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The Chemistry of Heterocyclic Compounds 

The chemistry of heterocyclic compounds is one of the most complex 
branches of organic chemistry. It is equally interesting for its theoretical 
implications, for the diversity of its synthetic procedures, and for the physi- 
ological and industrial significance of heterocyclic compounds. 

A field of such importance and intrinsic difficulty should be made as 
readily accessible as possible, and the lack of a modern detailed and com- 
prehensive presentation of heterocyclic chemistry is therefore keenly felt. 
It is the intent.ion of the present series to filI this gap by expert presentations 
of the various branches of heterocyclic chemistry. The subdivisions have 
been designed to cover the field in its entirety by monographs which re- 
flect the importance and the interrelations of the various compounds, and 
accommodate the specific interests of the authors. 

I am deeply sorry that the author of this volume will not see the completed 
book. Dr. Simpson died on February 7, 1952, while his manuscript waa 
being set in print. 

Dr. Simpson’s friend and colleague, Dr. C. 31. Atkinson, volunteered to 
take over the author’s burden in the production of the book, and I want to 
thank him most sincerely for his generous help. He has also supplied the 
obituary of Dr. Simpson, printed on the following pages, which we hope 
will help to make the book a lasting memorial to its author. 

Research Labo3.alories 
Eastman Kodd Company 
Rochester, New York 
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J. C. E. SIMPSON 
1908-1952 

James Charles Edward Simpson \+-as born on August 14, 1908, in Chesh- 
ire, where his father was Vicar of Liscard and later Residentiary Canon of 
Chester Cathedral. He received his education a t  St. EdrvsLrd’s School, 
Oxford, and proceeded to the University of Liverpool, where he n;as gradu- 
ated in 1929 and was awarded the Leverhulme Chemistry Prize and the 
Campbell Brown Fellowship. 

Under the direction of Professor (now Sir Ian) Heilbron, Simpson’s 
first researches provided a number of contributions to the elucidation of 
the structure of ergosterol. After two years’ work he obtained the Ph. D. 
degree, and in 1933 he went as a Commonwealth Fund Fellow to the 
Rockefeller Institute, New York, where he collaborated with Dr. W. A. 
Jacobs in proving t,he presence of the steroid skeleton in the digitalis sapo- 
genins. 

In 1935, Simpson became an msistant lecturer at King’s College, London, 
and published from there a series of contributions on the isolation and 
chemistry of various triterpenes; in this field he was one of the first workers 
to apply the chromatographic technique to the separation of mixtures. 
Four years later he took up a temporary lectureship in the Durham Division 
of the University of Durham, where his interest in heterocyclic chemistry 
first found expremion in studies on cinnoline derivatives. This work, 
which was linked initially to a wartime program on potential antimalarials, 
but contained much fundamental work on the scope and mechanism of 
cinnoline syntheses, established Simpson as the authority on this ring 
system and led to his recognition in the wider field of related nitrogenous 
heterocyclic compounds. In 1945 he was awarded the D. Sc. degree of the 
University of Liverpool and moved aa I. C. I. Fellow to the Chemotherapy 
Department of the Liverpool School of Tropical Medicine. Collaboration 
with the director, at that time Dr. E. hi. Lourie, on the application of 
cinnolines and related heterocyclic types to the chemotherapy of trypano- 
somiasis was most successful, and this happy partnership continued after 
1949 when Simpson joined the Department of Chemistry a t  Manchester 
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University as director of a Medical Research Council Group for Research 
on Chemotherapy. The chemical work during this period consisted of the 
synthesis of compounds which might be regarded as simple analogs of the 
trypanocidal phenanthridinium salts, and afforded an opportunity to 
study the properties of a group of related heterocyclic compounds. This 
program was being extended to test further a derived hypothesis, of proven 
usefulness, on the structural features required by trypanocidal compounds 
in this group, a t  the time of Simpson’s death. 

Apart from his research communications, Simpson contributed to re- 
views of heterocyclic chemistry and carried out editorial work for the Bureau 
of Abstracts. He was concerned always a t  the multiplication of labor 
involved in the separate literature surveys of research workers and he 
agreed readily to write this volume. As a memorial to him it cannot, of 
course, show his contributions to t.he field of natural products and it does 
not reflect his wider chemical horizon, but i t  represents well his insistence 
on the accurate classification of data. 

He was well known for his energetic devotion to research and for his 
zealous approach as a teacher. A similar enthusiasm characterized his 
pastimes, which included fell-walking and playing tennis or badminton. 
He was an active member of choral societies and the early interest in 
campanology which he formed at Liscard developed during his life to such 
an extent that his intellectual and physical prowess were recognized through- 
out England. 
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Xow at Chelsea Polytechnic 
London, England 
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PREFACE 

Although the chapters of this volume are numbered continuously, the 
subject matter falls naturally into three distinct sections: (1) cinnolines 
and (2) phthalazines-both formed by condensation of a pyridazine nucleus 
with an aromatic ring, and (3) quinoxalines, which represent the fusion of 
a pyrazine with an aromatic ring. 
This book has been written with the objective of ensuring continuity 

with, and expansion from, Meyer-Jacobson’s Lehrbuch der organischen 
Chemie, Volume 11, 3, and in order to avoid the creation of possible gaps 
the literature has been fully covered from 1917 up to the end of 1948. 
Adequate reference is also made to the 1949 literature, and in many in- 
stances details of compounds there described have been included in the 
tables. Throughout the book the emphasis is on a critical presentation, 
so far as is reasonably possible, of the facts, rather than on a mere compila- 
tion of data. However, the treatment given to cinnolines and phthalazines 
differs slightly from that given to quinoxalines by reason of the fact that, 
twenty-five years ago, the chemistry of cinnoline and, to some extent, of 
phthalszine derivatives also, mas very largely undeveloped, whereas t.hat 
of quinoxaline compounds rested on a much broader basis of established 
fact and has already been reviewed, so far as the early literature is con- 
cerned, in Meyer-Jacobson’s Lehrbuch. In this volume, therefore, refer- 
ences to the quinoxaline literature earlier than 1917, though numerous, are 
incidental; the accounts of cinnoline and phthalazine chemistry, on the 
other hand, are intended to be exhaustive. This selective treat,ment of 
quinoxaline chemistry applies particularly to  those chapters dealing with 
compounds containing three or more fused rings. 

Mention should be made of one or two conventions that have been 
adopted. Heterocyclic rings for which alternative formulations are 
possible by reason of tautomerisrn (for example, rings substituted in appro- 
priate positions by amino and hydroxyl groups) are written in the form 
which approximates most closely the aromatic state; this procedure has 
been followed purely for reasons of simplicity of classification, and no 
indication is thereby implied that a given compound exists in the form 
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shown rather than in the alternative imino- or keto-dihydro modification. 
Where subst.ituents in the tables have been represented by cyclic formulas 
no effort has been made to show fully bonded (aromatic) structures but this 
can be ammed where representation is not clearly a reduced form (ali- 
cyclic). Colors of bases are not mentioned unless deeper than “almost 
colorless” or “very pale yellow”; and by the m e  token no mention is 
made of the colors of picrates which are merely “yellow.” The keys to the 
various tables are not intended to furnish full experimental detail, but are 
usually so worded as to indicate in outline the conditions required to pre- 
pare a given compound. Standard British nomenclature has been used 
throughout this volume. 

The following condensed mixed heterocyclics are included in the present 
volume: For condensed cinnolines and phthalazines, the choice has been 
based essentially on the Ring Index, and includes all compounds in which 
the eintioline or phthalazine nucleus is intact and also those in which one 
CH group in the benzene ring of these nuclei is replaced by N. Compounds 
in which a CH group of these nuclei is replaced by other hetero elements are 
excluded. The same principles govern the selection of condensed quinoxa- 
lines, with the further exclusion of phenazines, condensed phenazines, and 
their a m  analogs. In  all these compounds, the intact quinoxaline nucleus 
is preserved. 

Much of the work entailed in the preparation of this book was carried 
out a t  the Liverpool School of Tropical Medicine, and the author is greatly 
indebted to Dr. E. 31. Lourie, then Director of the Warrington Yorke De- 
partment of Chemotherapy, for the secretarial farilities which were so will- 
ingly made available to him. 

Medical Research Council 
Group for Research in Chemtherapg 
Department o j  Organic Chemistry 
Uniuerdty of Mancheskr 
September, 19.50 

J. C. E. SIMP~ON 
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CHAPTER I 

General Introduction to Cinnoline 
Derivatives. Preparation and 

Properties of Cinnoline 

1. General Introduction to Cinnoline Derivatives 

So far as is known, no derivative of cinnoline occurs in nature. The 
cinnoline ring system was discovered in 1883 by von Richter,' who, in the 
course of experiments designed to convert o-nitzophenylpropiolic acid into 
o-hydroxyacetophenone, found that the diasonium chloride derived from 
o-aminophenylpropiolic acid was transformed on heating into a nitrogenous 
derivative (Eq. 1). The new ring system so formed was named cinnoline 

(R.I .  976) from analogy with quinoline. In the following year, Widman2 
prepared 4-methylcinnoline-7-carboxylic acid by diazotization of 1- 
rnet.hyl-lJ2'-amino-4'-carboxyphenylethylene (Eq. 2). In 1909, Stoermer 

and his co-~vorkers~~~ found that this reaction could also be used to preparc 
4-arylcinnolines. 

No further work was carried out in this field until 1941, when Bonche 
and Herbertb found that diasotized 5-nitro-2-aminoacetophenone slowly 
cyclized on st.snding, yielding fj-nitro4-hydroxycinnoline (Eq. 3). In 

Chemistry of Heterocyclic Compounds, Volume 5 
J. C. E. Simpson 

Copyright 0 1953 by Interscience Publishers, Inc. 



4 Cinnolines 

point of time, this obsen-at.ion may be said to have ushered in a new chapter 
in the chemistry of cinnolines, as, during the last few years, knowledge of 
this group of compounds has expanded considerably. The three reactions 
described above have been shown to be general synthetic routes, and the 
third reaction, leading to  4-hydroxycinnolines, has in particular been 
widely explored. 

It is convenient to  draw a sharp distinction between true cinnolines 
and a miscellaneous group of compounds which, although formally classifi- 
able as cinnolines, contain additional rings fused to the cinnoline nucleus. 
The reasons for this distinction are: ( I )  such compounds are not prepared 
by the typical methods of cinnoline ring closure; ( d )  the characteristic 
reactions of true cinnoline derivatives frequently cannot be shown by 
cinnolines carrying additional fused rings owing to the fact that, positions 
important for cinnoline reactivity (e.g., Cot C,) may be positions of ring 
fusion; and (3) these condensed cinnolines can, on occasion, be regarded 
equally logically aa condensed phthalazines. The chapters which follow 
are t,herefore concerned with true cinnoline derivatives, and miscellaneous 
condensed cinnolines are grouped together in Chapter IX. 

. 

2. Preparation and Properties of Cinnoline 

Cinnoline (I), the parent c.ompound of the heterocyclic group to which 
it, gives its name, may be prepared by two methods. The first of these, 
due to Busch and Rast,6 consists in the reduction of 4chlorocinnoline (11) 

with iron and 15% sulfuric acid to 1,2-dihydrocinnoline (111), which yields 
cinnoline on oxidation with mercuric oxide. The second method, devised 
by Jacobs el al.,' involves the synthesis of cinnoline4-carboxylic acid (IV), 
which is then decarboxylated in benzophenone at 155-165". Of the two 
met.hods, the latter is preferable as a preparative route. 

Cinnoline is a pale yellow solid of geraniumlike odor which is soluble in 
water. It crystallizes from ether with 1 molecule of solvent, and then 
melts a t  24-25°C.6; the solvenbfree base melts at 39°C.6 [37-38°C.7]. 
It tends to liquefy7 on exposure to  air at  20-25O. The base forms stable 
salts; the hydrochloride melts a t  156-160°C.6 (lM-156"C.') and sublimes 
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at 110-115'/3 ~nm.~; the picrate, yellow prisms from alcohol, has m.p. 
196-196.5'C.' (190°C.6) ; and the methiodide, dark reddish-brown crys- 
tals, melts at 168-170.5" (dec.)' [168°C.B]. The chloroplatinate, m.p. 
280' (dec.), and aurichloride, m.p. 146", are also described.O Busch and 
h t 6  state that cinnoline is a strong base, but this statement was clearly 
based on qualitative impressions, and recent quant,itative work has es- 
tablished that the base is actually fairly weak (pK, = 2.51 at 21-22" in 
50% aqueous alcohols; 2.70 at 20" in waterp). 

Cinnoline is distinctly toxic, and also shows appreciable antibacterial 
action against Escheriehia w1L6 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
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CHAPTER II 

4-Aryl-, 4-Acyl-, and 4-Carboxy- 
cinnolines 

1. 4-h-ylcinnolines 

The first recorded examples of the synthesis of 4- 
arylcinnolines are by Stoermer and Fincke,' who found that diasotizat.ion 
of o-aminoarylethylenes (I; R1 = aryl; Re = H or Me) effected reaction 

A. Synthesis. 

(I) ,  which is precisely the same reaction that was first observed many 
years earlier by Widman,2 who prepared 4-methylcinnoline-7-carboxyiic 
acid (11), and in consequence the reaction has come to be known &s the 

Me 
I 

Widman-Stoermer synthesis (2). 
given in Table 11-1. 

have shown that it proceeds successfully when R1 is aryl or methyl and 
R2 is alkyl, aryl, or aralkyl, but that it fails in cases so far invest.igated 
when Itl is hydrogen or carboxyl (11, being aryl, a-pyridyl, or aquinolyl). 
The reaction is ususlly very rapid, and it is seemingly independent of the 
geometrical configuration of the groups around the ethylenic linkage. It 
is concluded from t.hese results6 that t,he ring closure is more or less ionic 
in character, and that it is induced by polarization of the diazonium salt of 
(I) as indicated beiow. The essential requisite which enables t.his polariza- 
tion to be set up is, dearly, that It1 must he an electrondonating group 

6 

h list of the known 4-arylcinnolines is 

Recent investigat.ions of t,he scope and mechanism of t.he r e a c t i ~ n ~ . ~ ,  

Chemistry of Heterocyclic Compounds, Volume 5 
J. C. E. Simpson 

Copyright 0 1953 by Interscience Publishers, Inc. 
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(Eq. 3). According t.0 this mechanism, the coordination of the a.nionoid 
C ,  with the cationoid diazonium grouping should be retarded if Rp has 
sufficient electron-absorbing powers. In agreement with this conclusion, 
i t  has been found t,hat, whereas (I; Rl = & = Ph) yields 3,4-diphenyl- 
cinnoline almost quantitatively, the reaction with (I; R1 = Ph; RZ = 
cr-CloH?) gives, in addition to the expected cinnoline, 2-phenylchrysene 
(III).6 This hydrocarbon arises through the agency of a competing Pschorr 
readon, and is formed because an a-naphthyl residue on the &carbon atom 

of the diaaotized aminoethylene is more effective than a similarly placed 
phenyl group in absorbing the lone electron pair from C,, thus militating 
against the cinnoline ring closure. 

B. Properties. No detailed study of the chemistry of 4-arylcinnolines 
has yet been made. In general, barylcinnolines are, qualitatively, weak 
bases. although some compounds are soluble in dilute acids,' and the 
basic strength seems to be enhancd by a 3-methyl or a 3-benzyl group. 
Usually they react as monoacid bases, but abnormal salts are also known. 
Thus 4-phenylcinnoline forms a hydrochloride, m.p. 130" (dec.), a hydro- 
bromide, m.p. 202-204", a hydriodide (dec. 150"), a nitrate, m.p. 156- 
157", a picrate, m.p. 156-158", a chloroaurate (melts gradually above 
ISS"), and a chloroplatinate, m.p. > 300"; but i t  also yields a basic 
hydriodide (&HI), m.p. 93-95". an acid sulfate, m.p. 181-182": a chloro- 
aurate (BHC1)zLSuC13, m.p. 145-147", and an argentonitrate, BAgN03, 
m.p. 260" (dec.) Il-p.4nisylcinnoline forms a normal hydrochloride, 
m.p. 215", a picrate, m.p. 150", a nitrate, m.p. 151-152", a chloroaurate, 
m.p. 120" (dcc.), and a chloroplatinate (dec. ZOO"), an acid sulfate, m.p. 
21 1" (dec.), and an argentonitrate, BAgXO, (dec. 250").'O 3-Methyl4 
phenylcinnoline gives a chloroplatinate (dec. 180")'; and i-p-hydroxy- 
phenylcinnoline yields a cbloroplatinate (dec. 252"), an acid sulfate, m.p. 
210°, and a sodium salt, m.p. 85".'0 
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TABLE 11-1. * Chylcinnolines R2 

~ 

Ri R2 Ra Preps rv1.p.. oc. Remarks Ref. 

H 

H 

H 

€I 

H 

H 

H 

1% 

XI e 

Me 

Me 

CHzPh 

Ph 

Ph 

Ph 

1 '-CroH, 

2'-Pyridyl 

Ph 

- 0 - O .  

O O M e  

UMe 
2'-pYridyl 

Ph 

UoH 

CI 

Ph 

UoH 
U O M e  

Ph 

Ph 

Uoa 
0 OM* 

Ph 

Ph 

E i  

H 

€I 

H 

H 

Br 

CI 

CI 

H 

I.1 

H 

€I 

II 

H 

I1 

H 

H 

A 

B 

A 

A 

A 

A 

A 

A 

A 

B 

A 

A 

A,C 

B 

A 

A 

A 

67-67.5 

230, 
234-235 

85 

58-59 

128-129 

143.5- 
144.5 

257-259 
(dec. ) 

260-261 
(dec.) 

134- 13G 
135-136 

24 1-242 

131-133 

116.5-1 18 

149-150 

283-286 

169-170.5 

17S-179 

- 

Yellow cryst. 1 

Yellow prisms 8,10 

Yellow needles 10 

Yellow cryst. 1 

Picrate, 16 

Yellow nwdlea 3 
m.p. 201-203' 

Yellow plate  3 

Golden 3 
needles 

Yellow crypt. 1,4 

Yellow prisms 8 

Yellow 4 
leaflets 

Pale yellow G 
needles 
Yellow 6,17 
rhombs 

a - 

Yellow 4 
needlea 

Yellow cryst. 6 

Picrate, m.p. 16 
194-196' 
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TABLE 11-1. 4-Arylcinnolines (continued) 
RI Ra RS Prep.O M.P., 'C. Remerke Ref. 

2'-Pyridyl -@-OM. H A 157-158 Yellow tablets 16 

Z'-Quinolyl UOM~ H A 151-152 Yellow tablets 16 

* In this and in all ot.her tables, plain heaagone are used to indicate eubstituent aryl 
groups. 

Q A, by the Widman-Stoermer reaction. B, by demethylation of the corresponding 
anisylcinnoline with hydrobromic acid. C, from benzil monophenylhydrazone by cyclo- 
dehydration with 75-80% (w/w) aqueous eulfuric acid. 

TABLE 11-2. 4-Arylcinnoline N-oxides 

1 
0 

Ri R2 Color and cryat. farm M.p.. OC. Ref. 

Me Ph Straw-colored needles 124-125 8 

161 8 

110-111 8 
(clear a t  130) 

Ph Ph Yellow needles 196-198 8 
(clear a t  202) 

Ph --(I)-OMe Light brown blades 176-177 8 

Quaternary salt formation occurs fairly readily in five cases so far 
examined, oiz., 4phenyl-, 4phenyl-3-methyl-, &p-anisyl-, 4p-hydroxy- 
phenyl-, and 3-pheny14p-hydroxyphenylcinnoline1JJo (see Chapter VII). 

The formation of iV-oxides is also a characteristic property of 4-aryl- 
cinnolines,8 as shown in Table 11-2; t.hese oxides are produced by oxidation 
of the cinnolines with hydrogen peroxide in acetic acid, but, unlike quinoxa- 
line di-N-oxides, which are similarly formed (Chapter XXVI), they show 
no peroxidic properties. The oxidation is considered to occur at XI and 
not at Nn by reason of the fact that the basic center of kubstituted cinno- 
lines is probably NI7 (see Chapter VII). On nitration, 4-phenyld-methyl- 
cinnoline N-oxide yields, somewhat unexpectedly, four isomeric mono- 
nitro derivatives (m.p. 256-257", 235-238", 218-219", and 19&199"), the 
orientat.ions of which are unknown. 
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On oxidation with hot aqueous permanganate, 4-phenylcinnoline 
yields the acid (IV),l and the analogs (V) and (VI) are produced by similar 
oxidation of 3-methyl4phenyl- and 4-p-anisyl-cinnoline. L I O  Degradation 
of (VI) ultimately yields pyridazine. 

The most interesting known property of 4-arylcinnolines is their be- 
havior on reduction with sodium and alcohol, whereby they are converted 
into the corresponding 3-arylindoles. Table 11-3 gives a list of cinnolines 
of which t.he behavior under these conditions has been investigated.8 It  
will be noted that, 4methylcinnolines undergo the same reaction; the 
ring contraction is thus characteristic of cinnolines carrying a hydrocarbon 
suhtituent a t  Cq, but it seems possible that substitution of b0t.h C3 and 
C, by aryl groups has an inhibitory effect. Two cases have also been re- 
corded of the conversion of cinnolines into indoIes in acid reducing media; 
4phenylcinnoline gives 3-phenylindole when refluxed for 2 hours with 33% 
aqueous acetic acid and amalgamated zinc, and 3-hydroxycinnoline gives 
oxindole when refluxed 1 hour with red phosphorus and hydriodic acid (d 
1.7); but. no indole derivative could be obtained from 4-hydroxycinnoline.B 

TABLE 11-3. Conversion of &Substituted Cinnolines into Indoles 

A m  riionia evolved 
Cinnoline ($3 of theoretical) Producte 

4-Phenyl-%methyl 

CpAnisyl-3-methyl 
PpHydmxyphenyl-3-methyl 

58 
55 

4-pHydroxyphenyl 

4-p-Anisyl 
BPhenyl4prtnisyl 
3-Phenyl~phydroxyphenyl 

4Methyl 
7-Chlom4niet h y I 
6Chlor04met.hyl 

53 

15 
3 
1 

65 
60 
57 

3-Phenyl-2-mcthylindole + unchanged 
cinnoline 
3-p-Anisy I-2-methylindole 
3-p-Hydroxyphenyl-2-methylindole + 
unchanged cinnoline 
3-p-Hydroxyphenylindole + un- 

changed cinnoline 
Resin 
Unidentified mixture 
Unchanged cinnoline + unidentified 

Skat.ole + unchanged cinnoline 
Skatole + 4-methylcinnoline 
Skatole + unidentified material 

materini 
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2. 4-Acylcinnolines 

4-Acetylcinnoline (I), m.p. 100-lO1°, is prepared from ethyl cinnoline- 
karboxylate (tide infru) by condensation with ethyl acetate, followed by 
acid hydrolysis of the intermediate keto ester (11) (m.p. 81.5-82")l'; it 
forms an oxime, m.p. 165-165.5" (corr.). 

4-1 '-k%tos'denzamido-n-hezyEcin7Loline (III), m.p. 115-1 16.5" (corr.), 
is formed by a similar condensation of et-hyl cinnoline-4-carboxylate -4t.h 
ethyl w-benzamidocaproate, followed by hydrolysis. 

,$-ChEoroacetylcinnoZine (IV), m.p. 95-100" (dec.), resuIts from inter- 
action of diazomethane with the acid chloride of cinnoline4-carboxylic 
acid, followed by treatment with hydrogen chloride and basification of the 
hydrochloride of IV.lt 

3,4-Dibenzoylcinnoline (V) is prepared by oxidation of VI (Chapter IX) 
with nitric acid in acetic acid; it forms brown crystals, m.p. 163", which 
give a blue coloration with concentrated sulfuric acid.Ia Reactions of this 
compound are described in Chapter IX. 

J,1;-D.i(tF;iobenzoy2)cinnoZi~ (VII), which forms yellow crystals, m.p. 
206-207" (dec.), is prepared by refluxing compound V with alcoholic am- 
monium su1fide.l3 

3. 4-Carboxycinnolines (Cinnoline-4-carboxylic Acids) 

Cinnoline-4-carbozylic acid (I) is prepared by oxidation of 4-styryl- 
cinnoline (Chapter 111) with permangmate in aqueous pyridine. It melts 
a t  195-196" (dec., corr.) and gives an ethyl ester, m.p. 48.5-49.5".11 When 
heated in benaophenone at l55-165" it is smoothly converted into cinno- 
line," a small amount of 4,4'-dicinnolyl (11) (m.p. 237-238") being formed 
as a by-product. l4  

J-Phenylcinnoline-~-mv%oxylic acid (111) is formed by the action of hot 
aqueous sodium hydroxide on AT-bensylideneaminoisatin (IV) Is; it forms 
yellow plates, m.p. 244" (dec.). 
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N=CHPh 

(1) (11) 0r11 (IF) 
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C H A P T E R  I11 

4-Methylcinnolines 

Chlethylcinnolines afford an excellent illustration of the fact (cf. 
Chapter I) that, cinnoline chemistry has been largely neglected until recent 
years. 4-Methylcinnoline-7-carboxylic acid (I), prepared by Widman’ in 

1884, was one of the earliest cinnoline derivatives to be described, but more 
than sixty years elapsed before any further study of its properties was made 
and some of its analogs were prep’sred. The acid (I) is not suitable for the 
study of the characteristic reactions of +methylcinnolines, as its synthesis 
starts with the expensive cuminal (11), the final step being the diazotizat,ion 
and cyclization of the amino acid (111). Recently, however, it has been 
foundzva that Zaminoarylethylenes (IV; R = H, 443, or 5-C1) are easily 
prepared from the appropriate methyl anthranilates or o-aminoacetophe- 
nones, and these amines, like (111), readily yield the corresponding $-methyl- 
cinnolines. Table 111-1 shows the physical properties of the 4-methyl- 
cinnolines which have been described so far. 

4-Methykinnoline and its analogs are usually prepared by the Widman- 
Stoermer reaction, which was described in some detail in the preceding 
chapter. It may be noted here that the compounds (IV) contain the elec- 
tron-releasing methyl group on the a-carbon atom of the aminoethylene. 
and the fact that such compounds undergo t.he reaction is in line with the 
mechanism previously discussed. The rapidity of the reaction is in general 
rather less than in the synthesis of 4arylcinnolines, but decidedly greater 
t.han that of the reaction which gives rise to Phydroxycinnolines (Chapter 
113. 

From a limited study of the reactions of 4-methylcinnolines one fact 
of fundamental importance to cinnoline chemistry has emerged, namely 
that N1 is the basic nitrogen in these compounds.2 Quaternary salts are 
formed with ease (see Chapter VII), and as the methyl group in these salts 

13 



14 Cinnolines 

TABLE 111-1. 4-Methylcinnolines 

R, Wi 
RI 

RI Ra R3 Prep." Remarks Ref. hl.y. .  OC. 

H H  H A 72.5-74, Yellow needles 2 , 3  

H €I CI A , H  126-127 Yellow needles 5 
H H  YO* C 138-139 Yellow plates 5 

H H  x H a  D 126-127 Orange prisms 5 
H C1 I i  A 119-120 Yellow leaflets 2 
H COaH H A 230(dec.), - 

R1+ 

- 

74-75 

(a=. 1 

1,2  
251-253 
(dec.1 

H CO&t H E 117 Golden plates 2 
2 C1 H €I A 136-137 - 

a A, by Widman-Stoermer reaction. B, from the amine by diazotization nnd Sand- 
meyer reaction. D, from the nitro com- 
pound by re,iuction with stannous chloride in concentrated hydrochloric acid at 
50". 

C, by nitration of 4-1nethvlcin1ioline. 

E, from the acid by esterification. 

C H ~ N M e s  - 

lt &t 
x I 

(V) (VI) (VII) 

shows considerable activity it follows that the salts are correctly repescnted 
as (V) and not as (VI). The reactivity of the methyl group in (V) was 
established by condensation with p-dimetrhylaminobenzaldehyde, whereby 
p-dimefhylaminostyryl-l-ethylcinnolinium iodides (as VII) are formed. 
The methyl group of the unquaternized hue  also shows activit.y, for con- 
densation of 4-methylcinnoline with boiling benzaldehyde in presence of 
zinc chloride yields -4-styrylcinnoline (VIII), m.p. 121.5-122.5°,3 which on 
oxidation gives cinnoline-karboxylic acid (Chapter 11, Section 3). 



4Methylcinnolines 15 

As noted in Chapter 11, 4-met.hylcinnoline and its 6- and 7-chloro deriv- 
atives yield skatole on reduction with sodium and alcohol.* Nitration 
of 4methylcinnoline occurs at CS, yielding 8-nitrd-methylcinnoline.s 
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CHAPTER IV 

4-H ydroxycinnolines 

.I-Hydroxycinnolines* constitute the most important class of cinnoline 
derivatives and (in comparison with other members of this heterocyclic 
group) have been investigated in considerable detail. Table IV-1 lists 
the known 4-hydroxycinnolines. 

1. Methods of Preparation 

This synthesis originated in 1883 with the 
discovery that 4-hydroxycinnoline-3-carboxylic acid (I) results from 
cyclizat.ion of diazotized o-aminophenylpropiolic acid (Q. 1). KO further 

A. Richter Synthesis. 

OH 

(1) 

R ’ a c $ C R  

gr) 

use was made of this reaction until 1915, when the original synthesis was 
improved into a practical method for preparing (T),* and i t  is now regarded 
as a general route to 6-substituted-4-hydroxycinnoline-3-carboxylic acids. 2.2y 

4-Hydroxycinnolines may be similarly from (11: It = H or 
Ph), but the synthesis fails with (11; 13 = 2’-pyridyl).2s The mechanism 
of this synthesis has been discusutd,2-3-28 and there arc strong grounds for 
believing that the polarization depicted in the annexed formula (13 = H or 
C02H) inducw coordination of the anionoid C, with the diazonium group- 

=I 

* 3-Hpdroxycinnolirie Lutri been prepared,*&= but a detailed description i s  unfor- 
tunately not available. 

16 



4Hydroxycinnolines 17 

ing, with accompanying entry of hydroxyl ion (Eq. 2). The resemblance 
between this mechanism and that of the WidmanStoermer reaction (Chap- 
ter 11) is obvious. 

B. Pfannstiel and Janecke Synthesis. These authors' find that 
6-chloro-2-hydrazinobenzoic acid yields 5-chloro-3-phenyl-4hydroxy- 
cinnoline in small amount when it is refluxed with benzaldehyde (4- 

chloroindazoIone is simultaneously formed) (Eq. 3). However, there is 
no other example on record of the formation of a 4hydroxycinnoline by 
this method. 

The first example of this synthesis was dis- 
covered in 19.11 by Borsche and HerbertI5 who observed that 5-nitro-2- 
aminoacetophenone on diazotization undergoes a slow cyclization at  room 
temperature to 6-nitro-4-hydroxycinnoline (Eq. 4). This reaction has 

C. Borsche Synthesis. 

OH 

subsequently been found to be a valuable general method for preparing 4- 
hydroxycinnoline and its analogs; it has, in consequence, received con- 
siderable attention, and a variety of 3-, 5, 6-, 7-, and 8-substituted 4hy- 
droxycinnolines have been prepared,3*~-14~zgJ" as indicated in Table IV-1. 

The reaction has several points of interest. Cinnoline formation is 
fayored by the presence of electron-attractive substituents at Cs or CS in 
the 2-aminoa~etophenone.~*'~ If the cyclization is effected in dilute acid 
medium, the yield of hydroxycinnoline is low unless such substituents are 
present, owing to the preponderance of the competing reaction of phenol 
formation, but by working in concentrated hydrochloric acid at moderate 
temperatures t.he reaction can be successfully effected in the absence of 
electron-attractive substituents; indeed, the nucleus may even contain 
electrondonating substituents such as methyl.11*12~15 It has been ob- 
served that the yield of hydroxycinnoline is favored by the avoidance of 
heating, as, although the reaction is then slow, phenolic decomposition of 
the diazonium salt is thus largely prevented.lO 

A further feature of the synthesis is that, in certain circumstances, 
group exchange is prone to occur. Thus, 4chloro-5-nitro-2-aminoaceto- 
phenone gives either T-chloro-&nitro- or 6,7-dichloro-4-hydroxycinnoline 
according as the ring closure is effected in sulfuric or hydrochloric acid8; 
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' N3 ' Nz+ 
OII) 0 e, 

and 4-chloro-3-nitro-2-aminowetophenones and 3-nitro-Zaminoaceto- 
phenone'* behave similarly. Furthermore, whdogeno-o-aminoacetophe- 
nones (as 111), which in sulfuric acid yield the expected 3-halogen04 
hydroxycinnolines (as IV), give rise to analogs of (IV) in which an ex- 
change of halogen atoms has occurred at Ca if the cyclizations are performed 
in a different halogen acid from that corresponding to the original substitu- 
ent of (III).l' The conditions governing these group exchanges and the 
mechanism of khe reaction are not known with certainty, but in the case 
of 4-chloro-3- and -5-nitro-2-aminoacetophcnone it has been shown that the 
exchange occurs in the diaaonium cation.8 

The theoretical aspects of the Borsche synthesis have received a good 
deal of at tent i~n~. '~ .~ ' ;  essentially, the reaction occurs by intramolecular 
cyclization of the species (V), a process which clearly indicates that there 
is a close relationship betwen the Borsche, the Widman-Stoermer, and 
the Richter syntheses. Ring closure of (V) will be favored by the cationoid 
reactivity of the diaaonium grouping (hence the favorable influence ob- 
served for electron-attractive substituents a t  CB and CF,), and also by the 
development. of anionoid reactivity at C, (hence the importance of strong 
hydrochloric acid in promoting enolization of the C-acetyl group, especially 
in compounds in which the activity of the Nz grouping is not increased by 
electron-att,ractive substituents). The following scheme has been ad- 
vancedL1 as a comprehensive representation of the possible reactions of 
diazotkd o-aniinoLbcetopIienones under the conditions of the Rorschc syn- 
thesis. Crinnoline formation is represented aa occurring via an acid-cata- 

0 +OH +OH 
I1 II I I  

O'XH~R 2 7 ~ ' ~ C H ~ R  x-_ - oz2k +R- 
N2+ \ ' N,+ 
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lysed enolization of the carbonyl group; this would normally produce the 
species (Vb), but could also give rise to (Vc), in the formation of which 
group interchange has occurred (analogous group exchanges involving the 
aromatic ring are not shown). The competing phenolic decomposition 
(also not shown) is considered to involve one or more of the species (Va- 
Vd) (Eq. 5) .  

2. Properties 

A. 4-Hydroxycinnolines Other than 4-Hydroxycinnoline-3-car- 
boxylic Acids. These 4-hydroxycinnolines show distinct.ly acid proper- 
ties. They dissolve readily in dilute sodium hydroxide (5chloro-3- 
phenyl-4-hydroxycinnoline is exceptmionat in being insoluble in this re- 
agentJ), and compounds containing powerfully negative groups in the 6- 
position (CN, NO,) are also soluble in aqueous sodium carbonate.*s3 8- 
Chloro- and &bromo4hydroxycinnoline, in contrast to their &halogeno 
isomers, are soluble in dilute ammonia.8 In contrast to 4-hydroxy-quino- 
lines and -quinazolines, 4hydroxycinnolines are readily acetylated, giving, 
presumably, Cacetoxy c o m p o u n d ~ ~ J ~ ~ ~ '  1g16J@; &substituted analogs, 
however, are resistant to boiling acetic anhydride in cases (8 NOB, 8 Me) 
so far inve~tigated,~*.".~,~~ and in the case of 8-nitro-4-hydroxycinnolines 
this inertness has been attributed to chelation, the compounds being repre- 
sent,ed as (VI; R = I3 and Me).6tt2 

f$(l Rd .o$" ' 9  F d R  L "3 

I 
R ' y3 ' rs 

&N.*,H M e  

(VI) (VII) (VIII) ( 1 9  
Treatment of 4hydroxycinnolines with a mixture of phosphorus penta- 

chloride and phosphoryl chloride yields the corresponding k h l o r o  deriva- 
tives (as VII). These compounds are usually formed smoothly and in 
good yield, but on occasion group interchange may occur. GBromo-4- 
hydroxycinnoline, for instance, yields Pchloro-6-bromo- or 4,6-diehloro- 
cinnoline, depending upon  condition^^^*'^; 7-chloro-6-nitr~hydroxy- 
cinnoline gives 4,6,7-tnchloro~innoline~~; and 3-bromo-4-hydroxycinno- 
lines under suitable conditions give 3,4-dichlorocinnolines. 17 

4Hydroxycinnolines are converted into l-methyl4-keto-1,Pdihydro- 
cinnolines (as VIII)418J**t9 by the action of methyl sulfate and sodium hy- 
droxide. These compounds are mentioned in Chapter VIII, but two pointe 
may be noted here. First, 0-methylation occurs, in addition to N- 
methylation, when 4-hydroxy-6,7-dimethoxycinnoline3-acetic acid is so 
treatedm; and, second, 6-nit.ro-4-hydroxycinnoline and its 3-methyl 
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analog yield, in addition to the N-methyl derivatives, the methyl nitronates 
(IX; R = I3 and lue).2~1s 

Kitration of 4hydroxycinnoline gives 6-nitro-4-hydroxycinnoline as 
main product,2 together with small amounts of the &nitro isomerxs and a 
third compound which may be the 3-nitro isomer.2J1 4Hydroxy-7- 
methylcinnoline gives the &nitro derivative, l2 and 4hydroxy-&methyl- 
cinnoline yields 5- (or 7-) nitro4hydroxy-8-methylcinnoline.12 

The parent acid of 
this group (X; R = R' = IT) cannot be estcrified under ordinary condi- 

B. 4-Hydroxycinnoline-3-carboxylic Acids. 

R@CO,R~ OH @COJI~ OMe &CO.X~ 0 

\ NJ 
I 

Ble 

' PFa \ rfl 

(XI (XI) (=I) 

tions, but with alcohol and fuming or 100% sulfuric acid it and the 6- 
metho-xy analog (X; R = OMe; It' = 11) yield the corresponding ethyl 
esters (X; R = 13 and ORfe; R' = Et), which, like other 4-hydroxy- 
cinnolines, arc appreciably acidic and also yield 4acetoxy derivatives.lB 
Thc action of diazomethane on (X; R = R' = 11) produces an ester-ether, 
m.p. 110", which is either (XI) or (SII).2 With acetic anhydride, (X; 
R = R' = €1) undergoes decarboxylation with formation of 4acet.owcin- 
noline. The most convenient method of decarboxylating (X; R = R' = 
H) trnd its analogs, howcver, is to heat the acid in benzophenonea at 210". 

The most characteristic property of (X; R = It' = Ii) is its behavior 
--which appears to be highly specific for this type of compound-when 
heated with a mixture of pyridine and acctic anhydride. The reaction, 
which is not shown by 4-hydroxyquinoline-3-carboxylic acids or their esters, 
or by the esters (X; R = H or OMe; R' = Et), has been studied in de- 

I n e n  the acid (X; R = R' = H), pyridine, and acetic anhydride, in 
the approximate ratio 2:9:13, are heated a t  9 5 O ,  a crystalline substance, 
m.p. 217O, of formula CisHl10aN3, is formed in good yield. This is formu- 
lated provisionally as a resonance hybrid of the three unperturbed struc- 
tures (XIIIa-c), and is produced according to the equation CgH6O3pIiT2 + 
CsHsN + AcsO -+ CI6I-El1O3Na + AcOH + H30 (F4. 6). (See footnote on 
page 26). This formulation of the reaction is based on analogy with the 
production of pseudo bases from quinolinium and pyridinium hydrox- 
ides,4a.2P i.e., it is analogous to the tendency for B quinolinium cation to  as- 
sume covalency with a weak anion, here derived from (X; R = R' = 11). 
Representation of the compound, m.p. 217" (hereafter referred to as the 

and the following are the main features. 
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(XV) (Xm (XIIIb) (XIIIC) 

“cl6 mitterion”), as (XIIIa-c) is consistent vith its properties, which 
cannot be satisfactorily explained on the basis of the isomeric lactone struc- 
ture (XIV). The C16-zwitterion, for example, is readily soluble in cold 
aqueous sodium carbonate; and when it is refluxed with the lower alcohols, 
or with aniline in benzene, it yields a series of amphoteric adducts (XV; 
R = OMe, OEt,, OPre, and NHPh). 

Treatment of (XV; R = OMe) with sulfuric acid and either methyl or 
ethyl alcohol produces a bright yellow compound, m.p. 106-107”, of for- 
mula C1$Kl303N3, and (XV; R = OEt) similarly yields with sulfuric acid and 
each of these alcohols the homolog CleH,OaN, which melts at 140-141.5° 
and is also bright yellow in color. These two substances are bases, and are 
mostly simply formulated as (XVI; R = Me and Et) ; they are, however, 
insoluble in cold alkalis, so that (XVII; R = Me or Et) is an alternative 
possibility. The main interest in these reactions, however, is that they 
involve loss of the N-acyl group of the dihydropyridine ring of (XV; R = 

OMe); the analogy, referred to above, between the production of the 
Clrmvitterion and the formation of the covalent “Reissert compounds’’ in 
the quinoline series is thus strengthened, because l-benzoyI-2-cyano-l,2- 
dihydroquinoline (XVIII) (a typical “Reissert compound”) on treatment 
with acid likewise loses the N-benzoyl group and yields quinaldinic acid 
(V;a the nitrile). R = OMc and OEt) into 
(XW; R = Me and Et) does not, of course, involve an aromatization of 
the dihydropyridine ring such as occurs in the conversion of (XVIII) into 
quinaldinic acid, but under other conditions (wde infra) such an aromntiza- 
tion does actually occur, so that the analogy with the (‘Reissert com- 
pounds” is thus complete. 

The conversion of (XV; 
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A further reaction of the CIB-zwitterion [which, like those already mcn- 
tioned, is more satisfactorily explained in terms of (XII1a-c) than of 
(XIV)] is its conversion into a colorless base, m.p. 161.5-162.5’, of formula 
Cl&tuOZNa (XIX). This transformation is effected by refluxing either a 
suspension of the Cle-emitterion in water or a solut.ion of it in ordinary ( i e .  

‘ COZH 

COPh 

GWI) (XVII) (XVIII) (XIX) 

not anhydrous) pyridine. The bese (XIY) is, however, most readily 
prepared by short-time refluxing of a mixture of 4-hydroxycinnolinc-3- 
carboxylic acid, pyridine, and acetic anhydride, in the ratio 1:3:1. It is 
noteworthy that none of the base (XIX) is formed from the acid (X; R = 
R’ = H) or from the Cle-zwitterion by the action of a mixture of pyridine 
and acetic anhydride containing a high proportion of the latter; the non- 
formation of (XIX) under these conditions is ascribed t,o a suppression of 
hydroxyl ion concentration. 

The base (XIX) is rapidly at.tttckcd by hot dilute sodium hydroxide 
yielding several products, chief of which is a yellow base, m.p. 152.5-153.5’, 
of the formula Cl8HoNa,2HzO (picrate, m.p. 207-208’; styphnate. mono- 
hydrate, m.p. 203-204’ ; hydrochloride dihydrate, m.p. 219-221’). This 
base has been formulated as 4,2’-pyridylcinnoline (XX)*; it is an important 
degradation product, as it is produced from several of the compounds in 
this series as summarized in sahemc 7. All these precursors of (XX) con- 

tain a dihgdropyridine ring which becomes aromatic, with loss of the M- 
substituent (H or AC) during their conversion into (XX); these reactions 

* This formulation is apparently incorrect, berausc 4,2’-pyridylcinnoline has 
recently been synthesized by a seemingly unambiguous routesz and is not identical 
(Chapter 11, Table 11-1) with the base, m.p. 152.5-153.5°. Until further h t a  are 
available, however, it. is not poiisible to pay to what extent the structures of the pm- 
cursom arid dcrivativcs of this base arc incorrect. 



4-Hydroxycinnolines 27 

therefore complete the analogy (vide supra) between the Cl6-zwitterion and 
the quinoline "Reissert compounds." 

The other products formed by the alkaline degradation of (XIX) are 
acetic acid, Phydroxy-l-methy1-3,9,10-triazaphenanthrene (XXI), m.p. 
187", and l-rnethyl-3,9,IO-triazaphenanthrene&arboxylic acid (XXII), 
m.p. 170". The latter readily loses carbon dioxide a t  its melting point 
yielding 1-methyl3,9,lO-triazaphenanthreneJ m.p. 114". These triasa- 
phenanthrene derivatives are considered to arise by fission of the dihydro- 
pyridine ring of (XIX) and subsequent recyclization; however, their 
structures are not proved. 

WII )  

A somewhat unexpected property of the pyridylcinnoline (XX) is its 
susceptibility to oxidation. It is rapidly attacked by cold aqueous per- 
manganate, giving a good yield of a single product of formula C1pH~OsNI. 
This substance, m.p. 146-147" (picrate, m.p. 172-174"), crystallizes from 
et,hyl acetate in orange-red prisms, but from water aa a mixture of white and 
red needles; it shows marked amphoteric properties and dissolves in cold 
aqueous sodium bicarbonate. It is provisionally formulated as (XXIII). 

9" 
0 \  6 ,COB 

p' 
C$ COzH 

cff%12H I I 
N* d; ds 

(xxrv) 0 

05 
(XXIII) 

It is stable toward warm aqueous permanganate and boiling 2 N sodium 
hydroxide, but is gradually converted by boiling 5 N hydrochloric acid into 
a mixture of an orange-pink amphoteric compound, m.p. 195O, and a eolor- 
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less weak ampholyte, m.p. 254”, which are tentatively represented as 
(XXIV) and (XXV). 

The key reaction in the foregoing transformations, namely the forma- 
tion of the Cl,j-nitterion, is probably characteristic of 4-hydroxycinnoline- 
3-carboxylic acids as a class, because the initial stages of the reaction series 
have been reproduceda1 with 4-hydroxy-6-methoxycinnoline-3-carbo~lic 
acid. Thus, when this acid is heated with pyridine and acetic anhydride 
(ratio 1:7:8) it is converted into a “zwitterion,” m.p. (crude) 216216’ 
(dec.). Treahment of this with methyl alcohol yields a substance, m.p. 
179-BOO, the formula of which (C18H170ENs) suggcsts that it is the mdog 
of (XV; R = OMe). Furthermore, the action of boiling pyridine on the 
“zwitterion” produces a substance, m.p. 131.5-132.5”, with the formula 
ClaH,oOsNs, which evidently corresponds to the base (XIX). 
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CHAPTER V 

4-Chloro-, 4-Alkoxy-, and 
4-Phenoxycinnolines 

1. 4-Chlorocinnolines 

These compounds are prepared from 4-hydroxy- 
cinnolines by the action of a mixture of phosphoryl chloride and phos- 
phorus pentnchloridel-* or of phosphoryl chloride a10ne,~.'~ usually a t  
looo. Normally the reaction is straightforward, and the products are 
isolated by dilution with ice water and basification, but Busch and Klett' 
observed that, in the preparation of 4chlorocinnoline itself, a black by- 
product is formed when the diluted reaction medium is made alkaline. 
This behavior is confirmed by Leonard and Boyd6 both in this reaction and 
also in the preparation of 4-chloro-6-bromocinnoline. but these authors find 
t h a t  the extent of the side reaction with 4chlorocinnoline can be dimin- 
ished by careful neutralization, instead of basification, of the acid solution. 
The normal reaction time is about 1 hour, but in the preparation of chIoro 
compounds from 8-nitro-P-hydroxy-7-methyl- and 5 (or 7-) nitro4 hy- 
droxy-8-methyl-cinnoline i t  is necessary to limit the reaction time to 
about 5 minutes, as longer heating seriously reduces the yield.s Instances 
have been observed of the replacement of a nuclear substituent, as well as 
of the hydroxyl group, by chlorine during the reaction. Thus, a t  loo', 
6-bromo-4 .hydroxycinnoline reacts normally,k6 but at 135-140' the prod- 
uct is 4,6dichlorocinnolinee; 7-chloro-6-nitro-4-hydro.xycinnoline gives 
only 4,6,7-trichl~rocinnoline~; and the formation of 3,4-dichloro- from 3- 
bromo-4-hydroxy-cinnolines has been o b s e r ~ d . ~  Table 1'-1 lists the known 
4-chlorocinnolines; many of these compounds have not been analyzed ow- 
ing to their reactivity (see below), but in such cases they have been charac- 
terized by the preparation of the corresponding 4-phenoxy- or 4-anilino- 
cinnolines. 

B. Properties. 4ChlorocinnoIines are characterized as a group by 
their extreme reactivity; 4-chloroquinoline, which is commonly re 
garded as a classical iIIustration of a heterocyclic compound with a reac- 
tive chlorine atom, is a very stable compound when compared with most 
4-chlorocinnolines. 

A. Preparation. 

Thus, Busch and Klett observed,' and it has recently been 
29 
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TABLE V-I. 4Chlorocinnolines 

Ri RI Ri Ri Rs M.P., oc. Remarks Ref. 

H 

H 
H 

H 
H 
H 
H 
H 
H 

H 

H 
I1 
H 
Me 
Ph 
H 
€r 
H 

H 

H 

Me -~ 
Me H 

H 

H 
H 

11 
H 
H 
H 
H 

H 

fr 

11 
H 
NO* 
H 
H 
H 
H 

H 

TI 
(NO. 
i Lz 

H 

I1 
H 

H 
H 
€1 
I€ 
H 
GI 

Br 

NO* om 
H 
H 
€I 
1% 
H 

C1 

CI 
H 

H 
H 
NO* 

or 

€1 

€I 
I1 

€1 
C1 
XOZ 
Me 
A C  
H 

€I 

H 
€ I  
H 
H 
11 
CI 
.Me 

CI 

.""I 
YO,, i 
€1 
II 

76-77,78- 
79,79 
146-147 
167-169, 
180 (dec.) 
92-93 
143-144 
148-149 
115-1 17 
147-148 

113-114 
127-128, 

111-112, 

136-137 

135-137 
149-151 
170-171 
99-100 
119-120 
221-222 
210-211 
(dec.) 
141.5- 
142.5 
176-177 

130-131 

180-181 
146-147 

White or yellow 
needles 
Yellow spikes 
Ycllow cryst. 

Pale grccn rods 

Yellow needles 
Yellow scales 
Yellow ncedlrs 
Pale yellow ncedles 

Pale yellow needles 
High- and low-melt- 
ing forms are in- 
terconverti ble 
Yellow plates 

Yellow cryst. 

Orange micro-cryst. 
Pale grccn needles 
Pale grwn blades 

Pale yellow needles 

- 

I 

- 

1,396 

5 
5,15 

5 

la  
5 
15 

3 p  

396 

3,6 

10 
3 
15 
4 
16 
2 
5 

2 

3 

5 

4 
4 

that 4-chlorocinnolinc is converted into the 4-hydrosy compound merely by 
boiling with water. Hydrolysis in aqiirous solution also occurs with 4- 
chloro-6-nitrocinnoline: and 4,7diclilorocinnoline, although moderately 
stable in hot aqueous solution, is hydrolyzed rapidly in hot very dilute 
acid.8 4-Chloroquinoline, on the other hand, is stable under much more 
drastic conditions.a In further illustration of this point are the observa- 
tions that khlorocinnoline can be titrated with aqueous silver nitrate,' 
and that brief refluxing with acetic anhydride converts it into 4-acetoxy- 
cinn~line.~ As a result of their estreme reactivity, 4-chlorocinnolines tend 
to decompose on standing, sometimes quite rapidlyl.z*lO; it has been found 
that the decomposition product which is formed from 4,6,7-trichIorocinno- 
line on standing is probably the corresponding 4hydroxy compound.? 
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Bush and Klettl prepared 4-aniline and 4-ptoluidino-cinnoline by 
brief wmning of 4-chlorocinnoline with the appropriate base; other ex- 
amples, from recent literature, of the condensation of 4-chIorocinnolines 
with ammonia and primary aliphatic and aromatic amines will be found in 
Chapter VI. Busch and Klett' also prepared 4-ethoxycinnoline from the 
chloro compound and alcoholic sodium ethoxide by gentle warming, and a 
number of further examples of replacement reactions of this t3ype have 
recently been described ( e d e  injrca). 4-Phenoxycinnolines are readily ob- 
tainable from the chloro compounds by warming either with a mixture of 
phenol and ammonium carbonate or with a solution of potassium hydroxide 
in molten phenol. Comparison of the conditions required for t.he conver- 
sion of 4-chlorocinnoline and 4-chloroquinoline into their respective meth- 
oxy and phenoxy analogs further exemplifies the reactivity of chlorocinno- 
lines relative to that of chloroquinolines.8 

The basic nature of 4-chlorocinnoline was recognized by Busch and 
Klett,' who describe a hydrochloride (map. 151°), a hydriodide, and a 
chloroplatinate. It is, however, a weak base, the p K ,  value being 2.08 
in 50% aqueous alcohol a t  21-22"." 

Reduction of 4-chlorocinnoline with iron and 15% sulfuric acid yields 
a chlorine-free product regaded as 1,2dihydro~innoline,~~ whence cinno- 
line is obtainable by dehydrogenation with mercuric oxide. 

2. 4-Alkoxycinnolines 
Table V-2 shows t.he few compounds of this group t6hat have been 

described in the literature. They are prepared from the 4-chloro com- 
pounds by treatment wit.h sodium alkoxide in the appropriate alcohol, 
usually under reflux. 

TABLE V-2. 4Alkouycinnolines OR 

R RI Rz Color snd oryst. forrii Mp., "C. Ref. 

Me H H Needles 127-128 10 
M e  H Not Yellow needles 194-194.5 10 
Me H c1 Blades 169,5-170 14 
M e  itfe NO2 Golden needles 150-151 8 
Et H H Needles 106 1 

101-102 10 

Like 4-chlorocinnolines, 4-alkoxycinnolines are of much lower melting 
point, and are much more soluble in organic solvents than the correspond- 
ing hydroxy compounds. 4-Methoxycinnoline is distinctly more basic in 
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character than Phydro~ycinnoline,~~ but is not a strong base, the re- 
spective p& values in 50y0 aqueous alcohol a t  21-22' being 2.7 and 1.77." 

Treatment of 4-hydroxycinnoline-3-carbosylic acid with diaaomethane 
gives a compound, m.p. 109-11Oo, which is either the 4-methoxy ester (I) 
or the N-methyl isomer (11). lo 4-Hydroxy-6,7dimethoxycinnoline-3- 

f i c o 2 3 1 e  e 2 h I e  J I e o e  

' NSJ hfeo ~3 
M e  

' w.2 

Q (11) (HI) 

0 

0 
acetic acid, on treatment with methyl sulfate and alkali, followed by estmi- 
fication with methanol and sulfuric wid, gives two isomeric ether-esters 
(111 or IV; R = Me), m.p. 186-187' and 184-185' (or 18&189'); these 
compounds are readily hydrolyzed by dilute acid to the corresponding acids 
(111 or IV; R = H), m.p. 261-262' (efferv.) and 244-245'. The acid, 
m.p. 244-245", gives a hydrochloride, m.p. 252-253' (dec,) and is stable 
above its melting point; in contrast, the isomer, m.p. 261-262', does not 
give a hydrochloride (in 2 N acid), but loses carbon dioxide a t  its melting 
point with formation of the 3-methyl derivative, m.p. 229-230'. Despite 
these differences, it has not been possible to determine which of the two 
series is to be represented by the 4-methosy structures (as III).I3 

3. 4-Phenoxycinnolines 

4-Phenoxycinnolines are prepared from 4-chloro- 
cinnolines in either of two ways; (1) by heating the chloro compound with 
a solution of rather more than one equivalent of potasium hydroxide in an 
excess of phenol (usually about 10 parts by weight based on the weight of 
potassium hydroxide) ; and (2) by warming the chloro compound (1 part 
by weight) and phenol ( 3 3  parts) with an excess of powdered ammonium 
carbonate (1.5-2 parts). In  each case the reaction is usually complete in 1 
hour a t  95'. Method (1) is of general value, but method (2) is preferable 
for the preparation of 6-nitro-4-phenoxycinnolines, as in such cases method 
(1) is apt to give rise to a good deal of hydroxy c o r n p o ~ n d . ~ ~ ~  .h may be 
seen by comparing Tables V-1 and 17-3, almost all known 4-chlorocinnolincs 
have been converted into their 4-phenoxy analogs. 

A. Preparation. 
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TABLE V-3. CPhenoxycinnolines p L L  OPll 

~- ~ 

3 H H  H H If A 94-95 - 
5 H €I H If C1 A 158-159 - 

H H H H NO2 B 166-167 Pale green needles 5,15 
5 H H FK H hIe B 96.5-97 - 
3 If H €1 C1 €I A 127-128 - 

H H €K NO2 H I3 172-173 Yellow ~ e d l ~ y  15 
5 H H H M e  H A 113-114 - 
15 H H  H A o H  B 141-142 - 
3 H H  C1 H H -4 128-129 - 
3 H H  Br H H A 151.5-152 - 

H H NOS H H B 190-191 Yellow blades 9 
3 H Il OMe H 11 A 108-109 - 
4 Me H H If T I  A 78-79 
2 H H H CI CI A 213-214 - 
5 H H T I  Me Not C 172-173 - 
2 H H C1 CI I€ -4 162-163 - 
3 €I H CI Me I1 A 1547155 - 

5 

- 

H IXoz ?r } hle C 160-161 - 
H NO, 

Me ';: H H NOp B 137.5-138 Yellow blades 1 
Me I1 KO2 H H B 129-130 Yellow blades 4 

0 A, from the chluro eompund, phenol, atid potassium hydroxide at 95". B, from 
the chloro compound, p eiiol, and arnmoruum carbonate at 95". C, fmni the 
chloro compound, phenol, and potassium hydroxide at 150'. 

B. Properties. In physical properties these compounds are rather 
similar to the 4-chloro analogs, being comparatively low melting and soluble 
in organic solvents. 4-Phenoxycinnoline itself is a weak base, p K ,  2.27 
in Myo aqueous alcohol a t  21-2Zo.l1 4-Phenoxycimolines are more stable 
than the chloro compounds, e.g., they do not decompose on keeping, and 
are not hydrolyzed by boiling water. Nevertheless, they show considerable 
reactivity. 4-Phenoxycinnoline1 for example, givea 4-acetoxycinnoline 
when refluxed with acetic anhydride, and 4hydroxycinnoline on prolonged 
refluxing with dcohol@; and, in cases where the experiment has been tried. 
substituted 4-phenoxycinnolines are readily hydrolyzed to the hydroxy 
compounds by very dilute acid.8 When heated in fused ammonium ace- 
tate at temperatures of from 140" to about 200°, Pphenoxycinnolines give 
4-aminocinnolines, usually in good yield,b~s~*6 and with primary dialkyl- 
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aminoalkylamines at temperatures between 130 and 170' (depending on 
the nature of the mine)  4-diaIkylaminoalkplmninoc.innolines (as I) are 
smoothly formeda; these compounds are considered in Chapter YI. 
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CHAPTER VI 

4-Aminocinnolines 

1. Primary Amino Compounds 

These compounds are prepared from Cphenoxy- 
cinnolines by fusion with an excess of ammonium acetate a t  temperatures 
up to ca. 210-220°, the readion usually being complete in a few min- 
utes.1S16 This method is of general application, and works well for a 
variety of 4-aminocinnolines, as may be seen from Table VI-1. It is in- 

A. Preparation. 

TABLE VI-1. Primary 4-Atninocinnolines 

R. 

RI  R? Ib Hc .11.{>., o c .  Remarks Ref. 

H 

H 

H 

H 
H 
H 
H 

H 
H 

31 

H 

H 

H 

H 

H 

H 

H 

H 

152-154 (hy- 

210,5,212-213 
drate), 209.5- 

235-236 (dec.). 
242-243 (dec. j' 
167-168 

142-152 

Pale yellow leaflets. Ac 
deriv., m.p. 272-273" 

Yellow or rust-red needles 

Pre arcd from 8N02 corn d. 
ancf Fe-FeSO4-HZO at &e 
b.p. Ac, deriv., m.p. 299- 
300" 
M.D. vanes according to 

1,5 

4,15 

15 

4 - 
raG of heating 

H C1 1% 209-210 Pale yellow rods 1 
H KO, II 30-301 (dec.) Yellow leaflets 15 
H KHAc H - Free amine is unknown. 4- 15 

Ac deriv., m.p 312" (dec.), 
is prepared from the 7NOZ- 
4NHt compd. and %n dust- 
AmO-AcOfia at 95" 

m.p. 232-233" 

c1 H H 277-278 Pale yellow cryst. 1 

II Me NO, 300 (dt>c.) Sandy micro-prisms 4 
5- or 7-N02 Me 242-243 Orange-red needles 4 

Me H €1 NOt 283-285 (dec.) Orange needles. Ac deriv., 1 

nze NO* H H Dec. 320 Rust-colored needles 1 

Not H H 288-289 Yellow ~ e e d l e ~ .  Ac deriv., 1 

m.p. 177-178" 

Chemistry of Heterocyclic Compounds, Volume 5 
J. C. E. Simpson 

Copyright 0 1953 by Interscience Publishers, Inc. 
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teresting to note that treatment of the chloro compound with phenol and 
ammonium carbonate, which is the standard method for preparing 5- 
amino compounds in the acridine seriesl2 normally yields phenoxy com- 
pounds and not 4-mino compounds in the cinnoline serie5.l 4-Amino- 
cinnoline has also been prepared from the chloro compound by direct inter- 
action with but the conditions under which this reaction suc- 
ceeds are evidently critical, because 4-chlorocinnoline and alcoholic am- 
monia under only slightly different conditions yield no Paminocinnoline, 
but a compound, m.p. 237', which is possibly a hydrated aminohydroxy- 
cinnoline.' 

B. Properties. Primary Caminocinnolines are usually pale or bright 
yellow solids which may be crystallized from water and frequently form 
hydrates. They have pronounced basic properties and are easily soluble 
in aqueous acetic acid, from which, however, they may be reprecipitated 
by ammonia.' The p K ,  values of individual compoiinds are in conformity 
with this behavior; thus the values (in 50% aqueous alcohol at 25O) for 
4-amino- and 6-nitro-4-amino-cinnoline are 6.26 and 5.08,6 respectively. 
In cases where the reaction has been tried, primary (and secondary) 4- 
aminocinnolines do not undergo hydrolysis in acid solution under ordinary 
conditions.' 4-iiminocinnolines are readily acetylated,' and they react 
with methyl iodide in boiling alcohol, forming quaternary salts8 (see Chapter 
VII) . 

2. Secondary Amino Compounds 

A. 4-Arylaminocinnolines. These substances are prepared by 
heating a mixture of a 4-chlorocinnoline and a primary arylamine for a 
short time (1) without a s01vent,~-1~ (2) in or (3) in acidified 
aqueous acetone.*tL3 They are yellow or orange compounds (see Table 
VI-2) which show basic properties; thus  Rusch and lilcttg describe hydro- 
chlorides of 4-unilino- md 4-ptoluidino-cinnolinc, and 4-anilinocinnoline 
has p K .  5.31 (in 50Yo aqueous alcohol a t  21-22")6. 

B. 4-Dialkylaminoalkylaminocinnolines. As indicated in Table 
VI-3, a variety of these compounds have been synthesized. The usual 
method of preparation is to condense the appropriate 4-phenoxycinnoline 
and aliphatic aminel" a t  about 130°, but one or two compounds have also 
been made from the chlorocinnoline and amine in boiling benzene.'* These 
compounds are colorless, or almost colorless, solids with marked basic 
properties, and in general they crystallize well from neutral organic sol- 
vents. Nothing is known of their chemistry except that they are not hy- 
drolyzed by boiling hydrochloric acid,' A number of these compounds show 
antimalarial activity against Plasmodium gallinaceurn in c h i c k ~ , ~ ~ ~ l ~  the 
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TABLE VI-2. 4-Arylaminocinnolines KHAr 

Ar R, RI Rt Rc Color and cryst. form M.D.. OC. Ref. 

Ph 

Ph 

MeU 
ci 

H H kr 

H KO., H 
H OMe H 
H H H 
H H Me 

5- or 7-N02 
Me H €I 

H €I H 

H Br H 

€I 

H 
11 
Me 
NO4 
Me 
H 

H 

H 

~ 

Brown needles 232 
Yellow needles 229.5-230.5 
Orange needles 228.5-229.5 
Yellow needles 235.5-238 
Yellow needles 231-232 
Green-yellow needles 262-263 (dec.) 
Ornnge-red needles 166- 168 

Yellow needles 215 

Yellow needles 217-218 

Yellow plates 246-247 

- 
9,10 

11 
10 
4 
4 
4 
13 

9 

12 

TABLE YI-3. 4-Dialkylaminoslk~lnminocinnolines XIIRI 

”’@ R, NS 

RI Rx €la M.p.. ec. Rsf. 

CH(Me)fCH&NEtt H H 103 14 
H c1 123.5-124.5 10 
CI H 107-108 10 
C1 c1 121.5-123 10 
C1 Me 120-121 10 
Br H 97.5-98.5 10 
OMe H 160 14 

(CHdJ’JEt2 P H 145 14 
H C1 182.5-183.5 10 
c1 c1 204-204.5 10 

(CH2)rNMet H c1 175-176 10 
c1 C1 170-171 10 
c1 Me 168-170 10 

(CHJrNE4 H c1 162-163, 10,12 

I 1  

I1 

, I  

‘ I  

11 

I1 

11 

14 

11 

I1 

1&p165 
(1 C1 c1 151.5-152.5 10 

Br H 149-150 12 
<CHi)sNBu; H CI 123-1% 10 

c1 Cl 153.5-15-1 10 
(CHt)tN(CHa)r H c1 180-181 10 

CI CI 214-215 10 

r r  

4 1  

I 1  
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most. effect*ive compound being 7-chloro-4,4'-diethyIamino-l'-methyl 
butylaminocinnoline (I). 

NEICHMe(CHJ rNEb 

a && C H I  &j 
NOH 

0 0 
C. 4-Hydroxylamino-7-acetylcinnolineoxime (11) is produced 

by treatment of 4-phenoxy-7-acet.ylcinnoline with hydroxylamine hydro- 
chloride and sodium acetate in aqueous ethnnol.'s It, is a yellow crystal- 
line solid, m.p. 264-265" (dec.), and is converted into 4hydroxylamino-7- 
acetamidocinnoline (pale yellow needles, m.p. 229-230O) by the Beckmann 
change.I6 
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C H A P T E R  V I I  

Cinnoline Quaternary Salts 
A. Preparation. Cinnoline quaternary salts containing a 4-amino, 

.l-anilino, &methyl, or 4-aryl group are readily prepared from the base 
and alkyl halide by heating under reflux in alcoholic solution,’-a provided 
that the Bz ring does not contain an amino group. Quaternary salts of 
Bz-aminocinnolines are made either by reduction of the Bz-nitro salts, or 
alternatively by acetylation of the amino base, followed by conversion into 
the quaternary salt and hydrolysis, as indicated below; 4,fj-diamino-l- 
methylcinnolinium iodide (I; R = H) and its  3-methyl analog (I; R = 
Me) are examples of minoquaternary salts which have been prepared by 
each of these two methods (Eq. l).3 Salts containing a pdimethylamino- 
styryl group at  Cc are prepared by heating 4-methylcinnolinium salts with 

O y J q  =JyJAJ NHI - 
\ 

0) 
+N - Me 
-c 

I I 

1 
N H A C  N H A C  

Ha$” 4 A o y - y . f R  4 

‘ #  ‘ x #  ‘fl 
Me 
-I 

p-dimethylaminobenzaldehyde either in alcohol or in acetic anhydride.’ 
The known cinnoline quaternary salts are listed in Table VII-1. 

B. Structure. Quaternary cinnolinium salts are represented by the 
general formula given at the head of Table VII-1, i.e., the site of quater- 
nary salt formation is shown as N1 and not Nz. This is in accord with evi- 
dence obtained from the behavior of the methyl group in Pmethylcinno- 
lines. 4-Styrylcinnoline results when 4-methylcinnoline is refluxed with 
benealdehyde and zinc ~hloride,~ and pdimethylaminostyrylcinnolinium 
salts are formed, as mentioned above, when the 4methyl quaternary salts 
and the aldehyde are simply heated in alcohol without a catalyst. These 
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reactions indicate that the methyl group, already active in the parent base, 
is made still more active by quaternary salt formation, which therefore 
clearly occurs at W1. Furthermore, the synthesis of the compounds (I: 
R = H and Me) by the two independent methods outlined above indicates 
that  the 4-amino group is not alkylated during quaternary salt formation; 
the behavior of t,he 4aminocinnolines is thus similar to that of &amino- 
acridine6 and of 4aminoquin0lines,~ which quaternize on the ring nitrogen, 
and suggests that the unattacked amino group and the salt-forming nitrogen 
a tom occupy identical relative positions in all three heterocyclic t.ypes. 
Finally, structural proof that the position of quaternary salt formation is 
N1 has been obtained2 in the case of 6-chloro-4-aminocinnoline (11). When 
the quaternary salt (111) derived from this base is boiled with alkali, am- 
monia is evolved, and the main product is a compound which is i.romeric 

with 6-chloro-4-methoxycinnoline (IV) (see Chapter V), but identical with 
the compound obtained from the hydroxycinnoline by methylation with 
methyl sulfate; it must therefore be 6-chloro-1-methyl-4-cinnolone (V) 
(Chapter VIII), and the position of alkylation of (11) is thus disclosed. 

C. Reactions. Little is known of the chemistry of cinnoline quater- 
nary salts. Apart from t.he condensation, already described, of pdi- 
methylaminobenealdehyde with 4-methyl-1-ethylcinnolinium iodides, 
the only reaction that has been studied is the alkaline decomposition of 
some quaternary salts. 

Busch and Rast' state that when an aqueous solution of cinnoline 
methiodide is treated with alkali a dark-blue coloration is first produced 
followed by the separation of amorphous material. The decomposition 
was not studied by them in detail, but recent work has shown that one of 
the products of this reaction is cinnoline itself.8 The alkaline decomposi- 
tion of 6ch~oro4amino-l-methylcinnolinium iodide (III), which, as stated 
above, leads to the formation of the cinnolone (V) as main product, also 
produces small amounts of a neutral isomer of (V) of unknown constitu- 
tion.2 

The alkaline decomposition of certain 4-arylcinnoline quaternary 
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salts, which can be effected under quite mild conditions (e.g., by cold 
aqueous sodium carbonate or hot ammonium hydroxide), follows a different 
course, and has been examined in detail in the case of 4-p-hydroxyphenyl- 
cinnoline ethiodide.2 When this salt is heated with aqueous sodium car- 
bonate it is converted in to 4-p-h ydroxyphenylcinnoline and acetaldehyde, 
the yield of each product being 70-75 mole per cent; a t  room temperature 
the reaction proceeds somewhat differently, and an unoriented z-iod0-4-p- 
acetoxyphenylcinnoline, m. p. 158-160 ', and 4-p acetoxyphenylcinnoline, 
m.p. 127.5-128°,14 have becn isolated from the reaction product after 
acetylation. This type of decomposition is qualitatively similar to that 01 

quaternary phenazonium salts (VI), \vhicli decomposc in accoirlunce with 
the equation 2Bhie-OH -+ B + BHMe + CH20 + Hz0.9 It will be 
seen, however, that the maximum yield of base and aldehyde obtainable 
according to this equation is only 50 mole per cent; the resemblance be- 
tween the two decompositions can, therefore, be no more than qualitative. 
The isolation of the iodoacetosyphenylcinnoline2 m.p. 158-160°, strength- 
ens this qualitative similarity, ZLS the compound prcsumably arises through 
the agency of iodide ion; a process of anionoid substitution is thus in- 
volved, arid it is known that such substitution reactions are characteristic 
of phenazonium salts also during their alkaline tlccomposition? A final 
point of resemblance bet\\-ecn the two reactions is that alkylphenazonium 
salts give rise to free ra~ficals,~ and there is some evidence that such sub- 
stances may be present in the oily decomposition products isolated from 4- 
p-hydroxyphenylcinnoline ethiodide, which give a brilliant blue solution in 
acetone, the color fading on exposure to the air. 

3-Phenyl4-p-hydroxyphenylcinnoline ethiodide probably behaves in a 
similar manner, as i t  yields the parent base and acetaldehyde.2 It may be 
noted here that Ullmann and Dieterle'" found that 3,4benzocinnoline 
quaternary salts (WI) (Chapter IX) are converted into the unquaternized 
base on treatment with rtlkali, but the reaction has not been further studied. 
This type of decomposition is not, however, characteristic of quaternary 
salts of all .Q-arylcinnolines, as the parent base is not formed when Pphenyl- 
3-methylcinnoline ethiodide is treated with alkali.* 
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CHAPTER VIII  

Reduced Cinnolines 

1. Reduced Cinnolines with Nonoxygenated Rings 

A. Dihydrocinnolines. The simplest member of this group is 1,2- 
dihydrocinnoline (I), which was prepared by Busch and Rastl by reduc- 
tion of Gchlorocinnoline with iron and 15% sulfuric acid. The compound 
crystallizes in plates, m.p. 85-87", and is a weak base of which the salts 
[hydrochloride, m.p. 149-150° (dec.) ] are immediately decomposed by 
water. It may be distilled without decomposition, and is not reduced by 
treatment with sodium and alcohol. On oxidation with mercuric oxide it 
yields cinnoline, and for this reason i t  is formulnt,ed as the 1,2 rather than 
a8 the 3,4-dihydro derivative (11). 

a &i$ w&il 
H Et 

0 0 0 

The early literature2 describes a compound, ethylqtiinszole, which 
was represented by (among other formulas) structure (IEI), but it was s u b  
sequent.ly shown3.' that this compound is the isoindazole (IV) and not 1- 
ethyl-1 .%dihydrocinnoline. 

