
Ethoxy group: 

I‘roni 6-aniinouracils. 149 

replacement hy ammonia. 2x2 
replacement by hydrazine. 265 

24  Ethoxymrthyleneamino)-3-cyanopyridinr. 

Ethoxymethylene malononitrile. 2 I 
Ethoxymrthylenourethane. in synthesis. 17. 

Ethyl acrylates. 2S 
Ethyl 7-amino-5-( henzylthio)pyrimitlo~5.4-e]- 

43 

1 50 

I .’.l-triarine-3-acrtatc. 263 
Ethyl 5-amino-2-nicthylpyritline-4- 

carhoxylatc. I6 
1,thql 5-aminoorotatc. 166 
Ethyl 3-iiminopropionate. 34 
Ethyl 5-aniinopyriJazine-4-carhoxyl~1te. 201 
Ethyl 3-arninopyriJine-l-carhoxqlatc. 16 
Ethyl hrornopyuvate, in synthesis. 220 
Ethyl carhaniate. 43 
Ethyl 4-ch1oroaretoiicet;ite. in synthesis. 226 
Ethyl chloroformate. in synthesis. 22Y 
Ethyl cyanoacetate. 28. 31. 55. 129 
Ethylisocyanatoformate. in synthesis. 151 
Ethylmereapto group: 

hydrolysis by acid. I69 
oxidation to sullone. 2x2 
replacenient by amines. 282 
replacement hy ammonia. IhX 

Ethyl mercaptosuccinate. in \ynthesis. 132 
Ethyl orth(~ethoxycarhoiiy1)acetatc. 263 
Ethyl orthoformate. s c ~ c  Triethyl orthoformate 
Ethyl pyruvate. 241 

Fervenulin. 261. 272.274 
Folk acid analogs. 2. 44. 234 

pyrimidooxazines. 226 
pqrimidotriazincs. 264 

Fornianiidinr. 36. 134 
2-Formamidopyrimidine. 2x1 
Formylhydrazine. 272, 273 
h-(2-Formyl)hyitrazino- I .3-diniethqI-.S- 

nitrosopyrimidine. 263 
5-Formyl-l.3.~trimeth~luracil. 129 
FuraLanopyriinidines. 771 
Furo[3.’-d]pyrimidincs. I30 

i>-Gluconql isothitxcqanntr. 1 6 1  
Glyoxal. 195. 196 
Ciuanidine. 9. 10. 14. 16. 3 3 .  35. 36. 134. 156. 

163. 201. ‘37. 274.275 

2-Halo-3-cyanopyritlincs. 3.5 
Halogens. removal of. 61 
Halo ketoesters. in synthesis, 232 
a-Halo ketones. in synthesis. 226. 232. 233. 

a-Halo a-phenylacrtonitrile. in synthesis. 233 
Halopyridol2.3-c.)pyriilinrs. 17 
Herhicidal activity. 65. I36 
Heteroaroylazides. 7 
Heteroarylaldehydes. 41 
3.4.5.6.7.X-Hexahydropyriilol4.3- 

dlpyrimidines. 51 
Hsxamcthyldisilazane. 52 
Hofmann rearrangement. 15. 166. 199 

of pyridazinc carboxamides. 198 
of  pyridazine dicarboxamides. 201 

234 

a-( Hydantoin-5-ylidenr)-y-hutyrol~ictone. 13 
6- H yd r a i  i no- I J-di met h yl-5-ni t rosou raci I .  

266 
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Hydrazino group: 
conversion to azido. 278 
reaction with anilines. 135 
reaction with methanesulfonyl chloride. 

135 
Hydrazinoisocytosines, 195. 196 
6-Hydrazino-3-methyl-5-nitrouracil. 263 
4-Hydrazinopyrido(2.3-d)pyrimidine. 60 
4-Hydrazinopyrido(3.2-djpyrimidine. 47 
4-Hydrazinopyridol3.4-d]pyrimidine. 53 
H ydrazino pyrimidines. 196 
Hydrazinouracils, 194, 195 
Hydrogenation. 267. See also Catalytic 

hydrogenation 
removal ofchlorine. 46.62 

accompanied by ring opening. 44.52.54. 
55. 57. 131.203.204.240.262.280.283 

of alkoxy groups. 134.278 
of amides. 134.203 
of amine derivatives. 56.278 
of amino group. 47.48.56. 121.740 
o f  aroyl groups. 16. 53 
of chloro groups. 204 
of esters. 60. 132. 226 
of methoxy group. 239 
ofthio derivatives. 160. 169 
of triazine ring. 279 

Hydrolysis: 

5- t~ydroxy-6-aniinopyrimidines. 227 
ti( IH)-4-Hydroxy-S-(B.B-hisethoxycarbonyl- 

5-(3-Hydroxybutyl)-barbituric acids. I25 
4-Hydroxy- 1.2-dihydro-pyrimidoI4.5- 

6-(2-Hydroxyethylamino)uracil. 121 
5-(B-Hydroxyethyl)orotic acid. I3 
Hydroxy group. conversion to chloro group. 

