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The Chemistry of Heterocyclic Compounds 

The chemistry of heterocyclic compounds is one of the most com- 
plex branches of organic chemistry. It is equally interesting for its 
theoretical implications, for the diversity of its synthetic procedures, 
and for the physiological 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 comprehensive presentation of heterocyclic chemistry is there- 
fore keenly fek. It is the intention of the present series to fill this 
gaR 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 reflect the importance and the 
interrelations of the various compounds and accommodate the spe- 
cific interests of the authors. 
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Introduction 

One might, initially, consider the number of ring systems having 
bridgehead nitrogen atoms to be rather small, and further, that such 
systems could be of only limited importance. There are, however, 
nearly eleven hundred such nuclei, and many of them are of con- 
siderable importance, particularly to the dyestuff and pharma- 
ceutical industries, and in the study of natural products. No com- 
prehensive review of bridgehead nitrogen systems has appeared thus 
far, and it is hoped that the present work will help to stimulate inter- 
est in such systems as a class, and to provide a convenient source of 
information on the individual members of this class. 

In accordance with the precepts of the “Definitive Rules for the 
Nomenclature of Organic Chemistry” issued by the Commission on 
Nomenclature of Organic Chemistry of the Internationaf Union of 
Pure and Applied Chemistry, defining a “bridge” and “bridgehead” 
atoms, both atom-bridged and valence bond-bridged systems have 
been included in this book. Generally, only covalent nitrogen ring 
systems have been considered, although some exceptions to this prac- 
tice have been admitted, particularly when they were included in the 
Rzng Index. Systems in which the bridgehead nitrogen is necessarily 
quaternary (as in certain spiranes, betaines, etc.), have usually been 
omitted. 

It was the author’s intention to review all references to every 
ring system discussed. Every effort has been made to achieve this 
goal in all areas save one: natural products having bridgehead nitro- 
gen atoms. It was impracticable to review exhaustively in the manner 
chosen, an additional area as extensive, progressive and contentious 
as that of natural products. Consequently, such highly important 
topics as penicillin, gliotoxin and the lupine, strychnos, reserpine 
and quinine alkaloids have been given scanty attention. Fortunately, 
these lacunae can be filled admirably by a number of recent reviews, 
and frequent reference to these works has been made in the appropri- 
ate places. 

For each ring system included, the literature has been surveyed 
systematically through Volume 50 (1956) of Chemical Abstracts. In ad- 
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2 Introduction 

dition, the major occidental journals have been searched through the 
first half of 1958. New compounds and ring systems are being re- 
ported daily and, while every effort was expended to insure complete 
coverage, undoubtedly a few have been overlooked. 

I In this survey, emphasis has been placed upon the critical presen- 
tation of information rather than mere compilation of data. The 
author has speculated freely (sometimes, possibly, tenuously) upon 
the structures of controversial products, partly to encourage dis- 
cussion and work in areas requiring elucidation. 

One of the most difficult problems encountered in the preparation 
of this book was that of organization. Two major divisions were 
immediately apparent : A, valence bond-bridged systems as typified 
by pyrrocoline, etc. and B, atom-bridged systems such as quinucli- 
dine. The problem was to achieve optimum juxtaposition of the nine 
hundred ring systems in category A. There are obvious advantages in 
placing together systems which form a homologous series (e.g., 
pyrrole, indole, carbazole, etc.). However, the complex inter- 
relationships of the present ring systems make such an arrangement 
impractical. It was finally decided to arrange the ring systems in 
the manner described below, employing some of the principles used 
by the Ring Index and by Chemical Abstracts. 

For organizational purposes, each ring system was examined for 
what was termed the “operative bicycle,” namely, the two rings 
sharing the bridgehead nitrogen atom(s). The sequence of ring sys- 
tems was then determined by the character of the operative bicycle. 
Three-membered rings were considered first with a 3/3 operative 
bicycle preceding a 3/4 system, etc., as in the Rtng Index. To deter- 
mine the proper sequence, the ring system ‘was redrawn arbitrarily 
so that, in the operative bicycle, the nitrogen was at the bottom and 
the smaller ring on the right (as in A-235). The operative bicycle 
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Introduction 3 

(shaded) was then numbered (as shown) by the accepted method. 
The operative bicycle itself (if known) was then listed first, fol- 
lowed by homologs of increasing substitution numbers and increas- 
ing complexity. 

Following these were listed nuclei in which the operative bi- 
cycles contained additional heteroatoms (other than the original 
bridgehead nitrogen). The hetercatoms were accorded the prece- 
dence recommended by the Ring Index (0, S ,  Se, N, etc.), and ring 
systems with a heteroatom at position 1 of the operative bicycle were 
placed first, etc. Strict numerical sequence was followed, with, for 
example, a nucleus containing additional nitrogen atoms at positions 
1 , 5  and 7 of the operative bicycle preceding one with similar nitrogen 
atoms in positions 2, 3 and 6 .  The principle of “earliest entry” was 
followed, with A-77 listed as a 5/5 (not 5/6) system, and A-121 con- 
sidered to have one “extra” nitrogen in the 3-position of the operative 
bicycle (rather than two in positions 1 and 5). Nuclei containing two 
bridgehead nitrogen atoms were placed last in the group of systems 
of that particular ring size. 

(A-77) (A-121) 

So much then for the mode of organization. A little practice 
should enable those interested to make use of the system in finding 
particular nuclei. However, in view of the complexity of the nuclei 
covered, many will prefer to make use of the indices, especially the 
“Index of Ring Systems” when seeking particular ring systems. The 
latter, arranged according to the system employed by Chemical Ab- 
stracts and the Rzng Index, enables one with no knowledge of nomen- 
clature or of the organization of this book, to locate rapidly all the 
known ring systems of a particular size and specification. 

A little should be said concerning the incidence of various types 
of ring systems. Valence bond-bridged systems having a 5/6 operative 
bicycle constitute the greatest single group (46%) of the systems 
considered. Next in numbers come the atom-bridged systems (all to- 
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gether) and the valence bond-bridged 6/6 systems, each amounting 
to 15% of the total. Of the remaining 24y0, those valence bond- 
bridged systems having a 5/5 operative bicycle account for 11 yo. 
Amongst the more extensively studied individual ring systems are 
found pyrrocoline (A-183), imidazo[ 1,2-a]pyridine (A-271), 3H- 
pyrrolo[ 1,2-a] pyrrole (A-64), 9aH-quinolizine (A-721), 2H-pyrido- 
[ 1 ,Z-alpyridine (A-780) and quinuclidine (B-87). 

Numerous tables have been used to summarize the data on indi- 
vidual compounds, and in these simple esters, amides, etc., are often, 
but not exclusively, listed under the parent acid. The colors of com- 
pounds are usually mentioned only when they are other than color- 
less or pale yellow. 

Every effort was made to consult the original references quoted. 
In certain cases (oriental and some Slavic journals) it was necessary 
to refer only to abstracts of the original papers, and these secondary 
sources are cited in those cases. However, the listing of a secondary 
reference should not necessariIy be taken to imply that the original 
was not consulted, since, as a matter of convenience, references to 
abstracts of articles in some of the less accessible journals have often 
been included. Following many of the references to German patents 
are the letters Frdl., referring to the appropriate volume and page 
number of Friedlander, Fortschn’tte der Tee7farbenfabrikulion, Springer, 
Berlin, 1882- 1942. 

Frequent reference has been made to work done in various labora- 
toriesin Germany, the only description of which appears in the so- 
called “PB Reports.” These reports, in microfilm form, are published 
by the Office of Technical Service of the United States Department of 
Commerce, Washington, D. C. Further information on these reports, 
and on the related BIOS and FIAT reports, is summarized by May- 
nard in Lubs (Editor), The Chemistry of Synthetic Dyes and Pzg- 
mcnls, Reinhold Publishing Gorp., New York, 1955, p. 692. 

An attempt has been made to follow the nomenclature system 
adopted by chemicul Abstracts and/or the Ring Index, though doubt- 
less some deviations have crept in. An asterisk following the title of a 
ring system indicates that the name was either approved of, or de- 
vised by Dr. L. T. Capell of CAemical A bstructs. His generous assistance 
has made it possible to name correctly some 340 previously in- 
nominate nuclei. 
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CHAPTER I 

Fused 3- Membered 
Ring Systems 

A-1. 2-Oxa-l-azabicyclo[1.1.OJbutane. 4 /N\ 
H,C 1 0 2  

R.I. 425 'C' 
3 

Kolb obtained four products from the reaction of l-bromo- 
phenylacetone with alcoholic ammonia, including a substance 
(C,H,NO, m. 89-90'> easily soluble in ethanol or hydrochloric acid, 
but difficultly soluble in  benzene or water. I t  gives a yellow chloro- 
platinate, but does not react with nitrous acid. Kolb assigned the 
product structure I or 11, but an alternative structure (possibly 111) 
would seem more acceptable. 

Br 
I N 

C 
I 

C,H,CHCCH, 3 C,H,C:IOH 
II 
0 

Reference 

1. Kolb, Ann., 291,253 (1896). 
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Chapter I 8 

A-2. 
I 

1,2-Diazabicyclo(l.l.O]butanc. H,6NgH 
R.I. 426 

H 
3 

Treatment of I with alcoholic potassium hydroxide gave a sub- 
stance (m. 133"), which, largely because it was different from the 
known and expected 7-methyl-2-phenylquinoxaline, was assigned 
structure 11, which now seems highly improbable. 

Reference 

1. Bush and Kiimmercr, Ber., 63,649 (1930). 

1 

4/N\ 
HN I 0 2  

R.I. 424 'C/ 

A-3. 2-Oxa-1,.4-diazabicyclo[l.l.O]butane. 

3 

A number of products thought to have structure I, and named 
1,3-endoxyhydraZomethylenes, were described by Busch and Schmidt. I 

These compounds are discussed in Section A-1 1 .  

Reference 

1.  Busch and Schmidt, Bcr., 62,1449 (1929). 



Fused 3-Membered Ring 

A-4. 2-0xa-1,3-diazabicyclo[1.l.O]butane. 
R.I. 4 2 7  

9 

By treating malonic ester with nitric oxide, Traube'B2 isolated (as 
the sodium and barium salts) a product which he formulated as I. 
Other possibilities exist, and further work on these products would 
seem indicated. 

References 

1. Traube, Ber., 28,1795 (1895). 
2. Traube, Ann., 300,81 (1898). 

A-5. Anthranil. R.I. 729  

4 

and 

A-6. Thioanthranil. R.I. 737 

6&; 1 

5 \  
4 

The Ring Index numbers cited belong to the names, but not the 
structures shown. 

Structures I and 11, respectively, were once assigned to these sub- 
stances, which are now thought' to be represented best by a meso- 
ionic structure such as I11 (X = 0 or S). 

Reference 

1. Abramovich, Proc. Chem. Soc., 1957,8. 
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1 2  

A-7. 2-O*a-1,5-diazabicycl0[2.1.0]- &:7-0 
pentane * C y  -$HZ 

Structure I was originally assigned I to the sydnones, which are 
now known to be represented by a mesoionic structure such as I1 
(see review of mesoionic compounds2). 

/N- 0 
R-N, @I 

.N- Q R-N, I 

&-C=O C-C-0-  
R' R l  

References 

1. Earl and Mackney,.?. Chem. Soc., 1935,899. 
2. Baker and Ollis, Quart. Revs., 11, 15 (1957). 

1 2  
A-8. 1,4,5-Triazabicyclo[2.1.O]pentane. 5 N-CH, 

R.I. 438 HN$-CH, I 
4 3  

The name 3,4-dzhydro- 1,2,5-triazole and the numbering shown in I 
have also been used. 

2 3  
I,N-CH, 

HN$J-LH, 
5 4  

From the reaction of phenylhydrazine with (a )  meso-a, p-di- 
bromohydrocinnamic acid, ( b )  a-bromocinnamic ester (11), or (c) a- 
bromocinnamoylphenylhydrazide, Ruhemann ' isolated the same 
product (orange needles, m. 172"), to which he assigned structure V. 
He postulated the existence of I11 and IV as intermediates in the 
formation of V. Further work is required to demonstrate the true 
structure of the product. 
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Reference 

1.  Ruhemann,J. C h .  Soc., 64 278 (1891). 

1 2  

A-9. Benzo[1,2,3,4]bistriazoIe. 

5 6 
R.I. 2853 

and 

A-10. Benzo[l,2,4,5]bistriazole. 
R.I. 2852 

4 

These nuclei (as tricyclic systems) also were given, respectively, 
R.I. 1320and 1319. 

By coupling into rn-phenylenediamine, Schmidt and Hagen- 
bocker' and others claimed to have obtained bisazo compounds (I, 
R = H), which could be oxidized to linear benzobistriazoles (11). 
These products were shown2-3 to be trisazo compounds (I, R = 

-N-N-Ar), which led to angular benzobistriazoies, for which 
structure I11 was proposed. It seems, therefore, that no authentic 
examples of the linear system are known, although it has not been 
demonstrated that none can be made. 

It seems probable that the angular benzobistriazoles may not 
possess the 3/5 system shown in 111. An alternative o-quinonoid 
structure, IV, has certain merits (e.g., the seeming nonexistence of 
linear benzobistriazoles, for which a quinonoid structure cannot be 
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\I01 
4 

=NAr 

written), but dipolar or mesoionic  structure^^^^ such as V must also be 
considered. Further work is needed to establish the precise structure 
of these products, and to ascertain if linear benzobistriazoles can exist. 

This same structural problem, of course, applies to the simpler 2- 
substituted benzotriazales, naphthotriazoles, etc., which have been 
formulated both as 3/5 systems and as o-guinonoid systems (cf. R.Z. 
715, 1507, and 1509). 

References 

1. Schmidt and Hagenbijcker, Ber., 54,2191 and 2201 (1921). 
2. Fries and Waltnitzki, Ann., 511, 267 (1 934). 
3. Muik  and Allan, Collection Ctechoslov. Chem. Communr., 18,388 (1953). 
4. Johnson, Ann. Reps .  Chem. SOL., 48,213 (1951). 
5. Baker andollis, Qwrf. Revs., 11, 15 (1957). 

5 IG 
A-ll. Isotetrazole. R.I. 437 H d G H  

4 s  

The numbering shown in I was proposed originally. 
Whereas diphenylsemicarbazide reacts with nitrous acid to give 
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only an unstable N-nitroso derivative, Busch and Becker found that 
diphenylthiosemicarbazide (11, R = R’ = C6H5) afforded, in nearly 
quantitative yield, a dark red crystalline (m. 11 0”) sulfur-free prod- 
uct, to which they gave the “isotetrazole” strClcture 111. Later, dis- 
satisfied with structure 111, Busch and Schmidt proposed structure 
IV (R = R’ = C6H,), and prepared from various thiosemicarba- 
zides a series of alkyl and aryl homologs. 

(111) (11) (IV) 

The diphenyl compound dyes silk golden-orange from an acid 
bath and forms yellow salts, including an unusually insoluble nitrate. 
This latter property recalls the similar behavior of “Nitron” ((‘tri- 
phenylendoiminotriazoline”) also discovered by Busch, and for which 
a mesoionic structure is now accepted. However, the deep color and 
the rearrangement (v.i.) undergone by these products make the as- 
signment of a mesoionic structure questionable. Similarly, the basic- 
ity of these substances and the preparation’ of a yellow, amphoteric 
homolog (colorless salts) from phenylthiosemicarbazide (11, R = 
C6H5, R’ = H) would seem to exclude structure V. Hydrolysis of the 
diphenyl compound with dilute mineral acid nitrogen and 
diphenylazocarbonamide, while very mild reduction gave the latter 

+ 
R-N=N, R-N-N R-N-N 

k, )-0- 
?J 

R’-N=N F=O qy 
Y 
I I 

R’ R’ 
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compound together with phenylazocarbonamide, ammonia, and di- 
phenylsemicarbazide. The diary1 compounds of this group (but not 
those in which R' = H or alkyl) were converted2 by treatment with 
alcoholic potassium hydroxide into colorless, higher-melting, isomeric 
substances. The products of this rearrangement were thought to 
have structure VI (or, less likely, 111). The colorless diphenyl com- 
pound (VI, R = R' = C,H,) so obtained was recently shown4 (by 
mixed melting point determination) to be identical with a product 
obtained by Backer from the coupling of benzenediazonium chlo- 
ride with dirnethylsulfonylmethane, and considered by him to be V 
(R = R' = C6H,). 

SO,CH, 

I HzO 
'SO,CH, SO,CH, 

,S02CH3 I C,H,N,+CI- 
C6H5N,'CI- + CH, + C6H5NHN=C . 

+ 

It is interesting that diarylcarbadiazones, SQ often discussed, are 
still, evidently, unknown. Cazeneuve' believed he had prepared V 
(R = R ' = C,H5) by oxidation of diphenylcarbazone (VIII), but 
Bamberger7.8 showed that the product was the diphenyltetra- 
zolium betaine X (or IX, in more modern formulation). The thio 
analog was similarly obtained from diphenylthiocarbazone. 

In summary, then, the exact structure of Busch's red products 
(IV ?)'J is uncertain. It would seem that modern physical methods 
of analysis could quickly settle this question. The compounds origi- 
nally given the endoxy structures VI and X have been formulated as 
betaines (VEI and IX) although possibly a mesoionic structure (e.g., 
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X I  or X I I )  would be more precise. Finally, no representatives of the 
isotetrazole class have been authenticated. 

R 
I 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 

References 

Busch and Becker, Ber., 29,1686 (1896). 
Busch and Schmidt, Bet., 62,1449 (1929). 
Baker and Ollis, Quart. Revs., 11,15 (1957). 
Hunig and Boes, Ann., 579,28 (1953). 
Backer, Rec. trav. chtm., 70,733 (1951). 
Cazeneuve, Bull. SOC. chim. France, 131 25,375 (1901). 
Bamberger, Ber.,44,3743 (1911). 
Bamberger, Padova and Ormerod, Ann., 446,260 (1 926). 

2 
I/ CH *\3 

CH, s---N I YH2 A-12. l-AzabicycIo~3.l.0]hexane. 
R.I. 451. ‘$H-CH, 

4 

Dehydration of the acid I yielded a product thought to be 11, but 
later (see Section A-433) shown to be 111. 

CH3 
I 

/C, 
HN C-COOH 

I I 

I; 

/N’ ‘%-COOH 

‘C-C-CH, 
o=c I I 
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Hydrolysis of pyrrolephthalein (IV) gave an acid assigned either 
structure V or VI. The former would seem preferable, 

1. 
2. 

References 

Magnanini, Ber., 21,2874 (1888). 
Oddoand Tognacchini, Gnu. chim. iial., 53,265 (1923). 

7 1  

A-13. Tricycloindole. R.I. 1212 em; 5 \  
4 

and 

A-14. 24yrano~2,3-6]tricycloindole. 

4 
R.I. 2190 

5 

The first of these two nuclei may also be named azir[hi]indole. 
Dehydrobromination of a tribromo acid thought to be I yielded a 

product claimed' to be 11, but which, because of the absence of acidic 
properties, was said to exist in the lactone form 111. 

Since the tribromo acid was later found to have structure IV, the 
dehydrohalogenation product can be formulated as V without re- 
course to the improbable azirindole structures. 

References 

1 .  Kendall, Osterberg, and MacKenzie, J. Am. G e m .  Sod., 48,1384 (1926). 
2. Kendall and Osterberg, J. Am. Chem. Sod., 49,2047 (1927). 
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t 
__+ 

-H& 

NaOAc 
HOAc 

Br Br 

Br 

0 

(IV) (V) 

2 3  

' 0 2 .  

5' 8' 8' / H23' 

A-15. Spire( 1-azabicyclo (3.1.0) -2,4- 
heradiene-6,l' (3 'H) -isobenzofuran] . 
R.I. 2188 

I' 

The pyrrole phthalides, obtained from the reaction of phthalic 
anhydride and pyrrole magnesium bromides, were originally assigned 
structure I, but this was later amended' to 11. 