4-Phenyl-l,%dihydrocinnoline (V) is formed in good yield by refluxing 
a mixture of 4-phenylcinnoline, zinc dust, and ammoniacal alcohol; it 
crystallizes in colorless needles, m.p. 115-116°.5 This substance undergoes 
disproportionation to 4phenylcinnoline and the hydrochloride of 4-phenyl- 
1,2,3,4-tetrahydrocinnoline (vide infra) when heated in a sealed tube at 
100" with alcohol and hydrochloric acid. If it is heated under reflux (1 
hour) with alcohol, concentrated hydrochloric acid, and amalgamated 
zinc, it yields 3-phenylindole (cf. Chapter 11, Section l).5 
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A compound regarded as 4,Pdiphenyl-ll4dihydrocinnoiine (Vl) [or 
the 3,4-dihydroisomeride (VII) ] is obtained when the phenylhydrazone 
(VIII) of diphenylhydroxyacetaldehyde (from diazoacetic ester and phenyl- 
magnesium bromide) is boiled with N-sulfuric acid; it is a red crystalline 
solid, m.p. 69-70', easily soluble in organic solvents, but insoluble in dilute 
acids. With alcoholic hydrogen chloride i t  gives a hydrochloride, m.p. 
B5-230°.6 

B. Tetrahydrocinnolines. 4-Phenyl-1,2,3,4-tetrahydrocinnoline 
(IX) is smoothly formed by cat.alytic reduction (PtOrAcOH) of the dihydro 
compound (1'); it is s yellow crystalline solid, m.p. 83", which gives a 
picrate, m.p. 128', and a hydrochloride, m.p. 201' (which may be re- 
crystallized from water).s 

The tetrahydro compound (X) is formed in high yield by addition of 
2 moles of dimethyl azodicitrboxylute (XI) to styrene.? It is a crystalline 
solid, m.p. 178", stable to ozone, concentrated aqueous ammonia, and con- 
cen trated hydrochloric acid, but degraded by hot 33% potassium hydroxide 
to the compound (XII), m.p. 146-147" (efferv.), which is readily cyclized 
to (XIIL) (Chapter IX, Section 5): 

A compound alleged to be l-ethyl-l,2,3,4-tetrahydrocinnoline (XIV) 
is described by TichwinskF as a product of the reaction between diethyl- 
zinc and benzenediazonium chloride. N-Ethyl- (XVI) and N,N'diethyl- 
phenylhydrazine (XVII) were also isolated, the whole process being formu- 
lated as follows: 

PhNeCl + ZnEtt - Phh'(Et) * N (XV) 
ZnEt2 + HzO C2H* 

C*H, + (XV) - PhXEtNHEt (XVII) 
(XV) + (XVII) - (XIV) + PhISiEtNHp (XVI) 
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Tichwinski also obtained (XIV) by reaction between diethyleinc and 
phenylamthane.g It is a light, yellow, pleasant-smelling oil, b.p. 92- 
98"/17 mm.; i t  is insoluble in 2% hydrochloric acid, a fact which does not 
seem to be in good agreement with the structure proposed for the com- 
pound. 

C. Hexahydrocinnolines. The only compound of this type which 
has been described is l-phenyl-3-mcthyl-l,4,5,6,7,8-hexahydrocinnoline 

W I W  
(XVIII). 
phenylhydrszine," and forms violet-red crystals, m.p. 87 ". 
color, the structure must be regarded 'as open to question. 

It is produced by treatment of 2-acetonylcyclohcxnnone with 
In view of the 

2. Reduced Cinnolines with Oxygenated Rings 
A. Reduced 3- and 4-Hydroxycinnoliaes. A 3-hydroxydihydro- 

cinnoline, m.p. 126", is mentioned in the literature16 but details of its 
preparation12 are not accessible. It gives a dibenzoyl derivative, m.p. 
167", and on reduction with phosphorus and hydriodic acid yields oxindole, 
also obtained by a similar reduction of 3-hydroxy~innoline.~ 

Reduction of bhydroxycinnoline with red phosphorus and hydriodic 
acid (d  1.7, refluxed for 12 hours) yields n compound, m.p. 220" (dec.), 
which is formulated as the hydriodide of bhydroxy-1,2,3,4-tetrahydrocin- 
noline (I).5 

OMf 
I 

Me I -. 
MI? 

(1) (In (111) (rv 
B. l-Methyl-4-keto-l,4-dihydrocinnolines. These substances, of 

general structure (11), are produced by methylation of 4-hydroxycinno- 
lines with methyl sulfate and alkali. Their constitution follows from 
the fact that they are isomeric and not identical with the corresponding 
Cmethoxy compounds formed by treatment of the 4-chloro compounds 
with alcoholic sodiuni methoxide (see Chapter V, Section 2). Compounds 
of this t.ype are given in Table VIIl-1; 4-hydroxy-6,7-dimethosycinnoline- 
3-acetic acid gives both an 0- and a I?-methyl derivative with methyl 
sulfate and alkali, but the individual constikitions of these compounds 
have not been determined (Chapter V, Section 2). 
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TABLE VIII-1. l-Methyl-4-keto-l,4dihydrocinnolines Rz 0 "'W] R4 

Rs MC 

R, RI n, RI Prep." M.P., 'c. Remarks Ref. 

H H  I1 H H 
I1 H H H NOp 

*H H H NO8 H 

*H H NO2 H H 
*H KO2 €1 H If 

NO2 H H 

H 1% GI H H 

*Me €I NOt IT I3 

A 
A,B 
A 
A,C 
A 
A 

A 

-4 

165-166.5 
243-244 
238 
221-222 
183-183.5 
188-189 

257-258 
(dec.) 
182184 

I3 
Yellow needles 17,18 
Pale orange leaflets 18 
Pale yellow needles 10 
Yellow needles 13 
Yellow leaflets 18 

- 

14 - 

Golden-yellow needles 13 

* The structures of these compounds are not rigidly roved. 
5 A, from the hydroxycinnoline, aqueous potassium droxide, and methyl sulfate 
at 50°. B, by nitration of 1-methvl-l-cinnolone. C, %y alkaline decomposition of 
6-&oro-4-aminocinnoline methiodide. 

C. Methyl 4-Keto-4,6-dihydrocinnolyl-6-nitronates. If the 
methylation of 6-nitro-4-hydroxycinnohe is attempted with methyl sul- 
fate and excess alkali, extensive decomposition OCCUIS.~* By using the 
minimum amount of alkali, however, a good yield of a crystalline product 
is obtained, consisting of a mixture of (11; R = H; R' = NO*) with the 
isomeric methyl 4-keto-4,6dihydrocinnolyl-6nitronate (111; R = H), 
which forms orange flakes, m.p. 227-229°.1a*14 The 3-methyl analog 
(111; R = Me) (orange flakes, m.p. 162-163") is prepared similarly.'' 
These substances are unstable to alkali, but stable in acid solution." The 
formation of these nitronabs requires the combination of an 0- with a p 
quinonoid structure in the two rings of the cinnoline nucleus; 5- (or 7-) 
nitro-4-hydroxy-8-methylcinnoline (as I\'), which cannot give rise to such 
an arrangement of bonds, gives on methylation the 1-methyl-kcinnolone 
(Table VIII-1) as sole product." 

D. 3-Acetoxy-2-aryl-6-keto-2,6-dihydrocinnolines. These com- 
pounds, of general formula (V), are readily prepared by a simple method 
of apparently wide applicability in which diazotized arylamines are 
coupled with m-hydroxyphenylacetic acid in alkaline s~lut ion, '~  followed 
by cyclization of the resulting azo compound with hot acetic anhydride 
and a trace of sulfuric acid (Eq. 1). The compounds so prepared are listed 
in Table VIII-2. 

The ultraviolet absorption spectra of several of these compounds have 
been determined; (V; R = Ph) shows maxima at 235, 330, and 413 
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CHI-COB 

N=NB 
+ RNnCl - 

*-co,H 
\ 

(vrrr) 0 
mp (log e = 4.65, 3.8, and 3.65); (V; It = p-brornophenyl) at 235, 338, 
and 415 mp; ant3 (V; It = pnitrophenyl) a t  239, 311, and 415 mp. 

The chemistry of this group of cinnoiines has not yet been worked out, 
but the transformations illustrated above have been carried out in one or 
two cases, yielding the following 

(VI; H. = m-acetylphenyl), n1.p. 290-300" (dec.). 
(VII; It = 8-C16H,), colorless plates, m.p. 131-133". 
(VII; R = macetylphenyl), rn.p. 164-166". 
(VlI; R = pacetoxyphenyl), m.p. 164-165". 
WIII; R = &C&li), m.p. 141-143". 

Some of these compounds have been tested for hormonal activity; 
in particular (V; R = pacetoxyphenyl), (V; R = m-acetylphenyl), and 
(VII; R = pacetoxyphcnyl) show one mouse unit of estrogenic activity 
a t  levels of 1800, 100, and 500 yq respectively.'s 

TABLE VIII-2. 3-Acctos~-2-.rr~l-6-keto-2,fi-dihydrocinnolines~* 

"aoAo 
Ph 216-218 r-C6H+4~ 237-238 
p-CJI,Br 226-228 p-CcH& 220-222 

p-CdW4H-4~ 260-265 ( ~ c c . )  @-Cio& 1%-189 

~-CIH,OAC 220-223 (dcc.) 

pCsH2JOa 239-241 pCaHICOCHpOAe 237-238 (dec. ) 

pCsHSOzH > 290 3'-pyridyl 213-215 
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E. 2-Phenyl-3-keto-4-hydroxy-2,3,5,6,7,8-hexahydrocinnoline. 
This compound (XI) i s  one of several products formed when ethyl Z- 
ketocyclohexylglyosylate (IS) is condensed with phenylhydrazine in a 
mixture of ethanol and acetic acid: it is considered to arise from the 
phenylhydramne (X). I t  forms needIes, m.p. 189-190°, soluble in sodium 
carbonate and in concentrated hydrochloric mid. On treatment with 
fuming hydrochloric acid at ZOOo, it. is converted into !2-phenyl-4,5,6,7- 
tetrahydroindazole (XII). l b  
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C H A P T E R  IX 

Cinnolines Containing Additional 
Fused Rings 

1. 3,4-Benzocinnolines 

A. Preparation. The parent compound (I) of this group, known as 
phenazone, diphenylenea,zone, or, more properly, 3,4-benzocinnoline (R.I. 
1909), was discovered by Tauber in 1891, who prepared it by reduction of 
2,2'dinitrodiphenyl with 3% sodium amalgam in methanolic solution.' 

It may also be prepared from the dinitrodiphenyl by other methods of re- 
duction. Ullmann and Dieterle, for instance, obtained (I) by the action 
of stannous chloride and fuming hydrochloric acid on the oxide (11), itself 
prepared from the dinitrodiphenyl by reduction with sodium sulfide in hot 
aqueous alcoholP.a; and Sandin and Cairns prepared (I) by treatment of 
diazotieed 2,2'-diaminodiphenyl with sodium arsenite.' TiiubeP also 
obtained (I) from 2,2'-dihydrazinodiphenyl (111) , both by heating (111) 
with 20% hydrochloric acid at 150" and also by heating the diacetyl 
derivative of (111) to 240-260". 

The accessibility of substituted 2,2'-dinitrodiphenyls led Ullmann and 
Dieterle* to investigate the preparation of analogs of (I). These workers 
found that, in general, reduction with sodium sulfide in hot aqueous alcohol 
gave the oxide (as II), whereas electrolytic reduction led directly to the 
bensocinnoline, usually in high yield. Table IX-1 summarizes the known 
3,4-benzocinnolines and Table IX-2 their monoxides. 

In addition to their preparation from dinitrodiaryls, 3,4-benzocinno- 
lines may also be prepared by dehydrogenation of azo compounds. This 
transformation can be effected by the action of aluminum chloride on cer- 
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TABLE IX-1. 3,4-Benzocinnolines 

R 

Substitirentu 
No. in Z.Z'-dinitro- 

diphenyl Prep.' M.p., 'C. CrystaUine form Ref. 

1 

2 

3 
4 
5 

6 
7 

8 
9 

10 

11 

12 

None 

4,4'-di-NMe2 
4,4 I-di-NEt? 
4,4 '-d '-N Ht- 

5,5'-di-OMe 
4,4 '-di-OMe 
4,4'-di-Me 

53 '-di-Pule' 
6,6 '-di-Me 

4,4'-di-F- 
5,5'di-nIe 

4,4'-dfNHr 
5,5'-di-Me 

4,4 '-di-COtH 

A,C,E, 
&J,K 
ClE 

A,C,D 
C 
C 

G 
C 
J 
E 
C 
J3 
E 

E 

F 

156,155 

265,267 

276 
184 
244 

197 
188' 
184-185 
187' 
113-1 14, 
96-97 
228 

27sd 
(dw. 1 
208' 

Yellow tablets or 
needles 
Dark yellow cryst. 
Dark red prisms 
Red needles 
Red cryet. 
Dark yellow crystals 

Dark yellow needles 
Yellow cyst .  

Yellow prisms 
Yellow needles or 
prisms 
Green-yellow needles 

Dark-red blades 

1,2,4,5, 
32,37,38 
2S 

2 
2 
2 

14 
2 
4 
8 
11 
33 
34 

8 

35 

0 For methods of preparation, see key to Table IX-2. * These two compounds are stated (ref. 2) to be identical. 
Compound isolated as acid chloride; the m.p. quoted is'that of the acid chloride. 
Gives a dibenzylidene derivative, yellow crystals, m. . 239" (dec.). 
Oxidation with chromic acid and aqueow sulfuric acix st 100" gives: 

tain azo compounds which have one o-position to each nitrogen atom un- 
substituted; the reaction is carried out at 60-120" and may be performed 
in the presence of fluxes or diluents and in the presence or absence of air or 
other oxidizing agent.6 
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TABLE IX-2. 31PBenaocinnoline N-Oxides 

Subtituenta 
in 2 Z'-dinitro- 

diphenyl Prep.* hf.p., OC. Crystalline form Rcr. 

None B,E,H 139 Yellow needles 2 

4,4'-di-K'hIe2 €3 242 Red needles 2 
4,4'-di-hIe R 209 Brown leaflets 2 

138 3 
152 1 

6,6'di-Me €3 153 Yellow needles 13 

a A, by reduction of monoxide with stannous chloride and hydrochloric acid. B, 
by reduction of dinitrodiaryl with sodiumsulfide in hot aqueous alcohol. C, byelec- 
trolytic reduction (sometimes in boilin solution) of dinitrodiaryl (lead anode in 
sodium earbonate Aolution; nickel catfode in alcoholic sodium acetate). D, by 
electrolytic reduction of monoxide. 13 , by reduction of dinitrodiaryl with sodium 
amdgam in methanol. F, by rrductionof dinitmdisryl with zincdust and ammonia, 
followed by ronversion to acid chloride with PCls in chlorobenzene. G, by diazo- 
tization of diaminodiaryl followed by addition to boiling 50% cop r su1fat.e solu- 
tion. €1, by reduction of dinitrodiphenyl in hot 90% alcohol witrzinc dust and 
40% aqueous potassium hydmside (givcs mainly the 1,Z-dioxide). I, from the di- 
hydmzinodiphcnyl by HC1/150° and by pyrolysis of the diacetyl derivative of the 
dihydmzino corn und at 240-260". J, by diazotixation of dianlinodiaryl followed 
by treatment wit gosodium ammite. KC, from 2,2'-dinirrodipt1cnyl by treatment with 
reduccd iron or ferrous oxalate dihydratc at 200-250". 

B. Properties. I n  general, 3,4-benzocinnolines exhibit basic proper- 
ties, forming colored salts in acid solution. Phenazone itself (I), the 
properties of which have been compared with those of the isomeric phen- 
azine by Tfiuber,' is a weak base, giving PI<, values36 a t  20' of 2.20 f 0.05 
(in water) and 1.6 f 0.2 (in 5076 aqueous alcohol); hence, although solu- 
ble in hydrochloric acid, the base and not a hydrochloride is recovered on 
evaporation. With some benzocinnolines the color of the solution in acid 
varies with the amount and strength of the acid, suggesting that scverul 
series of salts are being formed; this is psrticulurly characteristic of phena- 
zones containing amino groups.1*2J In a number of cases crystalline salts 
have been isolated, as summarized in I':ible IX-3. Treatment of quater- 
nary salts of 3,4-benzocinnoline with ammonia regenerates the parent 
(unquaternized) base2 This deconiposition has not been investigated, but 
it is, at least superficially, reminiscent of the alkaline decomposition of 
quaternary salts of certain phenazines and cinnolines (see Chapter VII). 

3,4-Benzocinnoline N-oxides (see Table IX-2) are usually intermediate 
stages in the conversion of dinitrodiarylv in to benzocinnolines. Com- 
pounds (1) and (8) (Table IX-l), however, give dioxides, m.p. 240' (dec.) 
and 128" (dec.), respectively. 

Oxidation of 3,4-henzocinnoline with aqueous alkaline permanganate 
on the steam bath gives the &potassium salt of pyridazine-l,2,3,4tetra- 
carboxylic acid.s 
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TABLE 1x3. Salts of 3,4-Benzocinnolines 

No. of 

IX-1 
?3%kd 

Balt M.p., W. Ref. 

1 Dipicrate 192 (dec.), 4,37 
191 

1 Met hiodide 185-187 32 
1 Ethiodide 185-187 32 

32 1 hfethochloroplat.inate, [ClzHIIK2j2, - 

1 Double .%It of methochloride and 235 2 

3 Hydrochloride 236 2 
3 Nitrate 238 2 

2 5 Dihjdrochloride (unstable) - 
7 Nitrate 166 2 
7 Double salt of methochloride and 23 I 2 

8 a Chloruplatinate, [CI~H~ZN~]? ,  I-IzPtCls - 

PtCI' 

ZnCI.; [C13111N1Cl]e, ZuCls 

ZnC1,; [Cu€b5NzC1k, ZnCIe 

A few observations on the reduction of benzocinnolines have been re- 
corded. Tauber' isolated the hydrochloride of a reduction product (pre- 
sumed to be the 1,2dihydro derivative) by reducing (I) with zinc dust and 
hot dilute hydrochloric acid, but the free base was extremely unstable and 
rapidly reverted to (I); the freshly prepared base reduced cold Fehling 
solution. Duval'O found that, contrary to the statement of Tauber,' 3,4- 
benzocinnoline is reducible in alkaline solution (aqueous-alcoholic potas- 
sium hydroxide and zinc dust); the reduction product (again presumed to 
be the 1,Mihydro derivative) could be isolated as the hydrochloride, but 
the free base was unstable and showed a strong tendency to regenerate (1). 
Essentially similar results were obtained by Wittig and Stichnoth" with 
the hornolog (11:); reduction with zinc and dilute sulfuric acid yielded a 
dihydro sulfate, m.p. 134"! which reduced litmus. methylene blue, and 

solutions of silver salts, and basification of this sulfate yielded an oil which 
rapidly passed int,o the crystalline base (IV). On treatment with lithium 
in et.her, followed by methyl sulfate, (IV) yields the alkylated reduction 
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product (V), m.p. 84-85', which is readily dealkylated by oxidizing agents 
(e.g., hydrogen peroxide in dilute hydrochloric acid) mit.h regeneration of 
(IV)." Treatment of the dihydro sulfate, m.p. 134", and of (V) with zinc 
and dilute acid yields the amines (VI) and (VII), respectively." 

Very few substitution and replacement reactions have been carried 
out in the benzocinnoline series. In referring to these reactions, the alter- 
native system of numbering indicated in (VIII) is used (in this paragraph 
only) for the sake of brevity; individual compounds are thus referred to as 
derivatives of "phenazone." King and King3 haw shown that phenazone 
monoxide nitrates chiefly a t  Cp. yielding Znitrophenazone-hxide, m.p. 

R 

269" (dec.), together with a small amount of the 3-nitro isomer, m.p. 226" 
(dec.). The former compound on reduction with stannous chloride and 
hydrochloric acid yields Zaminophenasone, m.p. 243 O (dec.) , which shows 
p K ,  values36 at 20" of 6.68 f 0.05 (in water) and 6.23 f 0.05 (in 50% 
aqueous alcohol) [picrate, m.p. 265" (dec.); acetyl derivative, m.p. 233" 
(dec.)], and the isomer, m.p. 226" (dec.), gives 3-aminophenazone, m.p. 
194-195" (dec.) [acetyl derivative, m.p. 371-172" (dec.)]. The orienta- 
tions of these compounds were established by reductive fission (Raney 
nickel and hydrogen) of the acetamido compounds, which were thus con- 
verted cia the corresponding 2,2'-diaminodiphenyl derivatives (IX) into 
the known 3- and 2-aminocarbazole (X), respectively. PpToluenesul- 
fonamidophenazone, m.p. 230" (dec.), condenses with the appropriate 
chloroamine (in presence of sodamide in boiling toluene) to  yield, after 
hydrolysis, 2,2'-diethylaminoethylaminophenasone [dihydrochloride, m.p. 
224-225"; dipicrate, m.p. 178-l'i9° (dec.) ; N-p-toluenesulfonyl deriva- 
tive, m.p. 122-123" 1 and 2,3'-diethylaminopropylaminophenazone (dihy- 
drochloride, m.p. 222"; N-ptoluenesulfonyl derivative, m.p. 10&109").a 

A patent1* describes the preparation of "2-hydroxyphenazone," m.p. 
n5O, of LLZhydrox-yphenazont+i-sulfonic acid," and of "2,7-dihydroxy- 
phenazone," m.p. 3OOoJ by alkaline fusion of "phenazone-Zmono- and 
-2,7disulfonic acid."* 

* Thia patent was not available to the author, and unfortunately the abstract 
does not indicate whether the nomenclature is based on (VIII) or on the alternative 
(XI) which has also been used occasionally (refs. 13, 14). 
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Ramart-Lueas and Biquard'j have determined the absorption spectra 
of phenazone (maxima at -345 and -305 mp, log e = 3.25 and 4.00), its 
monoxide (-345,300, and -290 mp, log e = 4.00, 4.13, and 4.13), and its 
dioxide (-385, -360, and 330 mp, log E = 3.7, 3.8, and 4.051, and have 
compared these values with those of azobenzene and azoxybenzene. They 
comment on the diverse nature of the spectral changes involved in passing 
from this heterocyclic type on the one hand, and from carbocyclic com- 
pounds on t.he other hand, to the corresponding open-chain compounds. 

2. Tetrahydro-3,4-benzocinnolines 

The compounds (I; R = H) (yellow prisms, m.p. 98") and (I; R = 
kfe) (yellow needles, m.p. 111') are prepared from the monophenylhydra- 
zones of the appropriate cyclohexanediones by treatment with concen- 
trated sulfuric acid3D (compare Chapter 11, Table 11-1, method C): 

3. Other Cinnolines with Additional Aromatic Rings 

This group comprises compounds (1)-(V). 

0 H, 

nL 

OH 

(IV 
R. I. 3256 

09 
R.I.  3775 
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Compound (I) is prepared by cyclizat.ion (with aluminum chloride in 
nitrobenzene at 50-60 ") of the chloride of 3-phenyl-6-benzylpyridutine-5- 
carbovlic acid (Eq. 1). It forms light. brown crystals, m.p. 236", and 
gives a dinitrophenylhydrazone, m.p. W4°.16 

Compound (11) is formed by condensing 3-phcnyl-l-keto-1,2,3,4- 
tetrahydronaphthalene-2-acetic acid with hydrnxine hydrate in boiling 
mct,hanol (Eq. 2). It melh a t  191" and is insoluble in sodium hydroxide.li 

&;Go 

+ X*€i,IIzO - (11) 

Po ---3 $:::iCHz / 0 

%+@ - (1V) + @ \ NH, +gj$ ' cp (4) 

- (111) (3) 

Pri Pri 

Cornpou11cl (111 } is preprtrctl by thc action of hydritzine hydrate (in 
;tcctic wid at 100 ") on the pro:l:ic:t. formed by contlensing retcnequinone 
\vit,h ;tcetoacet.ic ester (151, 3). It. forms red crystals, m.p. 200-205" (cier.). 
The st,riic.ti~re shotvn is t.li;it, given by the authors,1s but the possibi1it.y of 
t!ondensct.t,ion at. t h :  alt.rrnut.ivc posi t.ion of retenequinone, 1vit.h consequent, 
transposition of thc Bz-mcthyl m t l  -isopropyI groups in the find product, 
menis not. to be cscludecl. 

NOI \ NHo 
\ 

NO* (VI) (VII) 

5,GBenzo-3,4,2',1'-napht~hocinnolinc (IV) is formed, together with 
the diamine (VI) and the azo compound (VII), when a boiling alcoholic 
solution of 8-nit.ronaphthalene is treated with Einc dust followed by 12.5yC 
aqueous sodium hydroxide (Eq. 4).'9 It is obviously ctIosely related to the 
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3,Pbenzocinnolines described in the preceding section, and does in fact 
show very similar properties. It crystallizes in yellow needles, m.p. 267- 
268O, giving red solution in Concentrated hydrochloric acid from which 
the original base is precipitated on dilution. The hydrochloride is un- 
st,ablc, readily losing hydrogen chloride, but the base forms a chloroplati- 
nate. The compound (IV) is unaffected by treatment with zinc and boiling 
aqueous alcoholic sodium hydroxide, but zinc and acetic acid convert it 
into (VI), and stannous chloride and hydrochloric acid give what is prob- 
ably an unstable dihydro derivative which readily regenerates (IV). Re- 
duction of &nitronaphthalene with alkaline stannous chloride in aqueous 
ethanol gives the azoxy derivative corresponding to (VII) together with 
the mono-N-oxide of (IV) ; this compound forms light yellow needles, 
m.p. 248” (dec.), and is converted into (IV) by reduction with zinc dust 
in aqueous alcoholic sodium hydroside. l9 

5,6,7,8-Dibenzo-3,4,9’,1O’-phenant.hrocinnoline (V) is formed when 
the epoxide (VIII) is heated at about, 380°, sublimation of (V) then oecur- 
ring (5).m It crystallizes in yellow needles, m.p. 290°, moderately soluble 
in hot chloroform, acetic acid, and pyridine, and soluble in concentrated 
sulfwic acid to a green solution with strong blue fluorescence; it forms a 
picrate, m.p. 255-256O. It is stable toward zinc and acetic acid and to- 

ward boiling alcoholic potash. In cont,rsst to 3,4-benzocinnolinc (pre- 
ceding section), it is not oxidized by hot aqueous permanganate; it is at- 
tacked by hot chromic anhydride in acetic acid, but., unlike the simpler 
3,4-benminnoline, which (with permangmnte) gives a pyridazine tetra- 
carboxylic acid,9 the hetero ring of (V) is ruptured, with formation of 
phenanthraquinone. ?a 
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The oxido derivative (VIII) is prepared from phenanthraquinone- 
imine (IX) by boiling for a short time with acetic anhydride; this reaction 
was discovered in 1879,21 but the structure of the product  was^ not elucidated 
until 1921.*O It forms yellow needles, m.p. 252O, insoluble in alcohol, but 
soluble in hot benzene, chloroform, pyridine, and acetic anhydride. It 
yields a picrate (scarlet needles, m.p. 216-217"), and gives phenanthra- 
quinone on oxidation with chromic anhydride in acetic acid.20 

The characteristic reactions of (VIII) are those of an epoxide, and its 
structure was deduced mainly from these reactions and from the fact that 
(V) differs from known isomers. When boiled with acetic acid, compound 
(VIII) yields the acetic acid salt of the glycol monoacetate, which in boiling 
nitrobenzene is converted into the free monoacetate base (X; R = OAc), 
m.p. 302305O (dec.). Oxidation of this compound gives phenanthraqui- 
none, and alkaline hydrolysis yields the glycol (X; R = OH), which is also 

obtained directly from (VIII) by means of boiling 2% alcoholic sodium 
ethoxide. This glycol has not been obtained pure, as it is very easily con- 
verted into (VIII) (e.g., by heating or by attempts to acylate it). The 
propionic acid salt of the monopropionate, prepared as for the acetate, 
loses propionic acid a t  220°, and the free base (X; R = EtC02) melts at 
306" (dec.). When treated with dry hydrogen chloride in chloroform, 
compound (VIII) gives the hydrochloride of an unstable chIom compound 
(X; R = Cl), which regencrates (VIII) when warmed or treated with pyri- 
dine. Compound (VIII) yields a series of ethers by means of sulfuric acid 
and the appropriate alcohol. The methyl ether (X; R = OhZe) prepared 
from the initially formed sulfate with methanolic ammonia, has m.p. 
202O, is sparingly soluble in organic solvents, insoluble in aqueous alkali, 
and stable toward reducing agents; it  gives a picrate, m.p. 231'. The 
ethyl analog (X; R = OEt) is prepared similarly (m.p. 180"); i t  is in- 
soluble in aqueous alkali but soluble in organic solvents, and forms a series 
of salts [nitrate, dec. 174O; hydrochloride, m.p. 227-228' (dec.); picrate, 
m.p. 230'1. The n-propyl ether (X; R = OPrR) has m.p. 149O.*O 
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4. Cinnolines Containing Bridged Rings 

The members of this group are compounds (1)-(111). 

(I) (11) 
R.I.  1452 R.I.  2891 

M e  
(In) 
R. I.  2891 

C:CHCONHNH, 

Compound (1) is prepared from thc hydrazide (IV) by cyclization in 
boiling dilute mineral acid, or in chloroform by means of dry hydrogen 
chloride. It forms needles, m.p. %So, insoluble in aqueous ammonia, but 
soluble in sodium hydroxide and in dilute hydrochloric acid, and yields a 
methyl derivative, m.p. 117", when heated at 100" (sealed tube) with 
potassium hydroxide, methanol, and methyl iodide.22 .4s the structure of 
(IV) is not established, i t  is possible that the methyl group of (I) is at- 
tached to CS instead of to c16 as shown. 

Compound (11) , prepared from dicamphor and hydrazine hydrochlo- 
ride in boiling acetic acid, has m.p. 155-156", [a]22 +118.1". It iseasily 
soluble in organic solvents, and forms a picrate (m.p. 18!5-186"), a hydro- 
chloride (m.p. > 265"), a chloroaurate (dec. 200-Z05°), and a methiodide 
(m.p. 207-208 ") . z8 

Cornpound (111) is prepared similarly from dicamphorquinone; it has 
m.p. 201-202", [aIn +52.6", and forms a number of salts [hydrochloride, 
m.p. 230-235"; picrate, m.p. 237" (dec.); chloroaurate, m.p. 195-199" 
(dec.) ; chloroplatinate, darkens on heating; methiodide, m.p. 201-202"; 
methochloride, m.p. 170" (dec.); methonitrate, dec. 210°; and metho- 
chloroaurate, m.p. 200-202° 
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5. Cinnolines Containing Fused Heterocyclic Rings 

This section consists of the miscellaneous group of compounds (1)- 
(VIIIa), 

(VII) 
R.Z. 1869 

(VI) 
H . I .  18T3 

2',~'-Diphcnyl-3,4-dili~tfro-3,4,3',4'-pyrroloci1iiioliiie (I) is prepared 
from 2,3.5triphenyl.-lkliazopyr~olc (IS) by means of boiiing 25% sulfuric 
acid (6).25 It is a red crystdinc solid, soluble in alcoholic potash to a violet 
solution, and conibincs with acids to form salts hydrolyzcd by water [sul- 
fate, light grcen ncedlcs, m.p. 190" (dcc.); nitrate, m.p. 175" (dec.), un- 
stable in light; picrate, brown needles, m.p. 206" (dec.) ] . % S ~  115th 
alcoholic scdium ethoxide and ethyl iodide it forms an ethyl derivative 
(blue needles, m.p. 1S1°).25 Oxidation with a little nitxic acid in acetic 
acid converts (I) into 3,4-ilihcnzoyIcinnoline (X) (see Chapter 11, Sectioii 2). 

2',5'-Diphcn~l3,~-dih~(~ro-3,4,3',4'-furanocinnoline (11) is formed 
from 3.4-clibenzoylcinnoline (X) by trwtment with zinc and acetic acid.*& 
It crystalliu~s in red needles, m.p. 195", and gives blue salts with concen- 
trated sulfuric and hydrochloric acids.25 When heated with alcoholic am- 
monia a t  B O O ,  or when boiled with acetic acid containing ammonium 
acetate, compound (11) is converted into (I).% 
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(6) 

(IS, 

COPh CSPh Qp€% &CSPh 

" w3 
(S) (XI) 

2',5'-Diphenyl-3,4dihydro-3,4,3',4'-thiophenocinnoline (111) is ob- 
tained, together with 3,4-di(bhiobenzoyvl)cinnoline (XI) (see Chapter 11, 
Section 2) by the action of boiling alcoholic ammonium sulfide on 3,4- 
dibenzoylcinnoline (X).27 It crystLalliza in yellow needles, m.p. 151 ", and 
gives 3,4-dibenzoylcinnoline on oxidation with nitric acid. When heated 
with hydroxylamine in aqueous solution, compounds (111) and (X) both 
give the same products, uiz., a substance, C,4HniOsN9, m.p. 205-206O) of 
unknown structure (main product,), together with a red pyrrole derivative 
and a mixture of (probably) the mane and dioximes of (X).n 

1 '-Carbomet~hoxy-3'-keto-l.2,3,4-tetrahydro-3,4.4',5'-pyrazolinocinno- 
line (IV) is prepared from the compound (XII) (Chapter VIII, Sect,ion 
1R) by treatment, with 50% aqueous acetic acid, and melts a t  183" (dec.).** 

3',6'-Diphenyl-3,4,4',5'-pyridazinocinnoline (V) is prepared from (X) 
by condensation with hydrazine sulfate in aqueous alcoholic alkali. It 
forms yellow needles, m.p. 240°, and with concentrated sulfuric acid gives 
B red salt, hydrolyzed by water.25 

PhHNN 0s 

(Xrv) 

The compound (VI) is prepared from (XIII) uia the bisphenylhydra- 
zone (XIV); the latter is prepared in alcoholic solution, and yields (VI) 
when heated in a mixture of alcohol, pyridine, and aqueous NaOH. 
The product (VI) forms golden-brown needles, m.p. 353-354." (de~.) . '~  
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The diazacinnoline (VII) is the product of the action of cold potassium 
ferricyanide on an alkaline solution of 5-aminoumcil (Eq. 7). The com- 
pound is obtained by acidification of the potassium salt which separates 
during the oxidation. It forms orange-vellow plates, m.p. >30O0, in- 
soluble in ordinary organic solvent~~ soluble in conce2trated sulfuric acid, 
and stable to concentrated nitric acid and to bromine water. With sodium 
hydroxide the compound gives first a red insoluble sodium salt, which dis- 
solves in excess alkali to a yellow solution with orange fluores~ence.~~ 

OH 

OH AH¶ 

The compound (VII1) is formed, along with the dihydro derivative 
(XVI), when (XV) is condensed with hydrazine hydrate in boiling pyri- 
dine. The normal product (VIII) forms blue-violet crystals, m.p. 298- 
299O, and is unstable in hot aniline or quinoline, an almost colorless product 
being formed. The dihydro compound (XVI) is a deep red crystalline 
solid, m.p. 297", and gives a blue hydrochloride and a blue sulfates1 

The compound (VIIIa) is formed by diazotization of 8-amino-4-hy- 
droxycinnoline (Chapter IV, Table 1V-I) in hydrochloric acid. (0 It 
forms buff-colored leuflet.~, m.p. 159-160" (dec.). 
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PART I1 

Phthalazines 



C H A P T E R  X 

Phthalazines Unsubstituted in the 
Hetero Ring 

Of the many hundreds of phthalazine derivatives that have been pre- 
pared, only two compounds are known in which the hetero ring is devoid of 
substituents, viz., phthalazine (R.I .  979) itself (I) and 5,6-dihydroxyphthal- 
azine (11). 

1. Phthalazine 

A. Preparation 

(I) Phthalazine was first prepared in 1893 by Gabriel and Pinkus' from 
tetraehloro-o-xylene (111) and aqueous hydrazine by heating under pres- 
sure at 150° for 2 hours (Eq. 1). Alternatively, a 1% aqueous suspension 

of (111) could be boiled under reflux for 6-8 hours (hydrolysis to o-phthal- 
aldehyde), followed by addition of hydrazine sulfate and potassium hy- 
droxide; the mixture was then evaporated to a small volume. In either 
case, phthalazine hydrochloride crystallized, from which phthalazine was 
liberated by basification followed by extraction with benzene. It wa8 
later found that the preparation u'z19 more conveniently accomplished by 
using the tetrabromo analog of (111) (88.77, yield of phthalazine hydro- 
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(2) Phthalazine may also be prepared (75% yieId) by reduction of 1- 
(4) chlorophthalazine with Iiydriodic arid (b.p. 127 ") and red phosphorus 
under reflux3J (Eq. 2). 

(3) It is formed, together with phthalic or 3-nif,rophthlic acid, by 
oxidation of the compounds (IV; R = H and XO2) with alkaline perman- 
ganate a t  2" (Eq. 3).6 

+HoyJ (3) 
HOiC 

( IFr)  

B. Properties. Phthalazine forms pale yellow flat needles, m.p. 
90-91 o.**s  Ats atmospheric pressure it boils a t  315-317" with decomposi- 
tion, ammonia being e ~ o l v e c l , ~ * ~  but it distils without decomposition at 
189"/29 mm. (1?5"/17 ~nm.).~ When w m n  it has a characteristic quino- 
linelike odor.' It is very easily soluble in water (the solution does not 
show an alkaline reaction) and in methanol, ethanol, benzene, and ethyl 
acetate; less soluble in ether; and insoluble in ligroin.' It forms well- 
defined salts. functioning a5 a monoacid base [hydrochloride, m.p. 231 O 

(efferv.)'; hydriodide, m.p. 203 03; picrate, m.p. 2O8-21Oo1; chloroplati- 
ninate, m.p. > 260"'; chloroaurate, m.p. 2000a; ferr~cyanide~]. With 
methyl iodide in methanol at mom temperature it yields the methiodide, 
m.p. 235-240°, which crystallizes in yellow needles; the ethiodide also 
forms yellow needles, m.p. 204-210°.2 It reacts with benzyl chloride at, 
room temperature to give an adduct, m.p. 97-90°2; a hygroscopic adduct 
is also formed from phthalazine and ethyl chloroacetak. which yields a 
picrate, m.p. 129-131°, of the expected composition C~H~N2-CH&OzEt. 
CsHzOTKin.' Alkaline decompositions of phthalazine mcthiodide and 
ethiodide are referred to in Chapter XI1 (see also Chapters XIII, Section 
2A and XXII, Section 1). 

On reduction with zinc and concentrated hydrochloric avid, phthala- 
aine yields o-aminomethylbenzylamine. ' On treatment with 7% sodium 
amalgam in aqueous solution, phthalazine is reduced to tetmhydrophthala- 
zine (90% yield f ~ s  hydrochloride). Oxidation of phthalazine with hot. 
alkaline permanganate gives ppridazine-4,5-dicarboxvlic acid (V> in SSYl, 
yield (Eq. 4).4 
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OH 

2. 5,CDihydroxyphthafazine 

A. Preparation. This compound is prepared by simultaneous de- 
rnethylation and dehalogenation of chloroopiazone [4-chloro-5,6-dimeth- 
osyphthalazine (VI]] by means of hydriodic acid and red phosphorus 
under reflus (Eq. 5>.* 

Me:gT /u + HO& \ /N (5) 

(VI) 

B. Properties. The free base has not been obtained analytically 
pure, but its picrate (m.p. 197 "1, hydrochloride, and chloroplatinate have 
been described4 On oxidation with hot permangitnate it yields pyrida- 
eine-4,,idicitrboxylic acid (V) .4 
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C H A P T E R  X I  

1-Alkyl-, 1-Aryl-, 
and 1,4-DiaryIphthalazines 

1. 1-Alkyl- and 1-Arylphthalazines 

1-Arylphthalazines are prepared by condensing 
an aromatic aldehyde with an acylhydrazine, followed by cyclization of 
the product in an  acid medium (Eq. 1). They may also be prepared from 

A. Preparation. 

the corresponding 4-chlorophthalazines by reduction with hydriodic acid 
(d 1.7) and red phosphorus. 

1-Alkylphthalazines are prepared exclusively by the latter method. 
The products obtained vary, however, with the conditions used. Thus 
prolonged refluxing (several hours) of hhloro-1-methylphthalazine with 
the reagents gives 1-methylphthalasine, but short refluxing yields 4-iodo-l- 
methylphthalazine (Chapter XX, Section l), which on further reduction 
is converted into 1-methylphthalazine'; and 4-chloro-1-ethylphthalazine 
behaves similarly.2 The reduction of 4-chloro-1-methylpht.halazine also 
produces small amounts of 4-hydroxy-1-mcthylptithalazine and l-methyl- 
isoindole (I).l 

B. Properties. Table XI-1 lists the ,.nown 1-alkyl- and l-aryl- 
phthalazines and their physical characteristics, 1-Ethylphthslazine 
forms a methiodide, m.p. 129" (yellow needles) on treatment with methyl 
iodide in benzene a t  room temperature, and a methopicrate, yellow needles, 
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76 Phthslazines 

m.p. 171°.z On reduction with zinc and hydrochloric acid, l-methylphthal- 
asine gives l-methylisoindole,' and on alkaline reduction (sodium amalgam) 
it and several of its analogs are converted into the corresponding 1,2,3,4 
tetrahydro derivatives (Chapter XXIE, Section 2). 

l-Methylphthahaine contains an active methyl group, as is to be antici- 
pated from its structure. Thus it yields l-styrylphthalaeine (11) when it is 
heated with bensaldehyde on the water bath'; reduction of the styryl 
compound with hydriodic acid and red phosphorus gives 1,2'-phenyl- 
ethylphthalazine (111). I With chloral a t  55-60", l-methylphthalaeine 
yields the aldol (IV) [white prisms, m.p. 180" (dec.)], which is converted 
by hot methanolic potassium hydroxide into 2,1'-phthalazylacrylic acid 
(V) [brown microprisms, m.p. 200" (dec.) ; hydrochloride, brownish 
plates, dec. 218", hydrolyzed by water; chloroaurate, yellow needles, dec. 
166"; picrate, m.p. 157-158 O (dec.) ; chloroplatinate, orange-red crystals, 
m.p. > 270°].' The phthalone (VI), yellow needles, m.p. NO", is formed 
by heating l-methylphthalazine and phthalic anhydride a t  200-210" in an 
atmosphere of carbon dioxide.' 

On oxidation with hot aqueous alkaline permanganate, l-benzylphthal- 
azine yields l-benzoylphthalazinc (VII) [needles, m.p. 1 2 3 - 1 2 4 O ;  oxime, 
m.p. 243-244"; chloroplatinate, m.p. 2%" (dec.) 

2. 1,4-Diarylphthalazines 

A. Preparation. These compounds are prepared by condensing the 
appropriate l,%diacylbenzene with hydraaine hydrate in the hot (Eq. 2); 
alcohol, benzene, or acetic acid are used as solvents. The known examples 
of this reaction are given in Table XE-2. 

B. Properties. 1,4-Diarylphthalazines are colorless crystalline 
solids which are soluble in dilute mineral acids. 



1-Alkyl-, 1-Awl-, and 1,4Diarylphthdazines 77 

TABLE XI-2, 1,4-DiaryIphthalazines 

R2 

Ra 

Ph 
Ph 
Ph 
pCd-LOMe 
pCd5Me 

3 lm 

Ra M.p.. "C. Ref. 

Ph 192 8 
pCB401\fe 157-159 9 
P (?)C&hle 117 10 
pGH40Me 205-208 11 
p(?)CsIirMe 221 10 

a, 

Q 
'Ma 

136.5 12 

a-CmHz *C,OII? 176 (sinters 162) 13 
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CHAPTER XI1 

1 -Hydroxyphthalazines 

A. Preparation. The standard synthesis is the condensation of 
hydrazine hydrate with an o-aldehydo or eketo acid (Eq. 1). 

R 

OH 

B. Properties. Physical constants of the known compounds of this 
group are listed in Table XII-1; the compounds are colorless unless other- 
wise stated. They show amphoteric properties, but their salts are some- 
times unstable owing to hydrolysis. The hetcro ring in these compounds 
is not very stable; 1-hydroxyphthalazine and 1-hydroxy-4phenylphthala- 
zine, for instance, undergo ring fission in boiling acetic anhydride, and the 
hetero ring of the latker compound is also attacked by hot alkalis and acids 
with regeneration of hpdrazine and o-benzoylbenzoic acid. On reduction 
with zinc and hydrochloric acid, contraction of the hctero ring OCCIII'S, and 
phthnlirnicline dmivntires (TI) arc formcd; this reaction has been carried 
out, \vitph (I; R = H, hle, JCt, Pr". Bui, CH2Ph, and C02H) (2).L-s On 

R 

the other hand, N-aminophthalimidine derivatives (111) are formed from 
(I; R = H and C02H)5 by means of zinc dust and sodium hydroxide solu- 
tion. On warming with phosphorus oxychloride, 1-hydroxyphthalazines 
are converted into the corresponding 1-chloro derivatives'-4.6,1; l-hydroxy- 
phthalazine-4-carboxylic acid, however, is an exception, as i t  gives only 
the acid chloride, the 1-hydroxyl being apparent.ly unattacked.s 

1-HydroxyphthaIazine4carboxylic acid is resistant to catalytic hy- 
drogenation (platinum or palladium) in alkaline or in acetic acid so l~ t ion .~  
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80 Phthaiszines 
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82 Phthalazines 

It is also unaffected by a warm mixture of fuming nitric and concentrated 
sulfuric acids; in contra&, 1-hydroxyphthalazine reacts exothermally 
with the cold acid mixture yielding phthalimide and ammonia.8 

Alkylation of 1-hydroxyphthalazines has been carried out with alkyl 
halides, usually in alkaline, but sometimes in neutral, media2# 33110; the 
products are considered to be N-alkyl derivatives, and their properties are 
listed in Chapter XIII, Tables XIII-24. That iV-, and not 0-, nlkyla- 
tion occurs has been formally proved only for the methyl and ethyl deriva- 
tives of 1-hydroxyphthalazine, which arc identical with the compounds ob- 
tained by alkaline decomposition of phthalazine methiodide and ethiodide, 
respectively, and differ from 1-methoxy- and l-ethoxyphthalazine (Chapter 
XIII, Table XIII-1). However, in the absence of evidence to the con- 
trary, it is reasonable to assume that other analogs prepared from hydroxy 
compounds by direct alkylation are, in general, correctly formulated as N- 
alkyl derivatives; for example, treatment of opiazone (l-hydroxy-7,8- 
dimethoxyphthalazine) with methyl iodide and with benzyl chloride is con- 
sidered to result in substitution at I v p ,  but it is to be noted that demethyla- 
tion a t  (2% also occurs. [The same behavior is observed with 5-nitro- 
opiazone and methyl iodide9; on heating with umyl bromide under pres- 
sure, however, opiazone is merely demethylated a t  CS, and no alkylation 
of the hetero ring occursv. ] lievertheless, N-alkyktion of l-hydroxyphthal- 
azines is not an invariable i-ule; 1-hyclroxy-4-methylphthalaeine on 
treatment with methyl sulfate in nitrobenzene a t  130" gives l-methoxy-4- 
met.hylphthalazine, iden tical witah the compound prepared from l-chloro- 
4-methylphthalazine by the action of sodium methoxide in boiling meth- 
anol (Chapter XIII, Table SIII-1). However, in view of the conditions 
used, this reaction may justifiably be regarded as an exceptional case. 

Acetyl derivatives of 1-hydroxy-, 7,&dimethoxy-l-hydroxy-, l-hy- 
droxy-4-phenyl-, and 1,7,8-t,rihydroxjiphthalszine have likewise been 
forniulatcdLo~L1 ;is N-acetyl deriratives. There is, however, no real evi- 
dence to show whethrr these products are N-  or Oderivatives. The fact 
that 1-h~dro~yphthulaziiies undergo tV-alkylation is beside the point; 
many 4-hydroxycinnolines7 hyciroxyquinolines, and hydroxyquinazolines 
give rise to N-methjd de r iva ths  but differ greatly from onc another in 
their susceptibility toward acetylation, and in these groups the acetyl 
derivatives are regarded as 0-acetyl compounds. l 2  
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CHAPTER XI11 

Alkyl, Aryl, and Acyl Derivatives of 
44 1 -)Hydroxyphthalazines 

1. 0-Derivatives 

The cornpoiintis bclonging to this group are 4alkoxy- and 4-phenoxy- 
phtlialnzines (11). They we  all prepared by the same reaction, uiz., by 
refluxing, or by warming on the water bath, the appropriate 4-( 1-)chloro- 
phthalazine (I) (Chapter XX, Section 1) with u solution of the sodium 
alkoxide (phenoxide) in the corresponding nlcohol (phenol) (Eq. 1). Table 
XllI-1 lists the known compounds of this group and their properties. 

TARLE XIII-1. 4-(l-)Alkosy- arid 4( 1-)Phenosypl~tl~:tlnzincs 

R, ' /N 
It, 

Rl Ra IL R' h1.p.. OC. Remark? Ref. 

11 11 I1 Me Wl Ycllow netdltss, hint 1,2 

I1 I1 I1 Et 29-31 Emily sol. in common sol- 2 

I1 I1 C1 Me 116-116.6 h i e  green-yellow needles 3 
H CI I1 Me 134.9-13.5.9 Pale yellow needles 3 
I1 OMe 11 Me 125.6-125.9 Pale j*.llow needles 3 
Me I1 EI nrc 53-54" Ikmethylated by cold 4 

Me 11 11 Et  5 6 5 7  Emily sol. in hot water, 5 

6 Et H 11 Me 49 
6 Et H I1 Et 53 - 
6 Et 11 H 1% 89 

BU' I1 11 Et Oil Odor of hyacinth: sul- 7 
fate, m.p. 109 

7 RU' H €I Ph 108 - 
CHJ'h 11 €I ICt 81-86 Difficultly sol. in HCI 8 
CHII'h I1 11 l'h 155 Sol. in conc. HC1 8 

-. 

R : ~  

fruity yincll, marked basic 
properties 

vent.¶ 

IiBr. Picrate, m.p. 198 

acids, anti usual solventu - 
- 

a Also prepsrc!d from I-liyc1rr)xy-1-mcttiyl~lith~laeitic and methyl sulfate in uitro- 
benzene at 13O0.' 

s4 
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Copyright 0 1953 by Interscience Publishers, Inc. 
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2. N-Derivatives (3-Substituted-4-keto-3,4-dihydrophthalazines) 

A. Compounds without a I-Substituent: 3- Avyl-~-AlkyL-, and3-Araikyl-P- 
ke&0-3,4dihyydrophitialazazines 

Preparation. Table XIII-2 lists the compounds of this group 
which have been described in the literature. They have been prepared 
by a variety of methods, the following being those of most general appli- 
cability. 

(I) Cyclization of the arylhydrazone of an o-aldehydo acid (I), or of 
its lactone isomer (11). Thc ring closure, which leads to 4-keto-3,4- 

0 

dihydrophthalazines (so-called “phthala&-ones”) with an aryl substituent 
at X3 (111), is most commonly effected with hot, or cold concentrated sul- 
furic acid, or by refluxing in amyl alcohol saturated with hydrogen chloride; 
but a variety of other reagents (e.g., alcohol, acetic acid, acetic anhydride, 
acetic anhydride-pyridine, and nitrobenzene a t  their respect.ive boiling 
points, or heating the hydrazone slightly below the meltiug point of the 
phthalazone) have bcen usedg with, however, usually inferior results. The 
resistance of (I) to  cyclization depends on the nature of the substitution in 
the terminal Br group, and decreases in the order 2’-N02 > 2’-ha1ogendJ- 
NO, and 2‘,6’dihalogend’-NOz > 4’-NOr2’-3!te > 4‘-KOZ > 3‘-p\’02. 

(2) In many cases the arylhydramne (I) is too unstable to be isolated, 
and the phthalazone (111) is obtained simply by heating an o-aldehydo acid 
with an arylhydrazine (or its hydrochloride and sodium acetate) in a suit- 
able solvent (usually alcohol or acetic acid alone or diluted with water). 

(3) Compounds in which the 3-aryl substituent carries an amino group 
may be prepared directly from the nitroarylhydrazones (I) by treatment 
with warm aqueous sodium sulfide, or stannous chloride and a mixture of 
acetic and hydrochloric acids, these reagents effecting both reduction and 
cyclization. They may also be prepared from the nitroarylphthalazonea 
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(111) by reduction with sodium sulfide in hot aqueous alcohol; this 
method fails, however, if t)he NO2 group is in the 2'-position, the products 
from such compounds being ill-characterized materials which are not diazo- 
tizable and are possibly the 2'-hydroxylamino compounds. 

(4)  A method of considerable theoretical interest, as well as of occa- 
sional practical utility, is t.he conversion of Z-aryl-4-ketophthalazines (IV) 

0- &2%fyjQ+d \ 1 Ar \ /  > k- -&k \ 0  

c1- + HC1 

W) (IVa) WJ) (JW 
into the isomeric compounds (111). Originally this reaction wm studied 
only with compounds containing a nitro group in the Z-aryl substituent, '0 

but later work (references in Table XIII-2) has shown that the presence of 
a nitro group is not necessary. The conversion may be achieved in various 
acid media, and is generally best performed by heating with approxi- 
mately 1.2 N hydrochloric acid a t  1 i O - 2 0 O 0  for periods ranging from 6 to 64 
hours; heating with water alone or with aqueous alkalis is ineffective. 
Substituents in t.he 2-aryI group affect the rate and extent of the conver- 
sion; thus 2'- and 4'-XOz give greater conversions than 3'-NOz; a 2'- or 
a 4'-methyl group has a strong retarding influence, as also has 2'-halogen, 
t,he retarding effect of bromine being more marked than that of chlorine. 
The presence of a methyl group at C1 in the phthalazine ring (see Section 
B) usually facilitates the isomerization. The reaction has been shown to 
he intramolecular, and it has been suggested'o that it occurs by the mech- 
anism (11;) -+ (IVa) -+ (IVb) + (111). 

The transformation (IV) --+ (111) cannot however be achieved if the 
substitucnt uryl residue of (IV) contains an amino group. If the latter is 
in the 3'- or 4'-position, the compounds (11') are reco\*ered unchanged; 
and with compounds containing it 2'-amino group reaction 2 occurs: 

(v) 

(VIIIa) (VIII) 
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Reaction 2 has been investigated only in the cases X = H and Cl; the 
benziminazoles (VII) are the predominant products, accompanied by 
small amounts of the o-benzylenebenziminazoles (VIII) . I0 - l1  [In the text 
of the origind paper, lo compounds (VIII) are erroneously represented as 
(VIIIa). 

(5) 3-Alkyl- and 3-araIkyl4keto-3,4-dihydrophthalazines are usually 
prepared by N-alkylation (see Chapter XII) of &hydroxyphthalazines, 
which may be effected in various ways (see references to individual com- 
pounds in Table XIII-2). In cases where the alkylation is brought about 
by sodium hydroxide and an alkyl iodide in boiling alcoholic solution, 
fission of thc phthalazine ring occurs to some extent with production of 
compounds of the type (VIIIb; R = H or Me; R’ = Me or Et).6*12 

g O x H  
CR: NNHJL’I 

( V I W  

(Gj An alternative route to the 3-dkyl derivatives is the alkaline de- 
composition of phthalasine alkiodides. Under appropriate conditions this 
reaction produces a mixture of (steam volatile) 3-alkyl-3,P.dihydrophthala- 
zine and (non-steam volatile) 3-alkyl-4-ket0-3,4-dihydrophthalazine, the 
former is readily converted into the latter by atmospheric oxidat,ion. 

Properties. The 3-substituted phthalaz-4-ones (IX) are stable, 
most,ly colorless, crystalline solids, soluble in organic solvents, but insolu- 
ble in alkalis unless phenolic hydroxyl is present. They are usually 
almost devoid of basic properties; they do not form picrates, and are 
insoluble in dilute, and but sparingly soluble in concentrated, mineral 
acids; compound (IX; R = Me) is however described’ as being soluble in 

(xu) 
hydrochloric acid. Typical compounds are stable to hot reagents such as 
fuming hydrochloric acid, concentrated sulfuric acid, phosphorus penta- 
chloride, and phosphorus oxychloride. I6 However, compounds in which 
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the 3-substituent is a 2’-aminwryl group undergo dehydration in the pres- 
ence of dilute hydrochloric acid at  a high temperature and pressure with 
production of compounds of type (XlI) (see Chapter XXIII, Section l ) . I 0  
The compound (IX; R = Ph) distils without appreciable decomposition, 
but if it is kept at the boiling point for a long time prior to distillation some 
N-phenylphthalimide (X) is foimcd.’3 Reduction of (IX; R = phenyl 
and 4’-nit.rophenyl) gives N-phenyl- and X-4’-aminophenyl-phthaIimidine 
(as 

B .  Compounds with a I-Substifaen/ 

These compounds are convenient.ly divided into ( I )  l13-dialkyl- and 1- 
alkyl-3-aryl derivatives (Table XIII-3) and (2) miscellaneous 1,3-disu b- 
stituted compounds other than the foregoing (Table XIII-4). 

Preparation. The compounds of both groups (1)  and (2) are, in 
general, prepared by metho& similar to those described in Section A. 
These are, in brief: 

(a)  Cyclization of the arylhydrazone of an o-keto acid. 

0 - 
R CR:NNHAr 

(XIW 

(b) Condensation of an o-keto acid with an arylhydrazine followed by 
spontaneous ring closure. 

(c )  Compounds containing an aminoaryl substituent attached to Na 
are best prepared by reduction of the corresponding nitrophthalazones with 
sodium sulfide in aqueous alcohol? The method fails, however, if the 
amino group is in the 2’-position of the aryl residue (cf. Section A), and 
such compounds are prepared by a single-stage reduction and cyclization 
of the nitroarylhydrazones.’O Substituents in the Ar group of (XIII) 
when R is methyl have a similar effect to those observed when R is hydrogen 
(Section A), but, in general, (XIII; R = Me) are lem resisfant to cycliza- 
tion than (XIII; R = H).@ 

(d)  Compounds containing a 1-methyl substituent (XV) may be pre- 
pared by acid-induced isomerization of l-methyI-2-aryl4ketophthalazines 
(XIV). The reaction for compounds without a 1-methyl group has already 
been discussed in Section A; the transformation (XIV) + (XV) is con- 
sidered to proceed by the same mechanism and is effected under identical 
conditions, and substituents in the Zaryl group of (XIV) exert similar in- 
fluences on the speed and extent of the reaction, except that the isomeriza- 
tion of (XIV) is usually more facile than for compounds without the 1- 
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methyl group. For (XIV; 4 r  = 4'-nitrophenyl), the reaction is approxi- 
mately unimoIecular, H = 48 X 10-4.10 As with compounds devoid of the 
1-methyl group] here also the reaction fails if the 2-aryl residue of (SIV) 
contains an amino group. If the latter is in the 3'- or 4'-position, no isom- 
erization OCCUI'S, and the cornpounds (XIV) are recovered unchanged. 
With 2'-amino compounds, however, the reaction (XIV) -+ (XVI) occurs; 
this trrtnsforniation has been carried out to give the compounds (XVI; 
S = H) and (XVI; 9 = C1)'O (Chapter XXIII, Section 1). 

(e) Compounds containing a 3-alkyl group are obtainable by alkylation 
of 4-hy~roxyphthaIazines (see Section A). 

Properties. The physical characteristics of compounds of groups (1) 
and (2) are given in Tables XIII-3 and 4, respectively. Unless otherwise 
stated, they are colorless, or almost colorless, compounds. Their general 
chemical properties, and in particular the lack of basicity, are the same as 
those of the compounds unsubstituted at Cr (Section A). Compounds 
having a 1-methyl group and a 2'-aminoaryl group attachid to iKz are con- 
verted into the anhydro derivatives (XVI) (Chapter XXIII, Section 1) by 
treatment with dilute (1:8) hydrochloric acid a t  180' for 6 hours. 

3. Derivatives of Unknown Structure 

It has already been pointed out (Chapter XII) that, although alkyla- 
tion of 4 (1-) hydroxyphthalazincs can theoret,ically give either 0- or AT- 
alkyl derivatives, the compounds so obtained are usually regarded as X- 
substitution products. The same problem of deciding whether 0- or N- 
derivatives are formed arises when the hydroxyphthalazines are acylated. 
In the earlier literature the products were formulated as N - d e r i v r t t i v e ~ ~ * ~ ~ ~ ~ ~ ~  
but Rowe and Peters' consider that 4-hydroxy-1-methylphthalazine gives 
the 4-acetoxy compound. At present there is no decisive evidence in 
favor of either structure, and the constitutions of these compounds should 
therefore be regarded as undetermined. The compounds in question are 
summarized in Table XIII-5. 
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TABLE XIII-3. lJ3-Dialkyl- and l-Alkyl-3-rtryI-4-keto-3,4dihyclrophthnlazines + 
RI 

Rl RI Prep.* hl.p.. "C. Remarks Ref. 

bf e 

Me 
M e  

Me 

M e  

nrre 

Me 

M e  

Me 

hf e 

Me 

Et 
Ph 

d 
Ob 

Hb 
-$"' 

A, B 109-1 10, Xot dernethvlatcd tiv 4,33 
112 HBr- Ac0l-i 1120 O or 

bv H1/14O0 

26 147 - FIG 

27 D,G 140 - 

F,Q 202 - 9,34 

D,F,G,II 167 

F,G,I 214 

- 9,34 

- 9,34 

10 - J 24 1 

K 1 73 Ac deriv., m.p. 220" 9 

l i  206-207 Ac deriv., m.p. 252" 9 

Table codinued 
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TABLE XIII-3. 1 ,SDialkyl- and 1-.41k~-l-3-aryl-4-keto-3,4-dihydrophthnbaines 
(Coratinued) 

RI R: Prep.a M.P., OC. Re marks Ref * 

29 F,G,L 163 - 

b XOZ 

O*N 

&NO, 

H*N, 

Ii 207 Ac deriv., m.p. 247' 9 

I< 145 Ac deriv., m.p. 238" 29 

K 130 Ae tleriv., m.p. 255' 9 
(dec.) 

10 - F,G 26 1 

30 F,I,,M,X 248 - 

10 - F,G 258 

J 222-223 An deriv., m.p. 304' 10 

J 203 Ac dcriv., m.p. 263' 10 
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TABLF: XIII-3. 1,5Diulkyl- and l-Alk~15~~~l-.f-keto-3,~ihydrophthalazineu 

RI RZ Prep." A1.D.. o c .  Renutrks Ref. 

"e0, 

0 . 0 .  

Cl 

31 237-238 - 

258-259 Ac deriv., m.p. 237- 31 
2 3 8 O  

9 - 178 

I91 Ac deriv., m.p. 235" 9 

9 - 205 

279 Ac deriv., m.p. 320' 9 

27 - 1 95 

9 - 237 

274 4 c  deriv., m.p. 315" 9 

Toble wntirtued 



100 Phthalazines 

TABLE XIII-3. 1,3-Dialkyl- and l-AIkyl-3-aryl-4-ket,4-dihydrophthalszines 
(CO?tliT&'U&d) 

RI Rx PreP.0 h5.p.. OC. Remarks Rel. 

hle "b XO* G 222 Yellow prisms 37 

OMe 
12 Et Me S 78-79 - 

Et Et C 44-50 B.p. 307" 6 
Et Ph Q,R 111-112, VCFite ncedlea. Yellow 38,39 

102 pnsms 

a A, by alkaline decomposition of l-methyl-1,2,3,4tetrahydroplithalaz~~ methio- 
dide. I%, by nirthylatiori of the 4-hydrox compound w.ith potassium hydroxide 
and methyl iodide, o r  with sodium hydroxi&, aqueous methanol, and methyl iodide 
or dimpthyl sulfate. r, fnm the 4-h droxy compound by refluxing with sodium 
hydroxide or ethoxide, alcohol, and edyl iodide. I), from the o-keto acid and the 

arylhydrazine in alcohol (warm or reflux). E, froni o - C ~  and 
\ 

pheriylhydwzinc in alcohol-acetic acid (warm). F, froni the arylhydrazone of the 
o-keto acid by refluring in acetic acid or in pyridine-acetic anhydride, or tw tmat- 
mtmt with hot or cold conccnt-rated sulfuric arid. C, by isomerization of the 1- 
n~cthyl-2a~l-t-ketophthiiIazine with aqueous (1 :8) hydrochloric acid at 110-200" 
for (I-55 hours. I, 
from the 4-hq-dmxy compound, pchloronitroknizzne, sodium acetate, and aqucoua 
ethanol at 180° for 2 hours. J, from the nit.roary1hydnzone of the o-keto acid and 

K, from the nitm compound and sodium sul- 
a?in boilin aqueous ethanol. I,, from thc 1 ,.klihydroxv-l-methyl-2rrryl-l,~ 
dihydmphthafuine by treatrncnt with aquecius (1 :8) hydrochloric acid at 180" for 
3 hours, or by heating with concentrated sulfuric acid. M, from the I-hydroxy-3- 
a~l-3,-l-dihydrophlhiilazi1~e-J-acetic acid and fuming hydrochloric acid at 180". 

COiH 

COC€I&OzH 

€1, from the bphenyl analog and funiina nitric acid at 0'. 

lous sodium sulfide at 50-60". 

aiid concentrated sulfuric acid a t  180-185". 0, from 

80 
the nikm oomlwuticl, stannous chlorido, acetic acid, arid conccntnrted hydrochloric 
acid. l', by rcduction w in method 0 of thc o-kcto acid arylhydmzonc. Q, from 

Et 

the o-keto acid and phenylhydraxine at 240" (reflux). R, from ws 
and phenylhydrazine at 235-240" (reflux). S, by alkaline decomposition of 1- 
ethylphthalazinc niethiodide. 

0 ph 
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Table XIXI-5. Acyl Derivatives of 4-Hydrorypht.lmlazines of Unknown Structure 

Acyl 
group 
Intru- 

RI RZ RI duced M.u.. 'C .  Remarks Ref, 

1% H H 1 XC 1&5, Cryst. from hot aster. 2,19 
132-133 Prepd. with warin AczO; 

boiling Ac10 muses ring 
fission and dim. of &H, 

11 OH OIf 3,4c 184-186 Partially hydrolyzed by 18 
boding water OMt: OMc 1 Ac 158-159 - 

- If 
Ntr, H 11 2 132 252-253 

19 
51 

((lee.) 
hie 11 11 1 Ac 130-132 Cryst. froni benzene. Is 4 

converted into the 4-hy- 
droxy compd. by treat- 
ment with alc. 

boi ing AcZO c s w  ring 
fieaion and clim. of NIHI 

1 Ao 178-179 Pre . with warm AczO; 2 pd Ph H H 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
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CHAPTER s r v  

1 -Hydroxy-3-aryl-3,4- 
dih ydropht halazine-4-acetic Acids 

These compounds, which have the general formula (I), form the start- 
ing point for t.he preparation of a large number of phthalaeine derivatives. 
The investigation of the reactions leading to the synthesis of (I) and to the 
subsequent transformat.ions of this class of compound was begun by F. 31. 
Rowe and his associates' more than twenty years ago; these studies are 
of more than passing interest, as they have considerably broadened the 
scope of phthalaeine chemistry, and indeed represent a major contribution 
to  the chemistry of nitrogenous heterocyclic compounds. 

The compounds of this group are all prepared 
from 2-naphthol-1-sulfonic acid (11) and various primary aromatic . 
amines by reaction 1. The m i n e  is diaeotized and coupled with (11) 

A. Preparation. 

ON: NAr 
SOJUa NT NAr 

0 (MI) 

yielding the diamsulfonate (111). DissoIution of this in sodium carbonate 
or in one equivalent of aqueous sodium hydroxide causes its conversion into 
the isomeric sodium 1-arylaz&-naphthaquinone-l-sulfonate (117) [in the 
older literature such compounds were formulated as diazo oxides (V)]. If 

108 
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a compound of type (IV) is left in an excess of aqueous sodium hydroxide 
in the cold for a suitable time, it is converted into the monosodium salt 
(probably VI) of a 3-aryl-3,4-dihydrophthalazhe-l-sulfonic acid4acetic 
acid by a process of hydrolytic ring fission and recyclization, and this 
sodium salt on acid hydrolysis furnishes the corresponding 3-aryl-l-h~- 
droxy-3,4-dihydrophthalazine-4-acetic acid (I). The yields of (VI) are 
usually good. Some 1-arylazu-%naphthol (VII) is formed as the result of 
incomplete ring fission of (IV), but the amount is generally small; (VII) 
is, however, the main product when Ar = pPhN=N-CaH4-, and the 
yield of (VI) is correspondingly reduced.2 

Attempts have been made to effect these transformations using other 
naphthalene derivatives in place of (11), but without result, and the reac- 
tion is considered to be specific for this particular compound.‘Ia A wide 
range of primary aromatic mines has been used in the reaction, as may be 
seen from Table XIV-1; originally’ it was considered that the presence 
of a nitro group or of a parylazo group in the aromatic nucleus of the amine 
was a requisite for the reaction, but later work4 showed that these groups 
are unnecessary, and the reactions have recently been carried through with 
the chloroaniline~~~~ and even with aniline itself.6 

The conversion of (IV) into (VI) occurs by way of the benzene deriva- 
tive (VIII). The suggestion1 that the naphthaquinone derivative (IV) 
undergoes ring opening in alkaline solution to a substance of this type was 
first confirmed experimentally7 by the isolation of (VIII; Ar = 2’-nitro-, 
4’-chloro-2’-nitro-, and 5‘-chloro-2’-nitrophenyl), and lateP.g by that of 

(VIIl) 

hot dil seid 1 
CH: CHC0,H 

COSHSHAr 
+ 

(VIII; Ar = Z’-nitrd’-methyl- and 2’,4’dinitrophenyl). These com- 
pounds are formed by treatment of (IV) with concentrated sodium hy- 
droxide for a very short time, followed by acidification, and it was believed 
that this result was due to the conferment of exceptional stability on (VIII) 
by the Z‘-nitroaryl groups. Later work, however,’O showed that the pres- 
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ence of a 2‘-nitro group is not essential, as by the restricted action of 
sodium hydroxide it was possible to isolate crude products consisting of 
(VI) mixed with a certain amount of (VIII) from compounds (IV) in which 
Ar = 2’,6‘-dichloro-4’-nitro-, 2’,6‘dibromo-4’-nitro-, 2’4hloro- and 2’- 
bromd’-nitro-, 4‘-nitro-2‘-methyl-, and 4’-nitrophenyl; the stability of 
(VIII) decreases in the order just mentioned. The restricted action of 
sodium hydroxide on (IV; Ar = 4’-nitro-2’-methox~yphenyl) also gives 
rise to a proportion of (VIII) in addition to (VI).I1 The compounds (VIII) 
are converted into (VI) by the prolonged action of sodium hydroxide, but 
in hot dilute acid an entirely different reaction is observed; hydrolysis to 
(IX) occurs, followed by isomerization of these products to 2-aiylaminoiso- 
indolinone3-acetic acids (X) .6-*o-12 

Properties. Table XIV-1 gives B list of the known acids of general 
formula (I) and their functional derivatives. In a number of caws the 
precursors (VI) have also becn obtained analytically pure, but they have 
no definite melting point. In general, the compounds in Table XIV-1 are 
yellow to red in color if the 3-aryl substituent contains a p-arylazo group; 
yellow if it contains a nitro group; and colorless if neither chromophore is 
present. The hydroxy acids and the N-methyl ethers are soluble in a q u e  
ous sodium hydroxide and sodium carbonate, a pronounced deepening of 
color often resulting with the hydroxy acids containing a nitro group; the 
methyl esters of N-methyl ethers are devoid of acid properties; and hy- 
droxy acids containing a 3-aminoaryl group are amphoteric. The it‘- 
methyl ethers, in agreement with the structure assigned to them, are re- 
sistant to the action of hydrobrornic arid at 180’ und of hydriodic acid at 
140°. l a  

l-Hydroxy-3-aryl-3,44ihydroph thalaxine-4-ace tic acids (I) undcrgo 
three important general reactions. 

(I) On oxidation with hot aqueous potassium pcrmnng:m:rtc the acetic 
acid side chain is lost with production of l-hgtlrox~-3-,zr.l~-~~t,o-3,4- 
dihydrophthalazines (XI) (see Chapter XVIII, Section 2.4, Table XVIII-1). 

OH OH 
(1) (XI) 

(a) Oxidation with cold dichromate in aqueous sulfuric acid converts 
the ac.ids into 3-aryl-4-methyl-1-ketophthalazines (XII). This curious 
reaction, resulting in t.he formation of zwitterions, involves the loss from 
(I) of the elements of formic acid; for a description of the products (XII) 
see Chapter XV, Table XIr-2. 
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(4) 

@ &O*H - Ar 

OH 0- 
(1) (XI) 

(3) If acids of type (I) are heated under reflux with aqueous sulfuric 
acid of b.p. 140° (acid:water = 5:6, v/v), loss of the elements of acetic 
acid occurs, and 3-aryl-1-ketophthalazines (XIII) (Chapter XV, Table l ) ,  
the lower homologs of (XII), are produced (Eq. 5). If dilute hydrochloric 

H CHZCOJi 

\ /N + q (5) .@? 
OH 0- 

(XIII) (1) 

acid under pressure is used instead of sulfuric acid, the 3-nitroaryl acids 
give, according to conditions, (XII), (XIII), or their products of isomeri- 
zation, hz. ,  2-aryl-l-keto-1,Zdihydrophthalrtzines (see Chapter XIII, 
Section 2). l4 

In addition to these general reactions, certain acids of type (I) undergo 
the following more specific transformations. 