6-Hydroxylamino-1.3-dimethyluracil. 273 
4-H ydroxylamino-2-phenylpyridol2.3- 

4-Hydroxylamino-2-phenylpyrido[’.3- 

4-Hydroxylaminopyridol2.3-~f Ipyrimidine. 

6-Hydroxylaminouracils. 22 
I-Hydroxy-6-nitropyrido(2.3-djpyrirnidin- 

2.4 I H.3H)-dione. 22 
bHydroxypyrimidin-4(3H)-ones. I26 
3-l-lydroxypyridol2.3-nlpyrimidin-2.q 1 H.3H)- 

5-Hydroxypyrirnidines. 229.234 
2-Hydroxypyrirnidine-4.5-dicarhoxamide. 

ethylene). 127 

tflpyrimidine. I69 

239.278 

Jlpyrimidine. 40 

dlpyrimidine. 55 

54.62 

dione. 36 

I56 

lmidate esters. 16. 38 
I-lodo-3-hydroxypropane-2-one. in synthesis. 

5-lodo4-pyrimidonrs. 25 
2-( Isocyanatoamino)-3- 

233 

(methoxycarbony1)pyridine. 57 

2-lsocyanatopyridine-3-hydroxamic acid. 36 
Isocytosines. in synthesis. 233 
lsonicotinic acids. 52 
lsothiuronium salts. from thiourea. 237 
lsotoic anhydrides. 40 

Ketenethioacetals. 21 
Ketoesters. in synthesis. 10. 25. 232 
Ketophosphonates. 3 
5-Ketopyrimidines. 159 
Ketoses. 194 

Lead tetraacetate 36. 162. 269. 275 
Lithium aluminum hydride. S2.61.204.243 
Lithium borohydride 46 
Lossen rearrangement 8. 36.42 
Lumazine. see Pteridin-2.4-dime 

Malondialdehydes. 24 
Malononitrile. 28-31. 55. 121. 129. 278 
Mannich base, I28 
Mannich reaction. 8. 153.229 
Mercaptoacetic acid. in synthesis. 232 
S-Mercapro-2.3-diphenyl-3.4-di hydro-7H- 

thiopyrano(2.3-dI-pyrirnidin-4.7- 
dithione, 133 

S-(B-Mercaptoethyl)orotic acid. 13 
Mercapto group. replacement by amines. 16 
5-Mercaptopropyl-boxopyrimidines, 132 
2-Mercaptopyridopyrimidines. 16 
Mercaptopyrimidinrs. 233 
Mercury(l1)oxidc. 53 
4-Methoxy-5-arnino-6-mer~aptop).rimidinr. 

4-Methoxy-benzaldehyde. 1 I 
6-( Meth~)xycarbonyl)pyrido~3.2-dl- 

pyrimidin-2.4.8( IH.3H.6H)-trione. 5 
6( Methoxycarbonyl)pyrido(3.2-d~pyrimidin- 

?..4.8( IH.3H.SH)-trione. 46 
8-(Methoxycarbonyl)-s-triazolo~4.3- 

u]pyrazin-3(’H)-one. 57 
Mrthoxy group: 

replacement by amines. 46 
replacement by hydrazine. 4 . 2 3 8  

232 

4-Methoxy-6( SH)-oxo-7(H)-pyrimido14.5- 

4-Methoxy-6-p henylpyrimido(4.5- 

5-Methoxypyrimido/5.4-e]- I 2.4-triazines. 

Methyl h-amino-1.3-dimethyluracil-5- 

4-(Mcthylamino)-pyrido~2.3-d~pyrimidinr. 43 
S-Methylaminopyrimidines. 234 
Methyl N-aryldithiocarbamatcs. 38 
3-Methyl-6( benzy1amino)uracil. 22 
Methyl a-bromo-y-acetoxypropyl ketone. 160 
O-Methyl-6-caprolactim. 44 
&Methyl- 1 . 2 4  hydro-2-thioxopyridoI 2.3- 