R a@ \ 0 \ 

0 
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References 

1 .  Odd0 and Mingoia, &a. dum. ilal., 55,235 i1925); Chem. .+nfr., II, 1428 (1925). 
2. Oddo, Goa. chim. ihl., 55,242 (1 925). 

1 2 

A-16. 
,N--yH2 

6o I 7 ~ ~ '  6-Ora-l-azabicyclo[ 3.1.01 hexane. 
R.I. 442 

'CH-cH, b 4  

Hydrogenation of I (R = various alkoxyphenyl groups) over a 
palladium charcoal catalyst in pyridine consumed two moles of 
hydrogen and gave products assigned structure I1 or 111. It was not 
found possible, however, to remove the hydroxyl group by further re- 
duction or to replace it by chiorhe. Another structure (possibly an 
Nsxide) would seem indicated, and infrared spectra should be of 
assistance . 

OZN-CH, 
I 

CHR 

HO-N-CH, 
m1 
w-c I 
- 

C2Hb02C-dHC02C2Hs O=C -CHC02C2H, 

C -CHC02C,Hs 
\ 

I 

Rcfcrmcc 
1. Reichen and Wegner, k., 71,1254 (1 938). 
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A-17. Oxazir[rz]indolc. R.I. 1211 
2 3 

In 1880 Baeyer found’** that I (R = COOC,H,) was isomerized 
by cold sulfuric acid to a product which he first considered to have 
structure I1 (R = COOC,H,) and later amended to I11 (R = 
COOC,H,). He proposed the name zsatogen for this class of products. 
Pfeiffer greatly extended the knowledge concerning isatogens and 
concluded that they were best represented by a “meta quinonoid” 
structure (with a pentacovalent nitrogen), which today would be 
written as the nitrone IV. The isatogens, investigated so extensively 
by Ruggli, have been reviewed. 

(IV) ( I W  

However, structure I11 was not long in exile. Ruggli5 found that 
the isatogens could be isomerized by the action of heat and acids to a 
new class of products, which he named isomtogens. It should be noted 
that while I, 111, and IV are isomeric, they differ greatly in their ap- 
pearance and properties. The color of a given trio of isomers in- 
creases in the order I < I11 < IV, and the isatogens are often highly 
colored. The isoisatosens do not react6 with bromine, ciiazonium 
salts, etc., they do not show the oxidizing power of the isatogens, and, 
unlike the latter, they do not react with acetic anhydride or benzoyl 
chloride. The isoisatogens may be reconverted6 into isatogens by the 
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action of heat (with or without solvents, although best in phenyl iso- 
cyanate) and, like isatogens, are reduced readily to the same indoxyl. 
These (and other) data led Ruggli to suggest formula I11 for the iso- 
isatogens, and no evidence to refute this proposition has yet been ad- 
duced. In fact, the existence of oxazirane rings, for many years in 
doubt, just recently has been authenticated. Heller suggested' that 
Ruggli's isoisatogens were not true isomers but resulted from the ad- 
dition of a molecule of alcohol to IV, but this suggestion was easily 
dismissed. lo A number of isoisatogens have been obtained5p69 lo- l4 

from the corresponding isatogens. 

Orazir[ulindoles 

R 

R R' Properties Ref. 

H 
H 
H 
H 
H 
NO2 

H 
COOCH 3 

COOC 1H 5 

Yel., m, - 165 'd. 5 
Yel., m. 146'. 6 
Yel., m. 105-7'. 13 
Yel . ,  m. 177-8'. 11 
Or.-yol., m. 19-202'. 14 
Yel . ,  m. 152-3'. Oxime, bm., 5,10 

m. -290 '. 
Or.-yel., m. 94'. 12 
Yel., m. 100.5-1.5". 5 
Yel., m. 100.5'. 12 
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A-18. 

19 

50,llu (6Hy12H)-Epoxydiindolo- 
[I ,2 4’,2 ‘-c]urete. B.I. 3443 

5 4 H2 
e 

See Section A-46. 

2 
H 

i N a  
A-19. 6l)xa-1,2-diazabicyc10[3.1.0]- 6,” , ‘YHz 

hexane. R.I. 441  \CH-?H, 
5 

and 2 
H 

i N a  
A-20. 6-Tbia-lYZ-diazabicyclo[ 3.1.01- 7’ ‘YHz 

hexane. R.f .443  ‘CH-CH, 
5 4 

and 
4 

i N a  
A-21. 6-Selena-1,2-diazabicycfo[3.1.0]- se 6 AN’ , ‘YH2 

hexane. R.I. 444 ‘CH-$H, 
5 

A group of compounds was obtained l V 2  by treating I with, respec- 
tively, sodium hydroxide, sodium sulfhydrate, and sodium selenhy- 
drate and was assigned structure II  (X = 0, S, or Se). There seems 
no reason, however, to eschew structure I11 for these products, and 
the pentacovalent nitrogen atom of I1 is unquestionably wrong. 
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C6H5 
I 

C6H5 7 6 H 5  

References 

1 .  Mayer, Ber., 36,717 (1903). 
2. Michaelis, rlnn., 338,267 (1904). 

1 2 

,N--TH 

A-22. 1,2,6-Triazabicyclo[3.l.O]hexane. HN I CH,a 
R.I. 446 \ 1 

\CH-CH, 
5 4  

The name pyra~ole-2(2),.3-im'ne has been used. 
Treatment of I with ammonia yielded' a product, which was 

formulated as 111, and for which the unlikely alternative structure I1 
has been offered. 
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1. Stolz, Ber., 36,3279 (1903). 
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24, p. 36. 

2 

1 0 3  

O I  I 
E,,N' 'NH 

hexane. R.I. 439 \CH-CH, 
A-23, 2,6-Dioxa-1,3-diazabicyclo[3.1.0]- 

5 4 

Furoxanes, such as those assigned structure I, are now preferably 
formulated as .N-oxides (11).  See Sections B-12 and B-13. 

Reference 

1 .  Wieland and Semper, Ann., 358,36 (1907). 

PH 
1 ,N,3 

A-24. 6-Oxa-1,2,3-tr~azabicyclo[3.1.0]- 6 ,N NH 
hexane. R.I. 440 O \ ~ H - W ,  5 4 

The A 3 I 4  dehydro derivatives have been called 4,5-oxyosotriazoles, 
1,2-oxypyrro- 1,4-dia<oles, and 3,4-endooxyt riazolines. 

By oxidizing I with mercuric oxide or nitrogen tetroxide, 
P ~ n z i o ' - ~  obtained products which he thought to have structure 11, 
since they were readily reduced to III. However, structure IV now 
seems more appropriate for these compounds. 



24 Chapter I 

R" R" 
QH ,NHR" I I 

N/"N 
II II c-c 

IHz I 
__c 

N' N 
I1 1 1  c-c to1 

\ 
R/ R' R' R' R' 

\ 

i 

It /I 
0 7 N / N \ N  

c-c, 
R' R' 

References 
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2. Ponzio, Cax. chrm. zfal., 29, I,  284 (1 899). 
3. Ponzio, G a x .  chim. zial., 30,1I, 460 (1900). 

A-25. 

1 e 

6 / N - o  13 
HN 1 YH 2-Oxa-1,3,6-triazabicycIo[ 3.1.01- 

CH-CH, 
hexane. R.I. 445 \ 

5 4 

Hydrolysis of I yielded a product (m. 175") which was called 
&fulminurzc acid umide and was formulated as 11. The corresponding 
acid (111, m. 196") was called imidofuroxamcarboxylic acid or 4,Sendo- 
irnino- 1,2,5-oxadia~olzne-3carboxylic acid. Compound 111 was a strong 
acid, which, by the Fischer-Speyer method, gave an ethyl ester (m. 
103-4") and, with nitrous acid, yielded a nitroso derivative (explodes 
at 133") thought to be IV. These structures are almost certainly in- 
correct, and further work is needed to clarify the issue. 
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N - 0  
I 

II 
/N-o I - HNO, ON--N’l N 

CH-C-COOH 
\ 

HN 1 N 
I1 

‘cH-c-  C o o H  

Reference 

1. Ulpiani, CUE. chim. Ztd., 42, I, 375 (1912); Chem. <en&., 11,235 (1912) 

7 

6 H2.3 , 
A-26. Triaziroindiazole. R.I. 1223 ‘ c : > N H  

4 \  
3 2 

The names 7 H-triaziroindiazene, cycloazibentriazine, and endoiminodi- 
hydrobewisadiaeole have also been applied to this nucleus. 

Chattaway and his coworkers’ - B  found that dehydrohalogenation 
of I (prepared by halogenating the benzalhydrazone) yielded prod- 
ucts thought to be of type 11, and that reduction of these gave new 
products assigned structure IV. Recrystallization of I from ethanol 
yielded explosive substances formulated as 111 (although, if the 3/5 
bicyclic formulation is correct, these would now be written as N-oxide 
derivatives). Reduction of I11 again yielded compounds thought to 
have structure IV. These products (IV) are unaffected by nitric or 
nitrous acid, halogens, or acetic anhydride and may be distilled with- 
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X 

C,H,OH 

I 
0 0 

0 

out decomposition. Extensive reduction with stannous chloride gave 
anthranilic acid and a hydrazine (R'NHNH,). Hydrolysis of IV 
with alcoholic potassium hydroxide gave JV-arylazoanthranilic acids. 

Derivatives of Type I11 

R 

H 
H 
H 
H 
NO2 
NO2 
H 
H 
H 
H 
H 
H 
H 

R' Properties Refs .  

CdBrs Yel., expl. 157'. 6 
c6c15 Yel., expl, 128". 6 

Yel., expl. 155'. 
Yel., expl, 142'. 
Yel., expl. 142". 
Yel., expl, 133'. 
Yel., expl. 167". 
YeI., expl. 145'. 

Yel., expl. 155'. 
Yel., expl. 139". 
Yel., expl. 151". 
Yel., expl. 134". 

- 

6 
4 
5 
5 
2 
4 
7 
3 
2 
4 
3 
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Derivatives of Type IV 

R R' Properties Refs. 

H 2,4,6-C13-C6H2- m. 258'. 1 
H 2,4-Br2-C6H3- m. 178'. I 
H 2,4-C12-C6H3- Two forms: labile prisms, 1 

H 4-BrC6Hd- Pale yeI., m. 197O. 1 
NO2 2,6-Br+CH 3*C6H2- m. 279". 5 
H 2,6-Br2-4-CH3C6H2- Yel., m. 1%)'. 2 
H 2 ,6-C12-4-cH 3<6H2 - m. 202'. 3 
NO2 2-Br4-CH3-C& 3- m. 250'. 5 
H 2-Br-4-CH3-C6H3- Yel., m. 166'. 2 
H 4-Br- 2-CH 3-c 6 H 3- Pale yel., m. 181'. 4 
H 2-CI-4-CH 3-C,5H3- m. 173'. 3 

m. 167'; stable 
needles, m. 157' 

Further support for these structures would seem welcome, and 
both infrared and ultraviolet spectra should be of assistance with 
this problem. 

References 

1. Chattaway and Walker, 3. Chem. SOC., 1927,323. 
2. Chattaway and Adamson, J .  Chem. Soc., 1930,157. 
3. Chattaway and Adarnson, J. Chem. Soc., 1930,843. 
4. Chattaway and Adarnson, J .  Ckm. Soc., 1931,2787. 
5. Chattaway and Adamson,,7. Chem. Soc., 1931,2702. 
6. Chattaway and Parkes, 3. C h .  Soc., 1935,1005. 
7. Parkes and Burney, 3. Chon. Soc., 1935,16 19. 

I P  3 

A-27. 7-Oxa-l-azabicyclo[4.1.O]heptane* 
'CH-CH, - CH, 

6 5  4 

and 
I 2  3 

A-28. 7-Thia-l-azabicyclo[4.1.0]heptane* 7 S 

6 5  4 

and 
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1 2  3 
N -CH, - CH, 

A-29. 7-Selena-l-azabicyclo[ 4.1.01 heptane * 7 S e /  I 
\ c H - c H ,  - AH, I 

6 5  

The I-alkyl-Zpyridones (I) and their sulfur and selenium homo- 
logs were once' depicted as I1 (X = 0, s, or Se). 

R 

Reference 

1. Michaelis and HSlken, Ann., 331,245 (1904). 

1 

A-30. loH-Oxrzziro[a]quinoline. R.I. 1225 

4 8  

1 
and 

0 

A-31. Spiro[laH-oxaziro[ alquinoline- 
2(3H),3' (4'H)quinoline].* 
R.1. 2860 

A single example of these nuclei has been reported. Reduction of I 
with stannous chloride-hydrochloric acid gave a base, 
(C,8H16N202. m. 184" with sintering at 178"), formulated as 11. 
Reduction with hydriodic acid liberated carbon dioxide and yielded a 
new base thought to be 3- (2-aminobenzy1)quinaldine. 

An alternative structure, possibly 111, Seems likely. 
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0 
0 

N' CH, NO, COCH, t 
t- a CH,/ C - C H , ~ A ~  I I 

\ 
C2H502c O,N H 

0" 
H 

Reference 

1.  Gabriel and Walter, Bcr., 56,2445 (1923). 

2 
I /  C H 2 w  

CH, 

"HC NH 
A-32, 1,4-Diazabicyclo[4.1.O]heptane* H C 7 4  I 

6' tH," 

Having previously found that a-halo-a,fi-unsaturated esters con- 
densed with amines to yield 1,2-disubstituted azirane-3-carboxylic 
acid esters, Moureu, Chovin, and Petit treated'p2 a-bromocinnamic 
ester with ethylenediamine and obtained, along with much tar, a 
IbOj, yield of a product (m. 134") which they considered to be I and 
named 5-keto-7-phenyl- l,&diazanurcarane. Treatment of I in acetone 
with dry hydrogen chloride ruptured the azirane ring and gave 11. 

1 . 
COOC ,H 

0 0 
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References 

1. Moureu, Chovin, and Petit, ~omp6. rend., 143,910 (1956). 
2. Moureu, Chovin, and Petit, Bull. soc. chim. France, 1956,1785. 

1 

A-33. laH-Qxaziro[a]quinoxaline, R.I,1224 

4 s  

Among the products resulting from the action of nitrosyl chlo- 
ride upon the moist bismethylanilide of malonic acid (I), was found 
a substance (C,,H,,N,O,, m. 191’) assigned structure 11. Struc- 
ture 111, however, is probably more accurate. See Section A-863. 

Reference 

1. Usherwood and Whiteley, 3. Chgm. SOL, 123,1069 (1923). 

1 
CH 

7 C H I  

4 

6,” ‘Nz 
H C  I I A-34. GH-Bisazito[ c,e]diaziro( u] -8- 

tetrazine * ‘ N , ~ , N S  
J 

CH 
I 

Treatment of tetrazine with diazomethane yielded a yellowish 
brown product thought to have structure I and named trimethylem- 
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tetratine. 
warming with dilute sulfuric acid. 

It was decomposed to formaldehyde and hydrazine by 

Reference 

1. Mtiller, Ecr., 47,3001 (1914). 

1 s  3 
/ N - C H 2 - S  

7CH I 
N -- CH, - CH, 
6 5  4 

A-35. 3-Thia-l,6-diazabicycI0[4.1,0 J heptane \, 

While studying the structure of the 2-amino-l,3,4-thiadiazines 
(I), Traverso obtained several products from the reaction of I with 
p-nitrobenzaldehyde. With the work of Cornelius and Hornolka and 
of Rassow and Lummerzheim3 as precedents, the products were as- 
signedstructure I1 (R = R' = H, R" = CH,, m. 164-5", N-acetyl 
derivative, m. 195-6"; R = R' 5: CH,, R" = H, m. 146-7"; 
R = R' = R" = CH,, m. 173-4"; R = CH,, R' = C,H,, 
R" = H, m. 135"). 

NHR NR 

R" R" 

(1) (11) 

However, Cornelius and Homolka's diaziridines were shown to 
have other structures, and, as only a few authentic diaziridines have 
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been described (none containing a fused diaziridine system), struc- 
ture I1 appears dubious, Other structures such as I11 or I V  may 
merit consideration. 

References 

2 .  Traverso, G-. chim. ital., 83,296 (1953); Chem. Abstracts, 47,12368 (1953). 
2. Cornelius and Homolka, Ber., 19,2239 (1 886). 
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2 

1 CIf2 \ A H  A-36. 1,3,4,6-Tetrazabicycl;0[4.1.0] heptane. 
%2N, I 

R.I. 465 ,., NH 
6 t H 2  4 

and 
2 

1 CH, 3 

A-37. l,3,5,7-Tetrazatricyclo[5.1.0.03~5]- 6G:' "-.. 
octane * ---N ,N' 

r GH, 

7 y H 2  9 

By condensing purazine, which was thought to have structure I, 
with (a)  benzaldehyde and (6) various products assigned, 
respectively, structures IT and I11 were obtained. However, Stoll6 
and others have shown that the p-urazine used actually was 4-amino- 
urazole (IV). 

Similarly, utilizing what they thought to be V, Purgotti and 
Vignano2 prepared derivatives which they formulated as VI. Pre- 
sumably authentic V has subsequently been prepared4*5 and is re- 
ported* not to react with aldehydes. Therefore, the nature of the 
substance used by Purgotti and Vignano remains obscure. Structure 
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RR'CO l 

0 0 

VII was proposed3 for this material, but, when synthesized,6 VII 
proved to be different from Purgotti and Vignano's substance. 

S 
I! 

S 
11 

H N / ~ \ N H  ,N'c'-NH HN- c=s 
I i - ArCH I I I 1 

NH2 
HN \ c ,  NH ' N L ~ / N H  

I /  II 
s S 

I1 
S 

References 

1.  Curtius and I-ieidenreich, 3. prakt. Chcm., 52,485 (1895). 
2. Purgotti and Vignano, G m .  d i m .  ital., 51, 11, 550 (1901); Chcm. Zentr., I, 480 

(1902). 
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(I 925). 

1 2  3 

A-38. 1,4,7,8-Tetrazabicyclo[5.l.O]octane. 8 ~ N - c H z - c H ~  ' NH 
HN 1 R.I. 483 'N- CH,- CH, ' 

16 5 

Reduction of a substance thought to be I (see Section A-8) 
yielded' a product to which structure I1 was given. Since struc- 
ture I is undoubtedly incorrect, the nature of the reduction product is 
uncertain. 

Reference 

1.  Ruhemann,J. Chcm. SOC., 61,278 (1891). 
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Fused 4-Membered Ring Systems 

6 1 2  
CH,-N-CH, 

YH2--$H-YH 
A-39. 1,3-Diazabicyclo[2.2.0]hexane I I 1  

Derivatives of this nucleus are claimed to have been obtained 
as shown by Ghosh.’?* Structures such as I1 and 111, if correct, are 
quite unique, possessing, as they do, two fused 4-membered rings, 
one of which contains a double bond. It  would be expected that the 
ring strain would be quite large.3 Compound I1 is reported2 to be 
“unaffected by 10.1 597, alcoholic potash,” although the details of the 
experiment are not given. This casts doubt upon the assigned struc- 
ture, since, in general, the simpler (i.e., not heavily substituted) fl- 
lactams are quite readily cleaved by alcoholic alkali. 

SH hrNHo O=C -NH 
I /  ------+ I 

HOOC - HN -. C = C(CO0Et ), Ar -N - C =C(COOEt), 

(la) Ar = phenyl 
(Ib) Ar = ptolyl 

NaOEt / 

35 

Chemistry of Heterocyclic Compounds, Volume 15 
William L. Mosby 

Copyright 0 1961 by Interscience Publishers, Inc. 
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Compound 112 crystallizes in colorless plates, m. 245-6"; it is 
readily soluble in acetic acid, and the resulting solution decolorizes 
potassium permanganate. Compound H I  melts at 90-91 O, is read- 
ily soluble in dilute hydrochloric acid, but is insoluble in alkaii. 