When refluxed for a long time (1546 hours) with pyridine and acetic 
anhydride, the five acids in Table XIV-1 which contain a Z’-nitroaryl group 
attached to N) do not yield the expected 1-acetoxy derivatives, but are 
converted into 2,5diketo-3-a~lisoindolinopymzolidocolines (XV). This 

X‘ 
(XW ON) 

reaction is considered to occur viu the intermediate Zarylaminoisoindolin- 
one-3-acetic acids (XIV); for, as indicated above, a number of these inter- 
mediates (XIV) have been prepared in the pure state by acid-induced 
cyclization of the arylacrylic acids (VIII)? and when treated with pyridine- 
acetic anhydride they readily yield the anhydro derivatives (XV) , identical 
with the compounds prepared by the action of pyridine and acetic anhy- 
dride on the nitro acids (I).7-g 
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The acid (I; Ar = 4'-nitro-2'-methoxyphenyl) is converted in poor 
yield (6%) into the arylaminoisoindolinone-3-acetic acid (X; Ar = 4'- 
nitro-2'-methoxyphenyl) when it is heated with fuming hydrochloric acid 
at 180" for 0.5 hour,I1 the main product of the reaction being the corre- 
sponding 3-aryl-1-ketophthalazine (XIII). 

Acids of type (I) in which the 3-aryl substituent contains a 2'-amino 
group tend to pass very readily into the lactams (XVI)(see Table XIV-2 
for these compounds). 

F4 
CHo X€I 

(XVII) 

If the acids (I; A r  = 2'-nitrophcnyl and 4'-chloro-2'-nitrophenyl) are 
treated with stannous chloride and boiling concentrated hydrochloric acid, 
and then reduced further with metallic tin and more acid, they are con- 
verted into the benziminazoles (XVII; X = H and Ci, respe~tively).~ 
The same two compounds are also formed from the corresponding 3,2'- 
aminoaryl acids (I) by refluxing with sulfuric acid and water (5:6, v/v), foi- 
lowed by addition of zinc dust and further reflu~ing.~ 

- 
X Prep.0 Proporties Ref. 

method C), prisms, m. . 315417" 

method 13), prisms, m.p. 321' 
5'-C1 c Needles, m.p. 303-304 
4'-N €1, A Yellow needles, m.p. 290". Monoacetyl 6 

dcriv., plates, m.p. 3063" 

€1 u Needles, m.p. Z!!)3*. N-methyl ethcr (prep., 7 

4'-CI B Needles, m.p. 304". i--metliyI cther (prep., 7 - 
11 A, from the nitroacid, struinous chloride, and boiling concentrated hydrochloric 
acid. U, from the corresponding amino acid and boiling dilute hydrochloric acid. 
C, from the corresponding iiilro compound, iron, and boiling tqueous acetic acid. 
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The acid (I; Ar = 2',4'-dinitrophenyl) shows unexpected proper- 
ties? If it is refluxed with aqueous sulfuric acid (5:6, v/v) i t  fails to give 
the product (XVIII) which would be expected on the basis of reaction (3) 
mentioned above, but yields instead the isoindolinone (X; Ar = 2',4'- 
dinitrophenyl), together with a small mount  of a compound (SIX) (yel- 
low prisms, m.p. 223"), which may be regarded as a hydration product of 
(XVIII). Mixtures of (X) and (XIX) containing higher proportions of 
the latter are obtained by using concentrated sulfuric acid (alone or with 
acetic acid) instead of aqueous acid. On oxidation with chromic anhydride 
in acetic acid at 40", (XIX) yields the substituted phthalimide (XX). An 
analog (=I) (+ 2Hz0, yellow needles, m.p. 151 ") of (SIX) is formed when 
the lactam (XXII) is refluxed with aqueous sulfuric acid (5:6, v/v). 

(XVIII) (XIX) 

s o ,  
CH, R'H 

Off oa OH 

(SSI) (SSII) (XXIII) 
R.I .  2823 

KO, 
Me 
I 

0 0 
(XXIV) (XXV) 

The behavior of (I; Ar = 2',4'-dinitrophenyl) on oxidation with acid 
dichromate is likewise exceptional, the products being the isoindolinone 
(XIV; X = 4'-1\;02) and the hydrate (XXIII; R = H) (orange prisms, 
m.p. 232") of the expected product (XII) (cj. reaction d above); the oxida- 
tion can also be brought about with nitric acid. If (XXIII; R = H) ia 
crystallized from methanol containing a trace of mineral acid it yields the 
ether (XXIII; R = Me) (orange needles, m.p. 185O), from which (XXIII; 



118 Phthalazines 

R = H) is regenerated by boiling for a short time with aqueous ammonia 
(d 0.880). That (XXIII; R = H) is not merely the zwitterion (XII) 
with a molecule of water of crystallization is shown by its behavior on oxi- 
dstion with chromic anhydride in acetic acid; the phthalimide derivative 
(XX) is thereby formed, whereas the compounds (XII; Ar = 2'-, 3'-, and 
4'-nitrophenyl) are unchanged even if the oxidations are attempted at 
100". Treatment of (XXIII; R = H) wibh aqueous (1:s) hydrochloric 
acid a t  190' for 6 hours yields the mcthyleneisoindolinone derivative 
(XXIV). With concentrated sulfuric acid a t  180') (XXIII; R = H) is 
converted into (XXV)(Chapter XIII, Table 3); this product is likewise 
formed by similar treatment of (LXIV), and also, together with the corre- 
sponding isoiridolinone (X), by the action of fuming hydrochloric acid at  
180" on (I; Ar = 2'.4'-dinitrophcnyl). 

If the acid (I; Ar = 2',4'-dinitrophcnyl) is suspended in water at 80" 
and treated with potassium perinanganate (added all a t  once), the normal 
oxidation product (as XI) is produced; if, howcvcr, the reaction is per- 
formed by gradually adding the permangnnatc at 60°, the product is the 
isoindolinone (X; Ar = 2',4'-dinitrophenyl). 
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3-Awl- 1 -ketophthalazines 

These substances are dipolar compounds of the general formula (I), 
where R = H or Me, and Ar = phenyl or substituted phenyl. The com- 
pounds in which R = H are listed in Table XV-1, and the &methyl homo- 
logs in Table XV-2. 

Q& 
0- 

(1) 

A. Preparation. These compounds are in general prepared from 
l-hydroxy-3-aryl-3,4-dihydrophthalaaine-4-acetic acids (11) by removal 
of t.he elements of acetic acid to give 3-aryl-1-ketophthalazines (111), or of 

the elements of formic acid to give the $-methyl homologs (IV), as indi- 
cated above. The first of t.hese reactions is usually smoothly effccted in 
aqueous sulfuric acid of b.p. 140°, and the second by oxidation with cold 
acid dichromate. These methods do not overlap appreciably; there is no 
recorded case of the dichromate reaction yielding a 3-aryl-1-ketophthalazine 
(111) by loss of acetic acid, and there are only two examples of the removal 
of formic acid to give (IV) uia the agency of hot dilute sulfuric acid (see 
Table XV-2). The conversion of (11) into (IV), but not that of (11) into 
(111), can be effected also in hot alkaline solution. Compounds of eit.her 
type (111) or type (IV) in which the aryl group cont.ains a.n amino group 
may also be prepared by reduction of the corresponding nitro compounds. 
Other methods of less general application are given in Tables XV-1 and 2. 
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TABLE XV-1. 3-Aryl-1-ketophthalazines 

0- 
Ar Prep.= M a . .  o c .  Derivstiveu Ref. 

Ph 

b 
d 
Ucl 

N o r  

d 

A 

A,CD 

C 

c 

C 

C 

c 

C,C 

G,M 

C 

n 

C 

208 

202-203 

278 

281-253 

2GG I 

324 

333 

210 

25'3 

I WJ 

255 

2.10 (dec.) 

Hydrochloride, m.p. 162- 
164'; picrate m.p. 226'; 
z-sulfonic acid 

Picrab, m.p. 233-334' 

Picrate, n1.p. 25:$--264' 

- 

Piorate, m.p. 214-215' 

Picrate, m.p. 234" 

t'icrote, m.p. 218' 

Ac deriv., m.p. 204" 

Ac cleriv., m.p. 345' 

Picrate, m.p. 222' 

8 

7 

G 

6 

5 

10 

9 

10 

9,lY 

2,20 

17 

Ac deriv., m.p. 321° (dec.) 2 
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TABLE XV-1. 3-Aryl-1-ketophthalazines (continid) 

Ar Prep." Mp., OC. Derivatives Ref. 

-b NIl l  

258 (dec.) 

209 

242 

263 

256-258 

Darkens 
200, subl. 
300350 

228-229 

267-268 
(dec.1 

279 

255 

315 (dec.) 

Ac deriv., m.p. 309-310" 
(dec.) 

Picrab, map. 230" 

- 

Ac deriv., m.p. 130-131° 

Picmta, m.p. 229-231O 

Ac deriv., 1n.p. 285-286" 

Picrate, m.p. 208-210 

Ac deriv., m.p. 300-302" 

Picrate, m.p- 233" 

17 

4,m 

4 

5,20 

16 

5 

13 

I3 

3 

12 

Table confinucd 
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TABLE XVI-1. 3-.4ryl-l-ketopithalazines (continued) 

-4r Prop.- hf.p., "C. Derivatives R e f .  

b N . 1  C,G 302 Ac deriv., m.p. 334' 12 

c1 

C 

305 (dec.) Picrate, m.p. 266" (dec.) 0 

306 Picrate, m.p. 252' 12 

N n ,  c,e 301 Ac deriv., 1n.p. 338 12 

Br 
For methods of preparation, see key to Table Xir-2. 

TABLE XV-2. 3-Aryl-l-methyl-l-ketophthaltlaeines tle 

Ar l'rei>.o M . 1 L  "C. Derivatives Ref. 

I'h s 235 Picrate, rn.11. 197"; 2- 8 
sulfonic wid 

E, F 253-255 I'icrate, m.p. l!f9-200" 7 
(dec.) 

E - Picrate, m.p. 219"; sul- 6 
fate, m.p. 320" 

E 238 Picrate, m.p. 20O0 6 

E 226 (tIec.) Picrate, m.p. 217' 5 

Table continued 
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TABLE XV-2. 3-;lryl-4-methyl-l-ketophthalazines (continued) 

Ar Prep.* M.P., oc. Derivatives Ref. 

OMe 

260 (dec.) Picrate, m.p. 197" 1,16 

251 

218 

271 

277 

201 

244 

285 

225 

279-280 

237 

236 

Picrate, m. p. 208"; ni- 8,11, 
trate, m.p. 169O; sul- 15,20 
fate, m.p. 246" 

Ac deriv., m.p. 274" 5 

Ac deriv., m.p. 274" 1 

Ac deriv., m.p. 316417" 11.12, 
21 

Picrate, m.p. 204-205" 2 

Picrate, m.p. 234" 17 

Ac deriv., m.p. 308" 2 
(dec.) 

4 - 

4 - 

Picrate, m.p. 223" 5 

- 16 

Table confinued 
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TABLE XV-2.3-Aryl-&methyl-1-ketophthalnzines (contiwed)  

Ar Prep.' M.P., o c .  Derivs t ivcs Ref. 

G,K 

E 

C,G,I.I,I 

E 

E,G,II,I' 

E 

E,G,II 

R,F 

w7 Ac deriv., m.p. 296' 5 

223-224 Picrate, m.p. 216-217° 13 
(dec.) (dcc.) 

287-288 Ac deriv., m.p. 296-297' 13 
(dec. 1 (dt!C.) 

209-210 Picrate, m.p. 22!%230° 3 

287-288 Ac cleriv., m.p. 304305' 3 

240 (dec.) Picrate, m.p. 225O 12 

325 Ac deriv., m.p. 31 l o  12 

G - 252 

E .  254 Picrate, m.p. 215O 12 

E,G,TI 315 Ac cieriv., m.p. 315O 12 



3-Aryl-1-ketophthdazines 125 

TABLE XV-2. 3-Alyl-.l.-methyl-l-kc~p~it~lazines (codinued) 

Ar Prep." M.P.. O C .  Derivativos Ref. 

A,C,D,E,F 254 Picrate, 1n.p. 229" 14 

260 

\ 
OMe 

302 

1.1 

5,20 

3 14 5 

A from the l-hydroxy-3-aryl-3,4-dihydrophthalazine-i-acetic acid (a) and fuming 
hydrochloric acid at 160-180". B, from (a)  and chromic anhydride in aqueous 
acetic acid at 20". C, from (a) and dilute sulfuric acid (usually 5:6,  v/v) under 
reflux. D, from (a) and conccntrated sulfuric acid-acetic acid (1: 1, v/v) under 
reflux. E, from (a), sodium or potassium dichromaLte, and acpeous sulfuric acid, 
usually in the cold. I?, from (a) and nitric acid (d 1.5) at 0-50 . G ,  from the cor- 
responding nitro compound and boiling aqueous sodium sulfide. H, from (a)  and 
aqueous sodium hydroxide (under reflux or at D5"), or alcoholic potassium hydroxide 
under reflux. I, from (a) and hydrogen pcroside-aqueous ml ium hydroxide at 
50". J, from the lactam of the l-hydrosy-3,2'-sminoaryl-3,4-dihydrophthalazine 
e m e t i c  acid (b) by  refluxing with aqueous sulfuric acid (5: 6, v/v). K, from the 
lactam of the l-keto-3,2'-aminoarylphthalazine-4-~etic acid (see last two com- 
pounds in Table XV-2 for type formula) by boiling with aqueous sodium sulfide. 

L, by method C, using the compounds (a; Ar = -C>-N=NPh) and (a; 

Ar = -@=.-c)-~~.). M, from (a) and concentrated hydro- 

chloric acid under reflux. N, from (b)  and nitric acid (d  1.5) at room temperature. 
0, from (b), sodium dichromate, and ueous sulfuric acid at MI". P, from the 
corresponding l-hydroxy3-aryl-3,4-dih~ro~h~ala~ine (or i h  emethyl  homolog} 
by prolonged boiling with nitrobenzene or with concentrated hydrochloric acid. 
Q, from the 2',6'-dibromo analog (in poor yield) by reduction with sodium hydro- 
sulfite in boiling a ueous-alcoholic sodium hydroxide. It, by nitration of l-hy- 
droxy3phenyI3.e~ihydrophthalazine-4-acetic acid [nitric acid (d 1.5) at > lo0]. 
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B. Properties and Reactions. The 3-aryl-1-ketophthalazines are 
yellow crystalline solids except in those cases in which the 3-aryl substi- 
tuent contains neither a nitro nor an amino group; such compounds are 
colorless. The solubility characteristics of this group reflect well their 
zwitterion structure. Thus typical compounds are soluble in polar 
solvents (pyridine, nitrobenzene, acetic acid), but insoluble or sparingly 
soluble in nonpolar solvents. Furthermore, the compounds are ampho- 
teric; with dilute or moderately concentrated mineral acids they form 
salts (which are easily hydrolyzed), and, although insoluble in sodium car- 
bonate, they dissolve in \ v w m  dilute sodium hydroxide; the acidic charac- 
ter of the zwitterions is, however, much reduced if the 3-substituent is 
aminoaryl. The N-acetyl derivatives of 3-aminoaryl-1-ketophthslazines 
are usually colorless cornpounds which frequently turn blue on exposure 
to light and air. As indicated in Tables XV-1 and 2, 3-aryl-1-ketophthal- 
azines form well-defined p ic rab .  

On reduction, 3-aryl-l-ketopht.haIaeilles yield, according to conditions, 
either l-hydroxy-3-nry1-3.4-dihydrophthalazines (V) I-* or N-arylphthli- 
midines (VI).2-4+6--L4 This behavior is characteristic of the group; it holds 
good for the two types R = H and R = Me, and applies to compounds in 

which Ar contains SO?, NH2, or neither of these groups. [If Ar contains 
NO-,, this ia reduced to NH2 in the resultant! compounds (V) or (VI).] The 
reduction to (V) may be carried out either in alkaline (sodium hydrosulfite 
and sodium hydroxide) or acid (zinc dust or amalgamated zinc and dilute 
hydrochloric or sulfiiric acid) media, but the conversion into the phthalimi- 
dines (VI) is inveriahly carried out in acid solution (zinc dust or amalgam- 
ated zinc and dilute hydrochloric acid). I t  is frequently possible to p r o  
pare a t  will either the dihydrophthalasine (V) or the phthalimidine (VI) 
from a given 3-aryl-1-ketophthalazine according to conditions, those for 
the reduction to (VI) being the more drastic. However! 3-polyhalogeno- 
aryl- and 3-methoxyaryl-1-ketophthalasines tend to give (VI) rather than 
(V); and if the 3-aryl substituent contains bromine, this is sometimes 
wholly or partially replaced by hydrogen during the 

On treatment with warm methyl sulfate either alone or in nitrobenzene, 
3-aryl-1-lietophthalazines are converted into met.hylated products con- 
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taining a methoxyl group a t  Cx. If the original zwitterion contains a hy- 
drogen atom at CC, the initial reaction product (aft,er basification) is the 
quaternary or pseudo base (VII or VIII). Such compounds, however, 
are usually illdefined, and, although one or two quaternary perchlorates 
derived from (VII) have been prepared (Chapter XYI, Section lB),13*16 
the usual procedure has been to characterize the initial products, by crystal- 
lization from methyl or ethyl alcohol, as the l14-dialkoxy derivatives 
(IX).a~a--lo~L9~13~16~ l6 3-Aryl4methyl-l-ketophthalazines, on the other 
hand, yield (after basification) 4-methylene derivatives (X), giving salts 
of the type (XI) with acids.-, " 8 8 7  * ll-16,lf 

Me * -3 @ -----c Qj$+ 

&$fb * + q c " .  N N H k  d& 
0- OMe OMe 

(XI (XI) 

Me CHI 

0- 0 0 0 
(XI) QIII) 

An interesting reaction, but. of more restricted scope than the foregoing, 
is the conversion of certain 3-ary1-P-methyl-1-ketophthalasines into the 
isomeric 2-arylamino-3-methyleneisoindolinones (XII). The reaction, 
which takes place in an acid medium, is considered to proceed via the tauto- 
meric form of the zwitterion, as shown above.18 It occurs only with com- 
pounds in which the 3-aryl substituent contains a 2'- or a 4'-N02 group. 
The conditions of reaction are considerably milder than thaqe necessary to 
effect the isomerisation of 3-aryl-1-ketophthalazines into %aryl-l-keto-1,2- 
dihydrophthalazines (Chapter XIII, Section 2) ; thus the formation of 
(XII) occurs to a small extent even on heating the 3-aryl-1-ketophthalazine 
in water. Optimum conversion is sometimes achieved by refluxing the 
zwitt.crion in dilute hydrochloric acid, but the maximum yield of (XII) is 
usually attained by using 0.1-0.2 N hydrochloric acid at 150" for 6 hours. 
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The reaction rates are influenced by substituents, and are in the order 
4'-C1-2'-NOn > 2'--N02 > 2'-NOr4'-Me > 2'-C1-4'-N02 > 2'-Br-4'-NOm 
> 2',6'-CI2-4'-NO2; for the 4'-nitro compounds more drastic conditions are 
required. When 3,2'-nitrophenyl4methyl-l-ketopht.halazine is refluxed 
with 0.8 N hydrochloric acid, the reaction is approximately unimolecular, 
k = 41 X 10-9. The compounds (XII) formed from this reaction are 
converted into the isomeric Z-aryl-4-methyl-l-keto-l,2dihydrophthalr 
zines (XIII) with dilute (1: 8) hydrochloric acid at 180-190" for 6 hours (or 
with concentrated sulfuric acid at 180" for 1-2 minutes). Despite this 
ohservation, the authors** consider that the conversion of 3-aryl-1-keto- 
phthnlaeines in general into the isomeric Zaryl-1-keto-1,Z-dihydrophthal- 
azines tloes not. proceed via the intermediate formation of compounds annlo- 
gous to ( X I )  owing to the failure to isolate such compounds other than in 
the few c:ws rcferred to above. 

The c.ompoiinds (XIV; It = H and Me) show exceptional propcrties 
in that they undergo hydration when heated with aqueous (1: S) hydro- 
chloric acid for some hours a t  13.5145", giving the compounds (XV; R 
= H) (yellow needles, m.p. 225-227°) and (XV; R = MC) (yellow needles, 
m.p. 238"), resp~ctively.~' 

R a  

0- 

&$!. NOS 

OH 
(XIV) (XV) q+..; --3 @pNO* I ItIe 

(XVI) (XVII) 

The sulfate of 3,2'-methyl-4'-nitrophenyl-l-ketophthalazine (XVI) re- 
acts additively with acctone in dilute sulfuric acid at  80°, yielding (XVII) 
(needles, m.p. 186-187", soluble in sodium hydroxide but insoluble in 
sodium carbonate). 

COCII, 

/?I 

0- H 
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C H A P T E R  XVI 

Methylated Derivatives of 3-Aryl-l- 
ketophthalazines 

1. Derivatives of Compounds Containing a Hydrogen Atom at C4 

A. /-~~e~hoxy-./-alkox~-3-ur~l-3,4-dih~drophthalazines 

Preparation. These compounds have the general formula (11; R 
= Me or Et), and are prepared by treatment of 3-aryl-1-ketophthalazines 
with methyl sulfate. Temperatures of 70-150" are employed; the reac- 
tions a t  t.he higher temperatures havc usually been carried out using nitro- 
benzene ~ t s  solvent, but it has been stated' that better results may be ob- 
tained by omitting the nitrobenzene and working at a lower temperature. 
If nitrobenzene is used, it is removed in steam; t-he mixture is then made 
alkaline with sodium carbonate and the product recrystallized from meth- 
anol or ethanol. A pseudo base (Is) is probably first. formed, which then 
gives the U-ether (11) (Eq. 1). 

0- OMe 
(J) 09 GI) 

Properties. A list of these compounds is given in Table XVI-1. 
They are usualiy yelIow crystalline solids, and are characterized by a 
marked tendency to decompose with loss of methyl or cthyl alcohol. Fre- 
quently this occurs so readily t,iiat the compounds cannot be obtained 
analytically pure. The dccomposition, which occurs on heating the ethers 
(11) to 110-140°, is often too complcx to permit the idcntificat+ion of definite 
products.2-6 However, the  compounds (11; Ar = Ph) and (11; Ar = 

2'-chlorophenyl) decompose comparatively smoothly according to equa- 
tion 2, giving fair yiclds of thc  product^ (111; Ar = Ph) [yellow needles, 
m.p. 234" (dec.)] and (111; Ar = 2'-chlorophenyl) [yellow cubes, m.p. 
239" (dec.) ].'J Compounds of unknown structure, but which may possibly 
be impure spccimcns of (111), have been isolated in one or two other in- 
stanem Thus if thc crude mcthylstion product of (I; Ar = 4'-nitro-2'- 

1.70 
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TA4BLE XVI-1. l - R ~ e t , h o x y ~ - ~ k o ~ y - ~ a r y l ~ , ~ ~ y d r o p h t h u l ~ i n e f i  

131 

q 
OMe 

M p . .  T. 
AI R = hlc R = Et Ref. 

86-87 Ph - 

hb NO, 

78 

135 

1141117 

138- 14 1 

138 

196 

119-121 

161-163 

149-150 

157 

86 

150 

116-120 

173-175 

110 

197 

115-117 

116-117 

93 

111 

7 

8 

2 

11 

10 

2 

6 

4 

5 

12 

9 

Tabla codinurd 



132 Phthalazines 

TABLE XW-I. l-JIctl1oxy4alkoxy-3-aryl-3,4-ciil~ydrophl,l~l~zines (contd.) 

Ar R - M e  R = Et Ref. 
~ ~. ~ 

138-139 135-136 14 

138 110-1 12 9 

Preparcti by inethylntion of tho 1,4-diliydroxy-3-ar~13,4-dihydrophthalnsi11e, 
followed I)y crystallization from ROH. 

2 (11) --c 2ItOH + [G] (2) 

OMe 2 

(111) 

methoxyphcnyl) is crystallized from ethyl acetate instead of from methanol 
or ethanol, a product, m.p. 261-264", is obtained, analysis of which sug- 
gests that partial dehydration of the pseudo base (Ia) has occurred5; and if 
the ethers (11; Ar = 2',6'-dichloro- and 2',6'-dibrorno4'-nitrophenyl) 
are heated to 110-140", products are formed (m.p. 235 and 228", respec- 
tively) which from analysis arc likewise anhydro derivatives of (Ia).9 

In three other cases (11; Ar = 3'- and 4'-nitrophenyl and 4'-nitro-2'- 
methylphenyl) a fairly smooth thcrmnl decomposition of a different kind 
occurs; it is accompanied by oxidation, and the products arc the 4-keto 
derivatives (IV). lo-'* * \ /  

OMe 
(Iv) 

4-Hydroxy-&phenyl-3,4-dihydrophthalazine (V) , although unrelated 
in origin to the compounds (11) described in Table XVI-1, shows properties 
simiIar to those of their precursors (Ia), and is conveniently conaidered 
here. It is prepared from o-phthalddehyde and phenylhydrazine hydro- 
chloride in boiling aqueous solution, or by refluxing the diphcnylhydrazone 
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(v) - 
in dilute hydrochloric acid." The reaction clearly involves hydrolysis of 
the latter compound (Eq. 3). The compound (V) melts at  128-1529', and 
is soluble in acids and in most organic solvents. When dissolved in meth- 
anol or ethanol, it is converted into the ethers (VI; R = Me), m.p. 59- 
60', and WI; R = Et), m.p. 96-97', respectively, which in presence of 
sodium carbonate rcgenerate (V). If (V) or (VI; R = Me or Et)' is dis- 
solved in benzene and treated with dry hydrogen chloride, the quaternary 
salt (VII) is formed; this salt forms needles, m.p. 106-107O, and gives a 
chloroaurate, m.p. 181 O, and a chloroplatinate, m.p. 224-2250.13 

The compound (VIlI) ,  which is similar in structure and propertiea to 
(V), is described in Chapter XIV. 

(VI) O W  (VIII) (IX) 

B. 1 -Melhox~~-urlllphthalazinium Perchlorates 

The metliylated bases (Ia or the isomeric quaternary bases) derived 
from 3-aryl-1-ketophthalazines (I) are ill-defined compounds which are 
difficult to purify. They are therefore usually characterized as the 4- 
alkoxy derivatives (11) described above. An alternative method of char- 
acterization, however, is to treat the crude base (or its precursor, the metho- 
sulfate) with perchloric acid, whereby well-defined, colorless, crystalline 
perchlorates (IX) are formed. In this way (IX; Ar = 3'-nitrophenyl) 
(m.p. 215") and (IX; Ar = 4'-nitrophenyl) (m.p. 249') have been pre- 
pared.' 

2. Derivatives of Compounds Containing a Methyl Group at C4: 
1 -Methoxy-3-aryl-4-methylene-3,4-dihydroph thalazines 

Preparation. These compounds (see Table XVI-2) are invariably 
prepared from 3-awl-4-methyl-1-ketophthalazines by the action of 
methyl sulfate. Nitrobenzene (subsequently removed in steam) has been 
used aa a solvent, but it has been stated that in n number of cases the reac- 
tion proceeds more advantageously without its use.' The reaction tem- 
perature varies for individual cases, but is usually within the range 60- 
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130O. On treatment of the reaction product with sodium carbonate, the 
quaternary or pseudo base is first formed and then undergoes dehydration 
with formation of the methylene compound (I) (Eq. 4). 

QJ+-+ MeS0,- -*++(*) OH- 

0- OMe OMe OMe 

(1) 

TABLE XGI-2. l-l\fethox~~-3-aryl3-methylene-3,~ihydrophthalazines 

@ / 

OMe 

Corn- 
pound 
No. Ar M.P.. oc. Reinarb Ref. 

b 1 I!) Forms perchlorate, m.p. 202" 

+o* 134 

C! 

$,* 142 

Me0  
146-147 

*NO. 

M e  

Xoncrgst.. Forms perchlo- 
rate, 1n.p 223-224O 

Forms perchlorate, m.p. l 9 9 O  
(dec.). Gives the 3-ary1-4- 
methyl-1-ketoph thalazine 
zwittrrioir with I.IUr-t\c01l/ 
1 loo 

- 

Icorins perchlorate, m.p. 224O 

Forms perchlorate, m.p. 199- 
200'. Unchan ed by HBr- 
.4cOH/ 150 O / 0 . 5  %our 

8 

1 

1,15 

I6 

17 

5 

12 
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TABLE XVI-2. l - ? v I e t h o x y - ~ a r y l - t l - m c t h y l e n e 3 , 4 - d i h y d  (eolatd.) 
Com- 
pound 
NO. A r M.P.. OG. Reniarlia Ref. 

10 

11 

bNOZ 
Br 

nieo 

$--* 

136 

153 

129 

131-132 

Forms perchlorate, m.p. 228O 

Forms perchlorate, m.p. 230' 

Forms perchlorate, m.p. 240' 

9 

18 

bblc 

Properties. Compounds 1 and 9 in Table XVI-2, which do not 
contain a nitro group, are yellow, and the others are reddish-brown crys- 
talline solids. They are nonacidic, but have well-marked basic properties; 
in particular, they 
colorless crysta.Iline 

yield well-defined 
solids. 

perchlorates (I -+ II),-which are 

Me 

The characteristic reactions of the bases (I) involve t.he 4-methylene 
group, which displays considerable reactivity, as is shown by the following 
transformations. 

(1) The methylene bases readily condense with 2,4-dinitrochloroben- 
zene in boiling alcohol containing potassium acetate, giving, by elimination 
of hydrogen chloride, compounds of type (111), as listed in Table XVI-3. 
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TABLE XVI-3. Compounds of Type (111) 
Subatituent-s in Ar ?Vf.R., OC. Remarks Ref. 

2'-Cl 186 Black needles 8 
3'-NOn 210 Black prisms 1 
4'-NO, 255 13lack prisms 1 
2'-C1, 5'-NO* 285 Red needles, sol. in 17 

4'-N01, 2'-0Me 220-227 Orange-red prisms 5 
2',4',6'-Bri 138-140 Dark red needles 14 
4'-NOt. 2'.5'-( OMC)z 230 Blue-red prisms 18 

dil. HCI 

(2) The methylene bases condense with l-phenyl3-methyl-P-rtnilino- 
methylene-5-keto-4,5-dihydropyrtbzole, yielding producfa (IV) (Table 
SVI-4) as indicated in equation 5. 

0 

TABLE XVI--I. Coinpounds of Type (IV) 
Sabstitrrents in A r  h1.p.. o c .  Rc mar ks Ref. 

4'-N01 258 Green-black p r i m  1 
2',4',6'-h 224 Green-black prisms 14 
4'-NO,. 2'5 '-I OM0 )2 258 13nrvn-retf urisms 18 

(3) On addition of aqueous sodium nitrite to an acetic acid solution of 
(I; Ar = 4'-nitrophcnyl) at Oo, the corresponding nitroso derivative (V) 
is formed, which docomposes in situ to the compound (VI); the latter is 
also formed by refluxing (I) and pnitrosodimethylaniline in alcoholic 
solution (Eq. 6). See Table SVI-5. 