2-Methyl-4.5-di hydroxypyrimidine. 229 

hllI.4lthiazine. 242 

bll1.4lthiazine. 232 

282 

dithiocarboxylate. 29 

dlpyrimidin-4(3H)-one. 58 
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Methyl glyoxal. 241 
Methyl hydrazine. 197. 199.264 
5-Methyl-8-(2-hyJroxyethyl)pyrido[2.3- 

dlpyrimidin-2.4(3/f.RI/)-diones. 62 
Methyl lithium. 53 
Methyl 3-12-(methoxycarbonyl)hydre- 

zinolpyridin-l-carboxylate. 48 
I -Methyl-2-(methylthio)- 1.4.5.6- 

tetrahydropyridine 34N- 
phrnylcarbothioamide. 36 

6Methyl-2-( mcthylthio)pyrido[2,3- 
d I py ri m idin-4( 3H)-one, 59 

6-Methyl-4(3H)-oxo-5-phenylazo-2-thio- 
pyrimidine. 202 

3-Methyl-h-(phenylamino)uracil. 22 
2-( 3-Methylphenyl~5.X-dichloropyrimido14.5- 

h-Methyl-2-phenyl-4-suhstitutedphenyl- 

I-Methyl-4-piperidone. 10 
3-Mcthyl-5.6-pyridazine dicarboxamide. 198 
4-Meth ylpyridol 3 . 4 4  pyrimidine. 53 
h-Methylpyridol3.2-JIpyrimidine-2.4( IH.3H)- 

3-Mrthylp).rido[2.3-d)pyrimidin-4(3H)-one. 

h-Mcthylpyrido[ 2.?-dIpyrimidin-7(8H)-onr. 

2-Methylpq riJo13.4-dlpyrimidine-X( 7H)-one, 

6Methylpyrido[1.3-njpyrimidin-4(3H)-o1ies. 

3-Methylpyrido[?.3-rllpyrimidin- 

Methylsulfonyl group, replacement by 

h-Methyl-5.6.7.X-tctrahLJro-S.7- 

X-Methyl-5.6.7.X-tetra hydropyrid0[2.3-d]- 

Methyl thioglycolate. in synthesis. 235 
Methylthio group: 

oxidation of. 63 
replacement by hydrogen sulfide. 171 
replacement by nitrogen nucleophilrs, 135 

dlpyridazine. 204 

aminopyrimidine-5-carboxylic acids. 229 

dione. 48 

38 

64 

13 

64 

2.4.7( l/f.3//.8I/)-triones. 56 

ammonia. 56 

Jioxopyriniido(5.4-eI- I .17.4-triazine. 263 

pyriniidin-2( lH)-one. 44 

O-methyl-6-valerolactim. 44 
Michael addition. 5. 121. 124 
X-Morpholino-S( hH)-oxo-2- 

MSD-97 (antibiotic). 261 

N-substituted-h-aminouracils. 1 5 I 
A'-substituted barbituric acids. I20 
N-substituted pqrimidol4.5-dlpyriinidiiie~ 

Nicotinamide. 36 
6Nitropyrido[2,3-dIp).rimidincs. 22 
Nitrobenzene. as oxidizing agent. 205 
Nitromalonaldehyde, 22 
5-Nitropyrimidincs. 231.234269 
Nitroso aminopyrimidines. 268 

phenylpyrimido[4,5(-J]pyridazine. 205 

from pyrimidine-5-Ni.amox;~niides. 156 

5-Nitrosopyrimidines. 263.272 
Nitrosylsulfuric acid. 56 
Nucleophilic reaction. 7,47. 1.51 

with acyl hydrazides. 271 
with alkoxides. 171.240. 278 
with amide ion. 50 
with amines. 8. 16.46. 51. 52. M. 171. 203. 

with ammonia. 45.48. 54. 168.204.240 
with aniline(s). 134, 171.278 
with arylthiols. 46 
with azide ion. 60. 171.278 
with carbanions. 58 
with diethanolamine. 171 
with ethanolamine. 171 
with ethoxide. 38 
with hydrazine.46.53.56. 199.238.139. 

with hydroxide. 54 
with iodide. 171 
with malononitrile ion. 278 
with methoxide. 46. 57 
with methylhydrarine. 271 
with methylthio ion. 278 
with morpholine, 171 
with piperazine. 171 
with piperidine. 171 
with secondary amines. 239.278 
with sodium benzylate. 45. 54 
with sodium methylmercaptide. 45. 54 
with sullhydryl ion. 171.239.278 