References 

t I Ghosh, Sctence and Culture, 5,494 (1940); Chem. Abstracts, 94,4068 (1940). 
2. Ghosh and DasGupta, J .  Indian Chem. Soc., 19,41 (1942). 
3. Woodward in Clarke, Johnson, and Robinson, The ~hemzs6ry .f Pemnllin, Prince- 

ton University Press, Princeton, N. J., 1949, pp. 443-4. 

6 1 2  
CH,-N--- CH, 

A-40. 1,3,5-Triazabicyclo[2.2.O]hexane. ; I 1  
NH- CH- $El 
5 4 

R.I. 489 

Treatment of the two polymorphic forms of trimeric chloralimide 
(I) with bromine in chloroform yielded the corresponding two forms 
of a product assigned structure 11, but which probably has,2 instead, 
structure 111. Structuce I11 previously had been considered and re- 
jected. ' 

CI.C/ T 
I 

CCI, 

HN\ /NH 

CCI 
H/ c, 
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6 I ‘ 2  
CH2- N -0 

j2.2.01hexane. R.I. 487 N H -  N - - 0  
I i l  A-41. 2,3-Dioxa-1,4,5-triazabicyclo- 

5 4 3  

By treating I with nitric acid, Jovitschitsch obtained products 
he thought’ had structure I1 (R = H or COOC,H,). However, 
these products were shown to be impure samples of I11 (R = XI or 
COOC, H 5) .  

Rejererzces 

1.  Jovitschitsch, Ber., 30, 2426 (1897); 31, 3036 (1898); 35, 151 (1902); 39, 3821 

2. Semper and Lichtenstadt, Ann., 400,302 (1913). 
(1906). 

10 11 I 

A-42. 6H-Azetoj 1,3-0,4,3-b’]diindole. 

5 4 

R.I. 2873 
’ H  

6 

In the presence of acids, indole and skatole (I, R = H and CH,, 
respectively) polymerize, and from the mixture of products may be 
isolated dimers, which Odd0 and Crippa considered to have struc- 
ture I1 (R = H and CH,, respectively). Several derivatives of these 
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nuclei also were d e ~ r i b e d . ~ ’ ~  However, considerable evidence sup- 
ports a linear structure such as 111 for the dirners*,’ as well as the 
trimers (see Sections A-262 and A-444). 

H 

R R I 

H R 

1 .  Odd0 and Crippa, Attc reale accud. naz. Lincn, (5133 I, 3 (1924); GMZ. chtm. 
ital., 54,339 (1924); Chem. Z d r . ,  1,2364 (1924); Chem. Ahtracts, 19,65 (1925). 

2. Oddoand Mingoia, G q .  Arm. ttal., 57,480 (1927); C h .  e n t r . ,  II, 1697 (1927); 
Chnn. Abstracts, 22,78 (1928). 

3. Diels, Alder, and Lubbert, Ann., 490,277 (1931). 
4. Schmitz-Dumont, Hamann, and Geller, Ann., 504,l (1933). 
5. Schmitz-Dumont, Ann., 514,267 (1934). 

2 

l,CH2.. 3 

A-43. 74x-1-aza bic yclo [3.2,0] he p tane. 7 0- N 2 

R.I. 510 6kx2 - AH-cH, 
I 

5 4 

The alkaloids’ stachydrine (I, R = H) and betonicine (I, R = 

OH) are the closest approach to examples of this nucleus. 
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C H r N  

CH,- CH- S 
A-44. 4-Thia-l-azabicyclo~3.2.0]heptane I I 

6 5 4 

All of the examples of this ring system were prepared in connec- 
tion with work upon the penicillins, and all contain a 60x0 group. 
These compounds may be viewed as the 8-lactams of 2-thiazoline- 
acetic acids, and Sheehan’ has proposed the trivial names penam ( I )  
and penzcillumic ucld (11), with the numbering shown. 

1 1 

Before World War I1 examples of this nucleus were unknown. 
At that time, as a result of the importance of antibiotic therapy, 
it became mandatory to elucidate the structure of that group of anti- 
biotics known as the “penicillins.” As a result of the concerted col- 
laboration of several research teams in the United States and in Eng- 
land, the penicillins were shown to contain the nucleus 111. While 
one of them (R = C6H,CH2) was synthesized2 earlier in infinitesi- 
mal quantities, only recently was a practical synthesis for penicillin 
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(R = C,H,OCH,) devisedd.l7 Some of the complexities involved 
in synthetic work in this field may be appreciated by noting that I11 
is capable of existing in eight stereochemical modifications, only one 
of which is identical with the natural product. Elaboration of the 
chemistry of these compounds was made more difficult by the obscure 
and bewildering reactions and rearrangements undergone by the 
penicillin molecule, and by the lack of sufficient knowledge re- 
garding the chemistry of various heterocyclic systems which neces- 
sitated much collateral work on systems such as the oxazolidones, 
thiazolidines, 8-lactams, etc. The results of all of this work have 
been reported admirably in an extensive monograph3 and in much 
smaller degree in several reviews (inter alza 4). Since the only repre- 
sentatives of the 4-thia-l-azabicyclo[3.2.0]heptane nucleus are the 
penicillins and their synthetic precursors, which have been reviewed 
in detai1,3,4 it is not proposed to discuss the chemistry of the penicil- 
lins, but merely to report in brief detail the various syntheses of the 
parent ring system. Also, no attempt has been made to give a com- 
plete bibliography of the myriad books and papers concerning the 
penicillins and their derivatives. 

The first synthesis of a compound of type I was reported by 
Ballard, Melstrom, and Smith, who condensed diphenyl ketene 
with 2-phenyl-2-thiazoline. The choice of the reactants was par- 

0 

ticulariy fortunate, since many other ketenes and thiazolines re- 
act to give thiazolidinepipetidinediones (IV). It was later found 
that these diones (IV) could be converted into the thiazolidine 8- 
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C 
II 
0 

+ R o$3 R 
0 

R R R '  R' 

lactams by hydrolysis and pyrolytic cleavage. The reaction of ketenes 
with thiazolines was recently studied further, and three new penam 
derivatives were reported. l 8  

As previously mentioned, du Vigneaud et a1.2.6 obtained traces of 
benzyl penicillin (VI I )  by the reaction of D-penicillamine hydro- 
chloride (VI) with 2-benzyl-Cmethoxymethylene-5(4)-oxazolone 
(V), although the method is not of practicat value. A second syn- 

0 

0 
I /  
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thesis of VII was reported by SUS,~ who treated VIII with phos- 
phorus trichloride. Unsuccessful efforts to cyclize compounds similar 

0 
II 

C,H,CH,CNH 
I 

(VIII) 

to VIII were previously recorded,',8 although Sheehan reports the 
preparation of X by the treatment of IX with thionyl chloride. 

0 
il 

Considerable work has been done by Sheehan and his co- 
worker~"-'~ on the elaboration of two general methods for the syn- 
thesis of compounds of types I and 11. The first of these 
methods9 involves the condensation of 2-phenyl-2-thiazolines with 
succinimido- or phthalimidoacetyl chlorides. The second method 
condenses 2-phenyl-2-thiazoline with compounds of type XI. 

il 
0 

R=(CH,),orC,H, R'=H or CH, 
R ' = H  or COOCH, 



Fused 4-Membered Ring Systems 43 

R 

(XIa) R = O  
(XIb) R = CHC,H, 
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A-45. Azeto[2,11-b]benzothiazole 

4 3  

By treating 2-(2-hydroxyethyI)benzothiazoie (I) with hydrogen 
bromide, a compound of structure I 1  was obtained, and this, when 
heated, gave a cyclic quaternary salt.' A similar sequence of re- 
actions is mentioned (no details given) by Baviey,' who treated I 
with phosphorus trichloride and cyclized the intermediate chlorine 
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analog of I 1  to a product assigned structure 111. The nature of these 
cyclic quaternary salts has not been demonstrated, and they may well 
have some other structure, such as IV. Their use in color photography 
has been patented. 

References 

1. Takahashi, Nishigaki, and Taniyama, J .  Phan .  SOC. Japan, 64, 237 (1944); 

2. Bavley, U. S. Pat. 2,418,748. 
Chcm. Abstracts, 45, 1997 (1951). 

A-46. Diindolo[l,Z-u, 1‘2’-c]urete. 
R.I. 2871 

7 6  5 4 

The only compounds for which this ring system has been sug- 
gested are those substances, variously called “isatols” or “isatoids,” 
derived from 0-alkylisatins upon exposure to light or moisture. The 
earliest reference to such compounds occurs in the work of Baeyer and 
Oekonomides, who, however, suggested no structure for the sub- 
stances. The compounds were investigated extensively by 
Hantzsch2-6 and by Heller7-I9 and coworkers and were the subject 
of extensive polemics between the two schools. Much of Heller’s 
work was shown by Hantzsch to be invalid as a result of working 
with impure substances, and the use of confusing nomenclature has 
not simplified the problem. 
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It is not proposed to discuss these compounds at length, since 
there is evidence that the structure (I)  proposed is inaccurate, 
and that another structure, such as 11, may be the correct one. Un- 

(11) 

expected differences in the reactions of various members of the 
homologous series of isatoids also cast doubt upon the accuracy of 
structure I. Methylisatoid, for example, is claimed to exist in three 
interconvertible modifications (a-, 8-, and 7-) ,  whereas the ethyl 
analog yields only a single form. Crystallographic and X-ray stud- 
ies'' on methylisatoid seem to show that it is not merely a 1 :1 
complex of isatin and isatin 0-methyl ether. 6-Methylisatoid (IIIa) 
or methyl tetramethylisatoid (IIIb) are claimed by Heller12,'5*16 to 
yield a substance of' structure IV (see Section A-460), whereas treat- 
ment of I I Ib  with hot acetic acid is reported by Hantzsch4 to give an 
anhydride for which he proposed structure V. Treatment of IIIa, or 
of ethylisatoid in acetic acid, with 48ojl, hydrobromic acid gives a 
product thought by Heller12$15J6 to have structure VI. Under these 
conditions, methyl- or ethyldibromoisatoids undergo similar rear- 
rangements to products of type VI, although methyl tetrachloroisa- 
toid (111, R = C1) gives only dichloroisatin. While 6-methylisa- 
toid is reported to yield a crystalline phenylhydrazone, methyl 
dichloroisatoid gives only 5-chloroisatinphenylhydrazone. 

These and other data, equally inconclusive, raise the doubt that 
a uniform species i s  at hand. OnEy a careful reworking of the prob- 
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(IIla) R = H  
(IIIb) R=CH, 

0 k 
(W 

lem, with scrupulous attention to the purity of the products, will 
clarify the matter. It would seem that the application of ultra- 
violet and infrared spectroscopic techniques would do much to sim- 
plify the solution of this problem. 

Isatoids G% 
R1 R 2  Substituents Properties Refs. Empirical 

formula 

C t 6 H t o N 2 0 4  H H None Or.-yel., m. 178-82' (163- 6.18 

C 1 7 H & 1 4 N 2 0 4  H Me 2,4,8,10- m. 127', resolidifies at 16 
4 "). 

Tetra- -180" and remelts at 
chloro- -222". 

C I 7 H  , o B r z N t 0 4  H Me 2,&Dibromo- p-lsomer: or.-red., darkens 3.17 
at 225', sinters at 240", 
m. 262" d. (246 " d.). 
Recryst. from C6H6 gives 
a product m. 259-60'. 

306-7 '. 
y - h o m e r :  red flocs. m. 17- 
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Isatoids (continued) 

Empirical 
formula R1 R2 Substituents Properties Refs. 

C ~ ~ H I O C ~ ~ N ~ O ~  H M e  2,&Di- Or.-red, m. 239". 

C17H12N204 H M e  None a-Isomer: m. 244" d. (238- 
chloro- 

40' 1. 
@-Isomer: m. 226' (219'). 
ylsomes: Or.-yel., m. 

-255 ' . 
C18H12BrZN204 H Et 2-8-Dibromo- Or.-yeI., m 244-5O. 
C18H14N204 H Et None m. 228". 
C ~ ~ H ~ ~ B C ~ N Z O ~  H n-Pr 2,SDibromo- a. 227-32' d. 
C19H16N204 H n-Pr None m. 183" (187O). 
C~0H16Br2N204 H i-Bu 2,8-Dibromo- m. 210O. 
C21H18N204 H i-Bu None m. 147-8'. 
C2lHzoN2O4 H Me 2,4,8,10- Red, m. 247' 

Tetra- (245 ', 232 '). 
methyl- 

3 

2,15 

1.3.12 
12,14 

1,17 
3.17 
17 
3.15 
1 
15 
3,4,16,17 

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

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
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12 1 

A-47. Diisoindolo(2,1-b, lf,Zf-4[l.2]- 
diazete. R.I. 2872 

9 8 7  6 5  4 

In 1895, Bistrzycki and Fink found that treatment of compounds 
of type I with phosphorus oxychloride removed the elements of one 
mole of water, and they established that the products so formed 
were dirneric. Although unable to prove the exact nature of these 
dimeric compounds, they considered them probably to have struc- 
ture 11. Compound IIa is a pale brown and IIb a yellow-orange 
color; both melt above 325". 

CH,O CONH, 

OCH, 

(Ia) R = B r  
(Ib) R=NO, 

OCH, N-N 

CH,O 0 0 OCH, 

2 

(Ila) R=Br 
(IIb) R - N O ,  

More recently, by heating compounds of type IIIa, Dunet and 
Willemart' obtained a substance (m. 302") with the formula 
C1,H, ,N202.  The same product was obtained by treating IIIb 
with thionyl chloride, but was not formed by merely heating IIIb. 
As the new product is converted by heat into @-isoindigo (V, with 
which it is isomeric), structure IV was proposed for it. 

Further confirmation of structures I1 and IV would be desirable, 
and it would seem that here again infrared and ultraviolet spectros- 
copy would be of considerable aid. 
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(IIIa) R = C H ,  or C,H, 
(IIIb) R = H 

References 

1.  Bistryzycki and Fink, Ber., 31,930 (1895). 
2. Dunet and Willemart, Compt. rend., 226, 1286 (1948). 

7 ' , N \ 3  
CH2-N 7 H 2  

CH2- CH-CH, 
A-48. 1,2 -Diazabicyclo (3.2.0 lheptane * , I 

6 5 4 

An intermediate of structure I1 was postulated in the conversion 
of I into 111 by treatment with acetic acid. 

C6H5 

@OCHN2 
HOAC 
-3 

Reference 

1. Moore, J .  Am. Chrm.Soc., 77,3417 (1955). 
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2 

A49. 6-Oxa-1,4-diazabicyclo[3.2.0]- 7 1 CHZ, 
heptane. R.I. 508 

I I 
C H ~ N '  ' 7 ~ ~  
O--CH--NH 
ti 5 4 

Treatment of a group of compounds of structure I with formic 
acid yielded products, which, because no formyl group cleavage 
occurred under alkaline conditions, were considered to have struc- 
ture 11. However, treatment with hydrobromic acid did effect hy- 
drolysis of the formyl group, and it seems probable that these sub- 
stances are merely the normal KformyI derivatives (I11 or, more 
likely, IV). 

0 0 

R 

, 
-N 

'CHO n- 

Reference 

1 .  Biltz, Seydel, and Hamburger-Glaser, Ann., 428,198 (1922). 

A-50. 2H,8&-[1,3] -Thiazeto- 

3 
[2,3-b]benzothiazole * 

During the preparation of benzot hiazole by heating dimethyl- 
aniline with sulfur, there was obtained a by-product, which was 

to have structure I. However, the same substance was 
prepared4 by treating I1 with thiophosgene, a synthesis which 
confirms structure I11 for this product. 



Fused 4-Membered Ring Systems 51 

CSCI, ___, 
N-CH3 

NHCH, 

(11) (111) 

References 

1 .  Miihlau and Krohn, Ber., 21,59 (1888). 
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HN==l\i 

6 \  7&3 

A-51. 1H-Triazeto[4,1-cfpyrrocoline. 
R. I. 1249 

5 4  

The reaction of I with coltidine gave a product (red-brown, d. 
vigorously at 180") thought to be either I1 or 111. Neither is, of course, 
a true representative of this nucleus (sec Section A-183). 

0 

CH3 

CI 

CH3 
/ CH, 

o=c (11) 

CI ,., 
-----A or 

CI CI 
(1) 

c1 

(111) 
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Reference 

1. Neber and Wiirner, Ann., 526,173 (1 936). 

A-52. DiindazoloI 2,3-0,2',3'-c]urete* 
7 6  4 

The only compound for which this nucleus has been proposed 
is the product (I) obtained by Hantzsch' from anthranilic acid 
hydrazide. Compound I forms a dihydrochloride (m. 255"d.) and a 
diacetate (d. 186"). Treatment of I with acetic anhydride re- 
moves a mole of water giving a product (m. 188") which Hantzsch 
considered to be 11. A reinvestigation of these compounds would 
be desirable. 

Reference 

1, Hantzsch, Bn., 58,680 (1925). 



Fused 4-Membered Ring Systems 53 

A-53. 
1 

Diphenylenepyrrodiazoline. ~bTkw~ \ o  

R.I. 2868 $ \  ' N-N 
6 5  7 4 

The reduction of o-nitrobenzonitriie (I) with zinc and acetic 
acid is reported to give, among other products, a base (C ,,H 
to which structure 11 was assigned. The product forms yellow 
needles (m. 221") and yields acetyl (m. 269-70") and benzoyl 
(m. 255-6") derivatives and a hydrochloride (m. 277"). Replace- 
ment of the amino group by hydroxyl to give I11 occurs when I1 is 
heated at 180" with hydrochloric acid, whereas diazotization re- 
places the amino group with hydroxyl and also introduces a nitro 
(?) group. Methylation of I11 (m. >320") gives a methyl ether 
(m, 214", unc.). Further evidence for the accuracy of the struc- 
tures proposed would be highly desirable. 

NO, 

(11) R = N H 2  
(111) R =OH 

Reference 

1. Pinnowand Muller, Bcr., 28,152 (1895). 

A-54. Triazetindazole 

The name indaeoitriaeolene also has been used. 
Diazotization of I in weakly acid solution afforded' (in 7297,) 

yield) a yellow substance (m. 137-45"d.) assigned structure 11. It 
could not be recrystallized, but was purified by solution in hydro- 
chloric acid and precipitation with sodium acetate. While readily 
soluble in alcohols, ether, acetone, or acetic acid, it was difficultly 
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soluble in benzene and insoluble in ligroin or cold caustic solution 
(hot caustic solution caused decomposition). In dilute mineral acid 
solutions, I1 readily coupled with phenolic components. 

Reference 

1. v. Auwers, Bahr, and Frese, Ann., 441,68 (1925). 

2 
8 1,CH2;3 

A-55. l-Azabicyclo[4.2.0]octane. C H r N  CH, 
R.I. 551 $H&H CH* 

‘CH2’4 
5 

The trivial name of conidine has been given to this nucleus, and 
the numbering shown in I has been used most often in describing 
these compounds. The action of hydrohalic acids upon the alkaloid 

conhydrine [2-(ar-hydroxypropyl)piperidine] causes dehydration to 
yield several isomeric bases called coniceznes, and 4-contcetne is 8- 
methyl-1 -azabicyclo[4.2.0]octane4 or, as it is called in Liiffler’s 
papersr4-* 2-methylconidme. Synthetic c-coniceine having the L-con- 
figuration at C ,  (from I-2-propenylpiperidine, also called 1-8- 
coniceine) has been resolved into optical isomers, and Loffler has 
suggested that the Id-form be called Zmethylconidine and the 0-form 
iso- 2- methy lconidine . 

Conidine and its methyl derivatives have been prepared by treat- 
ing various alkenyl- or hydroxyalkyl-2-piperidines with hydrohalic 
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acids alone or in the presence of red phosphorus. They are rather 
strongly basic oils, which yield crystalline salts. The methyl- 
conidines are highly toxic, with an action similar to that of coniine. 