Table XVI-5. Conmounds of Tvne (VI) 
Substitusntr in Ar Prep." k1.p.. o c .  Remarks Ref. 

~~~ 

2'-C1 B 136-137 Colorless prisms 8 
4'-NOz AiB 199 HBr ives the correspond- 1 

2'-C1, 5'-NOr 13 170 Sandy prisms. HBr gives 17 
ing l%ydroxy compd. 

corresponding 1-hydroxy compd. 

0 A, from the methylene compound (I), acetic acid, and aqueous sodium nitrite at 
0'. 
alcohol. For alternative methods of preparing these compounds see Chapter XI$ 
Section 2, Table 1. 

B, from the methylene compound (I) and p-nitrosodimethylaniline in boilin 
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+ HICN (6) (I) + HNO: -* $ -  \ 0  
/ 

OM0 OM0 

0 CVI) 

(4) A number of miscellaneous compounds of types (VII) and (VIII) 
have been prepared' by various condensation reactions involving the 
methylene compounds (I). The substances belonging to each type, and 

X- 

their methods of preparation, arc given in Tables XVI-6 and 7, respectively. 
Compounds (VII) are quaternary salts with the basic center situated a t  
Na of the phthalazine nucleus. Compounds (VIII), on the other hand, are 
more complex. They are, in fact, related to the cyanine dyes, and their 
representation as (VIII) is thus a matter of formal convenience only, and 
does not imply that the charge on the cation is localized as indicated. 

TABLE XVI-6. Compounds of Type (PII)' 

NO* CI 

R - 4 r - d  h--~>-no* h-+-Noz 

C1 Prep. b 

CHoPh I A Yellow Yellow - 

N=NPh c]o, 13 Ited powder, Red-brown - 
needles, m.p. needles, m.p. 
174' 185' 

indef. m.p. needles, m.p. 

clo, B Red powder, Red-blue 0r.ange-yeIlow 
m.p. 235O prisms, m.p. pnsms, m.p. 

224 ' 

268' 254' 
N = N ~ N ~ .  

., Reference 1 for all compounde. 
b A ,  from (I) and benzyl iodide in alcohol (reflux). B, from (I) and ArPi2G1- 

AcONs-AcOH aq. and then HCIO, (HCI omitted for Ar = b N O J  
CI 

Table XVI-7 follows on page 138. 
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CHAPTER XVII 

1 ,$-Dihydroxyphthalazines 

A. Preparation 

(1) The usual procedure for the preparation of a 1,4dihydroxyphthal- 
azine (I) is to condense a derivative of the appropriately substituted phthalic 
acid with hydrazine. The key to Table XVlI-1 (pp. 147-151) shows that 
the free acid (II), acid ester (111), neutral ester (IV), acid hydrazide (V), 
anhydride (VI), b i d e  (VII), or N-arylimide (VIII) may all be used for this 
purpose; the condensations involve the elimination of 2H20, H20 + R’OH, 
2R’OH, H20, HpO, NHa, and ArPu’Hz, respectively. 

(2) ~-Amino~>htIinlimic~es (IX) undergo isomcrization into (I) in acid 
or alkaline media, or by heating alone to a high temperature. A variant 

OH 

of this reaction consists in the use of N-Ji~ncthyleniinopi~t~ialimide (X), 
which on treatment with hydrazine undergoes, in effect, displacement of 
the dimethylhydraxine residue by an unsubstituted hydrazine residue, with 
formation of 1,Uihydroxyphthalazine. A somewhat comparable success- 
ful competition of hydrazine with a substituted hydrazine already com- 
bined in the molecule is the production of 1,Mihydroxyphthalazine from 
the 2,3dimethyl derivative (XI) by boiling with hydrazine hydrate (see 
Table XVII-1). The greater reactivity of hydrazine M compared with 
substituted hydrazines is also illustrated by the observation’ that phenyl- 
hydrazine and pnitrophenylhydnzine, in contrast to hydrazine itself, do 
not condense with the arylphthalimides (1’111). 

140 
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(IW (XI (XI) 

(3) Interesting reactions leading to 1 ,P.dihydroxyphthalazine are 
those in which the compounds (XI1)-(Xi') are treated with hydrazine hy- 
drate in alcoholic solution, with elimination of acetylacetone, fluorene, 
and glycine ester, respectively. These reactions should be contrasted with 
that in which 1-hydroxy4alkyl- or -aralkyl-phthalazines (XVII) are 
formed from (XVI) by condensation with hydrazine hydrate, where no 
fission of the ethylenic linkage occurs (Chapter XII). 

(MI) (XIII) (XIV) 

NCHzCOzE t CHR 
II 6 do co' u c > o  

OH 
x w  (XVI) (XVII) 

(4) S i h i n o -  md 5-met.hylamino-1,4-dihydroxyphthakxine may be 
prepared by, inter dia ,  the novel reaction 1. The isooxazole ring of 
(XVIII; R = H or Me) is opened when the compound is refluxed with hy- 
drazine hydrate; (XIX) and (XX) are hypothetical isomeric intermedi- 
ates, the latter of which yields (XXI) by reduction (through the agency of 

m-? RN-? RN.OH RHN OH 

&O ' COnR +b"" COSIIKHI +b"" co >NH*- &$ / (1) 

OH 

(XVIII) , (SIX) (XX) (XXI) 

excess hyclrazine) and ring enIargement. One may note at this point that 
5- and &amino-l,44ihydroxyphthalazines are obtainable from the nitro- 
phthalic esters by using cxcess of hydrazine hydrate in order to achieve 
reduction of the nitro group.%* 
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In many of the reactions outlined above and listed in Table XVII-1 the 
nature and purity of the products are somewhat sensitive to changes in the 
reaction conditions. The desired 1,4-dihydroxyphtlialazines are sometimes 
isolated as the hydrasine salts formed by virtue of the acidic nature of these 

Furthermore, the N-aminophthalimide (IX) is sometimes 
an isolable intermediate in the formation of the dihydroxyphthalazine (I) ; 
these compounds are isomeric, and as the action of hydrazine on the phthalic 
anhydride could conceivably give rise also to a third isomer (XXII), it is 
not surprising that discordant views are to be found in the early literature.6.6 

(XXII) (XXV) 

Valuable clarification was later achieved by Radulescu and Georgescu,? 
who found that pure 1,4dihydroxyphthalazine could be isolated from the 
products of the action of hydrazine hydrate on both phthalimide and 
phthalic anhydride in alcohol and of hydrasine acetateon phthalic anhydride 
in acetic acid; the possible alternative structures (IX; R = H) and (XXII) 
are excluded by the properties of 1,4-dihydroxyphthalazine (see below). 

In a more recent study of the preparation of 1,4-dihydroqThthalazine 
from phthalic anhydride and hydrazine in acetic acid, Drew and Hatt8 have 
concluded that the transformations of equation 2 are involved. The reac- 
tion would thus appear to be considerably more complex than the stoichi+ 

cyclirps 

I OH 

KHI 
___) cyclired . rearrangea &> 

/ 
\ 

GXIII) (2) 
OH phthalic 

(XxlV)snl~ydride 

metric relationships out.lined in method (1 )  above would indicate. The re- 
arrangement of the N-aminophthslimide (XXIII) in presence of hydrazine 
to the dihydroxyphthalazine (XXIV) is considered by Drew and Pearmans 
to occur by addition and loss of hydrazine, the dihydrazide (XXV) thus 
functioning as an intermediate. Other substituents being the same, the 
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presence of two hydrazide groups in o-positions is thus held to favor the 
formation of the 6-membered ring (XXIV), but if one of the hydrazide 
groups is replaced by COzH, COSH2, or CONKNHPh, the %membered 
ring (XXIII) is formed in preference to (XXIV). The same authorsg also 
conclude that, if the two o-substituents are kept constant, the formation of 
N-aminophthalimides (as XXIXI) is favored by 3-C1, 3-R'H2,,3,6-CI2, and 
3,4,5,6C14; but 3-0H, 4-NH2, 4,5C12, and probably also 340, and 4- 
NO2 influence the direction of ring closure in favor of the l,.l-dihydroxy- 
phthalazine (as XXIV). They explain their remlts in terms of bond fixa- 

tion by the various substituents, (XXVI) giving rise to the N-amino- 
phthalimide, and (XXVII) to the dihydroxyphthalazine. The course of the 
reaction is also somewhat dependent upon temperature. lo 

B. Properties 

(a) (&nerd. 1,4-Dihydroxyphthalazines are mostly colorless or 
faintly colored solids characterized by extremely high melting or decom- 
position points and sparing solubility in organic solvents. Occasionally 
they are virtually insoluble in all solvents except solutions of alkalis. 
They have pronounced acidic character, mcting as monobasic acids; the 
alkali motal, ammonium, and calcium salts are well-defined and often 
rather sparingly s o l ~ b l e , ~ ~ - ~ ~  and salts with hydrazine are sometimes 
formed during the preparation of the compounds (see above). 

(b)  Special 

(i) 1 ,kDihydroxyphthalazi,le. Ahcording to reliable sources, this 
compound melts a t  332-334',? 333-337',l2 341-344' It reacts as 
a monobrisic acid which is weaker than carbon dioxide and gives a series of 
we1Lchar:tcterized ~1&lts,4~ the silver salt being stableto heat and light. It 
does not reduce Fehling solution, and is not hydrolyzed in boiling acid or 
alkaline solution? Although it does not react with aldehydes in boiling 
acetic acid,' it does so when refluxed for some time with benzaldehyde or 
anisaldehyde, yielding compounds of the type (XXVIII), identical with 
those prepared from N-aminophthalimide.* On short boiling with cin- 
namaldehyde, the compound (XXIX) (yellow crystals, m.p. 224-228'. 
turning green in bright light) is formed.* 1,4-Dihydroxyphthalazine con- 
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0 0 

(XXVII I) (XXIX) 
8 

E.  I .  1564 

denses with o-carbomethoxybenzoyl chloride, giving (XSX) (wc Chapter 
XVIII, Section 2A, Table XVIII-I), and with phthaloyl chloride (in nitro- 
benzene a t  160-210") giving (XSXI) (yellow needles, m.p. 350-360°)8 
(see also Chapter XYIII, Section 3). When heatcd under reflux at 215- 
220' with o-bromomethylbcnzyl bromidc, 1,Paihyctroxyphthalazine is 
converted into (XXXII) (yellow leaflets, m.p. 106.5-197:5O)'4 (see also 
Chapter XXIII, Section 3). On attcmptcd nitration, it is either oxidized or 
unattacked.3 It yields 1,4-dirncrc,2ptoldttlalileille (yellow crystals, m.p. 
262-265') when heated at 200' with phosphoms pentasulfid~.~ 

( x s x r )  
R.I.  2644 

(XXXII) 
R. I .  2644 

Tile course of the alkylation of 1,4-dihydroxyphtl:~l~ziric dcpends 
greatly on thc conditions used, and hinges on the fact that the silver salt 
is evidently different in structure from the sodium and ammonium salts. 
Thus, treatment of the sodium salt with methanol and methyl iodidc a t  
125" gives the N-methyl (Chapter XVIII, Scction 28, Table 
XVIII-l), but if cithcr the sodium salt or the ammonium salt is converted 
into the silvcr salt, and this is treated with methanol and methyl iodide a t  
125', or under reflux, the product is thc O-ether13 (Chapter XVIII, Sec- 
tion 1). [The sodium salt of this 0-ether behaves similarly, &s i t  yields the 
1 , s  (ie., the 0-N-) dimethyl derivativeLa (Chapter XIX, Section 2, Table 
XIX-l)]. On the other hand, Curtius and Foersteriing, working with the 
silver salt and methyl iodide at 150°, obtained what is undoubtedly the N- 
methyl derivative.6 With methyl sulfate and alkali, 1,4-dihydroxyphthal- 
azine yields the N-monomethyl derivative and the 1,3-dimethyl com- 
pound. It 

Statements in the literature regarding the acetylation of 1,4-dihydroxy- 
phthahzine were originally misleading, but have now been satisfactorily 
clarified.8 Inen  reffuxed with acetic anhydride it yields a diacetyl deriva- 
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alcoholysk - 
\ A  

OH OAc Ac 

(XXXIV) (XSXIII) (XXXV) 

tive, m.p. 139-140" after shrinking at 133O, which has the structure 
(XXXIII). The proof of this structure depends on the formation of the 
diacetyl compound, as indicated in scheme 3, from each of two isomeric 
monoacetyl derivatives, (IXXXIV) and (XXXV), m.p. 175-176" (dec.) 
and 172-173" (dec.), respectively. The compound (XXXLV) is formed 
by selective acetylation of 1,4dihydroxyphthalazine, and (XXXV) is 
produced from (XXXIII) by alcoholysis in absolute alcohol or benzene- 
alcohol. Hydrolysis of (XXXIV) with aqueous alcohol regenerates 1,4- 
dihydroxyphthalaeine. It is possible that the formulas of (XXXIV) and 
(XXXV) should be reversed, but the above representation, involving pref- 
erential formation and removal of 0-Ac rather than of N-Ac, would seem to 
be the more reasonable choice. Earlier references to these c ~ r n p o u n d s ~ ~ ~ J ~ ~ ~  
seem to indicate that either the existence of two dif€erent isomers (XXXIV) 
and (;uXXV) was not recognized or the authors worked w i t h  impure ma- 
terials, partiailarly in the case of the diacetyl derivative (XXXIlI). 

&H \ + $ 0 

0 OH OH 
(XXXVI) (XXXVII) (XLYVIII) 

The question of the fine structure of 1,4dihydroxyphthalazine has re- 
ceived some consideration, the three tautomeric forms (XXXVI), 
(XXXVIL), and (XXXVIII) being a prdori possibilities. Drew and Hatt8 
consider that the compound is best represented as (XXXVI) [particularly 
in view of its condensation with cinnamaldehyde to give (XXIX) 1, but they 
do not exclude the possibility of tautomerim. Rowe and Peten,'; on the 
other hand, conclude that (XXXVIII) represents the structure of the com- 
pound in neutral or acid solution, and (X-XXVII) that in alkali hydroxide 
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solution. Data derived from chemical reactions, however, do not disclose 
the structure of the resting molecule in such a case as this, and a decision 
on this point, as well as on the nature of the species present in alkaline and 
acid media, would be most likely reached by spectrographic examination. 

For halogen derivatives of 1,4 dihydroxyphthalazine, see Chapter XX. 
The method of choice for 

the preparation of this compound is to evaporate to dryness an aqueous 
soh tion of 3-nitrophthalic acid, hydrazine sulfate, and sodium acetate, 
after which the residue is heated a t  160 f the yield is almost theo- 
retical. It forms yellow or buff needles, m.p. 297-300" (uncorr.)IG [314" 
(d~c . )~] ,  very sparingly soluble in water and acetic acid, but more soluble 
in pyridine and nitrobenzen~.~ It is decomposed by caustic alkalis." 
With acetic anhydride it yields two isomeric monoacetyl derivatives (see 
Chapter XVIII, Section 3). 

(iii) 6-Nilro-l,44ih ydrox~phtha l~ i?w.  This compound forms 
yellow plates, moderately soluble in water, alcohol, and pyridine; and, un- 
like l,P.dihydroxyphthalazine, soluble in alkali ~arbonates.~ At 150" i t  is 
hydrolyzed by concentrated hydrochloric acid into 4-nitrophthalic acid and 
hydrazine.a It is also converted into 4nitropht.halic acid by oxidation 
with permanganate or acid dichromi~te.~ 

(w) 5-Amino-I ,4dihyd~oxyphthalazitM. This compound is pre- 
pared by the methods shown in Table XVII-1; method W is recommended 
for the preparation of absolutely pure material.'* I t  is familiarly known 
as luminol on account of its chemiluminescent properties (vide in$ra), and 
is very sparingly soluble in ordinary solvents. It is amphoteric, but the 
salts with alkalis are decomposed by carbon dioxide; those with acids are 
hydrolyzed by water: but there appears to be some confusion in the litera- 
ture on t,his After diazotization it. may be coupled with alkaline 
P-naphthol to form an azo derivative, ClaHIZO&I.Zo It shows a blue 
fluorescence (very similar in color to the chemiluminesccnce mentioned 
above) in neutral or weak acid solutions, but not in aIkuli."4*18*19 It shows 
dtraviolct absorption maxima at, -320 mp (log B = -3.0) in alkaline 
solution, and at FJO and 350 mp (log e = -3.75 and -3.65, respectively) 
in acid solution." When heated under pressure with concentrated hydro- 
chloric acid ( 145-150°), i t  yields the hydrochloride of m-aminobenzoic 
acid.' 

(u) 6-An~ino-l,4-dihydroxyphthdazine. This compound crystal- 
lizes in yellow needles; i ts  aqueous solution shows an acid reaction, but, 
like the &isomer, it is precipitated from alkaline solution by paximge of car- 
bon dioxide.' It is soluble in hot dilute mineral acids, but the free base 
is precipitated when the solutions are and the compound is lesa 
basic than Iurnin~I.~ Hydrolysis with concentrated hydrochloric acid at 
150" gives the hydrochloride of m-aminobcnzoic acid.8 

(ii) 5-Nitro-l,~-dihydrOqphthalazi~ie. 
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TABLE XVII-2. 1,CDihydroxyphthalarines Containing Modified or Additional 
RinP 

Compound Prep.0 M.P., OC. Remarks Ref. 

OH 

OH 

OH 

OH 

OH 

OH 

OH 

hl 

B 

B 

D 

N 

R 

hQ 

B 

309 

345 

>350 

342-34 

320 (dec.) 

>360 

Sol. in dil. HCI anti 34 
NHIOH 

Gives yellow mono- 11 
sodium salt 

Yellow powder. Gives 11 
sparingly ~ 1 .  red 
monosodium salt 

c.) Soluble in ammonia 44 

Brown powder, sol. in 11 
alk. 

Sol. in alk. 11 

> 330 Impure 34 

dec. 450 Insol. in ordinary sol- 10,42 
vents. Gives disodium 
salt. Boilin withA*O 
gives AQ Sleriv., m.p. 
235-238' 

OH OH 
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TABLE XVII-2. 1 .~Dihyciroxyphttlalasines Containing Modified or Additional 

Compound Prep.' M.P., o c .  Remarks Ref. 

Rings (continued) 

OH NOzOH 
M >260 Yellow powder, SOL in 34 

water. Gives violet 9+$& N\ color with NaOH 

OH NO1 OH 

AB 42; solidifies at Not analyzed 
68-69; not mol- 
ten at 250 

OH NHz OH 

34 

a For niethods of preparation see key to Table XVII-1. 

C. Chemiluminescence of Phthafazine Derivatives. U'hen 5- 
aniino-l,4dihydroxyphthalasine is oxidized in alkaline solution under 
certain conditions, the reaction is accompanied by a characteristic blue 
lurnincscence; for this reason the compound is known by the triv-ial name 
luminol. The nature of this process (chemiluminescence), and the condi- 
tions on which it depends, have aroused considerable interest. A detailed 
discussion of the phenomenon is beyond the scope of this book, but the 
main features of the problem are outlined below; the papers referred to 
form only a small proportion of those dealing with the subject. 

AlbrechtZ1 showed that the luminescence produced by treatment of an 
alkaline solution of luminol with hypochlorite or ferricyanide is intensified 
in presence of hydrogcn peroxide. It was subsequently stated1B that no 
light is emitted with luminol and peroxide alone in alkaline solution (this 
statement conflicts with later publications and has not been confirmed), 
but that the effect is produced by adding to the reactants catalysts such 
as manganese dioxide, colloidal pltttinum, or blood, and it wm shown that 
the cataIytic effect of blood is greatly surpassed by that of crystalline 
hemin.18v22 In sodium carbonate solution, light emission occurs if ozone is 
used instead of hydrogen peroxide, but the intensity produced under these 
conditions is not appreciably increased by adding hemin. St 

The peroxide-induced luminescence (which occurs only in alkaline 
solution) has been studied by numerous workers, mainly from the point of 
view of the effect produced by adding various catalysts. The effect of 
different concentrations of ferricyanide has been examined by Stross and 
Branch,lB who conclude that oxidizing agents which produce the chemi- 
luminescence am of three types, namely, those producing: (1) a dull glow 
of short duration (ferricyanide); (2) a dull glow of long duration (hydro- 
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gen peroxide); (3) a bright glow of short duration (ferricyanide and per- 
oxide mixed). The reaction is catalyzed by various iron complexes24 and 
also by a number of metallic derivatives of phthiocol (2-hydroxy-3-methyl- 
1,4-naphthaquinone), t<he order of effecti~eness~~ of the latter being Co'I > 
C h "  > Fe" > Fe"' > Xi" > Mn"; other catalysts are copper salts28 
and iron phthalo~yanine~' (other phthalocyanines have little or no catalytic 
action). 

Various compounds have the property of inhibiting the chemilumines- 
cence of luminol. For example, when ferricyanide is used m catalyst, 
ferrocyanide has inhibitory properties. With hemin as catalyst, cysteine 
hydrochloride, quinol, metol, adrenaline, and ascorbic acid act as inhibi- 
tors.** Salicylaldoxime inhibits the catalytic effect of copper salts, but 
does not affect catalysis by hemin"; similarly, the catalytic effect of iron 
phthalocyanines is much diminished by concentrations of hydrogen cyanide 
which are without effect on the hemin-catalyzed reaction." 

Flosdorf et aZ.% state that the sodium derivative of luminol "and soni- 
cally produced peroxide m y  be energised to produce chemiliiminescence 
in the absence of the usuul secondary oxidants, the reaction giving visual 
confirmation that chemical activation occurs during sonic cavitation." 

Steigmann26 describes experimental conditions designed to produce 
maximum chemilumjnescence, and discussesa the use of the reaction in 
analysis for the detection of peioxide, copper and ferrous salta, cyanides, 
etc., by methods depending on the catalytic or inhibitory effect of these 
compounds, Gleu and Pfannstielis state that luminol containing small 
amounts of impurities gives a greenish chemiluminescence, but that the 
color is blue throughout its duration when absolutely pure luminol is used; 
they recommend that luminol for chemiluminescen t experiments should 
he prepared from the benzisooxazolone derivative (XVIII) (vide supra) and 
stored as the hydrochloride which, in contomst to the free base, keeps in- 
definitely without decomposition. 

In the search for an explanation of tiicse facts and also of their bearing 
on other examples of chemiluminesccncc, many ph thalazine compounds 
have bcen examined. Light emission is much rcducrd by the introduction 
of methyl groups into the hetero ring of lurnin~l ,"-~~ and Drew and his 
co-workers, who have made a detailed study of the phenomenon, conclude 
that both hydrogen atoms in the hetero ring are essentiala2; the weak 
chemiluminescence which has been attributed to luminol derivatives al- 
kylated in the hetero ring is probably due to traces of iinalkylated ma- 
terial. The effect of changing the nature and position of the substituent 
in the Bz ring has also been examined extensiveIy.10~*3~34~43~44 Wegler*' 
states that &hydrazino-1,4-dihydroxyphthalazine gives a more powerful 
luminescence than does IuminoI, but Drew and Pearmwno do not confirm 
this result. 1,4-Dihydroxyph thdazine shows some degree of chemilumines- 
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cence,34*3b a,s also do a few of its 6substituted d e r i ~ a t i v e s . ~ ~ ~ ~ ~  In general, 
the substituents which confer a high degree of chemiluminescence are those 
which render a compound w i l y  oxidizable (hydroxyl, amino, methyl- 
amino, aeetamido, etc.), but there is no quantitative correspondence be- 
tween oxidizability and intensity of chemiluminescence. 39.84 Drew and 
his associateslO.'l conclude that the substitution of electron-donating 
groups (e.g., SHz, OH, C1) in the Bz ring of l,P-dihydroxyphth&zine, par- 
ticularly at C5 and G, increases the luminescent power, whereas the intro- 
duction of electron-attiacting groups (e.g., NO*) has an opposite or a t  least 
a much weaker effect; they also observe that the order of brightness is 
changed with increase of temperature. 

The mechanism of the reaction (with luminol) has been discussed by 
various workers.19~41~3~86~w Stross and BranchIg consider that the lumines- 
cence is terminated by the formation, by oxidation of luminol, of the (hy- 
pothetical) product (XXXIX), and that the light may be emitted duIing 
some other transformation undergone by Iuminol. The most convincing 
mechanism so far suggested is that of Drew and G a r ~ o o d , ~ ~ * ~ ~  according to 
which the ion (XI,) is an essential intermediate, combining with peroxide 

@ 

0- (:I ' A  

0 
(XXXIX) 

(XLII) 

+2H20 os J R.I.  1800 

too yield (XLI). Reaction of more peroxide with (XLI) gives t'he ion-radi- 
cal (XLII), which then breaks up into oxygen and (XL), this being the 
stage at which the luminescence is considered most likely to occur. The 
luminol thus functions as a vehicle for the oxidation of hydrogen peroxide 
by itself or by another oxidizing agent, this oxidation being assisted by 
catalysts (hemoglobin, copper salts, etc.). In support of their claims, 
Drew and G a r ~ o o d ~ ~  have isolated a crystalline sodium salt of (XLI), a 
solution of which in water gives a bright luminescence on addition of hemo- 
globin or a copper salt, as catalyst. 
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CHA4PTER XVIIL 

Monoalkyl and Monoacyl Derivatives 
of 1,4-Dihydroxyphthalazines 

1. 0-Derivatives 

Only three compounds can be assigned with certainty to this group. 
Of these, the simplest is 1-hydroxy4methoxyphthalazine (I; R = H). 
which is prepared from the silver salt of 1,44ihydroxyphthalazine (via the 

intermediate ammonium or sodium salt) by treatment with methanol and 
methyl iodide at 125" or under reflux. It melts at 18801 (Heller2 gives 
187O), is insoluble in cold but soluble in hot mineral acids and alkalis, and 
gives 1,4-dihydroxyphthalazine on treatment with hydrobromic acid at 
100°.l Its structure derives from the fact that it is different from the N- 
methyl isomer of established constitution (this chapter, Section 2). 

8-Nitro-1-hydroxy-4-methoxyphthalazine [5-nitro-4-hydroxy-l-meth- 
oxyphthalazine] (I; R = KO*) melts at 269", and gives an acetyl deriva- 
tive, m.p. 188-190°b; for its preparation and proof of structure see Chapter 
XIX, Section 2. On reduction with tin and hydrochloric acid i t  gives the 
amino compound (I; R = NHS, m.p. 234O.6 

On acetylation with acetyl chloride in pyridine at Oo, 1,Cdihydroxy- 
phthalazine gives a monoacetyl derivative, m.p. 175-176' (dec.),j which is 
probably 1-hydroxy4acetoxyphthalazine (II), although the alternative 
structure (111) cannot be exoluded with certainty. The argument for re- 
garding the compound as (11) rather than as (111) is given in Chapter XVII 
(pages 140-156). 
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2. !\;-Derivatives (l-Hydroxy-3-substituted-d-keto-3,4-dihydro- 
ph thalazines) 

A .  Compounds Conlaining No Subslituent in the Benzene Rirq 

Preparation. These compounds have the general formula (I). I n  
most cases R is an aryl group, and four general met,hods are available for 
the preparation of such compounds. 

(1) Isomerization of the appropriate N-arylaminophthalimide (R = 

Ar) is induced by heating with alcoholic sodium ethoxide (Eq. 1). 

0 

(2) The corresponding l-hydroxy-3-raiyl-3,4-dihydiopht halitzine-4-ace- 
tic acid (11) (Chapter XlV) is oxidized with potassium permanganate 
(Q. 2). In tl, number of instances a comparison of this with the foregoing 

method has been made, and it is clear (see Table SVIII-1) that the oxidation 
of (11) is usually to be preferred to the isomerization of the A’-arylnmino- 
phthalimide. 

(8) The 0-methyl ethers of (I) are demethylated by treatment with 
hydrobromic acid. 

(4) Compounds in which the 3-aryl substituent contains an amino 
group may be prepared by reduction of the corresponding nitro compounds. 

Properties. These compounds are usually colorless, but occasion- 
ally yellow, crystalline solids. Typical members are soluble in aqueous 
sodium carbonate but insoluble in dilute mineral acids. It is considered4 
that these compounds react in the form (I) rather than as the tautomeric 
l-keto-l,2dihydro compounds, because they give (in the few cases where 
the point has been investigated) readily hydrolyzable acetyl derivatives 
which are therefore presumed to be 0-acetyl compounds, and also because 
they undergo 0- and not N-methylation. The formation of 0-methyl 
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TABLE XVIII-1. l-Hydrox~-3-aubstitut~f-.t-keto-3,~~ihyc~rophthalazines 

R Prep." X p . .  OC. Reniarks Ref. 

UBr 

N,N,P,Q 232, 235, S o t  deinethy1atc-d by 1,6, 

L 204 
A,C,D,I 210,212-213 

298, 239 HBr or 1II/140" 8-10 

4112, 
11 

13 

- 
- 

14 €3 247-248 - 

B 220-230 

A 252 

15 - 

12 - 

A(30.5%), 307 - 4,17 

k 247 Brown-red plates 18 
B_72%), F 

H -430 (dec.) Ac? deriv., m.p. 224- 19 
225 O 

E,F,G 233-234 3'-NHhc doriv., m.p. 19 
153-1 54 ' 

24i-248 4'-NHAc deriv., m.p. 19 
299-300' 

E, F 

Tabk ccmtinued 
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TABLE XVIII-1. l -H~dro~-3-substitu~~keto3,4-dihydropi~tha~zines 
(continued) 

R Prep.a mp. ,  oc. Remarks Ref. 

b SO* 
b NO* 

O b N 0 *  

207 

225 

271-272 

I2 - 

12 - 

4 - 

20 282 - 

4 273-274 I 

19 286-287 - 

21 - 27 1 

286-288 - 22 

>440 Acz deriv., m.p. 245- 19 
246 O 
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TABLE XVIII-1. l -€Iydroxy-3-substitu~l-; l -kcto-3,~di~y~~op~tha~zin~ 
(continued) 

R Prep.* M.P.. o c .  Remarks Ref. 

b B r  

Br 

--CONHr 

308410 - 

3R3-334 

327-329 - 

105-1T0' Gives phthalic acid 
(dec.); reso- and 1,4-dihydroxy- 
lidifies and phthalazine with boil- 
remelts270- ing AcOH or aq. al- 
290 kali 
249 - 
4 2  (dec.) - 

4 

15 

IS 
13 

/CONHNHAr 
A, from a.C&TzmH by cyclization to the N-arylnminophthalimide, 

which is then heated with alcoholic sodium ethoside (either under reflux or in a 
sealed tube at 100'). B, from the l-hydroxy-3-aryI-3,4-dihydrophthslazine-P- 

acetic ncid and aqueous permanganate at 70-100'. C,  from o-CSH., 

and nitrobenzene (reflux). D, from the N-arylaminophthalimide in glycerol 
(10 hours at W O O ) .  E from the nitro compound, sodium hydrosulfite, and aqueous 
sodium hydroxide (rehux). F, from the 1-methoxy compound and hydrobromic 
acid (d 1.7), with or without acetic acid, a t  100-170". G, from the nitro com- 
pound, iron and aqueous acetic acid (reflux). 11, from the nitro compound, stan- 
nous chloride, and concentrated hydrochloric acid (reflus). I, by heating phthalic 
anhydride with phenyl semicarbazide or phenylhydrazine. J, from phthalic an- 

/CONHNHAr 

COaH 

hydride and seplicarbazide hydrochloride. K, from O-C~H, '0 and RXHNH, 

(R = CONH*, or pNO&€&-) in alcohol or acetic acid at room tem erature 
(CHzA- is the other product of reaction). L, from phthalic anhydride anfbenzyl- 
hydrszine by evaporation of an alcoholic solution, followed by heating at  215'. 
M, from phthalimide and meth lhydraaine in boiling a ueoua acetic acid. N, 
from 1,44ihydroxyphthalsine <y refluxing with methJ sulfate and aqueous- 
methanolic potassium hydroxide. 0, from 1,44ihydroxyphthalaeine and * 
carbomethox benzoyl chloride in pyridine a t  room temperature. P, from the silver 
salt of 1,4-digydroxyphthalazine and methyl iodide at 150". Q, from the sodium 
salt of 1,4-dihydroxyphthnlazine, methyl alcohol, and methyl iodide at  125'. 

\c/o 
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derivatives from cornpounds of type (I) is considered in detail in Chapter 
XIX; particular interest attaches to this reaction by virtue of the fact 
that heterocyclic compounds containing the group N : C(0H) or N : C . C : C- 
(OH) commonly yield N-methyl derivatives. 

B. Compounds Containing a Substituent in the Benzene Ring 
Preparation. These compounds may be prepared by interaction of 

a 3- or 4-substituted phthalic anhydride with the appropriately substi- 
tu ted hydrazine; phthalazine derivatives containing a N-alkyl group 
may also be made from the substituted 1,4-dihydroxyphthoIaziiie by alkyla- 
tion. The position is complicated by t<he fact, that, owing to the Bn sub- 
stitution, a single anhydride or a single diliyclrolcJlplit.tialazine ran give rise 
to bwo isomeric N-substitution products as indicated in scheme (3). 

‘0 - 

(1%) 

‘ X O  \ 

\ /N 

OH 

X OH J 

OH 

R S  

OH 
( W I )  

An interesting illustration of these principles is provided by the N- 
methylated compounds arising from 3-nitrophthalic anhydride and 5- 
nitro-1,Pdihydroxyphthalazine (111 and IV; X = KO,). The &nitro- and 
5-amino-l-hydroxy-3-methyl-4-keto-34dihydrophthalazines (V) are de- 
scribed in the literature as the “&series” and the 8-substituted isomers 
(1’1) as the “a-series.” The compounds of these two series and their meth- 
ods of preparation are summarized in Table XVILI-2. The configurations 
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assigned to them have been deduceds from the behavior of the isomeric azo 
compounds (XI) [m.p. 326” (dec.)] and (XII) 1m.p. 334” (dec.)] which are 
formed when diazotized 5- and 8-amino-l-hydroxy-3-methyl-4-keto-3,4- 
dihydrophthalazine, respectively, are coupled with @-naphthol. On treat- 
ment with cupric chloride and ammonia, (XI) and (XII) are converted 
into the corresponding copper derivatives, C19H1704KsCu (XIII) and CIr 
H I ~ O ~ N & U  (XIV). When these are further boiled with aqueous cupric 
chloride, the 0 1  compound takes up an additional half atom of copper per 

OH 

OH 

(W 

(XIII) (XLV) 

molecule, giving a compound CSH~~O~N~CU~.~H~O; on the other hand, no 
such further absorption of copper occurs with the Oa copper compound. 
The reaction of the 0 4  salt involves the replacement of the N H I  groups of 
two molecules by an atom of copper, and is clearly feasible only with 
(XIII); this compound is derived from the “@-series” (vide supra), which 
are therefore the .!&substituted compounds. 

The aw compound (XII) also forms a pyridino-cupric salt analogous 
to (XIV) in which the NHI residue is replaced by C&N. 

Similar isomeric possibilities also hold good for the 6- and 7-substituted 
compounds (IX) and (X), both of which are theoretically derivable from a 
single precursor (1’11) or (VIII). Here also compounds belonging to an 
“a-series” and a “@series” have been d e ~ c r i b e d , ~ ~ ~  but no proof of configura- 
tion exists at present. These compounds, together with others of un- 
known structure, are listed in Table XVIII-3. 
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TARLJ3 XVIII-2. 5- and &Nitro- and -Amino-l-hydroxy-3-methyl-4-keto-3,4- 
dihydroph thalazines 

OH 

M.P. of. 
acotyl denv. 
(Ac in hetero 

X M.P., "C. prep.a ring), "C. Rcr. 

5-NOz 273b A 144& 7 
272 (clec.) *4 158 6 

5 275 c 
&NOS 305b A 211' 7 

292 (tlec.) A 204-205 6 
6 
5,6 

5-NHz 2!)9 (doc.) B 
:$of3 (dec.) A ,  13, D 

5 
%NH, 
&NIiAc 20 1 A 

- 

- 
- 
- 

4 A, from the anhydride and ~nethylhydrrtzine (or its sulfate and sodium acetate 
or sodium hydroxide) in water or acetic acid. B, from the corre,rponding nitro 
compound hy reduction with tin and conccntrakd hydrochloric acid. C,  from 
~nitro-1,4-clihydroxyphthnlazine and nicthyl sulfate at 120-130'. D, by hy- 
drolysis of the 8-acctainido compound. 
b M.p. is corrected. 

TABLE XVIII-3. 3-Substit~rtcd-l-1i~-~~oxy--l-ke~3,~-clihydroplithsl~zines of Un- 
determined Structurc 

0 

I 
OH 

Remarks Ref. 

6- or 7-NOr nfc 

M c ?  
Mic 

M e  

Me 

CHJ'h 
I'h 
COnEt 

I 
11 
E 

310-31 l b  

3OT (dcc. ) 
271-272' 

2'33 (dcc.) 

295 

21 2-2 13 
253 
115 

Ac deriv., m.pb 213- 

Ac deriv., m.p. 210" 
Ac deriv., ni.pb 170- 
171' 

214" 

Ac deriv., m.p. 195' 

- . Ac deriv., m.p. 186' 
Formulated by au- 
thors, without proof, as 
7-NOt. On boiling 
with water gives 6- 
nitro - 1,4 - dihydroxy- 
~hthalazine 

7 

6 
7 

6 

25 

11 
7 
25 
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TABLE XMII-3. 2-Substituted-l-hydroxyI-4-keto-3,4-dihydrophth~lazinesof Un- 
determined Structure (continued) 

Nature and 
position of X R Prep.# 5f.p.. o c .  

6- or 7-NHz hfe B 320(dec.) 

Me B >360 (dec.) 

Et F -155 

CITiPh J -216 
Ph H 222 

6 or 7-NHCOzEt C02Et G 148-150 

5- or 8-NHMe I b I  e K 230 

Rernsrks 

From the NOpcompd., 
m a .  307" 
From the NOpcompd., 
m.p. 293" 
Formulated by au- 
thors, without proof, as 
7-NH2 
1'robal)ly a miut. 
The possibility that  i t  
is the isomeric N-ani- 
linophthalimide is not 
excluded. Monorrcetyl 
cferiv., m.p. 178" 
Formulated by auth- 
ors, without fjroof 
as the 3,7-di- 'O&d 
compd. 
Gives blue fluorescence 
in alk. andAcOIIsoln. 
but not in mineral acids 

Ref. 

6 

6 

25 

- 

11 
2G 

25 

26 

0 A,B see key to Tahle XVIII-2. C from the potassium salt of 6-nitro-l,4di- 
hydroxyphthalazine and methyl iodide a t  150". n, from 4-nitrophthalic anhy- 
dride and phenylhydrazine in acetic acid (reflux). E, from the potassium salt of 
6-nitro-1,4-dihydroxyphthalazine and eth 1 chloroformate (reflux). F, from the 
sodium salt of 6-amino-i,4-dihydroxypht~alazine and ethyl iodide a t  130-140". 
G, from the sodium salt of 6~no-1,rkiihydrosy~~htlialazine and ethyl chloro- 

HN-0 
I I  

formate at 150". IT, from and phenylhydrazine (short boiling). 

CO&fe 
I, from 3-nitrophthalic anhydride and benzylhydrazine at 165-200". J from the 
nitro corn ound a 212-213", by reduction with tin and hydrochloAc acid or 
catalytic&? (Hrlfd-C). K, from 5met~iyIamiiio-l,4dihydro~yphthalazine, 
methyl sul ate, and aqueous sodium carbonate. 

M.p. corrected. 

3. Derivatives of Unknown Structure 

A number of compomds are known-mostly derived from Bz-sub 
stituted 1,4-dihydroxyphthalazines-to which it is impossible on the avail- 
able evidence to assign definite constitutions. These compounds are listed 
in Table XVIII-4. In several cases definite structures have been allocated 
to the substances by the authors concerned, but reference to other sections 
of this book (this Chapter, Section 2A; Chapter IV, Section 2A; Chapter 
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VIII, Sections 2B and C; Cha,pters XI1 and XVII; Chapter XIX, Sec- 
tion 2) indicates that arbitrary decisions as to whether N- or 0-substitution 
is involved are not justified in the absence of independent, evidence. 

TABLE XVIII4. Monoalkyl and Monoacyl Derivatives of 1,4-Dihydroxyphthal- 
azines of Unknown Structure 

9 H  
It- \ /  

OH 

Yubstituent 
dkyl or 

R acyl radical Prep.O M.p.. O C .  Remarks Ref. 

H CH2Ph 

H CHzCOzH 
H CHtGOaEt 

H I32 

H CO*Et 

5KO2 1% 
5-h'0* A r 

&NO* Ac 

%NO1 132 

5,8-di-NHAc Ac 
5,6,7,8-Cl, COzEt 

L) 156 

c >3m 
B >SO0 

G 221-222 

H 145; then 
solidifies 
arid remelts 
-180 

1C 207-210 
.4 221 

A 205 

A 228 

A 306 (dec.) 
F 214-245 

Insol. in NaOH, sol. in 
moderately conc. HCI. 
Heating with conc. 
HCI gives PhCH2CI. 
Formulated as 0- 

Formulated as hr- 
- 

CHtPh 

deriv. 
F d y  hydrolyzed; for- 
mulated as 0-Bz 
Easily hydrolyzed ; for- 
mulated na O-COnEt 

Somewhatsol. in NaOH 
Does not reduce Fehl- 
ing solution. 13 dro- 
lyzed by cold 5 d N a -  
013 
Reduces Fehling solu- 
tion. Hydrolyzed by 
hot, but not by cold, 
5% NaOH 
Yellow needles, hydro- 
lyzed hy cold 5% NaOH 

Formulated as 2%'-CO, 
Et 

- 

11 

10 
10 

2 

2 

11 
27 

27 

27 

28 
29 

a A, from the l,.kiihydroxy derivative by acylation. tassium salt 
of 1,4dihydroxyphthaIazine and ethyl chloroacetate a?i$m 2rP" rom the ethyl 
ester by acid hydrolysis. D, from the silver salt (ex otRasium salt) of 1,4-di- 
hydroxyphthlazine and benzylchloride at 130". I?, from t i e  silver.salt of Snitro-I 4- 
di-hydroxyphthalazine and propyl iodide in benzene. F, from the silver salt of the 
1,Mihydroxy compound and ethyl chloroformate (reflux). G, from the potassium 
salt of 1,Pdihydroxyphthnlazine and benzoyl chloride in benzene a t  60-70". H, 
from the silver salt of 1,4-dihydroxyphthalaziiie and ethyi chloroformate in benzene 
at room temperature. 
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C H A P T E R  XIX 

Dialkyl and Diacyl Derivatives of 
1,4-Dihydroxyphthalazines 

Three types of compound are theoretically derivable from 1,4-dihy- 
droxyphthalszines by introducing two substituents into the hetero ring, 
namely, the 1,4- (I), 1,3- (11), and 2,3derivatives (111). 

1. 1 ,rl-Derivatives 

1,4-Dimelhoxyphlh.aEazine (I; R = R' = Me) is prepared by reflusing 
the silver mlt of 1-hydrosy-4-methoxyphthalszine (Chapter XVIII, Sec- 
tion 1) with methanol arid methyl iodide. It has m.p. 121" (sinters a t  
loo"), and gives l14-dihyrlroxyph thalezine on evaporation with 48% hy- 
drohromic acid.' Its sLructurc follows from its nonidentity with (11 and 
111; R = It' = Me), the constitution of cach of which is cstablished (this 
Chapter, Tables XIX-1 and 3). 

6-Nib-0-1 ,&dimdhoqphlhalazine (IV; R = NO*), prepared similarly 
from the silver salt of 5-nitro-4-hydrosy-1-methosyphthalazine (Chapter 
XVIII, Section l), melts a t  212-214O.' It is one of the four compounds 
theoretically derivable from 5nitro-l,4dihydroxyphthalazine by di- 
methylstion of the hetero ring, and its constitution follows from the fact 
that those of the remaining isomers are established (Tables XIX-2 and 3). 

~ - A ~ ' n ~ l , ~ d i ~ h o x y p h ~ ~ l a ~ ~  (IV; R = NH,) is obtained from 
the above nitro compound by reduction with tin and hydrochloric acid a t  
60"; it forms yellow prisms, m.p. 172-174O, and is soluble in acids but not 
in alkalis.' 

108 
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2. 1,3-Derivatives (1-Alkoxy- and l-Acetoxy-3-substituted-4-keto- 
3,4-dihydrophthalazines) 

A. Preparation 

( I )  The few 1-acetoxy compounds that are known are prepared from 
the corresponding 1-hydroxy derivatives, either by direct acetylation with 
acetic anhydride or by treatment of the silver salt with acetyl chloride in 
hot benzene. 

(2) 1-Alkoxy compounds are generally prepared from the 1-hydroxy 
derivatives (111), either by alkylation in alkaline solution with an alkyl 
halide or ZGZ the silver salt (see Table XIX-1 for conditions). 

(3) In  certain cases (see Table XIX-1) 1-methoxy compounds (11) 
have been prepared by heating the Palkoxydihydro derivatives (I; R" = 
Me or Et) at 110-140'. The mechanism of this reaction is not, however, 
estaldishecl, and it fails with the majority of compounds of type (I). 

(4) In one or two case oxidative methods [(IV) and (V) -+ (11) ] have 
been employed. 

(6) If N-arylaminophthnlimides (VI) are heated with an alky1 iodide 
and alcoholic sodium ethoxide under pressure, rearrangement and alkyla- 
tion occur: 
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A number of compounds prepared by this metshod are formulated in the 
literature as M,N'dialkylated derivatives (VII). While i t  is true that 
0-methylation is believed to be the exception rather than the rule with 
hydroxy heterocyclics containing the grouping N : C(OH) or K : C-C : C- 
(OH), there is no real evidence in favor of (VII) as a represenfation of the 
structure of the products obtained by alkylation of (1'1) ; and for reasons 
discussed below these products a.re here treated as 1,3-derivatives and are 
included in Table XIX-1 (marked with an asterisk). 

(6) Compounds in which the 3-aryl substhent  contains an amino 
group are prepared by reduction of the corresponding nitro compounds. 

B. Properties. The known compountls of t,his group are listed in 
Tables XIX-1 and 2. They arc colorless or pale yellow crystalline solids 
of nonnnl solubility. The 1-aeetosg derivatives arc easily hydrolyzed and 
the 1-methoxy compounds are readily demethylated to the 1-hydroxy 
compounds. 

TABLE XIX-1. 1-Alkoxy- and l - , ~ c e t o ~ - 3 - s o b s t i t u ~ ~ ~ e ~ ~ , ~ - d i h y d r o p h t h a l -  
asines Containing KO Substitilent in the Benzene Ring 

4 F  
OR' 

K H' PrelLQ X n . *  OC. Remark Ref. 

Me Me QIR 

Me Ac B 

CHZPII CN?I'Il I' 
l'h M e  C,F,J, 

Et E, P,G 

93 

140 
141 
I42 

win7 
1m&-111 
108-109 
1 09 * 
75 
lOB* 
!I0 * 
187c 
127' 

10;-10c; 

Sol. in dil. HCI, insol. 4 
in alk. For proof of 
structure see foot- 
noteb 
Sol. in cl i l .  mineral 4-6 
acids. Gives the 1- 
011 comptl. with hot 
sq. EtOH 

3 
2,7 
2.8 

- 
- 
- 

~ - - . _  
Table continued 
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TABLE XIX-I (c~nlinued) 
R R' Prep.' hf.p.. OC. Remarks Ref. 

Me 

hle 
-4 c 

M i e  
Ac 

Me 

M e  

Me 

Ally1 

Me 

M e  

Me 

M e  

Et 

2 D 176-177 - 

D,I,O 182 
A,B 164 

C,I,J,O 199' 
A,B 222 

- 2,lO 
2 - 

- 2,11 
2 - 

M 234-235 XHAc deriv., m.p. 7 
219-220" 

>I 181 KHAc deriv., m.p. 7 
216-247 

Ii 107 NHAc deriv., m.p. 7 
216' 

8 - G 102 * 

2 193-194 - D 

12 - - 1 iod 

2 167-168 - D 

7 - D 225-228 

13 - D 185 

Table continued 
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TABLE XIX-I ( m t i n ~ d )  

R R' Preps 3d.p.. W. Remarks Ref. 

D,O 184-185 

NHAc deriv., m.p. 7 
272-274O 

2,14 

These compounds arc given in the literature' as A;-sul3stitutcd derivatives. 
* A, from the silver salt of the 1-hydroxy compound and acetyl chloride in benzene 
(reflux). C, 
from the silver salt of tlir 1-hydroxy compouud, met.hanol, and methyl iodide (re- 
flux). D, from the silver salt of the  1-hydroxy compound, benzene (or toluene), and 
alliyl iodide (reflux). 15, from the silver salt of the 1-hydroxy coni ound, ethanol 
and cthyl iodide (reflux). F, from the 1-hydroxy cornpound, e t ty l  iodide, and 
alcoholic polasium hydroxide reflus). G, from the M-arylaminophthalimide, 

the 1-hyclroyy compound, alcoholic sodium ethoxide, and ally1 iodide (reflux for 
7-8 hours). I, from the l-methosy-3-l-arylphthalnziniuni perchlorate and a ueous 
permariganate at '30'. J, from t-he l-methoxy-3-aryl-4-methylene3,4-di%ydro- 
phthalazine and permanganate in aqueous sulfuric acid at (30". K, from the nitro 
c o m r n d  by boilin with sodium hydrosulfite and sodium hydroxide in aqueous 
alco 01. L, from tfe 4'-anlinO compound by diazotizotion and treating with 
alkaline stannite. M from the nitro compound, stannous chloride, and concen- 
trated hydrochloric ac'id (reflux). N, from the nitro compound, iron, and aqueous 
acetic acid (rcflux). 0, from the l-nicttioxy~alkoiy3.aryl-3,4-dih3.drophthaia- 
n n e  by heating a t  1 10-140°. P, froin the silver salt of the 1-hydroxy compound, 
Iiy heatiug with twnsyl chloride. Q ,  from I,~ibydrolcy~)hthtilRxiiie by refluxing 
with iiirthyl sulfate arid aqueous potzmiuiii hydroxide. I<, from 4-hydrouy-l- 
iiiettio\yl)titli:tl:L%iIic by refiuxin with methyl iodidr, nwtliyl alcohol, and aqueou8 
pohsiuin hytlroxide; or from 8ic sodium a t t  thcrcof, methyl iodide, and methyl 
:rlcohol at 1%'. 
b The structurr o f  th is  conipouricl follows froin the f:tc:ts (I) that i t  diKers from the 
N,N'-isomer (Section 3), rind (2) t h r t  i t  givrn l - h y d r o s y - 3 - 1 n e ~ i y I ~ ~ e ~ ~ , 4 -  
dihydrophtholnziric on treatment with l lUr at loo0.' 

B, from the 1-hydrosy compound and acetic anhydride (reflux). 

alcoholic sodium ethoxide, and a I kyl iodide at 120-130O for -12 hours. H, from 

c 0 

,' For an aItermt.ive preparation of these compounds see Chapter XVI, Section 2. 
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TABLE XIX-2. 1-Alkoxy3-substituted-L-keto-3,4~il~~drop~~t~~alazines Contain- 
ing 8 Substituent in the Benzene Ring 

X R R' Prep.R M.P.. OC. Reinarks Ref. 

1 &NOI Me h.ie I3,C,D 139 - 
15 E 138-131)' - 
1 %NOI Me Me D 1 YJ-200 - 

E m7* - 15 - - _  
BNEG Me Me A 222 NIIAc deriv., m.p. 220" 1 
SNI& iMe Me A 136 NHAc dcriv., m.p. 187" 1 

A, from the corresponding nitro compound by reduction with tin and hydro- 
chloric Oscid. B, from Ir-nitro-l,+dihydroxyphthalazine and methyl sulfate at  
12030 . C ,  from the  silver salt of 5-nitro-l,Cdihydroxyphthalazine, methyl 
alcohol, and methyl iodide (reflux); this gives the 1-methoxy derivative, which 
is then treated with methyl sulfate and sodium hydroxide. D, from the  silver 
salt of the appropriate N-methyl corn ounct, methyl alcohol, and methyl iodide 
(reflux). E, from the appropriate $-methyl compound, methyl sulfate, and 
alkali. 
b hLp. is corrected. 

C. Structure of Alkoxy Compounds. Among the general meth- 
ods of preparation described above, methods (2) and (6) do not enable one 
to differentiate between the two alternative structures (VIII) and (IX) 
which are theoretically possible for the products. The observed ready 
demethylation of certain compounds in which It' = Me is, of course, evi- 

dence in favor of structure (VIII),2 but the behavior of many compounda 
of the group in this respect has not been investigated. It is therefore of 
great importance from the structural aspect that in a number of cases com- 
plementary evidence exists which provides formal proof of the correctnew 
of structure (VIII). 

In the first place, method (3) enables compounds to  be prepared from 
[The starting materials (I) which dready contain the 1-methoxyl group. 
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compounds (I) are themselves prepared by the action of methyl sulfate 
on I-keto-3-arylphthdazines (X), and the dipolar nature of the latter virtu- 
ally rules out any structure alternative to (I).] Examination of Table 
XIX- 1 shows that identical compounds (VIIIj have been obtained both 
by method (2) and also by method (3) for the three cases R' = Me; R = 
3'-nitrophenyl, 4'-nitrophenyl, and 4'-nitro-2'-methylphenyl. 

Second, the compound (VIII; R = R' = CHzPh), prepared by method 
(d) ,  is different from an isomer, m.p. 153-154', which must be the N,N'- 
derivative (IX; R = R' = CHZPh) by reason of its formation from N,N'- 
dibenzylhydrazine and ph thalic anhydride3 (Eq. 1). 

xo2 0 NO2 0 NOS OH 

W k I e  \ /N @hfe \ Me @ / 

OH 0 OH 
(W cw (XII) 

JIeI on Ag salt 1 hie1 on Ag snlt 

KO* 0 NOz OH 
\ 

so2 OH 

fJ$ NMe @+Me _JIerSOI NaOH q 
0 OAle Me 

( S V I )  (XIII) (XIV) 

Third, reference to Table XIX-2 shows that the compound (XIII), 
m.p. 13Y0, may he prepared from (XI) by method (2). Now (XIII) is dif- 
ferent from the N,N'-clhethyl isomer (XV), m.p. 104-195O (this Chapter, 
Section 3), of established structure; and, as the constitution of (XI) is 
likewise certain (Chapter XVIII, Section 2B), that of (XIII) immediately 
follows. 

The constitution of (XIII) heirig tliiili esbblished, that of (XIV) (Chapter 
XVIII, Section 1) dso  follows. This compound, m.p. 269", is an intermediate in 
the preparation of (XIII) from (XII),' as indicated almve, nnd as it is not identical 
with either of the N-inethyl isomers (XI) :ind (XVI) (Table XIX-l), the structures 
of both of which are certain (Chapter XVIII, Secstion ZB), it must clearly have the 
constitution shown above. 

It, is thus seen that method (2) results in 0-alkylation of compounds of 
type (111) in five CMPS at, least, and it is thus reasonable to nsmme that the 
same reaction occurs in other cases nlso where metshod (2) is employed. 
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Hence the compound (VIII; R' = Et;  R = Ph) is in all probability cor- 
rectly formulated; it is, however, also prepared by method (5) (see 
Table XIX-l), and there is thus good evidence for t.he view that the latter 
reaction gives the 0-ethers (VIII) and not,, as assumed in the literature, 
the N-isomers (EX). Nevertheless, one must recall that there are cases, 
cited elsewhere in this volume, which show that mere prediction of 0 or N -  
alkylation may be extremely hazardous, and nothing short of formal proof 
is sufficient to place the issue entirely beyond doubt in m y  given case. 

3. 2,3-Derivatives 

They are 
all prepared, directly or indirectly, by condensing phthalic anhydride or its 
analogs with N,N'-disubstit,uted hydrazines, and, as t,here is no reason to  
believe that migration of substituents OCCUM during the reaction, thi6 
method of synthesis is considered to be unambiguous. 

The compounds of this group are listed in Table XIX-3. 

TABLE XIX-3. N,N-Dialkyl Derivatives of 1 ,.l-Dihydroxyphthalazines 

0 

R R' Prep." M.P., OC. Reniarlis Ref. 

I1 Me 

6-NH2 Me 

A 175 
175-176 

B 153-154 
A 194-195 

2036 
A 198-199 

2 0 3 . 5 b  
C 192 

C 262-263 

Eiydrolyzed to components by 
hot 2 N HCI. Boiling with 
aq. hydrazinc gives iV,N'-di- 
methylhydrazinc and 1 ,Ui -  
hydrosyphthnlaxinc 

Hydrolyzed to components by 
hot 2 N HC1/16 hours 
Slowly hydrolyzed to com- 
ponents by hot IICI 
Diazotizstion and coupling 
with B-naphthol gives BZO 
compd., CaoHlaOlN4, m.p. 312- 
31GD (dec.). Gives Ac dcriv., 
m.p. 221-222" 
Diazotization and coupling 
with ,?-naphthol gives azo 
compd., GOHW,O,N,, m.p. 270- 
272'. Gives Ac dcriv., m.p. 

- 

269-270' 

5,16 

3 
15,16 

1416 

36 

16 

5 A, from the appropriately substituted phthalic anhydride, N,N'-dimethylhvdra- 
zine, and boiling aqueous acetic acid. B, from phthalic anhydride and k,N'- 
dibenzylhydrazine a t  165' (0 en vessel). C from the corresponding nitro com- 
gound, stannous chloride, an$ concentrated hydrochloric acid at. 50'. 

M.p. is corrected. 
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Tlie propertics of these compountls my: given in 'l'able XIX-3. The 
azo compound, m.p. 312-316O (see Tablc XIX-3), from 5nmino-Z,3di- 
rnettiy1-1,4~1iketo-l,2,3,4-tctra1i3r<lrophthalazinc (I) yields a copper deriva- 
tive (11) on treatment with cupric chloride in pyridinc (cJ Chapter XVIII, 
Scc t.ion 2B). * 

4. Derivatives of Unknown Structure 

The compounds in this group, in contrast to those in the preceding 
section, are prepared by alkylation or acylstion of 1,4dihydroxyphthal- 
azines, and it is therefore impossible to assign structures to them with any 
degree of certainty. The compounds arc given in Table XIX-4. 

TABLE XIX-4. Dialkyl and Diacyt Derivatives of OH 
1,j-nihydroxyphthdrtzines of Unknown Structure 

11 2COzEt I3 136 I;orniul:itc?tf :LS 2,3-(C0212t)2 20 
5 4 0 2  21% c ll!) Tnsol. in NsOlI 3 
&NO2 24c A 16.5 Ilydrolyzed by boiling wutor 17 

9 
18 

5NHz 2Pr D 112 
2Ac A 262 

18 
5-NH2 
5-NH1 2uz u 263 
GNH, 2 Ac A 212 Yellow tablets; some hytfrol- 17 

- 
- - 

ysis of the Ac groups occurs 
in boiling watcr. Formu- 
lated BS 2 , 6 - h  

5,6,7,8-C14 2Ac A 203-204 Formulated a.9 2,8Ac1 19 

5 A, from the 1,klihydroxy derivntive by acetylation. 13, from the sodium salt 
of luminol, beneoyl chloride, and pyridine. C, from the silver salt of the 1,4- 
dihydroxy com ound and propyl iodide in benzene. I), from the corresponding 
nitro compouncf(m.p. 119') Ity reduction. E, from the silver salt of 1,d-dihydroxy- 
phthalazine and ethyl chloroformate in benzene at room tcmpernture. 
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C H A P T E R  XX 

1 -Halogeno- and 

1. 1 -Halogenoph thalazines 

A. Preparation. Chloro compounds are prepared from the corre- 
sponding hydroxy compounds by heating (usually for a short time) with 
phosphorus oxychloride on the steam bath; the mixture is then poured 
into water and neutralized with sodium hydroxide or ammonia. Iodo 
compounds are made from t.he corresponding chloro compounds by warm- 
ing for a short time or refluxing with constant-boiling hydriodic acid, 
either with or without the addition of red phosphorus. 

1-Halogenoph t.halaxines are usually colorless crys- 
talline solids. They are unstable, but the precise nature of, and condi- 
tions producing, this instability have not been closely investigated. In  
many cases \vell-defined salts of the compounds have been prepared (see 
Table XX-l), but these also are unstable and tend to resinify on recryutal- 
lization. 

B. Properties. 

C. Reactions 

(1) 1-Chlorophthalazineu eshibit the reactivity characteristic of 

chIoro heterocyclic compounds containing the group -N-C--CI or its 
vinyl analog. When warmed with a solution of a soditrni alitositlc in t he  
corresponding alcohol (or with sodium phenoside in phciiol) they iwc con- 
verted into 1-alkosy- (or 1-phenosy-) phthalazines (Chapter XIII, Section 

I 

1) (Eq- 1). 
R R 

(2) 1-Chloropht.ha1azines react with amines in the manner characteris- 
tic of compounds containing reactive halogen. Wit,h aniline, p-chloro- 
aniline, and dialkylaminoalkylamines under appropriate conditions, l-sec- 
aminophthaiazines (Chapter XXI) may lie prepared (Eq. 2). 
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1-Halogeno- and 1,bDihalogenophthalazines 179 

Ql$ '7 + R'NH, (2) 

NHR' C1 

(3) Reduction of 1-chloropht.halazines occurs readily, with formation 
of one or the other of two products according to conditions. 

(a) When refluxed with hydriodic acid (d 1.7) and red phosphorus, 
usually for about 5 hours, the corresponding phthalazine is produced (Eq. 
3). This reaction has been carried out, with l-chlorophthalazine itself1-' 

R R 

and with l-chlor0-4-methyl-,~ -4-eth~l-,~ 4is0but.yl-,~ +l-ber~zyl-,~ and 
-4-phenylphthala~ine.~ l-Chloro-7,8dimethoxyphthalaeine (chloroopia- 
zone) undergoes demethylation as well as reduction, yielding 7,Mihy- 
droxyphthalazine (Chapter X, Section 2).s It should he noted that, if the 
reduction is stopped after B short time, l-iodophthalazines can be isolated 
(see Table XX-1). 

(b) On reduction with zinc and hydrochloric acid, l-chlorophthal- 
azines are converted with loss of ammonia into dihyciroisoindoles (Eq. 4). 

R 

Examples of this are R = Et (tin and fuming acid are used here),T 
Pro** and Bu','. 1-Chloro-Pmethylphthalazine is exceptional in giving t4he 
isoindole (I or 11) and not the dihydro derivative when treated in this way 
or with hydriodic acid and red phosphorus a t  200°.1*9 

2. 1,4-Dihalogenophthalazines 

A. Preparation. The only known compounds of this group, 1,4- 
dichloro- and 1,4-dibromophthalal;ine (I; R = C1 and Br), are both pre- 
pared from 1,4dihydrox~yphthaiazine and the corresponding phosphorus 
pentahalide.1a-'6 The recommended procedure for 1,4dichlorophthala- 
zine14.16 is to heat the reactants at 150' for 8 hours; if the dihydr0.g com- 
pound is treated with a mixture of phosphorus pentachloride and o-uychlo- 
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182 I'hthalazines 

+ / 

R N-N 

(1) (11) 

ride a t  water-bath temperature, the product. is mainly 1-chloro-4-hydroxy- 
phthalazine.le The formation of the 1,4dibrorno compound is accom- 
panied by that of l-bromu-4-hydroxyphth.halazine.1~ 

1,4-Dich loroph t halazine f orrns colorless needles, 
m.p. 164O'S (163',la 161-16201*) ; 1,4dihmophtthalaz;ine has m.p. 16Z0, 
and also crystallizes in colorlelrs 

1,4-Dichlorophthalazine is very readily convertd into l-chloro-4- 
hydroxyphthalazine ; the transformation may be effected by heating it 
with phthalic acid at 180° (alone or in nitrobenzene),Is or hy hydrolysis in 
weakly acid solution.'* It is stable toward water and alkalis (conditions 
unspecified)? but is less stable than 2,3-dichloroq~inoxsline.~~ When 
refluxed with aniline (2 moles) in alcohol, it yields 1,Mianilinophthalaaine 
(Chapter XXI); with 1 mole of the base in boiling alcohol, the product is 
l-chloro-4-anilinophthalazine, which, however, does not react further with 
aniline under these conditions. l4 Both 1,4-dichloro- and 1,Mibromo- 
phthalaaine yield the compound (11) (Chapter XXIII, Section 3) when re- 
flused with sodium azide in alcohol. 

B. Properties. 
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CHAPTER X X I  

1 -Aminophthalazines 

The number of compounds belonging to t.his group is small, and nothing 
is known of their chemist,y. They are prepared from 1-chlorophthslazines 
by interaction with the appropriate amines (.see Tahle SSI-1),  and are 
mostly colorlcss crystalline solids. 
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C H A P T E R  XXII 

Reduced Phthalazines 

1. 3,4-Dihydrophthalazines 

Many 3,4dihydrophthalazines have already been described in the 
preceding chapters. 1.3-Disubst.i tu ted-4-keto-dihyd roph thalazines (I) of 
various types are discussed in Chapters XIII, XVIII, and XIX; 4-aikoxy- 
and 4methylene-3-ary13,4dihydrophthalazines (I1 and 111) in Chapter 
XVI; and l-hydroxy3-aryl-3,4ihydrophthalazine-4-acetic acids (IV) 
*rt 0 @$:r *- @$Y~~ 

&F2 \ /  

2qp I- ---c GMe+qhfe + 2 M  + Hz0 

\ /  \ 0  \ /N \ 

R’ OMe OAIc OH 

(1) (11) (111) (IV) 

in Chapter YIV. There remain for description a number of miscellaneous 
3,4dihydropht~halarines of the general formula (V) in which, unlike types 

R1 
(v) 

(I)-(IV), the subvtituents at Cr (R3 and R4) are hydrogen or unreactive 
hydrocirbon radicals; these compounds are summarized in Table XXII-1. 

Preparation of Compounds in Table XXII-1. The two main 
methods of preparation are: 

(1) Alkaline decomposition of a 3-methylphthdazinium iodide; this 
0 

(1) 

RI RI It 1 

+ 2ICOH (VI) (VII) 

react<ion is applicable to cornpounds in which It, is H or ulkyl (Eq. 1). The 
products (VI) and (VII) are separated by steam diptillation in an atrnos- 
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Reduced Phthalazines 187 

TABLE XXII-1. 3,4-Dihydrophthalnzines e / 

RI 

Rr Rx IL RC Prcp.0 X p . ,  'C. Remarks Ref. 

H Me 

OH 

OH 

OH 

OH 

OH 

OH 

OH 

OH 

OH 

H H  A - Unstable; gives 3- 3 
rnethyl-%-keW3,2-di- 
hydrophthalnzine on 
atm. oxidation. Vol. 
in s t e m .  Hydrochlo- 
ride, m.p: 140-141" 
(dec.); picrate, m.p. 
93-95' (dec.); meth- 
iodide, m.p. 153-164 

4 H Me B I71 - 

5 H H C 216218 - 

5 H Me B,C 199-200 - 

6 H Me D 178 - 

H Me E 221 Yellow prisms, insol. 7 
in a&., sol. in dil. 
mineral acids 

H H B,F 225 Further reduction 8 
with Zn dust and dil. 
H:SO4 the 
phthdimifi;? 

H hfe F 188 Further reduction 8 
with Zn dust and dil. 
Has04 the 
p h t h s l d g ?  

H H B 220-223 Acetyl deriv., m.p. 9 
217-219" 

w M e  220-223 Acetyl deriv., m.p. 
218-220' 

9 

Table continued 
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TABLE XXII-1. 3,PDihydrophthalazines (continued) 

RI Ri RI % Prep.m M.p., 'C. Remarks Ref. 

OH 

OH 

011 

OH 

hf e 

Et 

PI1 

hfc 

O,N -b- NO1 

H 

H 

€1 

II 

I1 

I? 

Ph 

Me 

Me 

FI 

Me 

H 

€1 

1% 

F 

E 

B 

B 

-4 

A 

0 

211-212 h'ot obtained pure 10 

7 200 - 

203-205 Yellow needles. Ace- 11 
tyl detiv., yellow 
prisms, m.p. 212-214' 

204-205 Yellow needles 11 

- Vol. in steam. Pic- 12 
rate, dec. 120"; chlo- 
roplatinate dec. 
-230'; hydrochlo- 
ride, m.p. a 4 5 O  

rate, ryl  needles, 
m.p: 108 ; chloro- 
platinate; ferrocyan- 
ide 

- Vol. in steam. Pic- 13 

2.15-247 Red. needles, easily 14 
sol. in most solvents 

A, from the corres onding 8methylphthalazinium iodide by decomposition with 
aqueous potassium f ydroxide, followed by steam distillation in hydrogen. 13, 
from the corresponding Saryl-1-keto hthalazine by reduction with sodium hydro- 
sulfite in boiling aqueous sodium hygoxide. C, from the corresponding 3-aryl-l- 
ketophthalasine by reduction with amal m a t e d  zinc and a ueous hydrochloric 
acid at 70-80". D, from the correapon%ning 3-aryl-l-ketoph%alazine sulfate by 
reduction with amalgamated zinc and hydrochloric acid in a ueoua alcohol and 
acetic acid at  90". E, from t,he corresponding 3-amino- or %nitro-aryl-I-keto- 
phthalazine by reduction with zinc dust in boiling aqueous sulfuric acid. F, from 
the corresponding 3-uryl-1-ketophthalaeine b reduction with zinc dust in boiling 

dilute hydrochloric acid. C, from o-GIc> and 2.4-clinitrophenylhydra- 

zine in boiling alcoholic hydrochloric acid; the reaction probably occurs v i a  the 

ketocnrbinol, o-CJ? 

Pi t  

\c( O€?)Ph 

/C(OII)Phr 

'COI'h * 
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phere of hydrogen in order to prevent conversion-of (VI) into (VII) by 
atmospheric oxidation; only (VI) is volatile. 

(2) 3-Aryl-1-ketophthalazines (1'111; Itr = H or Me) are reduced 
under appropriate conditions; compounds (V; RI = OH; Rs = H; 
& = H or Me) are thus obtained (Eq. 2). 

2. 1,2,3,4-Tetrahydrophthalazhes 

2,3-Dialkyl-1,4-diketo- 
1,2,3,4-tetrahydrophthalarines (I) have already been described (Chapter 
XIX) ; the remaining members of the group are 1,2,3,4-tetrahydrophthala- 

Compounds of this type are few in number. 

(1) (11) (IW (W 
sines of the general formula (11). These compounds are prepared from 
the corresponding phthalazinw by reduction with sodium amalgam in 
aqueous medium. Their properties and derivatives are given in Table 
XXII-2. The formation of dibenzoyl derivatives shows that they are 
1,2,3,4- and not Bz-tetrahydrophthalazines; the hydrochlorides reduce 

TABLE XXII-2. 1,2,3,4-Tetrahydmphthalazines 

- 
Melting point, 'C. 

Dibenioyl ch!om- 
R B&W derivative Hydrochloride Piarste pistinate Ref. 

1 3  H Unstable and 207-208 231 (efferv.) 159-160 - 
darkens (efferv.) 

12 - Me Alkaline reac- 185 190 146 
tion in water (dec.) 

Et Oil 159 168 - - 13 
i35-136 D~c. 190-200 - Dee. 180° I5 - 158-159 D~c. 220-250 - Dec. 140' 14 

C&Ph 6 i l  
Ph 
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Fehling solution. On diamtization in sulfuric acid, 1,2,3,44etrahydro- 
phthalazine gives an unstable solid, which in ethyl acetate yields a com- 
pound of formula c8HeOzN~, possibly o-phthalaldehyde dioxime (111) 
1,2,3,4Tetrahydrophthal~ine condenses with phthaloyl and 3-nitro- 
phthaloyl chloride, giving the compounds (IV; R = H and NOz) (Chap- 
ters XVII and XXIII, Section 3).2 
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CHAPTER XXIII 

Condensed Phthalazines and 
Azaphthalazines 

1. 1 ',2',3,4-Benziminazolo-3,4-dihydrophthalazines 

Preparation. A few compounds of this group are known; they 
They may have the general formula (I) and are listed in Table XXIII-1. 

0- 

\ AV 1 ' RZ - 
+@& 

It 1 RL R, 

TABLE XXIII-1. 1',2',3,~-Benziminnzolc+3,+dihydrophthalazines 

RI R2 Prepa M.P.. o c .  WriVIitiWS Ref. 

H 
H 
OH 
OH 
Me 
iMe 
Me 

H 
c1 
H 
c.1 
H 
c1 
Me 

A - 178 
230 - 
>430 Aeetyl, m.p. 222-223' 
>440 Acetyl, m.p. > 440' 
163 - ~ _ _  
193 
186 

33 
33 
34 
34 
3:3 - .. 
33 
33 

6 A, from corresponding 3,2'-aminoaryI4keto-R,4aihydrophthalnzine and 1.2 h' 
0- 

hydrochloric acid at 180" for 6 hours. R, from $9~ - (Table 

XV-2), by treatment as in A. C ,  from the corresponding l-methyl-2,2'-nminoaryC 
Cketophthalazine by treatment in A. D, from l-met.hylen~2,2'-aminoanilino- 
isoindolin-3-one by treatment BR in A. E, from the correspondin %I-hydroxy- cy 
~-met.hoxy-3,2'-aminoaryl4ket,~ihydrophthalazine and 1.2 , hydrochloru: 
acid at 170-180' for 6 hours. 
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be regarded dehydration.products of 3,2'-aminoaryl-4-lietd3,4-clihydro- 
phthalazines (11)) and are in fact prepared from these compounds (Chapter 
XIII, Section 2)) or from their isomeric precursors (111)) by treatment with 
dilute hydrochloric acid at a high temperature. 

2. Compounds Prepared from 1,4-Diketones 

This section contains a number of miscellaneous compounds containing 
three or more rings, nearly all of which are prepared from the corresponding 
1,4diketones, 1,4keto acids, or 1,4keieto esters by condensation with hy- 
drazine hydrate or phenylhydrazine. 