Organonietallic agents. addition to 
heterocycles. 205 

Oxadiaroles. as precursorb to 
pyridopyriniidincs. 39 

Oxadiaroyl derivatives. 55 
Oxidation. I94 

2 n 2 . 2 ~ 3  

265.278 

accompanied hq ring opening. 240 
ui th  I-chloroben70triazc)le. 277 
u ith 2.3-dichIoro-5.6-dicyano- I .4- 

henzoquinone (DDQ). 19.177 
with 1.3-dichloro-S.6dicynnoquinonr. 205 
with bromine. 64. 205 
with bromine complex of. 1.4- 

uith dieth) lezodicarboxylate. 703 
of dihydro compound>. 277 
o f  JihydropyrimidotriaLinrs. 763 
oTethqImercapto. 182 
hith iodine. 19 
with lead tetraacetate. 175 
with nri.hloroperoxyhenzoi~ acid. 48. 203 
uith mrrcury(l1)oxide. 5.1 
with NBS. 272 
with nitric acid. SO 
ui th  nitrohenrene. 205 
with oxygen. 19 
with pcroxyacetic acid. 49. 233 
with pcraciils. 53. 63 
ui th  performic acid. 703 



314 Index 

Oxid at i on (Con timwd) 
with peroxytrinuoroacetic acid. 46.49.277 
with potassium ferricyiiniilc. 51. 64. 205 
with potassium permanganate. 53.277 
with seleniuni dioxide. h4 
with silver oxide. 266. 268.277 
of sulfur. 243 
of thio group to sulli)nyl group. 49 
with thionyl chloride. 64 
with triphenylcarhinol. 63 
with xanthine oxidase. h4 

0 x 0  group, conversion into thio group. 204. 

Oxopyrido/3.2-t/~pyriniidiiies, 7 
5-0xopyrido(4.3-t/l-pyrimidine. I2 
X-Oxo-pyrimidol5.4-~ Ipyridarinc. 205 
Oiopyrimidothiazines. 23 I 
Oxopyriniidol4.5-hII I.4loxazines. 225 

Palladium. in synthesis. 5.9. 13.22.25 
Palladium-an-carhon. 46.47.62.268 
Prntachloroethylisocyanate. in synthesis. 

2.3-Pcntanedione. 55 
2.4-Pentanedione. 22 
Peroxyacetic acid. 49. 243 
Peroxytrifluoroacetic acid. 46.49 
Phenacyl hromide(s). 59, 194. 195. 226 
Phenacyl halides. in synthesis. 266 
N-Phenacylpyridinium hromide. 29 
Phenylacetylene. 9. 13 
2-Phenyl-4-amino-5-tlimet hoxyniethyl-5.h- 

N-Phenylhenzaniidine. in synthesis. 133 
2-Phenyl-5.X-dimorpholinopyriniidol4.5- 

205.27~ 

151 

dihydropyrimidine. 1% 

dlpyridazine: 
photcxhemical behavior of. 205 
reaction with orpanolithium reagents. 205 

2-P henyl-5.X-dithiopyriniido(4.5- 

Phenylglyoxylic acid. in synthesis. I96 
Phenylpuanidine(s). 159. 201 
5-Phenyl-5-(3-iodoprc~pyl)harhituric acid. I25 
Phenyl isocyanate. 157 
Phenylpyridol2.3-d]pyriJinIum salts. 33 
4-Phenylpyrido(2.3-c/jpyrimiJinc.s. 39 
2-Phcnylpyriiiol3.3-tIlpyrimidin-4(2H)- 

4-Phen~lpyridol3.3-cllp).rimidin-2( I / I  )-ones. 

N-(Phenylsulphonyloxy)quinolininiidc. 8 
2-Phenyl-5.6.7.8-tetra hydro-5.7- 

dithiopyriniidol4.5-t/IpyriJarine. 
204 

I-Phenyl-2.5.7-triaminopyri~l(~~2.3- 
t /  I py ri m idi n-4( I H)-one. 4 I 

X-Phenyl-3,5.7-trimethylpyrid~)l2.~- 
dlpyrimidin-2.4(3//.8~/)-Jione. 22 

Phenyl vinyl ketones. I9  
Phosphorus oxychloride. 4. 46. 51. 55. 56. 

d I py ridazine. 204 

one. 41 

43. 63 

129,203.204.239.269.278.282 

Phosphorus pentachloride. 
Phosphorus pentasullide, 205.278 
Photochemical reaction. 6. 25. 274 

o f  azidouracils. 26Y 
of pyrimidol4.5-dlpyridazinrs. 205 

24 I-Piperazinyl)pyrido143-dlpyrimidines. 65 
Platinum oxide. 3.48.49.62, 243 
Potassium 2-aminopyridinc-3-carboxylate. 38 
Potassium cyanate. 201 
Potassium dithioformate. 165 
Potassium ethylxanthogenate. 165 
Potassium ferricyanide. 51. h4. 205 
Potassium permanganate. 53. 277 
Potassium pyrosulfite. 162 
Potassium xanthogenate. in synthesis. I55 
5-Propynyloxypyrimidines. 130 
Pteridin-2.4-dione. 2 
Pteridines: 

lumazine, 2 
obtained along with pyriniidooxazines. 