+ HN? I ) H X  _ _  
R -.,4 2)lOH-1 

Upon standing, or when heated, 2-(2-haloalkyl)pyridines ( I  I )  
rearrange to a cyclic quaternary salt to which structure I11 has been 
a ~ s i g n e d . ~ , ~ , ~ , ~ , "  Recently, however, the product thus obtained from 
2-(2-bromoethyl)pyridine was shown' to have structure IV, and it 
seems probable that the other products similarly obtained are also of 
this type (see kction A-893). 

X- X- 

X- R 

2 
8 I , C H , , ~  

C H r C H  CH, 
Derivatives of Conidine CH,N I /  CH, 

1 6 " c H ~ ' ~  
5 

-. _ _ _  z:fr:l Su bstituen t s Properties Refs. 

C 7 H I 3 N  None Oil, b. 152-8"; HBr salt; chloroplatinate of 3.6 

CsH,,N 2-Methyl- Oil, b. 156"; d i 5  0.8931; HCl salt;  picrate, 8 

N-ethyl deriv., dk. red, m. 178" d. 

m. 237"; chloroaurate, m. 191-2"; 
chloroplatinate, m. 198O; ethiodide, 
m. 202" d.; N-ethyl chloroplatinate, 
m. 210.5". 

194-5"; chloroaurdte, yel . ,  m. 151"; 
chloroplatinate, m. 197-9"; HgClz 
compIex, m. 205-6"; ethiodide, 
m. 169"; chloroplatinate of N-ethyl 
deriv., or., m. 185-7". 

FMerhyl-(dl-) Oil, b. 158"; d i 5  0.8946; picrare, m. 5 

' 3  ? 
. . . .  
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Derivatives of Conidine (oontinwd). 

Empirical 
formula 

Properties Refs. 

C9H17N &Ethyl- 

talk7 - 17.U0; ckanrate * 2H20 salt, 
m. 93-4'. 

[a]; + 16.0'; &tartrate salt, oily; E 
tartrate sdt, m. 93-4". 

Oil, b. 151-2'; picrace, m. 221-2O d.; 
HCI salt; awichlozide, m. 172-3' after 
previous sincering; mthiodide, rn. 
181-6'; ethiodide, m. 1767'; 
chtoropIatinate of N-ethyl deriv., m. 
198-200' d. 

+67.4'; acid &tartrate salt *2H20, 
m. 72-3'; chlaroaurate, m. 167-8'; 
chloroplatinate, m. 184-5' ; ethiodide, 
m. 165' d. 

- 87.34 ' ; HC1 sdt; acid4tanrate 
salt.2H20, m. 91-2'; picrate, m. 
220-1 O ;  chloroaurate, m. 198-9'; 
chlocoplntinate, m. 185'; ethiodide, 
m. 180-1" d. 

Oil, b. 17683'; HC1 salt; picrate, m. 
198 " ; nurichloride, m. 132-5' ; 
chioropluinate, blackens at 205', 
m. 210' d.; HgC1, complex, m. 
220-1'; erhiodide, m. 222' d. 

Oil, b. 151.>4'; d? 0.8856; bIb5 

Oil, b. 143-5'; dlS 0.8624; [alAs 

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

to. 
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A-56. Aze to[ 1,2 -a]quinolinc * H 
5 1  

Takahashi, Nishigaki, and Taniyama treated 2-(2-hydroxy- 
ethy1)quinoline (I) with hydrogen bromide and the resulting 
bromoethyi compound (11) was converted by heat into a cyclic 
quaternary salt, probably either I11 or IV. Structure 111, which 
represents a violation of Bredt's rule, is analogous to the struc- 
tures incorrectly proposed for the products obtained similarly from 
2- (2-bromoet hy1)pyridine (Sect ion A-5 5). 

Ho,i 

+ 
Br- 

A structure having the azeto[ 1,2-a] quinoline nucleus has recently 
been proposed2 and discussed3 as an intermediate in the alkaline 
rearrangement of chloralquinaldine. 

References 

1. Takahashi, Nishigaki, and Taniyama, 3 .  Phan. Sot. 3a+n, 64, 237 (1944); 

2. Brown, Hammick, and Robinson, 3. Chm. Sot., 1950,78. 
3. Dauben and Vaughan, J .  Am. Chcm. Sac., 75,4651 (1953). 

C h .  Abslracts, 45,1997 (1951). 



58 Chapter I 1  

2 
l,cH2,3 

A-57. 8-Oxa-lazabicycIo[4.2.0]- 0--N CH2 
octane. R.I. 541 

The betaines’ I were considered by the Ring Index to be examples 
of this nucleus. 

Reference 

1. Meyer, Monutsh., 15, 164 (1894). 

A-58. [1,2]0xazeto[3,!2-a]isoquinoline. 
R.I. 1258 

Betaines such as I ’ were cited by the Ring Index as examples of 
this ring system, but no true representatives have been reported. 

Reference 

1. Hahnand Stiehl, Ber., 69,2627 (1936). 
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2 

A-59. Azeto[l,2-~]benzo[de]quinazo- 
line* 

1 6  

A compound ( I ) ,  reported probably to be a derivative of this 
nucleus was described by Sachs,' who obtained it together with 
I1 by melting malonic acid with 1,8-naphthylenediamine. Compound 
I forms colorless crystals (m. 210"d.). It  is stable to hot con- 
centrated hydrochloric acid and dissolves with a red color in sul- 
furic acid, but gives no salts with dilute acids. 

The elemental analysis of Sachs' compound agrees well with the 
formula C,,H,ON, (e.g., I ) ,  but the molecular weight de- 
terminations were 242 and 264 as contrasted with a theoretical 
value of 208. A study of the ultraviolet and infrared spectra of I 
should throw further light upon the accuracy of the assigned struc- 
ture. 

Reference 

1 .  Sachs, Ann., 365,53 (1 909). 

12 

A-60. 10,11-Epoxy-10H-indeno( 1,241- 
quinoxaline.* R.I. 2879 

0 5  4 

Rosindonic acid'J ( I )  was given by the Ring Z d e x  as an example 
of this nucleus. 
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-0  COOH 

References 

1.  Fischcr and Hepp, Am., 262,237 (1891). 
2. Fixher, Be., 36,3622 (1903). 

A-61. 

2 
8 i,CH2,3 

1,6,7-TriazabicycIo[ 4.2.0joctanc. c H 2  -N p 2  

R.I. 535 
I 

NH-N CH2 
“$H2” 

The aromatic system has been called trzute!o[ 1,2-u]pyrida~ine and 
numbered as shown in I .  

Treatment of w-chloroacetophenone semicarbazone (11) with 
sodium bicarbonate yielded’ a colorless, nonbasic product (m. 
221.5;) having the formula C ,,I4 l,N,Q. Boiling dilute acids were 
without effect upon the product, but it was converted by hot 
ethanoiic sodium ethoxide solution into a substance considered 
(because of its conversion into 3,6-diphenylpyridazine) to be 3,4,5,6- 
tetrahydro-3,6-diphenylpyridazine. Structure 111, proposed for this 
product, seems improbable, and further work is needed to establish 
the correct structure. 

Reference 

1. Hoogevcen and Van Hoogstraten, Rec. trav. chim., 52,378 (1933). 
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3 C H CCH,Q O=?-N 
--3 

HN-N ‘11 
NNHCONH 

-- 
13 H2 I 

I Z A l 4  1 5 A 1 7  1-2 
N N - N  N - N  N 

A-62. 7H,lGH-Bis-r-tetrazino[ 1’,2 ‘,3,4 ] - I 1 1 1 1 1  
tetrazeto[l,ld, 1’,2’-d]-s-tetrazine* 1 1 ~ 9  N N - 8-6 N N- 5 v 3  N N 

4 
H2 

10 

7 

Polymerization of diazoacetic ester yields a dimer thought to be 
I,  and treatment of this with alcoholic potassium hydroxide gave 
a product (m. 183”) called tsisbisdzagonaelhaneldracalboxylic acid and 
assigned ’ structure 11. This substance aiso is produced when 
diazoacetic ester is heated with aqueous caustic. Further evidence 
for this unusual structure would be welcome. 

COOR COOH COOH 

N A N - - N n N - - N J - - N  

YN NYN-N-N--N 
- I1 I I  I I  II 

N A N  

NYN 
II I1 

COOH COOH COOR 

Reference 
1.  Hantzsch and Siibcrrad, Bcr., 33,58 (1900). 
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I 1  I 2 3 4 
H2C-N - CH, -CH, -CH2\ 5 

I /  CH, 
A-63. 1,6-Diazabicyclo[ 7.2.01- 

unclecane* H,C--CH-CH,-CH,-NH-' 
10 9 (1 6 

An antibiotic (C,H,,O'iN,, m. 183-4") isolated by chemists of 
the Sandoz laboratories from Actinomycetaceae Buchanan, was 
named nocardamine and assigned structure I .  

0 

H,C-CH-GH~-CH,--N' 
'OH 

Reference 
1. Stoll, Renz, and Brack, Hclv. Chirn. Acta, 34,862 (1951). 



CHAPTER 111 

Fused 5 / 5  Ring Systems 

7 1  

A -64. 3N-P yrrolo [ 1,2 a] p yr role. 
R.I. 635 

The following names and numbering also have been used: 
pyrrolirine (I), dz-( 7:2)-pyrrole (I I), and 4,3-pyrrolopyrrole. The perhydro 
system has been called pyrroliridine and l-a~ugabicyclo[0.3~]ooc~ane (I1 I) .  
The 7a position in pyrrolizidine has often been designated as the 8- 
posit ion. 

(1) (11) (111) 

Interest in this nucleus derives chiefly from the presence of the 
perhydro system in a number of widely distributed alkaloids. How- 
ever, these alkaloids have been re~iewedl-~ recently, and will not 
be considered in the present discussion. 

It is interesting that the first examples of this ring system are the 
most unsaturated, and subsequent work has been directed entirely 
towards more saturated derivatives. The first representative (V) of 
this nucleus was prepared5 by heating IV in methanol. About a 

CH3 CH3 

C2H50zC CH,OH 
____j. 

0 NH COOH A 
CH, 

63 

Chemistry of Heterocyclic Compounds, Volume 15 
William L. Mosby 

Copyright 0 1961 by Interscience Publishers, Inc. 
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decade later, Micheel and Kimpe16 treated the retated acid VI with 
hot acetic anhydride, and obtained a substance formulated as VII. 
The reaction of VII with alcoholic caustic gave products having 
two active hydrogens and a titratable carboxylic acid group. These 
were given structure VIII (R = CH,, m. 242"; R = C2H5, m. 

cH3m OH 
HO,C 

OR 

(VIII) 

127.5'1, but the wide difference in melting points is surprising, and 
both structures VII and VIII seem unlikely. It is possible that these 
products are merely solvated 3-ox0 compounds 

The only reported 1,2-dihydro-l-oxo derivative is IX, pre- 
pared's8 by the Hoesch reaction upon 1 -cyanoethylpyrrole via the 
intermediate ketimine. The 1,2-dihydro-3-oxo compound XI was ob- 
tainedg by dehydrating X. 

0 
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When dimethytaminomethylpyrrole was substituted for gramine 
in the reaction with acylaminomalonic esters, cyclization of the 
expected alkylation product XI1 occurred, givingl0-l2 XI11 in 70- 
80% yields. With malonic ester, traces of a product thought to be 
XIV were obtained. * 

0 

Two syntheses of 1,2-dihydro compounds have been reported. 
Sorm and ArnoldI3 prepared the prototype XV by dehydrating 2- 
(3-aminopropyl)furan, and BerschI4 reported the isolation of XVII 
from the Hofmann degradation of XVI. 

OH- 

(XVII) 
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Several perhydro-3,5-dioxo derivatives have been prepared by 
rather similar syntheses. Nitropimelic esters such as XVIII, which 
are readily accessible from the condensation of nitroalkanes with 
acrylonitrile, may be hydrogenated over platinum oxide to 
yieldt5-’’ XIX or XXI. The aminoester XIX may also be obtained’ 
from the ketoester XX by the Leuckart reaction. Saponification of 
XX followed by hydrogenation over Raney nickel in the presence of 
ammonia yielded l 9  XXIII, which could be dehydrated to form 

m 
R’OOC IV0,COOR’ R’OOC NH, COOR’ R‘OOC 0 COOR’ 

R 
ry/-  

_I, 0” ~ ~ ~ - - ~ . o  - 0 m O O H  

XXII, as could XIX (R‘ = H) ’’ and XXI (K’ = H).  ‘‘I7 H ydro- 
genation of XVIII” or of XXI l5 (under mild conditions) using. a 
copper chromite catalyst may be used to prepare XXI I directly. 

A somewhat different synthesis was recently reported,21 in which 
XXV was formed by alkylating malonic ester with XXIV. 

CH zoTos CH,(CO,C,H )) 
--------+ 

0 0 

Compounds of type XXII may be reduced to perhydro homologs 
or by treatment with lithium alum- catalytically, electrolytically 
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inum hydride.I6 Treatment of XXII with alcohols (and an acid 
catalyst), methanolic ammonia or aqueous caustic results in xis 
sion of one of the two lactam bonds, yielding22 pyrrolidone 
propionic esters, amide or acid, respectively. Eknzyl magnesium 
bromide reacted with only one carbonyl group of XXII (R = H), 
but several other Gripnard reagents reactl6 with both groups. A 
Reformatsky reaction upon XXII (R = H) also involved only one 
carbonyl group.16 Treatment of XXII (R = H) with phosphorus 
pentasulfide gave the blueish green dithio homolog. 

Perhydro-1-0x0 compounds of structure XXVII (R or R' = 

CH,) were ~ b t a i n e d ~ , ' ~ ~  via the Dieckmann cyclization of XXVI. 
Catalytic hydrogenation of XXVII with platinum oxide gave23 
the carbinol, while the Wolff-Kishner reduction afforded24 1- 
methylpyrrolizidine. The perhydro-2-0x0 derivatives XXIX (R = 

H or CH,) were in a similar manner from XXVIII 
and underwent reductions analogous to those of XXVII. The per- 
hydro-3-oxo compound was obtained 26 by pyrolysis of ethyl 2- 
pyrrolidyl-2-propionate, and hydrogenation over platinum oxide (or 
electrolytic reduction) produced pyrrolizidine. 

R 

& CO,C,H, 

I 
R 

N . ~ ~ , C H , C O , C , H ,  

(XXVI) (XXVII) 

R ~ C H 2 c 0 ~ c 2 H 5  "CHCO,C,H, + R ma R 
I 

R 

(XXVIII) (XXIX) 

The synthesis of pyrrolizidines by the reductive cyclization of 
y-nitropimelic esters (XVIII) has been studied in some detail by 
Leonard and his coworkers. 1 5 1 2 " 1 2 7  3 1  Mono-, di-, and trialkyl homo- 
logs have been prepared by this route. The high-pressure hydrogena- 
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tion of compounds XXX, 32 XXXI, 33 XXXII 
mite catalyst has also been utilized to prepare pyrrolizidines. 

over a copper chro- 

(XVIII) 

(XXXI) (XxxII) 

Cyclodehydrohalogenation of A’-haloamines by the action of sul- 
furic acid (the Mffler-Freytag reaction) was first applied in this 
series by Menschikoff, 34 who thus prepared 3-methylpvrrolizidine 
from XXXIII, and who, incidentally, first proposed the name pyr- 
rolicidine. Attempts to extend the reaction to the preparation of 

pyrrolizidine3* and 1 -rnethylpyrroli~idine~~ gave only resinous ma- 
terials, although recently the synthesis by this method of pyrrolizi- 
dine was reported. 36 

Pyrrolizidines have also been prepared by various double cycliza- 
tion reactions. Dehydrohalogenation of amines having structures 
XXXIV37v38 and XXXV has been used to prepare pyrr01izidine’~J~ 



F d  5/5 Ring Systems 69 

and its 1 -methyl homolog. Ammonolysis of tribromoalkanes 
(XXXVI) has been used by Seiwerth for the preparation of pyr- 

R 
I 

-NIB3 

Br 

(XXXIV) 

R 

(XXXV) IN& 
(XXXVI) 

rolizldine3' and its 2-41 and 3-methyI4' and 3-~arbomethoxy*~ 
homologs. 

Cyclization of XXXVII yielded l7 the unusual compound 
(XXXVI 11) I-uzoniutricycfo[ 3.3.3.O]undccalzc, the Hofmann degrada- 
tion of which gave XXXIX. 

(XXXVII) 
(XXXVIII) 

Oxidation with chromic acid of two different epimers (is& 
r~tronecanol~~ and l a b ~ r n z n e ~ ~ )  of 1-hydroxymethylpyrrolizidine 
yielded the corresponding 1 -carboxy compounds, indicating the sta- 
bility of the nucleus to oxidation. However, attempts to dehydro- 
genate pyrrolizidine by heating it at 320" for ten hours with 
palladium-charcoal, gave' * only traces of basic products. 
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A-65. Furo[Z,3,4-gh]pyrrolizine 7&33 
6 4 

5 

Derivatives of some of the Seneczo alkaloids are known to con- 
tain this nucleus. 
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A-66. SH-Imidazo[ 2 ,X,4-cd] pyrrolizixre * 

Treatment of the sulfate of the alkaloid chaksine with acetic 
anhydride yieEded a product, which was assigned ' structure I. Fur- 
ther evidence for the structure would be welcome. 

H 
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Reference 

1. Guha and Ray, J .  I d z a n  Chew. Soc., 33, 225 (1956); Chem. Abstracis, 51, 1211 
(1957). 

1 

A-6 7. EiH-Pyrrolo[ 2,1-u jisoindole. 
R.I. 1404 1 \ 1 3  

5 

While preparing I1 by the condensation of I with malonic ester, 
Gabriel' obtained a by-product which he identified as 111, and 
named as a derivative of o-beneoylenedimethy~yrrolone. A number of 
related compounds were described by Pfaehler. * The cyano analog 
of 111, compound IV, was similarly obtained3 from I and cyanoacetic 

I 

V 

'I CH, 
0 
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cster. Both 111 and IV werc converted into V by heating with aqueous 
acid, and reduction of V with phosphorus and hydriodic acid 
gave the l,9b-dihydro analog of V. Treatment of V with nitric acid 
gave a mononitro derivative, thought' to be VIa (R = NO,). The 

R 

'' CH, 0 

(Via) R=NO, 
(Vlb)  R=NH, 

0 

Empirical 
formuIa 

Substituents Properties Refs. 

C 1 3 H i o N 2 0 4  3,3-Dimthyl-l-nitro- Yel., m. 264-5'. 1 
C jH lNO 3,LDimethyl- m.125-6 ". 1,3 
C13H 1 2 N 2 0 2  l-Amino-3,3-dimethyl- Or.-red, m. 212'. 1 
C 1 3 f f P 2 N 2 0 4  1,9~-Dihydro-3,fdimethyl-~- m, 172-3'. 1 

C 1 j H  15NOz 1,9bb-Dihydro-3,3-diemthyl- m. 172-3'. Oxime, 1 
nitro- 

m. 220.0-1.5'. 
Phesylhydrazone, 
yel.; m. 215.0- 
7.5". 

C (H oNzOz I-Cyano-3,fdimethyl- Yel., in. 273". 3 
C 14H 1 2 N z 0 3  l-Carboxamido-3,3-dimethyl- Yel,, m. 217O 3 
CI4Hl3NO2 3-Ethyl-3-methyl- m. 94-5". 2 
CISH15NOZ 3,3-Diethyl- m. 71'. 2 
CI6H 1 5 N 0 4  l-Carbomethoxy-3-ethyl-3- Yel., m. 130-1". 2 

l-Carbetho~y-3~3-diemt hyl- m. 176-7'. 1 
C17H 17NO4 l-Carbethoxy-3-ethyI-3-methyl- m. 112". 2 

l-Carbomethoxy-3,3-diethyl- Yel., m. lOp1O". 2 
C 1sH 1 g N 0 4  l-Carbethoxy-3,3-diethyl- YeI., m. 85.0-5.5'. 2 

?methyl- 
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basis for this structure was the observation that the reduction of 
VIa gave, in addition to the corresponding amine VIb (R = NH,), 
also the 1,96dihydro derivative of V, evidently formed by the re- 
ductive cleavage of the nitro (or amino) group from VI. Nitration 
of this dihydro analog of V gave a mononitrodihydro compound pre- 
sumably having the nitro group in the phenyl ring. The lactam ring 
of V is cleaved by alkali to a substituted pyrrolylbenzoic acid, 
which reverts to V on thermal dehydration. 