Pre ared from the eketo 
ocicfand phenylhydraziiie 
at  240". h.2.p. 175O.I 

Prepnrecl M compd. (XI). 
1)ec. on strong heuting.* 

OH PI1 

(11) 
I I . 1 .  1880 

Prepared in nlc. at  120'. 
k. 445'; sol. in hot nni- 
line, pyridine, and ace+ 
acid; sparirrgly sol. in 
other common .wIveiits.~ 

0 

(V) 
R.I.  1910 

Ydlow necdles from ben- 
zene, r11.p. 238-240°. LSol. 
in hot strong alkali, pptd. 
by acid.' 

Prepared 89 compd. (11). 
Dec. 430". Solutiilities as 
for compd. (11)' 

OiI) 
R.I. 1910 

Red needles from benzene, 
m.p. 201-202". Sol. in 
caustic alkali; pptd. by 
acid.' 

V. Prepared from 4-hytlroxynaphthalic acid by coupling with ben- 
zenmliazonium chloride in aqueous sfxlium acetate (Eq. 1). 

VI. 
XII. Prepared from the chloride of anthraquinone-l-carboxylic acid. 
XIII. Prepared from the phenylhydrarone of fluorenone1,5dicar- 

Prepared as abovc from Zhydroxynaphthalic acid. 

boxylic acid by heating in acetic acid, or alone at  240". 
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0 OH 

R. I .  Z(j(i5 
(VII) 

Pre ared a~ compd. (11). 

374"; 801. in hot nitro- 
bewene, aniline, pyridine 
quinoline, and acetic an- 
hydride. 

L R  ig t yellow powder, dec. 

0 
(XIII) 

R.I.  2321 

w p .  294-2950.9 

Ph 

(VIII) 
R.1.2673 

Prepared in aq. pyridine. 
hf.p. 340", sol. in ben- 
zene.' 

' hie 

( X W  
R.l.2GG2 

Yellow needles, from me- 
tic acid, m 264-266' 
(!err.). g n c .  H,SO+ 
gives yellow - brown 
color. lo 

0 g 
(W 

R.I. 2674 

Prepared in boiling tolu- 
ene. Yellow needles from 
benzene, m.p. 204O.L 

Yellow needles sparingly 
sol. in ordinary solvents. 
Sol. in dil. NaOH.8 

PhNH 0 

(XV) 
R. I .  2662 

Yellow-qeen cryst., m.p. 
257-258 (cow.). b n c .  
HISO, gives dark green 
color.1B 

XIV. Prepared from the keto acid by boiling for 8 short time with 

XV. Prepared from compound XIV by boiling with aniline, potaa- 
phenylhydrazine. 

sium acetate, and a trace of copper acetate. 
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y’ 
K\ $ K \ 

(XF’I) 
R.I.  :;L:J; 

R = rn-sylyl. I’repnred 
iu t)oiling tolume. I3rown- 
ycllow iitwllcs, n1.p. 33O0. 
C h i t - .  FI:SO, gives orunge 
r.olor.ll 

0 $j 
0 

C0,H 
(XIS) 

R.I.  3602 

Prepired in boiling m- 
r*rc*.wl. Brown-yellow 
solid, very sparingly sol. 
in org. .solvents and insol. 
in NnOH. Conc. EItSOI 
gives orange-red color. 
Alk. NaiSoO, gives cberry- 
red color.’, 

(XVII) 
K , I ,  3GoI 

I’repnrrd i n  boiling pyri- 
dine mid crystd. from 
nit.rol)twzene. t igh t  
brown needles, m.p. 
>:$7j0. Conc. HrSOc 
gives red-violet color. 
Alk. Piat&04 gives dark 
green product. turning 
violet in air.12 

(XX) 
R. I. 3ti02 

Prepared zm (XVII). Red- 
brown needles, m.p. 

gives orange-red color. 
Alk. Na2S& gives cherry- 
red vut.15 

>:%No. Con(!. HzSOa 

(XVIII) 
R.I.  3602 

Prepared a8 (XVII). 
Orange-red needles, dec. 
440“ (under H2). Conc. 
HSOC 4‘:” orange-red 
color. A k Na&O4 gives 
cherryred vat. 15 

(XXI) 
R.i.3588 

Prepared in boiling p ri- 
dine. Orangered nee&*, 
very sparing1 sol. in org. 
solvents. &nc. H~SO, 
gives red color.’S 

XXIV. On treatment with moderately concentrated hydrochloric 
and sulfuric acids, this hase forms a hydrochloride (B-HCI) (blue-black 
needles) and a sulfate (B.H2S04) (wine-red crystals) which are believed 
to be of type (A): 
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(XXII) 

Prepared in wwm pyri- 
dine. Ycllow cryst., m.p. 
2 6 5 O ,  sol. in ale., benzene, 
and pyridine. Hydro- 
chloride, red needles from 
acetic acid, m.p. 214' 
(dec.).'O 

(XXV) 

Pre ared as (dviVII) .  
Re& rown plates. Conc. 
H2S04 gives red co10r.l~ 

:$ / 
\ 

(SXIII) 
R.I .  3592 

Ycllow solid, m.p. >330°, 
weakly bavic pr0perties.1~ 

Prepared in boiling tolu- 
ene. Brown-red cryst. 
(not analyt,icslly pure). 
Conc. H2S04 gives violet- 
red co1or.m 

195 

(XXIV) 

Prepared in boiling pyri- 
dine. Orange-red needles, 
m.p. 34&349O, from ben- 
zoie acid." 

R.  I .  3501 

Prepared in boiling pyri- 
dine, followed by aeration 
and crystn. from nitro- 
benzene. Brown leaflets. 
Conc. H&04 ivea red- 
violet color. &. Na&04 
gives violet vat." 
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og \ ,u.N/ / 

\ 

(XXVIII) 

Prepared in boiling nitrobenzene-pyri- 
dine. Dee. >420"; sub. 3:W0/0.07 mm. 
in brown micro-needles. Does not yield 
a vat dyo.2' 

Ph 

Ph 
(SSS) 

From the l,-kliketone and hydra~ine.~* 

Prepared in boiling quinolinr, wit,h sub- 
sequent oxidation of initial dihydro 
corn d. (best by warming with conc. 
H&&). Red needles, almost insol. in 
or . solvents. Conc. HsSO. givesyellow- 
r e f  color. Alk. NaFhO, gives dark blue 
product.22 

Ph 

(SSSI) 

From the 1,kIiketone and seniicarba- 
zide." 

3. Miscellaneous Compounds 

A number of phthalazine derivatives containing additional fused rings 
'l'lius, 1,4-dihydroxyphthalazines containing have already been described. 

@;&N /CQ, 

\ /N - 

0 1  1 N--N 0 

0 0  

0 0  
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additional nuclei are listed in Table XVII-2; compounds of type (I) are 
given in Table XIV-2; the preparation of (11) is described in Chapter 
XX; and compounds (111), (IV), and (V; R = H) are mentioned in 
Chapter XVII. 

The compound (11) crystallizes in needles, m.p. 152O, soluble in alcohol, 
sparingly so in ether, and very slightly soluble in hot water. When re- 
fluxed with excess of sodium ethoxide in ethanol i t  is converted into (VI; 
R = OH); this compound forms leaflets, m.p. 258' (dec.), and yields an 
acetyl derivative, m.p. 165", which is very easily hydrolyzed. On treat- 
ment with one equivalent of sodium methoside in boiling methanoI, (11) 

~. I ?  

N-IV 

(1'1 1 
R.1 1473 

yields (VI; R = OMe) (tablets, m.p. 21l0), which is easily hydrolyzed to 
(VI; R = OH) wit.h aqueous-alcoholic sodium hydroxide; the ethyl 
ether (1'1; R = OEt)(prisms, m.p. 187O) is prepared similarly, and is 
likewise easily hydrolyzed. With phosphorus pentachloride at 140°, (VI; 
R = OH) yields t-he chloro derivative (17; R = Cl), which forms needles, 
m.p. 195" (dec.), and gives (11) when boiled with sodium aside in alcohol. 
The amino compound (VI; R = NHt), which crystallizes in needles, m.p. 
3 0 5 O ,  may be prepared from (11) by heating in t e t d i n  at 200°, and also 
from (VI; R = C1) and aqueous-alcoholic ammonia at 150°; treatment of 
(11) under the latter conditions gives a mixture of the amine and (VI; R = 
OH). The amine gives mainly a diacetyl derivative (VI; R = Nim) 
[m.p. 181' (dec.) 1, together with a little monoacetyl derivative (1'1; R = 
NHAc) [m.p. 200" (dec.)], when it is refluxed with acetic a n h ~ d r i d e . ~ ~  
Treatment of (VI; R = CI) with hydrazine at 130° yields (VI; R = 
NHhXg), m.p. 287", thence, by the action of nitrous acid, the azide (II).aa 

Compound (111) yields 5-(3-)phenylpyrazoline when refluxed with 
sodium ethoxide in ethanol.*' 

Compound (IV), in addition to its synthesis from 1,MhydroxyphthaI- 
azine and phthaloyl chloride (Chapter XVII), is also formed, along with 
unidentified material, when (a) 6-nitro-l,4dihydroxyphthalazine and 
phthaloyl chloride, (b) Snitro-l,4dihydroxyphthalasine and phthaloyl 
chloride, and (c)  lJ4-dihydroxyphthaIazine and 3-nitrophthaloyl chloride 
are allowed to interact in hot nitrobenzene; its production by reactions 
(a)-(c) is considered to be due to disproyortionation of the tetracyclic 
condensation products initially formed. It is readily converted into 1,4- 
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dihydroxypht,halaine by treatment with hydrazine in aqueous or acetic 
acid solution, with boiling aqueous sodium hydroxide, and with boiling 
0.1 N sulfuric acid in acetic acid; with ammonium acetate in acetic acid i t  
gives 1,4-dihydro.uyphthalazine and phthalimide. ** 

Compound (V; R = H) has been synthesized by the method de- 
scribed in Chapter XVII, and also by condensation of phthaloyl chloride 
with 1,2,3,4-tetrahydrophthalazine hydrochloride in boiling pyridine (Eq. 
2). It dissolves in concentrated sulfuric acid to a colorless solution, and is 

(V11) 

precipitated unchanged on dilution. It is hydrolyzed by alcoholic sodium 
ethositle to (VIII; R = H), an unst,able substance which readily regener- 
ates the parent compound by cyclization (Eq. 312*. 

(VIII) 

The analog (V; R = NOz) is prepared from 3-nitrophthaloyl chloride 
(VII; R = NO,) and 1,2,3,4-tetrahydrophthalmine as indicated above, 
and forms yellow parallelepipeds, m.p. 249-250' (slight dec.). Like (V; 
R = H), it. is hydrolyzable to (VIII; R = NOZ), oxidation of which yields 
phthalazine and 3-nitrophthalic acid (Chapter X). On reduction with 
stannous chloride and hydrochloric acid a t  50-70°, (V; R = NOn) is con- 
verted into the amine (V; R = NH,), which cryst,allizes in yellow rhombs, 
m.p. 185-187' (dec.), and vields a benzoyl derivative, m.p. 260-261" 
(slight, dec.).25 

4. Azaphthalazines 

3-Phenyl-l-methyl-4-ket~o-l,2,3,4-tetrahydro-&aznpht~alazine (I) is 
prepared from 2-acetylpyridine-3-carboxylic acid and phenylhydrazine hy- 
drochloride in hot aqueous solution; it crystsllizes from hot water, in 
which it is rather sparingly soluble, in needles, m.p. 121'.** 

The N-phenyl derivative of 1,4-dihydro~~-7-szaphthalazine (I1 or 111) 
is formed when the diphenylhydrazide (IV) of pyridine-3,4-dicarboxylic 
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fix11 
R. I .  1 ss9 

COIBIe 

co; 

(XI) 
b OH 

(IS) (VIII) 
&.I. issj R. I .  2639 

acid is heated to 100-110". It is a yellow powder, m.p. > 260°, easily 
soluble in dilute hydrochloric acid and sodium hydr0side.n 

1,4-Dihydroxy5,8dimethyl-6,7-dihydro-6,7diazaphthahzine (V} is 
the product of the action of hot alcoholic hydrazine hydrate on the dihy- 
dropyridarine derivative (VI),% and is also formed from hydrazine hy- 
drate and 2,5dimethyl-3,4dicarbethoxyfuran in alcohol at 100-120".37 
It is unchanged at 275O, is soluble in alkali carbonates and dilute mineral 
acids, gives a violet cdoration with ferric chloride, and reduces Tollens 
reagent. It forms a hydrochforide and a dibenzoyl derivative (m.p. 190- 
191°), and yields hydrazine when boiled with dilute acids. The compound 
mas originally prepared and described by C u r t i u ~ , ~ ~  who, however, failed 
to recognize its true structure. 

4 - Methyl - 2 - phenyl- 1 - keto - 6,7 - benso - 1,2 - dihydro - 8 - aza- 
phthalazine (VII) is formed when the phenylhydrasone of ethyl 3-acetylyui- 
noline-harboxylate is heated at 180-200" in an atmosphere of carbon di- 
oxide; it crystallizes in yellow needles, m.p. 244°.w 

1 - Hydroxy - 4,5 - trimethylene - 5,6,7,8,9,10 - hexahydro - 5 - aza- 
phthalaaine (VIII) is produced exobhermally when hydrazine hydrate is a1 
lowed to interact with the keto ester (IX); i t  crystallizes from water and 
melts a t  137°.a1 
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The compound (X; R = NHNHs) ie produced by boiling the ktaine 
(XI) with an excess of hydrazine hydrate. It forms golden plates, m.p. 
> 350°, from hot water, and is converted into (X; R = OH) by the action 
of boiling dilute hydrochloric acid; the latter compound crystallizes from 
boiling water, and slowly turns red on 
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Quinoxalines 



CHAPTER XXIV 

Preparation of Quinoxalines from 
Primary Aromatic 0-Diamines and 

1 ,Z-Dicarbonyl Compounds 

The condensation of primary aromatic o-diamines with l12diketones 
This or 1,Zketoaldehydes yields quinoxalines according to equation 1. 

R.I. 978 

reaction has long been recognized as a simple and convenient means of 
identifying odiamines and 1,2dicarbonyl compounds, and in consequence 
it has been widely used. The reaction almost invariably proceeds smoothly 
in alcohol or acetic acid, but in a few refractory instances dimethylaniline 
has been found to be LL solvent of choice.' Generally speaking, the indi- 
vidual reactions of the quinoxalines prepared by this method have not been 
studied, ~ 1 s  the interest attaching to these compounds has been mainly 
their usefulness for identification purposes. 

The new quinoxalines obtained by this method of synthesis which have 
appeared in the literature since 1917 are given in Tables XXIV-1 and 2. 
It will be observed that these compounds frequently exhibit halochromy in 
concentrated sulfuric acid, and in LL few cases this phenomenon has been 
studied in some degree of detail (see Chapter XXXIII, Section 2). d;:cHcoj-J-R R 

R 
Et R 

. y x P h  Rv W H O  I\.:CHCOQR 

R 
a k N  if Ph 

H' R 
(1) (11) (111) 

The synthesis is also applicable to heterocyclic o-diamines, the con- 
densation of bensil with Zchloro-4,5-diaminPthylpyrimidine, for ex- 

203 
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ample, yielding2 the substance (I) m.p. 179-181'; this compound, 2- 
chlorc+8,9diphenyl-6-ethylpteridine (for numbering see Annual Reports, 
1946, 43, 251), belongs to the important group of pterins (cf. Chapter 
XUXIX). 

Despite the very large range of compounds (Tables XXIV-1-3, and 
Chapter XXXVIII) which have been prepared by this synthesis, several 
cas~ses are on record in which the reaction has either failed completely or 
has taken an abnormal course. Thus the arylglyoxals (11; R = Me, Et 

e p  H 1 ~ ~ & ~ o ~ T a  NO* 0 
M e q c o c o p h  e 

NO1 0 

(W (V) (W 

0s Me Me NOt 

Me +e Me 

0,N Me Me NO2 

Me 

Me 
(XVI) 
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or P i ;  R’ = H) give only the corresponding double Schiff bases (III)3-5; 
this result is particularly striking when compared with the normal quinoxa- 
line formation which mum with (11; R = Me, R’ = NO*).’ The fol- 
lowing diketones do not react with o-phenylenediamine: 2,2’dinitrodi- 
phenyl- (IV),6 2,2’dinitro-4,4‘,5,5‘-bismethylenedioxydiphenyl- (V): mesi- 
tylphenyl- (VI),6 2,4,6-triisopropylphenylphenyl- (vII),6 3,5dinitro-2,4,6- 
triisopropylpheny13’-nitrophenyl- (VIII),6 dimesityl- (IX),6 and its 
tetranitro derivative (X),6 4,4’dimethoxy-2,2’,6,6’-tetramethyldiphenyl- 
(XI),6 2,2’-bis-o-ethoxybensoyldiphenyl- (XII),* and 2,2’,3,3’-tetrameth- 
oxydiphenyl-glyoxal (XIII).s The mixed ketones (X1V)-(XVI) also fail 
to react with o-phenylenediamine.sJo 

In considering these results, it should first be noted, as pointed out by 
Fuson and Soper,6 that bensils (diarylglyoxals) either react normally or 
do not react at all, whereas monoarylglyoxals either react normally or yield 
double Schiff bases. With regard to the anomalies shown by diarylgly- 
oxals, it  is clear that the phenomenon falls into the broad category of 
steric effects, but the results are complicated by the operation of other (elec- 
t.ronic) factors and cannot be explained in terms of the obvious deductions 
to be made from considerations of steric hindrance. Thus, Fuson et 01.‘ 

suggest that the difference in behavior (see above) between (11; R = 
Me; R’ = H) and (11; R = Me; R‘ = NO,) could be explained by as- 
suming that hydrogen bonding between the NOI groups and the pair of 
o-Me groups lessens the steric hindrance exerted by the latter, and t.hus 
facilitates the normal reaction of the second compound; but later work6 
has demonstrated that an unreactive benzil can be induced to undergo the 
normal reaction by the insertion of a nitro group or bromine atom into the 
other phenyl residue also [i.e, the one not containing the o-methyl groups; 
e.g., (VI) is unreactive, but its 3’- and 4’-nitro, and 4’-bromo derivatives 
react normaIIy (Table AuXIV-l)J, and the inadequacy of the earlier’ con- 
ception is thus disclosed. Attempts have been made to correlate the fail- 
ure of certain bensils to give quinoxalines with their color and with the 
reactivity of the corresponding bensaldehydes, but no clear-cut results 
have emerged. * ‘ - - I 8  

The failure of (XII) to react is of interest in view of the comparative 
reactivity of the corresponding di-o-methoxy One may note, 
however, that with none of these refractory benzils does the reaction seem 
to have been tried in dimethylaniline, a solvent which has been conspicu- 
ously successful in inducing quinoxaline formation with certain benails 
previously considered to be unreactive.l.ll 

Two variations of the diketone-diamine (or ketoaldehyde-diamine) 
quinoxaline synthesis may conveniently be considered here. In the first 
variation, the ketoaldehyde (XVII) is replaced by the corresponding cc- 
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halogeno ketone (XVIII) in the formation of a Zsubstituted quinoxaline 
(XIX)'S'6; Zphenyiquinoxaline, m.p. 7 8 O ,  2-phenyl-6- (or 7-) methyl- 
quinoxaline, m.p. 135O, and 2,6 (or 2, 7-) dimethylquinoxaline, m.p. 54' 
(b.p. 267-2W0), may thus be obtained. The reactions, which proceed in 
hot water or boiling alcohol, are slow, and involve the in situ oxidation of 
the 3,4dihydro derivatives (XX) which are the unstable primary products 
(cf. Chapter XXXVII, Section IB). 

The second variation consists in the condensation, in alcoholic solution, 
of an odiamine with a nitraso ketone (XXI) (monoxime of diketone or 
ketaaldehydej ''-l@ (2). For the preparation of Bphenylquinoxaline, this 

HON i CR' 
I 

OCR R 
aNHa + 

NHa 

HON: CR' 
H0N:CR 

I 

(XXII) (XXIII) 

method [i,e., using (XXI; R = Ph, R.' = H)] is greatly superior to the use 
of phenncyl bromide.18 Dioximes (XXII; R and R' = alkyl or aryl) do 
not normally yield quinoxalines under these conditionsm; but reaction oc- 
curs with (XXII; R = C1, R' = alkyl or rtryl) in t.he presence of excess 
of o-diamine, the product being the corresponding 2-0-aminoanilinoquinoxa- 
line (XXIII)20 (see Chapter XXXI, Section 1R). 
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TABLE XYIV-3. Di- and Triquinoxalines (for 2,5-Bis-2'-quinoiatyl-1,4-diaryl- 
1,4-tlihydropyrazines see Table XXXVI-2) 

cou1pd. Dicsrbonyl used hi6;, 
Remarks Ref. Structum of compound 

OBC CHO 

oL@o 

x 
(X = CHPhCOtH) 

OHC CHO 
I 

OZN CHO 

oc CO 

AdcxxcoAc ons NO* 

CHO 
I 

OHC 
I 

ocYco COC€IO 

COC€I(CN)Ph 
I 
COCH(CN)Ph 

262 

202- 
203 

- 

238- 
239 

302- 
303 

235- 
236 

Yellow 110 
leaflets 

- 111 

Yellow 110 
;wolvder. 
Impure 

112 - 

110 - 

Yellow- 113 
brown 
solid 
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CHAPTER X X V  

Quinoxalines Unsubstituted in the 
Hetero Ring 

If the quinoxaline synthesis from odiamines and 1,2diketones dis- 
cussed in the preceding chapter is modified by using glyoxal insteadof a dike- 
tone, quinoxalines are produced in which the hetero ring carries no substit- 

uent (Eq. 1). Compounds of this type, prepared by this and ot.her 
methods, are summarized in Table XXV-1. 

Quinoxaline. This compound (I), the parent member of the group, 
is best prepared using the conditions recommended by Cavagnol and Wise- 
logle.' It. is a weak base, pK, = -0.8 in waterz a t  2oo, of which the hydro- 
chloride, sulfate, and tetrachloroiodate (see Table XXV-1) h a w  been de- 
scribed. The pure base does not fluoresce in aqueous solution.a 

(1) (11) (111) 

Quinoxalinc undergocs additive reactions with bisulfite, hydrogen cy- 
anide, and Grignsrd reagents, forming compounds of type (11) (see Table 
LyxXVII-4). On reduction, either catalytically or with sodium and alco- 
hol, it yields 1,2,3,4-tetrahydroquinoxaline (11; R = H) (Table XXXVII- 
4). Quinoxaline condenses with two or more equivalents of potassium 
amide with formation of the dipotassium salt (111) of fluombin.' 

Oxidation of quinoxaline produces results which depend greatly on the 
reagent used. Thus with permanganate the product is pyrazine-&,%- 
dicarboxylic acid (IV),6 which is obtainable in a yield of 66% under suitably 
controlled conditions.6 With ammonium persulfate, on the other hand, 
the product is 2,3dihydroyyquinoxaline (V) (Chapter XXVII, Section 
2)4; and hydrogen peroxide in acetic acid gives quinoxaline di-N-oxide 
(VI) (Chapter XXVI)'. 
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Quinoxnlincs Unsuhstituted in the Hetero Ring 229 

0 

QfJoH OH a) 
0 

(IV) 0 (VI) 

6,6'-Diquinoxalyl. This compound (VII) is prepared by condensing 
glyosal with 3,3 ',4,4'-tetraiminodiphenyI,s but its properties have not 
been described in detail. 

(1'11) 

TABLE XXV-1. Qiiinoxalines Undxstituted in the Hetero Ring" 
Substitirent PmD.b R1.D.. "c. Remarks Ref. 

Nil 

6-Cl 

6-Br 
&NO* 
5-NHI 

BNHz 

5-NHAc 

C 
A 
A,D 

A 

A 

E 

F 
E 

27 
30.5- 
31.5 

60 
63.8- 
64.3 
56 
177 
91,92 
93-95 

158-159 

131 
(crude) 
i69-170 
168.5- 
169.5 
163-165c 
228-230 
234 
230-231 
231.5- 
232, 5c 
n7-229 

R. 220-223"/ 
7& 44-45"/1 mm. 
Hydrochloride, 

fate m.p. 186- 
187'; tetrachloro- 
iodate, GH&, 
HICI, dec. 125- 
130" 
B.p. 117-ll9"/10 
mm. 

dw., 184"; 8111- 

- 
Brown needles 
Yellou.-orange 
cryat. Hydrate, 
yellow plates, m.p. 
87-88' 
Intense violet 
color in eonc. 
mineral acids. Sul- 
fat,e, hydrochlor- 
ide, and chloropla- 
tinate are red solids - 
Yellow platee 

Yellow needles 

113, 
9-11 

],10 

10 
11 
12-14 

9,13,14 

12 

12-14 

12,13 

12-15 

Tablc continuad 
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TABLE ,XXS7-l. Quinoxalines Unsubst.ituted in the Hetero Ring. (continued) 
Substituent Prep.& J5.p.. OC. Remarks Ref 

~ . _ - I _ _ - -  -_-_-__I- 

F 277 - 12,13 
SO,N,rH (dec.) 

279 
& A N 3 0  

6 0 M e  A 6 0  I3.p. 128"/7 mm. 1 
ij-M e a <o B.p. 245", 86"/1 1,9 

16 5-N OT7-OMe A 182.5- - 
mm. Osnhte, m.p. 
135-136' 

0 

A.X 

- 
153 
l57(der.) 

95 Yellow plates or 
94-96 iicwllss. 1)itiytlro- 
96. 5-97 chloridc, ni.p. 

2 10.5-21 1 
1754 76 - 
1 74 
173.7-171.5 

140 - 
- B.p. 165-16S0/I 

mm., 130-14pqj 
0.01 mm. Dipi- 
cmte, m.p. I€?- 
185'. Monopic- 

139". 
; ;Z2ut~&xi~ lor -  
ide. m.p. 169-171 O 

mm. Dipicmte, 
m.p. 174" 

I 03 If ytl mte, yellow 
nectllcs, m.p. 122" 
with evolut,ion o f  
1 I,O :tiid forinn- 
t k t n  o f : i i i h y l .  h s r  

- U.p. 185-186"/5 

3 14-2 1 ti - 

16 

16-18 

16-18 

c: 
H,I 

17 
17,18 

II 

A 

17 

13 

13 

F 

A 

I3 

- 209 

158-160 Yellow cryst. 

225-227 - 

13 

13 

13 

13 

13 

2 19-220 - 13 

I' 

A 

262-26.5 - 13 

19 

19 
19 

19 

> 26a Very Rparingly sol. 
in org. solvrntR 

235-239 - 
136.5-137.5 - 

A,M 
.I 

150-1 51 - A 
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TABLE XXV-1. Quinosiilincs U n s u ~ ~ t i t u t e c l  in the IIetero R i n g  (continwd) 

5NO~Ci-OH-7-O~J~  K Dec. Structure not cer- 19 

19 

Prep.b M.P., oc. Renlarks Ref. Substiluent 

>%5 tisin 

108.5 
5-NI-Ir6,7-di-OXfe A,L 107.5- - 

19 5 N H 1 u S O , S 1 I - B , ' r - d i - O a I e  E 217.5- - 
218.5 

F 238.5- 
5 A c N H e  SOZKH- 6,7di-OMe 239 

19 

5-XI1 [CEIz ]~KIStr6,7-di-OMe I - B.p. 175'/0.5 mni. 19 

a For Bz-acetosy- and -methox-yquinoxalines, see P. E. King, Clark, and Davis, 
J. C h n .  Soc.. 19.B. 3012. 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 

A, from the'u-diarhne and glyoxai (as biuullite or sulfate) in aqueous Rolution, in 
aqueow sodium acetate u d  acetic acid (usually at 50-100' and a t  H 5-6.5), or in 
aqueous sodium cnrbonatc. 33, from 2-(d-Iarabo)tetr~ydro~ybutyfquinoxali~e by 
ultraviolet irradiation in 0.5 iV sodium hydroxide (5 hours at room temperature). 
C,  from the 2,3-dicarboxyfic acid or it5 animoniuni salt b pyrolysi~ at 220-240". 
D, from the 5-acetsmido compound by hydrolysis with d i r k  sulfuric acid at 95". 
E, from the AcXH --(TII)-S02NH compound by hydrolysis wit.h hot aqueous 
or alcoholic hydrochloric acid, or with hot aqueous sodium hydroxide. F, from the 
amino compound and pacetamidobenzenesulfonyl chloride in pyridine. G, .by 
acylation of the amino cornpound. H, from the potassium sait of the tosylamido 
derivative by reaction with the appropriate ulkyl chloride in boiling ethanol, fol- 
lowed by h drolysis with Concentrated sulfuric acid. I, from the  amino compound 
by direct sLylation in boiling ethanol or in phenol and sodium phenoxide at 100'. 
J, by  acylation of the hydroxy compound. K, hy nitration of 6,7-dhethoxy uin- 
oxaline. L, by reduction of the dinitro compound which is obtained ( i m p u 4  by 
nitration of 6,7-dimethoxyquinoxaline. hl from 5-amino-6,7-dimethoxyquinoxa- 
line b deamination and demethylation. h from the corresponding nitro com- 
p o u n z  by reduction with sodium hydrosulhe in aqueous alcohol. 0, from the 
corresponding nitro compound by reduction with alcoholic ammonium sulfide. 

M.p. is corrected. 
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C H A P T E R  XXVI 

Quinoxaline N-Oxides 
A. Preparation. The conversion of quinoxaline derivatives into 

t,hc corresponding N-oxides is readily accomplished by warming the quin- 
oxaline compound with hydrogen peroxide in acetic acid at  50-60'. The 
reaction has not been carried out with a sufficient number of compounds to 
enable any generalization to be made as to its scope, but whereas quinoxa- 
line and its homologs substituted at CZ or Ca yield di-A'-oxides, 3-ethoxy- 
and 3-ethoxy-Zmethyl-quinoxaline give only mono-N-oxides under similar 
conditions. 

B. Properties 
(1) Di-N-oxides. Quinoxdine-, Zmethylquinoxaline, and 2-methyl-3- 

n-amylquinoxaline di-Nexides are yellow crystalline compounds melting a t  
238-!.239', 180-181', and 1 0 7 O ,  respectively.' They show both basic and 
peroxidic properties, liberating iodine from potassium iodide in presence of 
acetic acid.' On reduction with neutral or faintly acid hydrosulfite, the 
oxides are converted into the parent quinoxalines; reduction with zinc dust 
in aqueous sulfuric acid, however, produces fBsion of the hetero ring, as is il- 
lustrated by the reductive degradation of quinoxaline di-iV-oxide tou-phenyl- 
enediamine and acetaldehyde (Eq. 1) This rcaction evidently involves pro  

0 

CHa - aNHz + CHO I (1) a5 NHs 

(f 

liminary reduction of the di-N-oxides to the parent quinoxalines, as the 
latter substances also undergo the same reaction. 1,2,3,4Tetrahydroquin- 
oxalines, however, are stable under these conditions, and McIlwain's' ex- 
planation of the facts is that a 1,4dihydroquinoxaline is produced, the 
cation of which can exist as a hybrid of (Ia) and (Ih); further reduction 
gives the tautomeric form (Ha) of the Schiff base (IIb), whence o-phenyl- 
enediamine and the carbonyl compound are formed by hydrolysis. 

The di-N-oxides of 2-methylquinoxaline and 2methyl-3-n-amylquin- 
oxaline also possess acidic properties, forming sodium salts for which thc 
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Quinoxdine Ar-Oxides 233 

(W (111) 

structure (111) is suggested1; t.liis structure is supported by the nonncidic. 
nature of quinoxaline di-%oxide, which cannot yield a sodium salt of type 
(111) .* Alkaline solutions of these oxides are light-sensitive, yielding 
highly colored products of unknown constitution.' 

The di-N-oxide (yellow needles, m.p. 208O) of 2,3diphenyIquinosaline. 
in contrast to the foregoing compounds, is stable toward reducing agents.* 

(2) Mono-N-oxides. The N-oxide of 3-ethosyquinoxaline (IV), m.p. 
104-106O, liberates iodine from potassium iodide in acetic acid, but is not 
acidic and shows only weak basic proper tie^.^ Its structure is considered 
to  be (IV) rather than (V) because on acid hydrolysis it yields 2,3-dihy- 
droxyquinoxaline and not the cyclic hydroxamic acid (VI) which would be 
expected from (V), and also because 2,3-diethoxyquinoxaline does not yield 
an oxide under the same conditions.S 

CX>lOEt aaoa 4 ax;: 
d 

a;yoEt 
0 

t 
0 

b 
0 

(fV) (V) (VI) (VII) 

0 
(VIII) 

R.I. 1907 

3-Ethoxy-2-methylquinoxaline N-oside, m.p. 84-86', also shows per- 
oxidic properties, and yields 3-ethoxy-2-methylquinoxaline. when reduced 
with hydrosulfite in hot aqueous alcohol. The structure (VII) is assigned 
to it from analogy with (IV).a 



234 Quinoxalines 

ZPhenyl-3-methyl-5,6benzoquinoxdine forms 8 monoxide, m.p. 212O, 
which is formulated as t.he l-oxide (VIII), alt.hough the alternative 4-oxide 
structure does not seem to be excluded.Z 
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C H A P T E R  XXVII  

2-Hydroxy- and 
2,3=Dihydroxyquinoxalines 

1. 2-Hydroxyquinoxalines 

A. Compounds Containing No Additional Substituent in  the tilelero Rittg 

Preparation. 2-Hydroxyquinoxali~~es of this group (as I) may be 
prepared by four general methods, uir.: 

(1) Decarboxylation of the corresponding 3-carbosylic acids (Chapter 
XXIX). 

(2) Keduction of the tlppropriateiy substituted o-nitrophenylglycine 
with subsequent oxidation of the initially formed 3,Cdihydroqujnoxaline 

(11 

(3) Interaction of an o-diamine with bromoacetic acid. This method 
has the advantage of using readily accessible starting materials, but is 
liable to give a mixture' of the two possible isomeric products if the amine 
is substituted at CS or Cq, as in the example' of equation 2. 

(2) 

(4) Condensation of an odirtmine with an ester of glyoxylic acid. 
Using butyl glyosylate, this method has been employed extensively by 
Wolf and his co-workenla but it has the same disadvantage as the foregoing 
s-ynthesis of giving rise to mixed products from substituted o-phenylene- 
diamines (R. 3). 

hfea;loH+M* OH 
""yJ;; fCHrBrCO&I + 

Properties. ZHydroxyquinoxalines (Table XXVII-1) are high- 
melt-ing solids which are generally sparingly soluble or insoluble in com- 
mon organic solvents, but are soluble in dilute sodium or ammonium 
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236 Quinoxulines 

hydroxide.a On treatment with phosphoryl chloride they are converted 
into the corresponding 2-chloroquinoxalines. If phosphorus pentachloride 
is used, 2-hydroxyquinoxaline yields 2,3dichloroquinoxaline, a but this be- 
havior is probably exceptional, as Bz-substituted-2hydroxyquinoxalines 
appear to react normally in presence of phosphorus pentachloride.2 On 
oxidation with warm hydrogen peroxide in acetic acid, Zhydroxy- gives 
2,3dihydroxyquinoxalinc.' 

TABLE XXVII-1. ZHydro?cyqninos~tIines Containing No Atlditional Substituent 
in the Hetero Ring 

Substituent Prep.a h.1.p.. oc. Rerrinrkn Raf. 

Nil A,B 271,269, Sub. 200"/0.5 mm. 3,9928 
265 

&Cl n 305 - 21 .~ .. . _ _  --- _ _  
21 7 4 1  I) 270 - 
22 7-OMc D 235-236 

GSille C 227 Structure uircertaiii 33 
- 

34 & M e  J3,D 280 I 

6-iac n 274 
7-Me D 270-272. 

266-267, 
265 

h l c  yc?llow plates 1 
- 1,35-37 

a A, from the o-diamine and ethyl glyoxylate in boiling alcohol. €3, by decarboxy- 
lation of the corresponding harbosyl ic  acid. C, from PhKHC0CH:NOH by 
boiling with phosphoric anhydride in toluene for 3 hours.'' D, from the appro ri- 
ate  o-nitroarylglyeine (or ester) by reduction and (epontaneous) cyclization. f f  a 
3,&dihydroquinoxaline is first isolated i t  may be converted into the required pro- 
duct bvoxidstion with silver nitrate or atmosDhericailv. 

B. Compounds Containing an Additional (CJ Subsiituent in the Hetero Ring 

In addi- 
tion to the compounds discussed in this section, 2-hydroxyquinoxaline-3- 
aldehydes are considered in Chuptcr XXVIII, 2-hydroxyquinoxaline-3- 
carboxylic acids in Chapter XXIX, and 2-hydroxy-3-polyhydroxyalkyl- 
quinoxalines in Chapter XXXVI. 

This group comprises the majority of 2-hydrox~quinoxalines. 

Preparation 

(1) The most general method is the condensatiori of a primary 0- 

diamine with an a-keto acid or its ester, BS in equation 4. No intermediate 
is normally isolated, but if "Balbiano's acid," which is a tautomeric mix- 

ture of (11; R = H) and (111), is condensed with o-phenylenediamine the 
product is (IV; R = H). The acid (11; R = Me) similarly yields the 



ZHydrosy- anti 2,5Dihydro~quinoalines 

I 

237 

C O B  
I 

CO2H a,(OH)Cl\le2CRMe I ~ ' ~ ~ ; , C R h 1 e C O 2 H  

(Iv) (V) 

adduct (IV; R = Me). Ring closure of (IV; R = H and Me) to the 
quinoxalines (V; R = H and Me) is cffected by heating the former com- 
pounds slightly above their melting points."" 

A further point of interest in connection with the synthesis of Zhy- 
droxyquinoxalines from a-keto acids arises with acids of the type RCO- 
COCOZH. Such compounds may react either as 1,Miketones or as a- 
keto acids; thus the ester (VI), reacting as a 1,Zdiketone gives (VII),' but 
(VIII)  reacts as the derived a-keto acid and yields (IX).8 

MeCOCOCOBt 

CVIw (VIU (1x1 

Table XXVII-2 contains 3-substituted-!2-hydroxyquinoxalines nearly 
all of which are prepared by the above method. It is to be noted that the 
use of n substituted o-diamine in the synthesis may give a mixture of 
prOducts@*'O or if a singIe product is formed the structure is uncertain; 
for example, 3,4-diaminotoluene and benzoylformic acid give a compound 
(yellow needles, m.p. 196-197'), which may be either 6- or 7-methyl-2- 
hydroxy-3-phenylquinoxaline. l1 

OH 

OH OH 

(XI 

(2) I n  a few cases (see Table XXXV-2), 2-hydroxy-3,2'-hydroxyaryl- 
quinoxalines (X) have been prepared by condensing o-phenylenediamine 
with coumaran-2,3diones. This reaction, to which further reference is 
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made in Chapter XXXV, Section 2B, involves the transformations shown 
in equation 5. 

(3) 2-Hydroxy-3-phenylquinoxaline (XI) is obtained by oxidation of 
3-phenylquinoxaline-2-carboxylic acid (XII) with chromic anhydride.12 
It is therefore not surprising that it is also formed by similar oxidation of 
various 3-phenylquinoxalines containing an easily oxidized alkyl residue at  
Q. For example, it is produced in small amount, together with 3-phenyl- 
2-acetylquinoxaline (m.p. 110-11lo, 99.5°)1a1P (XIII), by the oxidation of 
(XIV; R = CHMeCOPh)lS; and it also results when (XIV; R = CH2- 
COPh, CH(COPh),, and CH(OMe)CPh20H), (XV), and (XI?) (m.p. 
lf3-164') are oxidized .12.15-17 

cK:I:3 Q(;I:*H a>1: Q(XRh 
(XI) (YII) (XIII) (XIV) 

a N x P h  PJlesifyI 

rs' c=c 
I 

OMtsityl 
(SV) 

Properties. The physical properties of 3-substituted-2-hydroxy- 
quinoxalines are summarized in Table XXVII-2. The chemistry of 

TABLE XXVII-2. 2-Kytlrosyqitinosnlinc~ Cmnti-iining n (A) Substituent in the 
Hekro Ring 

Siitmtitucmtm M.p., OC. Reninrks Ref. 

3-Me A,E 245 - Y,38 
65 3-CHzCI B 221-222 

39 
6 

3-CHBrt A 250 
A (aee text) 223-224 

5 
3-CM&CHMeCOzH 
3-CMe&MeaC02H A (LICC text) 238-239 
3-CIIsAc R 257 Yellow cryst. 40 

- 
(dec.) - 

- 
- 

A(seetest) 167.5- Yellow -solid Ac 8 
168.5 deriv., m.p. 283.5"; 

Act deriv., m.p. 212- 
213"; ACS deriv., 
m.p. 182" 

18 A 196 - 

41 184-185 - 3-CH 
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TABLE XXVII-2 (continued) 
Subatituents I'rcv." b1.n.. "C. Rerriarka Ref. 

3 - c H p h - o  
3-Ph 

353 HtN 

A 

A 

B 

B 

B 

B 

Bb 

Bb 

B 

B 

42 - 179-180 
180 

43 

44 

m-223 - 

330 - 

44 - 318-320 

315 Yellow-brown 45 
ncedlcs 

307-3W Orange-red ncctll~v~ 4fi 

355 Dull orange neodles. 47 
Hot conc. H?SO* 
gives crimson-vlolet 
color 

3i2 OrangcneedleH. Hot 4 i  
conc. ITIS04 gives 
magenta color 

3% Yellow needles. Hot 47 
conc. Ha01 gives 
pale yellow color 

48 - -295 

A (also see a 7  - 49 
text) 

D 258-280 - 50-52 

3 P O M s  

HO 

312 Yellow needles. 53 
Conc. &SO4 gives 
deep red color 

A 

Table conliriued 
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TABLE XXVII-2 (conlinwd) 

SubBtituenta Prep.- M.67.. "C. Remarks Ref. 

OMe 360 Yellow needles 53 355 HO A 

H 

3,6- (or  3,7-) htct 

A 

1% 

312 lh-ick-red nce?les. 54 
Conc. HzSO, 
violet-brown c o E Y  

>350 hick-red cryat. pow- 55 
dcr 

>315 Ileci cryst. 56 

88% 175 - 
175.5- 
176.5 
-350 Spariiigly sol. i!i a 8 

and stable to, ttcids 
and alk. The Aca 
deriv. gives Zhy- 
droxyquinoxaline - 3- 
carhoxylic acid with 
boiling N NaOH 

ci5 
10 

10 

2Gi-267 - 
c: 243.5- - 

244.5 
G 240- - 
A 

240.5 
220 
(dcc.1 

57 

37 

20 

a A, from the  udiamine and RCOCOzH in water, alcohol, or acetic acid. B, from 
the o-diamine and RCOC02Et in alcohol or acetic acid. C, from 3-ethoxy-2- 
methyl uinoxaline-l-oxide and boiling aqueous-alcoholic hydrochloric acid. L), 
by congensakon of o-phenylenediamine w t h  acetylisntin, followed by saponifica- 
tion. E, from 2,2'-aminophenyIamino-3-methyIq+oxaline by hydrolysis mith 
boiling 20% h drochloric acid. I?, from 3,.Wiamnot.oluene and ethvl l-chloro- 
propionate, folgwed by atmospheric oxidation of the initially formed dih dro com- 
pound. GI from the o-nitroamine and 1-bromopropiomc acld (or the etgvl ester), 
ollowed by reduction, ring closure, and oxidation (cf. method D, Ti!ble XkVII-1). 
These condensations proceed well in phenol at lOO", or by dry fusion of the com- 

ponents with a trace of ammonium chloride. 
o-Pheny1enediamine:estcr = 1 : 1 in boiling alcohol. 
o-Phenylenedismine:estcr = 2: 1 in boiling acetic acid. 

3.7- (or 3,6-) Mc2 14' 233 '  - 
3-Ph-6- (or 7-) Me A 198 Ycllow needles 57 
3-CO&-B- (or 7-) Me, R 199 - 
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these compounds (and of compounds unsubstituted at Ca) has not been 
studied, apart from qualitative observations of their weakly acidic nature. 

In a number of cases, 2- 
hydrosyquinoxalines undergo iV-methylatmion when treated with methyl 
sulfate or iodide and alkali, or with diazomethane, and thus give rise to 1- 

Methylation of Hydroxyquinoxalines. 

(XVII) (XVIII) (XIX) 

methyl-2-keto-1,Wihydro derivatives. Thus the compounds (XVIII ; 
R = Me, R' = H), (XVIII; R = CHBr2, R' = H), (XVIII; R = CO,Et, 
R' = H), and (XVIII; R = C o a t ,  R' = Me) are prepared by one or 
other of these methods from the hydroxy compounds (as XVII),8,18-" the 
constitutions being proved by synthesis by alternative routes (see Table 
XXXVII-2), and Zhydroxy-3-chloromethylquinoxaline yields what is 
probably the N-methyl derivative (XVIII; R = CH2C1, R' = H) (Table 
XXXVII-2), although bhe structure of this compound has not been 
~ r o v e d . ~  By the action of methyl sulfate and sodium hydroxide, 2,3- 
dihydroxyquinoxaline is converted into a compound, m.p. 256-258', which 
is formulated as 1,4-dimethyl-2,3-diketo-1,2,3,4-tetrahydroquinoxa1ine 
(XIX)4; and the 6-chlor0, 6-bromo, 6-methoxy-, and &methyl analogs of 
(XIX) (m.p. 192O, 2 0 5 - ! 2 0 6 O ,  182-183O, and 196-197", respectively) are 
prepared similarly.21p22 These compounds are not identical with the cor- 
responding 2,3dimethoxyquinoxalines (Table XXXII-Z), but the possi- 
bility of their being the 1,ldimethyl isomers, formed by 0,N-methylation 
such as occurs with 1,4dihydroxyphthaladne (Chapter XIX), appears not 
to be excluded. 

The N-alkylation of Zhydroxyquinoxalines, however, is not always a 
facile process. Thus with 2-hydroxy-3-methylquinoxaline, N-ethylation is 
less satisfactory than N-methylation, and N-bensylation does not occur 
under moderate conditions.I8 The compound (XVII; R = o-CONHCe 
H a m % ,  R' = H) (for an alternative formulation see Table XXVII-2) does 
not react wit.h diazomethane.8 Furthermore, cases are known where 
methylation gives 0- and not N-derivatives. 3-Amino-Zhydroxyquinox- 
dine (XVII; R = N H 2 ,  R' = H), for example, gives 3-amino-Zmethoxy- 
qiiinoxaline (Table XXXI-1, on treatment with methyl sulfate and alkaliz3; 
and Zhydroxy-3d-arabotetraacetoxybutylquinoxaline (XVII ; R = 
[CHOAc]&H20Ac, R' = H) (Table XXXVI-1) yields the Zmethoxy 
derivative (m.p. 154.5-156.50J [a]g -!27.6,O in chloroform) by t.he action 
of diaz~methane.~~ 
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2. 2,3-DihydroxyquinoxaIines 

Preparation. The two general methods by which these compounds 
(I) may be prepared are (2) condensation of the appropriate diamine with 
oxalic acid in hot aqueous acid or by dry fusion, and (2) condensation of 
the dimine with ethyl ovalate in excess (Eq. 6). 2,3 Dihydroxyquinoxa- 

line, the parcnt compound of the series, 11x3 also been prepared hy a variety 
of additional methods involving the hydrolysis or oxidation of a number of 
%hydroxy- or 2-alkoxyquinoxalines (see Table XXVII-3). 

TABLE LXXVII-3. 2,3-l)ihydro.uyquinornlines 
Substitiient PP3U.U n1.n.. oc. Remarks Ref. 

Nil A,H, c, D,E, 
F,G,H,I,.J 

A,E,K 
E 
E 
A,E 

I, 
L 
E 
A 
A,M 
A 

>3w,  3514% 
(dec.), 410 

380, >350 - 
284 (dec.) 
344-346 (dec.) 
329-330 ( d ~ .  1 
344 
350 

> 300 
>300 
>300 

- 

Sub. 330". Monobenz- 
oyl dcriv., m.p. 17G" 

Not purified 
Yellow plates 

Yellow crypt. 
Yellorv micronecdlcs 

- 

- 

&It purified 

Gives unstable acctntc, 
but no isolable salts 
with strong mineral 
acids 

- 
- 

394, 
2630, 
58-60 
32,61 
22 
62 
22,62 

62 
62 
22 
63 
63,M 
57 

a A, from the o-dinmine and oxalic acid, by fusion at  4 0 0 "  or in boiling 4 X hy- 
drochloric acid. B, from o-phenylenediamrnc and diethyl diketosuccinate in water, 
aIcoh01, or benzene. C, from quinoxdine by oxidation with ammonium persulfate. 
I), from Zhydroxy-3-(d-arabo)tctrahydroxybut lquinoxaline by oxidation with 
acid permanganate or hot uqueuus periodate. 6, from the o-diamine and excess 
ethyl oxalate at  160-l'iO" or under reflux. F, from 3-ethoxyquinoxaline I-oxide and 
boiling aqueous-alcoholic hydrochloric acid. G, from ZchloroSethosy- or 2,3- 
diethoxyc uinoxnline by refluxing with alcohol and hydrochloric acid. 33, from 2- 
hydroxy~tholcyquinnKaline and warm aqueom acetic acid. I, by oxidat.ion with 
warm hydrogen peroxide in acetic acid of Zhydroxyquinomline, %hydroxy-, or 2- 
ethos~quinoxaline-3-cart,o?i3.lic acid, Z-chIoro-3-ethoxyquinoxdine, or quinoxaline- 
2.3-dicarlmxylic acid. J, by hydrol.ysis of 2-sulFuniIsmido5methoxy uinosnline. 
I<, from 2,3,Gtriehlor~~quino~i~Iint~ by hydrolysis in hi l ing acetic a d .  L, from 
the nitro compound b reductibn with Lwiling ;rquc.ouy sodium sulfide. A I ,  from 
the dinminc and oxulyfchloride. 



Properties. The physical properties of members of this group are 
given in Table XXVII-3. The properties of 2,3-dihydroxyquinoxaline, 
the parent member of the group, have been studied in some detail. This 
compound is very sparingly soluble in water and organic solvents, and &on-s 
strong blue fluorescence in ultraviolet light;24 i t  is used in photography (to 
prevent staining during certain development processes); and it is a group 
reagent for the alkaline earths as well as a specific reagent for bariurn.l6 
On reduction with zinc and hot dilute hydrochloric acid it yields the 3,4- 
dihydro derivative (11) (Table XXXVII-3). 

2,3-Dihydrosyquinosaline is soluble in acetic acid,26 but its characteris- 
tic reactions are those of a monobasic acid. It is soluble in sodium car- 
bonate,26 and dissolves freely in dilute sodium hydroxideln." although the 
monosodium salt thus formed has been described as being sparingly soluble 
in hot water.29 With hot aqueous potassium carbonate 2,3-dihydroxy- 
quinoxaline gives a monopotassium salt, moderately soluble in water and 
in alcohol." On the other hand, a hot aqueous solution of the dihydroxy 
compound yields a di-silver salt when treated with aqueous silver nitrate 
followed by ammonia." The dihydrosy compound resist8 acetylation, but 
with benzoyl chloride in pyridine it gives a monohenzoyl derivative, re- 
garded as t.he 0-rather than as the iV-compound by reason of its hydrolysis 
by dilute alkali a t  room temperature (hydrolysis by concentrated hydro- 
chloric acid is slower).30 

R ax:D H C1 agoR H 

(111) (IV) 

If 2,3-dihydroxyquinosaline or 6-chloro-2,3dihydroxyquinoxaline is 
heated with o-aminophenol hydrochloride under suitable conditions, con- 
densation occurs a t  the 2,3-positions of the pyrazine ring, giving (111; 
R = H) or (111; R = Cl), rcspecti~ely.~~ Analogously, 6-chIoro-2,3di- 
hydroxyquinoxdine furnishes (IV; R = H or C1) by condensation with 
the hydrochloride of o-phenylenediamine or 4-chloro-o-phenylenediamine, 
re~pec t ive ly~~ (see volume on Phenazines). 
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TARLIS XXVIII-1. C~uii~osalinc-2~ldeh~tles 
Prep. (as 
aldehyde M.P. of 

Subatitti- or phenyi- &%.I>. of 81- phcnyl- 
tion a t  Ca hydrnzone)' dehyde, OC. hydrasonc. OC. Remarks Ref. 

Nil A,B,C 110, 229-230,231 SemicarbMone, m.p. 1,6, 
10s 251 O. Oxirne, m.p. 19i- 7-10 

198 O (204-205 O ) ,  is sol. 

OH 

OMe 
Ph 

in alk., and stablc 
to hot mineral ari$. 
Hydrazone, m.p. 151 . 
Azine, m.p. 265'". 2,+ 
Dinitrophenyltydrazone, 
m.p. 234-235 . Met-h- 
one, m.p. 231". Anil, 
m.p. 130". 4'-Carboxy- 
mil, m.p. 285O (dec.). 
4'-Carbethoxyanil, m.p. 
137 O. 4'-Carbonamido- 
m i l ,  m.p. 24t-252". 
4'-S$fonsmidoanil, m.p. 
220 

2% orange- m.p. 285" (dec.); dime- 
red needles, don deriv., m.p. 215- 
m.p. 278 217O. hydrazone, m.y. 

222-i23 (dec.); mcthyl- 
phenylhydrazone, m.p. 
250" 

C,D. Also i1-72 Red prisms, Cryst. as pentnhydyate. 4,11, 
see text 282, h i l ,  m.p. 216"; oxime, 12 

- Orange-red needles 12 
2 - 145 - 176 

C b  
C 

A, from 2-methylquinoxaline and selenium diorride: B little 2-cnrboxyIic acid is 
also formed. B, from Z(~Z-amho)btr~hydrox~butylquirlnsllline and l e d  tetraace- 
tnte in benzene-acetic acid ( ield 67%). C, from the corresponding Zpolyhydroxy- 
alkyl (usually tetrshydro~~~uty1)cluinosnIine by treatment, with phenylhydrazine. 
D, from the corresponding 2-dibromometiiylquinoxaline by condensation with 
phenylhydmnine. 
* By use of 1 mole phenylhydrazine. 

the presence of sodium bicarbonate (if the alkali is omitted, the concentra- 
tion of periodic acid becomes high, iodine is liberated, and 2,3-dihydroxy- 
quinoxaline is produced). 

The pentahydrate (see Table XXVIII-1) crystallizes in colorIess prisms 
which become reddish-brown in the light but not in the dark. The anhy- 
drous aldehyde is yellow. The aldehyde is not oxidized by the atmosphere, 
probably owing to stabilization by hydrogen bonding, and it reacts only 
slowly with hot Fehling solution, but it reduces Schiff and Tollens reagents. 
In addition to the derivatives mentioned in Table XXVIII-I, the aldehyde 
forms an alcoholate and a bisulfite compound. The dimedon derivative 
gives an anhydride [+0.5 AcOH, m.p. 319-321' (dec.); +3H20, m.p. 
309317O (dec.)] when it is boiled with 50% aqueous acetic acid. 
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The hydrazone (Table XXVIII-1) of the aldehyde is unstable, h i n g  
converted in boiling alcohol into the aldazine hydrate (V); this is a yellow 
substance, m.p. 253" (dec.), which with sodium hydroxide yields a, reddish- 
orange sodium salt. The deepening of color associated with conversion of 
(V) into the sodium salt is attributed by Ohle and Noetzcl to the resonating 
anion, to which (VI) is u contrihuting structure. A deepening of color also 
accompanies the conversion of the yellow phenylhydrazone of quinoxaline- 
%aldehyde into its sodium salt, and in explanation of this i t  is suggested 

(t') (W 

that the structure (VII) makes t major contribution t,o the mesomeric 
anion.'-6 On the other hand, thc situation is reverscd in the case of the 
phenylhydrazone of 3-hydrosycluinosaline-2-uldehy~e. Here, the red 
phenyliiydrazone gives only an orange-yellow sodium salt, and this is ex- 
plained4 in terms of the extra resonance in the free piienyihydrazone which 

CH=N 

[VIIIC) 

results from hydrogen bonding (VIII a-b-c) ; clwrly this hydrogen bonding 
would be prevented, and the resonance energy diminished, by conversion 
into the sodium salt. Acetyla,t.ion of the phenylhydrazone gives the N- 
acetyl derivative (1x1 (yellow needles, m.p. 284O). The stnicture of (IX) 
follows from its alternative preparation from the aldehyde and as-acetyl- 
phenylhgdrazine, and both the lightening of color and also the position of 
acetylation are readily understood on the basis of structures (VIII, a-c). 
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CHAPTER XXIX 

Qu inoxaline-2 -car box ylic and 
-2,3-Dicarboxylic Acids 

1. Quinoxaline-2-carboxylic Acids 

A. Preparation. Methods for preparing quinoxaline-2-carboxylic 
acids vary considerably and depend on whether or not the acid contains n. 
3-substituent, and, if so, on it.s nature. Broadly speaking, the following 
general procedures are suitable (see Table XXIX-1). 

(I) The ethyl ester of the acid, if available by a convenient method, is 
hydrolyzed in alkaline solution. 

(2) Quinoxaline derivatives with suitable substituents a t  Cz may be 
oxidized under various conditions giving the Zcarboxylic acids. 

(3) An o-diamine is condensed with alloxm, and the resulting anil (I) 
is subjected to akaline hydrolysis, yielding a 3-hydroxyquinoxaline-2- 
carboxylic acid (11). The question whether the initial condensation pro- 
ducts are correctly represented cw (I) or as the isomeric hydroxyureido- 
quinoxalines (111) remained unsettled for many H. Rudy and 
I<.-E. Crmer,' however, found that o-amino derivatives of tert.irtry, as 
wnll as those of primnry and secondary, :wom:itic amines undergo similar 

0 
(16) 

condensations with dloxsn; the primary products must thus be mils (I) 
and not quinoxnlines (III), and there is now no reason to believe that a 
compound of stnrctiire (111) has been prepared. 
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(4) Alloxazines (IV) are hydrolyzed in alkaline solution, yielding, ac- 
cording to conditions, 3-amino-(V; R' = NHz) or 3-hydroxy-(Jr; R' = 
OH)-quinoxaline-2carboxylie acids. 

(5) An o-dimine is condensed with mesoxalie acid or its ester. If the 
diamine is substituted at G, the formation of both the possible isomers may 
be expected, as in equation l.B 

Xi1 A,H;C, 212,210 
D,E,W 20&20!! 

3-C1 E' 146-147 
(dcc. ) 

3-NI-E* G,IC,I, 2lO(dCC.), 
J 212-213 

(dec. ) 

3-OH K,L,M, 265 (dec.), 
N,U 200 (dec.) 

Sol. in hot water, alp., chloro- 
form, acetone. Aq. soh. gives 
reddish-violet FeSO' reaction. 
Loses Cot at n1.p. with forma- 
tion of quinoxaline. Acid chlo- 7f;;;mg. 115'; Me ester, m.p. 

t ester, m-p. 85'; am- 
lidc, m.p. 180"; xylidide, m.p. 
132'; tetrahydroanilide, m.p. 
1%'. Phenyl ester, m.p. 104'; 
o-hydroxy-, m.p. 167'; w h y -  
droxy-, m.p. 175O; and p h v -  
droxyphen 1 ester, m.p. la', 
are formed;>v heating quinoxa- 
Iine-2,%ciicarhoxgIic anhydride 
with the appropriate phenol at 
170" (ref. 15). Hydrazide, m.p. 
204 ', and phenylhydrazide, m.p. 
lSG", are prepared from fore- 
goin aryl estcrs and NJfr or 
Ph&INIIZ (ref. 14) 
Yellow prisms. Distn. at 0.1 
mm. gives 2-chloro~uinoxaline. 
Et ester m.p. 42.5 . Amide, 
m. .21dD 
Yefiow nedles. Me enter. m.p. 
218-219" [hydrochloride, m p .  
188-189' (dec.); wetyl deriv. 
m.p. 143-144'j. Et ester, m.p. 
165-168'. Amide,yellow needles, 
m.p. 263-2454 '; 3-earbethoxy- 
aminoarn.de, dec. >300'; 3-acet- 
amidoamide, m.p. 207' (dec.) 
Yellow needles. Loses COS at 
m.p., yielding 2-hydroxyquin- 
outline. Oxidation with warm 
AcOH-H*O* ives 2,3-dihydroxy- 
quinoxaline ?ref. M)). Et ester, 
m.p. 175.5-176.5" 

16-20, 
39 

21 

$21-24 

6,21,22, 
25-27 

Table conlinued 
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3-OEt 

3-Me 
3-Et b 
3-Prn 
3-Ph 

3-OH-6 
(and 7-) 
M C  

3-01 t- 
&Me 

3-N& 
6,7-M~1 

0 120-121 Loses COz a t  180' giving 2-cth- 
osyquinoxaline. Et estcr, m.p. 
25' 

- 
153 Dec. :tt the m.p. into COZ and 2- 

s 214 L s c s  8 Oz at the n1.p. giving a 
product, m.p. %To, which is a 
niixt. of 3-OH-6- aiid 7-methyl- 
quinosalinc (rcfs. 8,33); thc acid 
is thus a niixt. of the 6- and 7-Me 
isonicrs. Anii(ic,c m.p. 286- 

T 230 (dcr.) Ydlow prianis. Give8 2-hy- 
drosS-5-inct~i~lquinosaliIie :tt 
in.p., hcncc its structure. 1St 
cfitcr, n1.p. 225" 

If - Gives 2-nmino-6,7-dimothyl- 
quinoxaline in boiling I'hNOe 

heriyl uinosaline 
Q,11 

287" (rcf. 9). 

21 

23 ,B 
29 
21) 
17,30, 
31 
4,32 

35 

36 

(I A, by oxidation of Z(rf-Hr:rhojf.etrHhytlros~tJutylquinos:tlino with 6% hydrogtrii 
xxoside end aqueous sodium hydroxide (80 ; 1 hour); yield, 70%. B, by :rlk:a- f ine decomposition of various degradation products of %(d-ambo jtct8rahydrosy- 
hut. lquinoraline (Cha ter XXXVI, Section 2R). C, by oxidation of glucnzidoiic 
w i d  pernianganate in toilin acetone and of glucazidon~-3-~ulfonic wid with hot 
aqueow pernian anate (see Ehapter kXXV111, Section IC). 13, by oxidation of 
quiiiosaline-2al~eh~de with hydrogen peroxide and sodium hydroxlde. E, by 
oxidation of Zmethvl uino.uline with selenium dioxide (major product is quinoxa- 
line-%aldehyde). p, '6, hydro!yRiR ( I  '% aqueous methanolic sodium carbonate at. 
the b.p.) of the ethyl cster, which 1s prepared from et.hyl 3-hvdroxyquinoxalinc2- 
carbosylate (Table XXIX-1) by treatment. wit.h hos h o k s  osychloride. G, 
hv Hofmsrin degradation of 3 - c a r b o n a n , i d o q u i n o s P n ~ ~ - c a ~ ~ ~ ~ l i c  acid (Tahlc 
?r?iIX-3). I f ,  by sclwtivc hydrolysis of the corresponding olloxasine with concon- 
t.r:ttcti ammonia at 170-175'. I, by hydrolysis of t.hc corrm ionding :tmide (prc- 
parw1 from ct.hyl 3-chloroquinosnline-2carboxylillc arid rnct\ii~nolic ammonia :it 
1.50') with lioilfng 10% nqucous aodiuni hytlroxidc. .I, from 2,3-dic:trboiisinido- 
quiriosrilinc (Table XXIX-3) by tmatmcnt wit,h 1 molc of pot,:twiurn 11 pobmmite. 
K, from nllouziiic by alksline Iivdrol~sis. I,, from : r l lo s ;~r i -2 -an~ ino~ i i i~~~ ,~  al k:tlinC 
hydrc)I,ysis (for reaction, RCC t'cxt). k, from 3-Hniinoquirioxnlinc-2carbosyIic acid 
by high-temporaturc alkaline hydrolysis. N, by hydrolysis with hot 3 S aqueous 
sodium hydroxide of the ethyl ester (for prepadion  see Tnble XXv11-2j or of 
et-hyl 3-chloroquinos:tlirr~~~boxylate. 0, from the ctliyl cstcr [prcparcd from 
ethyl 3-chlom uinoxaline-2rarboxy)llta (Table XXX-1 j and boilin alcoholic 
sodium ethoxi%] by hydrolysis -7th boiling 1% alcoholic potaeh. %, from 0- 
phcnylenediamine hydrochloride and tho appro riate AlkCOCOC02Et in :L ueous- 
irlcoholic sodium acetate. Q, from 1Qi,hcny~~,lQdihydroglucniidone (8haptcr 
XYXVIII, Section 1C) by oxidat,ion with p e r m a n y a t e  in,aL.etonc. It, from 3- 
phenyl-2-phenacyl- or 3-pIienyl-2diherizoylmeth~ quinoxalinc by boiling for a 
short time with chromic mhytfride in acetic acid. S, preparation as in method I,, 
but start,in with 3,4-dinminot,olucne. T, by hydrolysis (10% sodium hy?roxide 
at 95") of the ethyl ester, which is prepared by condeming mesoxalic ester with 2 , s  
diaminotoluene. U, from the dimnine hydrochloride and msowlic  acid in hot 
aqueoua solution. V, from o-phenylenediemine and ethyl l-chloro-2-ket.opropnne 
1-carboxylate in aqueous solution (in presence of CaCO,). W, froni Ztribromo- 
nicthylquinosaline and a ueous-alcoholic silver nit.rate (3.7 moles) at t.hc b.p. 
* These entries refer to t%e et.Iiyl esters, the free acids being unknown. 
*Prepared hy condcnsirrg 3,4-diitrninotoluene with form~ldichloroncctamide, 

CI-IO-CClnCONII~ (prcparcd in situ from Rsparagine und chIomnfiIie-T). 
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B. Properties. The constants of thesc acids, and those of their 
simple derivatives, are summarized in Table XXIX-1. Little can be mid 
by way of a general statement of properties, as these are greatly influenced 
by the nature of the substituent adjacent, to the mrboxyl group. The 
acids in which this substituent is a chloro or an amino group display con- 
siderable activity, particularly the latter compound and its derivatives. 
Thus the sn ide  (VI) gives the urethan (VII) when heated under reflux 
with ethyl chloroformate, whence alloxazine (VIII) is produced in high 
yield by treatment with hot alcoholic sodium e t h ~ x i d e . ~  Again, interac- 
tion of the methyl est.er (IX) with acetic anhydride gives the acet,yl deriva- 
tive (X) and thence, by methanolic ammonia, the amide (XI), which is 
converted in boiling acetic anhydride into the benzopteridine (XII; R = 
Ac). The same compound, together with the hydroxy analog (XII: R = 
H), is produced when (VI) is boiled with acetic anhydride.9 

The compound (XIII), which bears a close f.ormal structural resem- 
blance to folic acid is formed by condensing the acid chloride of quinoxa- 
line-2-carboxylic acid with N-p-aminohenzoylglu tamic acid in a mixture 
of ether and aqueous sodium hydroxide. It forms pale yeUow crystals, 
m.p. 145O, and shows some antagonistic action against folic acid when as- 
sayed with Laciobaciltus cmei, but no antagonism using various other bac- 
teria.'O 
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2. Quinoxaline-2,3-dicarboxylic Acids 

A. Preparation 
( I )  The general method of preparing these compounds is to condense 

an o-diamine with diketosuccinic (dihydrosytartaric) acid or the sodium 
salt thereof in hot aqueous or aqueous-alcoholic solution (2). Hinsberg 

and Konig, to whom this synthesis is due, assumed11 that the rcaction led 
directly to (11; R = H). It was subsequently shown, however,12 that 
this is not so; working with (I; R = H, Cl, and Br), it was found that the 
reaction proceeded by way of the intermediates (111) or ( IV) ,  the former 
being formed if the condensation is carried out in neutral solution, and the 
latter by working in a faintly acid medium. Strong acidification of a solu- 
tion of either (111) or (IV) gives (11). One may note that the melting 
point of (I\? is almost, identical with that of (111) in each of the three cases 
(R = H, C1, and Br), suggesting that, a t  the melting point, (IV) undergoes 
tlehy-d rat ion to (111). 

(2)  ~i1inox:~line-2,8~tiicnrt,oxylic acid is also obtained hy the oxidation 
of phenazine with alkaline potassium permanglmate.'a 

B. Properties. The melting points of quinoxaline-2,R-dicarboxylic 
acids and their simple dcri\;ittives are given in Table XSIX-2. The parent 
compound (11; It = H) has been converted into various other derivatives 
which are given in Table XXIX-3. 

Thus if the 
parent acid or its 6-cliloro or 6-bromo :~nnlog, or, better, their dimmonium 
salts, are heated at 220-240", the corresponding quinoxalines are formed.12 
If quinoxaline-2,3~iicnrhosylic acid anhydride is heated with various 
phenols a t  170°, partial decnrboxylation occurs and the aryl esters of quin- 
oxaline-2-carl~osylic acid are produced (Table YXIX-1 j .  Similarly, at- 
tempts to produce phenolphthalein analogs from the acid and a phenol in 
presence of concentrated sulfuric acid, phosphoric acid, or aluminum chlo- 
ride lead only to qnino?tnlinc2-carhos~lic acid,a4 although several com- 
pounds of the type (V; I t  = OR and NEtJ and (VI) are stated to result 

Decarbosylation of this group of acids occurs readily. 
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from interaction of the dicarboxylic acid with t.he appr0priat.e polyhydric 
phenol or aminophenol in presence of zinc chloride at  150-190°; these 
products, however, have not been thoroughly characterized and are only 
briefly described.IS 

(vl (VI) WII) 

On oxidation with hot alkaline permnngenate, quinoxnline 2,34icar- 
bosylic acid gives pyrazinetetr~ccsrboxylic acid (VII j. l2 

TABLE XXIX-2. Quinoxaline-2,3-clicn~~~~ylic Acids 
M.p.. “C. 

E M 1  Eta 
Substituent Acid Anhydride eater eakr Ref. 

Nil 190 (evolvt?~ COz) 235,” 251 - 83b 11.12, 
(dec.), dec. 23,24 
250-260 

6-CI 175 (dec.) dec. 230-240E 159“ God 12 
6-Br 172 (dec.) dec. 235-245E 161’ 6 9  12 

37 

- 4,32 &Me dec. 145 (tmhyd.), - - 
7-Cl-6-llIe 173 (dec.) - - - 

130 (hydrate) 

a Prepared from the acid and boiling acetic anhydride. * Prepared from the acid by Recher-Speier esterification. 
From the acid anhydride and ethanol. 
From the acid anhydride, ethanol, and hydrogen chloride. 

TABLE XXIX-3. Derivatives (Other Than Those in Table XXlXZ) of Quin- 
oxaline-2,3-dicmboxylic Acid 
Derivatis-e Prep.a M.p.. O C .  Remnrks Ref. 

Me2 ester A 1.30 - 23,26 

Diamide C 328 (dec.) With 2 moles KOBr 23 
B 325 

gives alloxazine; with 
1 mole KOBr gives 3- 
arninoquinoxaline - 2- 
carboxylic mid (Table 
XXIX-1) 

(dm.1 arninoquinoxaline - 2- 
225 (dec.) carbmylic acid 

Monoamide D 190-195 With KOBr gives 3- 12,W 

Imide I3 dec.260 - 
N- Acet ylimide F dec. 220 - 
(Mono) o-aminophenylamide G 168 - 

12 
12 
38 

Table eonlinwd 
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TABLE XXXIX-3. (Conti.rZ7i.ed) 
Substituents Prep& K p . ,  OC. Remarks gef .  

38 

o-Acetamidophenylimide J 310-315 Treatment with dil. 38 

14 
14 
14 
14 

(Mono) o-acetamidophenyl- H,I 217 - 
amide 

NaOH aq. ives the  o- 
acet amidopf~en y lamide 

Acid phenyl ester I< 157 - 
Acid o-hydroxyphenyl ester I< 162 - 
Acid m-hydroxyphenyl ester K 202 - 
Acid phydroxyphenyl ester K I68 - 

* A, from the acid by FiscfierSpeier esterification. €4, from o-phenylenediamine 
and methyl dihydrorymaleate, using quinone as i n  situ oxidant. C, from the  di- 
metlwl ester (m.1). 130") and dry methanolic ammonia. D, from the anhydride 
and dry ammonia in benzene. E, from the monoamidt: by hcrrting at 185-205". 
I?, from thc iinicie and acetic anhvdride. G,  from the anhydride and o-plienylene- 
tliaminc in boiling alrohol. 11, from the o-amino compound by wetylation with 
aretyl chloride. I, from the anhydride and eanlinoacetanilide. J, from the 
o-amino- or o-wetamido~hen~l~ni ide  and boiling acetic anhydride. K, from t h e  
anhydride w d  the  appropriate pheiiol at. 1 IO"/O.25 hour. If r m t i o n  temperature 
is 170°, CO, is evolved and the corresponding esters of quinosrrline-2-carboxylic 
acid are formed (Table XXIX-1). 
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CHAPTER XXX 

2-Chloro- and 
2,3-Dichloroquinoxalines 

I. 2-Chloroquinoxalines 

Preparation 
(1) Simple Zchloroquinoxalines are prepared by acting upon the cor- 

responding hydrosy compound with phosphorus oxychloride. It is to be 
noted that interaction of Zhydroxyquinosaline and phosphorus penta- 
chloride gives 2,3dichloroq~inoxaline.~ 

(9) h number of 3-sec-amin62+hloroquinosalines have been prepared 
from 2,3dichloroquinosaline by selective amination, e.g., by treatment 
with the appropriate m i n e 2  at  0-15'. 

TABLE ?iYx-l. 2-Chtoroquinoxnl ines 

Substituent Prep.0 M.P., OC. Remark Rcf. 

Nil 

6C1 
7-c1 
3-NHz 
6-ci-3-Nrr~ 

A,B,C 46-47 

E 133-134 

F 

F 

- 
- 

F a3434 

Insol. in HzO; easily sol. 
in org. solvents and in 5 N 
HCI. Hydrochloride sepa- 
rates from soh. in conc. 
llCl 

JTydrocIiloricle, n1.p. > 4 0 0 °  
Structure not proved, hut 
based on asrumption that  
anionoid substitution re- 
places C1 a t  Cs in 2,3,6-tri- 
chloroquinoxaline (ref. 9) 

Yellow needles 

B.p. 160-170°,i0.01 mm. 
Picrate, m.p. 13-154" 
B.p. 180-182"/0.015 mm. 
Picrate, m.p. 159'. Dihy- 
drobromide m.p. 165" 
Structure bmec~ on 88- 
sumption (ref. 9) that an- 
ionoid substitution re- 
places C1 at Ca i n  2,3,6- 
trichloro inoxahne. Hy- 
drochlorix, 1n.1). 246' 
(dm.) 

- 
- 

11 

!I 
0 
2 
2 

2 

2 

2 

2 
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TABLE XXX-1. ZChloroquinoxaiines (continued) 
Substituent Prep.' M.P.. O C .  Remarks Ref. 

3-0Me 
7-OMe 
3-OEt 
3-Me 

&Me 
&Me 
7--Me 

3-CGH 

15 
10 

- 
- G 74-75 

A 102 
G 71-73 Sub. 70°/10-a mm. 4 
A 86-87 Sub. 85O/10-' mm. 4.6. 

7' ' 
7 - 84-86 

A 9.5 
5 A iO5-107 - 

A 76,77 Insol. in HpO; easily sol. 5,s 
in om. solvents; salts with 
concracids are hydrolyzed 
by water 

11 H 146-147 - 
Idw.. I 

3-CGEt A 4215, 
.%CONH* I 215 

11 
11 

- 
- 

a A, from the corresponding hydroxy compound by refluxing with phosphorus 
oxychloride. U, from the 5-carboxylie acid (Table XXY-I ) by distillation a t  0.1 
mm. C, from 2-hydroxyquinoxnline3-carborylic acid (Table XXIX-1) by re- 
fluxing with phosphorus oxychloride. D, from the appropriate 243-dichloro- 
c~uinomline by refluxing with alcoholic ammonia (saturated a t  0"). h, from 2 , s  

ichloroquinoxaline, pchloroaniline and dilute hydrochloric acid reflux). F, 

dichloro uinoxayine and alcoholic sodium alkoxide (1 mole) under reflux. H, from 
the ethy? ester by hydrolysis with 1% aqueous methnolic sodium carbonate. I, 
frofn the ethyl ester and ethanolic ammonia a t  0' [at 150' the product of reaction 
is 3-carbonarnido-ZaminoquinoxaIine (Table XXIX-1) 1. 
* Erroneously formulated by the authors as the 3,Mihydro derivative. 

from the appro riate 2,3-dichloroqdinoxaline and amine at 0-15'. 6 , from 2,3- 

Properties. Melting points and other data for a number of 2- 
chloroquinoxalines are given in Table XXX-1; a number of new compounds 
(not given in Table XXX-1) have also recently been prepared.s No system- 
atic study of these compounds as a group has been made, but in general 
their physical characteristics are insolubility in water, ready solubility in 
organic solvents, and low melting point. The compounds appear to be 
somewhat weak bases, but no quantitative data are available. The 
chlorine atom a t  G is replaceable by other groups; Zehloroquinoxaline, 
for example, easily yields Z-ethoxy- (Chapter XXXII, Section 1) and Z 
aminoquinoxaline (Chapter -1, Section lA), but this characteristic 
reactivity is affected to some extent by the presence of other substituents 
attached to CS or to the Bs One may note in particular the pro- 
duction of the compounds (111; R = H) [m.p. 155-156O; dihydrochlo- 
ride, m.p. 206' (dec.)], (In; R = Cl) (m.p. 187-188"), and (11') (m.p. 
147") by elimination of ethyl chloride, which occurs when (I; R = H and 
Cl) and (11), respectively, are heatedZ to 190-200"; and other examples of 
the same reaction have been described recently.B 
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2. 2,3-Dihalogenoquinoxalines 

A. 2,3-~ichioroquinoxa/ne~ 

2,3-Dichloroquinoxalines are usually prepared (see 
Table XXX-2) by heating the corresponding 2,3-dihydroxy compound with 
phmphorus osychloride or pentachloride. The use of phosphorus penta- 
chloride sometimes effects the chlorination of the Bz ring also; thus 2,3- 
dihydroxy-6-methoxyquinoxaline yielddo witch this reagent 2,3,x-tri- 
c1~loro-6-met1ioxy~uinoxaline1 m.p. 188'. 

Both chlorine atoms in 2,3-dichloroquinoxalinea are 
react.ive. Thus 2,3-dihydroxy- and 6-chloro-2,3-dihydroxyquinoxaIine 
are formed from the chloro compoiinds by treatment with boiling 
dilute mincral acid or alkali, or with boiling acetic acid, respectively,* 
and under normal reaction conditions the same two dichloroquinoxalines 