226 
pterin. 2 

Pterin. sn, 2-Aminopteridin-4-one 
Purine(s): 

nucleosides. conversion to pyrimidol5.4- 

as precursors for pyrimidotriarines. 271 
dl pyrimidines. I67 

JIf-Pyr~nol2.3-dlpyrimitlines. I2h 
hN-Pyrunol2.3-cllpyriii~idiiies. 125 
Py riinol2.3-cllpyrimidii~es: 

from harhituric acids and b-kcto esters. 

l r o n i  cniiiiiiiionit~ile~. I2X 
f r o m  ethyl iicctoacet;itc and 6-(2- 

h~droxycthylaniino)uracil. I 2  1 
from k ~ t o -  1.3-dimethylharhituric ncid 

t1criv;itivr.s. 123 
from nialonylurc;i deriliitives. 121 
nuclcosidcs. I35 
iis p)ryliuni dcriviitives. 127 
reduced. 125. 126. I28 

P) r;inol3.2-t/ll’vrimidiIics. reduced, 13 I 
Pyriinol4.3-d Ipyrimidinc5: 

I 2 0  

reduceti. 130 
lroni uracil tlcriv;ttives. I20 

Pyr3rolc-N-oxides. i n  sgnthesis. I67 
4-( 1 -P>r;izolyl)p! riJol3.2-cllpyriiiiidiiics. 47 
4-( I -Py r;izolyl)py ricIol3.4-tllpyriniicliiics. 53 
P) ritlar ineca rhoxa m ides. react ion w i t  h 

Pq rid;iLine- 1 .2-dic;irho?(;iniiclcs. reaction u i t h  

1’) riilarinc-3.4-diciirhox;iniiile. rc;iction uit h 

1’1 ridii~iiic-4.5-~lic;irhoxiimidc. rciiction w i t h  

P,riJinc-I.2-hi~hy~lrox;iniic ;icid. 36 
I~)riJine-3.3-Jicarho~~iniiil~.s. tlofni;inn 

2.3-P> ri~liiiedic;irhoh~Jrox;ini;itc. 42 
Pq ritlo-13.2-tllp) rimidinc. reduced. 47 

hypobroniite. 198 

h!pohroniitc. 198 

hypohroniite. 199 

h )  pohromitc. 20 I 

rearrangement of. 15 
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P\.ridol7.3-dI-pyrimidi1~-2.7-dithiones. 44 
PqridolZ.?-tllpyrirnidine(s): 

nucleosidcs. 31. 5‘) 
rcduccd. 18-20. 25. 31-34. 37, 38.40.41. 

44. 5X.hl.63.64 
Pyriilo~2.3-d~p~rimitiin-2.4.7( IH.3H.XIf )- 

trioncs. 31. 56 
PyriJol2.3-c/lpyrirnitlin-2.4( 1//.3//)-dione 

X-oxide. 63 
Pyridol2.3-tf Ipyrimidin-2.j( 1 H.>H)-dione( s). 

19. 39. 50.63.65 
Pyrido(2.3-tf]pyrimiJin-2( IH)-ones. 42. 56 
Pyrido(2.3-i/lp).rimiilin-4(3H)-one. 59 
P y ridol2.3-t/ I py rim id in-4( ? I f  )-one( s ). 57. 59 
Pq ridol2.3-dlpq rimidin-f( XH )-ones. 64 
Pq.ridol2.3-t/]pyrimidin-7(XH)-ones. 25 
Pyridol2.3-dlp! riniidine 3-oxide. hydrolysis 

accompanied hb ring opening. 54 
P y  ridol3.2-cf I-pyrimidines: 

from 5-aniinopyrimiJinc\. I 
ccphalosporin derivatives. 64 
nucleositle. 48 
,V-oAide. 46. 48. 49 
penicillin derivatives. 64 
reduced. 3.6 
from thermal cycliLiition. 4 

Pyritlo[3.2-r/lpyriniitlin-’.JI IH.3H)-cliones. 