References 

1. Gabriel, Bcr., 44,70 (1911). 
2. Pfaehler, Ber.,46,1702 (1913). 
3. Gabriel, &r., 46,1319 (1913). 

8 9 1  

A-68. 3H-P yrrolo [ 1,2a] indole. 
B.I. 1399 

5 

The 1H analog of this nucleus has R.Z. 1398. This ring system 
has been called 4,3pyroloindole, while the name propenylene-2.1- 
indofe and the numbering shown in I were assigned to it by Scholtz. 

7 8 1  

: 
4 

Anthranilic acid reacts with phenacyl bromide to produce 11, 
which, when heated with acetic anhydride, gives a product (m. 
288") thought' to have structure 111. Treatment of I11 with 
bromine yields a yellow dibromide (m. 265"), while alcoholic po- 
tassium hydroxide cleaves the lactam ring of I11 to form IV. 

Treatment of 1 -phenylpyrrole (V) with one equivalent of butyl- 
lithium, followed by carbonation and hydrolysis gives chiefly VI. 
However, if two or three equivalents of butyllithium are used, the 



Fused 5/5 Ring Systems 81 

OH ceH5 

major product is the ketone VII (bright yellow, m. 121-2"; oxime, 
m. 192-3"). 1-Phenylindoie behaves similarly (see Section A-76). 

0 
It 

(V) (VI) ( V W  

The lactam IX (m. 242-4") was in low yield, as the 
only pure product of the reaction of 6-methylimgramine methiodide 
(VIII) with acetamidomalonic ester. 
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Rcfe rences 

1. Scholtz, Ber., 51, 1645 (1918). 
2. Shirley, Gross and Rouswl, J .  Qrg. O e m . ,  20,225 (1955). 
3. Snyder and Cook, ,7 Am. Cfiem. .Yoc., 78,969 (1 956). 

7 ,A+( 3 

A-69. Pyrrolo( cd]indolizine* I 

5 

The trivial name cyclf3.2.2]azine was proposed for this ring system. 
The prototype I 1  (R = R' = H, yellow, m. 65-6") and two 

homologs I 1  (R = H, R' = C,H,, yellow, m. 98-9") and I 1  (R = 
R' = C,H,, yellow, m. 143.5-4") of this unique ring system were 
recently prepared by heating pyrrocolines of structure I (see Sec- 
tion A-183) in acetic acid. 

CH,COR 
I 

Unlike the pyrrocolines, products of structure I1 are nonbasic and 
stable to heat, light and air. 

ICefe rence 

1. Boekelheide and Windgassen, ,7. Am. Chem. SOC., 80,2020 (1 958). 

8 
A-70. Pyrido(3,4,5-gh]pyrrolizine* 

6 

High-pressure hydrogenation of I over a copper chromite catalyst 
afforded' a 40% yield of I 1  (oil, b, 70-2"; monohydrate, m. 
160"; sulfamate salt, m. 127"). See Sections A-64, A-183, A-198, 
A-72 1, and A-733. 
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Ii,C 

,, CONH, 

Reference 
I .  Tsuda and Saeki,.7. Org. Chem., 23,91 (1958). 

A-71. lH-p-Oxazino[ 3,4,5-cd] pyrrolizine 

See Section A-64. 

2 

I H2, 
A-72. 2H-[ 1,3,5] -Oxadiazino[ 2,3,4-cd] - 

pyrrolizine * $;34 
6 5 

Treatment of the chloride of the alkaloid chaksine with nitrous 
acid yielded, inter a h ,  a product thought to have structure I .  
Additional support for this structure would be welcome. 
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Reference 

1. Guha and Ray, J. Indian Chem. Soc., 33, 225 (1956); C h ,  Abstracts, 51, 1211 
(1957). 

2 3  
I b N  A-73. s-Triaaino[ cd]pyrrolizine* 

Treatment of the nitrate of the alkaloid chabine with sulfuric 
acid followed by sodium bicarbonate yielded a product assigned 
structure I. Further evidence to support this structure would seem 
needed. 

0 

CHa CH, 

Reference 

1. Guha and Ray, 3. Indian C h .  Sac., 33, 225 (1956); h. Abstracts, 51, 1211 
(1 957). 

When Hkhst  Yellow R (I, see Section A-210) was heated for six 
hours at 140-50" with 15% aqueous potassium hydroxide solution, 
among the products formed was a yellow compound (m. 218"; 
benzoyl derivative, yellow, m. 228"), thought ' to have structure I1 
(R = OH). Alkaline fusion of this material yielded indigo, and 
anthranilic and benzoic acids. Treatment of I with methanolic am- 
monia yielded,5 inlerafza, a yellow substance (m. 216") assigned struc- 
ture I1 (R I: H). 
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The condensation of phthalide with nitrobenzaldehydes yielded 
111, which isomerized to IV by the action of sodium methoxide. Re- 
duction of 111, accompanied by simultaneous dehydration, gave V 
(Va, R = H, HCI salt, m. 261-2"; ?%, R = NH,, HC1 salt, m. 
287-9"). An alternative route to V involved hearing the phthalimides 
VI with dimethylaniline to form VII (R = H, yellow, m. 232"; 
R = NO,, pale yellow, m. 241 -3") followed by reduction of the nitro 
groups. The name u-hen;oylene- t,Z-tndofe has been applied2 to the 
nucleus of V and Vi  I. 

NO, 
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The oxidation of VIII in ethanol and potassium acetate with 
chloranil, followed by methylation of the hydroxyl groups yielded3 a 
product (m. 202 3";  An,,,330 and 347.4 m p  with log e = 4.48 and 
4.47) thought to be IX. 

I )  chloranil IC,H,OHIKOAC 

2) (CH,),SO,/ KOH 
OH 

(VIII) (1x1 

The  ring- system X (51-(-1,3-d~oxolo~~f]~ndolo[2,1-n~1 roindole) may ap- 
propriately be considered here. l'he Pschorr cyclization of XI 
yielded4 XI1 (yellow, m. 214-6"; A,,, 248, 274, 301, 314, 352, 365 
m p  (t- = 22,500, 30,000, 26,000, 28,000, 6,000, 6,000); lactam car- 
bony1 absorption at 1712 cm. ' ) .  

Rejerence.r 
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4. Humber ct al., J .  Chem. Soc., 1954,4622. 
5. de Diesbach and Frossard, Helv. Chim. Acta, 37,701 (1954). 

Abrlrocli, 50, 14720 (1956). 

12016 (1956). 
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10 I1 12 1 

A-75. 5H-1,3-Dioxolo~indolo[Z,l-u]- 

4 
isoindole 

7 

See GH-indolo[ 2,l -a]isoindole (Section A-74). 

I0 

A-76. %OH-Indolo [ l ,Z-u] indoie 

6 5 4 

Shirley and Roussel ' found that metallation of 1 -phenylindole 
with butyl lithium followed by treatment with carbon dioxide gave, 
surprisingly, a 42Oj, yield of I (orange-yellow, rn. 169.0-70.5"; 
oxime, m. 235.5-7.5"d.) and 15% of 11. Similar reactions occur 
with 1-phenylpyrrole (see Section A-68). 

COOH 

Reference 
I .  Shirley and Koussel, .7. ;Im. C.%trn. .Sot., 75, 37.5 (1953). 

8 

A-77. 3H-Indolo[2,1,7-cde]pyrrocoline. 
R.I. 2285 6 

4 

This nucleus was given the above name and number by the Ring 
Index; however, the formula shown there has been transposed inad- 
vertently with that of benz.ofuro[3,2-b]indole ( R . I .  2289). 
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The reaction of quinaldine with acetylene dicarboxylic ester was 
found by Diels and Alder' to yield a labile, yellow adduct 
(C2,H2 ,NO,, m. 174-5") and a stable, red adduct (C2,H, lNO,, 
m. 204" d.). A third reaction product (see Section A-761) was sub- 
sequently2 isolated from the mother liquors of this reaction. The 
labile, yellow adduct was transformed by heat into the stable, red ad- 
duct, which had not the expected structure I (see Section A-729), but 
was thought to have structure 11. 

H 

Treatment of I1 with bromine gave a yellow tetrabromide3 
(C,,H,,Br,NO,, m. 145-7"), which could be reconverted into I1 by 
warming with zinc dust in aqueous acetone. Perchloric acid con- 
verted the tetrabromide into C22H2,BrNOR . ClO, (white, m. 
217Od.), while formic acid gave C2,H2,Br2NO8 (m. 145"), and this 
in turn gave back I1 when heated with aniline.3 Heating I1 with 
hydrochloric acid gave, chiefly, a tribasic acid C 17H 13N06 (d. 
245"). Hydrogenation3 of 11, using Adams catalyst, gave a dihydro 
derivative (C2,H,,N0,, yellow, m. 164"), which on treatment with 
alcoholic potash gave a compound (m. 247-8") contaiiiing three 
methoxyl groups: either C 2 , H 2 , N 0 ,  or C,,H2,N08. Treatment2 
of I1 with nitrous gases yielded I11 (nitrate, d. 162"), which gave 
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red crystals of IV (d. 224") when heated with water or methanol. 
O ~ i d a t i o n ~ ' ~  of I1 with either nitric or chromic acid yielded V (m. 
138"; nitrate, m. 21 5"d.), which was hydrogenated over Adams cata- 
lyst to Cp2H3,N0,  (m. 181°), presumably VI. When V was 
treated with diazomethane, two isomeric compounds (m. 167" and m. 
157", respectively) of the formula C,,H,,N,O, were obtained. a 

CH, 
COOCH, 

COOCH, 

H NO, 

101 

Y 

c 

OH OH 

References 

1 .  Diels and Alder, Ann., 498, 16 (1932). 
2. Diels and Kech, Ann., 519,140 (1935). 
3. Diels, Alder, Friedrichsen, Petersen, Brodersen, and Kech, Ann., 510,87 (1934). 
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A-78. Pyrrolo[l,2,3-tm]carbazole 

6 5 

The treatment of 2,3-dihydro-,N-nitrosoindole with cyclo- 
hexanone in the presence of zinc dust and acetic acid is reported to 
yield a compound (m. t 54"), thought to be 11, presumably by indoli- 
zation of the intermediate I (see Section A-79.). 

L J 

Reference 

1 .  Lions and Ritcbie, J .  .-lrn. [:hem. Soc., 61, 1927 ( 1  939). 

a 

A-79. Indolo [ 3,2,l-jk]carbazole. 
R.1, 2969 

8 7 

This nucleus has also been called periindolocarbazoie and l,g-phenyl- 
enecurbuzole (numbered as shown in I). 

5 4 
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In 1927 Manjunath' treated I with zinc dust and cyclohexanone 
and obtained products (a, R = H, m. 83"; b13 230-40"; picrate, d. 
138"; 6 ,  R = CH,, b,, 240-50"; picrate, d. 118"), which he called 
8,9-( 1,2-cyclohexyl)-letrahydrocar6aeoles. Lions and Ritchie' confirmed 
Manjunath's synthesis of these compounds and suggested for them 
structures IIa and IIb. No similar reaction product could be ob- 
tained2 from 111, in which the position of cyclization is blocked with 
a methyl group. Electrolytic reduction of IIa gave' the dihydro 
derivative (m. 144"; b,, 235-45"; HC1 salt, rn. 225"d.; picrate, 
m. 160"; methiodide, m. 187"d.). 

NO 

-----+ 

R 

(Ha) R = H  
(IIb) R - C H ,  

Similar products (V) were obtained by Dunlop and Tucker3 
from IV via the Pschorr reaction: Va (R = R' = R" = H, m. 136.5- 
8.5"; picrate, red, m. 165-9"; TNB complex, yeHow, m. 192-4"), 
Vb (R = R' = H, R" = CH,, m. 109-11"; picrate, red, m. 145- 
50"; TNB complex, yellow, m. 170-2"), Vc (R = R' = H, R" = 

COOH, m. 240"; methyl ester, m. 155-62"), Vd (R = COOH, 
R' = R" = H, softens at 240", m. 305") and Ve (R = R' = 

COOH, R" = H, m. > 360"; diethyl ester, m. 185-7"). 

R" R" 
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Preston and Tucker4 were abie to prepare VI from 9-amino- 
carbazole and cyclohexanone, and they subjected it to the Fischer 
indole reaction, obtaining VII (m. 99-100"; TNB derivative, orange- 
red, m. 164-6"; picrate, bronzc, m. 159-60"). Dehvdroqenation 0 1  
VII b y  heatinq with sulfur in quinolinc yavc Va, the identity of 
which was confirmed by its synthesis from VIII via the Pschorr 
reaction. 

n 

s i -Ha 

J 

liejt=rence.s 

1. Manjunath, ,7. Indian (:hem. .kc . ,  4, 271 (1927); (.%em. :lhstracL,~, 21, 3199 (1927); 

2. Lions and Kitchie,.?. :lm. (.%em. Soc., 61,1927 (1939). 
3 .  Dunlop and Tucker, ,7. (:hem. .\bc.. 1939, 1945. 
4. Prc-ston and lwcker, .7. (.%em. .)bc., 1943,659. 

(:hem. ;en&., 11, 1698 (1927). 
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A-80. Anthr[  10,4-cd]indolo[l,2-a] pyrrole. 
R.I. 3474 

10 9 8 

Schirmacher and Voss' described the preparation of a red dye 
(dark blue vat; red-violet sulfuric acid solution), thought to have 
structure I and referred to as an uutun&hrene dye. 

Reference 

1. Schirmacher and Voss, Ger. Pat. 284,208; i:rd/., 12, 423 (1917); U S. Pat. 
1,123,390. 

3 

A-81. 9 H - h i  ndolo I 7,1,2 -ghi ] na ph t ho- 
[ 2,3-b]quinoxalino[2,3-eJindole * 

12 11 to 

A compound thought to possess this ring system was obtained by 
Ritter1.2 in the course of his efforts to prepare analogs of the dye 
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Indanthrem Yellow 6GD (see Section A-88). Naphthostyrilquinone ( I )  
reacts with o-phenylenediamine to yield the azine 11, which was 
treated with three moles of 2,3-dichloronaphthoquinone (a 1 : l  ratio 
of quinone to azine failed to give the product) or with “excess” naph- 
thoquinone to obtain the product thought to have structure 111. 
Compound 111 formed yellow crystals, and exhibited the expected 
chemical and physical properties, but had no substantivity for cotton 
and was readily washed off of the fiber by soap, possibly as a result of 
cleavage of the lactam ring. 

0 

OQo HN 

0 

An attempt to condense I I with 1,2-dichloranthraquinone was 
not successful. 

References 

1 .  Kitter, I.(;. Ikrbenindulr ie  .i.(;,, 21 TalrgXnlrbmchl> 1938; I?K Repor! . l o .  74203, 

2. Kitter, I . ( ; .  I.brbtnimlidne .i. (;, 41 Il’ir\ea~hofiiicher .-furtouch der cruppe I.Y, 
frames 6700- 4. 

Leverkusen, June 16 and 17, 1939; I’H Ii‘ebort .\ o 70343, frames 15310 -4. 

I 

A-82. Oxazolol2,3-a] isoindole. 
&& ‘ 1 2  

R.I. 1337 7 . .  \ N - - J 3  
6 S 4  

When compound I was treated with benzene and aluminum chlo- 
ride, Freytag obtained a product (m. 133-4”) to which he assigned 
structure 11. Acid hydrolysis of I1 yielded a,a-diethylglycine and 
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o-benzoylbenzoic acid, while basic hydrolysis qave an acid of either 
structure I11 or IV. 

& \ 

coon 

C2H5 
I 

I 
C2HS 

-k H2N-C-COOH 

'L 
COOH C2H, 6 . - / ' c  ~ 2 %  

H5C2 

Gabriel condensed phthalidylideneacetic acid (V) with a- 
aminoisobutpric acid, and obtained a neutral product thought to be 
VII (VIIa, R, = R, = CH,, m. 112--4"). Honzl" thus prepared 
other examples of VII (VIIb, R ,  = CH,, R, = C,H,, m. 97-9"; 
VIIc, R ,  + R, = (CH,),, m. 113-4") and showed that products of 
this type resulted only from the condensation of V with a,a-disubsti- 
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tuted glycines, while with a-monosubstituted glycines, acids of struc- 
ture VI were formed. 

CHCOOH 

Treatment of VIIa with bromine gave the acid VIII, which was 
converted by dilute caustic solutions into IX (m. 123"). Catalytic 

(VIIa) (VIII) (IX) 
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hydrogenation of VIIa yieIded X. With ammonia, under mild con- 
ditions, products of type XI are formed, whereas more vigorous con- 
ditions produce the lactam XI1 (see Section A-93). The reaction of 
VIIa with methylamine yields a homolog of X I  in which the hydroxyl 
group also is replaced by a methylimino group. The reaction of VIIa 
with hydrazine yields 1 -hydroxy-4-methylphthalazine by extrusion 
of the elements of aminoisobutyric acid. 

Rejerencts 

1. Frevtag. He7.,48,648 (1915). 
2 Gabriel, Her.,  44, 70 (191 1). 
3. Honzl, Collection C~echoslor;. Chern. Cornmum., 21, 725 (1956); Chern. listy, 49, 1671 

(1955); Chem. Abstrach, 50,5621 (1956). 

7 '  

A-83. Pyrrolol1,1-61thiazole. R.I. 600 

This nucleus also has been named thzazoio-2',3',2, I-pyrrole. 
While studying the reactivity of the methyl group of 2-methyl- 

thiazoles (e.g., I) ,  Kondo and Nagasawa obtained compound I11 
by treating I with phenacvl bromide. Several related thiazoles have 
been treated2 - 4  similarly, and under mild reaction conditions it is 
often possible to isolate the intermediate thiazolium salt (11). 

CSH5 P S I  
-h- R 
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Efforts to prepare homologs and analogs of penicillin produced a 
number of pyrrolo[2,1-b]thiazoIes. Suitable thiazolidine inter- 
mediates (VI) are obtained' by the condensation of aldehydes such 
as IV (R = H or C,H,CONH or C,,H,CH,CONH, etc.) with 
mercaptoamino acids such as V (cysteine, R'  = H or peniciilamine, 
R' = CH,). The resulting thiazolidine derivatives (VI) are then 
converted5 into the corresponding y-lactams (VII). Compounds 

/ CHO 
CH 

CH 
I 

R/ -, CQOC 2 ~ 5  

HS,/R' 
C- R' 

CH 
--3 + I 

H,N/ COOH 

such as VII are converted5.' by  mild oxidizing agents (e.g., meta- 
periodates) into the corresponding sulfoxides (e,g., VIII). Alkaline 
hydrolysis of VIII causes destruction of both rings to yield the frag- 
ments IX and X. 

0 
t C,H5NH\/CH,CH0 / CH, 

C-CH, 
I + I I  

n o  CH 

0 COOH COOH CHCOOH 
PI 
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A similar synthesis was recently described' in which the muco- 
halic acids (XI) replace IV, and products such as XI1 are obtained. 

/ CHO HS\/CH, 

+ I II  
\CWH H,N/\COOH 

C-CH, 

CH 
+ 

X--c 

Y-c 

Treatment of XI11 with ethylene bromide produced" XIV. 

Derivatives of Pyrrolo[Z, 1-blthiazolc 

Empirical 
farmul. Structure Properties Refs. 

m. 137.0-7.5' 7 
0 

+ 
CH3 

0 ("r3 

Bromide 

b2 86" 

2 

10 

(continued) 
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Derivatives of Pyrrolo[Z, 1-blthiazole (continued) 

Empirical 
formula Structure Properties Refs. 