yield 2,3-dialkoxv, 2,3-diaryloxy, and 2,3diprimnry, and $ec-amino deriva- 
t,ives.xr,11-13 Vi7ith ethylenedinmine, 2,3-dichloroquinoxaline yields" the 

Preparation. 

Properties. 

TABU? X n - 2 .  2,3-l~icliloroquinoxualines 
Siibstitiient Ref. 

2,22 
132 10 ~~ 

10 
10 
10.23 

a A, from the 2,34ihydroxy compound and phosphonis pentacMoride at ca. 150- 
180'. C, from 3- 
tiydrox~-~-t~er1zyl-2kot~~,2-dihydroquino.~linc (Table XXXVII-2) and phos- 
phorus pent,achloridc at 160" (the other roduct of reaction is hensyl chloride). 
D, from 3-hydroxy-I-metl,~l-~-krtrrl,Z'~q.droquinoxalie (Table XXXVII-2) 
and phosphonis pc?ntnc~liloricle. It:, from thc 2,3--dihycfroxp compound and phos- 
phoryl rhloritlc: at 1!20-130°. 

H ,  from Zhydroxyquinoxal ine and phosphorus pentachloride. 
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substance (I), m.p. > 3W0, and both chlorine atoms react with t-he appro- 
priate Grignard reagent to give 2,3dimethyl- and 2,3-di-n-propylquinoxa- 
line (Chapter XXXIII, Section 2).14 Under appropriate conditions, how- 
ever, i t  is possible to prepare 2-chloro-3-amino derivatives’ and Zchloro-3- 
alkoxy compounds.2~”*16 Unsuccessful attempts to prepare 2-chIoro-3- 
phenoxyquinosaline have been reported.13 

lc1 H 
(1) (11) (W 

2,3-Dichloroquinosalinc condenses with o-phenylenediamine to give 
fluoflavin (111, and wit;h 2,3-diaminoquinoxaline to give fluorubin (III)lz; 
it reacts with o-aminophenol, yielding (IV)16; wit,h catechol, the product 
is (V)16; and o-aminothiophenol yields (VI).” On treatment with sodium 
azide, 2,3dichloroquinoxaline furnishes the substance (VII), hydrolysis of 
which yields (VIII)ls (Chapter XXXVIII, Section 2E). 

For 2,3-dichloro-5,&benzoquinoxaline, see Table XXXTIII-1. 

B. ~,3-Dibromoquinoxalne 

2,3-Dibromoquinoxaline, m.p. 171-174’, is formed when 3-hydroxy-l- 
methyl-2-ket.o-l,2dihydroquinoxaline (IX) is treated with phosphorus 
pentabromide. l9 

Reference8 

1. Motylewxki, Ber., 41, 800 (1908). 
2. Haworth and 5. Robinson, J. Chem. Soe., 1948, 777. 
3. Wolf, Pfister, 111, Beutd, R. M. Wilson, C. A. Robinson, arid J. R. StevenR, J .  d m ~  

Ckm.  SOC., 71, 6 (1949). 



262 Quinoxalines 

4. Newbold and Spring, J .  Chem. Soc., 1948, 519. 
5. Platt, J .  Chem. Soc., 1948, 1310. 
6. Wolf, Beutel, and Stcvens, J. Am. Chena. Soc., 70,2572 (1948). 
7. Platt and Sharp, J .  Chem. SOC., 1948,2129. 
8. Leuckart and Hermann, Bet., 2 4 2 4  (1887). 
9. Crowther, Curd, Davey, and Stacey, J .  Che7n. SOC., 1949, 1260. 

10. Curd, Davey, and St-scey, J .  Chem. Soc., 1949, 1271. 
11. Gowenlock, Newbold, and Spring, J .  Chem. Soc., 1945,622. 
12. Hinaberg and Schwantee, Ber., 36,4039 (1903). 
13. Lockhart and Turner, J .  Chem. Soc., 1937,424. 
14. Om, Jr., and Bergstrom, J .  Am. C h a .  SOC., 53, 1846 (1931). 
15. Stevene, Pfister, and Wolf, J.  Am. Chem. SOC., 68, 1035 (1946) 
16. Kehrmann and Bener, Helv. Chim. Ada, 8, 16 (1925). 
17. Walter, Hlibsch, and Pollnk, Monatsh., 63, 186 (1933). 
18. Stollt! and Hanuech, J .  prakl. Chmn., 136, (3 (1933). 
19. Ushcnvood and \Vhitch~y, J .  Chem. Soc., 1923, 1069. 
20. ILinslxrg and Pollak, Rw., 29, 784 (1896). 
21. Hinaberg, Ann., 292, 245 (1896). 
22. Kehrmann and Rcner, Helv. Chim. Ada,  8.20 (1925). 
23. IIimberg, Ann., 237, 327 (1887). 



CHAPTER XXXI 

2-Amino- and 
2,3-Diaminoquinoxalines 

1. 2-Aminoquinoxalines 

A. Primary Amino Compounds 

Preparation 
(1) The most general method is the treatment of the appropriate Z- 

chloroquinoxaline with alcoholic ammonia under pressure a t  temperatures 
ranging from 70 to 170° approximately. 

(2) The appropriate alloxazine (I) is heated with concentrated or 
slight,ly aqueous sulfuric acid at  200" or higher, yielding the corresponding 
aminoquinoxaline (11) (Eq. 1). 

0 

0) (11) 

Properties. Primary Zaminoquinoxrtlines are pale yellow crystal- 
line bases. In  general, they readily yield Zacylamido compounds, but 
the acylation of 2-amino-3-hydroxyquinoxaline is only brought about with 
difficulty (the 4'-nitrobenaenesulfonarnido derivative has been prepared ; 
see Table XXXI-3), and %aminoquinoxaline-3-carboxylic acid does not 
condense with acetylsulfanilyl chloride.' 

A number of isolated observations indicate that the %amino group is 
easily susceptible to acid or alkaline hydrolysis. Thus %amin&-hydroxy- 
quinoxaline is prepared by mild acid hydrolysis of the 2,3-diamino com- 
pound or of 3 acet.ylsulfanilamido-2-aminoquinoxaline (Table XXXI-3) ; 
2-sulfanilamido-3-methoxyquinoxaline under similar conditions gives 2,3- 
dihydroxyquinoxalinel; and %amino- yields 2-hydro.xyquinoxaline-3-car- 
boxylic acid by high-temperature alkaline hydrolysis. No general study 
of the reaction has been made, but it is of interest that 4-aminocinnolines 
are stable under similar acid conditions (Chapter VI), and no hydrolysis of 
1-aminophthabzines (Chapter XXI) appears to be recorded. 
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T.A.BIJ3 ,'LYxI-l. Primary %.&minoquinoxalines 

Subatituents Mp., "c. Remarks Ref. 

Nil A,B,C 155-156 Yellow needles. Ac deriv., m.p. 3,11,13 
155-157 192-193.5" (193-19.1"). p-Nitro- 

benzoyl deriv., "8,. 211", is re- 
duced (H2-Rianey 1) to pamino- 
benaoyl deriv., m.p. 224-230" 

15 
2 
2 

16 

6-or7-Cl D 197-200 - 
3-OH E >350 - 
3-ONe 264-270 - 
%Me F'G A,H 163-165 Pale yellow needles 15,16 

A.1 201-202 - 
A' 

A 

I 

181-182 

178-180 

129 

Pale yellow cryst. Picrate, m.p. 
278-280" (dec.) 
Pale yellow cryst.. Picrate, m.p. 
2519-262' (dec.) 
Pale yellow cryit. 
Sec TUIJIC XXIX-I 

17 

17 

16 

0 A, from thc  2-chloro compound and alcoholic ammonia at temperatures ranging 
from 150 to 175". H, from the karboxyl ic  acid by decarboxylation (py heating 
at 250" or by refluxing for 10 minutes in nitrobenzene). C, from alloxazine by hy- 
drolysis with 9570 sulfuric acid (10 minutea at 240-250'). D, from the corre- 
sponding alloxazine ( a )  by hpdrolysia with 75% (v/v) sulfuric acid at 200", or b) 
by hydrolysis with concentrated ammonia at 170-175", foll.owed by decarboxyL- 
tion of the resultant (crude) 3-carboxylic acid in boiling nitrobenzene. E, from 
2,:Sdiamino- or Zamino-:Sacetylsulfsnila~d~uinoxaline by hydro1 SIS with hot 
2.5 N hydrochloric acid. F, by methylation (methyl sulfate and a l h )  of Shy-  
droxy-2aminoquinosaline. G, from 2-chlord3-rnethoxy uinoxaline (Table XXX- 
1) and methanolic ammonia at 105" (2 ?-diaminoquinox&nc is also formed). €1, 
from Zchloro-3-methylquinoxaline a d '  li uid ammonia in alcohol a t  120". I, 
from the corresponding alloxxzine by hydrzysis with concentrated sulfuric acid at 
2:U)-24o0. 

B. Secondary Amino Compounds 

The compounds given in Table XXXI-2 are prepared, except where 
otherwise stated, by interaction of chloroglyoximes (111) or chloroisonitro- 
sokctones (IV) with excess of o-phenylcnediaminc in alcoholic solution (cf. 
Chapter AXXIV), the excess base furnishing the 2,2'-aminoanilino substitu- 
ent. 2,2'-.~minoanilino-3-metli~l~~~tinoxnlin~ is hydrolyzed in boiling 20% 

HOX : CR OCR 

ILON: CCl HON : CCI 
I 

(111) (IV) 

I 

hydrochloric acid to 2-hydroxy-3-met~hylquinoxaline4 [cf. hydrolysis of 
primary %amino- to Zhydroxyquinoxalines (Section A) 1. Numerous 
dialkylarninoalkylaminoquinoxalines, prepared by direct condensation of 
the appropriate chloroquinoxaline and nmine, have been recently described 
by Curd and his co-workers.k6 
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TABB XXXT-2. Secondary ZAminoquinoxalines 
Substituenta ni.p.. oc. Rernarke Ref. 

4 

62-64 Hydrochloride, m.p. 255- 8 

2-NH 169-170 - 

256' 

"2> 
2-XHCH2Ph Q 

2.12 (dec.) Hydrolyzed to Zliydroxy-3- 4 
methylquinoxaline by boil- 
ing 20% €ICI 

217-218 (dec.) 4 

4 BpT0lyl-2-NH 217 (dw.) - 

Ha 
Prepared from Zaminoquiuosalitic, bcnzyl chloride, and sodiuni hydridc in boil- 

ing benzene. 

C. 2-S~(fonamidoq~inoxa~injnes 

A number of these compounds, which have been prepared by reason of 
their possible chemotherapeutic value, are given in Table XXXI-3, and 
biological data in Appendix 111. Sulfonamidoquinoxalines derived from 
Bz-aminoquinoxalines are described in ChBpters XXV and XXXIII, Sec- 
tion 1. A large number of Ba substituted-2sulfanilamidoquinoxdines 
have rccently been prepared by Wolf and his co-workers? 

D. Tertiary Amino Compotlnd 

condensing Zehloroquinosaline with thc requisite amine at 140-1!50°. 
The compound (V) (hydrochloride, m.p. 217-218') is prepareds by 

a>le CHQh 

(v) 

'CHrCHINM ez 

2. Diaminoquinoxalines 

A. Diprimary Amino Compounds 

by condensing o-phenylenediamine with cyanogcn~e~lo; 
2,3-Diaminoqulnoxaline. This compound may be prepared (a) 

(b) by reacting 
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2,3-dichloroquinoxstline (Chapter XXX) with either liquid2 or alcoholic11 
ammonia at 150' ; and (c) by reacting 2ehloro-3-methoxyquinoxahe 
(Chapter XXX) with methanolicz ammonia a t  165'. It crystallizes from 
pyridine in yellow plates or needles, rn.p.*," 328330' (dec.), > 340'. 

TABLE XXXI-3. ZSulfo~rnidoqui~ioxslines 

(References and methods of preparationa are in parentheses after the melting points. ) 

M.P., O C . .  for R' equals --- 
R 3'-NO, 4'-NO* 3'-Niir 4'-NHr 4'-NHAo Other groups 

6- (or 7-1 C1 - 

%NH* - 

%OH 

3-OMe - 

3-MC 

- 

217-248 
250-252 
(F,G,3,10) 

4' - Caproyl- 
rrmido, m.p. 
199-200; 1'- 
succinumido, 
m.p. 234r235; 
4' - benzam- 
ido, m.p. 259- 

Amino- 
methyl, m.p. 
228 (1, 19) 

260 (H,3). 4'- 

0 A, from the aminoquinoxaline and nitrobenzenwulfonyl chloride in p.widine. I), 
from the nitro compound by reduction (ammonium sulfide, or iron and alcoholic 
hydrochloric acid). C from the chloroquinoxaline and acetylsulfanilamide, 
tassium carbonate, and copper bronze (in boiling nitrobenzene), followed b y .  y- 
drolysis. D, from the aminoquinoxaline and acetylsulfanilyl chloride in pyridme. 
E, from karbethoxy-2-anetylsulfunilamidoquinoxaline by hgdrol-wis. F, from the 
acetarnido compound by hydrolysis (usually with alcoholic hydrochloric acid). G, 
from the chloroquinoxaline and sulfanilamide, potassium carbonate, potsasium 
iodide, and copper bronze (autoclave, 160-190"). HI from Zsulfanilamid uin- 
oxaline by aeylation. I, from 2-amin uinoxaline and pphthalimidometh3en- 
seneeulfonyl chloride, followed by h y d a y t i c  removal of the phthaloyl residue. 
b M.p. is corrected. 

r 
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The fine strucbire of 2,3diaminoquinoxaline is unknown, for whereas 
its synthesis from cyanogen and o-phenylenediamine is suggestive of struc- 
ture (I), its preparation from 2,3-dichloroquinoxaline and ammonia pro- 
vides equally strong evidence for structure (11). The compound may be a 
tautomeric mixture of (I) and (11) ; but its condensation reactions clearly 
show that i t  reacts as a true diamine. Thus i t  reacts with bend ,  pyruvic 
acid, and oxalic acid to yield (119, (IV), and (V), respectivelys; it may be 

condensed with substituted phenanthraquinones, acenaphthenquinones, 
and isatins to form products of types (VI), (VII), and (VIII)9912eJa; and on 
fusion with 2,3dichloroquinoxaline it yields fluorubins (IX). 

H,O,As , K I N H t  

a x M  KHz 

(x) 

2,3-Diaminoquinoxaline-6-arsonic Acid. (X) is an orange solid 
(dec. !200-!205") which is formed by passing cyanogen into a warm meth- 
anolic solution of 3,4diaminophenylarsonic acid.14 

B. Primary-Secondary Amino Compounds 

compounds. 
Table XXXI-4 summarizes the preparation and properties of these 



ay: TABLE ISXXI-4. Primary-Scconclmy Dinminoquinoxalines 

Other 
R substituenta Prep.= M.P.. oc. Remarks Ref. 

-O-CI Nil A 193-194 Yellow prisms 20 

20 CH&NEtr Nil A 114-115 - 
20 CH&KEtz Nil A 141-142 

A 239 (dcc.) Yellow needles 20 

20 

- t 
- 0 - a  6-Cl 

(CII*)2KEt? GCI A 124.5-125.5 - 
A, from the appropriate .2-chloro-2-aminocluino~line (Table XXX-1) and amine 

(pchlorosniline at  1J0-1'3O0, dirtlk~laminoalkylamines at IUO"). 

T.4BLE XXYI-5. Disecontlary An~inoquinoinlincs 

Otlier 
suht i -  

R R' titents Prep.' h f . 1 ~  "C. Remarks Ref. 

Et 
Ph 

U 
U 

(CNz),NEt, 

<>a 

Et Nil 
I'll Nil 

Nil UMe 
Nil Ucl 

G-CI 

-0- 

A 
.A 

A 

A 

A 

I3 

B 

A 

A 

I3 

156 
223,123 

225 

254 

232 

ME-92 

94-95 

Y ~ I I O W  needles 20,21 
(+AcOII). Sol- 
vent-free,-m.p. 13% 
139O. Hydrwhlor- 
ide, m.p. 248-250" 

Yellow plates 21 

Ydlow needles 21 

20 - 

20 - 

20 - 

182-183 Yellow needles. M .- 20 
p. is presumably 
that  of solvent-free 
com d. Solvates: 
+ C h e t ,  m.p. ~ 0 ;  

+'/z C&S, m g .  
135O; both solid y 
above m.p. and re- 
melt at -18Z-183° 

95-97 Probably impure 20 

82-83 - 20 

0 A, from tho appropriate 2,5-dichloroquinoxRline and excem amine (a t  the b.p. 
or at  120-140O). B, from the  appropriate Zchloro-3liialkylaminoalkyiamino- 
quinoxalinc (Table XXX-I) and arylamine in boiling dilute hydrochloric acid. 
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C. Disecondary Amino Compounds 

Compounds in which 
both amino groups contain the same substituent are prepared from a 2,3- 
dichloroquinoxaline and excess of the primary mine, and substances con- 
taining one N-alkyl and one N-aryl group are made by selective amination 
of the dichloroquinoxaline, the a&yl substituent being introduced first 
(see Table XXX-1). 

These compounds are listed in Table -1-5. 
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CHAPTER XXXII 

2-Alkoxy-, 2,3-Dialkoxy-, and 
2,3-Diaryloxyqu inoxali nes 

1. 2-A&oxyquinoxalines 

As indicated in Table XXXII-1, a number of thcse compounds have 
been described in earlier chapters. Nearly all the cornpounds given in 
Table XXXII-1 contain an additional 3-substituent; this may be intro- 
duced either before or aftcr the 2-dkoxy group, but in either event the 
alkosy compound is prepared from the appropriate %chIoroquinoxaline, 
usually by treatment with the reqiiisitc sodium alkosicle and alcohol. 

No general study has been made of 2-alkoxyquinuxslines. In B few 
cmes [3-hydroxy-2-etho>- and 2-ethoxy-3-nicthylquinoxaline (see Table 
XXXII-l), and 3-sulfanilttmitio-2-methosyquinosaiinc (Table XXXI-3) ] 
it has been found that the compounds are rcadily hydrolyzed to the corrc 
sponding 2-hydroxyquinosalines in acid solution. 

TADLIS IWXII-l. 2-Alkosgc~uiiios:11i:icx 

____ ._ -____~ .___ I  
Otlicr 

It ruliat itiran ts l'rci).'' M.p., "C. Rciiiarks Ref. 

hIc 3-CI SCC! Td)le XXX-1 
hir, :hwz SCC Table XSXI-1 
Me ;I-Sul fun i lamitlo SIX Td)le XXXI-3 
hlc 7-Mc A 71 Sol. in hot water, org. 1 

solvents, and COIIC. acids 
(salts arc hydrolyzed by 
water). Erroneously for- 
mulated in literature SR 
3.4dihvdro eomod. 

sic 3-(c1 I O ~  ~)mr.mi See Tdtjle &CXVI-1 
M e  :3-c110 See Table XXVIII-1 
Et Nil A,B 5658  Yields the h x i d e  with 3 

H?OZ-AcOH at 5fj0 (ref. 
21 

quinoxalirie in AcOH tlq. 
nt 56' 

Et .%Cl Scu: Table XXX-1 
Et 3-011 c 1!)7-199 Yields 2,bclihydroxy- 2 

. __ ~ 

270 
Table continued 

Chemistry of Heterocyclic Compounds, Volume 5 
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TABLE XXXII-I. 2-Alkoxyquinoxalines (mt imed)  

Other 
R anbstituents Prep.= K p . ,  OC. Remarks Ref. 

Et 7-Me D 

E t  3-Me A 55-57 Picrate, m.p. 116-118". 2 
Give5 2-hydroxy-3- 
methvlquinoxaline with 
boiling tICI-EtOH aq. 
Gives the 4-oxide with 
H20s and AcOH at 56" 

solvents, and conc. acids 
(salts are hydrolyzed by 
water). Erroneously for- 
mulated in literature as 
3,Cdihpdro eompd. 

67 Sol. in hot water, org. 1 

Et 3-C0zI-I See Table XXIX-1 

a A, from the Zchloro compound mid sodium alkoride in boiling alcohol. €3, from 
the Bcarborvlic acid by dwarboxyhtion at  180'. C, from 3-chloro-Zcthoxy- 
quinoxaline (Ikhle XXX-1) and 20% aqueous-alcoholic ptzysium hydroxide a t  the 
b.p. D, from the 2-chloro compound and boiling alcoholic pota.sium hydroxide. 

2. 2,3-Dialkoxy- and 2,3-Diaryloxyquinoxalines 
The preparation and properties of these compounds are given in Table 

As will be seen from the table, even less is known of their XXXII-2. 
properties than of those of t,he Z-alkoxyquinoxalines. 

TABLE XXXII-5. 2,3-Dialkoxy- and R' 
2,3-Diaryloxyquinoxalines 

n R' Prev." M.u.. OC. Remarks Ref. 

Me 

E t  

Ph 

Me 
Me 
Me 
Me 

H A 92-93, 

H B 78 

H c 100 

92-94 
Unaffected bv boiling 3 
0.2 N aq.-alc. kOH 
Does not react with Me1 5 

H C 153 

H C 103-194 

H C 145-146 

c1 B 110-111 

OMe B 125-120 
Br B 114-115 

Me B 82-83 

(8 hm. at 100") 

5 - 

0 A, from 2,3-dichloroquinoxaline and methanolic sodium methoxide at the b.p.; 
if only 1 mole of sodium methoxide is used, the products are unchanged chloro 
compound, 3-chlorc-%nethoxy-, and 2,3-dimethoxyquinoxaline. B, from the 
appro riate 2,3-dichloroquinoxsline and boiling alcoholic sodium alkoxide. C, 
from &-dichloroquinoxaline and the potassium aryloxide at 10Q-120', 
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C H A P T E R  S X X I I I  

2-Methyl- and 
2,3=Dimethylquinoxalines 

1. 2-Methylquinoxalines 

R = H) 
contain a mbstituent in the 3-position, and only a few 2-methylquinoxa- 

The great majority of analogs of 2-methylquinoxaline (I; 

0;1",. G L H , C O C O * E t  

(I) (I11 

lines are known with substituents in the Bz ring. Most of the 3-substi- 
tuted compounds have been described in other chapters-the compounds 

d ; H ,  d i H ,  019-e -CH:N 9 NHS 
I; R - , ~ c ,  Ph, 

9 and -CW :CHNII 

NH2 

(I; R = Ac), Ph, are mentioned in Table XXIV-1; (I;  R = OH), its 
6 and 7-methoxy derivatives, and its 6- and 7-methyl derivatives in Table 
XXVII-2; (I; R = C02Et) in Table XXIX-1; (I; R = Cl) in Table 
XXX-1; (I; R = NH2) and (I; R = sulfanilamido) in Tables XXXI-1 
and 3; and (I; R = OEtt) in Table -11-1. 

2,6- (or 2,7) Dimethylquinomline, m. p. 54", b.p. 267-268", is formed 
by condensing 3,4-diaminotoluene with chloroacetone in warm aqueous 
solution. l 

6'- (or 7-) Amino-2-methylquirwzaline, m.p. 173", is prepared2 from 
1,2,4-triaminobenzene dihydrochloride and methylglyoxal in aqueous 
sodium carbonate at 95". Condensation with acetylsulfanilyl chloride 
yields 6- (or 7-) acetylmlfanilamido-%methylquinoxaline, m.p. 283-285", 
whence the free sulfanilamido compound, m.p. 258") is formed by acid 
hydrolysis. 

273 
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TABLE XXXIII-1. Condensation Products of ZMethylquinoxaline 

R Prep.' M.p.. O C .  Remsrke Ref. 

COC0,lSt 

l3 
/ 

-C 

\N N H 1% 
, COCOzEt 

I 
- CII-HPh 

B 

C 

c 

F 

161-162 

l58-llio 

l4(9-150 

283-285 

C l W .  
2'30-292 

307-30!) 

152- 154 

211-215 

116-1 17 
228-229 

251 

Yellow needles. Pic- 
rate red needles, m.p. 
134'; methiodide, red 
solid, dec. 176O- 0-Bz 
deriv., m.p. Q4-9~0; 
oxime, m.p. 146-148"; 
2,4 - dinitrophenylhy- 
drazone, m.p. 136- 
137'; hydrazone-hy- 
drazide, dec. Z25O. 
Oxinie-acid (by alk. 
hydrolysis of oxime- 
rskr), n1.p 1(31-192° 
(dec.) 

Orangeyellow needles 

Rcd cryst. 

Red prisms 

ILed powder 

Orangc.-rrtl ~icectles. 
COIIC. IllSOp gives dark 
green soh. 

Derived acid (hydroly- 
sis by alc. NaOH), dec. 
181", gives Me ester, 
m.p. 172-173" 

Monopicrate, m.p. 238- 
238"; monomethiodide, 
dec. 268-269' 

Yellow needles 
Yellow tnblets 

Violctred neetiles 

4 

4 

4 

4 

4 

4 

4 

4 

4 
4 

4 
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TABLE LLXIII-1. Condensation Protlucts of 2Mettiylquinosaline (confinued) 

H Prep.* &!.I>.. o c .  Remnrks Ref. 

-C(CN) : CHPh 

m 
-CH:CH 

- CR :CH-@O* 

-CH : C H - @ ~  
/ 

OlN 

~ 

I 

(1. .4, from Z~nethylqui~iosaline, ethyl oxnl~tc,  and potassium ethoside in alcohol- 
ether. B, from ethyl Z-quinoxalylpyruvate and the aryldiaeouium chloride and 
sodium acetate in alcohol. C, from ethyl 2quinoxulylpyruvate, benzaldehyde, and 
the appropriate arylamine. D, from ethyl 2quinoxalylpyruvate and ~phenylene- 
diannne. E, from ethyl 2-quinoxalylpyruvate and o-aminobenzaldehyde a t  130- 
140°/12 mm. F, from the 2'-carhoxylic acid (dec. 181') by decarboxylation a t  
2Oe205" in vcaa60. G, from the osime [m.p. 191-192" (dec.)] of 2quinoxalyl y- 
ruvic acid and acetic anhydride a t  45O. H, pre ared as in method G,  but at relux 
temperature. I, from ~ ~ a n o ~ e t h y l q u i n o i a ~ n e  and p-nitrosodimethylaniline 
in boiling methanol. J, from 2~~--anomethylquinosaline, sodium acetate, and the 
aryldiazonium chloride. K, from ZcyanomethyIquir~oxaline and the appropriate 
aldehyde in alcohol containing piperidine! L, from 2-cyanomethylqurnoxal~e 
salicylaldehyde, and piperidine (1 drop) a t  100". M, from 2-cyanomethylquin- 
oxalinc and isatin in methanol containing piperidine. N from %methyl uinoxa- 
line (1 mole) and the appropriate aldehyde (1 mole) in boiling acetic a&dride 
(5-6 moles). 

J 

J 

K 

K 

K 

r, 

M 

N 

N 

N 

N 

la$-- 188 

188-190 

146-147 

162-163 

315 

196-197 

3W -308 

156 

19'3.5 

200 

219-220 
(dec.) 

Orange-yellow needles 

Yellow-red needles 

Yellow needles 

Yellow needles 

Yellow needles 

Colorless needles 

4 

4 

4 

4 

4 

4 

4 

5 

5 

5 

5 
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TABLE XXXIII-2. Contlensstion Products of Substituted 2-Methylquinoxaline 

R' R Prep.0 M.P., 'C. Remarks Ref. 

Ph --CH:CHPh A 149 Yellow needles 5 

Ph -CEI'CH-C)--h.Ol A 233 Yellow needles 5 

Ph --CHCH - p 0 2  .4 215 Yellowneedles 5 

O,N 

rr - C P h : C H ~ - N O 1  A 149 I'de yellow needles 5 

A, from the :ippropriatc quinodir ie  arid altl(~hytlc in Iwiling :Icrtic anhydride. 

~-l~~ethylr/uinoxaraline. b.p. 242-245O/760 mm., is conveniently prepared 
on t i  largc scale from a-phenylencdiaminc and isonitrosoacetone (cj. Chapter 
XXIV).a,c In contrast to the analogs mentioned above, in which the 
reactivity of the 2-methyl group has not in general been investigated, 2- 
methylquinoxaline has been studied in some detail from this aspect. 
Thus, Bennett and Willis6 have shown that styryl derivatives (see Table 
SX'IIII-1) are formed by condensation with aldehydes in acetic anhy- 
dride; and Borsche and Doeller* have prepared quinomline-2-aldehyde 
(Chapter XXVIII) by oxidation with selenium dioxide, and ethyl 2- 
quinoxalylpyruvate (11) by condensation with ethyl omlate. From this 
ester and from the derived 2-cyanomcthylquinoxnline n large number of 
derivatiws have been prepared4 by reactkms which demonstrate thc ex- 
treme reactivity of thc methylcnc. group in thesc compounds (see Table 

In connection with these condensation reactions of Zmethylquinoxa- 
line and its derivatives, it is important to note that the reactivity of the 2- 
methyl- (or Zmethylene-) group is much influenced by substituents either 
in the methyl group itself or a t  the adjacent (C,) position. Thus, 3-hy- 
droxy-2-methylquinolraline does not condense with ethyl omlate in pres- 
ence of potassium ethoxidc.* In contrast to the behavior of ethyl Zquin- 
oxalylpyruvate (11), the 3-methyl analog (111) does not react with dia- 
zonium salts, with o-aminobenzuldehyde, or with primary arylamincs and 
aromatic  aldehyde^.^ Again, 3-phenyl-2-l~enz~~lqiiinoxaline (1V) fails to 
react with several aromatic aldehydes in boiling acetic anhydrideb; 2- 
benzylquinoxaline, however, gives the expected product with pnitro- 
lxmzaldehyde (see Table XXXIl'r-2). 3-PhenyI-2-methylquinoxsline also 

XXXIII-1). 
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(111) (W W) 

gives styryl derivatives with sevcral aldehydes (see Table XXXIII-2). 
Both Zcyanomethylquinodine (V; R = H) and the 3-methyl analog 
(V; R = Me) contain a reactive methylene group and yield the anticipated 
products on reaction with aromatic aldehydes, diazonium salts, and p 
nitivsodimethylaniline (Tables XXXIII-1 and 3). Condensation prod- 
ucts of 2,3-dimethylquinoxaline are described below (Section B), and 
methyl group reactivity in reduced quinoxaIines is mentioned in Chapter 
XXXVlI, Section 1B. 

On bromination (in acetic acid containing sodium acetate at lOO"), 
Zmethylquinoxdine gives ~-~ribromomethyZpuinozgline, 6,19 m.p. 109 ", 
whence is obtained 2-dibromometh~.?quimxuline, m.p. 118", by partial de- 
bromination with aqueous-alcoholic silver n i t~a te . '~  As with the conden- 
sation reactions mentioned above, the results obtained on attempted bro- 
mination, under similar conditions, of Zmethylquinoxalines are greatly 
dependent on substitution. Thus 2,3-dimethylquinoxaline gives the bis- 
(dibromomethyl) derivative (vide infra) ; 3-phenyl-Zmethyl- gives 3- 
phenyl-2dibromomethylquinolraline, m.p. 148 "; 3-phenyl-2benzyl- and 
3-phenyl-2-pchlorobenzylquinoxaline give acetoxy derivatives (as VI), 
m.p. 126 and 119 ", respectively; and 3-phenyl-Zp-methoxybenzylquin- 
o d i n e  is ~nchanged.~  

HO,C HoacINl X' fife 

(VII) 

E~:l,,,4,,,ir 
(VI) 

Oxidation of 2-methylquinoxaline with aIkaline permanganate at 50 " 
yields 5-methylpyrazine-2,3dicarboxylic acid (TITI) .? 

2. 2,3-Dimethyiquinoxalines 

d,&DimethyZquimxdiw, m.p. 106" [hydrate, m.p. 85"; sulfate, m.p. 
151-152" (dec.); chloroaurate, dec. 1,30"; picrate, m.p. 189°],g*s has a 
dipole moment10 N = - 0.6 X lo-'*. It is formed by the action of methyl- 
magnesium iodide on 2,3-dichloroquinoxaline, but is most conveniently 
prepared from u-phenylenediamine by condensation with diacetyl or di- 
acetyl mono~ime."~ From the latter reaction an adduct (I) of 2,3di- 
methylquinoxaline and diacetyl dioxime has been isolated (the dioxime 
arises via the hydroxylamine liberated by interaction of the monoxime with 
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u-phenylenediaminc); 
sociation into its components, and the Same decomposition occurs on treat- 
ment with acid or 

the compound (I) melts partially a t  182" with dis- ' 

Q 
(XU ( M I )  (XIII) 

In some of its reactions, 2,3-dimt.t~I~llylc~~iinox~line (11) behaves in a 
manner consistent with the view that, it  can react as the tautomer (111). 
With potassium amide in liquid ammonia, for example, a crystalline dipo- 
tasvium salt is formed, which clearly must be (IV)LL; on tmatment with 
ethyl iodide this salt givcs d,S-di-n-propyZ~uinozali92e, m.p. 42.9" (corr.), 
identical with the compound obtained from 2,3-dichIoroquinoxaline and pro- 
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pylmagnesium iodide. Again, the fact that 2,34methylquinoxaline 
gives adducts, m.p. > 305 and 190') with maleic anhydride and benzo- 
quinone, respectively, suggests that here also the tautomer (111) is in- 
volved, the products being formulated as (V) or (VI) and (1'11) or (VIII), 
respectively. l3 

2,&Dimethylquinoxaline condenses with only 1 mole of ethyl oxalate, 
giving ethyl 3-methylquinoxal-2-ylpyruvate (IX),4*5 the methyl and 
methylene groups of which are unreactive (see Section 1). Similarly, the 
base condenses with ethyl benzoate to give mainly 3-methyl-2-phenacyl- 
quinoxaline (X) (a little of the diphenacyl (?) derivative is also 
The methyl group in 3-methyl-2-c~vanomethylquinoxaline is unreactive, 
but the methylene group displays normal reactivity (see Table XXXIII-3). 

In reactions with aldehydes, on the other hand, both methyl groups 
of 2,3-dimethylquinoxaline usually participate, distyryl derivatives being 
formed (Table XXSIII-3). Under standard conditions of reaction in 
boiling acetic anhydride the yields of styryl compounds are variable, de- 
pending on the nature of the aldehyde5; in a few cases monostyryl deriva- 
tives are also formed, at times even to the exclusion of the production of 
distyryl compounds. Bennett and Urillis5 explain thcse results in terms of 
steric configuration; the unusually ready formation of 2,3-di-o-nitro- 
styrylquinoxdine, for exaniple, is regarded as the result. of bonding between 
the ring nitrogen and the nitro group in the monostyryl derivative (XI), 
the 3-methyl group being thus fully exposed to attack by the aldehyde; 
whereas in (XII), which is the only product of reaction with o-anisalde- 
hyde, a configuration of the type shown--prot,ecting the %methyl group 
against attack-is enforced by the mutual repulsion between N1 and the 
methoxyl group. Bennett and WiHis have obtained support for these 
views by studying the halochromy which is observed with solutions of 
these styryl quinoxalines in concentrated sulfuric acid.IG The colors of the 
acid solutions become progressively deeper in the order nitrostyryl < uneub- 
stituted styryl < methoxystyryl; as the halochromy is due to salt forma- 
tion (XIII), these results indicate that a nitro group (in the styryl nucleus) 
hinders, and a methoxyl group assists, t.he coordination between N1 and 
the acid, which is what would be expected on the basis of (XI) and (XII). 

Bromination of 2,3-dimethylqainoxaline in chloroform gives a dibromo 
compound, m.p. 150°, regarded as I,Sdi(broi~ethyl)~uinoxaTine. l2v1* 

In acetic acid containing sodium acetate, howe\-er, the p r o d u ~ t ~ ~ ' ~  is 2.3- 
bis(~ibromomefI~yl)quinoxaline, m.p. 228 O. 

Oxidation of 2,3-dimethylquinoxaline with alkaline permanganate a t  
95 O gives 5,6dimethylpyrazine-2-carboxylic acidE 

2,S,6-TTrimethylquinoxaZine, m.p. 91 O, b.p. 2'70-271 O, is prepared by 
condensation of 3,4-diaminotoluene with diacetyl or diacetyl monoxime 
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in warm aqueous acetic a ~ i d . ~ . ' ~  On condensation with aromatic aldehydes 
in boiling acetic anhydride it yields %mono- and 2,3distyryl derivatives 
(Table XXXIII-4). 

TABLE XXXIII-4.~ Condensation Products of 2,3,6-Trimethylquinoxalinem 

R R' hl.p., ' C .  

Ph Ph 1 r i  

-CIL :CH 

-CH :CH 

n 

OMe 

-C€I:CH d- OMc 

-CH:CH 

--CH:CII dz 
Me 

Me 

244.5  

IG5 

I36 

116 

205 

251-258 
(dec.) 

168 

Yellow or orange-yellow compounds. 
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CHAPTER X X X I V  

Quinoxaline Quaternary Salts 

A. Preparation 
( I )  By addition of an alkyl ester to a quinoxaline. This standard 

method of preparing quaternary srdts from the corresponding bases is of 
limited application in the qiiinoxaline ficld. Simple quinoxalines, e.g., 
quinoxaline itself and G-methylqiiinox:biinc, readily yield quaternary salts 
by this method (‘l’ablc XXXIV-l), hut sdxtitucnts in the hetcro ring tend 
to inhibit. the reaction; the methiodide of 2,3-dimet,hylquinoxaline, for 
example, is formed only by using drastic conditions,’n2 and 2,3-diphenoxy- 
cluinoxnline does not reacts with methyl iodide at  100”. 2.3-Dimethyl- 
quinoxaline may be quaternized by reaction with alkyl sulfates, alkyl 
arylsulfonates, and Grignnrd reagents, but not with bcnzyl chloride, 4- 
nitro- or 2,5-dinitrohenzyl chloride, ethyl iodide, or propyl iodide. * 

The question of whether NI or ’ N d  is involved in the formation of qua- 
ternary salts of yiiinoxalines (I) having t x o  different substituents in the 
hetero ring has received but little attention. The cntcle methioctidc from 

(1) (11) (111) (W 
3-plienyl-2-met~hylquinc,xdine contlcnscis with aldehydes, h i t 8  the purc salt 
does not, and it therefore appears that this base gives mainly the N4 
quaternary mlt (11) with a little of thc ;“vl isomrr (111).* If 3-hydroxy-2- 
mcthylquinoxalinc is t rcnted with mctliyl iodide, quatmnization is ac- 
companied hy mcthylntion at N?, hiit methyl sulfate gives the N, qnater- 
nary salt (IV). 4 v  

(2) fly tlirrct syn t hcsis from :in o-aminodiphenylamine or -N-alkyl- 
aniline and a 1 .2-dikrtonc in prcscncc of hydrochloric acid. This interest- 
ing reaction, tliswvcrcd by J?. Kehrmann and J. hlessinger,6 gives ri.se to 
quinoxaline qiint ernmy salts ( I r )  containing substituents (usually phenyl) 
at C2 and C‘,, (131. 1). For rc:wons which cannot now be regarded as satis- 
factory, 0. N. Witt and C. Schmidt7 proposcd the name “stilbazonium” 
salts for qriatrmary qiiinoxnlinr s d t s  prepared hy this method, and the 
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(v) 
name has persisted to some extent in the l i t e r a t . ~ r e ~ ~ ~ ;  its continued uae 
serves no useful purpose} howevcr, and merely tends to cause confusion be- 
tween these quinoxalinium salts and the quaternary salts derivable from the 
txue stilhazoles (bases obtained from 2- and 4-methylpyridine by condensa- 
tion with aromatic aldehydes). 

Ph 

( ~ 1 ~ 7 )  

ELOH 

0 2 s a N  

‘ A .  Ogx=Iph Ph 
@yJ--------~ - HI-+  

Ph 8 I 
Ph 

I 
Ph 

+ PhCOzEt 

Me 

(XV) (XVI) (XVII) 

Two points of interest may be noted in connection with this reaction. 
First it has been observed that, using the amine (VI), the product of reac- 
tion consists almost entirely of (VII), onIy a very little of the compound 
(VIII) being formedI0; quaternary salt formation thus occurs to the al- 
most complete exclusion of the alternative o-phenylenediamine condensa- 
tion which might also have been expected to occur. 



B Y  Quinoxalines 

Second, the course of the reaction is greatly modified if the amine 
component contains a nitro group in the p-position to the secondary amino 
group, as in (IX). Brand and Wild" have studied the behavior of (IX) 
and its analogs, and have found that the expected quaternary salt (XII) 
is not obtained by interaction of (IX) and benzil in alcoholic hydrochloric 
acid, but that the products are the pseudo base (XIII) and 5nitro-1,2- 
diphenylbenziminasole (XW). The initial product is the anil (X) , which 
in acid solution is considered to be in equilibrium with (XI) and (XII). 
The latter does not separate from acid solution, and on reduction of the 
acidity immediately passes into the pseudo base (XIII). I n  boiling alco- 
holic hydrochloric acid, (X) and (XIII) give the benziminazole (XVI) and 
ethyl benzoate via the intermediates (XIV) and (XV); the hydrogen 
which is eliminated is not evolved in the free state, and is assumed to re- 
duce one of the entities in the reaction mixture. 5-Nitro-2-phenyl-1-p 
tolylbenziminazole (XVII) is similarly formed from the p-tolyl analog of 
(IX). 

The authors" consider that these deviations from the normal reaction 
are the result of the instability conferred by the nitro group on the quater- 
nary ring nitrogen of the salt ( X I ) .  The salt (XIX), with a mcthyl in- 
stead of a phenj.1 group attached to N1, is sufliciently stable to be isolated, 
but if the parent amine (XVIII) is refluxed with benzil in alcoholic hydro- 
chloric acid the reaction still follows an abnormal course and yields a mix- 
ture of the pseudo base (XX) and 6-nitro-2,3diphenylquinoxaline (XXI) 
(in the formation of which demethylation occurs). If the nitro group in 
(IX) is replaced by chlorine, the labilizing effect is removed, and the normal 
reaction occurs, giving ~hloro-l,2,3-triphenyiquinoxalinium chloride, and 
thence the pseudo base. 

O Z N a X H s  

(XVIII) 

N HMe 

B. Properties. The quaternary quinoxalinium salts are crystalline 
solids which decompose on heating (in many cases, particularly the 1- 
phenyl salts, no decomposition or melting points are recorded in the litera- 
ture). They form double salts (e.g., with ferric chloride and platinic 
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chloride)6-10.12 which are often highly crystalline and may be used for char- 
acterization, as also may the pseudo bitses (vide infra) obtainable from the 
quaternary salts. 

The quaternary salts are all more or less highly colored compounds. 
The color is particularly marked in compounds containing an anilino or di- 
methylamino group at C,!: by reason of the resonance between the convcn- 
tional form (with quaternary N1) and the quinonoid form (as XXII); 
compounds of this type are in fact, quirioxaIine analogs of the aposttfranine 
dycs.8. '3 "'yy1Z 

PhS ' N 

(XXII) (XXIII) (XXIV) 

Treatment of 1,2,3-triphe1i~lqi1inox~liriium bromide with ethylmag- 
nesiuni iodide gives 1,2,3-triphenyl-2-ethyI-l,2-dihyclroquinoxaline (Table 

Alkiodides of quinosaline and 6- 
methylquinoxaline are said to he decomposed by alkali with the production 
of volatile mnteriul having an unpleasant o d ~ r , ~ ~ ~ ' ~  but the reaction has not 
been further studied, Salts with a pheny1 group on the quateimary ring 
nitrogen are decomposed even by mild alkali (sodium carbonate or am- 
monia) yielding the corresponding pseudo bases (as A7L'IIII),~8~9~ l7 the 
properties of which (low melting point, solubility in organic solvents; 
sce Table XXXVIIy?) nlwionsly indicate a coviilcrit and not, a quaternary 
hydroxide structure. G-1Zmino-7-nnilino-l,2,3-triphe~iq'lq~iinoxalinium 
chloride gives what, is prolxhly the anhydro bnsr (.LKIV) (Chapter 
XSXVJT, Section 2) on treatment, with sodium cwbonat8e.LS 

Cyanine dycs containing one or two 
quinoxaline niirlei have heen prepared and studied by A. If. Cook and his 
co-workers3.J- 5.18 Thus, condcnsat ion of the appropriate 2,3-dimethyl- 
quinoxalinium salt and aldehyde in a cold mixture of pyridine and acetic 
anhydride2 yields the dyes (XSV; R = Me) (iodide, m.p. 244'; metho- 
sulfate, m.p. 182-183"), (,u,UV; R = 1%) (ethosulfate, m.p. 170-171"), and 
(XXVT; It  = Me) (iodide, m.p. 189-190'). The phenyl analogs (XUV; 
1% = Ph) (chloride, dec. 320") and (XXVI; R = Ph) (acetate, m.p. 
154") and the symmetrical dye (XXVII; It = Ph) (chloride, dec. above 
300"; acetate, m.p. 161") arc obtained hy way of the unstable methylene 
base (XXVITI) prepared by interaction of diacetyl with o-aminodiphenyl- 
amine in nhsence of mineral r~cicl.~85 Thc methyl analog of the last-named 
dye (XXVIT; R = Me) (iodide, m.p. 204-205") is prepared hy condensing 

PhkH a- a:1:: Ph I a:q; PI1 I PI1 1 

~x.X~vII-1)." 
C. Decomposition by Alkali. 

D. Quinoxaline Cyanines. 
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1,2,3-trimethylquinoxalinium iodide with sodium formate in acetic anhy- 
dride. Condensation of the same quinoxalinium salt with the requisite 
heterocyclic anilinovinyl quaternary salt in acetic anhydride containing 
a large excess of sodium acetate yields the benzoxazole dye (XXIX) (dec. 
above 300') and the quinoline analog (4XXX) (m.p. > 3GO"). The dye 
(XYXI) (dec. above 300") is prepared via the methylene base (XYXI).  
Obher dyes, for details of which the original papers*sr8 should be consulted, 
have been prepared from quaternary salts of reduced quinoxalines, e.g., 
(XXXIII; R = Me, Ph; R' = Me, Et) (ChapterXXXVII, Section 1B). 

(XXV) 

hie 

(XXIX) 
hie 

(XXS) 

In these cryanine dyes the quinoxaline nucleus hm a marked batho- 
chromic effect in comparison with other heterocyclic nuclei. The colors 
of the dyes are rHersihly discharged by alkali. Although stable in very 
dilute acid, t.he dyes are in general acid-sensitive, and can only be satis- 
factorily prepared under the mild conditions given above, 
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C H A P T E R  XXXV 

Formation of Quinoxalines from 
Compounds Containing a Furan Ring 

1. Conversion of 5-Hydroxy-2,5-diphenyl-4-keto-4,5-dihydrofu- 
rans and Related Compounds into Quinoxalines 

The transformations described in this section have been carried out 
chiefly by R. E. Lutz and his co-workers during a study of the relationships 
existing between 1,4-diphenylbutane-l ,2,4-trione derivatives and the fur- 
ans named in the title. 

5-Hyd roxy-2,5diphenyI+t-ke ta-i,5dihydrofuran (I) stands in tau to- 
meric relationship to l,Pdiphenylbutane-l,2,Ctrione (11), and on conden- 
sation with o-phenylenediamine would therefore be expected to give 3- 
p henacyl-2phenylquinoxaline (I1 I). 

OC,-CH 
HO, I 311 

Ph’ ‘0‘ 
CS 12CPh 

(1) (11) (111) 

The questions of whether compounds of t-ypes (I) and (11) are inter- 
convertible and of whether a particular entity is best represented by the 
cyclic or open-chain structure are wit.hout relevance here. The point which 
is important for the present discussion is that, although prototropy can be 
prevented, and the open-chain form stabilized, by the introduction of suit- 
able substituents (Table XXXV-1, first column), the removal of the mo- 
bile hydrogen does not prevent the more or less facile conversion of these 
open-chain derivatives into quinoxalines. The conversion of the cyclic 
(furan) derivatives into quinoxalines is a1so readily effected. These facts 
are summarized in Table XXXV-1; the acyclic and furan compounds 
given in the first and second columns, respectively, ~ i e l d  the quinoxalines 
shown in the third column by treatment with o-phenylenediamine in one 
of the lower alcohols. It will be seen that the potent.ial or actual 1 , s  
diketone group originates from C, and C2 of the acyclic compound (Le.,  
from Cg and C1 of the dihydrofuran), and that the C, side chain of the 
yuinoxaline arises from t.he C3-CI fragment of the butanetrione derivatives 
(i.e., from the CrCa portion of the furans). 
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296 Quinoxalines 

The structure of 2-phenyl-3-dibenzoylmethylquinoxaIine (Table 
2CXXV-1, formula IV) follows from the fact that on acid hydrolysis it 
yields (III).l 

2. Conversion of Coumaran-3-ones into Quinoxalines 

A. 2-Hydroxy- and 2-Bromo-coumaran-3-ones. Several in- 
vestigators have observed that coumaran-3-ones (I) containing suitable 
substituents a t  Cz yield 3,2’-hydroq~arylquinoxalines (11) when they are 
condensed with 0-phenylenediamine in boiling alcohol or acetic acid. A 

comparison of the structure (I) with that of the dihydrofurans (111) dis- 
cussed in the preceding section obviously suggests a connection between the 
two quinoxaline syntheses, and an examination of the available data indi- 
c.atcs that the reactions are in fact intimately related. 

Coumaranone (I; X = Y = H) and 2-bromo-2-alkylcoumaranones 
(I; X = alkyl; Y = Br) do not react with ~-phenylenediamine,~*~ but 
analogs of (I) in which Y is halogcn or hydroxyl and X is alkyl or a hydro- 
gen atom react to form quinoxalines of the general formula (11; X = H or 
ztlkyl). From Table AXXXV-l it is seen that the dihydrofurans which 
yield quinoxalines are compounds of typc (111) in which Y is likewise hy- 
droxyl or chlorine, and a comparison of the data given in Table ,yXXV-1 
with those in Tahle XYXV-2 shows t.hat the dihydrofurans react in pre- 
cisely the same manner as the comparable coumnranones. 

The structure of (IV) (Table XXXV-2) follows from its conversion 
into t.he methyl ether, also produced by independent synthesis from o- 
phenylcnediamine and the diketone (V) (Table XXIV-1). 
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TABLE XXXV-2 

Structure of resultant 
Structure of coumaranone quinoxdine qutnoxahne Ref. 

M.P.. eta:. of 

Hq--hfe 
Me 

u* 
\ /  

HO 

194-195'. .h- 2 
photeric 

161-162". Am- 2 
photeric 

159". Yellow 3 
needles. Conc. 
Ha04 ves brown- 
red- c o t  

240". Yellow 3 
needles. Conc. 
HtSOI gives deep 
blue color. OBa 
deriv., m.p. 212" 

237". Yellow 3 
needles. Conc. 
&SO, gives In- 
tense red color 

142". Orange-red 6 
crystals. OBz 
deriv., m.p. 156' 
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TABLE XXXV-2. (continued) 
~ 

Struotura of resultant 
Structure of coumaranone quinoxaline qumoraline Ref. 

M.p., etc:, of 

287". Oran e- 5 
yellow needfw 
Conc. Hz804 gives 
blue color. Aca 
deriv., m.p. 227' 

(XI 
oilre 

275-276O. Yellow 10 
needles. Conc. &B OH \ /  color HiSO, gives violet oq& 0 

Oh1 e 

B. Coumaran-2,3-diones. Examination of tthe structure of cou- 
maran-2,3-dionesJ e.g., (VI), suggests that condensation with o-phenylene- 
diamine might occur in either of two possible ways. A reaction analogous 
to those already considered would lead, by fission of the 0-C linkage in 
the manner shown, to the corresponding 2-hydroxy-3,2'-hydroxyaryl- 
quinoxaiine (VII) via the intermediate (VIII). Alternatively the couma- 
randione might function simply as a lJ2-diketone and yield a benzofurano- 
quinoxaline (IX). Experiment shows, as indicated in Table ?uuLV-2, 
that only the first of these reactions occurs. At, 290-300", however, (VII) 

o& Q N l  HopA, ~ ~ I ~ c o c ~ &  
0 

I , Me MC? / 
- 

XII, 110 

(VI) ( V W  (VIII) 
" OHhle 

undergoes dehydration to (TX) (m.p. 208"), and (X) (Table LyxXV-2) 
yields (XI) (yellow needles, m.p. 218", giving a blue color with concentrated 
sulfuric acid).'I6 
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CHAPTER XXXVI 

2-Pol yh yd rox yalk ylqu i noxalines 

1. Synthesis 

It has tong been known that o-phenylcnediamiiie may be condensed 
with aldoses (I) to give quinoxalines (11) or bcnziminsmles (III),l*z and in 
recent years the condensation of o-diarnines with many sugars and sugar 
derivatives htbs been studicri in detail, and the scope of the reaction consid- 
erably extended, by a number of German workers. 

@-- YHO 

CHOH (CHOII) .CH 20€I N (CHOHj,,,CH~OH 
H 

COCO \ 
I 0 

COCH' 
I I 

(CHOH),C'fI~OH 

C:HO€ICII ,OH CHOHCII?OH 
(YII) (VIIX) (IXj . 

R.I. 1668 

(W (XI) (XII) 

Standard quinoxaline spt,tiescs of the types discussed in earlier chap- 
ters may be effected by the iritmaotion of o-diarnines with suitably sub- 
stituted sugar dcrivatives, c.g., a-keto acids or 1,Miketoncs (the use of 
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these derivatives has the additional advantage of preventing benziminaeole 
formation which might otherwise occur3). Thus the sodium or potassium 
salt of d-glucosonic acid (m IV) yields 3-hydroxy-2-d-arabotetmhydroxy- 
butylquinoxaline (V) with o-phenylenediamine in dilute hydrochloric acid‘ 
(cf. Chapter XXVII), and the stereoisomer of (V) similarly results from 
the methyl ester of I-glucosonic acid.s Again, 1-phenyld-fructosone (VI) 
undergoes a normal 1 ,Z-diketone reaction and yields 3-phenyl-ad-arabo- 
tetrahydroxybutylquinoxuiine (1-11) ,6 and a solution of 2,3-diketogluconic 
acid lactone (VIII) likewise give Zd-erythrotrihydroxypropylquinoxaline- 
3-carboxylic acid lactone (IX)7-* (cf. Chapter XXIV). This last reaction, 
involving condensation at CTC, of (VIII), should be contrasted with the 
reaction of (X), where condensation occurs at C& after opening of the 
lactone ring, the product being (XI) (Table XXVII-2). 

In contrast to the foregoing, the reaction between o-phenylenediarnine 
and glucose is not a “standard” quinoxaline synthesis, because the forma- 
tion of the product, 2d-srabotctrahydroxybutylquinoxaline (XII) in- 
volves elimination of both hydrogen and water. In addition to its forma- 
tion from glucose,’ (XII) has aiso been prepared from glucosamine,@ glu- 
cosone,’O and sucrose.” The preparation of (XII) has also been studied 
in the presence of hydrazine, and this, as shown below, has led to improved 
yields and also to an understanding of the probable mechanism of reaction. 

CH,NH -Me 
I 
CO 

- 

I 

CH : NNH, 
I 

C : NSHz 
I 

Weygand and BergmannIe have shown that (XII) is produced in very 
high yield (9O%J by heating a mixture of hydrazine hydrate, o-phenylene- 
diamine, and ptolyl-d-isoglucosamine (XIII) in aqueous acetic acid; fur- 
t.hermore, the action of hydrazine alone on p-tolyld-isoglucosamine fur- 
nishes the glucosone derivative (XITi), which in turn yields (XII) by con- 
densation with o-phenylenediamine. These authors also observe that hy- 
drazine dehydrogenates fructose, but not glucose, in weakly acid or alkaline 
medium. On the basis of these results they have proposed a mechanism 
for the conversion of glucose into (XII) (Scheme 1). In this scheme, (XV), 
the initial product of react,ion between o-phenylenediamine and glucose, is 
converted via the Amadori rearrangement into an anaIog (XVI) of (XIII) ; 
condensation of this with hydrazinc yields (XVIII), which by loss of am- 
monia in two successive stages (the hydrazine thus functioning as hydrogen 
acceptor) furnishes (XII). 
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NHCH= (CHOH),CH,OH NHCHK(CH0H) aCHiOH 
II - ox,, "HI (1) 

F: 0: NHNH, 
NJ& 

(XVIII) (XVII) 

-NHs I 

CxW 
The beneficial effect of hydraziue has also been observed by Ohle and 

Hielscher,la who favor the use of boric acid in the reaction mixture. Under 
these conditions (XII) may be obtained in 35y0 yield directly from glucose, 
but with fructose the yield is much higher (GO-707&). The use of sub- 
stituQed hydrazines (methyl- and phenylhydrazine, sym- and aagmdi- 
methylhydrazine, aym- and mym-diphenylhydrazine, and phenylhydrazine- 
p-sulfonic acid) does not produce markedly different effects, and hydroxyl- 
m i n e  gives inferior results.13 When phenylhydrazine is used in the 
preparation of (XII), furthcr rcmtions occur (Section 2C) unless the cx- 
peiimen tal conditions are caref idly controlbd. 

I t  ha.3 already been stated (uidc supra) that aldoscs may give cithcr 
benziminazoles or quinoxaline dcrivstives by condensation with ophenyl- 
enedimine. By means of the hydrazine-boric acid reaction medium, how- 
ever, quinoxalines* may be obtained" from sugars (ens., Garabinose, (I- 
galactose) which under other conditions yield only benziminazoles. These 
findings may invalidate the earlier statement of Maurer et aL3 that% sub- 
stituted o-diamines, erb., toluylencdiamine and odiaminobenzoic acid, 
yieId only benziminazolcs irrespective of the sugar used. 

2. Properties and Reactions 

A. General. ZPolyhydroxyalkylquinoxalines are crystalline, opti- 
caIIy active solids (see Table XXXVI-1) which may be acetylated a t  the 
hydroxylated side chain. 'i'hc anticipated susceptibility to oxidizing 

* 111 thew (ww the formation of c~uirroxalittce was diaynowti by rorivcwion of the 
crude 1)roclucts (in solution) into t1av:lzolcs (Chupkr XXXVIII, Swtion 2C) :tnd 
not by isolation of the quinoxalirtcs themsc~vcs. 
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agents is illustrated by the conversion of 2-d-arabotetrahydroxybutyl 
quinoxaline (I) in high yield into quinoxaline-2carboxylic acid with alka- 
line hydrogen peroxide (Table XXIX-1) and by that of the 3-hydroxy 
analog into 2,3-dihydroxyquinoxaline by oxidation with acid permanga- 
nate.4 2-Polyhydroxydkylquinoxalines are also oxidized by Fehling solu- 
tion and by hypoiodite4.5'18; 2-pol~~hydroxyalkylbenziminazol~, on the 
other hand, are not oxidized by these reagents3i4 and a simple means is thus 
at hand of distinguishing between the two possible types of product formed 
by condensation of sugai-s with o-diamines (Section 1). 

On treatment with hot sulfuric acid, 2-d-srabotetrahydroxybutylquin- 
oxaline is converted into glucazidone (Chapter XXYVIII, Section 1C) by 
cyclodehyd ration. * 

B. Decomposition by Alkali. 3-Hydro\;y-Z-~--nrJ~otetrnhpdroxy- 
butylquinosaline is completely rcsiibificvl if  i t  is  t)oiM foE x short time 
with 0.1 N sodium h>droxide. 

I 
[VI) CH:R'Ar 

I 
(V) CH:NNHPh 
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Mauicr and Boettger16 have shown that 24-arabotetrahydroxybutyl- 
quinoxaline (I) may be subjected to alkaline oxidation in well-defined 
stages which are indicated in the appended reaction scheme. The initial 
product (11) may be transformed as shown (see also Table XXXVI-2) to 
(IV) and (VI); all these compounds on further oxidation give quinoxaline- 
2-carboxylic acid (VII), which also results from more drastic alkaline oxida- 
tion of (I) (Section 2A). Table XXXVI-2 summarizes the products ob- 
tained by this series of reactions. The 2,5-bis-2'-quinoxalyl-l,Cdiaryl- 
1,4-dihydropyrazines (VIII) are formed along with compounds of type 
(1'1) during dehydrogenation of the compounds (IV), and are considered 
to arise by condensation of two molecules of (IX) [the enolic form of 
(W I- 

TABLE XXXVI-2. Compounds Arking from Alkaline Degradation of 24-arah- 
tetmliydrosybu tylquinosnline 

Remark8 Striictwo M . P . ,  o c .  

CH:l\TPh 

188 

CH :SKHPh 

0 1  1KPh 

243 

208 

R,ed ncedles. Gives red-violet color 
in alk. soh., turning colorless on 
exposure to air with formation of 
q,uinoxaline-2carboxylic acid. 
hasilp dehydrogenated (&Or 
Me&O at room tern PbOrCHCIs 
at room temp., or R B I e  alone at 
looo) to compd. (VI; Ar = Ph) 

Reti needles 

Red needles 

Gives red soh. in alkali; reduces 
Fehling soh. 

Yellow cryst. 

Yellow cryst. Insol. in alk. (con- 
trast the above 1,2-dihydro deriv., 
m.p. 188'). In C5H& gives red 
s o h  on adding alk.; shaking with 
air then gives colorless soh. with 
formation of PhNC and quinoxa- 
line-2-carboxylic acid 

Tabla cantinwd 



306 Quinoxalines 

TABLE XXXVI-2. (continued) 

Structure M.P.. OC. Remarks 

CH SNPh 
(VIII; Ar=Ph) 

187 Yellow leaflets 

13.1. 

253 

267 

276 

Colorless needles 

Orange leaflets 

Red cryst. 

- 

C. Reactions with Phenylhydrazine 

(i) In NCU~TU~ or AUcaZirw SoZuliou. Trcatment of 2-tct.rahytlroxy- 
butylquinoxalines (x) with phcnylhydradne in neutral or alkaline solu- 
tion produces the corresponding quinox~inc-Z-aldc~iyd~s (XI). Although 
this removal of three cartmn atoms via the agency of phcnylhydrazine may 
well be highly specific for compounds of type (X), it is worthwhile from a 
broader aspect to compare this reaction with other examples of fission of 
heterocyclic compounds containing polyhydroxyalkyl side chains. Thus, 
oxidation of the furan and pyrrolc derivatives (XII) and (XIII) with lead 
tetraacetate brings about the removal of three carbon atoms from the 
side chain,17"* and quinoxalincPaldehyde (XI; R = 11) may be similarly 
prepared from (X; R = H).17~18 Again, the conversion of (X; R = H) 
into quinoxaline, and the similar removal of the side chain from riboflavin, 
may be brought. about by irradiation with ultraviolet light (Table XXV-I), 
and it has been suggestcdlS t,hat this formation of quinoxaline may proceed 
by an initial elimination of three carbon atoms to give quinoxalinc-2-alde- 
hyde followed by a Cmnizznro reactZion and drcurhoxylation of the resuIt- 
ant acid. On the other hand, only traces of hnzirninazole are obtained by 
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(CHOH) ,CH,OH 
H 

(XIII) (XIV) 

similar irradiation of the compound (XIV) derived from galactoseyg and 
neither this compound nor iB arabinose analog yields benziminazole-2- 
aldehyde on oxidation with lead tetraacetate."*'S 

The reaction with phenylhydrazine has been carried out with several 
compounds of type (X). Thus, using not less than 3 moles of aqueous 
phenylhydrazine at loo", 2d-arabotetrahydroxybut.yIquinoxaline (X; 
R = H) and its 3-phenyl analog (X; R = Ph) give about 20% of the 
phenylhydrazones of the aldehydes (XI; R = H and Ph), but the reac- 
tions are incomplete and unchanged material is reco~ered.6.'~ The com- 
pound (XV) (see Table XXXVII-2) similarly yields the phenylhydrazone 
(XVI),6 m d  3-methoxy-24-arabotetrahydroxybutylquinoxaline (X; R = 
OMe) gives t.he free aldehyde (XI; R = ORle) when treated with 1 mole 
phenylhydrazine. 

Me Me 
I I a:xh : "Hph 

(XVI) 

a : x L H O H )  g H  ,OH 

(XV> 

(XVII) Ck1,OH (X\iIII) 

CH2OH 
+ I  f NfIs -F 21120 

CH(OI1)ClX: SXHPh 

mw 
The reaction has been carried out with both the d-arabo- and the l- 

xylo forms of the 3-hydroxy compound (X; R = OH), and in each case 
the phenylhydrazone of 3-hydroxyquinoxaline-%aldehyde is produced.'.' 
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Ohle and his co-workers,16 in a detailed study of the reaction with the d- 
arabo-isomer, have found that if 3 or more moles of phcnylhydrazine (in 
aqueous solution at  100") are used the reaction proceeds according to 
equation 2. Under these conditions the yield of (XVIII) is 85y0, but in 
0.1 N sodium hydroxide it falls to 65y0 [methylglyoxal bisphenylhydrazone 
(,a) is also formed in this case], and in N-sodium hydroxide it is only 49%. 
If the phenylhydrazine is replaced by hydrazine or met hylphenylhydrazine, 
the corresponding hydrazones of (XI; It = OH) are produced, but the use. 
of aniline instead of a hydrazine gives the anil (XXI) [rn.p. 267" (dec.)] 
of 3-hydroxg-l,4dihydroquinoxaline-2-aldehyde; on treatment with boil- 
ing phenylhydrazine. this anil is smoothly converted into the true quinoxa- 
line derivative (XVITI). From this and other evidence Ohle and his as- 
sociate~ '~ conclude that the decomposition of (XVII) in aqueous phenyi- 
hydrazine involves the following successive stages: (a) conversion of 
(XVII) into (XXII) by means of hydrogen ions and hydroxyl ions; (b)  
fission of (XXII) into glyceraldchyde and 3-hydroxy-I ,.klihydroquino;ua-- 
line-2-aldehyde; (c) conversion of these aldehydes into, respectively, the 
phenylhydrazone (XIX) and 3-hydroxy-I ,4dihydroquinoxaline-2-alde- 
hyde phenylhydrazone; and ( d )  dehydrogenation of thc last-named com- 
pound to (XVItI) by mcans of phenylhydrszine. 

H 
N OH agxoll CH:SSHPh 

I 
c : s SIIPll 

1 
21 cII:sPI\  
13 

(XXI) 

(caoI~)?cIi,oIr 

( X S I I )  

The conversion of 2 tct ~~hydroxS.l)iitylquinoxalincs into aldehydes by 
means of phcnylhydrazine ,z~peairr to 1)c :I general reaction which is. how- 
ever, favored by the piqscnce of a f r w  hyclroxyl group at C'a of the quinoxs- 
line nucleus. It is considercd'5 that the function of this acidic hydroxyl in 
promoting the reaction is to act as an extra source of protons and thus to 
facilitrtte the conversion of (XVII) into (XXII). 

(ii) In Acid Solution. Treatment of 2d-arsbotetrahydroxbutyl- 
quinoxaline (X; R = H) with phenylhydrazine in arctic acid solution 
gives l-phenyl3-rl-erythro-l',2',3'-trihy~lr~txyprop~-lflavazole (XXIII). 
This compound and its analogs are ciescribed in Chuptcr XXXVIIT, Sec- 
tion 2C. 

Similar treatment of thc 3-hydroxg analog (XITI) produces an en- 
tirely different reaction. The yield of (XVETI)--\vhich, as mentioned 
above, is the major product in neubral or moderately alkaline solution-is 
suppwsed to 33%, and the main prcxluct is 5 compound of  formula 
ClsHls04hTI (XXIV).'5 This cornpound, in the formation of wliich no fis- 
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(CHOH) 2CH *OH 
(XXIV) 

- r n P h  - ' U P h  7 

OH 
OH- 

KO 
(XXV) (XXVa) (*XXVb) 

sion of the side chain has occurred, crystallizec3 in orange-red needles, m.p. 
220" (dec.), and yields a diacetyl derivative (orange-red leaflets, m.p. 
158") which gives a violet solution in concentrated sulfuric acid. On 
treatment with methsnolic ammonia, the diacetyl derivative is mainly 
hydrolyzed to  (XXIV), but decomposition to (XVIII) also occurs to a 
small extent. With boiling aqueous-alcoholic sodium hydroxide, however, 
the diacetyl derivative gives as sole product a yellow compound, m.p. 
260" (+0.5 mole CnHsOH), which yields onIy a monoacetyl derivative 
(colorless needles, m.p. 2-44'). The formula, CI8H,,O2N4, of this yellow 
compound indicates that its formation from the diacetyl derivative involves 
dehydration as well aa deacetylation, and it is ~onsidered'~ to be a pyrida- 
zine derivative having one of the structures (XXV), (XXVa), or (XXVb). 
where R is 3'-hydroxy-2'quinoxalyi. 
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CHAPTER X X S V I I  

Reduced Quinoxalines 

1. 1,2- and 1,4-Dihydroquinoxalines 

A. Compounds Containing No Hydroxyl or Carbonyl Croup in the 
Hetero Ring 

This group comprkws a sninll number of misccll:tI!eous compounds for 
Thcir propcrties arc which there is no gcncral method of preparation. 

summarized in Tahle XXXVII-1, pages 312-313. 

B. Compounds Containing a Hydroxyl or Carbonyl Group in the 
Hetero Ring 

(a) I- Suhsiifi~ted-.?- k c / o - / ~ - d ~ ~ ~ ~ r i r o g u i n o x a l i n e s  

Preparation 

(a) The most gmcral method of prcparing these compourids (11) is to 
condense an N-YII bstitiited o-phenylenedinmine (I) with an a-keto acid 
(or kcto ester). Tlic reaction may be carried out with the srnine hydro- 
chloride in aqueous solution, or with thc free 1xtss.e in m organic solvent 
(Ey. 1). 'i'his mctsliocl was tlcvclopetl I)y Kchrmsnn and Messingcr, and 

-+ a > X : + H z O  (1) ax"' + ' OCR' 

COJI 
I 
R 

(1) (11) 

SBR 

I 
Me 

( I W  (IW 

is obviously related to thc synthesis of 3-substituted-2-hydroxyquinoxa- 
lines from a primary wliamine ant1 an a-keto acid (Chaptcr ,YXVII, 
Section lU). Intermediate coridcnsation products are not usually isolable, 

310 
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but the anil (111) results when N-methyl-o-phenylenediamine and pyruvic 
acid react in acetic acid, ivhereas in aqueous hydrochloric acid the product 
is (11; R = R' = Me).2 

(b) Condensation of (I) with alIoxan, followed by alkaline hydrolysis 
of the product (IV). gives derivatives having a carboxyl group at Ca (11; 
R' = C02H) (cf. Chapter XXIX, Section l), and such compounds may 
also be made from the esters (11; R' = C0,Et) prepared according to 
method (a)  using ethyl mesoxalate. Decarboxylation of (11; R' = C02H) 
occurs readily, yielding Zketo-l,2dihydroquinoxalines substituted only at 
N1 in the hetero ring. 

(c) Some I-niethyl-Zketo-1 ,Zdihydroquinoxalincs may be prepared 
from Zhydroxyyuinoxalines by methylation with diazomethme, or with 
methyl sulfate or methyl iodide and alkali. 

Properties. As with so many clatses of heterocyclic compounds, a 
few scattered observations of the properties of I-substituted-2keto-1,Z- 
dihydroquinoxalines are recorded in the literature, but no systematic study 
of the group has been made. 

The compounds (V; R = ISfe and Ph) cont.rtin an active 3-methyl 
group and yield the pyruvic esters (VI; R = Me and Ph), m.p. 170 and 
224", respectively, by condensation with ethyl oxalate in presence of potas- 
sium ethoxide3 (cf. Chapter XXXIII, Section 1). The methiodide (VII), 
m.p. 178" (dec.), is slowly formed at 100" from (V; R = Me) and methyl 
i ~ d i d e , ~  and crude quaternary salts of (V; R = Me and Ph) have also 
been p r e ~ a r e d . ~ ~ ~  In agreement with these observations, (V; R = Me 
and Ph) exhibit basic properties, dissolving in strong mineral acids. 3- 
Hydroxy-l-phenyl-~keto-l,2dihydroquinoxaline condenses 1vit.h the hy- 
drochlorides of o-phenylenediamine and o-aminophenol to give t.he com- 
pounds (VIII) and (IX) (m.p. u)7.5-208.5"), respe~tively.~.' 

The reactions of the N-oxide (X) are of interest. This compound (pale 
yellow prisms, m.p. 191") is formed by oxidative cyclization of isonitroso- 
malonodimethylenilide (XII)*; the reaction may be carried out by treat- 
ment of (XII) with chromic anhydride in acetic acid, with fuming nitric 
acid and chloroform at  the boiling point, or with nitrosyl chloride in chloro- 
form. The compound may also be made directly from malonodimethyl- 
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I 
Ph 
(VIII) 

R.I.  2643 

(XVIII) 

Er'" I 
Me 

(XVI) 

anilide by treatment with nitrosyl chloride and nitric acid. Usherwood 
and %%telep formulate the compound as (XI), but its reactions are equally 
explicable on the basis of structure (X) which is its modern equivalent. 

Treatment of (X) with warm alcoholic sodium ethoxide gives formic 
acid, methylaniline, and the hydroxy oxide (cyclic hydroxamic acid) 
(XIII), m.p. 257" (dec.), which yields an ethyl ether, m.p. 167-168", and 
on reduction with zinc and acetic acid is converted into (XIV). Oxida- 
tion of (X) with permanganate produces methylphenyloxamic acid (XIX). 
Reduction of (X) with cold zinc and acetic acid gives the tetrahydroquin- 
oxaline derivative (XV), m.p. 185O, from which the side chain is removed 
by the action of warm alcoholic sodium ethoxide with formation of the 
known acid (XVI). When added to cold concentrated sulfuric acid, (X) 
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is convcrtcd into (XVII) by elimination of carbon dioxide, but if the mid 
is added to the solid the product is a derivative of the quaternary base 
(XVTII) (Chapter XXXVIII, Section 2B). 

When treated with alcoholic hydrochloric acid, (X) yields a chloro 
compound, m.p. 240-241 O ,  of formula C17H1802N&1; a chlorinc-containing 
product, CI&s03Tu'&1, m.p. 226", is also formed from (X) by reaction wit.h 
acctyl chloride (although reaction does not occur with benzoyl chloride, 
bcnzenesulfonyl chloride, or acetic anhydride). Each of these chloro com- 
pounds is stable toward reducing agents, suggesting the absence of the N- 
oxide grouping, and gives methylaniline on hydrolysis. Usherwood and 
Whitele? were unable to expltiin the formation of thesc products from the 
parent compound of formula CliN1503XS; it is, however, possible that the 
reactions involved :ire related to the tmnsformution of 3-ethoxy-2-methyl- 
r(uinox,zline-l-oxide (XX) into 3-hydrox~~-2-ctiloromethyiquinoxaline 
(XSI), which hae rccently been found to  occur when (XX) is treated with 
:ilcoholic hydrochloric acict.0 

0 

(SS) (XXI) 

( I )  Z,?- and Z,~-Dihyr~roquinosa/ines HavinR ffydroxyl Groups at C2 or C, 

Preparation 
(a) The appropriate n-nit,rophcnylglycine is reduced hy catalytic or 

chornicd mcans. This method gives compounds unsubstitoted at, XI and 
C:?, and hydroxylutcct :it C3, and has the atfvantagc of avoiding nmhiguity 
as to thc oricntation of  lh-snbstitritcd dcrivativcs (XXTI -, XXIII) 
(Eq. 2). 

( b )  a-Nalogcno esters arc heated with the appropriate o-diamine a t  
about 95" for many hours: no solvent is used (Eq. 3). This synthesis 
also yields compounds of type (XXIII), but suffers from 6he disadvantages 
(I) t.hat two isomers may result from a nuclear-substituted o-diamine, 
q., (XXTV) may give (SXV) arid (XXVI), and (2) that alkylation of t,he 
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(XSV) (XXVI) 

hetero ring by the chloro ester is liable to occur, although this can be sup- 
pressed by using excms of the diamine. 

(c) 1 - Substituted - 2 - hydroxy - 2,3 - diphenyl- f ,2 - dihydroquinoxa- 
lines (XXVIII) are prepared from the quaternary salts (XXVII). It is 
not necessary to  isolate these salts; they may be prepared in solution by 
condensing b e n d  with an N-substituted-o-phenylenediamine in presence 
of hydrochloric wid (cf. Chapter XX2LIV), and yield the pseudo bases 
(XXVIII) on basification (a mild alkali such as sodium carbonate or am- 
monia usually suffices) (&. 4). If the quaternary salt contains a primary 

(XXVII) (xxvrI1) 