I’yri~lo~3.7-tl~p~rimiJiii-j(3H)-one. 6. 45 
Pyrido[!.4-r/lpyrimidin-2..(( IH.!//)-tlioneb. 15 
I’q.riJol?.4-t/l~rqriiiiidin-Y3H)-oncs. 14. 52 
t’~ritlo[.l.J-t/1pyriniidin-.toiie 7-oxides. I5 
P) riiIo~3.4-c/)pyriniitliii-X( 7H )-ones. I4 
P!riJo(.;.4-t/lpyriniidiiics: 

with hcrhicidal actib’it). 65 

,V-oxide. 53 
reduced. 14. 53 

P j  ridol3.4-t// -.> - t  ri;irolo( 3.4:/1 pj  rim itlinc. 53 
l’yritlol4.3-d 1-1’5 ri ni id i n  3( 3H )-ones. I 2 
P) riclol4.3-dl-p! rirnidin-5-oiies. 9 
Pyriclol4..7-t/I-p> rim id i n cs : 

i n i i n o  dcri\ati\c\. 9 
.V-oxitlc\. I 1  
0 x 0  dcri\iiti\ch. 0 
lroni ~ ~ ~ r i n i i i l i n c - 5 - c ; i r h o ~ ~  lic iicicls. I29 
reduced. X. 10-12. 51 
ring opening. 51 
t l i i o x o  tlcri\iiti\cb. 9 

f’! rid~loxirdiar.olcs. 55 
2-P) r i~ l ) lpq .r i~ lo~2 .3 -~ /~p)  riinidinc. .3h 
P! riinitlinc.-~-c;~rhoilithio;llc.. 2.:7 
I > )  rimiJincca~ho?riililchq~lc.~. -78 
P) r i m i ~ l i n c - 5 - c ; i r h ~ 1 ~ ; i l ~ I ~ l i ~ ~ l c ~ .  23s 
P> r i n i i ~ l i ~ i c c : ; i r h c ~ ~ ~ i ~ i i i ~ I c ~ .  I65 
t’> ri mid i lie-5-ca r h o w  m ides. 1 56 
P! riiiii~liiic~.arhoA~lic acid c\tcr\. 165 
I’~rin1iclo~4.5-1) 1 1  I .Iloxarinc\: 

con\ crbioii in lo pic rid i nc. I40 
lroni a-lialogcn;itcJ kctonc.\. 226 
rc.duccJ. 227 

l’! ri m id o I 5.44 I I I .4 10% i i ~  i iic5. d i 114 <I I 0 

derivatives. 227 

patent activity of. 243 
Pyrimidol4.5-dl I I .31oxarine-2.4( Ill)-dione. 

Pyrimidol4.5-djpyrimidine N-oxides. 155 
Pyrimidol4.5-c Ipyridazines: 

via Hofmann rearrangement. 19X 
from hydrazinouracils. 194 
C’-nucleosides. 195 
N-oxides. 203 
patent activity ol.2Oh 
reduced. 194. 197 

patent activity of. 206 
reduced, 200 

Pyrimidol5.3-c.Ipyrid~i~ine: 
via Hofniann rearrangement. l 9 Y  
rctlucetl. 201 

Pyriniidol4.5-c/lp)riniidine( s): 
C-nucleosidc. Ihl 
reduced, 153. 154. 160-163 
N-substituted. from pyrimidine-5-N- 

Pyriniidol4.5-t/lp)..ridazinc.s: 

carhoxamidcs. I56 
P~rimidol.S.4-dlpyrirniJines: 

rearrangement. 166 
from dianiides via Hofniann 

from fused pyriizole N-oxides. I67 
nucleosidcs. 167 
reduced. 167. I68 

f’) riniidothiazincs. reduced. 234-237.239 
Pyriniiclo[4.5-h I I I .4lthiazines: 

N-oxicles. 240 
patent acti\ity ol. 243 
phthaliniidoalkyl derivatives. 234 

5//-Pyrimidol4.5-h I I I .4]-thi;irin-6( 7H)-onc. 

Pqriiiiidotriaxinc N-oxides. 266. 267 
i’y ri inidol 4.5-6, I - I 2.4-tr i a r i n e b :  

in IXel~-Aldcr reaction. 26 
rctlucctl. 275 
ring contraction of Iriarinc. 2x2 

232 

P) riniitlol5.4-c/l-l.2.3-triazinc.s. ,V-oxidcs 276. 

Py riniidol5.4-c.l-l.2.4-tri~iziiie~~ 
;intiinIl;im mirror) agcn 1s. 3 . 3  
conversion into purinc5. 282 
nucleosidc\. 272. 279 
.V-oxides. 277 
p a t e n t  iictiLit1 01.. 2x3 
Iron1 photochcniical rciiction. 269 
Ironi purines. 271 
rctlucctl. 762. 203 .  205. 267. 2hX. 270. 271 

283 

,A’-(4-l’! ri mill> I )met hacry lam itlc. 25 
~-(5-Pyrini iJyl)nicth; icr)  Isriiidc. 0 
Py rimiil) Imcrc;ipto:icctic ;icids. 235 
1’) rim itlylp) ri ni idol4.5-d I p) rim itlines. I 54 
P~riniiil~Ithioiicctic acids. 1.3 I 
1’) n I i  uni 12.3-tllp) rim it line ciilt\. 33 
I’! rr~)I[)p)riiiii~linc~. ring expansion. I b  
1’) rrolol2.3-dl p y  rimidin-2.4 I/l.i// )-dionc\. 