HooC C m H  0 

0 d! COOH 
Ci 

m. > ~ o o "  11 

d. 134-5" 7 

m. 198-9" 10 

m. 153-4"d. Methyl 8 
ester, m. 99-100" 

m. 96-8' 8 

Oil 
7 

Oil. Corresponding S,9 
acid, m. 217- 
22" d. Disodium' 
salt, m. 250-5"d. 
Hydrazide and 
azide known. 

m. 158'. Methyl es- 9 
ter rn. 101.0-1.5". 

m. 242-5' 5 

c 6 €1 5 0 fJ-3 CH CH, 3 

0' COOH 

m. 30.3-2" 8 
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Derivatives of Pyrrolo[Z, 1-blthiatole (continued) 

Empirical 
formula Structure Propries  Refs. 

0 0 

References 

859 (1938); Chem. Abstracb, 32,3398 (1938) 

34,3603 ( 1  940). 

1142 (1948). 

1 .  Kondo and Nagasawa, .7. ['harm. .\oc <lapan, 57,  1050 ( 1  937); [;hem. zenlr., 11, 

2. deSmet and Schwarz, . L a b u m .  Tvdschr. (Ghenl), 21, 271 (1940); C:hem. AbJlracls, 

3. Erlenmeyer, Webcr, Schmidt, Kung, Zinsstag, and Prijs, Helm. Chtm. .4cla, 31, 

4. Traupel, Erne, and Sorkm, Helv. Chzm, ..lcta, 33,1960 ( 1  950). 
5. du Vigneaud and Carpenter in Clarke el al., The [.'hem2 rfry OJ I'enrcrlhn, Princeton 

6. Peck and Folkers in Clarke et al.,  The C:hemrJlry .f I'entdlin, Princeton University 

7. Strukov,<7 G'en [;hem., 22,521 (1952) 
8. Wasserman, Precopio and Liu, ,7 d m .  C.Rern. Soc., 74,4093 (1952) 

University Press, Princeton, N. J., 1949, p. 1004. 

Press, Princeton, N. J., 1949, pp. 157, 188 
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9. Wasserman, Suryanarayana, Koch and Tse, Chem. and Ind., 1956,1022. 
10. Oliver, Dann and Gates, J .  Am. Chem. SQC., 80,702 (1958). 
1 1 .  Middleton, Engelhardt, and Fisher,.3. Am. Chem. Soc., 80,2822 (1958). 

A-84. Pyrrolo[ 2,l-blbenzothiazole 
6 \  76352 3 

5 4  

DeSmet and Schwarz I claim to have obtained the quaternary salt 
I1 by the reaction of I (R = H or CH',) with ethylene dibromide. 
Compound I1 was treated further to produce photographic 
sensitizers. 

Condensation of 2-mercaptoaniline with levulinic ester yielded2 
the lactam 111 (b3 172-6"). 

0 

References 

1. deSmet and Schwarz, Naluurw. Tgdschr. (Ghent), 21, 271 (1940); Chem. Abslraclr, 

2. Oliver, Dann, and Gates, J .  Am. Chem. SQC., 80,702 (1958). 
34, 3603 (1940). 
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(1 I 

A-85. Thiazoto [ 2,391 isoindole * 
6 

Condensation of 2-mercaptoethylamine ( I ,  R = H) or of cysteine 
(I, R = COOH) with phthalaldehydic acid yielded I1 (R = H, m. 
97-100"; R = COOH,  m. 218-20"), while with o-cyanobenzalde- 
hyde, I11 (R = H, hydrochloride, m. 242-5"d.; R = C O O H ,  m. 
185-90"d.) was formed. When R = H, compound 111 was stable 
only as the salt, but the carboxyiic acid (111, K = COOH) was stabi- 
lized by internal salt (zwitterion) formation. See Sections A-83, A-84, 
A-86, and A-452. 

Ihference 

1. Oliver, Dann, and Gatcs,~7. :lm. (;hem. .\oc., 80,702 (1958) 

A-86. Isoindolo[l,2-b] benzothiazole * 
6 

Condensation of 2-mercaptoaniline with phthalaldehydic acid 
yielded I (m. 172-4"), whiIe with 2-cyanobenzaldehyde, I1 (hydro- 
chloride, m. 192-3") was formed. Compound I1 was stable only in 
the form of its salt. See Sections A-83, A-84, A-85, and A-452. 

0 NH 
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Reference 

1 .  Oliver, Dann, and Gates, ,7. Am. Chem. Soc., 80,702 (1958). 

Schwarz and deSmet obtained 1,2 compound I (m. -220"d.), 
which was then ~ s e d ~ , ~  for the preparation of photographic sensitizing 
agents. 

Br - 

References 

I .  Schwarz and deSmet, Brit. Pat. 587,434; Chem. Abstracts, 42,619 (1948). 
2. deSmet and Schwarz, ;batuurw. Tydschr., 21, 271 (1940); (:hem. Abstracts, 34, 

3 .  Schwarz and deSmet, Brit. Pat. 615,205; Chem. Abslracts, 43,8293 (1949). 
3603 ( 1  940). 

8 

A-88. Benzisothiazolo[4,3,2-ghi]naphtho- 
(2,3-b]quinoxalino[ 2,3-e]indole * 

12 11 

Interest in this ring system arises from its presence in the dye Ind- 
anthrene Yellow 6GD, which is manufactured' from I and 2,3-di- 
chloro-l,4-naphthoquinone (or 1,4-naphthoquinone itself 2 ) .  The 
dye is a nontendering greenish yellow (yellow-brown vat; orange 
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solution in sulfuric acid) of fairly good fastness. Although the struc- 
ture of the dye has never been ascertained with certainty, it is gen- 
erally accorded structure 11; however, Bruck4 favored structure 111. 

Chlorination of Indanthrene Yellow 6GD in weak oleum yielded 
a dichloro derivative considered5 to have structure IV, since it was 
also prepared from 2,3,5,8-tetrachloronaphthoquinone. This product 
dyed increasingly greener with increasing temperature and was of no 
value. 

0 aC' c1 

0 

* p 
I I I ,  

0 N-SO, 

- 2HCI 
A 

A 

(111) W) 

A variety of substituents was introduced into the quinoxaline 
moiety of I1 in an effort to improve the light- and soda-boil fastness. 
The resulting dyes were all inferior to 11, however, and the introduc- 
tion6 of an aroylamino group into the naphthoquinone ring was 
similarly fruitless. 
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For the sake of brevity, three related systems (V-VII), which 
showed no advantages as dyes, but were briefly mentioned," are in- 
cluded here. 

Reference5 

1 
2. Kranzlein, Greune and Vollmann, Ger. Pat. 433,192; Frdl., 15,437 (1928). 
3. 1. G. FarbenindustrieA.-G, FIA7Repor l .Vo .  1313, Vol. 111, p. 35, 
4. Bruck, I .  ( 1 .  I.arheninrluttrie . l . -( i  , 41 II isJenschojllrcher .Iurtauvh dcr C;rup/ic I.V, 

Ludwigshafen, June 6,1939; PB Report No. 70342, frames 14412-7. 
5. Bruck, I .  G. Farbenindustrie A&.; PB Report No. 70341, frame 13632. 
6 Kitrer, I. G. I.arbenindutlrie .i.-(,., I'H Report . l o .  74203, frames 6700 -4. 
7 Hcrzberq and Woppe, Ger Pat. 368,172; l;rdl., 14,742 (1926). 

I .  G. Farbenindustrie A.-G., B.I.O.S. Report dVo. 987, p. 125. 

A-89. PyrrololZ,l-b] benzoselenazole 
5 4  

By treating I with ethylene dibromide, deSmet and Schwarz I ob- 
tained thequaternary salt 11 ,  which was treated further to produce a 
sensitizer for photographic emuIsions. 

Br- 

BrCH,CNpBr 

A 
___f 
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Reference 

1 .  deSmet and Schwarz, ~Vatuum.  Tydschr., 21, 21 1 ( 1  940) ; Chem. Abslracls, 34, 3603 
(1940). 

H 

A-90. lH-Imidazo~1,2-a]pyrrole '&!' 
5 3 

4 

Two other names are encountered for this ring system: 2,4,7-zrnid- 
acopyrrole and pyrrofo ( 7' :2'- 7 :2)gfyoxaline. 

Treatment of I with sodium ethoxide yielded'I2 I1 (IIa, R = 
COOC,M,, R' = CH,, m. 187"; IIb, R = CN, R' = H, d. >280"; 
IIc, R = CN, R' = CH,, m. 165-6"). These compounds give no 

R\C/CH2\CN COOC,H5 
li H I  

HC ~ N - CHR' 

NaOC,H, \ 
(Ila) 
(IIb) R = CN, R = H 
( I k )  R = CN, R'E: CH, 

R = COOCqH,, R' = CHa 

CH3 
I 

(Ilb) R'=H 
(IIc) R'=CHa 

R' 
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salts with acids, even in anhydrous media, but are soluble in dilute 
alkali carbonates. They do not give a ferric chloride test, but do give 
a positive Ehrlich test. Methylation of IIb or IIc with diazomethane 
gave2 a mixture of 80% I11 (IIIa, R = H, m. 210"; IIIb, R = CH,, 
m. 178-9") and 2074 IV (IVa, R = H, m. 151"; IVb, R = CH,, m. 
133-4"). This further confirms structure I1 for the cyclization prod- 
uct of I ,  and eliminates V from consideration. The nitrile group of 
compounds IIc and IIIb is very resistant to hydrolysis and only traces 
of the ethyl ester (m. 134") corresponding to IIIb could be ~ b t a i n e d . ~  

Brominationof IIc and IIIb yielded3 VIa (R = H, decomposes 
above 158" without melting) and VIb (R = CH,, m. -1GO"d.). 
The chlorine analog of VIa (rn. 229-31") and the corresponding 
dibromo analog of IVb (d. -150") were also ~ b t a i n e d . ~  Sulfuric 
acid converted IIc into the corresponding 5-sulfonic acid (d. -180", 
sodium salt, m. 230-40"d.). 

I 
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When IIc was treated with phosphorus oxychloride, a product 
(m. 177-82"d.) C,H,N,Cl was obtained. Since this product was 
basic and stable to aqueous alkali and showed an  ultraviolet absorp 
tion spectrum quite different from that of IVb, it was evidently not 
compound VII, and structure VIII was assigned to it.3 The nitrile 
groupof VIII was readily saponified3 giving I X  (m. 242-5"; ethyl 
ester, m. 142"), which was hydrogenated to XI (m. 258-60") over a 
Raney nickel catalyst, and to X (m. 250-2") with palladium-char- 
coal. The uttraviolet absorption spectra of many of these compounds 
have been measured. 

Efforts by Grob and Utzinger4 to obtain compound XI11 by the 
cyclization of XI1 were not successful. 

References 
1.  Grob and Ankli, Helv. Chtm. Actu, 33,273 (1950). 
2. Cohen, J .  Chem. SOC., 1950,3005. 
3 Grob and Ankli, Helv. Chtm. Ada ,  33,658 (1950). 
4. Grob and Utzinger, Helv. Chim. Actu, 37,1256 (1954). 

Anderlini1.2 studied the reaction of o-phenylenediamine with 
succinic anhydride and isolated a product which he thought had 
structure 1. It was shown by Meyer and Luders,, and later by 
Betrabet and Chakra~a r t i ,~  that this product was actually 11, and 
that on dehydration it was converted into I11 (m. 171" or 172-5"). 
Compound 111, which was called propionylenebenzimidazole or a, (8)- 
dzhydroacrylenene- 1,3-bewzmtdaeole, was also obtained directly by heat- 
ing at 230-40" a mixture of o-phenylenediamine and succinic anhy- 
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0 

dride. In a similar fashion diphenylmaleic anhydride yielded 2,3- 
diphenylpyrrolol 1,2-a]benzimidazol-l-one (brown, m. 186"). 

A further synthesis of this ring system has been described by 
Bistrzycki and Schmutz, who heated o-phenylenediamine with y- 
valerolactone and obtained IV (R = CH,) as a brown oil (picrate, 
yellow, m. 222-4"). Recently Reppe et aL7 described the desmethyl 

R R 

- 270' + 
0 

homolog (IV, R = H, bo,2 130", m. 115"), obtained similarly from 
y-butyrolactone. It yielded a nitro derivative (m. 173"), which was 
reduced catalytically to an amine (m. 205'; acetyl derivative, m. 
266"). 
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References 

1 .  Anderlini, :lUi reale accad. Lincet, I, 425 (1893). 
2. hderlini, Gate. chim. ital., 24, 140 (1894). 
3. Meyer and Liiders, .inn., 415,29 (1917). 
4. Betrabet and Chakravarti, ,7. Indian (;hem. SK., 7 ,  191 (1930); [:hem. Zen&., 11, 

5.  Bistrzycki and Fassler, Helo. chim. Acta, 6,519 (1923). 
6 .  Bistrzycki and Schmutz, .inn., 415,l (1917). 
7 .  Reppe ef of., .-inn., 596,176,209 (1955). 

240 (1930); Uzem. .-lbstiacls, 24,4516 (1930);25,701 (1931). 

Metallation of 1-phenylimidazole ( I )  and carbonation of the re- 
sulting dilithium derivative (11) gave a 5Cr, yield of bright yellow I11 
(m. 162-3", after sublimation). 

0 

Li 

Reference 

1 .  Shirley and Alley, .7. .im. (:hem. Sac., 79,4922 (1957). 

1 

A-93. EiH-Imidazo~!2,1-a]isoindole. 
8 &3 2 R.I. 1373 T \  3 

y2' 

The alternative name o-benglenebenzimidazole given by the Ring 
Index for this nucleus is, obviously, an error. 
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Betrabet and Chakravarti ' described the condensation of phthal- 
ide ( I )  with ethylenediamine to yield, ultimately, I 1  (m. 152-3"). 
Oxidation of I1 with potassium permanganate gave 111 (m. 229 -30°), 
which was also obtained from the condensation of phthalic anhy- 
dridc with ethvlenediamine. 

0 

0 

Treatment of the lactones IV (see Section A-82) with ammonia 
yielded2 V ( R ,  = R, = CH,, m. 219"; R ,  + R, = (CH,),, m. 
206 ") . 

Reference$ 

1. Betrabet and Chakravarti, .7. Indian Chem. SOL,  7 ,  495 (1930); (.%em. Cerdr., 11, 
3025 (1930); Chem. Abdracls, 25,701 (1931). 

2. Honzl, C'oLkchon Czechorlorr. (:hem. Cornmum., 21, 725 (1956); C.heni. h j f y ,  49, 1671 
( 1  955) ; Chem. ..lbslracts, 50,5622 ( 1  956). 
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A-94. 

11 

lIH-IsoindoIo[ 2,l-a 1 benzimidazole. 
R.I. 2271 

4 

Alternative names encountered for this nucleus are: pseudoisoindolo- 
bmci mi dacole, o- henzoly lene-2, I -  henci mi dasole, and phenylenephlhala mi done. 

This type of ring system was first investigated by Bistrzycki, I 

who was interested, initially, in identifying the product formed from 
the condensation of opianic acid with toluenediamine. Subsequently 
he showed that, in general, phthalaldehydic acids ( I )  condense with 
1,Zdiamines to yield benzimidazoles such as 11, which can then be 
dehydrated to productsof type 111. 

aCHO 
COOH 

C q q )  
HOOC 

The reaction of phthalic anhydride with o-phenylenediamine in 
ethanol solution was studied by Anderlini5 and by Meyer,' who ob- 
tained products such as 11, I\', and V. However, when these re- 
actants are fused at elevated temperatures, a 9ood yield of 111 can be 
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obtained d i r e ~ t l y , ~  together with some V and other products.8 Com- 
pounds of type 111 have also been prepared by the reduction and de- 
hydration of o-phenylazophenylphthalimides' or o-nitrophenyl- 
phthalimides" (e.e;.. \ 'I) .  

Thiele and Falk" treated phthalaldehyde with o-phenylenedi- 
amine and isolated a product ,(C 14H which they considered to 
be either VII or VIII. Controlled oxidation of this product gave 111, 

and additional evidence in favor of structure VIII was provided by 
the fact that the product was a monoacidic base. Bistrzycki and 
Schmutz '' prepared VIII from phthalide and o-phenylenediamine, 
and the properties of their product agreed with those of Thiele and 
Falk's product. In spite of this evidence, Betrabet and Chakravarti 
reopened the problem and, presumably because they had difficulty in 
obtaining VIII by various routes, concluded ' that 'I'hiele and Falk's 
product was VII, which rearranqed under oxidizinq conditions to 
yield 111. Rowe and hisco-workers'4'15 also obtained VIII by an un- 
usual series of rearrangements. 

CH, 
I 

COOH 

0- 
I 
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Beckmann rearrangement of the as-lrunr dioxime of 1,5-dichloro- 
anthraquinone (IX) yielded " a dichloro compound considered to 
be either X or XI because of the elemental analysis and the similarity 
of the ultraviolet absorption spectrum to that of 111. 

The nitration of I11 has been reported to yield two different 
(probably the 6-, 7-, 8-, or 9-1 mononitro derivatives of 111, depend- 
ing upon the mode of nitration. One of these was reduced readily to 
an  amine whereas the other resisted reduction. The condensation of 
3- and 4-nitrophthalic anhydrides with o-phenylenediamine has been 
claimed,20 but no effort was made to relate these products to the 
above nitro compounds. Treatment of I11 with alkyl halides 
yielded l o  quaternary salts which were reconverted by heat into their 
components. The amide linkage of I11 is readily cleaved both by 
acidic and (especially) by basic reagents; for example, with aniline, 
I11 yields 2-(2-benzimidazolyl)benzanilide. The zinc reduction of 
certain homologs of I11 is reported to yield tetrahydro derivatives, 
but the structure of these substances is unknown. 
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Derivatives of llN-Isoindolo[2, 1-ulbenzimidazole 

Empirical Substituents or Properties and 
formda scuccuce commenes Refs. 

1,2,3,4-Tet rachloro- 1 l-oxo- 
1,6-(or 4,9 ?)-Dichloro- 11- 

1,4-Dinitro-l l-oxo- 
2-Chloro-1 l-oxo- 
x-Nitro- 1 l-oxo- 
y Nitro- 1 l-oxo- 
I(or 4)-Nitro-ll-oxo 
2(or 3)-Nitro-ll-oxo- 
1 1-0x0- 

0x0- 

C14H10N2 

C15H16N20 

%Hydroxy- 11-0x0 

x-Amino-11-oxo- 
2-Chl0r0- 

Unsubstituted 

1,2,3,4,4a, 1 la-Hexahydro- 

6(or 9)-Bromo-8(or 7)-methyl- 

7(or 8>methyl-ll-om- 
7(or S)-Methyl- 
x,z,x,~-Tetrahydro-7(or 8)- 

methybl l-oxo- 
1,2,3,4,4a, 1 la-Hexahydro- 

7(or B)-methyl- 1 l-oxo- 
aor 9)-Bromo- 3,4-dimethoxy- 

7(or 8>methyl-ll-oxo- 
3,4- Di m e t  hox y- 7( or 8)- 

methyl-ll-oxo- 
x,x,x,x-Tetrahydro-3,4-di- 

methoxy-'l(or 8)methyl- 
1 l-oxo- 

ll-oxo- 

1 I-0x0- 

Gm.-yel., m. 290-1'. 
Yel., m. 282'. 

Bra-yel. 
Yel., m. 156'. 
Yel.-gm., m. 239'. 
Brn., m. 280' d. 

Y el.-bm. 
Yel., m. 211-2'(209- 

- 

10"; 211'). 
Methiodide and 
methochloride, 
m. -2OOO. 

m. 320'. 
m. 242'. 
Red, m. 298-305'. 

AcetyI der., d. 
253 '. 

m. 212-3' (210'; 
212'). Picrate, 
yel., m. 243.S0. 

m. 175-6O. 

Yel., m. 234-5". 