or secondary amino group at  C, the formation of an anhydro base is theo- 
retically possible. This has been observed with the salt (XXIX) (or XXX), 
which yields the compound (XXXI) (green leaflets, m.p. 235", giving a 
blue-green color with concentrated sulfuric acid) on treatment with hot 
aqueous sodium carbonate.I0 

(d)  Miscellaneous compounds. The compound (XX2CII) and the 
1,4-dihydro derivative (XXXIII) are described in Chapter XXXVI, Sec- 
tion 2C. 3 - Hydroxy - 4 - methyl - 1,2 - epoxy - l,4 - dihydroquinoxaline 
(XXXIV), m.p. 102-194', is a by-product resulting from the addition of 
nitromalonodimethylanilide to concentrated sulfuric acid (cf. Table 
XXXVII-2, preparation Q). Its structure implies that it is a tautomeric 
form of (XXXV) (Table XXXVII-2), and it. is soluble in sodium hydroxide,s 
but the two compounds are not identical. The compound (XXXVI; 
R = 6- or 7-Me), m.p. 117O, is prepared by heating equimolecular propor- 
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tiom of 3,4diaminotoluene and ethyl chloroacetate on the water bath." 
Its structure must be accepted with eome reserve, because the compound 
prepared from o-phenylenediamine by an analogous reaction and origi- 
nally'* formulated as (XXXVI; R = H) w&s later" shown more probably 
to have the structure (XXXVII) (Table XXXVII-3). 

M e  

dToH &OH 

% N CR:KPh 
H 

UNxOH 
N CN:KPh 
13 I 

(XXXII) (XXXIII) (XSX 117) 

(CHOH):C€I@II 

Me 
I 

(XSSV) 

CHzCOzEt 
I 

The compounds (XXXVIII) and (XXIIIX) are formed by an unusual 
synthesis in which the appropriate dinitrodiethylaniline (as XL) is heated 
with zinc chloride and acetic acid or acetic anhydride (if the anhydride is 
used, water is added during the working-up of the produ~t) . '~  The use of 
zinc chloride and acetic anhydride, and exclusion of moisture throughout, 
yields the corresponding acetylated compounds, formulated by the authors 

as N4-acetyl derivatives (XLI).I4 Reduction and deamination of 
(XXXVIII) yield (XLII), identical with the compound prepared from 
(LUIII; R = H) by heating with ethyl iodide at 1oOO.'~ 
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3& Quinoxalinea 

Properties. l,%Dihydroquinoxalines containing a pair of hydrogen 
atoms at N1 and Ct are very readily oxidized to true quinoxalines. A 
simple illustration of this is the fact that o-phenylenediamine and phenacyl 
bromide in alcoholic solution yield 3-phenylquinoxaline and not the 1,2- 
dihydro derivative thereof 1 2 ;  similarly, true quinoxalines are the only 
products isolated from the condensation of 3,.Miaminotoluene with phen- 
acyl chloride and chloroucetone.Ig So characteristic is this behavior that 
the reduction of o-nitroarylglycines, which yields in the first instance 3- 
hydroxy-l,2-dihydroquinoxalines (AXXIII), is also a general practical 
route to 3-hydroxyquinoxaline~~~~~~ (Chapter XXVII, Section lh) ; indeed, 
Plo~hl'~ and Leuckart and Hermann2" isolated only 3-hydroxy-&methyl- 
quinoxaline, which they incorrectly took to be the 1,Uihydro compound, 
from the reduction of 2-nitro-4-methylphenylglycine. The dihydro com- 
pound, has, however, been isolated from t.his reduction,21 although at- 
tempts to prepare it by an alternative route, namely by condensation of 
ethyl chloroacetate with 3,4-diaminotol~ene,~'~"J appear to give rise to both 
the possible isomers.22 

3-Hydroxy-l,%dihydroquinoxalinc (XLIII) may be oxidized to 3- 
hydroxyquinoxaline merely by distillation or by boiling its alcoholic solu- 
tion with charcoal, or by boiling an alcoholic solution of it.s 1-nitroso deriva- 
tive; it also gives the hydroxyquinoxaline when oxidized with aqueous 
permanganate, but acid dichromate yields 2,3-dihydroxyq~inoxaline.~~~'~~~~ 
The &methyl analog as (XLIV) is oxidized to 3-hydroxy-G-methylquinoxa- 
line by silver nitrate, nitrous acid, or atmospheric oxygen.21 The sub- 

(XLIII) (XLIV) (XLV) 

(XLVI) (XLVII) Q LVII I) 

stance (XLIV; Me = G or 7), m.p. 124", which is formed from 3,4-di- 
aminotoluene and ethyl chloroacetate, undergoes similar oxidation with 
atmospheric oxygen in alkaline solution, or with silver nitrate or other mild 
agents in neutral solution." 

In contrast to the abovc behavior, 1,2-tlihydroquinoxalines in which C, 
carries no hydrogen atom [ e . ~ . ,  (XLT.'), (XLVI), and pseudo bases of the 
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type (XLVII) derived from quaternary salts] do not show any tendency to 
undergo oxidation. 

The oxidizable 1,2dihydroquinoxalines (XLIII) and (XLIV) are 
amphoteric, being soluble both in caustic alkali and in a c i d ~ . ~ 1 ~ ~ ~ . ~ *  The 
sodium and potassium salts are easily soluble in water, but in excess of 
alkali t.he sodium salt, in contrast to the potassium salt, is only sparingly 
soluble. The metal salts are moderately stable, but those with acids are 
somewhat The compounds (XLV) and (XLVI), on the other 
hand, are also bases but are devoid of acid proper tie^,^^^^^ and it is therefore 
possible that they exist in the keto tetrahydro form (as XLVIII), enoliza- 
tion of which is for some reason inhibited. These compounds clearly differ 
from the alkali-soluble (XLIII) and (XLIV) in the fact that they are fully 
substituted at C2; substitution at Ct is not, however, the only factor which 
determines the acidic properties of such reduced hydroxyquinoxalines, be- 
cause (XXXVIII) and (L7ixxIX), in which C2 is not substituted, are like- 
wise insoluble in alkali but soluble in dilute acids.I4 

2. 1,2,3,4-TetrahydroquinoxaIines 
A. 1,2,3,4-Tetrahydroquinoxalines Containing No Oxygen Atom 

Attached to the Hetero Ring 

Preparation 
(1) Compounds in which the hetero ring is either umubstituted or 

carries alkyl or aryl groups on Cz and G are prepared from the correspond- 
ing quinoxalines by reduction, either catalytically or with sodium and alco- 
hol. 

(2) Compounds in which the hetero ring carries substituents are made 
either from the quinoxaline by means of a suitable additive reaction [e.g., 
compounds of type (I) in which R is alkyl, aryl, CN, or SOaNa], or, in the 
case of 1- and 4-dkyl and -acyl derivatives (11; R and R' = alkyl or acyl). 
by introduction of the substituent into the corresponding 1,2,3,4tetrahy- 
droquinoxaline. 

off: 11 N 

(3) The compound (111), a brown solid, m.p. 272' (corr.), is prepared 
from o-phenylenediamine by reaction 5.25 
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NH? UN"' \ 
+ 

oc -Q 
c$-c* c1 -co 

""4 
Properties. Compounds of this group are summarized in Table 

XXXV11-L They have well-defined basic properties, yielding crystalline 
picrates, oxalates, or acyl derivatives. In general, compounds in which N, 
and Na are both unsubstituted iindergo diacylation and diallcylation so 
readily as to make the isolation of monosubstituted derivatives impossible. 
Cavagnol and WiselogleZs have studied t,his question with 1,2,3,4-tetrahy- 
droqninoxeline; they find that the two tlissociatAm constants of the base 
are k, = (i.8 X and explain the difficulty of ob- 
taining nionosubst,itution products on the grounds that kl and L-2 are too 
close together to allow of a high ratio between singly charged cations and 
free Inme. However, monobenzenesulfonpltctrall\;clroquinoxaline may be 
prepared, and from this, by alkylation and hydrolysis, various monoalkyl 
derivatives are obtainable28 (Table XXXVII-I). 

Stereoisomerism of 1,2,3,4-Tetrahydroquinoxalines. 1,2,3,4- 
Tetrahydroquinoxalines in which Co or Cz carries n substituent as well as a 
hydrogen atom should be resolvable into optically active forms. This 
problem hm heen investigated in several raws by Gibson and his co-work- 
e r ~ ,  the results being siimmarizcd in Table XXXVII-5. Numerous salts 
and acyl derivatives of the various stcreoisomers have also been prepured, 
for particulars of which the original papers should be consulted. The p- 
hase, m.p. 97-98", from 2,3,G-trimethylyuinoxaline could not be resolvcd.*7 
As would be expected, the products obtained from quinoxaline and methyl- 
or phcnyl-magnesium halide (Table XXXVII4) are the dCforms of the 
2,3-disuhst,i tu tetl-l,2,3,~--tc?tr~hq.drociuinoxsiines ( T d h  LXXXVII-5). 

1,4-Endoalkylene- 1,2,3,4-tetrahydroquinoxalines. By con- 
densing 6-rnethyl-l,2,:~,~€-t,etrahyciroq~iino~aline with the appropriate 

and lip = 1.4 X 

(W 

dlcylene dihalitle, Moore and Doubleclav't8 have prepared the colorless 
basses (IV; ?L = I ) ,  m.p. 150" (drc.), (IV; n = 2), m.p. 175" (dcc.), and 
(IV; n = 3): m.p. 192' (tlcc.); the first compound wm :dso prepared 
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TAB LE XXXVII-5. Stereoisomeric 1,2,3,4-Tetrahydroquinoxalines 

Me If 94.5 +181.9" M . 5  -181.4" 101-102 111-112 62 
Ph H 135-135.5 t-155.7" 135-135.5 -156.2" 105-106, 142.5, 63,33 

a-form a-form a-form 
61.5-62.5 +%.go 61.542.5 -206.9O 71 - 

&form - - - - 97-98 - 

106 142-143 

27 

27 i Me Me 

using paraformaldehyde as the alkylating agent. The bases give colorless 
solutions in benzene and nitrobenzene, in which solvents they are bimolecu- 
lar; the solutions in acetic acid, on the other hand, are red, and in this 
solvent the bases are monomolecular. Other salts of the bases are usually 
colored also. 

B. 1,2,3,4-Tetrahydroquinoxalines Containing an Oxygen Atom 
Attached to the Hetero Ring 

1 ,2'-Car~~hoxyphyl-2-keto-l,2,~,~-te~rahydrroquinoxal~ne (V), m. p. 
152-1 53", is prepared from 2-aminodiphenylamine-2'-carboxylic acid (VI) 

bco2Et 6"'" 

(XI 
R.I.  1368 

y" 

(XI) 
R.I. 1368 
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by X-alkylation (with formaldehyde, sodium bisulfite, and potassium cy- 
anide) followed by simultaneous cyclization of the product and esterifica- 
tion of the 2'-carboxyl group by means of alcoholic hydrogen ch1oride.a 
It forms a $-nitroso derivative, m.p. 117", which [and also the simpler 
nitroso analog (VII) ] gives rise to  condensation products described in 
Chapter XXXVIII, Section 1D. 

3,S-Diphenyl-1 -carbethoxy-i?-keto-l ,d,3,~-letrahydroqrLinozaline~~dro~~~inoxal~~ (IX), 
m.p. lB0, is formed by isomerization in hot alcoholic hydrochloric acid of 
the adduct (VIII) which is produced by addition of diphenylketene to 
ethyl bcnzeneazo-carboxylate. 3o The conversion of (VIII) into (a), as 
pointed out by the authors, may be regarded as an example of the o-semi- 
dine change characteristic of c I i - f~r~-hyc lr : i z in~~ ,~~  ciz.: 

Ph2R:- PiPhl ~ R : I I I ' h  .C,JI,Nl'h? 

The compound gives an acetyl derivative, m.p. 100-301 O ,  from which (IS) 
is regenerated by acid or alkaline hydrolysis. 

When (TX) is treated with a mixture of phosphorus pentachloride and 
ox>-chloride under reflux, cthyl chloride is eliminated and the endocarbonyl 
compound (X), m.p. 336", is produced in low yield, together with a smalI 
quantity of ii dichloro compound, m.p. 246". of probable structure (XI).30 
If the phosphorus oxychloride is replaced by benzene, however, a different 
readion occurs, and the sole isolable product is (XII) (Table XLXT'II-1). 

l , ~ - D i m e t h y l - 2 . ~ ~ l i l i e ~ o - f , d J S J . ~ - t e ~ r ~ h y d r o q u i n u ~ l i ~ i e  (XIII) and it8 
G-chloro, G-bromo, &methoxy, and &methyl analogs arc prepared by treat- 
ment of thc appropriate 2,3-dihydroquinoxaline with methyl sulfate and 
alkali.*. i y . l y  For further tletds regarding these compoiinds, the structures 
of which are not fully proved, reference should he macic to the section on 
t h  mc.1 hyl:ition oE h~(1loKyqIiiriosalines (C1i:q)ter SSVIT,  S( 
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CHAPTER SXXVIII 

Condensed Quinoxalines 

1. Quinoxalines Condensed with Carbocyclic Rings 

A. 5,6-Bcnzoquinox.aiines ( R J .  f YO7) 

Compounds of this group, containing an tdditional l~nzenc  ring fused 
to the quinoxaline ring system at  CsCs, are prepared by the standard 
methods discussed in previous chapters (see Table XXXi’III- I). 

Quaternary salts are available starting from 1-amino-2-arylamino- 
naphthalenes (cf. Chapter X4XXIV). Thus the condensation of (I; Ar = 
Ph) with benzil in acetic acid, followed by addition of dilute hydrochloric 
acid, yields the crystalline salt (II), which also forms a crystalline nitrate,’ 
and (I; Ar = p-tolyl) similarly gives (III>.z If dihydroxytartaric acid is 

COIH I EtO 
ph C1- 

used in place of bend,  (I; Ar = Hi) gives rise to (IV), and (I; Ar = p 
tolyl) furnishes (V) ; the last-mcntioned compound forms red nctdlcs, and 
is obtained by trcatmcnt of an intermcdiate acid anhydride wiLh water.* 
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Synthesis of 5,6-Benzoquinoxalines from 2-Amino-I -phenylazonaphtha- 
lene. This novel synthesis, which has been studied by Crippa and his co- 
workers, consists in the condensation of %amino-1-phenylazonaphthalene 
(VI) with a ketone of type ArCOCH2R at 165-180" in the presence of a 
little concentrated hydrochloric acid; the azo grouping is split, aniline is 
eliminated, and a 2-aryl-5,G-benzoquinoxaline (VII) is produced (Eq. 1). 

PhNHz 
Qx=xJ?h \ KH, + COAr YH,R - %x+ go (1) 

(W (VIU 

The course of the reaction was demonstratedz by condensing aceto- 
phenone with (VI) and also with 2-amino-l-(3'-nitrophenylazo)nn~phthalene 
(VITI) ; 2-phenyl-5,6-benzoquinoxaline (IX) was formed in each case, and 
in the latter reaction m-nitroaniline was also identified. The 2-aryl group 
in (VEI) is thus derived from the ketone used. 

(VIII) (IX) 

The compounds which have been made by this synthesis are shown in 
Table XXXVIII-2. As pointed out by C r i ~ p a , ~  the method htbS the 
great advantage of yielding products (VII) of unambiguous constitution, 
whereas condensation of 1,24iarninonaphthalene wit.h a diketone 
ArCOCOR (or variations of this method) could conceivably give rise to 
(X) in addition to (VII). This is illustrated by the preparation of 2- 
phenyl-5,O-benzoquinoxaline (EX), m.p. 163", by Crippa's procedure; con- 
densation of l72-diaminonaphthaIene with isonitrosoacetophenone, on the 
other hand, gives, in addition to  (TX), an isomer, map. 153°,6 which must 
therefore be 3-phenyl-5,fi-benzoquinoxaline (X; It = H, Ar = Ph). 

iX) (XI) 

As indicated in Table XXXVIII-2, ethyl acetoacetate reacts in the ex- 
pected manner with (VI) ; pyruvic mid, however, undergoes decarboxyla- 
tion and then yields the iminazole (XI; Ar = Ph, R = Me), analogous to 
the compounds formed from (VI) and other aldehydes.' 
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TABLE XXXVIII-2 5,6Bcnmquinoxalin~ Prepared from %Amino-l-phenyl- 
asonaphthalene 

RI Rl Ketone used M.P.. OC. Ref. 

---CH&O&Ct 
Ph 

H CHtCOCHzC02Et 
H PhCOMc 

Me PhCOEt 

H n c - - C > N r n c  

H . A~--O-XHB~ 

96 8 
161-162. 3.7 
163 
121 4 

235 6 

246 6 

258 6 

294 R 

161.5 4 
162.5 4 

Some of the 5,G-benzoquinoxalines available by this synthesis are 
readily oxidized by chromic anhydride in boiling acetic acid to quinones 
(XII), which by condensation with o-phenylenediamine give rise to phen- 

- 
HO *c 

0 
(XW (XIII) 

&; ' L C O &  

( x w  g r V )  
azine deri~~atives.~*'~ The compound (XIT; R = Ph), m.p. 211", gives 
the acid (XIII) on oxidation with alkaline permanganate (and thence, by 
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decarboxylation, t,he known 2,5-diphenylpyrazine) .' If the acid corre- 
sponding to the benzoquinoxaline formed from (VI) and et,hyl acetoacetate 
is oxidized wit.h permanganate, the product is a tribasic acid, m.p. 146", 
indicating that the parent quinoxaline contains only one substituent in the 
hetero ring: it is therefore formulated as (XIV) rather than (XV).8 

B. 5,6,7,8-Dibenzoquinoxalines (RJ .  2672) 

listed in Table XAkLy1II-3. 
Compounds of this group are prepared by standard methods and are 

H NH, A 24!) Sulfanil:tniicio dcriv., n1.p. 258- 57 

57 NHz CO:H I3 220-222 - 
OH Me c: >360 Yellow needles. Conc. II&O, 20 

260' ; acetylvul fani laniido dcriv., 
111.p. 265-267' 

gives red-brown color 
Me M e  c 203 Yellow needles. Conc. H~SOI 20 

gives Ixown-orangc color 

ives brownurange color 
M e  Ac c 212 Yellow needles. Conc. ILSOC 20 

l'h 1'11 C 272 fhnc. H,SO, gwes violet color. 20 
nrhydrogcn:&d hy hratirlg with 
AlC:b to 1,2,:2,4,5,6,7,&tetra- 
bcnzophcn:rzine 

a A, from the 3-carlmsylic :rr:ict hy clecnrbosylstion nt 250'. 12, from 5,(i,7,8- 
dibcmsalloxazine by hytlrolysis with ac~ucous sodium hydroxitic trt 225-235" for 
20 hours (compare Tnblc XXIX-1). C, from 'J,lO-dianii~io~hcn:~uttlrene arid thc 
appropriate dicarbonyl compound. 

C. Glucazidone and Derivaliwx (R.I.  1895) 

This bwc (XVII) is thc main product formedg when 2- 
d-arabotetrnhvdroxybutylquino9aline (XVI) (Chapter IYLyXVI) is heated 
wit.h concentrated or 80% sulfuric acid at  100" (Eq. 2). 

Glucazidme. 

6 
0 

CHOH -3H20 + 
I 

C OH 

ua \ 

W I I )  
HoHaC, Z H O H  

(XVI) 
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The nomenclature and numbering of this group of compounds, which 
have been studied in some detail, are due to hlaurer and his co-w~rkers.~-~* 

Glucnzidone melts at 104", and may be dist.illed without decomposi- 
tion. It is optically inactive and does not reduce Fehling solution. It dis- 
solves in concentrated mineral acids giving red solutions from which the 
free base may be precipitated by dilution with water. It forms a hydro- 
chloride, m.p. 184O, and a monomethiodide, m.p. 213' (dec.); in the for- 
mation of this quaternary salt Ns is presumed to be the reactive center, and 
the structure (XVIII) is therefore ascribed to  a compound, m.p. 181", de- 
rived from the salt by oxidation with alkaline ferricyanide. Glucaxidone 
does not react with acylating reagents; the carhonyl group is inert; and 
i t  is stable toward alkali (30% at, 170"). Oxidation with permanganate 
yields quinoxaline-2carboxyiic acid. 

Bromination and nitration of glucasidone yield monosubstitution prod- 
ucts, m.p. 127 and 215", respectively; a monosulfonic acid is also obtain- 
able, and in all three caaes the molecule is attacked at  the same point, 
probably Cs (vide infra). Reduction of the nitro compound is accompanied 
by reaction at the nucleus. 3-Bromoglucazidone is stable toward ammonia 
and amines under drastic conditions; interaction with methanolic potash 
gives an impure hnlogcn-frce product which is not identical with 3-hydroxy- 
glucazidone (vide infra) . 

M e  oA5 N \  

' 0  
(XVIII) (XIX) 

10-Phenylglucuzidonc. On treatment with phenylmagnesium bromide, 
glucazidone yields 10-phenyl-9, IOdihydroglucazidone, as evidenced by 
the conversion of this substance into 3-phenylquinoxalinc-Zcarboxylic acid 
on oxidation with permangmate. Dehydrogenation of t-he dihydro deriv- 
ative to 10-phenylglucasidone (XIX; R = Ph), m.p. 125", occurs readily 
when it is heated above its melting point, when it is rapidly distilled or re- 
fluxed in tetralin, or when the unstable nitroso derivative, m.p. 158" 
(dec.), of lO-phenyl8,lO-dihydroglucazidonnc? js warmed with acetic acid. 
10-Phenylglucazidone yields a monobromo derivative, m.p. 170", and a 
mononitro derivative, m.p. 235". 

10-MethyZqlucazidolle (XIX; R = Me), m.p. 98", and 10-benzylglu- 
emidone (XIX; R = CIIsPh), m.p. 94", are similarly obtained from gluca- 
zidone by react,ion with thc appropriate Grignard reagent followed by dis- 
tillation of the resultant dihydro derivatives. 
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Gluccazidone-8-sulfonic Acid. This compound is prepared by treatment 
of glucazidone with 20% oleum, and crystallizes as a hydrate, m.p. 275" 
(dec.). On nitration the sulfonic acid group is replaced by a nitro group, 
the product, m.p. 2 1 5 O ,  being identical with that obtained by nitration of 
glucazidone itself (vide supra). The same nitro compound is also formed 
by nitration of the hromoglucazidone, m.p. 127", prepared by bromination 
of glucazidone. It follows that the same position of the glucazidone mole- 
cule is attacked in the three substitution reactions; and as the sulfonic 
acid gives quinoxaline-2-carboxylic acid when oxidized with hot aqueous 
permanganate, the position in question must be in the oxygenated ring. 
The likely position is regarded as C3, although C1 is not excluded.ll 

In aqueous solution the srilfonic acid is stable in the dark, but decom- 
poses in the light with formation of an amorphous oxidation product 
Oxidation of the acid with I3r water gives I ,3-dihydroxyglucazidone (XX) 

a" ;*: aNx I&. 
OMe 

OH N Hz N=N 
(XX) (XXI) (XXII) 

1 , ~ - D ~ ~ ? / ~ r o ~ y g ~ ~ a z ~ ~ ~ .  This conipound, prepared as described 
above, crystallizes in yellow needles, m.p. 206"; it yields a phenylhydm- 
zone (red needles, m.p. 202"), but does not give a crystalline acetyl or 
benzoyl derivative. It is readily oxidized, being attacked by air in alkaline 
solution, by Fehling solution, and by permanganate in acetone. Interac- 
tion with ethereal diazomcthane involves addition of the reagent as well as 
methylation; according to the amount of reagent used, the product is 
either a dirnethoxy compound, m.p. 99-100", formulated as (XXI) or 
(XXII), or an alkalisoluble analog, m.p. 186", of this substance, in which 
only one hydroxyl group has been methylated. 

This compound (XXIII) is a by-product in 
the preparation of glucazidone from Zd-arabotetrahydroxybutylquinoxa- 
line. I t  forms reddish-yellow needles, m.p. 159O, and shows amphoteric 
properties. It gives an acetyl derivative, m.p. 103"; a benzoyl derivative, 
m.p. 128"; and (with diazomethane) a methyl ether, m.p. 139O, which 
like giucazidone, reacts with phenylmagnesium bromide forming a product 
which is readily dehydrogenated to  3-methoxy-l0-phenylglucazidone, m.p. 
99". With phenylmagnesium bromide, 3-hydroxyglucazidone yields 3- 
hydroxy-l0-phenyl-O,lOdihydrogluc~idone, m.p. 147" (diacetyl deriva- 
tive, m.p. 15OO"). 3-Hydrosyglucazidone condenses with o-phenylenedi- 
aminct in dilute acetic acid forming a compound (XXIV), m.p. 325", which 

S-Hydro~yglucazi~one. 



Condensed Quinosalines 341 

is identical with the product of dehydrogenation of the substance (Xl iV)  
resulting from interaction between o-phenylenedimine (2 moles) and 2- 
hydroxymethyl- 5hydroxy-4pyrone (XXVI) .lo 

aN\ a:$ 0 ---c $kN 
""-4 OH .?qj 

(XXIII) (xxm 

HOHIC 

10-Hydrozyglucazidone. This compound, m.p. 264', is produced by 
dehydration of 3-hydroxy-2-d-arabotetrahydroxybutylquinoxaline (Chap 
ter XXXVI). It does not react with Grignard reagents.l0 

D. Other Condensed Quinoxaiine~ 

Compounds (,XXVIa)-(XLVI), containing a Smembered ring attached 
to C&C3 of the quinoxaline nucleus, are prepared by condensation of o- 
phenylenediamine (or other 1,Miamine) with the appropriate 1:2dilietone 
under the usual conditions (cf. Chapter XXIV). 

k1.p. 123.5Oj2 (XXVIs) M.p. 202-203°15 (XXVII) Purple needlep, m.p. 250°. 
(R.Z. 1752) (R.Z. 1752) Conc. Ii,SO, gives purple 

color" (XXVIII) (R.Z 
1753) 
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Yellow rods, m.p. 249-250°'6 (XXIX) 
(R.I.  1752) 

Qfm 
Y.p. 95-96'12 (XXXI) ( E l .  2316) 

0 
Yellow prisms, m.p. 218-219'1' 

(XXXIII) (R.Z. 2517) 

Yellow needles, m.p. 204-205". C h c .  
I&SO, gives blue-violet color.; orange 
sulfate formed on dilut-ion with water17 

(XXXV)(R.Z. 2952) 

Y~Ilo~v I~lndes, m.p. 196-197O 
(YXXVII) (R.I.  3141) 

(corr.) 

MC 

Yellow needles, mp. 198-lQ9° (wrr.)I* 
(XXXIX) (R.Z. 3141) 

Green needlw, dec. on heating16 (XXX) 
(R.1, 1752) 

91.p. 99--100'"* (4UXII) (R.I.  2315) 

H* 

Yellow needles, m.p. 177-178'. Cone. 
H2SOc gives deep violet colo~.  orange 
sulfate formed on dilution w t h  water" 

(XXXIV) (R.Z. 2517) 

OAIC 

O A I C  

Yellow needles, m.p. 253' (corr.)l8 
(XXXVI) (&.I. 3141) 

Yellow needles, m.p. 194O (corr.)ln 
(,XXXVIII) (R.Z. 3141) 

Ormpyellow cry&., m.p. 237'19 (XL) 
(R.Z. 3540) 
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Yellow needles. Cone. II,SO, gives Orange-yellow needles, m.p. 288"L1 
purple colorm (XLI) (XLII) (R.I.  3707) 

Ilcd-brown solid, m,p. > 295". An Chocolate-honn needles, m.p. > 295"z' 

:it (*) is not excluded*' (XLITI) (R.I. 
3707) 

alternative structure with the NO~grr,up (SIJV)  (R.Z. 3707) 

(XLV)** (R.I. 3141) Yellow needles, m.p. > 300°16 (XLVI) 
(R.I .  3140) 

Treatment of 2,3-trimethylenequinoxaline with boiling benzaldehyde, 
and with pnitrobenzaldehyde in boiling acetic anhydride, rmpectively, 
gives the compounds (XLVII) and (XLVIII) : 

13rown cryst., m.p. 213"** (XLVII) Yellow needles, dec. 268-27OoZa 
(R.I. 1752) (XLVIII) (R.Z. 1752) 

Compounds (XLIX) and (L) are prepared from the 1,Zdiketone (di- 
phenylcyclopentnnetrione) and the appropriate N- substituted-o-diamine: 

Me CH,CH,OH 
I I 

Qf-J&z;h 

H Ph 
rife 

Yellow needles, m.p. 224--2!Eio16 (XIJX) Yellow plates, m.p. 208-209"'6 (I,) 
(R.Z. 1753) (R.I. 1753) 
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The following quaternary salts are prepared from acenaphthenquinone 
by condensation with the appropriate iV-phenyl-1,2-diamine in acetic acid, 
followed by addition of mineral acid : 

Yellow needles, Conc. H2S04 gives red Yellow needles. Conc. HoSO, gives red 
color. Ammonium hydroxide and meth- color. Pseudobase methyl ether (c j  
anol give the pseudo Imse methyl ether, IJ), C&HdX&l, m,p. 200-22O024 (LII) 
C;t.H,,ON,, m.p. 18O-18Sop4 (LI) (11.1. (R.I.  3141) 

3141) 

Violet needleu. Conc. H,SO, gives red-brown 
color. N-Ac deriv., red needles. Nitrate, violet 

pl:1tes" (LIII)  (1Z.Z. 3141) 

cyclopentene-3,5-dione with u-phcnylencdiamine: 
Compound (LIV) (or tautomer) is prepared by condensing 1,4dichloro- 

Yrllow or wul nrculles, m.p. 160-165" (der.). 
NaOH givw a sp:tringlv sol. yellow Na saltts 

(LIV) (1t.Z. 1753) 

Compounds (LV) and (LVI) arc formed from the diphthaloyl-o-diamines 
(as LVII) by reduction with zinc dust in acetic acid, followed by thermal 
dehydration of the initial reduction products. 

\ 

Red needles, m.p. 278". Red needles, m. 323- (LVII) 
Insol. in acids and dil. 
alk. With hot strong alk. 
gives the (?) dicarboxylic 
acid, ?.p. 27O-273Ot6 

(L\ ) (R.I.  3470) 

3W0z6 (LVI) (R.)1.. 3607) 
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Compounds (LVIII) and (LIX) contain a &membered ring fused to 
the quinoxaline ring system at  C&S, and are prepared from the appropriate 
odiamine and 1,Miketone: 

Map. 162”” (LVIII) (R.I. 1754) 

The compounds (LX) and (LXI) are prepared from the nitroso deriva- 
tives (LXII) (Table XXXVII-3) and (LXIII) (Chapter XXXVII, Sec- 
tion 2B) by reduction to the corresponding m i n e s  which are then con- 
densed with cyclohexanone, the final ring closures being analogous to the 
Fischer indole synthesis. Hydrolysis of (LX) with methanolic potassium 
hydroxide gives t,he acid (LXIV). 

(L1X)ZB 

Q- CO,Et 8:: __ g x O  - Q(3e SO I 

112 11, I& €1 2 

€12 kI* Hs HI 

(LXI) 
R.l.2415 

(IAMI) 

a;x Hz g+2c02H 
i 

XO €12 €I* 
(LXIII) (LXIV) 

Compounds (LXV) and (LXVI), having a 6-membered ring fused to 
NrC8 of the quinoxaline nucleus, have been prepared from &amino-1,2,3,4- 
tetrahydroquinoline (LXVII) by heating with pyruvic acid and benzoin, 
respectively. In these reactions the qhinoline component is functioning 
as an N-substituted-o-diamine; its usefulness in this sense, however, seems 
limited, as an analogous product was not obtained by condensation with 
diacet.yl, and attempts to prepare quaternary salts by condensation with a 
dicarbonyl compound in presence of mineral acid (cf. Chapter +XXXIV) 
were also unsuccessful.*I 



346 Quinoxslines 

HZ HP H I  

h4.p. 113OJ1 (LXV) (R.Z. Oran e lates, m.p. 14tioa1 (LXVEI ) 
1896) (LkFI) (Ti.Z. 18%) 

2. Quinoxalines Condensed with Nitrogenous Heterocyclic Rings 

A. Pyrroloquiwoxaines 

Compounds (I)-(XIX) contain a pyrrole ring fused to a quinoxaline 
residue, the 2,3-positions of each ring system being involved. The com- 
pounds are prepared by conventional reactions between an diketone  and 
the appropriate diamine. Obvious alternative structures are possible for 
compounds (XI1)-(XVIT), which are prepared from diaminofluorene and 
substituted isatins, and for (XVIII) and (XIX). 

Yellow nccdl&, m.p. 258"" (11) 
1626) 

(i3.I. 

at  6 

Yellow needles, m.p. .307-308" (dec.) 
Positions of the pyridyl ring in thie 
compd. and (V) should possibly be inter- 

changed" (VI) (R.Z. 2413) 

Pale oran e needles, m.p. > 360". 
Conc. HJO, gives red color= (VILI) 
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R1.p. 380". Conc. H$Od gives violet- 
red color" (IX) 

M.p. > 360"" (XI) 

Brown-yellow cryst., m.p. > 295"*1 
(XIII) (R.I. 3475) 

Brown plates, m.p. > 295OZL (XV) 
(R.Z. 3475) 

Violet needles, m.p. > 295''' (XVII) 
(R.I.  3475) 

gmNoz iu' N ' 
H 

/ 

Ochre cryst., m.p. > 360". Chic- . .  
H,SOI gives violet color% (X) 

Yellow needles, m.p. > 295°p1 ( X I )  
(R.I. 3475) 

H 

Brown cryst., m.p. > 295"z' (XIV) 
(R.T. 3475) 

Br 

Brown powder m.p. > 290"*' (XVI) 
(R.I. 3475) 

(XVIII)** (R.I .  2413) 

(XIX)= (RJ .  2413) 



B. Pyridoquinoxaiinzs 

quinoline and dicarbonyl compound. 
Compounds (XY)-(IyXIa) are prepared from the appropriate diitmino- 

Ph 

M.n. 135". Pierate. m.n. M.D. 142-144'. Tri- Yellow dates. mm. 205- 
lt;&lcitio. Tri-N-bxid'o, X-6xide m. 255-257"" 20fjoLs (kXIa j (R.1. 1892) 
m.p. > 4 0 0 " 3 7  (XX) (R.1. ( d 1 )  (k.1. 1892) 

1892) 

Deriratiws of the quaternary base (XXII) have been prepaied from 
(XXIII) (Chapter XXXVII, Section 1B) by Usherwood and FF'hiteley.88 
If cold concentrtited sulfuric acid is added to (XXIII), followed by dilution 
with water, the product is the sulfonate corresponding to (XXII), and on 
crystallization of this substance from chloroform and the appropriate alco- 
hol the corresponding methoxide (yellow prisms, m.p. 276-278') and eth- 
oxide (yellow prisms, m.p  240') are formed. From their properties these 
"alkoxides" appear to be the methyl ether and ethyl ether, respectively, of 
the covalent pscudv bnse corresponding to (XXII). 

Me Me 

(XXII) (XXllI) 
R.I.  2486 

C. Pyrrzzologuino.~alines (FLacazoles) (R.I. 2562) 

The compound (XXIV), which is t.he prototype of the group of sub- 
stances discussed in this section, has been named ji!utxzwle and is numbered 
as showna9; it has been prepared, together with a variety of substituted 

(XXIV) 
R 

(XXV) (XXVI) 

derivatives, by Ohle and his associates. Substituted flavazoles are, how- 
ever, more readily accessible than the parent base, and will therefore be dc- 
scribed first. 
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1-Phenylflavazole (XYV; R = Ph, R' = H), m.p. 152.5-153.5", is 
formed in poor yield by cyclization, in boiling N sodium hydroxide, of the 
mil (XXVI) derived from o-phenylenediamine and l-phenyl-.l,&diketo- 
pyrazo1ine.m It is also obtainable by decarboxylation of 1-phenylflava- 
sole3-carboxylic acid (XXV; R = Ph, R' = C02H) (tiide injru). 

l-Phenyl3-rnethylJi?.avazole (XXV; R = Ph, R' = Me) is prepared from 
the 3-methyl analog of (XYVI), the eyclization being effected in acetic 
acidm; it is to  be noted that the anil was originally mistaken for the 
flavazole compound.41 This flavazole is a yellow crystalline solid, m.p. 
133.5-134" , and shows the fluorescence and the brown-red solution in sul- 
furic acid, which are typical of members of this group. The 3-methyl 
group is resistant to  oxidation. 

1,3-DiphenyZ$avazoEe (XXV; R = R' = Ph),  m.p. 231", gives a bloocl- 
red coloration in concentrated sulfuric acid, and is prepared by cycliaing 
t.he 3-phenyl analog of (XSVI) in boiling acetic acid.42 

1-Phenyl-$-poZyhydroxyalh$jlaiiawles. These compounds have the 
general structure represented by the expression (XXVIII). They may be 
prepared from 2-polyhydroxyalkylquinoxalincs (SXVII) by reaction with 
phenylhydrazine under mild acid conditions; in practice, it is usually more 
convenient to work with a solution of (XXVIT) prepared in situ (Table IV, 
method A), or to  treat the sugar simultaneously with o-phenylenediamine 
and phenylhydrazine (Table XXYVIII-4, method B).39*43*44 The syn- 
thesis has been studied by Ohle and his c o ~ ~ ~ ~ o r ~ e r ~ , ~ 9 . ~ ~ , ~ ~  who consider 

(XXVII) 

(CH0H)n-I 
i 

CH,OH 
(XSVIII) 

that it may be applied to reducing sugars in general except to those sub- 
stituted at Ct and C4. The reaction is of potential value as a method of 
diagnosing sugar configuration4'; and t.he sparing solubility and good 
crystallizing power of the products are of practical value in demonstrating 
that quinoxaline formation has actually occurred with a given sugar on 
treatment with o-phenylenediamine, the alternative possibility of bensi- 
minazolc formation (compare Chapter XXXVI, Section 1) being excluded 
by the isolation of the flavazole derivati~e.'~ 
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As indicated above, the reaction requires the use of 3 moles of phenyl- 
hydrazine for each mole of polyhydroxyalkylquinoxaline; the folloiving 
mechanism has been suggested for the synthesissQ and indicates that two 
moles of phenylhydragine are reduced during the dehydrogenation of the 
tetrahydroderivative (XXXI), which is formed by isomerization of (XXX). 
The isomerization of (XXVII) to (XXIX) involves an Amadori type of 
shift (cf. Chapter XXXVI). 

H H 
yHPh - ailC* - o;x,m 

H I  
(CHOH), 

CQCHOH H I  (CHOW, 

(AHOH), I I I 
~ H , O H  

(XXIX) 
&LOH 

(XXX) 

I 
CHgOH 

(XXVIII) 

I 
CH~OH 

(XX,W) 

I 
(CHOH)nCH20H 

ti-Threot+rihydroxy- A(!?%) &Galactose I94 -53' !17 -38" 
propyl IZ(JJ%'O) 

propy 1 W12) 
l-Thrc?ot,rihydrosy- A(3.3) Z-Sort)ose I94 +53.5" 9s +R?.8" 

d-Xylosc 212 +8.0" 128 -t-80" rl-1)ihydroxyetty.I A( 12) 
Hf11.4)  

I-IXhydroxyethyl A ( l 0 )  Ji(l0) l-Ambinosc 212 -8.0" 128 -82.5' 
I-1Sr.y throdihy- N25) I-lthsrnnose 211 +43.8' I73 -83.8O 

cf-Ihythrotrihy- See refs. (I-Glucose or 218 -19.1" 124 +64.4" 
drovypropyl 43 and 39 d-Fructose +81.5' 

tiroxypropy i rq 14) 

(GHLW 1 
A, an aqueous solution of the sugar (1 mole) is heated ($35". 4.5 hours, COS at- 

mosphere) with o-phenylenetliamine, hydrwine hydrate, acetic arid (1 mole each) 
tint1 boric mid (2 moles). A solution of phenylhydrazine (3.5 moles) in aqueous 
hydrochloric acid containing a little acetic acid is then ndrled, and the wholr is r c  
Huved for 18-24 hours (CO1 atmosphere). H the sugar and o-phcnylenedinrnine (1  
mole each) are reflurcd for 20-24 hours (C6, atmosphere) with phcnyliiydrazine 
(5  moles) in aqueous hydrochloric ncid containing a IittJe acetic arid. 
b Reference 44 iinlrss otherwise ~tnted.  
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General Properties of 1 -~henyl-S-polllhlldroxllalkyl~vazoles. The phgsi- 
cal constants of these compounds are given in Table XXXVIII-4. They 
crystallize extremely well, and are sparingly soluble in water. They are 
bright yellow if the side-chain hydroxyl groups are free, but pale greenish- 
yellow if these groups are alkylated, acylated, or converted into CO groups. 
They give more or less intense red or reddish-brown solutions in concen- 
trated sulfuric acid. 

Proof of Structure of I-PhenyL9-d-erythrotrahydroxypropyl~azole. 
The presence of the 1’,2’,3’-trihydroxypropyl side chain in this compound 
YXXII;  R = 1-phenyl-3-flavazyl) has been established in the following 
manner.3s The compound gives a trityl derivative, which in turn yields 
a diacetyl derivative; it thus contains three hydroxyl groups, of which one 
is a primmy grouping. The compound readily gives an acetonyl deriva- 
tive, which does not yield a trityl ester; it thus follows that the acetonyl 
compound (XXXIII) has been formed by condensation of the primary and 
one other hydroxyl group of (XXXII), which therefore contains the group- 
ing CHOHCHZOH. Benzoylation of (XXXII) gives a monobenzoate, 
which with lead tetraacetate is oxidized to a mixture of the monobenzoate 
(XXXIV) of glycolaldehyde and I-.phenyZ~~va~ole-S-aldehyde (XXXV) 
[yellow plates, m.p. 1 4 4 O ) .  Benzoylation of the acctonyl derivative 
(XXXIII) gives a monobenzoate which with acetic acid is converted into a 
compound isomeric, and not identical, with the monobenzoate prepared 
from (XXUII) ; these two monobenzoates must therefore be represented 
by (XXXVI) and (XXXVII), respectively, and hence (XXXII) contains 
the grouping (CHOH)&HzOH. Oxidation of (XXXW) with lead tetra- 
acet.ate gives the anticipated formaldehyde, together with the flavazole 
derivative (LXX2WIII). 

RCIIOH R(X1OII CIIO RCHO 
I I 

CI I*ORz LHOH CH-0 
\ 

CMe2 
1 

CH,OII i /  
CHa-4) 

(XXXII) (XXYIII) (XXXIV) (XXXV) 

RCII OBx RCHOH RCHOBz RCOzH 

CHOH I AH0 
I 

CHOIl 
I 

CH*OH 
I 

CHzOOBz 
(XXXVI) (XXXVII) (XXYVJII) (XXSIS) 

Proof of the ring structure of (XXXII; R = 1-phenyl-3-flavazyl) was 
obtained4” by oxidizing the aldehyde (XXXV) (with chromic anhydride 
in boiling acetic acid) to l-phmyEJlavazole3-carbo~ylic acid (XXXIX) 
[yellow needles, m.p. 244’ (dec.); ethyl ester, m.p. 16891, which loses 
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carbon dioxide when heated a t  2fX' under reduced pressure and yields 1- 
phenylflavazole (XXV; R = Ph, R' = H), the synthesis of which has 
already been described. 

5-d-ETythrolrihydrozypropylJlavazole (XL; R = CHOHCHOHCH20H) 
is prepared by condensing 24-arabotetrahydroxybutylquinoxaline with 
hydrazine. It forms light yellow needles, m.p. 225-226O (dec.), [aID 
+15.04O (in 0.1 N NaOH), +30.2" (in borax), and -12.8" (in ~yridine) . '~  

Flavuzole4-aldehyctc (XL; It = CHO). This compound is prepared 
from the foregoing substance in poor yield by oxidation with lead tetra- 
acetate, but with periodic acid in dilute acetic acid at  20' the yield is al- 
most q u a n t i t a t i ~ e . ~ ~  It has m.p. 256-258' (dec.), is ?oIuble, and stable, 
in dilute alkalis, and is not attacked by atmospheric oxygen. With hy- 
dranine hydrate it gives 5-mcthylJlavazolel m.p. 221-222') and on boiling 
with concentrated alkali it undergoes a Cannizzaro reaction, yielding S- 
h~droxymdhyl~uvazulc ,  m.p. 244-246' , and the 3-carbosylic acid (ride 
injra) . 

This acid may be pre- 
pared (a) by osidation of 3-d-erythrotrihydroxypr opylflavamle (XL; R = 
CHOHCHOHCH20H) with chromic anhydride in 50% sulfuric acid at  
25-35' , or (b) from flwazole-3-ddehyde by osidation with ammoniacal 
silver nitrate. It hus imp. 272-273O (cffcrv.), and is very sparingly soluble 
in wiitcr, insoluhle in thionyl chloride, and difficult to esterify ; the methyE 
ester, m.p. 257-258OI does not react with methanolic ammonia a t  20'. The 
acclyl derivutiw, m.p. 213-214', of the acid, however, reacts with thionyl 
chloride, and t.he amde (XL; R = CONH2), 1n.p. 310-312O, is thence ob- 
tained by the action of methanolic anmonia accompanied by simultaneous 
deacetylation. (5 

Flavazole-3-carboxylic acid sublimes fairly readily a t  normal pressure 
with loss of carbon dioxide, the product being: 

Fhuazole (XL; R = H). This compound melts a t  274-215' and is 
sparingly soluble in water, but dissolves easily in N sodium hydroxide and 
in concentrated mineral acid. It is best recrystallized from aqueous so- 
dium carbonate. It readily yields an acetyl derivative, m.p. 160-162', but 
does not react with diazomethane (in ether a t  20') or with methyl iodide 
(20 hours a t  100"). 

FZavazoZeS-carboxyZic acid (XL; R = COzH). 
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The contrast between the high melting point (275") of this compound 
and the much lower melting point (165") of lmethyl&vumZe (XLI) [pre- 
pared analogously to flavazole, starting with 2d-arabotetrahydroxybutyl- 
quinoxaline and methylhydrazine] has led to the suggestion'6 that flavszole 
is either a mvitterion or a bimoleculas associate of the type discussed by 
Hayes and Hunter46 for simple pyrazoles. 

The solubility of flavazole in caustic alkali (but not in alkali carbonate) 
is characteristic of flavazoles with a free 1-position, and is reminiscent of the 
behavior of pyrazole and indamole. I n  the case of (XL; R = CHORCH- 
OHCH20H) the color in alkali is greatly intensified, a fact attributed by 
Ohle and IltgenJ6 to the formation of a flavazole anion stabilized by reso- 
nance of the type (XLII) + (XLIII). These workers also draw attention 
to the similar deepening of color which occurs when the yellow phenylhy- 
drszone of quinoxaline-2-aldehyde is converted into its sodium salt (Chapter 
XXVIII), and consider that the canonical forms (XLIII) and (XLIV), 
which are very similar in structure, make major contributions to the anions 
of flavazoles having a free 1-position, and of quinoxaline-2-aldehyde, re- 
spectively. 

(XLIII) (XLIV) 

D. Giyoxalinoquinoxaiines 

The compound (XLV) is prepared by condensing 3,4,3',4'-tetraamino- 
diphen yl with parabmic acid in boiling acetic acid.22 

E. Triazologuinoxalines 

If 2,3-dichloroquinoxaline (Chapter XXX, Section 2) is boiled under 
reflux for several hours with sodium aside in alcohol, the substance (XLVI) 
is produced. This compound has m.p. 265" (after previous shrinking), 
and is converted into the hydroxy analog (XLVII), m.p. 288" (efferv.) by 
prolonged refluxing with the theoretical amount of sodium ethoxide in 
ethanol." 
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(XLVI) 
R.I. 1475 

F. Pyridawquinoxalines 

(XLVII) 
R.I. 1475 

OH 

ON* 
OH 

(XLVI I I) 

The compound (XLYIII), a yellow crystalline powcler, m.p. > 330°, 
is formed in a somewhat impure condition by evaporating an alcohoIic 
solution of hydrazine and the anhydride of q~iinasaline-2,3-tlical.ho?cylic 
acid, followed hy ha t ing  the residnal solid to 200°.4s 
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CHAPTER X X X I S  

Azaquinoxalines 

Azaquinosalincs arc compounds in which a -CH= group in the ben- 
zenc ring of the quinoxaline ring system has been replaced by a, nitrogen 
atom Examples are (a) 5-,zaquinoxalines, viz., (I) and its derivatives; 
(b) 5,7-dittzaquino,ualine~, containing the ring system (11) ; and (c) 5,8- 
diztzaquinomlines, clcrived from the system (111). 

The method of preparation is the same for compounds of each of these 
types, namely, condensation of the approptiate diamino- heterocyclic 
compound (-pyridine, -pyrimidine, or -pyrazine, respectively) with a 1,2- 
dicarbonyl compound. 

5-AzaquinoxuZine. Thcsc compounds arc listed in Table SXXIX-1. 

3 I i  I1 I1 11 147-1-18 
13 1-1 ir  Br 167 X-Oxitlc, in+. 286" (dec.) 3 

4 H H NNs H 267 - 
4 
3 

OlI OH NH2 H >300 
Ma M e  I-I 1% 148-149 

- 

- 
- 

3 
4 M e  Me NHZ €1 227-228 - 

Ph Ph €I Br 156-158 Yellow needles. Gives a 3 

Ph Ph NIC, I1 273 Yellow needles. .4c deriv., 3 

~ c i  Me II Ih- 150 (dec.) - 

trimethiodide, red needles, 
m.p. 192" (dec.) 

m.p. 268-269' 

6,Y-Diazaquinoxalines. A simple e?rztmple of this class is 2,3-cliphenyl- 
5,7-diazaquinoxaline (IF') (yellow tablets, m .p. 170.5 "). Compounds 
containing this ring syslmn :we ctescribed as pteridincs. A nwnbei of tfiont 
occur naturally and are known as plerins. In recent years interest in this 
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(IV) 
, R.I. 959 

field has been greatly stimulated by the elucidation of the constitution of 
the natural pterins and by the discovery that folk acid, one of the B-group 
vitamins, contains the pteridine ring system. This group of compounds 
is discussed fully in the volume on Compounds with Condensed Pyrimidine 
Rings. 

6,8-Diazaquinoxulines. 2,3-Dimethyl-5,&diaaquinosaline (V) forms 
yellow needles, m.p. 219' (dec.), and may be prepared either from 2,3- 
diamino4,5dimethylpyrazine and glyoxal, or from 2,3-diminopyrazine 
and diacetyl.2 

2,3,6,7-Te t ramet h~ld,&diazaquino.ualine (VI) crystallizes in yellow 
needles, m.p. 261' (corr.).2 
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APPEKDIX I 

Ultraviolet Absorption Spectra of 
Cinnoline and Quinoxaline 

Derivatives 

The t:tbles show the positions of the principal maxima (in mp) and the 
molar extinction c0efficient.s for the compounds in the so1vent.s indicated. 

TABLE AI-1. Cinnoline Derivatives RZ 

Ri HZ R,  SulventC A,,-. E,I. 

1% A 276 187 
286 181 
308.5 1!27 

RI 

I1 I1 IT 

-.- ._  
317 120 
322.5 1 42 
3’30 19.5 

I T  13 240 12600 H 

1% 

NRa 

NHAc 

H 

11 TI I3 
345 
226 

11600 
42300 

8000 
7450 

14500 
15100 
2770 
2700 

13800 
12200 
5500 
4500 
G l O O  
6190 
2880 
2630 
3670 
468 

6310 
6610 
4320 
4880 

21500 
3510 
13000 

__. 

303.5 
:5%. 5 
248 If 

11 

NlTl’h 

011 

IT 

IT 

11 

€1 

13 

I3 
:w 
284.5 
2!)(i 
338 
352 
291 
313 
280 
290.5 
310 
318 
321.5 
362.5 
232.5 

H 

I1 

OAle 

OEt 

1% 

€1 

€I 

IT 

n 
A 

€I OPh H H n 
292.5 
310.5 
323 
246 
300 

H OAc C1 H 13 

34B. 5 

358 

Chemistry of Heterocyclic Compounds, Volume 5 
J. C. E. Simpson 

Copyright 0 1953 by Interscience Publishers, Inc. 



Ultraviolet Absorption Spectra 

TABLE AI-1. C3nnoline Derivatives (continued) 

359 

RI Rt RI Rc SolventC L x .  

I3 N B  NO* H I3 255 15900 

H 

II 

EI 

1.1 

I1 

H 

H 

H 

Me 

Et 

C0.H 

c1 

CI 

C1 

NIIAC 

NHPh 

OH 

OAC 

OMe 

01% 

OH 

OH 

OH 

OH 

OH 

OH 

OH 

OAc 

NOS 33 

Nfx H 

KO2 H 

NO* H 

NO2 H 

NOz €1 

-OCH*O- 

Me Me 

H H 

H H 

H H 

Br H 

itfe I3 

Me H 

B 

R 

R 

I3 

B 

B 

B 

I3 

n 

B 

B 

€3 

I3 

B 

269 
327 
405 
229.5 
264 
304.5 
361 
247 
278 
343.5 
418 
267 
324.5 
364.5 
236 
263 
323.5 
362 
290.5 
300 
353 
289.5 
353.5 
256.5 
265 
292.5 
341 
518.5 
358 
289.5 
347 
362 
250 
281 
292 
347.5 
358.5 
249.5 
282.5 
291.5 
344 
357.5 
263 
339 
249.5 
290 
303 
351 
367.5 
243.5 
288 
299 
351.5 
247 
204.5 
351.5 

14100 
4670 
7500 
28200 
26700 
7020 
6460 
24700 
11600 
6100 
11800 
9420 
8710 
12300 
15700 
12600 
11200 
9080 
5520 
4790 
5370 
6120 
5730 
17800 
16600 
2690 
14500 
11600 
15500 
2500 
9710 
8170 
9360 
3300 
3340 
11500 
10700 
10300 
3860 
4150 
11800 
11500 
7410 
12500 
20500 
6Ooo 
7330 
10200 
1 lo00 
14400 
4270 
4590 
11700 
20800 
15200 
11200 

Table continued 
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TABLE AI-1. Cinnoline Derivatives (continued) 

R: RY RI Rc 8olvente %lu. 

Br OH Br H B 253 20400 
291 6670 
304 8670 
350 10300 
369 11300 

Me OH NO* H B 238.5 20700 
325.5 11OOO 
376 16OOO 

COJI OH hie H B 254.5 20100 

OAc 

onfe 

Me 

OMc 

M e  

OMe 

B 

l3 

352 
246 
267.5 
307.5 
349 
234.5 
262 
270 

11900 
22OOo 
15700 
3880 

12300 
24700 
206oO 
moo 

294 2690 

See note 3t end of Table AI-4. 

TABLE AI-2. Other Cinnoline Derivatives 

Compound Solvent C ~msx.  %lu. 

I 
Mc 

0 

B 251.5 8910 
352 12700 
369 12900 

1% 

u 

€3 

269.5 8040 
328 9330 
370 12900 

240.5 37600 
273 14500 
281 14200 
363 13800 
379 15100 

258. 
322 
335. 
399 

5 15800 
3060 

5 3980 
12900 

Table conlinucd 
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TABLE AI-2. Other Cinnoline Derivatives (continued) 

361 

~~ 

Compound Solvent C )Imar. Em=. 

B 235 44700 
330 6300 
413 4470 

B 235 
338 
415 

*.b.e See notes at end of Table ,414. 

TABLE AI-3. Quinomline Derivatives 

Ra 

NH: 

NH2 

Sulfanilamido 

OH 

OH 

OH 

OR 

Sulfanilamido H pN 6. G ,  

OH H pH6.48, 

OH H pH6.34, 

C 

C 

C 
OH fr B 

D 

o-Aminophenyl H B 

CHtCl H D  

M e  CI D 

250 25000 
365 13500 
330 14000 

250 22000 
345 15000 
310 12600 
316 12200 
327 15600 
341 10600 
303.5 7100 
363.5 8500 
238 23600 
254 7400 
240 27000 
345 9100 

1 

1 

2 
314,5 

6,7,8 

9 

9 

References: (I) Stevens, Pfister, and Wolf, J. Am. Chem. Soc., 68, 1035 1946). 

J .  Chem. Soc., 1945, 622. ( 4 )  Newbold and Spring, J. Chem. Soc., 1948, 519. 
(6) Scudi and Silber, J .  Biol. Chem., 156, 343 (1944). (6) Bednarczyk and 
Marchlewski, Bull. intern. 4. polon. sci., Chase s c i  math. nut., 1938A, 529. ($) 
Marchlewski, Roczniki Chem., 18, 698 (1938). (8) Bednarczyk and Marchlews 1, 
Biochem. Z., 300, 46 (1938). (9) Dawwn, Newbold, and Spring, J .  Chem. Soc, 
1949, 2579. 
c See note at end of Table AI-4. 

(2) Glob, Bull. soc. chim., 3, 311 (1936). (9)  Gowenlock, Xewbold, and B pring, 
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T B L E  AI-4. Quinomline Derivatives 

I 

6 4 1  B 

i-CI B 232 24800 9 

278 5200 
342 5200 

281 6200 
335 6600 

* For reference see Table AI-3. 
a The structures of these two compounds should possibly be interchanged (see 
Cha ter V, Section 2). 

Wgere no reference is given, data are from Professor R. A. Morton (private com- 
munication), except for compounds marked t, which are from Kornfeld, J .  Am. 
Chem. Soc., 70, 1373 (1948). 
A = cyclohexnne; €3 = nlcohol; G = buffer of pH indicated; D = 0.1 N 

sodium hydroxide. 



APPENDIX 11 

Basic Strengths of Cinnoline, 
Phthalazine, and Quinoxaline 

Derivatives 

TABLE AII-1. Basic Strengths of Cinnolhe Derivatives Rt 

"'@ 
Ka 

Rt Ri Ra pKa Solvent- Temp., O C .  Ref. 

H H H 2.70 A 20 1 
2.51 B 21-22 2 

c1 H H 2.08 B 21-22 2 
N H t  H I1 6.84 A 20 I 

6.26 B 25 2 
NHPh H H 5.31 B 21-22 2 
OH H H 1.77 B 21-22 2 
OMe H H 2.71 H 21-22 2 
OPh H H 2.27 B 21-22 2 
NHn KO* H 5.08 B 25 2 

H 3.15 B 25 f 2 2 
NHz 6.86 B 25 f 2 2 

OPh H N0z 2.49 13 25 f. 2 2 
1% 

OPh 
NHz 

TABLE MI-2. Basic Strengths of Phthlazine Derivatives 
Subatituent pKa Solventa Temp., O C .  Rer. 

Nil 3.47 A 20 1 
1-NHz 6.60 A 20 1 

TABLE An-3. Basic Strengths of Quinoxsline Ikriv&ives 
Substituenta PKa Solventa Temp. "C. Ref. 

Nii 4 . 8  HqO 20 1 -. _ _  
ZNHt 
5-NXt 
6-NHz 
2.3-di-NH2 

_ _  ~~ . _  

3.96 Hi0 20 1 
2.62 HzO 20 1 
2.95 HsO 20 I 
4.70 H2O 20 1 

a A = Water. 
References. 
( 8 )  Keneford, Morley, Simpson, and Wright, J .  Chem. Soc., 1949, 1356. 

B = 50% aqueous alcohol. 
( I )  Albert, Goldacre, and J. Phillips, J. Chem. Soe., 1948, 2240. 
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Antibacterial and Parasiticidal 
Activities of Cinnoline and 

Quinoxaline Derivatives 

Cinnolines. Trypanocidal activity (Trypanosoma congolense in mice) is 
displayed by crude reduction products prepared from 6nitro-4-amino-l- 
methylcinnolinium iodide and from 6-nitro-4-mino-l,3dimethylcinnolin- 
ium i0dide.l Antimalarial activity (Pkrmdium gallinaceurn in chicks) 
is displayed by a number of Bz-substituted 4dialkylaminoalkylamine 
cinnolines.' 

QuinoxaZines. In tests against Staphylococcus aureus, no noteworthy 
activity is shown by a number of Zhydroxy- and other quinoxalines.a 
Certain 2,6dichloro- and 6-substituted-2-chloro-3-diaJlcylaminoalkyl- 
aminoquinoxalinea show antimalarial activity against Plasmodium gaG 
linaceum in chicksk6; in particular, 2,6dichloro-3-diethylaminoethylam- 
inoquinoxaline is more active in this respect than Mepacrine.6 For further 
details regarding antimalarial activity of quinoxaline compounds, and for 
similar data relating to cinnoline and phthalazine derivatives, reference 
should be m d e  to A Survey of AntimaZariaE Drugs (Wiselogle). 

Table AIII-1 following records miscellaneous observations of biological 
activity for a number of quinoxaline derivatives. 

Chemistry of Heterocyclic Compounds, Volume 5 
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SUBJECT INDEX 

This index lists only the compounds of sufficient interest to be mentioned in the taut, 
together with their reactions, ek .  To locate any other compound (method of prepa- 
rution, physical constants, references, derivatives, and characteristic reactions) the fuble 
ofthe genernl group to which the compound belongs should be consulted; reference to the 
general groups and tables i R  given in both the index and the table of contents. Poly- 
cyclic wystems, most of which are not named in the text, are fully covered in the index; 
the nomenclature used is that of the Ring I d e z  and the uwal alphabetical arrangement 
of substitucnts has been applied. 

A 
Aceanthra [l,Zb]quinoxaline, deriv., 342. 
Arenaphtho [ 1,Zb j dibenso If$] quinoxrr- 

Aeenaphthenequinone, cond. w. o-amino- 

1BAcenaphth 1,2-b] indeno [2,1 -f] quinoxa- 

Acenaphtho[1,%b]quinoxaline, derivs., 

3-Acetamidoaryl-l-ketophthaIa~ine~~ sen- 

ZAcetamidobenzo [c]cinnoline, 56. 
3-Acetamidobenzo [c]cinnoline, 56. 
3-Acetamido-2-carbamylquinoxaline, 253. 
3-Acetamido-2-csrhomethoxyquinoxrr- 

line, 253. 
&Acet~i i t1~3,~~ihydro-l-hydroxy-3-  

keto-3-xnethylphthsla~ine, 164. 
7-Ace tamido-Ph~~droxylami~~ocinnoline, 

38. 
3-Acetamidoquinoxaline-2-curboxyIic acid, 

smide, 253. 
Ghetamidotetrazolo [alphthalaeine, 197. 
Acetic anhydride-pyndine, action on Z- 

arylamino-isoindolinone-%acetic 
acids, 109. 

line, 343. 

diphenylamines, 344. 

line, 343. 

342-4. 

sitivity to light, 126. 

action on 4-hydroxycinnoline~3-carbox- 

action on 3,2’-nitroarylphthnlazind- 
ylic acids, 24-28. 

acetic acid derivs., 109. 
ZAcetonylcyclohextlnone, reaction w. 

phenylhydrszine, 48. 
4-Acetonyl-3,.Mihydro-l -hydroxy-3(2’- 

methyl-i‘-nitrophenyl)pht.hnlrrzine, 
128. 

1 -hcctoxy-3-ncet~l-B,. l-dih~dr~keto- 

3-Acetoxy-2-ru?.1-2,&dihydro-6-ketocin- 
phthalazine, 145. 

nolines, 49-50. 
table, 50. 
U.V. absorption spectra, 50. 

CAcetoxycinnolinea, formn., 23. 
4--4cetoxycinnoline-3-carboxylie acids, 

l - t l c e t o x y 3 , Q a i h y d k e ~ 3 ~ b s t i -  
ethyl esters, 24. 

tuted phthalazines, see 1-Alkoxy de- 
rivs., 169-175. 

l-Acetoxy4hydroxyphthalazine, 146. 
4-.llcet~xy-2-methylpyrimido [4,5b] quia- 

4-p-Acetosyphenylcinoline1 44. 
4-p.4cetoxyphenyl-z-iodocinnoline, 44. 
hcetylation, of $-anunocinnolines, 36. 

oxaline, 253. 

of 2-polyhydroxyalkyl quinoxalines, 302. 
of 3,4-dihydro-l-hydroxy4keto-3-sub- 

of 4-hydroxycinnoline-3-cnrhoxyiic acid, 

of 1-hydrosyphthnlazines, 82. 

oxime, 11. 

stituted phthalaeines, 169. 

24-28. 

4-Acctylcinnoline, 11. 

3-Acetyl-3,4-dihydro-l-hydroxy-+keto- 
phthalazine, 145. 

3-Acetyl-2,3p-dihydrxyquinoxaline, o- 
aminoanil, 237. 

l-Acetyl4-ethyl-l,2,3,4tctrahydw~ 
keto-6 (and 7)-nitroquinoxalines, 320. 

7-Acety1-l-hydroxylaminocinnoline o h e ,  
38. 

1 -Ace tryl-2-me thyl-3-phen y1-i-cyrlopenta- 
[a] quinoxaline, 3-41, 
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7-Acetyl4phenonycinnoline, reaction R. 

2-AcetyI-3-phenylquinoxraline, osidn., 238 
ZAcetylpyridine-3-carboxylic acid, re- 

action w. phcnylhydrazine, 198. 
5-Acet~~lsulfiuiil~ido-2lrmimoquino.~ 

line, hydrolysis, 263. 
&(or 'i-)AcetyIsulfanilamido-2-rnethyl- 

quinoxaline, 273. 
Acridines, cf- Cinnolineu, 35. 
Acylation, of Zaminoquinoxalines, 263. 

of l,.Witiydroxyphthnlnzine, 144-5. 
of 2,34ihydroxyquinoxaline, 243. 
of 1,2,3,44etrahydroquino~ilines, 326. 

4Acy!cinnolines, 11. 
Acyl derivu., of l-hydro?cSphthal~,incs, 

Acylhydrazones, cycliaation, 72. 
Acylquinoxalines, table, 207-224. 
Addition reactions, of quinoxaline, 228. 
u-Aldeh~-doaryl hydrazone-C-sulfonate- 

hydroxylamine, 38. 

84-105. 

cinnamic acids, conversion to phthnl- 
azin4-acetic ncidu, 107-8. 

o - Aldehydoarylhydrazone - C - sulfonnte- 
cinnamic midu, conversion to 2- 
nrylnminoisoindolinone-3-ncetic acids, 
108. 

u-Aldchydobenzoic acid arylhydraaona, 
cyclization, 85.95. 

3-Aldehydo- I -pheri?rrylpyrrraolo[3,.1-G]- 
quinoxaline, 351. 

Alkaline decomposition, of bcnzo[c]cinno- 
liniuni salts, M. 

of cinnoliniuni salts, 43-1. 
of phthirlnzinium salts, 82. 

phthnlrw.ines, 130-3. 
+A I kos~~-3 -ary13 , .k i i l i y~~~ l -met~t io~~-  

by methylation tticn aikylation of 3- 
aryl-l-ketophtli:i~~zines, 127. 

prepn., 130. 
props., 130-3. 
table, 131-2. 
thermal decornp., 130. 

3-Aikoxy-2-chloroquinon~lines, 26 1. 
+Alkoxycinnolines, 31-2. 

prcpn., 31. 
props., 31-2. 
table, 31. 

l-AIkoxy~,4-dihydro-.t-ke~~-sul)sti- 
tu ted-phthulaziries, 109-Ii5. 

prepn., 169-170. 

props., 170-3. 
table of Bz-substituted compds., 173. 
table of Bz-unsubstituted compds., 

170-172. 
4-Alkoxy-3,4-dihydro-l-methoxy-3-nitro 

nrylphthalazines, thermal decompn. 
to 4keto-derivs., 132. 

phenanthro[9,1O-c,9',1O'-e] pyrida- 
zinc, 60. 

8a-AIkosl.-8b-h~drox_v-8a, 8bdihydrodi- 

4Alkouyphthalazines, table, 84. 
ZAlkoxyquinoxaline, 270-2. 

I-Alkyl-3-ar)-l-l-ket~~,~~lihydrophthal~- 

Alkylation, of X-arylaminophthalimides 

table, 270-1. 

zincs, 95-6. 

with rearrnngement, 18%-170. 
htructure of products, 173-5. 

st>ituted phthalnzines, 169. 
of 3,.Mihydro-l-hydroxy~kcto3-sub- 

structure of produch, 173-5. 
of 1 ,-I-dihydronyphthalazine, 144. 
of I-hydroxyphthalazines, 82, 94. 
of Zhydro.uyquinoxalines, factors affect- 

ing, relative ease, 241. 
of 1,2,3,4-tctrnhydroquinolcslinctl, 326. 
value of comparison with acylation in 

Alkyl derivs., of I-hydroxyphthal:izinc.y, 

1 ,krutcrAlkylene-1,2,3,~tctr~liydroc~uiri- 

I-Alkylphthalarines, 724 .  

heterocyclics, 82. 

8-1-105. 

oxalines, 32G-9. 

prepn., 72. 
props., 724. 
table, 7 3 5 .  

.41kylquino~nlines, table, 207-224. 
hlloxnn, cond. w. N-substituted o-phrnyl- 

reaction w. o-phenylenediamines, 250. 
Alloxazine(s), Zaminoquinosalines from, 

from 3-r:rrl~ethoxgamir1oc-juirio~:rli1ic-2- 

hydrolyuis, 251. 

enedinminw, 310-311. 

263. 

rarboxylic acid rrriiitlc, 253. 

tlmsdori rearrangement, during formn. 

Amination, of 2-chlor~uinos:rlinrs, 263. 
of flavazoles, 349. 

of .t-phenoxycinnolint~, 33-4. 
selective, of dictiloroquinoualines, 258, 

269. 
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o-Aminoncetophenones, cinnolincs from, 

&Aminoacridines, cf- cinnolines, 43. 
o-Amino-N-alkylaniline~, reaction w. 1,2- 

dietones, 286-8. 
6-Amino-7-anilino-2,3-diphenylqtlinoxa- 

line, 287. 
1-Amino-2-anilino -4 - ethoxynaphthalenc, 

quinoxaline quaternary salts from, 
332. 

tetramethylgiutaric acid, quinoxaline 
deriv. from, 237 

cr-(o-Aminoaniluio)-a-h~droxy-a‘,8.8- 
trimcthylglutaric acid, 236-7. 

W( o-.~miii~~iilino>a-hydrox~.-a ‘,&9‘- 
trimethylglutaric acid, quinoxaline 
deriv. from, 237. 

2,2‘-Aminoanilino - 3 - methylquino.xalinc, 
hydrolysis, 264. 

2,2 ‘-,~minoanilinorluinoxalinc~, 264-5. 
G-Amino-i-anilino-1,2,3-triphenylquinox- 

13. 

a-( o-Aminonnilirio>a-hq.dro.uy-a’,a’,8,& 

alinium chloride, anhydro base of, 
290,3 19. 

o-Aminoqlamine salts, of quinoxaline- 
2,34icrrrboxylic acids, 254. 

I-.hino-2-aryIaminonaphthalenes, benzo- 
lf]quinoxalines from, 332. 

ZAmino-l-aryiazonsl,hthalenes, cond. w. 
aryl methytene ketones, mechanism, 
336. 

phthaIxzine4acetic acids, Inctnms, 
table, 116. 

3,2‘ -~~rioar~13,4-dih~dro~ketophthal -  
azines, dehydration, 95, 191-2. 

o-Aminoarylcthylenes, cinnolinea from, 6. 
ZAminoaryl~ketophtholesineR, henzi- 

minazolo-3,4dihydroph thalazinea 
from, 191-2. 

Z(o-Aminoaryl)-l-ketophthalazinea, con- 
version to Z-(o-carboxyphenyl)benz- 
iminazoles, 86,M. 

3,2’-Anlinoary1-3,4-dihydro-l-hydroxy- 

2-Aminobenzo [clcinnoline, 56. 
3-Aminobenzo [c]cinnoline, 56. 
3-Amino-2-carbamylquinoxaline, 253. 
Anlinocarbazolos, by redn. of rtcetamido- 

l-Amind,2‘-carlmthoxyphenyl-1,2,3,4- 
benzo [c]cinnolines, 56. 

tetrahydro-3-ketoquino.wline, cond. 
u-. cyclohexanone, 345. 

3-Amino-Zcarbornethoxyquinoxalinct, 253. 
4-Amino-6-chlorocinnoline,quaternization, 

2-.4min&c hloro-3-nitroacetophenone, 

2-~~mino-4-chloro-&nitroace~phenone, 

3-Amino-2-chloroquinoxalines, 26 1. 
3-sec-Amino-~hloroquinoxalines, 258. 
4Aminocinnolines, 35-8. 

43. 

group exchange in diazotized, 22. 

group exchange in diazotized, 17. 

acetylation, 36. 
basicity, 36. 
cf. 4aminoquinolines, 5-aminaacridines, 

43. 
prepn., 356. 
props., 36. 
quaternization, 364. 
table, 35. 

5-Amin&,bdihydro-l -hydroxy-&keto+ 
methylphthslazine, 162, 164. 

proof of structure, 162-3. 
Nand  8)-Amino3,4aihydro-l-hydro.uy-.l- 

diazotized, coupling with @-naphthol, 
keb3-methylphthalazine, 164. 

163. 
l-tlmi~o--l,2-dihydro-3-hydroxyquino.u~c 

line, cond. w. cyclohexanone, 345. 
5-Amino-l,4-dihydroxyphthalazine, 141 , 

143. 

catalysiu and inhibition of, 153-4. 
effect of substitution, 154-5. 
mechanism, 155. 

143. 

chaniluminescence, 153-5. 

Bbrnino-I ,4dihydroxyphthalazine, 141, 

5-Amino-1,4-diiethoxyphthalazine, 168. 
2.4minodiphenylamine-2’-carboxylic acid, 

o-AminodiphenyIamines, cond. w. a c o  
quinoxaline deriv. from, 329. 

naphthenequinone, 344. 
reaction w. 1,2-diketones, 286-8. 

I-Amino-4-etho.uy-2p-toluidinonaph ths- 
lene, quinoxaline quaternary d t a  
from, 332. 

Amino groups, hydrolysis of, in quin- 
oxalines, cinnolines, phthalazines, 263. 

2-Amino-w-halogenoacetophenones, cinno- 
lines from, 22. 

group exchange in diazotized, 22. 
SAmino-4hydroxycinnoline, dimotiza- 

tion, 64. 
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5-Amind-1iydros~--l-methox~p~i ttiuh- 

2-rlmino-3-hydroxyquinoxaline, acylntion, 
zine, 157. 

263. 
from 2,3-dinmino-deriv., 263. 

3-.4mino-2-hydroxyquinoxaline, methyla- 
tion, 241. 

8-.4mino-7-keto-S.phenyInaphtho- 
[1,2,3-&]phthalazie, 193. 

3-Amino-2-met.hoxyquinoxaline, 24 1. 
6- (or 7-)hino-2-methylquinoxalirtc, 273. 
Zriniin0-3-nitro3cchphcnone, cinnolincs 

from, 22. 
goup exchnngc in tli:~ixotizcd, 22. 

ZAniinoS-niCro,xc.tophcnone, cinnolints 
froni, 17. 

Z - . ~ i n d - n i t r o c i i p h c n ~ l ~ i r i ~ ,  abnormal 
reaction8 w. bcnzil, 2138. 

2-.4min(l-l,3’-nitrophenylazonapithnlene, 
cond. w. ucetophcnonc, 336. 

o-iiniinophenol hydrochloride, reaction w. 
2,3-dihydroxyquinoxalinea, 213. 

10-Amino-i-phenylacenaphtho [ I ,MI - 
quinoxaliniun chloride, 344. 

ZAmino-1-phcnylazonaphthalene, tmizo- 
u]quinoxalines from, 336-8. 

advantages over 1,2diaminonaphtha- 
lene a8 starting material, 336. 

3a-(o-Aminophenylimino)ethyl-2,3@-di- 
hydroxyquinoxsline, 237. 

jo-Arninophenylimin~hex~~hydro-2,4,ti- 
trikchpyrimidines, 250. 

~ X m i n o ~ ~ l i c ! n ~ I - F k e t o -  l-phcnylpyrazo- 
lines, dehydration, 340. 

o-Aminophenylpropiolic acid, cinnolines 
from, 16. 

l-AminophthJ,lzincs, 183. 
table, 1844. 

:V-Aminopbthalimidcs, intcrmediatm in 
1,kiihydroxyphthalazine fonnn., 142. 

isomerisation to l,.l-dihydroxyphthal- 

N-flminophthalimidines, by redn. of 

fAminoquinolines, ef. cinnolines, 43. 
2-Aminoquinoxaline, from 2-chloro-deriv., 

2-Aminoquinoxalines, 263-9. 

effect of substituents, 143. 

azines, 140. 

phthnlazines, 78. 

258. 

primary, prepn., 263. 
props., 2634. 
table, 26.4. 

secondary, 264. 
table, 265. 

tertiary, 265. 
2-Aminoquinoxaline3-carbox~..lia acid, nc- 

tion of ~cetylsulfanilyl chloride, 263. 
hydrolysis, 263. 

3-Aminoquinoxa1inoZc:vbosylic acidl am- 
ide, 253. 

methyl ester, 253. 
3-~noquinosulinoZ~~rbo?tylic, acids, 

from nlloxazines, 251. 
6-Amino--I,2,3,4t~trahydi.ocart)uzolc-!)- 

acetic :mid, 345. 
5- Amino- I ,2,3,3-bt.r:Ltiplrc~ I ,-Mikcto- 

2,:~-dimctha.Ipht.hal:~inc?, dirw,otixcd, 
coupling w. 2-nirphthol, 176. 

1 J-Amino-B,T, 12, I-l-t.ct~mhydro-7,12dikc- 
tuphtIcrllr7;ino12,:~-bJphthal~~ine. I!)& 

8-.4mino-1,2,3,J-tctrahydroquinolinc, r e  
action w. benzoin, 345-6. 

rcmt,ion w. pyruvic mid, 345-6. 
6-Aminotetrazolo fajphthelazine, 107. 
5-.4minourncil, oxidn., 64. 
3-1~-.4myl-Z-meth~1quinos:ilinc di-N-ositlc, 

4-Anilino-l-chlorophthnlltzinc, 182. 
CAniIinocinnoline, 31. 
4-Anilinocinnoline~, qunternisution, 39. 
.2-Anilino-2,3-dihydro-:~-kc~ I O-methyl- 

redn., 232. 

2-phenylxuntheno [!),I -rdJ pyridnzinc, 
193. 

I-tinilino-2inet,h~.lnaplltitIi [ I ,2] iniicl:izoic!, 
336. 

Anilinovinyl hc%crocy,?.c:lic ciuritcmiry s:ilts, 
cyuninc d y a  from, 290-1. 

3-~AnisylcinnoIi11cr, osidn ., 10. 

4-pAnisylpyriiinzi1ic-.~,~~lic::lrhox)t ic: 

hnthmnils, l,-ldihydroxypht,~lnlarinc-j 

Anthraquinono-l-carl)osylic acid, re:iction 

Aposnfranine dyes, quinoxuline analogs, 

3-d-Ara~otetraacetoxybutyI-Zhyclroxv- 

Zd-~r~tetrahydroxyl~ut.yl3-hydro~~- 

ualh, 7. 

acid, 10. 

from, 141. 

w. hydrazine, 192. 

290. 

quinoxaline, 0-methylation, 241. 

quinoxaline, see Z-d-arabo-Tdnc 
hydroxybutyl3-hydrox~quinos:rliric. 

quinoxaline, 301. 
2-d-87abotetrshpdrox3.butyl~~-pheny~- 
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2-d-.4rabotetrah~drosybut~~lquinosalines, 
w e  2d-erab+Tetrahydroxybutylquin- 
oxalines. 

:lromat.ic o-ditimines, reaction w. 1,Z 
dicarbonyl compds., 203-227. 

products other than quinoxalines, 2at-5. 
Arylamines, dkzotized, coupling with 

Znaphthol-1-sulfonic acid, 106-8. 
4-Arylaminocinnolines, 36. 

basicity, 36. 
salts, 36. 
table, 37. 

2-~~r~~~minoisoindoIinone-3acetic acids, 
cyclization to isoindolinop~~azolido- 
colines, 109. 

from intermediates in prepn. of phthal- 
azin&-acctic acids, 108. 

2-Ar.vlamin~?-methglenc~so~dolinon~~, 
conversion to 2-aryl-l,2-dihpdro-l- 
keto-4-methylphthalnzines, 128. 

from 3-aryI-l-keto-F-methylphthal- 
nzines, 127. 

cffect of substituenta, 128. 
:\--Arylaminophth~limides, alkylation and 

renmingement, 169-170. 
structure of products, 173-5. 

isomerization to 3,kiihydro-1-hv- 
droxy-.l-ke~-5q.u~)stitutL.d phthal- 
azines, 158. 

I-hrylat~2-naphthnquinon~l-s~lfonstes, 
conversion to phthshaine derivs., 1068. 

Zrirylhenzo IfJquino-dines, 336. 
4-.4rylcinnolines, prepn., 8. 

props., 7. 
quaternary mlts, 9. 
quakrnizntion, 39. 
reduction to Bnrylindoles, 10. 
table, 8-9. 

4-Arylcinnoline N-osidw, prcpn., 9. 
table, 9. 

Aryl derivs., of 1-hydroxyphthalazines, 
84-105. 

5-Ar~l-2,3-dictarhos~~--6ethoxybenao [ fl- 
quinoxnlinium chlorides, 332. 

R-Ary1-3,4-dihydro-l ,.l;-dimethoxyphthal- 
naines, action of heat, 169. 

1 -Aryl-1,2-dihydro-2-hydroxy-2,3-di- 
phenylquinoxalincs, stability toward 
oxidation, 324-5. 

3-Aqv1-3, Mihydro-4-hydroxy-1-methoxy- 
phthslazine, anhydm derivs., 131--2. 

3-ArS.13,.l-dihydro-l-hydroxv-l-metho~p- 
phthelazines, characterization as per- 
chlorsteij, 133. 

zines, by redn. of :~-nryl-l-ketophttial- 
azinea, 126. 

3-A~l3,.l-dihytfro-l-hydroxpphthnl, 
zine4acetic acids, 106-1 18. 

3-ArV13,4-dihydro-l-hydroxyph thnla- 

action of hot alkali, 119. 
action of sulfuric acid, I 19. 
and functional derivs., table, 110-1 15. 
conversion to 3-aryi-I-ketophthalazines, 

conversion to 3-aryl-I -kcto-4-meth yl- 

ofidation, 119, 158. 
prepn., 106-8. 
props., 108-118. 

119. 

phthelazines, 119. 

bAryI-3.4-dihydro-4-ke tn-1-methoxy- 
phthalazinrs, 169. 

table, 136. 
3-Aryl3,.klihydro-l-metho~y~( 2’,4’-di- 

nitrobenzylidene)phthalnzines, 135. 