I’!ru\ic acid. i n  \)iithe\i\. 196 
I 9 
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Raney nickel. use in desulfurization. 45,4X. 

Reduction. 63 
62. 169.24 1 

accompanied by ring closing. 3.4 
catalytic. 39.62. 271 
ofchloro group. 61. 171.203 
of ester to hydroxymethyl. 46 
with hydrogen and platinum. 243 
with lithium aluminum hydride. 204.243 
with lithium borohydride. 46 
of nitro group. 263. 265. 267 
of nitroso group. 263.265 
with palladium on carbon. 46.268 
with platinum oxide. 3.48.49 
removal of sulfur. 241 
with ring opening ofpyrimidines. 52 
with sodium horohydride. 204 
with sodium dithionite. 203.234.263.267 
with sodium isopentoxide. 204 
with zinc and alkali. 203 

with alcoholic sodium hydroxide, 241 
with amines. 242 
with ammonium hydroxide. 242 
with aqueous sodium hydroxide. 241 
of purines. 27 I 
of pyrimidines. 47.48. 52.54.57.60.280 
of triazine in pyrimidotriazines. 280 

Ring opening: 

S-AIkylisothiosemicarbazides. in synthesis. 

s-Triazine. s w  1.3.5-Triazine 
Schiffbase. 121. 135. 158. 166. 241.243. 266. 

Silver oxide. oxidizing agent 266,168.277 
Sodium borohydride. 62.63.204 

use in removal o f  chlorine, 62 
Sodium dithionite. 234.282 
CStyrylpyrimidine-S-carboxylic acids. 9 
o-Styrylpyrimidinecarboxylic acids. I28 
2-Substitutedamino-5.5-dihromopyrimidines. 

Substituted amino-hydroxypyrimidinrs. 224 
4-( Substitutedamino)-2-methyl-h(7H)-oxtr 

pyrimido[4.5-hl-[ I.4joxazines. 239 
7-Substituted- I ,3-dimethyl-2.4- 

dioxopyrimido[4.S-d~pyrimidine. 1 59 
2-Substituted-8-methyl4phenylamino- 

5.6.7.8-tetra hydro-pyridol2.3- 
dlpyrimidines. 36 

12.4-triazines. 281 

272 

268.274 

2 74 

8-Suhstitutedpurines. from pyrimido[5.4-t>)- 

~Substituted-7H-pyrano[2.3-dIpyrimidines. 

2-Su bstituted-5.6.7.8-tetra hydropyrido[2.3- 

Substituted-theophyllines. 282 
Sulfone: 

replacement hy amino. 282 
replacement by azido. 282 

121 

dlpyrimidin-4(3H)-oiies. 38 

replacement hy hytlroxy. 282 
replacement hy mercapto. 282 

Sulfur dichloride. in synthesis. 236 
Sulfuurql chloride. as chlorinating agent. 1.10 

Tetrachloro-2-pyridyl lithium. 7 
Tetrachloro4pyridyi lithium. 1 S 
Tetracyanoethylene. in synthesis. 124 
56.7.8-Tetra hydro-8-deazahoniofolic acid. 49 
5.6.7.X-Tctrahydropyrido~2.3-d~pyrimidines. 

5.6.7.8-Tetrahydropyndol3,2-dlpyrimidine. 4 
5.6.7.8-Tetra hydropyridol4.3-dlpyrim idines. 

3.4.7.X-Tetrahydropyrimido[5,4-dlpyrimidine. 

5.6.7.8-Tctra hydropyrido(4.3-d jpyrimidine- 

~l~trahydropyrimido[4.5-r/~pyrimidines. 153. 

1.2.3.4-Tctraniinobutanes. in synthesis. 16X 
Tetraoxopyrimidoj4.5-dlpyrirnidines. 

from aminouracils and 
ethylisocyanatoformate. 150 

44 

I 0  

171 

4(3H)-thione. 1 1  

154. I61 

~Tetra-oxo-pyrimido[S.~dlpyrimidines. 163 
Thiadiazoles. as precursors to 

pyridopyrimidines. 44 
Thiamine. 163 
Thiazolol4.5-n)pyrimitlines. from 

Thiazolo[5.4-d]pyrimicline I-oxide. 