Yel., m. 188' (166'). 
m. 192-3'. 
m. 186-7'. 

m. 1867'. 

Yel., m. 212-3'. 

Yel., m. 228'. 

m. 248'. 

7 
22 

20 
14 
10 
10 
20 
20 
4,7,8,10, 

11,13, 
14915, 
18-20, 
22 

21 
14,15 
10 

11-15 

19 

4 

4,16 
11 
4 

19 

4 

3 

4 
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Derivatives of 11H-Isoindolo [Z, 1 - 4  benzimidamfe (continued) 

formula structure comments Refs. Empirical Substitucnts or Properties and 

C ZH ,N,O, EbPhthalimido- 1 l-oxo- Yel., m. 295". 9 
CwH&202 11,Il-Ris(4-hydroxyphenyI)- m. 354-5O. Picrate, I2 

yel., m. 20f4O. 
0,O-Diacetate pi- 
crate, yel., d. 
285.5-6 O. 

r 0 0 1 
20 

I .  
2. 
3. 
4. 
5. 
6. 
7. 
8. 

9. 

10. 
11. 
12. 
13. 

14. 
15. 
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Bistrzycki, Ber., 21,2518 (1888). 
Bistrzycki, Ber., 23,104'2 (1890). 
Bistrzycki, Ber., 24,627 (1891). 
Bistrzycki, and Cybulski, Her., 25,1984 (1 892). 
Anderlini, Gat<.  chzm. rtal., 24, 140 (1894). 
Meyer, Ann., 327,l (1 903). 
Bistrzycki and Lecco, Helv. Chrm. Acta, 4,425 (1921). 
Porai-Koshits and Antoshul'skaya, J. Gen. (;hem. (( ' . S . S . K . ) ,  13, 339 (1943); 
Chem. Abslracls, 38, 1234 (1944). 
Crippa and Galimberti, G a u .  chzm. ztal., 59, 825 (1929); (.'hem. Zen&., I, 1307 
(1930); C h m .  Abstracts, 24,2115 (1930). 
Rupe and Thiess, Her., 42,4287 (1909). 
Thieie and Falk, Ann., 347,112 (1906). 
Bistrzycki and Schmutz, Ann., 415,l (1917). 
Betrabet and Chakrawarti, J .  Indian Chem. Soc., 7, 495 (1930); Chem. zentr., 11, 
3025 (1930); Chem. Abstracfs, 25,701 (1931). 
Rowe, Dovey, Garforth, Levin, Pask and Peters, J .  Chem. .Six., 1935, 1796. 
Rowe, Adam, Peters and Gillam, J .  Chem. Soc., 1937,90. 
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16. 

17. 
18. 

19. 

20. 
21. 
22. 

Chakravarti, Quar~..7. Indian (:hem. Aoc., 1, 19 (1924); (:hem. <en&., I, 518 (1925), 
(:hem. AbstracLc, 19,830 (1925). 
Crippa and Galimberti, GaZz. cham. rhd, 63,81 (1933). 
Syrkin and Shott-L'vova, Ada I'hyxcochem 1 ' . H . S . S . ,  20, 397 (1945); Hull. mad. 
SCI. ( . . H . . L % . ,  Chssesci. chim., No. 4, 314 (1945); (:hem. =IbJlrach, 40, 5310 (1946). 
Betrabet and Chakravarti, ,7. Indian (:hem. Soc., 7 ,  191 (1930); Chem. Zmtr., 11, 
240 (1930); (,hem. Abstracis, 25,701 (1931) and24,4516 (1930). 
d'Ennequin, Tetnkex, 20,879 (1955). 
Guameri, ilnn. chrm. (Rome), 47,163 (1957). 
Rydon, Smith and Williams, ,7. Chem. Soc., 1957, 1900. 

I 

A-95. 1,4-Epoxy-lH-iaoindolo[ 2,l-1- 
benzimidazole. R.I. 2889 

4 

Anderlini ' treated cantharidin ( I )  with o-phenylenediamine and 
with 3,4-toluenediamine, and obtained products (m. 165-6" and 
180--1", respectively), to which Gadamer2 assigned structure I1 
(R = H or CH,). The 8-substituted isomer of 11 would seem to be 
an  equally possible structure for these products. 

References 

1. Anderlini, Gau.  chim. t b l . ,  23, I, 138 (1893). 
2. Gadamer, Arch. Pharm., 260,199 (1922); Chem. Zentr., 1,687 (1923). 

10 I t  1 

A-96. SH-Benzimidazo[ 1,2-a] pyrido- 
[2,3-c]pyrrole. R.I. 2270 

7 

This nucleus has also been named 6encimiduzopy~rofopyn'dine and 
nicotinoylenebenzimiduzoie. In 1921 Bistrzycki and Leko * treated 
quinolinic acid (I) with o-phenylenediamine and obtained a product 
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(yellow crystals, m. 221-29, which they recognized might have either 
structure I1 or 111. Since picolinic acid is a weaker acid than nico- 
tinic acid, these authors reasoned that the 3-carboxyl group of I 
would be more apt to react initially with the diamine and therefore 
they considered their product to have structure 111. 

In reinvestigating this problem, Leko and Ivkovich' degraded the 
product (by hydrolysis and decarboxylation) to a 2-(pyridy1)benz- 
imidazole. This was identified as 2-(2-pyridyl)beniimidazole by 
comparison with authentic samples of the two possible benzimid- 
azoles, thus showing the original product to be 11, not 111. 

0 0 

It  has been suggested' that shielding of the 3-carboxyl group of 
I ,  such as by inner salt formation, is responsible for the formation of 
I1 instead of 111. Even when the 2-carboxyl group is blocked, for ex- 
ample as in the case of the 2-monoamide3 or 2-monoester" deriva- 
tives of I ,  only compound I1 results. 

References 

1 .  Bistnycki and Leko, Helv. chrm. Ada, 4,425 (1921). 
2. Ixko m d  Ivkovich, Bull. soc. chtm. roy. Jqoslav. ,  1, No. 1, 3 (1930); (:hem. Zentr., 

1,1100 (1932); Chem. Abstracfs, 25,4269 (1931). 
3. k k o  and BastiC, Hull. SOL. chrm. Belgrade, 13, 203 (1948); (:hem. .ibstrach, 46, 

8655 (1952). 
4. Leko and BastiC, Hull. soc. chcm. Be&ade, 14, 105 (1949); (:hem. .ibslraclr, 46, 

8656 (1 952). 
5. Bastif and GoluboviC, Bull. sot. chtm. Belgrude, 21,95 ( 1  956). 
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A-97. SH-Benzimidazo[1,2a]pyrido- gpJ3.-J$; 
[ 4,3-clpyrroIe @ \  

H2 ' 7 6 

5 

Compound I (m. 208-9"), the only example of this nucleus, was 
Its structure was obtained' from cinchorneronic acid as shown. 

demonstrated by degradation to 2-(4-pyridyl)benzimidazole (11). 

NH2 

I) KOH - 
0 2) - co, 

(1) (11) 

Reference 

1. Leko and Bastit, Brill. soc. chim, Belgrade, 16, 175 (1951); C3enr. .4b.dracts, 48, 
9366 (1954). 

2 
.&a4 I /  3 

A-98. lOH-Naphtho[l,2-d]pyrrol- 
/ [1,2-ajimidazole* 8 

7 6 

2 or 

A-99. lOH-Naphtho[I,l-d]pyrrol- g&:&: 

[1,2a]imidazole * 8 

I 6  

By the reaction of 1,2-naphthylenediamine with y-butyrolactone, 
Reppe et al. obtained a product (m. 168-70°), which probably has 
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either structure I or 11, probably the former, if the reaction is 
analogous to that of the diamine with Gvalerolactone (see Section 
A-283). 

Reference 

1. Reppe el al., Ann., 596,209 (1955). 

A-100. 
1 

Cyclohepta[3,4]pyrrolo[l,2-u]- ; bcnzimidazole* 8 L  F 

5 4  

One of the metabolites isolated from cultures of various Penicillia 
molds is the compound C,H,O,, which was named puberulonic acid. 
O n  the basis of incomplete information, puberulonic acid was consid- 
ered ' to have structure I or 11, and its reaction with o-phenylene- 
diamine was thought ' to yield a quinoxatine derivative. Recently, 
however, the structure of the acid was shown2 to be 111, and the con- 

0 0 
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OH 0 0 
II 

HO 

HO 
_____). 

0 OH OH 

(111) (IV) 

densation product (vermilion, chars but does not melt below 350") 
with o-phenylenediamine is considered to be IV. 

References 
I .  Corbett, Hassall, Johnson, and Todd, .7. Chem. So(.., 1950, 1 
2. Aulin-Erdtman, Ada Chent. Scund., 5,301 (1951). 
3. Johnson, Sheppard, and Todd, ,7. Chcm. Sac., 1951,1139. 

and 
2 

A-102. 1ZH-Isoindolot2,l-ajnaphth- 
[ 2,1-d]imidazole. R.I. 2943 

8 7 6  

These nuclei have also been named 1,2-o-beneoylene- 1,Snaphthodz- 
aZo le and I ' , 2'- benzoy lene- a -nuphtht mz dazo le- I, 2 and 1 ( CO ) - 2- benzoy l- 
ene-[ naphtho- 1',2' :#,5-zmtdazole], and they are examples of the larger 
class of products, formed from the condensation of phthalic anhydride 
with vicinal aromatic diamines, which Bistrzycki has called phthal- 
amidones. As these ring systems have a common origin they are dis- 
cussed toqet her here. 

In 1892 Bistrzycki and Cybulski I described the product (yellow, 
m. 191-2") obtained from the condensation of 1 ,a-naphthylenedi- 
arnine (I)  with opianic acid and assigned to it structure 111. I t  is ap- 
parent that the carbonyl group could be attached to the nitrogen at 
either the a- or 6-position of the naphthalene nucleus. To help settle 



Fused 5/5 Ring Systems 123 

0 
II OCH3 

0 

COOH 0 

this question of structure, Bistrzycki and Risi2 treated phthalic an- 
hydride (11) with 1,2-naphthylenediamine (I) to obtain a phthalamic 
acid. The free amino group of this phthalamic acid was eliminated by 
diazotization and reduction to give a product, which might be either 
a 1- or 2-naphthylphthalamic acid. By synthesis of these two pos- 
sible isomers it was shown that the product was the 2-isomer (IV). 
On the basis of this information Bistrzycki and Risi assigned structure 
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V to the product (yellowish orange, m. 213") obtained from the fusion 
of I and 11. This same product was obtained by Lieb,7 who also as- 
signed to it structure V. Chakravarti3 claimed to have obtained VI 
by reacting I with I1 in ethanol and that dehydration of VI gave VII. 
No properties of VII, or other evidence to support this claim were 

_f 
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mentioned. The reaction of tetrahydrophthalic anhydride with I 
was reported4 to give a product (m. 223-4"), which might be the 
tetrahydro analog of either V or VII. 

An unequivocal solution to this problem was finally offered by 
Crippa and Galimbe~-ti,~ who found that the nature of product 
formed by the fusion of I and I1 depended upon the temperature of 
the reaction. Lower temperatures gave VII, whereas at higher tem- 
peratures V was obtained. Each compound was synthesized inde- 
pendently from the appropriate nitronaphthylamine by condensa- 
tion with I1 foHowed by reduction of the nitro group and 
dehydration. The properties of V agreed with those reported by 
Bistrzycki and Risi, and VII was found to melt at 299-300". 

In a further synthesis, IX (straw colored, m. 246") was obtained6 
as shown from VIII. 

(VIII) 

References 

1 .  Bistrzycki and Cybulski, Ber., 25,1984 (1892). 
2. Bistrzycki and Risi, Helu. Cham. Acta, 8,810 (1925). 
3. Chakravarti, Qu~TLJ. Indian Chem. Sw., 1, 19 (1924); Chem. &&., I, 518 (1925); 

Chem. Abstracts, 19,830 (1925). 
4. Betrabet andChakravarti,J. Indian Clum. Soc., I, 191 (1930); Chern. <enfr., II, 240 

(1930); Chrm. Abstracts, 24,4516 (1930); 25,701 (1931). 
5. Crippa and Galimberti, k. h i m .  i&f., 59,510 (1929). 
6. Crippa and Perroncito, &a. d i m .  h f . ,  65,678 (1935). 
7. Lieb, Monufrh., 39,883 (1918). 
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IZ 13 1 

A-103. 5H-Naphth [ 2',3',4,5]imidazo- lo mm: 
9 \  

4 
7 2  

8 7  
[l72-o]pyrido[3,3-c]pyrrole * 

Condensation of quinofinic anhydride with 2,3-naphthylenedi- 
amine yielded' I (m. 320"); the structure of which was demonstrated 
by degradation to 11, which also was prepared by the condensation of 
picolinic acid with 2,3-naphthylenediamine. See Sections A-96/97. 

Reference 

1. Bastif and GoluboviE, Glamik Khem. Drushtva, Beograd, 18, No. 4, 235 (1 953); 
Chem. Abstracts, 52,2005 (1 958). 

10 1' 

A-104. 13H-bind010 [2',3'-d]imidazole. [ !2,1-a] quinoxalo- R.I. 2941 :fJ;r--%: 
7 6 5  4 

While investigating the reaction of 2,3-diaminoquinoxaIine ,(I) 
with various acid anhydrides, Sircar and Pal' obtained I1 (light 
yellow, m. > 300"), which was called o-ben<o$enequinoxalino (2,3)imid- 
azotole. 

0 0 
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Reference 

1. Sircar and Pal, j'. Indian Chem. SOL., 9 ,  527 (1932); Chem. Zentr., I, I947 (1933); 
Chem. Abslrucls, 27,1882 (1932). 

2 

A-105. 12 H-Acenaphth [ 4,5 4jisoindolo- 4 

[2,1-u]imidazole. R.I. 3455 5 
8 

'This nucieus has also been called 1',2'-ben~yleneacenaphtho-4,5- 
zrnidazole. By heating compound I with zinc dust and acetic acid, 
Crippa and Perroncito' obtained I1 (m. 280"). 

I 
'6JH5 

1. Crippa and Perroncito, Cazz. chzm. ifal.,  64, 415 (1934); Chem. Abstracts, 28, 6433 
(1934); Chern, Zentr., 11,3620 (1934). 

A-106. 13H-Anthra[ 2,14]isoindolo- 
[ 2,l-~]irnidazole. R.I. 3465 

9 

This nucleus was also called isoindoloanthrimidaeole. The single 
representative, I (yellow needles, m. 354"d.), was prepared by Lieb 
and Schwarzer 192 from the reaction of 1 ,2-diaminoanthraquinone 
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with phthalic anhydride. The lactam ring is readily split when I is 
warmed with alkaline solutions. 

References 

1.  Licb and Schwarzer, Monabh., 41,573 (1921). 
2. Lieb and S c h w a m ,  Sitzber. Akad. Wiss. Wien, Math. naturw. Kl., Abt. IIb, 129, 

573 (1920). 

This nucleus has also been called phenacino[ 2,5d]pseudoisozndolo- 
[&?-a] imidtyole and o-betqoylene-2,3-phena~inoimida~ole. The sole repre- 
sentative is compound I (yellow, m. 358"), prepared as shown. 

References 

1 .  Sircar and De, @art. J .  Indian Chem. Sw., 2 ,  312 (1925); (:hem. Zenfr., I, 2697 

2. Crippa and Galimberti, &<<. chim. hi., 61, 91 (1931); (;hem. Znzfr., I, 3349 
(1 926) ; Chem. Abstracts, 20,1805 (1 926). 

(1931); C h .  Absl~uc6s, 25,3343 (1931). 
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f 

A-108. 16H-Bcnzimidazo[ 2,l-a) phcn- 
anthro[9,10-#]isoindole. R.I. 3693 

I1 10 

1 

While investigating the reactions of the anhydride I, Dilthey, 
ter Worst and Schaefer prepared compound I1 (yellow crystals, m. 
3 12"; gives a red sulfuric acid solution). 

(1) ("1 
RGferencG 

1.  Dilthey, ter Horst, and Schaefer, 3. pi&. C h . ,  148,53 (1937). 

I2 18 

A-109. lZH,16H-Diisoindolo- 
[Z,l-a, l,Z-h]m-benzobis- 
imidazole. R.I. 3680. 8 4 

Crippa and Galimberti obtained compound I1 (red-brown, m. 
> 300°), which they cat led s y m - 6 i s b n z z o y k ~ b e t ~ ' ~ a ~ o k e ,  by reduc- 
tion of I (R = NO,) and cyclodehydration of the resulting diamine 

0 0  

(1) (11) 
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by treatment with hot acetic anhydride. Efforts to prepare I 
(R = C,H,N-N) by the condensation of 4,6-bisphenylazo-m- 
phenylenediamine with phthalic anhydride were not successful, since 
the phenylazo groups were eliminated during the reaction. 

Reference 

1 .  Crippa and Galimberti, Carr, chrm. ztaf., 61,91 (1 931). 

14 15 16 

A-110. Benzobis[l' ',2 "-c, 4",5 "-c'] - l1 2 

benzimidazo[1,2-a1pyrrole lo \g N /  / / 3  
7 6  5 4  

The single representative (11) of this ring system has been ob- 
tained1s2 by the condensation of pyromellitic acid (or anhydride, I )  
with o-phenylenediamine. Compound I1 is golden yellow, m. 
-300"d., and the lactam rings are readily cleaved by caustic. 

O d o  _I___+ C,fb(NH,)* Ql3p!i\a 
0 0 

(1) (11) 

References 

1. Bayer, I .  G. Farbentndustne A.-G., 8 Wtssenschafilicher Austausch a'er Gruppe IX,  May 

2. de Diesbach and Riat, Helv. Chim. Acta, 24,13Q6 (1941). 
23, andJune 28,1933, Hochst; PBReport No. 25630, frame 683. 

A-lll. Bisbenzimidazo- 
[1,2-a, 1',2'-u']naphtho- 1% 

[2,1-c,6,5-er]dipyrrole* 11 
8 10 9 

and/or 

A-112. Bisbenzimidazo- 
[1,2-a, l',Z'-a']naphtho- 12 

[l,?-c, 6,5-c']dipyrrole* 11 
10 a 7  
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and/or 

A-113. 

17 

14H,17H-Bisbenzimidazo- 
[1,2-0,1’,2’ar]naphtho- If  

[1,2-c, 6,5-cr]dipyrrole* 4 
r .  

‘ 7  

The preparation of the dianhydride I has been described by 
Vollmann and Boedeker, who treated I with o-phenylenediamine in 
acetic acid and obtained a pale orange “di-imidazole derivative” 
(m. >400”). This product, which vats (only in the presence of pyri- 
dine) to a greenish yellow solution exhibiting no affinity for cotton, 
must be represented by either structure I1 or 111 or a mixture of both. 
A third possibility, structure IV, seems excluded by the fact that the 
compound does vat, albeit reluctantly. 

0 

0 

Reference 

1. Vollmann and Boedeker, I. G. Farbenindwlrie A.-G., 38/Tetko-Sitamg, Feb. 23, 1934; 
PBRefirt No. 17657, frames 1466-76. 



132 Chapter 111 

It has been claimed by Clemo and Vipond' that the product 
thought to be IV by Lconard and Ruyle,2 is, in fact, 111. Leonard 
and Ruyle prepared their product by the method of Hess,' who 
treated I with formaldehyde and acid. Hess suggested that the inter- 
mediate I1 underwent an internal oxidation-reduction, and that the 
product had structure IV. Instead, it appears dehydration to I11 
(b12 70-2"; n i o  1.4611; picrate, m. 103-4"; aurichloride, m. 106") 
occurs. 

Compound V, prepared as shown from proline by Petri and 
Sta~erman,~ might be considered a member of this ring system. 
Compound V was also obtained by treating N-carbobenzoxy-L- 
proline with phosphorus pentachloride, and was converted, with loss 
of carbon dioxide, into poly-L-proline. 