.7-riry1-3,4-dihydro-l-methoxy-l-rnethq-l- 
table, 136. 

enephthnlazines, 133-8. 
oxidn., 169. 
prepn., 133-5. 
props., 135-8. 
reaction w. 4anilinomethylen&,5-di- 

hydro-5-keto-?-methyl-l-phenyl- 
pynrzole, 136. 

135-6. 
reaction w. 2,+dinitrochlorot~enzene, 

table, 134-5. 
1 (2-Aryl-I ,2-dihydro-1-methoxy-I-pht hal- 

azylidene>2( 4,kiihydr&keto-.% 
methyl-l-phenyl4p.i-pgrazolylidene> 
ethaneu, table, 136. 

3-Aryl-2,5-diketoisoindolinopyrazolido- 
colines, from pht.halazine derivs., 109. 

4-AryI-6-ethosybenzo [f jquinoxalinium 
chloride-2,3-dicarboxylic acida, 332. 

3-Aryl4et,hoxy3,4-dihydro-l-methoxy- 
phthalazines, action of heat, 169. 

3 - A r v l - ~ k e t ~ 3 , 4 d i h J . d r o - l - ~ y ~ s ~ -  
phthnlazines, by oxidation of phth~ln- 
zinolacetic acid derive., 108. 
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3-Aryl-l-ketd-methylphthal~ines, by 
oxidation of phthnlazine4acetic acid 
derivs., 108-9. 

isomerization to 2-arylamino-3-methyl- 
eneisoindolinones, 127. 

effect of aubstituents, 128. 
methylation, 127, 133. 
table, 122-5. 

2-Aryl4-ketophth&~zinea, conversion to  
3-ary13,4-dihydro-4-ketophthal~ 

zines, effect of substitution on, 86, 05. 

from phthaiazinehcetic acid derivs., 

methylatcd derivs., 130-0. 
methylation, 12G-7, 130. 
prepn., 119. 
props., 1265. 
redn., 126. 
redn. to 3-ar~l3,4-dihydro-I-l~ydroxy- 

table, 120-2. 

3-Aryl-l-ketophthalazines, 119-129. 

loo, 116. 

phthalazincs, 189. 

Arylhydrazines, reaction w. o-aldehydo 

3-A ryl-1-methoxy3-methylenephthal:~- 
acids, 85,95. 

zines, by methylation of .%aryl-l- 
keto-.l-Inethylplitlialazines, 127. 

.1(3-Aryl-l-methos~~plithalazine)cyxnines, 
table, 137-8. 

3-Aryl-1-niethoxyphthalminium perchlo- 
rates, 127. 

oxidn., 169. 
.3-A~El-methoxy~Bubstitutect methyl- 

phthalilzinium salts, table, 137. 
Aryl methylcne ketonw, cond. w. %amino- 

1-arylazonaphthalenes, 336. 
anomalous behavior of pyruvic acid, 

33G. 
I-Arylphthalazincw, 72-7. 

prepn., 72. 
props., 72-6. 
table, 73-5. 

N-Arylphthalimidm, reaction w. hydra- 
zine, 140. 

N-Arylphthalimidines, by redn. of 3-t~ryl- 
I-ketophthalazines, 126. 

Arylquinoxalines, table, 207-224. 
Azaphthalazines, 198-200. 
Azaquinoxalines (SIX appropriate P y r -  

GAzidotetrnzolo [a]phthnl.uine, 196-7. 
zines), 356. 

4-Azidotetrazolo[a~yuinoxaline, 261, 353- 

Azobenzene and azoxybenzene, Bpectra, 

Azo compounds, conversion to benzo [el- 

B 

4. 

cf- benzo [c]einnolines, 57. 

cinnolines, 52-3. 

“Balbiano’s acid,” see a-1Eleto-d,@,fl‘- 
trimethylglutaric acid, 236. 

Renzsldehyde arylhydrazone-o-carbortylic 
acids, cyclizntion, 85, 95. 

l,6f-Benz:imitlo-l ’-keto-n-hesq-lcinrioline, 
11. 

1 -I3cnzenerxo-l( 1 ’,2’-clihydro-3 ‘-hydmxy- 
quinositl~liil~:iir)-2,~~,1t rihytirouylm- 
tme, 309. 

Renzil derivatives, failure to  react w. 
o-phenylenediamine, 205. 

nenzil, quino.uline quaternary salts from, 
332. 

Benzimid.wo[2,1-a]phthaInzineaJ see 1 ‘,- 
2‘,3,ebenzimin~i.,olo-~,~(lihydro- 
phthalminps, 19 1. 

Benziminnzole drrivs., from !&amino+ 
nitro-]nono-:\~~ubstitu~4i ~snilines, 
288. 

fmm phthalazine derivs., 8G, 94, 96, 
116. 

1 ’,2’,3,~-Uenzimin:rzolo-3,klilrytlro- 
phthalazines, 1!)1-2. 

prepn., 191-2. 
table, 191. 

Benxo[h]cinnoline deriv., 57. 
3,4-Benzocinnolines, see Bcnzo [cjeinno- 

nenzo[c]cinnoline, 52. 
IineR, 52-7. 

cj. phenazinm and cinnolinea, 54. 
basicity, 54. 
oxidation, 54. 
quaternary salts, 54. 
reduction, 55. 

nenzo [e [rinnoline di-&‘-oxide, 51. 
Benso [c]cinnoline N-oxide, 52. 

Bcnzo [c]cinnolinrs, 52-7. 
nitration, 56. 

prepn., 52-3. 
props., 54-7. 
salts, 55. 
systems of numbering formulas, 56. 
table, 53. 
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Benzo [c Jcinnoline-sulfonic acids, 56. 
3-Benzo [delcinnolines, see 3-Benzo[de]- 

3,4Benzocinnolinium salts, 44. 
5,6-Benzo-2,3-dichloroquinoxaline, 261. 
’i,S-Benz~+2,3-dimethyl-9-cyclopenta~- 

[ 1,4]-Benzodioxino [2,3-b]quinoxaline, 261. 
Benzo lflnaphtho [2,1-c]cinnoline, 57-8. 
3-Benao[de]phthalazines, 192. 
Benao [glphthalazine deriv., 192. 
Benzopyrano[4,3,2 - &,2‘,3‘,4’ - ijlphthal- 

Benzoquinone, adduct w. 2,3-dimethyl- 

Benzo [fjquinoxalines, 332-8. 

phthalazinea, 192. 

quinoxaline, 345. 

azine deriv., 195. 

quinoxaline, 283. 

from I-amino-2-aryIaminonaphthalenes, 

from 2-amino-l-phcnylaenaphthalcne, 
332. 

336-8. 
table, 337. 

oxidn., 337. 
prepn., 332. 
tables, 333-5,337. 

Benzo ~]quinoxaline-3-acetic acid, ethyl 

Benzo[b] quinoxalo[2,3-f] [1,4] diazocine 

Benzo[h] thiaxantheno[ lO,l,Zcdejcinno- 

3,4-Benzoisoxazoles, phthrrlazines from, 

Benzoyl formic acid, reaction w. 34- 

1-Benzoylphthalazine, 76. 
2,N-Benz y ldimethylminoethylamino- 

quinoxaline, 265. 
4-Benzyl-l-hydroxyphthalazine, redn., 78. 
:\--Benzylideneaminoisatin, cinnoline 

deriv. from, 11. 
iV--Benzylideneaminophthalimides, from 

1,~ihydrox~~hthalazines,  143. 
fi-Benzyl~ketopyrido [ 1,2-a] quinoxnline, 

339. 
6-Benzyl3-phenylpyridazine-5-cart~oxylic 

acid chloride, cyclization, 58. 
2-Benzyl-3-phenylquinoxaiinc, acetyla- 

tion, 277. 

ester, Rtructure, 337-8. 

deriv., 254. 

line deriv., 195. 

141. 

diruninotoluene, 237. 

reactivit;i of methylene group, 276. 
I-Benzylphthalazine, from ihrhloro-deriv., 

179. 

ZBenzylquinoxaline, reactivity of meth- 

Bicyclo [2,2,l]heptan-3-one, cyclization of 

9,9’-Bis(ncenaphtho [ 1,241 J quinoxaline), 

Bisbenzo [hJ cinnoline [9, 1,2-cde, 10,5,6-c‘- 

Bis [l] benzothiapyrano[4,3,Zdc,2’,3’,4’- 

ylene group, 276. 

Zacetylidenehydraiside, 61. 

343. 

d’e’lanthracene, 196. 

ijlphthslazine, 195. 
salts, 1944. 

2,3-Bis(dibromomethyl)quinoxaline, 277, 

3,3 ‘-Bis(2,2‘-dihydroxyquinoxaIine)alde- 

Bis-2-( 1,3-dimethylquinos:rlinc)tri- 

2,2‘-Bis(6-indolo[2,3-b]quino.xaline), 347. 
Bis-%( 3-methyl-1-phenylquinoxa1iue)tri- 

methincyanine, 290-1. 
2,2’-Bis(z-nitro-6-indolo [2,3-b] quinoxlr- 

line), 347. 
Bisphenanthro[l,2,3de,3’,2‘, l’+] phthal- 

Mine deriv., 195. 
2,5-Bis-2’-quinoxa1yl-l,4-diaryI-l,4-dihy- 

dropyrazines, 304-5. 
6,6‘-Bis( I ,2,3-trihydro-Zketoimidazo {I4 - 

quinoxdine), 353. 
Borsche synthesis, 17. 

effect of acid concn., 17. 
effect of substituents, 17. 
group exchange in, 17. 

283. 

zine hydrate, 248. 

methincymine, 290-1. 

Bromination, of 2,3-dimethylquino?ialine, 
283. 

of glucazidones, 339. 
of Zmethylquinoxalines, 277. 

&ect of substituents, 277. 

235. 
Bromoacetic acid, reaction w. o-diamines, 

6-Bromd-chlorocinnoline, prepn., 29. 
2-Bromocoumaran-3-onw, conversion to 

2-Bromodibenzo[fhJ-5-iidolo [2,3-a] quin- 

9-Bromo-l2,lj-dihydroindeno[2, I-!] in- 

6-Brom&hydroxycinnoIine, chlorination, 

chlorination with group exchange, 23. 
3-Bromo-Chydroxycinnolines, chlorina- 

quinoxalines, 296-8. 

oxaline, 346. 

dolo[3,ZbJquinoxaline, 347. 

29. 

tion, 29. 
oxidn., 70. chlorination with group eschange, 23. 
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l-Rromo-4-hydrosyDhthalaeine, 182. 
0-Rromo-1 I-nitro-12,1 Gdihydroindeno- 

[2,1-f] indolo [3,24] quinoxsline, 347. 
6-Bron1oquhioxalino2,3-dicarhoxylic wid, 

decarboxylntion, 254. 
f3-Bromo-l,2,3,Ptctr~h~dro-2,:3-tiikc~ 

l,ldimeth?.lquhioxalinc, 241,330. 
3-isoButyldihydroisoindole, from l-chloro- 

4-isobutylphthalasinc, 179. 
13utyI glyosylttte, reaction w. o-diamines, 

235. 
4-isoButyI-l-hydroxyphthalszine, redn., 

78. 
l-isoButyl~ihthnlazine, from 4-ehlOrO 

cirriv., 179. 

C 

ZCarbamylquinoxcllins3-urethnn, 253. 
Curbuzoleu, from bcnu,[c]cinnolincs, 56. 
:~-Carl~ctliosyu11ii1i~~uinosalin~2-curI~o~- 

ylic acid, 253. 
o-Carbe t hoxyp hen~~1-0-fluorc1iylidenecar- 

binol, reaction w. hydrazinc, 141. 
~,2'-Crtrbethosyphcnyl-1,2,3,Ctet~rahy- 

dro3-keto-l-riit,rosoquhroxitline, 
rcdn., 345. 

:I-n-C.nrhcthoxyphcnyl-i.S,~~, lO-ktrnhy- 
d r d - k e  t~l-pyrazino[3,2,l-jk]cnr- 
bazole, 315. 

1,2'-C:~rbcthoxyphenyl-l,2,3,4-t ctmhy- 
tfro-2kotor~ui11oxalirle, 329. 

I - C ~ ~ r I ~ c t h o x y - 1 , 2 , : ~ , ~ ~ t . r ~ t i ~ ~ i r ~ 2 k c ~ -  
:~,:j-diphcnylquiiioxslirlc, 32!)-330. 

I -C:irlx;thoxy-l,2,:$G btrahydrd-kcto- 
2,3,3-triphcnyl-l , W k e b ,  320. 

3-o-Carbomcthoxybenaoyl-3,4-dihydro-l- 
hydroxy-.l-ketophthaInzine, 144 

Na-Carbomethoxy-l,2,3,4-tetruhydrocin- 
~ i o l i n e - ~ ~ ~ u r b o x y l i c  wid, pota%qium 
salt, 47,63. 

I-pyraeolo [4,3-c]cinnoline, 62-3. 

kcto-3,4,4',5'-pyrazolinocinnolinc, 
47,63. 

€i,8-methano-l,-Miphenylphthalszinc, 
1%. 

1,4-fndoCrrrbonyl-l ,2,3,4totrtrhydro-2 
ketw'~,3-ciiphenylquinoxalinc, 330. 

4-Carboxycinnolinm, substituted, see sub- 

l-Carbomethoxytetrnhydro&hydroxy- 

l'-Carbomethoxy-l,2,3,Ptetrrrhydro-3'- 

2-Cttrbonamidc+l,2-dihydro-l-hydroxy- 

stituent cinnolino-l-carboxylic wid, 
11. 

3,2'-Carl~ox~hensoyI-1,2,:~,~t~trrrh~~iIr~ 
phthalazine, 198. 

2-o-Carboxybenzoyl-l,2,3,4-tetriihydro- 
phthnlazines, sodiunt  salt^, oxidn., 70. 

2(o-Csrhox~.phenyl)-benziminazoles, from 
2( o-amino:rryl)4kctophthsl~ine.r, 
86,04. 

2( 2'-Carboxyphcnyl)-5-phen~lpyrz~~inc- 

Chlorination, of 2,3-dih~.tlroxyquiriox~r 
Zwrboxylir : i d ,  337. 

lines, 260. 
of 4-hydroxycinnolinm, 23, 29. 

group exchange during, 23. 
of l-hydros~hthalazino;lwrbosylic 

of I-hydroxJiDhthul:izinm, 78, 178. 
of hydroxyquinosalines, 258. 
of 2-hydroxyquinoxalines, 236. 

acid, 78. 

4~hloroacetylcinnolinc, 11. 
5-Chloroacridinm, cf. 4-chlorocinnolines, 

2-yChlorol~enz~1-3-phcnylqui1~0saliiic, 

+Chlorocinnoline, basicity, 31. 

35. 

acetylation, 277. 

prepn., 29. 
A n . ,  4, 31. 
salts, 31. 

4-Chlorwin nolinrs, 2(3-3 1. 
qf. j-chloroncridincs, 35. 
cj. 4-chloroquinolint.~, 2!1-31. 
conversion to rrlkosy tlerivs., 31. 
c-onversion to phenoxy dcrivs., 32. 
form:ition, 23. 
hydrolysis, 30. 
prepn., 29. 

table, 30. 
p ~ ~ p e . ,  29-31. 

7-Chloro-4-( 4'-dicthylaniino-I '-methyl- 

'2-Chlore3-diethylaminopropyl~minoquin- 
t~utyl)~~hiocinnoline, 38. 

omline, 259-2fB. 
action of heat, 259-260. 

3-Chlore1,2dih~.drrr2,2diphen~l~~ui11o.u- 
nline. &YO. 

~3-Chloro-12,I4-diliydroindc:no(2,I-J] in- 
tioIo[3,26] quinosdinc, 317. 

1-Chloro-3,l l-dihydro-3-keto-41.ych- 
pcnh (b] quinosaline, 344. 

4-Chloro-2,S-dil~~tfro-3-kcto-10-rnr tliyl- 



Subject Index 375 

2-phenylmntheno [9, I-&] pyridazine, 
193. 

6-Chloro-2,3-dihydroxyquinoxltline, reac- 
tion w. o-minophenol hydrochloride, 
243. 

reaction w. o-phenyleuedimines, 243. 
PChlo~,G-dirnethoxSphthalazine, 71. 
2-Chloro-GethyI-8,9-diphenylpteridine, 

ZChlordethyl-G,T-diphenylpyri~d~ 

4-Chloro-l-ethylphthalazine, redn., 72. 
Chloroglyoximes, reaction w. o-phenylene- 

6-Chloro-2-hydrazinobenzoic acid, cinno- 

T-Chlor&hydroxy-6-nitrocinnoline, 

204. 

[4,54]pymine, 204. 

dinmines, 2G4. 

line deriv. from, 17. 

. chlorination, W. 
with group exchange, 23. 

5-Chlo~hydroxy-3-phcnylcinnoline, 17. 
l-Chlor~h~.drox~hryphtbrt)ttzine, 182. 
4-Chloroindazolone, formn., 17. 
f$-Chloro-7-keto-3-phenylnaphtho [ 1,2,3- 

de] phthnlnsine, 193. 
2-Chloro-3-methoxyquino.ualine, anrina- 

tion, 266. 
6-Chlorel-methyl~innolone, from 4 

amino-6-chlorocinnoline methiodide, 
43. 

from kthoxy-2-methylquinoxaline- 
l-oxide, 318. 

methylation, 241. 

ZChloromethyl-~3-hydroxyquinoxaline, 

3-Chlorome thyl-2-hydroxyquinoxaline, 

4-Chlo~l-methylphthnlnzine, redn., 72. 
3(2'-Chloro-5'-nitrophenyl)-l-ketophthal- 

ashes, conversion to 3,.klihyctro-i ,4- 
dihydroxy derivs., 128. 

Chloroisonitromketones, reaction w. o- 
phenylenedimines, 264. 

Chloroopiazone, see 4-chloro-5,6-dimo 
thoxyphthalazine, 71. 

1-Chlorophthalazine, rdn., 70. 
1-Chlorophthnlazine, 78. 

reaction w. mines, 178. 
reaction w. sodium alkoxidea, 178. 
reduction, 72, 179. 

4Chloroquinoline, rf- Chloroeinnolines, 

GChloroquinoxalin~2,3-dicarbosylic acid, 
29-31. 

2-Chloroquinoxalines, 258-262. 
amination, 263. 
prepn., 258. 
props., 259. 
mactionw. dinlkylaminoalkylninea, 264 
reaction w. sodium alkosides, 270. 
table, 258-9. 

GChloro-1,2,3,ltetmhgdro-2,3-dike~ 
1,4-dimethylquinoxalinc, 241, 330. 

f3-Chloro-l,2,3,4-tetrahydropyrazino- 
[2,34]quinoxaline, 259-260. 

fi-Chlorotetrazolo[njpht.halazine, 197. 
6-Chlor~l,2,3-triphenylquinosalinium 

Cinnamczldehyde, reaction w. 1 ,&dihy- 

Cinnoline, bwicity, 5. 

chloride, 288. 

droxyphthalazine, 1-13. 

from cinnoline methiodide, 43. 
prepn., 4 4 .  
props., 4-5. 
ring system, historical, 3. 
salts, 4-5. 
syntheses, mcchaniRm of, 22-23. 
toxicity, 5. 

chloride, 11. 
decarboxylation, 4. 
ethyl ester, 11. 
prepn., 11. 

Cinnoline4carboxylic acid, 4. 

Cinnoline derivs., antibacterial and para- 
siticidal action, 36.1-5. 

basic strengths, table, 363. 
contg. additional aromatic rings, 57-40. 

contg. additional fused rings, 52-65. 
bridged rings, 61. 
fused heterocyclic rine,  62-4. 

general synthetic routes, 3. 
occurrence, 3. 
reduced, 46-51. 
w. nonoxygenated rings, 46-8. 
w. oxygenated rings, 48-51. 

redn. to indolep, 10. 
U.V. absorption spectra, table, 358-361. 

Cinnoline quaternary salts, see Cinnolin- 

action on Trypanaroma congolcnse, 3!2 

prepn., 39. 
reactions, 43-5. 
structure, 3943. 

ium salts, 39-45. 

Cinnolinium salts, 39-45. 

decarttoxylation, 254. table, 40-2. 
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Condensed quinoxalines, 332-355. 
Configuration, of sugars, I-pbenyl-3-poly- 

hydroxyalkylflavazole formn. in detn. 

Cmynebaelerium diphfieriae, action of quin- 

Coumaran-2,3-dionesJ quinoxnlincs from, 

reaction w. o-phenylenediamine, 237. 
Coumsmn-%ones, conversion to quin- 

oxalinea, 2968. 
Cuminal, 4methylcinnoline-7~arbox~~lic 

ncid from, 13. 
Cyunines, contg. phthnlszine nucleus, 

table, 137-8. 
2-Cynnomethyl3-n1cthylquinoxaline, re- 

activity of methylene group, 277, 283. 
2-Cy~nomethylquinoxaline, 276. 

reactivity of methylene group, 277. 
spiro [ Cyclohe,urzne-l,2'-[2 )cyclopenta [b] - 
Cyclohexanediones, cyclization of mono- 

Cyclopenb [b Iquinoxaline dcriw., 34 1-4. 
Cyclopenta lf jquinoxnline derivs., 345. 

of, 349. 

oxalines against, 365. 

298. 

quinoxaline], 342. 

phenylhydrazones, 57. 

D 

Decarboxylation, of 1,2-dihydro-2-keto-l- 
substituted quinoxalino3-cnrboxy~ic 
acids, 311. 

of 2-hydroxyquino?calinc3-carboxylic 

of quino.unlino2,3-dicarboxylic acids, 

Decomposition, nlk., of 3-methylphthal- 

thermal, of phthahlzine pseudo-base 

Dehydration, of 1,2-dihydro-l-meUiy1-3- 

acids, 235. 

254. 

azinium iodides, 186. 

ethers, 130. 

methylphen ylcart~amidoquinoxaline, 
317-8. 

197. 

sion to benzo [c]cinnoline, 52. 

zine, 76. 

zines, lG8-177. 

G-Diacetmidotetrazolo [a] phthirlrrzine, 

2,2'-Diaeetoh~.draainodiphenyl, conver- 

I ,%Diacylbenzenes, reaction w. hydra- 

Diacyl derivs., of 1,4-dihydroxyphthala- 

of IJ4-dihydroxyphthalazinea, of un- 
known struct.ure, 176. 

2,3-Diacylquinoxalines, table, 207-224. 
Dial kylaminoalkylaminobenzo [c Jcinnol- 

+Dialkylamino~lkylaminocinnolines, 36. 
ines, 56. 

action on Plasmodium gallinaceum, 364. 
table, 37. 

%Dial kylaminoslkylsmino-2chloro-6-rmb- 
stituted quinoxalines, action on Plas- 
modium gallinaceum, 364. 

Dialkylaminoalkylaminoquinoxalines, 264. 
2,3-Didkoxyquinosalines, 260. 

Dialkyl deriw., of 1,klihydroxyphthal- 

of 1,4-dihydrosyplithal1lzin~, of un- 

of l,l-dihydroxyplthslazines, structure, 

table, 271. 

azines, 168-177. 

known structure, td~le ,  176. 

173-5. 

zines, 95-6. 
1,3-Dialkyl~keto-3,.klih?rdroph tlalu- 

2,3-Dialkylquinosalines, table, 207-224. 
2,3-DialkyI-l,2,3,~tetrahydro-l ,Miketo- 

phthalazhes, 175-6. 
table, 175. 

o-Diamines, reaction w. 2,3-dichloroquin- 

4 , 5 - D i a m i n o - ~ h l o r ~ t h ~ ~ l p ~ n m i d i l i c ,  

4,6-Diamino-1,3-dimethylcinnolinium io- 

2,2'-Diamino-6,6'-dimethyldiphenyl, 56. 
2,2 '-Diamino-1,l 'dinaphthyl, 58. 
2,2'-DiarninodiphonyI, conversion to ben- 

zo [c]cinnolie, 52. 
4,G-Dianiino-I-methylcinnolinium iodide, 

39. 
1,2-Diaminonaphthalene, cond. w. i.w- 

nitrosoncctaphcnone, 336. 
o-Dimiino nitrogen heterocyclics, cond. 

w. oRiertrbony1 compds., 356-7. 
3,4-Diminophenylarsonic acid, reaction 

w. cyanogen, 2G7. 
2,3-Dituninoquinoxaline, 265-7. 
2,3-Diaminoquinoxaline derivs., 200. 

disecondary, table, 268-9. 
primary-secondnry, tnble, 267-8. 
fine structure, 267. 
hydrolyaia, 263. 
reactions, 267. 

oxf~lhe, 261. 

reaction w. bcnzil, 203-4. 

dide, 39. 

2,~Diaminoquinoxaline-G-arsonic ncid, 
267. 
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3,~-Diaminotoluene, reaction w. benzoyl- 
formic acid, 237. 

reaction w. chloroacetonc, 273. 
reaction w. diacetyl, 283. 
reaction w. ethyl chloroacetate, 320. 

1,4-Dianilinophthslaine, 182. 
2,2'-Dhry1-2,2'-dihydro-4,4'-dimethoxy- 

1,l'-bisphthalazines, 132-3. 
2,3-Diaryloxyquinoxalines, 260. 

1,4DiarylphthaIazine~, 76-7. 
table, 271. 

prcpn., 76. 
props., 76. 
table, 77. 

2,3-Diarylquinoxnlines, table, 207-224. 
Diazomethane, reaction m. 4hydroxy- 

cinnoline-3-carboxylic acid, 32. 
Diazotization, of S-amind-hydroxycinno- 

line, 64. 
4 D i ~ o - 2 , a , ~ t r i p h e n ~ l p y r ~ l c ,  cycliza- 

tion, 62. 
Dibenzo [ j,h)acenlrphtho[ I,2-b] quinoxa- 

line, 343. 
Dibenzo lfrhlcinnoline deriv., 57. 
Dibenzo 11 ,2,3-de,4,5,6dfe']diphthsl~inc 

Dibenzo u h  1-5indolo [2,3-u]quinoxaline, 

Dibenzo [fh]+indolo [2,5a]quinoxalin~2- 

Dibenzo[j,h]phthalazine deriv., 193. 
nibcnzolZ,hjquino?ralines, table, 338. 
3,4-Dibenzoylcinnoline, 11. 

action, of hydroxylaminc on, 63. 
redn., 62. 

1,3-~ibenzylideno2,3-dihydro-l-eycZo- 

9,1l-Dibromodihydroindcno [2,1-J]indolo- 

3-Dibromomcthyl-l,2-dihydro-2-kcto- 1- 

2-Di bromomethyl-3-phenylquinoxaline, 

2-Dibromomethylquinox-3line, 27i. 
2,3-Di(bromomethyl)quinoxalinc, 283. 
1,4-Dibromophthalazine, 179, 182. 

reaction w. sodium azide, 182. 
2,3-Dibromoquinosaline, 26 1. 
Dicamphor, reaction w. hydrazine, 61. 
Dicamphorquinone, reaction w. hydrazine, 

deriv., 191. 

346. 

carbosylic acid, 347. 

penta [b Jquinoxaline, 313. 

[3,2-b jquinomline, 347. 

methylquinoxaline, 241. 

277. 

4,jDicarbetlioxy~,.~ihydro-3,6-dimeth- 
ylpyridazine, reaction w. hydrazine, 
199. 

[b]quinomline, 341. 

tion w. hydrazinc, 199. 

matic o-diamines, 203-227. 

lJ3-Dicarbethoxy-2,3ihydroe2lelopen ta- 

3,4-Dicarbethoxy-2,5-dimethylfuran, reac- 

1,2-DicarbonyI coinpds., reaction w. aro- 

rrmtion w aronintic o-diamines, prod- 
ucts other than quinoxalines, 204-5. 

2,6-Dichloro-Sdiethylaminoet hylamino- 
quinoxaline, 364. 

action of heat, 259-260. 
2,2-DichIoro-2,3-dihydro-9-keto-3,3di- 

phenyl-1,4-met.hanoquinoxahe, 330. 
l ,CDich~oroeyclopentn~3,~one, cond. 

w. o-phenylenediamine, 344. 
l,IDichlorophthalazine, 179, 182. 

reaction w. sodium azide, 182. 
stability, cf. 2,3-dichloroquinosaline, 

2,3-Dichloroquinoxaline, amination, 265. 
182. 

from 2-hydroxyquinoxdine, 236. 
reaction w. o-diamines, 261. 
reaction w. ethylenediamine, 260. 
reaction w. methylmagnesium iodide, 

reaction w. sodium azide, 35%. 
reaction N. 0-substituted phenols, 261. 
selective amination of, 258. 
stability, cj.  1,44ichlorophthalazine, 

227. 

182. 
2,3-Dichloroquinoxdinos, 260-1. 

reactivity of chloro groups, 260-1. 
table, 260. 

2,6-Dichloroquinoxalines, action on Plas- 
modium gallinaceunr, 364. 

2,2-Dichloro-l,2,3,4-tetrahydro-9-keto- 
3,3-diphenyI-1,4-methanoquinoxa- 
line, 329-330. 

4,4'-Dicinnolyl, 11. 
X-Diethyl-Bz-dinitronnilines, reaction w. 

zinc chloride and acetic anhydride, 
320. 

1 ,.l-Dihalogenophthalazines, 179-182. 
prepn., 179-182. 
prope., 182. 

2,2'-DihydrazinodiphenyI, conversion to 
61. benzo [c]cinnoline, 52. 
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I ,2-Dihydrocinnoline, 4. 
oxidation, 4. 
prepn., 46. 
props., 46. 

1,2-Diiiydrocinnoline hydrochloride, 46. 
Dihydrocinnolines, 46-7. 
3,4-Dihydro-1,4dihydrosy-3( 2 ’-chloro- 

5 ’-phen y 1 )p hthal:rzines, from 3-ar yl- 
1-keto-derivs., 128. 

aniinophmyl)phthslninr, from the 4- 
acetic acid lactam, 117. 

0,7-Dihycf~o-l,.klihydroxy-S,&dirnctii~1- 
pyrid‘zzo [b,% Jpyridazinc, 193. 

2,3-Dih~dro-~~/-dihydro~~y-z-k~:to-l~~- 
met hylcycZopc?nts [b]quinow~linc., 342. 

3,-l-l)ihydro-l,J-ditiyciros~.-.l-mc~tliyl-3- 
(2’,4 ‘-din i t  ru~~lirtiyl)p~rthal~zi~ie, 1 17. 

convwsion to I-kctol-methyl-3(2’,4’- 
dinitroplicnyl)yhthnlazine, 118. 

conversion to 3-methylonei~oindolinotie 
deriv., 118. 

3,4-Di hydro-l,4dihydroxy-3( 2 ‘,4’-di- 

3,4-Dihydi-o-l,.l-dihych~xy-3(2‘,4’-nitr 
phenyl)phthalrtzine, from the  phthah- 
zine-4-acetic acid, 117. 

4-methyl ether, 11 7. 
oxidn., 117. 

2,7-Dihylro3,7-di keto-2-phonylttenio- 
[de]phthalazine, 102. 

2,3-Dih~.dro-2,2-dimeth~lc~f~~ci i  t a  [b 1- 
quinosaline, 3 11. 

2 ,3 -Dihydro- l ,~ i (p -n i t ro~~on~y~ i t~~no) - l -  
rl/clopcw In [b]quinou:rline, 343. 

:~,-l-l~iiiytlru3(2’,4’-di~iitro~ihcnyl )phtli:rl- 
nzinc?-l-iioctic: wid, cunvcrsion to 1- 
kcto4-nwthyl-2( 2’,4 ‘-tlini trophcn yl )- 
phth;rlazine, 118. 

osidn., critical conditions for, 118. 
l,-l-Dihydro-J,tklipht?nylcinnolio~~(?), 47. 
l,-l-Dihydrd,4-diphenylcinnolinr(~~) hy- 

drochloride, 47. 
8,9-Dihydro-2,3aiphcnyl-7-c~c~~pcii~~ [fl- 

quinowlino, 3i5. 
3,.i-Dihydro-2’,5’-tiiphenyl-3,J,3’,4‘-yyr- 

rolocinnolinc, 11. 
6,1 I-Dihydro-4-hydroxy-6,l l-dikcto-l- 

phenylnsphtho [2,3-g Iphthnlszine, 
193. 

1 ,~nihydro-3-hydrr~sy-2,2-dinieth~lquiii- 
oxalinc:s, stability to oxidn., 324-5. 

4,5-Dihydro-5hydroxy-2,.5aiphenyifufu- 
ram, conversion to quinoxalines, 293- 
6. 

substituted quirioxalines, from qimb 
ernary .%Its, 319. 

1,2-Dihydr&,~-hydroxyethyl-2-keto-1,3- 
diphenyl4cgcbpenht [b]quinoxalinc, 
343. 

5,G-Di hydro-I)-hydrosy-P-keto-~-ni~t.h~xy- 
6-phenylpyrido [ 1 ,Z-u]quinoxalinc, 
340. 

5-nit,rophthnlnzinc, 162, 104. 

8-nitrophthalirzine, 164. 

quinoxaline, action of phosphorux 
pentubromide, 261. 

by redn. of 4-oxide, 317. 

1,2-Dihydro-2-hydrosy-2,3-diphcnyl-l- 

3,4-Dihydro-l-hydroxy-i-kcto-3-1ncthyl- 

3,1-l~ihydro-l-hq-droxy-J-ket~~~-n~ctl~~l- 

1,2-13itiydro-3-hydrosy-2-keto-l-mc.th~l- 

lJ2Dihydro-3-hydrosy-2kcto-l-nic!t~hyl- 
quinoxaline-4-oside, 317. 

ethyl ether, 317. 
redn., 317. 

1 ,Z-Dihydro-3-liydrox;~.-2-keto-I-i~heiiyl- 
quinosaline, contf. w. o-aniinophenol, 
311. 

coird. w. o-phenylenedinniine, 311. 
3 , 4 D i h y d r o - l - h y d r o x y ~ k e ~ . ~ ~ ~ l ) t i t i -  

t.utetl phthdazines, 158- 167. 
wctylat.ion, 160. 
alkylation, IG9. 

unknown structcuws, 1044j. 
Wz-subs ti t u  ted , 162-6. 

structure of produ(~.t.ti, 173-5. 

prepn., 162-3. 
tablcx, 164-165, l(i6. 

unsubstituted in Ht ring, iircyin., 158. 
props., 158-162. 
table, 159-lGl. 

diphenylphthal:rzin~-~~:~r~osylic 
acid anlide, 106. 

3,-l-Dihydro-l-hydrosy-4-nwthosy4- 
methyI-3(2‘,4’-dinit.rophenyl)phthal- 
mine, 117. 

I ,ZDihydro-Zhydrosy- I -mctahyl-6-ni tm- 
2,3-diphenylyuinosslinc, 288. 

3,4-Dihydrrrl-hydrosy-bniethylphthal- 
azyld(and S), l’-axo-2’-napht.hol, 16% 

1,2-Dihydro- 1 -hydros.-5,8met.hhario-l14- 
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1,2~ihydra-3-hydrox~~-l-methylquinos- 
alinc, 261. 

261. 

linc, oxidn., 324. 

phthalazine-4-acetic acids, conversion 
to 3-aryl-2,5cliketoisoindolinopyr~o- 
lidocolincs, 109. 

me thosyphenyl )phthalazine+ace t ic 
:wid, ronversion to 3-nryl-1-keto- 
phthnlazine, 116. 

phenyl)phthnlnzine-4-ac~tir, acid, con- 
version to isoindolinone deriv., 117. 

reaction m-. phosphorus pentabromide, 

1,2-Dihydro-3-hydroxy-6-methyIquinosa- 

3,4-Dihydro-l-hydroxy-3,2’-nitmroaryl- 

3,S-Di hydro-1-h y droxy-3( 4‘-ni trr3-2’- 

3,4-Dihydro-l-)-lydrosy-3( 2’,4‘-nitro- 

oxidn., 117. 
1 ,ZDihydro-3-hydroxy-l-nitrosoquinoxa- 

line, oxidn., 324. 
redn., 345. 

l,ZDihydro-Zhydroxy-&nitro-1,2,3-tri- 
phenglquinosaline, 288. 

3,4-Dihydro-Chydroxy-3-phenylph thala- 
zine, action of hydrogen chloride, 
133. 

ethers, 133. 
prepn., 132-3. 

1,2(or 3,4)-Dihydr*4(or l)-hydroxyd(or 
3)-phenylpyrido [3,4-d Ipyridaeine, 
198-9. 

5,6-Dihydro-9-hydrosy-6-phenylpyrido- 

3,4Dihydro-2-hydroxyyuinoxalirle, 243. 

1,4-Di hydro-.7-hy~oxyquinoxalinc2n)de- 
hyde, anil, 308, 319-320. 

1,2-Dihydrc-3-hydrosyquinoxalines, from 
redn. of o-nitrophenylglycines, 3 18. 

l,ZDihydro-2-hydroxy-l,2,3-triphenyl- 
quinosaline, 290. 

9,10-l)ihydrr3-9-irninol~~e~phennn- 
threne, 59. 

12,l+Dihydroindeno[2,I-f]indolo [3,2-b]- 
quinoxaline, 347. 

Dihpdroisoindole, from redn. of l-chloro- 
phthalazine, 179. 

lI2-Dihydro-2-ketu-4, 7-dimet hy I- 1,3-di- 
phenyl&ycZopenta [b  Jquinosaline, 
343. 

[1,Za]quinoxaline, 340. 

oxidn., 324. 

1,2-Dihydro-Z-keto-l,3-dimethylquinosa- 

reactivity of &methyl group in, 311. 
2,3-Dihydr~2-ketr3-1,3diphenyIcyck1- 

3,4-Dihydro-4-keto-l,3-disubstituted 

line, 238,310-311. 

penta[b]quinoxalinc, 342. 

phthalazines, 954. 
tablw, 97-100, 101-103. 

3,4-Dihydro-4-keto-l~methoxy-3-substi- 
tuted phthalazines, partial demethyl . 
ation, 158. 

48-9. 
l,~Dihydro-.l-keto-I-methylr.innoline~, 

constitution, 48. 
formation, 23. 
table, 49. 

1,2-Dihydro-2-keto-l-methyl-3, S-met h- 

1,2-Dihydro-2-keto-l-methyl-3-methyl- 
ylanilinoquinoxaline, 31 7. 

phenylcarbamidoquinoxalinc, chloro 
derivs., eujgested formn. of, 318. 

phenglcarbonamidoquinosdine- l-os- 
ide, dehydration, 348. 

3,4-Dihydr&keto-l-methyl-3-phenylpy- 
ridazo [4,5-b]quinoline, 199. 

5,6-Dihydro-5-ket&met hyl-6-phenylpy- 
rido [2,3-d]pynduine, 198-9. 

l,ZDihydro-2-keto-3-methyI-l-phenyl- 
quinosaline, renctivity of methyl 
group in, 311. 

3-carboxylic acid, by hydrolysis of a 
tetrahydro-3-carbamido deriv., 317. 

1,2-Dihydro-2-keto-l-n~ethylquinounlines, 
by methylation of Zhydrosyquinos- 
dines, 31 I .  

tuted phthalazines, from %methyl- 
phthelazinium iodides, 186. 

tuted quinoxalines, basicity, 31 1. 

1,SDihydro- l-keto-4,3’-pentyl-2-phenyl- 

5,lO-Dihydro-5-keto-3-phenylbenzo [g 1- 

2,3-Dihydro-3-keto-2-phenylindeno [ 1,3- 

3,-&Dihydro-3-ketmethyl-2-niethyl- 

I,2-Dihydro-Zketo-l-mcthylquino+aline- 

3,~Dihydro--l-keto-3-methyl-l-substi- 

1,213 hydro-2-keto-3-me thyl- l-substi- 

quaternization, 311. 

beneo (glphthalazine, 192. 

cinnoline, 57-8. 

de]plithalazine-7-carbosylir acid, 193 
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3,4-Dihydro-4keto-3-substituted-l-a1- 
kylquinoxatinium Salk, cyanine dyes 
from, 291. 

3,4-Dihydro-lketo-3-substituted pht.hala- 
zines, 85-105. 

prepn., 85-94. 
props., 94-5. 
table, 87-93. 

dines, 310-318. 

unsubetituted at C1,85-95. 

1,2-Dihydro-%keto-l-aubstituted quinos- 

prepn., 310-311. 
props., 311318. 
table, 311316. 

1,2-1~ihptlro-Zketo-l-substituted quinos- 
aline-:3-carboxylic acids, 3 10-3 11. 

I 12-Dihytlro-2-keto-l-subet,itutcd quinosa- 

1,2-l~ihydro-2-keto-l,5,1-trimethylquinos- 

1,2-Dihydro- I-methyl-3-mcthylphenyl- 

cfcc:arboxylation, 31 1. 

lyl-:3-pyruvic acids, ethyl esters, 31 1. 

nliniurn iodide, 31 1. 

csrbamidoquirioxaIin~-osi[ie, 3 1 1, 
317. 

phtlialrtzineu, from ,?-mcthylphthaln- 
zinium iodides, 186. 

2,3-Dihydrocyc~o1ol,entn [b]quinoxeline-1,3- 
tficnrboxylic wid, ctthyl ester, 34 1. 

I,2-Ditiydrtr4-phc11ylcinnolinc, prepn., 4G. 

5,GDihycIro-~phc.iiylpvrido [ 1,2-a]quinox- 

5,1 I-Dihytlro-5-ptiPnylquinostrlo [2,3-h]- 

:~,l-l)ihydrophth:~laxiii~ having “unrc- 

3,CDihydro-3-mcthyl- 1-substituted 

props., 46. 

aliiic, 339. 

quinoxalinc!, 31 1. 317. 

active” 3,4-.sul)stitucnts, 180. 
prcpn., 186-9. 
table, 187-8. 

6,1:3-DihytIropyr:izi no [2,3-b,5,6-0’ Itii- 

Dihyctroquinosalirics (1,2- and 1,4-), 310- 

contg. hydrosyl or cnrbonyl group in 

contg. neither hydroxyl or carbonyl 

w. hydroxyl groups at C2 or C,, 318-325. 

quinoxnlinc, 261, 267. 

325. 

hetero ring, 310-325. 

groups in hetero ring, table, 3123.  

prepn., 318-324. 
prop., 324-5. 
table, 321-3. 

1,2-Dihydroquinosalines, behavior as nc- 
ids and bases, 325. 

oxidn., 324. 
3,~Dihydroquinoxalines, osidn., 235. 
5,lZDihpdroquinoxrtlo [2,34 Jquinossline, 

1,2-Dihydroquinosaly-1-2- hydroxyacetnl- 
261. 

dehyde, 304-5. 
anils, 304-5. 

3,4-Dihydro-2-tetrahydroxybutyl-3-keto- 
Pmethylquinoxaline, reaction R. 

phenylhydrazine, 307. 

[clcinnolinc, 55. 
5,GDihydro-l,5,6,10-tetrsmethylbenxo- 

tlcnlkylntion, 56. 
redn., 56. 

1 ,.2-Dihytlrox~-2,~~din1~!thylphthnlazine, 
conversion to l,.klihytlroxyphthala- 
xine, 140. 

4,6-Dih~~droxy-l,9-diphe1iylpyritlnzo [J,5- 
gjphthulnzinc, 192. 

I,G-Dihydroxy~,‘3-ttiphenylpyridnzo [ 4 , 5  
g]phthallrzinc, 192. 

j,6-Dihydrosy-l,9-dixpiylpyridtlzo [4,5-g 1- 
phth:ilazine, 192. 

’i,O-I)ihydmsy--gkctupyri(lo [ 1 ,%a jquinou- 
dine, 340. 

I,PDihytlro?ry-5-metli~~aminophtlial~- 
zinc, 141. 

2,:~13ihydroi~-(i-methq-lquiriosaline, renc- 
tion w. phosphorus pntschloridt!, 
260. 

1,4-Diliydroxy-5-ni tro~~litli:rl:izinc, 146. 

I ,CI~ihyctrosy-Gnitro~,htl~nl:~xitie, 146. 
1,4-Dihydroxy~~ht~tinli~zi1ic, :icetylation, 

methylntion, 162. 

157. 
acylation, 144-5. 
nlkylstion, 144. 
fine structure, 145. 
formation mechanism, 142-3. 
from 1-hydrosy-4-methoxy dcriv., 157. 
reaction w. aldehydes, 143. 
renction w. o-bromomethylbenzyl bro- 

rawtion w. o-c~r~ometl~osybenzoyl 

reaction w. phosphorus pentahalidcs, 

reaction w. phosphorus pcntasulfide, 

mide, 144. 

rhloridc, 144. 

179-1 82. 

14.4. 
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reaction w. phthaloyl chloride, 1-34. 
j.~Dihydroxyphthalnzine, prepn., 71. 

props., 71. 
7,&Dihydrosyphthalaine, from l-chloro- 

1 ,CDih~.drox3~.phthalain~, 140-156. 
chemilumiuescence of, 153-155. 
modified or polynuclear, table, 152-3. 
mono-acyl derivs., 157-167. 
mono-alkyl derivs., 157-167. 
props., 143-155. 
prepn., 140-3. 
reaction w. phthaloylchlorides, 197. 
table, 147-151. 

7,&dirnethoxyphthalcine, 179. 

2,3-Dihydroxypq~azino [2,M Iquinosaline, 

I,+Dihydroxypyridazo [4,5-b Iquinoxaline, 

2,3-Dihydroxyquinoxaline, 228. 
aa reagent for alkaline earths, 243. 
deriva., chlorination, 260. 

methylation, 241,330. 
prepn., 242. 
props., 243. 
table, 242. 

267. 

354. 

from Zd-arabotetrahydroxybutyl3-hy- 

from 1,2-dihydro-3-hydroxyquinoxaline, 

from 3-ethoxyquinoxalil-oxide, 233. 
from 2-hydroxyquinoxaline, 236. 
from 3-methoxy-Zsulfanilarnido deriv., 

use in photography, 243. 
Dihydroxytartaric acid, quinosnline qua- 

ternary salts from, 332. 
3,12-Diketobisbenzo [h]cinnolino [9,1,2- 

cde, 10,5,6-crd’e’ Ianthrwene, 196. 
5,fj-Dikatobisbenzo [h Icinnolino [9,1,2-aEe,- 

3,4, 10-e’d’cr]mthracene, 196. 
7,10-Diketobisphenanthro[l,2,3ae,3’,- 

2‘,1’-ij [phthalazine, 195. 
5,14-Diketobenzo [f]diisoindolo [2,l-a, l’,- 

2‘-c jquinoxaline, 344. 
B,&Diketobenzo [f ]quinoxaline derivs., 

337. 

drosyquinoxaline, 304. 

324. 

263. 

phenazines from, 337. 
a,B-Diketobutyric acid lactone, reaction 

w. o-phenvlenediamine, 237. 
5,9-Diketk3,il-dimethyldinaphtho [1,2,- 

3-de,3’,2‘,1‘,-ij]phthnl~ine, 191. w. hydrazirie. 1.10. 

7,l.l-Diltetodinaphtho [ 1,2,3-cle, 1 ‘,2’,3‘- 

5,SDiketodinaphtho [1,2,3-&,3‘,2‘,1 ‘-ij I- 

5,SDiketodinaphtho [I ,2,3-&,3’,2’, 1 ’-ij l- 

2,3-Diketogluconic acid lactonc. reaction 

5,12-Diketoisoindolo [2,l-o,1’,2‘-c]quin- 

5,SDiketo-2-rnethylnaph t ho [ 1,2,3-de 1- 

6 , S D i k e ~ b m ~ t h y l p y r i d o  [1,2-a Iquinos- 

l,%Diketonex, reaction w. 2,hiiamino- 

reaction w. mono-N-substituted o-phcn- 

I,+Diketones, condensed phthnlazines 

5,6-Diketo-3-phenylbeneo .f ]quinoxalina, 

5,10-Diketo-l-phenyl-l-pyrwmlo [ 1,z-b 1- 

from l,~dihydrosypht.haIwille, 144. 
5(3-)phenylpyrazoline from, 197. 

ijlphthalazine, 194. 

phthalazine, 194. 

phthnl~ine-lO-carbo\ylic wiJ, 194. 

R. o-phcnylenediamine, 301. 

oxaline, 344. 

phenanthro [3,2,!-ij jphthalazine, 195. 

aline, 330. 

quinoxaline, 267. 

glenediarninm, 286-8. 

from, 192-6. 

oxidn., 337. 

phthalazine, 197. 

Diketosuccinic arid, reaction w. ephenyl- 

12, l3-Diketo-a,&a’,fJr-thiophenebisthio- 

1a,2a-Diketo-a,B.cw’,~‘-thiopiie11et)is [thio- 

l,C~imerr~ptophtllalszinc, 144. 
1,4,7,l0-Dimethanobcnzenc [c Jcinnolines, 

enediamines, 254. 

chrome, reaction w. hyctrazine, 64. 

chrome]axine, 64. 

61. 
salts, 61. 

1 ,&Dirnethoxyacensphtho [1,2-h jquinoxtt- 

3,GDimethoxyacenaphtho [1,2-b Iquinosa- 

2,BDirnethoxy-11-indeno [ 1,U) Iquinosa- 

1,4-Dimethoxy-5-nitrophthaIazine, 168. 
l,-l-Dimethoxyphthalmine, 168. 
3,&Dimethylacenaphtho [1,2-b Jquinoxa- 

2,6-Dirnethylacenaphtho [ 1,2-h Iquinoxs- 

N-Mmethvlnnlinophthaliinitfe, rmction 

line, 342. 

line, 342. 

line, 342. 

line, 342. 

line, 342. 
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tl-pDimethylamino&.yryIcinnolinium 

2-pDimethylaminostyry1- l-quinoralin- 

Dimethyl azociicarhoxylate, reaction w. 

l,lO(or -1,5)-~imethylbenzo[c~cinnoline, 

6,6'-Dimcthyl-2,2'-dimethylaminodi- 

3,5-Dimethyl-l 1-isopropyldibenzo If$]- 

salts, 39. 

ium salts, 290-1. 

styrene, 17. 

rnet,hylat,ion, 55. 

phenyl, 56. 

einnoline-~-c:arhoaylic acid, ethyl e s  
ter, 57-8. 

5,G~iInc~thyl~~yr:rziIitr2-(::irl~sylic acid, 
283. 

2,3-l)iriiet~hyIpyiazino [2,3-t1 Jpyraxine, 
357. 

2,&Dimethylpyrido [3,2-f]quinosaline, 
348. 

2,6-(or 2,7-)Dimethylc~ui1iosnline, 206, 
273. 

2,,7-Dimet.h3.lquino~line, 277-283. 
adduct w. dincet.yl diosime, 277-8. 
cond. prod., table, 279-282. 
deriva., 261. 
reaction yi. quaternizing ngents, 286. 
renctivig of methyl groups, 283. 

steric configumtion and, 283. 
struet,ure, 278. 

2,3-Dimet.hylquinoxnline methiodide, 288. 
2,3-Dimethylquinosalinium  salt^, reaction 

2-( 1 ,R-Dirnt:thylquinosnline)-2-( 1,3,3-tri- 
5%'. aldehydes, 290-1. 

mcthylii~tloiint:}triint:thiiicynriiric?, 
200-1. 

l')in~ptitt~oplitti:il:iriner, 194. 
:3,4,2',1',5,6,1',2'-Din~plithopyri~l~ine, 

10,1 l-Dinitro-l~~~?ttnaphtli [I ,2-b]indc!no- 

2(2',4'-I)initroaniliiiot3-me tah ylcneisoin- 

58. 

[2,1-flquinosditie, 343. 

dolinone, conversion to  l-kcto-4- 
methyl-2( 2',Q'-tlinitrophenyl )ph thtls- 
zinc, 118. 

2,2'-Dinitrodiphenyls, redn., 52. 
N( 2,4~initrophenyl)aminophthalimide, 

2( 2',4 '-Dinitrophenyl )isoindolinone-3- 

Diosimes, 2-o-an~inoanilinoquinos1dine-~ 

117, 118. 

ncotic acid, 117. 

from, 206. 

11-[1,3]-l)ioxolo [5,6~indcno[l,2-b]quinox- 

3,4,9', 10',5,6,9', lO"-Diphenanthropyri- 

Diphenanthro [9,10-~,9'1O'-e]pyridazine, 

aline, 342. 

dazine, props., 59-60. 

55-9. 
deriv., 60. 

2,3-Diphenoxyquinoxsline, action of 

1 ,PDiphenylbutane-l,2,ltrione~, reaction 

1,4-Diphenyldibeneo [j,h]pli thrrlazine, 193. 
Diphenyi~neaxone, see Renzo [c]rinnolirie, 

l,J-Diphmylfuro[3,4-c ](*innoline, 62. 
I ~ i p l i c n ~ l t ~ y d m x ~ n r ~ e t ~ l ~ e h y d c  phenylhy- 

drazone, cyclodehydration of, 47. 
Diphenylketenc, adduct w. ethyl benzene- 

azocwboxylate, rearrangement of, 
330. 

pyridazine, 105. 

methyl iodide, 286. 

w. o-phenylenedirrmine, 293-6. 

52. 

3,lO-Diphenylperylo [3,Ccd,9,10-c'd' jdi- 

2,5-Diphenylpymzinc, .338. 
2,8Diphenylpyrazino [2,3-b]quiiioxxlinr, 

1,.3-Diphenylpyrazolo [3,4-b ]quinoxaline, 

1,4Riphenylpyridsrr.o [+r Icinnoline, 62- 

2,3-Riphenylpyrido [3,2-f Iquinosalinr, 

G,i-niphenylpyrimido [4,5-h ]pyrazirie, 

1 ,R-Diphori?.l-2-pyrrolo [ 3 , k  ]cinnolinc, 

267. 

348-9. 

3. 

348. 

356-7. 

62. 
oxidn., 1 I .  

346. 

bility to redn., 233. 

Z,%Diphenyl- 1-pyrrolo [2,3-8 ]quinoxdinr, 

2,J-niphenylquinosaline di-N-osidc, sts- 

1 ,3-Diplienylthieno [3,4-c]c-in nolinc, 62-3. 
I~iphthnloyl-o-phenylenali:~n~inrs, rcrln., 

2,3-Di-n-propylquinoxnliner, 261,278. 
Dipyridazino [4,5-u,4'5'-c] [9a]quinolizinc 

Dipyrimido[5,4-~,4'5'-e~pyridaxine drriv., 

Diquino.uRlineR, tshle, 225. 
6,6'-Diquinoxalyl, 229. 

34.1. 

deriv., 199-200. 

62-61. 
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N,N’-Disubstituted hydrazines, reaction 
w. phthdic anhydride, 175-6. 

3,4Di(thiobenaoyl)cinnoline, 11, 63. 
3,%Di~ylylbenao [1,2,We,4,5,6d’,e‘)di- 

Dodecahydro-4,7,11,11,12,12-hexa- 
phthalazine, 194. 

methyl-l,4,7,10-dimethanobenzo [c j- 
cinnoline, 61. 

E 
1,2-Epoxy-l,4-dihydro-3-hydroxy-1- 

mcthylquinosdine, 319-320. 
Sb,8c-Epoxydiphenanthro [9,10-c,9‘,10’- 

e]pyridazine, 59. 
3-cf-Eryllarotri hvd rox.ypropy1- 1 -p henylpy- 

rnxolo [3,4-b]quinosaline, structure, 
351. 

b]quinoxaline, oxidn., 351. 

3-carbosylic acid I a ~ t m e ,  301. 

quinoxaline, 326. 

34-Ery~hrotrihydroxypropylpyrazolo [3,4- 

2d-Ery~hrotrih ydroxypropylquinosaline 

1,4--Ethano-6-methyl-l,2,3,4-tetrahydro- 

+-Ethoxycinnoline, 31. 
6-Ethoxy-2,3-diphcnyl4-ptolylbcnzo If]- 

2-Et.hoxy-3-hydroxyquinosaline, hydmly- 

(?)-Ethosy-6-indolo [2,3-b]quinoxaline, 

2-~thoxy-3-meth~-lquino.ualine, hydrolysis, 

3-Ethoxy-2-methylquinoxaline-l-oxide, 

actsion of ale. hydrochloric wid, 318. 

quinosalinium chloride, 332. 

sis, 270. 

346. 

270. 

233. 

2-Et~hoxyquino.uline, from Zchloro deriv., 

3-E thoxyquinosalin~-l-ooxide, 233. 
6-Et hoxytctraaolo [a]phthalazine, 197. 
6-Ethosy-2,3,4-triphenylbenzo~]quinox- 

alinium salts, 332. 
Ethyl 3-acetylquinoline-2-carboxylate 

phenylhydrazone, cyclization, 199. 
Ethyl henaeneazocarboxylate, d d u c t  w. 

diphenylketene, rearrangement of, 
330. 

Ethyl 4,5-dihydro-3,6-dimethylpyridazine 
dimrhosylate, reaction w. hydrazine, 
199. 

258. 

l-Ethyl-l,2dihydro-3-hydroxy-7-nitro- 
quinoxaline, 320. Y. 

l-Ethyl-l,2-dihydro3-hydrosyquinoxn- 
line, from Bz-nitroderivfl., 320. 

3-Ethyldihydroit1oindoie, from I-chloro-4- 
ethylphthalaaine, 179. 

Ethyl 1,2dihydro-2-keto-l-methylquinox- 
aline-3-carboxylate, 241. 

Ethyl 1,2-dihydro-2-keto-1,6,7-tsimethyl- 
quinoxaline-2-carbosylate, 241. 

2-Ethyl-l,2-dihydro-1,2,3-triphenylquin- 
oxaline, 290. 

Ethyl a,,%diketobutyrir, acid, reaction w. 
o-phenylenediamine, 237. 

I-Ethyl-p-dimcthyl~minostyrylcinnolin- 
ium iodides, 14. 

Ethyl 2,j-diniethylfunm~,~icarbosy- 
late, reaction w. hydrazine, 199. 

Ethyl heptahydro-9-keto-9aquinolizinc~1- 
carboxylate, reaction w. hydraaine, 
199. 

4-Ethyl-l-hydrosypht.halnxine, redn., 78. 
Ethyl 2ket~c~cbhe~ylglyosyl~te, cond. 

3-Ethyl-7-ketonaphtho [1,2,We]phthaIa- 

l-Ethyl-3-methylisoindazole, 46. 
Ethyl 2-methylquinoxaline-3-carl~oxyiate, 

1-Ethylquinoxalino [2,3-b] [1,4]diazepinc, 

Ethyl 3-methyl-2quinoxalyIpyruvate, 

reactivity of methylene group, 276. 

w. phenylhydrdne, 51. 

zine, 193. 

237. 

259-260. 

283. 

1-Ethylphthslazine, from 4chloro deriv., 
179. 

salts, 72. 
Ethyl 2-quinoxalyl pyruvate, 276. 
1-Ethyl-1,2,3,4-tetrahydrocinnoline (?), 

1-I3 thyl-l,2,3,4-tetrahydropyrazino [2,3- 
47. 

b Iquinoxaline, 259-260. 

F 
Flavazoles, see Pyrszoloquinosalines, 348- 

Fluoflavin, 261. 
Fluorenono1,5dicarboxylic acid phenyl- 

Fluorubin, 261. 

Folic acid, 357. 

353. 

hydrazone, dehydration, 192. 

dipotassium salt, 228. 

auinoxaline analoe. 253. 
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Furo [3,-l-c]cinnoline deriv., 62. 
Furo[3,4-b jquinoxaline deriv., 300. 
spiro [Furo(3,4-b)quinosaline-l(3),9‘-xan- 

C 

quinoxalines, 338. 

enediamine, 301. 

thencs], 254-5. 

Glucazidones, see 8-Ketopyrido [1,2-a] 

d-Glucosonic acid, reaction N. o-phenyl- 

Glyoxalinoquino~lines, 353. 
Group exchange, in Borsche synt.hesis, 17. 

in diazotizcd o-aniinokctones, 17-23. 
in 4hydroxycinnolinea during chlorina- 

in nitration of glucazidoncs, 340. 
tion, 23. 

H 

Halochromy, of quinoxalines, 203. 

cr-IIaIogenoketone, reaction N. aryl o- 

l -€Ia logeno~hths~ainc~,  178-9. 

of styryl quinoxalines, 283. 

diamines, 200. 

prepn., 178. 

reactions, 178-9. 
table, 180-1. 

props., 178. 

2-Halogeno-G,7,12,13-tetrahydro-6,13-cii- 
ketobenzo[b]quinoxal0[2,3-f] [1,4]- 
diazocine, 254. 

Hemophiius pertussis, action of quinoxur 
lines against, 365. 

Heterocyclic o-diamines, quinosalines 
from, 203. 

Hetero ring, fltrr1,ilit.y in l-hydroxyphthal- 
mines. 78. 

€Ielrshydrocinnolincs(?), 48. 
2,3,5,6,7,8-Hcxahydro-4-hydroxy-2- 

phen~l-3-ketocinnolinc, 51. 
4,5,6,8,9, IO-IIex3hydro-3-hydrox3~iyri- 

dam [ij jquinolizine, 199. 
1,4,5,0,7-€Iexahydro-3-met.hyl- l-phenyl- 

cinnoline(?), 48. 
Hydrnzine, effect of on formntion of 2d- 

arahotetrahydroxybut~lquinoxaline, 
302. 

reaction w. phthalic acid derivs., 140. 
renctivity, cf. substituted derivs., to- 

Hydraaine salts, of 1,4-dihydroxyphthala- 
ward arylphthalimidcs, 1-10. 

zincs, 142. 

9a-I-fydrazino-I~,4a, lOa, l3a-tetrahydro- 
1,4,10, 13-tetrahydroxydipwyridazino- 
[4,5-a,4’,5’-c] [9a]quinolizine, 199. 

6-Hydrnzinotetrazolo [a jphthalazine, 197. 
Hydrolysis, of 2-alkoxyquino?talines, 270. 

of 2-amino group in quinoxalines, (pri- 
mary) 263, (secondary) 264. 

of %amino group in quinowlines, cf. 
amino-cinnolines and -phthalazinee, 
263. 

3,2‘-Hydroxyarylquinox:dine~, table, 297- 
8. 

Hydroxybenzo [c]cinnolines, 56. 
3-€lydrosycinnolinc, 16. 

reduced, 48. 
oxindole from, 10, 48. 

4€Iydroxycinnoline, nitration, 24. 
reduced, 48. 

4-€Eydroxycinnoline-3-carboxylic acid, 24. 
esterification, 24. 
reaction w. pyridineacetic anhydride, 

24-28. 

prcpn., 16. 

acctylation, 23. 
chlorination, 23,29. 

methylation, 23. 
p rep . ,  16-23. 
props., 23. 
table, 18-21. 

4-H~’dro~gcinnolino3-crtrboxylic acids, 

4-I.Iy~roiycinnolincu, 16-28. 

group exchange during, 23. 

ZEIvdroxycoumaran-~Jnes, convrrsion to 

~l-II~tlroxy~,7~~irnet,l io~~ninnoliriobactr 
quinosalinrs, 296-8. 

tic acid, ether W ~ M ,  32. 
methylation, 23. 

l-H~droxy-7,gdimetli~~~-~1iit .rophthth~l:~- 

l-H~droxy-7,gdimethox~phthnlaxinc, 
zinc, alkylation, 82. 

acetylation, 82. 
benzylation, 82. 
dcmethylntion, 82. 
methylation, 82. 

ZIIydroxy-3,2 ’-hydrosyarylquinoxalinc, 

3-Nydroxy-7-kctonaphtho [ 1,2,3-&]- 

6-IIydroxy-8-ketopyrido [ I,2-alquinoxa- 

237. 

phthnlazine, 183. 

line, 341. 
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9-Hydroxy-8-ketop yrido [1,2-a Iquinoxa- 
line, prep., props., 340-341. 

4-Hydroxy-6-methoxycin noline-Scar- 
hxylic acid, 24. 

ethyl ester, 24. 

zine, 157. 
4-Hydroxy-1-me thoxy-5-nitrophthala- 

1-Hydroxy+methoxyphthalazine, 157. 
4Hydroxy-7-methylcinnoline, nitration, 

24. 
4Hydroxy-8-methylcinnoline, nitration, 

24. 
2-Hydroxy-3-methyl-l,4-naphthaquinone, 

metallic derivs., as ehemilumines- 
cence catdysts, 154. 

line, formn., 24. 
4-Hydroxy-S-methyl-5( or 7)-nitrocinno- 

chlorination, 29. 
4-Hydroxy-7-methyl-8-ni trocinnoline, 

chlorination, 29. 
formn., 24. 

4-Hydroxy-3-met hyl-&nitrocinnoline, 

P-Hydroxy-G(or 7)-rnethyl3phenylquin- 

4-Hydroxy-l-methylphthalazine, 72. 

methylation, 23. 

oxaline, 237. . 

0-methylntion, 82. 
redn., 78. 

2-Hydroxy-3-rnethylpyrnzine 12,341 Iquin- 
oxaline, 267. 

3-Hydroxymethyl-1-pylltzolo [3,4-b]quin- 
oxaline, 352. 

2-Hydroxy-3-methylquinosaline, from 2- 
aminoanilino deriv., 264. 

quaterniaation, effect of reagent on po- 
sition of, 286. 

3-Hydrox~-6-methylquinoxaline, by redn. 
of 4-methyl-2-nitrophenylglycine, 324. 

3-Hydroxy-G(or 7)-methylquinox.dine, 
from 1,Mihydro deriv., 324. 

4-Hydroxynapht.halic acid, coupling with 
benzene diazonium chloride, 192. 

3-IIydroxy-2,4'-nitrobenzexiesulfonami- 
doquinoxaline, 263. 

4-Hydroxy-6-nitrocinnoline, 17. 

4-Hydrory-6-nitrocinnolines, methylation, 

4-Hydroxy-8-nitrocin~~olin~~ ehelntion, 23. 
tr~-Ilydroxyphenylacctic acid, coupling 

methylation, 23. 

49. 

4p-Hydroxyphenylcinnoline, from the 
ethiodide, 44. 

salt*, 7. 
4-p-Hydroxyphenylciinoline ethiodide, 

4-p-Hydroxyphenyl-3-phenylcinnoline, 44. 
1-Iiydrosy-4-phenylphthalaeine, acetyla- 

alk. decomp., 44. 

ation, 82. 
ring h i o n ,  78. 

3-Hydroxy-2,1 '-phenylpyridazylquinoxa- 

2-FIydroxy-3-phenylquinoxaline, 238. 
I-Hydroxy-4-n-propylphthalazine, redn., 

I-Hydroxypht.halazine, attempted nitra- 

line-1'-hydroxide, 309. 

78. 

t.ion, 82. 
ring fission, 78. 

1-Hydroxyphthnlazind-carboxylic acid, 
attempted nitration, 82. 

chlorination, 78. 
redn., 78. 

aoetylation, 82. 
acyl deriw., S4-105. 

table, 104. 
alkylation, 94. 
alkyl derivs., 84-105. 
aryl derivs., 84-105. 
chlorination, 78, 178. 
prepn., 78. 
props., 78-82. 
redn., 78. 
table, 79-81. 

1-Hydroxyphthalazines, 78-82. 

of unknown structure, 96. 

$-Hydroxyquinazolines, cf- CHydroxycin- 

4-Hydroxyquinoline-3-carboxylic acids, 

+Hydroxyquinolines, cf. 4-Hpdroxycinno- 

2-Hydroxyquinoxaline, reaction w. phos- 

3-Hydroxyquinoxalinc-2-aldehyde, 246-8. 
from 2-a~alo- or Z-l-zylo-tetr~hydroxv- 

3-Hydroxyquinoxalin~2-nldchyda AT'-ace 

3-Hydroxyquinosaline-2-1Lldehyde phenpl- 

nolines, 23. 

cj .  cinnolines, 24. 

lines, 23. 

phorus pentachloride, 258. 

butylquinoxaline, 307. 

tyl-N'-phenylhydrazone, 248. 

hydrazone, 308. - -  
with diazotized arylnmines, 49. effect of p~ on formn., 3~i3-9. 
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2-Hydroxyquinoxalin~boxylic acid, 

2-Hydroxyquinoxalin~~car~sylic acids, 
from 2-amino deriv., 263. 

decarboxylation, 235. 
from afloxazine~, 251. 

Iiydroxyquinodines, methylation, 238. 
2-Hydroxyquinoxalines, alkyhtion, 241. 

having no other hetero substituent, 
235-6. 

prepn., props., table, 235-6. 
methylation, 311. 

3(3 '-Hydroxy-2'quinoxnlyl)-l-phenyl- 
pyridmiiiium hydroxide, 309. 

3- Iiyc Iros y-2-t etrahydroxybu tylquinoxn- 
line, rwction with phenylhyctrazine, 
effect of configuration on, 307-8. 

mechanism, 308. 
of substitution on, 308. 

G-€Iydroxytetr~~zolo[a]phthulazine, 197. 

l-H~tlroxytc.trazolo[a]quinoxalinc, 261, 

2-IIydrosy~Rubstituttd quinoxalines, 

chlorination: 197. 

3534. 

236-244. 
prcpn ., 23G-238. 
P"O~)R., 238-241. 
table, 238-240. 

I 

Jriiinn;r.olc.s, from aldehydes and 2-nmino-l- 

1niid:uo [b]quinosaline dcriv., 353. 
di8pip.n [iy0Ind~ne-2,2'(3')-quinoxaline-3',- 

2"-i.soir1tlencJ deriv., 326. 
Indeno[2,l-f]indolo [3,2-b]quino?talinc 

derivs., 3-37. 
Indeno [ 1,3de]phthalazine deriv., 193. 
Indeno [ 1,24 ]quinosuline derivs., 342. 
Indolea, from cinnolines, table, 10. 
IsoIndolirio~~yra~olidocoline~, from phthal- 

GTndolo [2,34 ]quinoxnline, 346. 
7-Indolo [2,3-b ]quinoxalo [2,3-e Jpyrazine, 

~Iod~l-mt:tliylphtlia~azinc, 72. 
1-Iodophthslazincu, from l-chlorophthala- 

zincs, li8. 
Z~onitro~omnlondimethylanilidc, oxidative 

cyclixntion to quinoxalinc deriv., 311, 
317. 

~ ~ h c r i ~ l : t r . o ~ ~ n ~ ~ I t I ~ I ~ a l ~ ~ ~ ~ e ,  336. 

azinc derivs., 109. 

267. 

K 

a-Kcto acids, cond. w. N-substituted 0- 

phenylenediamines, 310. 
o-Ketobenzoic acids, reaction w. hydra- 

zinc, 78. 
GKetobeneopyrano [1,2,Me]benzthiapy- 

rano[2',3',4'-ijJphthalazine, 195. 
8-Ketobenzo [h jthiaxantheno [ 10,1,2-cde]- 

cinnoline, 195. 
3-Ketobicyclo [2,2,1] heptnnylidene-2- 

acethgdrazidc, cyclieation, 61. 
1 1-Ketoindeno [ 1,24 Jquinoxe~line, 342. 
4-ICeto-1-methoxy-3-n itronry lp h thda- 

zines, by therm:rl drcomp. of 4-31- 
kosy-3,4-dihydro tierivs., 132. 

8-Keto-9-methoxy-Gphenylpyridn [ 1,24  1- 
quinoxaline, 340. 

1 -Keto-3( 2'-mc~thyl-4'-11itrophenyl)- 
phthnlazine, reactions w. acetone, 
128. 

339 

methylquinoxaline), 343. 

prepn., props., 339. 

338. 

8-KeW-methylpyrido [ 1,241 quinoxsline, 

12-Kctor&openta [ 1,2-h,3,4-b']di( bz- 

8-Keto-G-phenylpyrido [ 1,2a]quinosaIine, 

8-Ketopyrido [1,2-a]quinosnline, prepn., 

props., 339. 
8-Ketopyrido [ 1,2-a]quino.ualino~-~uIf~~r1i~ 

3-Keto-1 -substituted- [.I, 5]-l,cnxisoosn- 
acid, Iwpn. ,  props., 310. 

zol~4-c:irboxylic acid, 1,4-clihyd roxy- 
5-su1)stituted aniinophtlialazincs from, 
141. 

a-Iictrra',ru',~,~-tctramcthylglutaric acid, 
reaction w. o-phcnylenedinmine, 237. 

6-Ketotriazolo[4,5, l-ij]cinnoli~ie, 62, 61. 
cr-~eto-cu',B,8'-triniethylglu~ic acid, rc- 

action w. o-phenylen~dismine, 23G-7. 

L 
Lncfobacillics cusei, action of quinosalinr 

Luminol, me ~.~mino-l,-l-dihydrosy- 
xnalog of folk acid, 253. 

phthulazine, 146. 

M 

blnlcic anhydride, adduct w. 2,3+1inicthy1- 
quinoxaline, 283. 
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&Iesoxalic acid, ethyl ester,  cond. w. X- 
substituted o-phenylenediamines, 31 1. 

reaction w. o-phenylenediamines, 251. 
5,&i%iethanocinnoline derivs., 6 1. 
j,&hlethancl-l,~iphenylphthala7ine, 

l,l-hlcthrrnu-6-metIiyl-l,2,3,~t~tr~hy- 

1,4-Methanoquinoxaiine deriva., 330. 
Zp-Methoxybenzy1-3-phenylquinosaline, 

4-hIethoxycinnoline, biuricity, 31-2. 
%h’IethoxyquinoxsIine-2-al~eh~~~~, from 

2-d-wabotctrahydroxybutyl5meth- 
oxyquinoxaline, 307. 

hydrolysis, 263. 

196. 

droquinoxaline, 326. . 

acetyiat.ion, 277. 

%~~ethoxy-Zsulfxnilamidoquinoxaline, 

6-&iethoxytetrazolo [aJphthalmine, 107. 
Bz-Methylaceanthra [1,2-b ]quinoxaline, 

Methyl anthmnilates, 13. 
Methylation, of ~&ryl-l-ke~phthalazines, 

of % a r ~ l - l - k e t o - ~ m e t ~ y l p h t a I ~ i n ~ ,  

of 7,9-dihydro+y-8-ketopyrido [1,2-a 1- 

of l,~ihydroxy-5.nitropht.hal~ine, 

of 2,3-dihydroxyquinoxalines, 330. 
of +hydroxycinnolines, 23. 
of l-h~droxy-S-methyl-5( or 7 )-nitrocin- 

of ~ h y d r o ~ y ~ n i t r o c i n n o l i n e ~ ,  49. 
of hydroxyquinoxalines, 238. 
of 2-hydroxyquinoxalines, 31 1. 

342. 

126-7. 

126-7,133. 

quinosaline, 340. 

162. 

noline, 49. 

24 1 -hfethylbenzoxazole )-2-( 1, Wimethy l- 
quinoxaline)trimethincyanine, 291. 

2-Methylbis [ 1 Jbenzopyrano [4,3,2de,2’,- 
3’,3‘-ij]phthalnzine, 195. 

fMethylcinnoline, nitration, 15. 
~-hIethylcinnoline7-~arboxylic mid, 6. 
.I-MethyIcinnolinerr, 13-15. 

baaic center, 13. 
conversion to skatolc, 10. 
forrnn., 13. 
quaternary salts, 13. 
quaternization, 39. 
tabio, 14. 

13. 
~-~iethylcinnolinium iodide, alk. decomp., 

4-Aiethylcinnoliniurn Fttlts, reaction w. p 
dimethylaminobenzaldchyde, 39. 

l-hlethyl-h?innolones, 48-9. 

M ethyl-4,6-ditiydro-.2-ketocinnolyl-6-ni- 

2,BMethylcncdioxy-l l-indcno [ 1,2-b 1- 

Methyl 2-glucosonate, reaction w. o- 

Methyl group, reactivity in 1,2-dihydro-2- 

table, 30. 

tronatcu, 49. 

quinoxaline, 342. 

phenylenedi.unine, 301. 

keto-3-methyl-l-substitutcd 
quinosalines, 311. 

I-Mcthylisoindole, by rcdn. of phthal& 
aines, 72,76. 

BMethylirroindole, from l-chloro-4-meth- 
ylphthalazine, li9. 

hiethyl 2-methoxy-5-methylphenylglyox- 
ylate, reaction w. o-phenylenediam- 
ine, 296. 

~-Methyl-g-xtitrocinnoline, 15. 
3-hIethyl-2-phenac~lquinoxaline, 283. 
3-Methyl-2-phenylbenzo lf]quinoxaline- 

3-Methyl-l-phenylcinnoline, ehloroplsti- 
N-oxide, 234. 

nate, 7. 
ethiodide, alk. decomp., 44. 
oxidn., 10. 
‘V-oxide, nitro dcrivs., 9. 

i\;-~~etIiyl-o-phenylenedisminc, rencfioii 

hfcthylphenyloxamic acid, 317. 
%Methyl-1-phenylpyrolo [3,4-b Jquinos- 

3-SIcthyl-L.phenylpyrid~ine-5,Gdicar- 

6(or 7)-Methyi-2-phen~Iquinosaline, 206. 
2-~fethyl-3-phenylquinoxal~c, methio- 

reactivity of methylene group, 277. 

from Pchloro deriv., 179. 
reaction w. benealdehyde, 76. 
reaction w. chloral, 76. 
reaction w. phthalic anhydride, 76. 
redn., 76. 

w. pyruvic acid, 310-1 1. 

dine, 348-9. 

boxylic acid, 10. 

dides, 286. 

1-Jiethylphthrrlazine, 72. 

3-Mcthylphthslminium iodides, alk. (ILL- 

j h I e t h y l p ~ r ~ i n r t 2 , 3 - d i c a r ~ ~ l i c  wid, 
comp., 186. 

277. 
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3- methyl-I-pyrmolo [3,4b]quinoxaline, 

2-( l-Mcthylquinoline)-2-( 1,3-dimethyl- 

ZMethylquinoxaline, 276. 

352. 

quinoxaline)trimethincyanine, 291. 

cond. prod., table, 274-5. 

derivs., 273-285. 
di-N-oxidc, 232. 
redn., 232. 

oxidn., 276, 277. 
reactivity of methyl group, 276. 

effect of subutituents, 276. 

of substit8uted, table, 276. 

G-hhthylquinoxalinc, qusternization, 286. 
l-Methyl-3,9,10-triaaophcn~nthrene (?), 

derivs., 27. 
Monoscyl derivs., of 1 ,4dihydroxyphthttl- 

mines, w e  monoalkyl derivs., ctc., 

Monoalkyl derivs. of l,+dihydrosyphthaI- 

N-derivs., fiw: 3,4-clihydro-l-hydroxy-4- 
keto-3-substitut.d phthalazines, 158. 

Oderivs., 157. 
unknown structures, 165-166. 

table, 166. 

206. 

157-167. 

azincs, 157-167. 

Monoximcs, use in quinoxalinc synthesis, 

N 
Kaphtho [ I ,2,3-dc Jphnnnntliro [3,2,1-?j]- 

Naphtho [ 1,2,3-de]phth;rlsainc, dcrivs., 103. 
Naphtho [2,3-g ]phthalazine deriv., 193. 
2-Naphthol-1-sulfonic acid, reaction w. 

di:motixrd prim. arylaminw, 106-8. 
Nitration, of glucazidones, 339. 

of Phydroxycinnolines, 24. 
of 4-methylcinnoline, 15. 

phth&zine, deriv., 195. 

lO(or 11 )-Nitro-l&acenaphth [ 1,241indeno- 
[l,l-f]quinoxaline, 343. 

0-Nitroarylglycines, redn. to  1,2-dihydro- 
3-hydroxyquinoxaliness, 324. 

2-Nitrobenzo [c]cinnoline&-oxide, 56. 
SNitrobenso [c ]cinnoline-6-oxidc, 56. 
2-Nitrodibenzo [ Jfi]-5-indolo [2,3-u)quinox- 

9--Nitro-12,14-dihydroindcno [2, 1-Jlindolo- 

5-Nitr~l,2-diphenyl~nzimin,1zolc, 288. 

dine, 346. 

[3,% ]quinoxalinc, 347. 

8-Nitro-4hydroxycinnoline, formn., 24. 
3(?)-Nitro-4-hydroxycinnolinc, formn., 24. 
Pu’itromalonodimethylanilide, action of sul- 

2-Nitronaphthnlene, redn., 58. 
Nitronates, methyl, by methylation of 8 

nitro-4-hydroxycinnolines, 23. 
G-Nitr&pherioxycinnolines, 32. 
o-Nitrophenylglycines, redn., 235, 318. 
3-Nitrophenyl-I-methoxyphthalazinium 

perchlorates, 133. 
5-Nitro-%phenyl-l-p-tolylbenziminazole, 

288. 
3-Kitrophthalic anhydride, rcaetion w. hy- 

draeines, 162. 
isoNitrosomalondimethylsnilide, oxidative 

cyclization to quinoxdine deriv., 31 1, 
317. 

furic acid, 319-320. 

0 

Octi ihydrd, i ,  11,11,12,12-hesamethyl- 
1,4,7,10-dimethanobenzo [clcinnoline, 
61. 

Opiazone, see l-Hydroxy-7,8-dimcthoxy- 
phthalazine, 82. 

Oxidation, comparative facility of, 34- 
dihydro-l,&dihydroxy- and 1-ketd-  
methyl-3-nitroarylphthnlazines, 1 18. 

critical conds. for ptithalazine-&acetic 
acid derivs., 118. 

of Zd-urabotetrahydroxybutyl-Shy- 
droxyquinoxalinc, 246-7. 

of 3-aryl-3,4-dih:dro-l-hydros~phthsl- 
a e i n 4 a r x t i c  acids, 108-9, I1 7, 158 

of 3-nryl-3,4dihydro-l-mcthosy4- 
methylene~~lithalnzine~, 169. 

of 3-aryl-1-mcthoxyphth~lazinium gcr- 
chlorates, 169. 

of beneo [f jquinomlines, 337. 
of l,%dihydr0-3-hydroxyquinoxalinos, 

324. 
of 1,2-dihydro-l-methyI-3-mcthylphen- 

ylcarbamidoquinoxdine-4-oxide, 
317. 

of 1,2dihydroquinoxalines, 324. 
of 3,44ihydroquinoxalines, 235. 
of 2,3-dirnethylquinoxaline, 283. 
of 1,3-diphenylSpyrrolo[3,-I-c]cinna- 

of 3-d-eryUlrotrihydros~propylpyr~olo- 
line, 11. 

[3,4-b]quinoxaline, 35 1. 
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of glucazidones, 339. 
of 8-ketopyrido [ 1,2-a Jquinoxaline-9-sul- 

of 2-methylquino.wIine, 276,277. 
of phenazine, 254. 
of 3-phenyl-2-substituted quinoxnlines, 

of 2-polyhydroxyalkylquinoxnlines, 302- 

of quinoxaline, 228. 
of quinosnlino2,3-dicarboxylic acid, 

fonic acid, 340. 

238. 

4. 

255. 
X-Oxides, of 4-arylcinnolines, table, 9. 

of quinoxnline, 232-4. 
of quinoxnlines and cinnolines, compnri- 

son, 9. 

P 

quinoxaline 1,342. 
spiro [cycloPentane-l,2’- [2]cyclopenta [bl- 

cyc2oPent-a [blquinoxaline derivs., 341-4. 
cyebPenta [flquinoxaline derivs., 345. 
Perosidic props. of quinoxaline X-oxides, 

I’erylo [3,pCd,9,10-c’d’]dipj~idnzinc deriv., 

Phenanthraquinone imine, reaction w. 

Phennnthro i9,lO-b ]quinoxalo p,3-e]pyra- 

Phenaxines, from 5,&dikotohenzoIfIquin- 

232. 

195. 

acetic anhydride, 60. 

zine, 267. 

oxalines, 337. 
oxidn. of, 254. 

Phenazone, see Bcnzo [c]cinnoline, 52. 
Phenazonium salts, cf. cinnolinium salts, 

Phenolphthalein, possible quinoxaline ana- 

4-Phenoxyrinnoline, basicity, 33. 

44. 

logs, 254-5. 

conversion to 4aminodcrivs., 33-4. 
hydrolysis, 33. 

prepn., 32-3. 
props., 33-4. 
table, 33. 

4-Phenoxycinnolines, 3 2 4 .  

Phenoxylation, of 4-~hlorocinnolines, 32. 
4-Phenoxqphthalazina, table, 84. 
7-Phenylacenaphtho [I ,2-b]quinosnlinium 

2-Phenylbenzo [fjquinoxaline, 336. 
salta, 344. 

4PhenyIcinnoline, from 1,2-dihydro 
deriv., 46. 

oxidn., 10. 
redn. to bphenylindole, 10. 
salt, 7. 

3-Phenylcinnoline-4-carboxylic acid, 11. 
o-Phcnylenediamine, by redn. of quinoxa- 

rond. w. l,-Michlorocyelopentn&,5- 

cond. w., 4,jdiketo-l-phenylpyrazolino, 

cond. w. isonitrosoacetone, 276. 
diphthaloyl deriv., redn., 344. 
failure to  react w. diketones, 205. 
reaction w. aldoses, 300. 
reaction w. ~hlor~2 ,3 i l ihydroxyquin-  

reaction w. coumwan-3-onea,296-8. 
reaction w. cyanogen, 265. 
reaction w. dincetyl, 277. 
reaction w. 2,3-dichloroquinosntline. 201. 
reaction w. 4,5-dihydro-5-hydro?ty-2,5- 

line or the di-JV-oxide, 232. 

dione, 344. 

349. 

oxaline, 243. 

diphenylfurans, 293-296 
table, 294-5. 

rwction w. 3-hydroxy~lucmidone, 340. 
reaction w. 5-hydrosy-2-hydroxymethyl- 

Schiff base formation instead of quinoxa- 

a-Phenylenedinmines, reaction w. aIIoxun, 

&pyrone, 341. 

lines from, 204-5. 

250. 
reaction w. bromoacetic acid, 235. 
reaction w. ch~oroi8onitroso kctonea, 

reaction w. diketosuccinic acid, 254. 
reaction w. glyosylic esters, 235. 
reaction w. phalogeno esters, 318-9. 
reaction w. e k e t o  acid3 (esters), 236. 
reaction w. meso.nlic acid (eater), 251. 
reaction w. monochloroglyoxinie, 264. 
reaction w. oxalic acid (esterj, 243. 
h--substituted, conden.mtion w. alloxan, 

condensation w. o-keto acids, 310. 
1,2‘-Phenylethylphthalnzine, 76. 
1-Phenyld-fructosone, reaction w. 0- 

phenylencdiaminc, 301. 
bPhenylindoIe, 46. 
I-Phenylphthalazine, from Cchlom deriv., 

261. 

310-311. 

179. 
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Phcnylplithal~tzinium salts, 133. 
5(3)-Phenylpyrazoline, 197. 
1-Phenylpyrazolo [3,4-b]quinoxaline, 348- 

1-Phenylpyrazolo [3,4-b fquinoxaline-3-al- 

1-Phen ylpyrazolo [3,-&b]quinoxaIine3- 

9. 

dehyde, 351. 

carbosylic acid, 351. 
dccarboxylation, 349. 

4-Phenylpyridazine-5,6-dicnrboxylic acid, 

2-Phenylquinoxalinc, 206. 
3-I’henylquinoxnline, froni o-phenylcncdi- 

nniine and phcn.wyl bromidc, 324. 
3-Pticnylquinoxalinc~2-~~r~o~ylic acid, 

oxicln., to 2-hydrosy dcriv., 238. 
1 I-I’hcnylquino~do [2,3-b 1 [ 1 ,-I ~l~onxoxii- 

zinc, 311,317. 
2-Phcnyl-3-p-tol~I-l-pSrrolo [2,3-6 Jquinos- 

alinc, 316. 
Photosensitivity, of quinoxnline tli-N-ox- 

ide sodium salts, 233. 
Phthalaldehydic acid arylhydrazonrs, 

cyclization, 85,95. 
l’hthsl<azinc, froin I-chloroph Lhalaxinc, 

179. 
prepn., 69-70, 
prop., 70. 
slkiorlidcs, alk. decomp., 94. 

Imic strengths, 363. 
cond(wid, 191-8. 
rtxln., 189. 
rinsul)+tituttrl in hrkro  ring, 69-51. 

1’111 I~~t1:mino /2,1 -a) [ I ,5 II)cnzocli:ixcpiric, 

l’f1th:al:~ino(2,3-b~phthnlazine derivs., 

l’lith:~I:~~i1io[2,3-b]pht.h:ilaxinc tlarivs., 

I’hthal:iz-I-onct?, see 3,4-Dihydro-J-kcto- 

2,1 ’-1’htli:IIRzvlacrylic acid, 76. 

l-~’hth:tl:izylphthalone, i6. 
Phthalic acid dorivs., reuction with hytira- 

zinc, 140. 
I’hthslic acid tlihytlr~idcs, intcrmcdiatcs 

in 1,4-dil~ytlrouyphtli:~Ia~iii~ formn., 

10. 

l’hthnl:raincs, antimnlnri:tl action of, 364. 

derivs., 116, 117. 

197-8. 

144, 190. 

phthslazincs, 85. 

BRlta, 76. 

142-3. 

Phthnlic anhydriclcs, reaction with hydrx- 
zinea, 162. 

mechanism, 142-3. 
Phth l ide  derivs., ronversion to 1,J-dihy- 

droxyphthalazines, 11 1. 
Phthalinlidc, from I-hydroxyphthalazine, 

82. 
Phthalimidines, by redn. of phthalazines, 

78, 95. 
asym-Phthslylideneacetyl~etme, reac- 

tion w. hydrazinc, 141. 
as?/nL-PhthalyIideneBuorene, reaction w. 

hydrazint., 141. 
u s y i - P h t l u l I y l i t l c n ~ ~ l ~ c i ~ ~ ~ ,  rcuctiori w. 

hq’drtmine, 141. 
I’hthioaol, see Z-IIydrouy-3-nietliyl-l,~- 

n:iphthaquinonr, 154. 
Plasinodium gallinacetiin, action of 

cinnolines against, 36,364. 

reaction with hydrazine, 140. 

of quinoxalincs against, 364-5. 
2-Polyhydroxydkylbenziminazole~, 300. 
3-Poly hydroxyalkyl-1-phenylpyrazolo [3,- 

&b]quinoxaline, 319. 
formn. mechanism, 3.50. 
props., 351. 
table, 350. 

dk. decomp., 304-4. 
prcpn., 300-2. 
props., 302-9. 
remtion w. phcnylhydrszinc, 306-9. 
reaction w. phenylhydr:tzine, 349. 
table, 303. 

2-Polyh~dmryalkylc~ui1io~,zlines, 300-9. 

1 ,4-Pro~an~~1netli~l-l,2,3,4-tet.raliycIro- 

Sn-l’rop.ldihydroi9oindolc, from l-chloro- 

Ptrridincs, SIT I’yrimido[l ,~)pyri ie i~ir~,  

I’yr~inc2,3-tlic:~rl,osylic acid, 228. 
1’yrnzinctrtrscnrL~oxylic acid, 255. 
Pyrazino[3,2,l-jk]cnrbasole derivs., 345. 
Pyrazino [2,3-b,5,G-b‘]diquinoxalinc deriv., 

Pyrnzino[2,3-b Jpyrmino, 357. 
Pyr~zino[2,3-b]quinosalinu deriw., 260- 

Pyrazolo [4,3-c ]pin noline dcriv., 62-3. 
l-I’yntzolo[~,l-a]isoirrcfolc~, from phthnls- 

quinoxdinc, 326. 

.l-isopro~~~.lphth~ila~ine, 179. 

356-7. 

261, 267. 

1,267. 

zinc, derivs., 109. 
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Pyrazolo[l,Zb]phthaIazine deriv., 197. 
1-Pyrazolo [3,4-b]quinoxaIinel prepn., 

props., 352-3. 
I-Pyrazolo [3,Pb]quinoxalino3-aIdch?.de, 

prepn., props., 352. 
1-Pyrazolo [3,4-b]quinoxaline-3-carbosylic 

acid., prepn., props., 352. 
Pyrnaoloquinoxaline, 348-53. 
Pyridazine, from 4-arylcinnolines, 10. 
Pyridazinel,ii-dicarboxylic acid, 70-1. 
Pyrid~ine-ll2,3,.I-tetracar~xyIic acid, 

Pyridazo [4,5-c Jcinnoline, deriv., 62-3. 
Pyridazo [4,5-g]phthtthsine dcrivs., 192. 
Pyridazo [4,5-h]quinoline deriv., 199. 
Pyrid'azo [ij jquinolizine deriv., 199. 
Pyridazoquinoxslines, 354. 
P37irlino3,4-dic~rbosylic acid cliphcnyl- 

hydraaide, cyclization, 199. 
Pyrido [2,3 Jpyrnzincs, table, 356. 
Pyrido [2,3d)pyridazine, derivs., 198-9. 
Pyrido [3,M jpyridazine, deriv., 198-9. 
Pyrido [3,2-j]quinoxa1inel 348. 
Pyrido [ 1,2-a]quinosaline derivs. (see &o 

Pyrido [lI2,3-de]quinoxaline derivs., 346. 
4,2 '-Pyridylcinnoline, 26. 
2,3'-P-yridyl-6-indolo [2,3-h]quinoxnline, 

3,3'-Pyridyl-6-indolo [2,3-bjquinosaline, 

Pyrimido [4,5-b]pyrazine dcriv., 356-7. 
Pyrimido [4,5-Z~ Jquinoxalinc dcriv., 253. 
2-Pyrrolo [3,4-e jcinnolines, I I, 47,62. 
Pyrrolo [2,3-b]quino.saline derivs., 346. 
Pyruvic acid, anomalous reaction w. 2- 

amino-1-phenylazonaphthalene, 336. 

54. 

Glucazidone~), 338-340. 

316. 

346. 

o-methylaminoanil of, 310-1 1. 

0 
Quaternary s a l t  (see also Cinnolinium 

sdts, etc.), of .I-nrylcinnolincs, 9. 
of benao /fJquinosalines, 332. 
of 4-methylcinnolines, 13. 

Quaternizat.ion, of .I-aminocinnolines, 36. 
of cinnolines, 39-45. 
of l,Zdihydro-2-keto-3-rnethyl-l-sub- 

of phthalazine, 70. 
stituted quinoxalines, 311. 

Quinoxaline, prepn., 228. 

props., 228-229. 
reaction w. Grignnrd reagents, 326. 

Quinoxaline-2-aldehyde, 276. 
Quinoxalino2-aldehydes, 246-9. 

from Ztetrahydroxybutylquinox~lincs, 
306-8. 

prepn., 246. 
props., 246. 
table, 247. 

Quinosaline nlkiodides, alk. decomp., 290. 
Quinoxaline analogs, of aposafranine dyes, 

Quinoxaline-2-curbosylic acid, from 2-d- 
m. 

arabotetrahydroxybutylquinosalin~, 
304. 

aryl eaters, 254. 
chloride, reaction with >\--pairhoben- 

zoylg1utamk acid, 253. 
Quinosaline-Zcarboxylic acids, 250-3. 

by oxidn. of glucazidones, 339. 
prepn., 250-2. 
props., 253. 
table, 25 1-2. 

Quinoxaline cyanines, 290-1. 
Quinosaline dcrivs., substituted in Bz 

ring, table, 220-224. 
unsubstituted in Bz ring, table, 207-219. 

Quinoxaline-2,3-dicrboxylic acid, anhy- 
dride, reaction w. hydrazine, 354. 
reaction w. phenols, 254. 

derivs., table, 255-6. 
oxidn., 255. 

prepn., 254. 
props., 251-5. 
tables, 255-6. 

Quinoxaline-2,3aicarbos~-lic acids, 251-7. 

Quinoxaline nucleus, hthochrornie effect 
in cyanine dyes, 291. 

Quinoxaline N-oxides, 232-4. 
cf. cinnoline oxides, 9. 
prepn., 232. 
props., 232.1. 

feus, 364. 
Quinoxalines, action on Stuphylocoecus au- 

antibacterial and parrtsiticidal action, 

basic strengths, table, 363. 
biol. data, table, 365. 
by oxidn. of 1,2-dihydro derivs., 324. 
condensed with carhocyclic rings, 332- 

364-5. 

445. 
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Quinoxalines (cmtinued) : 
condensed with nitrogenous hctcro 

rings, 346-54. 
from aromatic o-diaminea and 1,2di- 

carbonyl compds., 203-27. 
from aromatic o-diamines and 1,2-diear- 

bony1 compds., abnormal reactions, 
204-5. 

from compds. contg. furnn ring, 293-9. 
quaternizntion of, 2%. 

effect of qunbrnizingagent, 2%. 
effect of substituents, 286. 

reaction w. peracetic acid, 232. 
rrduced, 310-331. 
U.V. :ihaorption spectnt, hble, 361-2. 
unsubstituted in hctcro ring, 228-231. 

t:hle, 229-231. 
Quinos:tliniuni salts, 286-292. 

prepn., 286-8. 
 prop^., 286-202. 
tablc, 28'5. 

Quinowlo [2,3-h Jaccnspfitho [ 1,2-e]pyra- 

Quinos:rlo [2,3-b] [ 1 ,i Ibcnzoxraine deriv., 

1l-Quino.u:~lo 12,341 [1,4]bmzthiazinc, 261. 
QuinoxnIo[2,3-6] [ i,-i ldiazepine deriv., 

Quinos:do [ 1,2-n]quinosaline dcriv., 348. 
Quinoxalo [2,3-h Iquinoxsline durivs., 2ti1, 

~~uinoniilo[i,2-a]quitios:tliriiurll hytlroxitlc 

2~~uinos:~I~l:irx:toxy:r~e~~I~l~~liyrlc, 3044. 
p- (2  '~~uinos:ilylcrrrl~~~niyl)I~cnzoylglu- 

2-~~ui~iox:tlylhydroxy:icc~il~eIiyde, 304-5. 

R 
Itcrlurtion, of Paryl- l -kctophtt~al:~in~~,  

zinc, 267. 

261,311,317. 

259-260. 

311, 317. 

t l w i v . ,  317. 

twiic: :wid, 253. 

126. 
of benzo[c]cinnolines, 55. 
of 4-chlorocinnoline, 4. 
of 4-chlorophthal:tzine~, 72, 179. 
of 3,~-dih~dro-l-hydros~-y-briitroaryl- 

of 1,2-dihydm-3-hydroxy-l-nitrosoquin- 

of 3,4-dih~~dro-4-keto3-suhstituted 

phthalnzines, 158. 

oxaline, 345. 

phthnlazinea to phthalimidines, 95. 

l ,2-dih~dro-l-methyl~~~iethyl~hen~l-  

of 2,3-dihydroxyquinoxaline, 243. 
of 2,2'-dinitrodiphenyls, 52. 
of diphthaloyl-o-phengl~tiediamines, 

of 3-ethoxy-2-methylquinosaline-l-o~- 

of I-hydroxyphtholnzinc, 78. 
of 1-methylphthalazinc, 7G. 
of o-nitroarylglycinw, 324. 
of o-nitrophenylglycinc, 235, 318. 
of phthalazine, 70. 
of phthalazincs to l,!2,3,4--tctrahylro 

of quinoxaline to 1,2,3,Ptctrahyctro 

of quinoxnline di-N-oxide, 232. 
of quinoxalitiea to  tetrulydro dcrivs., 

Retcnequinonc, cond. w. acetoacetic mter, 

Richter synthesis mechanism, 16. 

carbamidoquinoxaline-4-4-oxide, 3 I 7. 

344. 

ide, 233. 

derivs., 189. 

deriv., 228. 

325. 

58. 

S 
Sodium azide, reaction w. 1,4-tiihalogcno- 

phthahines, 182. 
Sodium t~nzaldehydear3.lhydr~zone-C- 

sulfonatc2-fl-acrylic acids, conversion 
to phthalszine-4-acetic acids, 107-8. 

of einnoline and quinosaline dcrivs., 
358-42. 

Stability, of hctcro ring in l-hydroxy- 
phthulazinea, 78. 

Shphylococcus aureus, RC tion of quinom- 
lines against,, 364. 

Stereoisomerism, of 1,2,3,+tctrahydro- 
quinoxalinw, 320. 

Sltepiocaecus hesiolylicm, action of quino- 
d i n e s  agninst,, 365. 

Styrene, reaction w. dimethyl azodicar- 
boxylate, 47. 

.t-Styrylcinnoline, 14. 

IStyrylphthalazine, 76. 

Sugars, relation of configuration to flava- 

Sulfsnilamidoquinoxalinca, biol. data, ta- 

Spectra, of benzo [c]einnolines, 57. 

osidation, 11. 

rcdn., 76. 

zole formation from, 349. 

ble, 365. 
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Sulfonation, of glucazidones, 339,340. 
ZSulfonamidoquinoxalinea, 265. 

table, 266. 

T 
3-ti-arabo-Tetraacet~x~butyl-2-hydroxy- 

quinoxaline U-methylation, 241. 
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