2-Thioharbituric acid. 120. 121 
Thio group: 

pyrimidothiazines. 242 

intermediate in synthesis. 235 

oxidation to sulfinyl, 49 
replacement by ammonia, 204 
replacement hy amines, 204 

Thionyl chloride. 64. 283 
2H-Thiopyran-3.5(4H.6H)-dione. 133 
Thiopyrano[2.3-djpyrimidines: 

lrom 6-mercaptopyrimidine derivative. 13 I 
reduced. 131-133 

from imidazoles. 133 
from thiopyrans. 133 

subject of patents. 136 
lrom thiopyrans. 134 

Thiopyrano[3.4-cl~pqrimidincs: 

Thiopyranol4.3-dlpyrimidines: 

Thiourea(s). 7.9. 14. 16. 35.36. 131. 134. 

2-Thioxopyrido[2.3-djpyrimidin-4(3H )-ones. 

Thrombolytics. 65 
Titanium trichloride. 63 
Toxonavin (antibiotic). 261.272 
3-( 1.3.5-TriaminopyridyI)propionaldehyde. 3 I 
2.4.h-Triaminopyrimidine. 24. 153. 154 
2.4.5-Triaminopyriniidin-6( I H)-one. 225 
2.3a.6a-Triazaphenalene. 40 
1.3.5-Triazine. in synthesis. 12. 158 

160. 161.235.237.238 

36 
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s-Triazolol4’,3’: 1.6lpyrido[2,3-dlpyrimidine. 

2.3.5-Tri-O-benzoyl-D-riholuranosyl bromide. 

I - (  2.?,5-TriUhenzoyl-P-i)-ribofuranosyl)- 

60 

59 

pyridol2.3-dlpyrimidin-2.~ I H,3H)-dione. 
59 

Trichloroncc.tonitrile. 37 
5.6.8-Trichloro-2.4-diphenylpyridol3.4- 

djpyrimidine. I5 
6.7.X-Trichloro-2.4-diphenylpyrido[3.2- 

dlpyrimidine. 7 
2-Trichloromethyl group: 

replacement by ethoxide. 38 
replacement by hydroxide. 38 

2-(Trichloromethyl)pyrido~2,3-J~pyrimidine. 

2.4.7-Trichloropyrido[2.3-dj-pyrimidines. 54 
2.4.8-Trichloropyrido[3.2-d)pyrimidines, 45 
Triethyl orthoacetate. 53.166 
Triethyl orthoformate. 11. IS. 53.60. 121. 

1S5. 156. 195. 198.201.202.263.166. 
268.27 I 

37 

Triethyl orthopropionate. 266 
Triethyloxonium tetrafluorohorate. 237 
Triethyl phosphite. 277 
I-[3-(Trifluoromethyl)phenyljpyrido[4,3- 

djpyrimidin-2.4( I H,3H)-diones. 65 
2.4.7-Trihydroxypyrimido[4.S-djpyrimidine 

from pyrimidine dicarboxamides and 
hypohromite, I56 

I .?.X-Trimethyl-h-chloromethyI-2,~dioxo-6.7- 
dihydropyrimidine-~S.4-b~~1,4]thiazinc, 
236 

1.3.6-~Trimethyl-5-nitrouracil. 5 
Trimethyl orthoformate, 47 

2.6.X-Trimethyl-3-phenylpyrido[ 3.4- 
djpyrimidin4(3H)-one, 52 

Trimethyl phosphite. 46 
3.5.7-Trimethylpyrido[2.3-djpyrimidin- 

2 4  1 H.3H)-dione. 22 
1.3.7-Trimethylpyrido(2,3-djpyrimidin- 

2.4.5( I H.3H.8H)-triones. 24 
6.7.7-TrimethyIpyrimido[4.54 [ 1.4joxazines. 

conversion into pteridine. 241 
Trioxopyrimido(4,5-djpyrimidines, from 

aminouracils and s-triazines. 151 
Trioxopyrimido(5.4-djpyrimidines, 163 
Trioxopyrimidotriazines. 265 
Triphenylphosphine. 162. 198.277 
Trisformyl methane. 24 
Trisubstituted pyrimido(5.4-djpyrimidines 

patent activity of. 173 

a.P-Unsaturated ketones. 9. 19 
Uracil-6-acetic hydrazide. reaction with 

potassium cyanate. 201 
Uracil derivatives. 130.233 
3-(5-Uracilyl)acrylic acids. 29 
Urea. 9. 14. 16. 35.43, 130. 163.274 
4-Ureido-octa hydropyrano[4,3-djpyrimidines. 

from pyran-3-carboxaldehydes. 130 
Uridine derivatives. 130 

GValerolactam. 44 
Vilsmeier reagent. 28. 126. 266. 269. 273 
Vitamin BI. see also Aneurin 

derivative of. 237 

Wittig reaction. 29.266 

Xanthine oxidase. 64 