References 

1. Qemo and Vipond, clkn. md I d ,  1949,856. 
2. Lronard and Ruyk, 3. Am. Cbn. Soc., 71,3094 (1949). 
3. €less, Bn., 46.4104 (1913). 

5. Bcrger, Kurtz, and Katchalski, 3. Am. Chm. Soc., 76,5552 (1954). 
4. kt14 8 4  Stav-nn, Rm.  ha^. Chk., 71,385 (1952). 
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1 

A-115. 1W-Imidazo [ 1,5-cr]pyrrole. 
R.I. 616 

4 

A number of derivatives of this nucleus have been prepared by the 
reaction of cyanic acid and its derivatives (e.g., phenyl isocyanate, 
thiocyanic acid, etc.) with the amino acid proline (I) and its deriva- 
tives (e.g., hydroxyproline, pyrrolidonecarboxylic acid, etc.). '- l3 

These products of type XI have been called (where R = H and 
X = 0) proline hydantoin, and (where R = C,H, and X = S )  l-oxo- 
2-phenyl-3thio- 1-tmidarolino[ 1,5a]pyrrolidine, and where R = H and 
X = S) pyrrolidino( ?':2'- 1:5)-2-thiohydantoin. They are of interest in 
the identification and isolation of amino acids.91 12% 19a20 A different 
synthesis of 11 (R = C,H,) was reported recently by Gaudry, I 3  who 
built up stepwise, as shown, both rings of the system. 

0 

Burke and Hammer l4 found that while pyrrole itself underwent 
the Mannich reaction to yield only a-alkylaminomethylpyrroles, 
3-carbethoxy-2,4-dimethylpyrrole reacted further to give 111. In con- 
trast to many pyrrole derivatives, the ring system of I11 was stabIe to 
acids and to alcoholic alkali. The pyrrole ring was also found stable 
to lithium aluminum hydride reduction. 
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A recent synthesis of this nucleus, unique in that it begins with an 
intact imidazole ring, was described by Bullerwell, Lawson, and 
Morley, l5 who obtained V from the dehydration of IV. The acetyl 
group was cleaved by boiling water and then the lactam ring was 
opened by treatment with a base. Compound V was named as a 
derivative of glyoxalzno( 7' :5'- 7:5)py~rolzd-2-one. 

0 
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21. Ramachandran and McConnell, Anal. Chem., 27,1734 (1955). 
14839 (1955). 

Alkaline hydrolysis of the mold metabolite glioloxzn yielded a 
product CI,H,N,OS (m. 189", 188") for which structure I was sug- 
gested. * Compound I was synthesized by Elvidge and by 
the reaction of indole-2-carboxylic acid ester with methyl isothio- 
cyanate, and named by them 2-thio- I-methyhndulo[ 1',2',3,4]hydantozn or 
2-thio-3-methylindolo- I' : 2'- 1 :5-hydantoin. That the reaction had indeed 
occurred to give product I, and not, for example, 11, was shown by 
evidence that 1 -methylindole-3-carboxylic acid ester failed to react 
with methyl isothiocyanate, whereas 3-methylindole-2-carboxylic 
acid ester gave a compound (the 9-methyl homolog of I, orange- 
yellow, m. 222") having an ultraviolet absorption spectrum virtually 
identical with that of I. 

Further evidence in favor of the assignment of structure I to the 
gliotoxin hydrolysis product was adduced by Johnson and 
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0 

Gliotoxin KOH-CH,OH , &xscH3 - 

B~chanan ,~  who synthesized I by the reaction of 111 with o-brom- 
benzaldehyde to give IV, which was cyclized to I. Also, indole-2- 
carboxylic acid ester was converted5 into V (m. 263-4"), and .this 
was methylated to yield VI (rn. 181.5-2"), a product readily ob- 
tained from the oxidative hydrolysis of I .  

0 

0 0 
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References 
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I 

A-117. ~,4uH-Pyrrolo[l',2'-3,~]imidazo- 
[1,2-u]pyridine * 

4 

Treatment of quaternary salts of structure I (see Section A-271) 
with base did not yield the expected "enol-betaine" 11, but gave 
instead dehydration products of structure I11 (R = R' = CH,, red, 
m. 190"; R = CH,, R' = C,H,, red, m. ,192"; R = C,H,, 
R' = CH,, golden, m. 210-2", HBr salt, m. ,280O; R = R' = 
C,H,, red, m. 225", HBr salt, m. -250°d.), probably a resonance 
hybrid of forms such as ILIa-IIId, and others. 

COR' - 
(IIIa) 

@!pR - 

(IIIb) 

I 
COW 

(IIM) (IIIC) 
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Reference 

1.  Schilling, Whnke, and Kickhiifen, Chcm. Ber., 88,1093 (1955). 

A-118, 6H-Diindolo[l,2 -c, 2 ' ,l'-e] - 
imidazole. R.I. 2906 

8 4 

6 

By warming 2,2'diindolyl (I) with acetic anhydride, Madelung 
and Hager obtained, among other products, a material (colorless 
crystals, m. 21 2") which they called Jv-cycloacetyldiindoIy1 and to which 
they assigned structure 11. Some further evidence for this structure 
would be welcome. 

hc,O 

H H  

(1) 

Reference 

1 .  Madelung and Hager, Ber., 49,2039 (1916). 

A-119. Pyrrolo[l,2-b]ieoxazole. R.I. 596 .fpj2 
4- 3 

The only representative is a betaine of the 3,6-ethano compound 
(see Section B-24). 

A-120. 

I 

lH-Ppzolo[ 5 ,l-a]isoindole. fJyj2 
R.I. 1372 3 

4 

All of the known derivatives of this nucleus have been prepared by 
Rowe and his coworkers '-' during their investigation of the complex 
chemistry of the products derived from the diazonium coupling into 
2-naphthol-1 -sulfonic acid. They refer to the compounds as iso- 
indolinopyrazolidocolines and number the nucleus as shown in I. 
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When 2-naphthol-1-sulfonic acid is treated with an aryldiazonium 
salt under alkaline conditions, the primary addition product (11) re- 
arranges rapidly, via the intermediate 111, into IV. Under acidic 
conditions IV rearranges further to V, which yields VI on dehydra- 
tion with acetic anhydride. This cyclodehydration is reversible, and 
treatment of VI with an acetic-hydrochloric acid mixture causes 
cleavage to V. Nitration of VI when Ar = phenyl or 2- or 4-nitro- 
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phenyl, yielded597 the 2,4-dinitrophenyl analog, indicating the de- 
activation of the "benz" ring in VI. 

Dehydration of VI (Ar = 2-C6H,NH,) yielded a pentacyclic 
system (see Section A-121). 

Derivatives of d + o  

R = substituted phenyi with 
substituents as below Properties Ref. 

2,6-Dibromo-4-nitro- 
2,6-Dic hloro-(-nitro- 
2,4-Dinitro- 
2-Bromo-4-nitro- 
2-6 hloro-4-nitro- 
4-C hloro-2-nitro- 
5-Chloro-2-nitro- 
2-Nitro- 
4-Nitro- 
Unsubstituted 
4-Amino-2-nitro- 
2-Amino-4-c hloro- 
4-Amino-2-chloro- 
2-Amino- 
4-Amino- 
2-Met hyl-laitro- 
4-Methyl-2-nitro- 
2-Amino-4-met hyl- 
2-Met hoxy-4-nitro- 
2,S-Dimet hoxy-4-nitro- 
4-Amino-2,5-dimethoxy- 

rn. 230'. 
m. 256'. 
Lt. yel., m. 239". 
m. 272-3". 
m. 244". 
m. 248-9' . 
m. 209'. 
m. 209'. 
m. 250'. 
m. 220-1'. 
Or., m. 276'. 
m. 253-4'. N-Acetyl deriv., m. 242-3". 
m. 240". N-Acetyl deriv., m. 245'. 
m. 234-6'. N-Acetyl deriv., m. 175-6". 
m. 213-5". N-Acetyl deriv., m. 263-4'. 
m. 213-4'. 
m. 233". 
m. 233'. DiacetyI deriv., rn. 194". 
m. 227-8". 
m. 208". 
m. 174'. N-Acetyl deriv., m. 259". 

a 
4 
577 
4 
4 
1 
1 
1 
4 
7 
5 
1 
4 
1 
4 
4 
2 
2 
3 
6 
6 
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13 

A-121. 7W-BenzirnidazoI1,2-b]isoindolo- 
[l',Z'-e]pyrazole. R.I. 2904 

4 

7 

The only representatives of this nucleus are those of type IV, 
which have been called 2:2'-anhydro-2:5-diketo-3-( 2'-aminophenyl)iso- 
indolinopyrazolidocoli~, and numbered as shown in I. 

(1) 

While investigating the quite complex rearrangements undergone 
by compounds such as 11, Rowe and his coworkers 192 obtained 111. 

_3 4 

COOH NO, 
(11) 

qnx 
0 

(IVa) X - H  
(Ivb) x-CI 
(XVc) X-CH, --~ln*o,n 
~-:--n \ CH,CONH 

0 

(W 
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When I11 was heated with 50% sulfuric acid, dehydration occurred 
to give a product thought to be IV (IVa, X = H, m. 219-21"; pi- 
crate, m. 234-6"; IVb, R = C1, m. 238-9"; sulfate, m. 278"; IVc, 
R = CH,, m. 242"; sulfate, m. 269"d.; picrate, m. 239"). The 
alternative structure V, which would result from cyclization to the 
other carbonyl group of 111, was rejected2 €or reasons inadequately 
disclosed. When heated in dilute acid, IVc was hydrated to a com- 
pound thought to be VI, and this, in turn, could be reconverted 
into IVc by heating it in toluene with phosphorus trichloride. 

References 

1. Rowe, Do-, Garforth, Levin, Pa&, and Peters, 3. Chm. Soc., 1935,17%. 
2. Rowe, Haigh, and Peters, J .  Chon. Soc., 1936,1098. 

11 12 

A-122. Pyrazolo[ 1',2 ',3 '-5,6,7 1 as- 
benzotriazino[3,2ajisooindole 

4 

See Section A-1 21. 

A-123. 70H-Oxazolo[2,3-b]thiazole. 6 L f . 5 :  5 

4 
R.I. 593 

Groth and Holmberg' reported the treatment of I with nitric 
acid to yield I1 (m. 165"; acid sulfate, m. 114-5"), which is the only 
example of this ring system. 

0 
I/ CS2 HOOCCH,NH, + CICHZCCH, 4 

Reference 

1. Gmth and Holmberg, Bm., 56,289 (1 923). 
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A-124. 2H-Isothiazolo[3,2-b]benzothiazole 

See 9aH-thiazolo[2,3-b]benzothiazole (Section A-1 28.) 

6 s + 3 2  

5 H 2 1 N  3 
A-125. SH-Thiazolo [ 4,3 -b It hiazole 

4 

The only examples of this nucleus were discussed in connection 
with the investigations upon the structure of penicillin. When the 
thiazofidines Ia (R = H) and Ib (R = COOCH,) were refluxed 
with carbon disulfide, in each case, two isomeric products were ob- 
tained. Differences in their physical properties made it unlikely that 
they were merely stereoisomeric, and they were assigned, respec- 
tively, structures IIa and IIb, and IIIa (m. 187-8") and IIIb (m. 
219"). It was shown further that both IIa and IIIa underwent mild 
acid or alkaline hydrolysis to give the same acid (m. 197-8") cor- 
responding to the ester ILIa). See Section A-130. 

R R 

(Ia) R-H 
(Ib) R=COOCH, 

R 

(IIIa) R-H 
(IIIb) R=COOCH, 

(Ha) R=H 
(IIb) R=COOCH, 

Reference 

1. Cook and Heilbron, in Clarke et al., The Chistty o j  Pmzallin, Princeton Uni- 
versity Press, Princeton, N. J., 1949, pp. 921-72. 
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A-126. 1,3,5-Trithia-66-azacyclopenta- 
[ cdlpentalene * 

The perhydro compound has been called 2,5,8-trithia- 7Uazat~i- 
cyclo[5.2. l.04' 'o)decane (I) and 1,4,7-trithia-2,5,8-endu~acyclononane (11). 

Q 1 2 3  
CH, -CH - S-CH, 

I I 
CH 4 1 l o r -  I 

S -  CH-CHkS 
8 7 6 5  

The reaction of mercaptoacetaldehyde with ammonia in di- 
methyIformamide (but not in ether) afforded ' a 36% yield of a prod- 
uct (b2 122", m. 144", d:' 1.565) assigned structure 11. Hydrogena- 
tion of I1 over Raney nickel gave a 70% yield of triethylamine. 

Reference 

1. Thicl, Asinger, and Schmiedel, Ann., 6X1,121 (1958). 

7n 

7 H i  

A-127. 7cLH-Thiazolo[2,3-b]thiazole 'C$A2 5 3 

4 

When the acid I was heated with acetic anhydride, there was pro- 
duced a dark blue substance (m. 2379, thought, ' at first, to have 
structure I1 in analogy with the thioindigoid dyes. Recent work on 
related compounds (see Section A-128) suggests that structure 111 is 
more probable. It is of interest that the nonaromatic acid IV gives, 
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as might be expected, a less deeply colored dye (V, brick-red, m. 
290"). 

Reference 

1.  Duffinand Kendall, U.S. Pat. 2,513,923. 

S H  I 

A-128. 9uH-Thiazolo[2,3-6]benzothiazole 7 & $ 3  6\  

5 4 

Duffin and Kendall found that 2-benzothiazolylthioacetic acids 
(I) underwent dehydration upon treatment with acetic anhydride 
and yielded dark blue products for which they proposed structure 11, 
in analogy to the thioindigoid dyes. The formation of this ring system 
was, presumably, to have occurred as a result of migration, then cycli- 
cation of the thioacetic acid side chain. Subsequently, Duffin and 
Kendall investigated a related group of compounds (see Section 
A-133) and proposed for them dipolar or mesoionic2 structures. By 
analogy, it seems probable that the structure of the dyes obtained 
from I is probably best represented by a resonance hydride of type 
111. 

In the cyclodehydration of I to 111, the presence in the reaction 
mixture of traces of organic bases such as pyridine or triethylamine 
is beneficial, while acids have distinctly the opposite effect. Benzo- 
thiazolylthioacetic acids with substituents in the 4-position required 
more vigorous conditions to effect ring closure, possibly because of 
steric screening of the ring nitrogen atom. 
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Compound I11 reacts with salts of metals such as silver, copper, 
zinc, etc., to give colored metal salts of the dye,3 and with alkylating 
agents to give dark blue, high melting quaternary  ether^,^ which pre- 
sumably have structure IV. 

Derivatives of Thiazolo"l,3-~11ntothiazole 

Empirical 
formula 

Structure Properties Refs .  

1 

CgH5NOSz Blue, m. 284". 1,3,4 
H2SO4 SOlU- 
tion blue. 
Methiodide, 
dk. blue, m. 

Methyl metho- 
sulfate, dk. 
blue. Ethio- 
dide, dk. 
blue, m. 

> 3000. 

> 300". 

(continued) 
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Derivatives of Thiazolo[2,3-2ilbentothiazole (continued) 

Empirical structure Properties Refs. 
formula 

C9H6N20&7 Blue, m. 297". 1 

Blue, m. 1 
> 3000. 

CllH9N03 sZ 
CH30 

References 

1. Duffin and Kendall, US.  Pat. 2,513,923. 
2. Katritzky, Qem. andlnd., 1955,521. 
3. Duffin and Kendall, U.S. Pat. 2,556,526. 
4. Duffin and Kendall, U.S. Pat. 2,556,527; Brit. Pat. 654,346. 

A-129. lOuH-Thiazolo[2,3-b~naphtho- 
[ 2,141 thiazole 

7 6 

Duffin and KendalI treated the acid I with acetic anhydride to 
remove a molecule of water, and obtained a product (dark blue 
crystals with a bronze luster, m. >300") which they considered to 
have structure 11, formed as a result of a rearrangement of the thio- 
acid side chain. Later they proposed more reasonable structures for 
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some related compounds (see Section A-133), and it seems likely 
that this product has the mesoionic structure 111. 

HOOC H 2 7 % - -  N 

Reference 

1.  Duffin and Kendall, U. S. Pat. 2,513,923. 

A-130; Imidazo[5,1-b]thiazole 5 ~ N  

4 

Before interest developed in the structure of penicillin, this 
nucleus was unknown, and even today the only examples which have 
been described are those prepared in connection with penicillin 
studies. 

Very mild acid hydrolysis (e.g., in aqueous solution at 25" and pH 
2.0) converts the penicillins (I, where R = n-amyl, benzyl, 2- 
pentenyl, etc., depending upon the particular penicillin involved) 
into dicarboxylic acids of type 11, which have been named penzllic 
acids. The mechanism shown for this rearrangement was suggested 
by W ~ d w a r d . ~  The synthesis of benzyl penillic acid (V) by the 
condensation of 111 with penicillamine (IV) has been described by 
du Vigneaud and his collaborators. 2 $ 4  While V is capable of existing 
in four diastereoisomeric forms, it is noteworthy that the condensa- 
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COOH 

, .  
tion of I11 with D-penicillamine yielded a single modification, and 
one identical with the material prepared from benzyl penicillin. 

Stavely' found that penaldic acid derivatives such as VI, when 
heated with penicillamine in acetic acid solution, gave homologs 
(such as VIII) of penillic acid. However, fusion of VI with D-peni- 
cillamine yielded the penicilloic acid derivative VI I, which was con- 
verted into VIII by hot acetic acid. Sheehan and Tishler' prepared 
dimethyl penilIate (X) by the reaction of IX with ethyl phenyl- 
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acetimidate at room temperature in ethylene dichloride. The related 
acid XI1 was obtained by Heilbron, Cook, and Elvidge7 by treating 
XI with a phosphoric acid-phosphorus oxychloride mixture (essen- 
tially polyphosphoric acid). 

CH,OOC 
I 
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CompoundXIII (where R = H or COOR') reacts*" normally 
with phosgene to yield XIV. However, with carbon disulfide, in each 
case, a mixture of two isomeric esters was obtained.g These esters, 
thought to have structures XV and XVI, are converted by mild 
alkaline or acid hydrolysis into the same carboxylic acid, considered' 
to be XVII. 

5 R 

R R 

R 

(XVII) 

Aromatic, or at least fully conjugated representatives of this 
nucleus have not been described. The saturated compounds such as 
those mentioned above show reactions similar to the thiazolines (e,g., 
desulfurization on treatment with mercuric chloride, etc.). The re- 
actions of these compounds have been discussed in detail, 1,3,899 and 
will not be reviewed here. The "retarding" action of penillic acids 
and other penicillin decomposition products upon photographic 
emulsions has been studied by Koseki and Ishida. 
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Derivatives of Imidazo[5,l-hlthiazoIe _____- 
structure Properties Refs. Empitical 

formula 

m. 117-8'. 9 

m, 124-5". 9 

m. 162'. 

m. 1s' (180-2'); 1,2,4 
A,,, 239 mp. 

(EiTm. 148.5). 

m. 218"; 1 
[ a l ~ 7 - ~ o  + 478'; 
Am 278 ma. 

m. 197.8'. 5 

(continue a3 
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Derivatives of Imidazot5, I-hlthiazole (con#nwd) 

Empirical 
fmmula Structure Properties Refs. 

[a]$" 383" 5 
COOH (C = 0.61 in 

CH3OH). 

c17 H21 N3 03s 

References 

1. Cook in Clarke, Johnson, and Robinson, The Chemistry of Pmmllin, Princeton 

2. Carpenter, Turner, and du Vigneaud, J. Bid .  Chem., 176,893 (1948). 
3. Woodward in Clarke, Johnson, and Robinson, The ChisfIy of Pcnzcillzn, 

4. Holley, Carpenter, Livermore, and du Vigneaud, Scunce,*108,136 (1948). 
5. Stavely, 3. Am. Chem. Sac., 73,3450 (1 95 1 ). 
6. Sheehan and Tishler, U.S. Pat. 2,492,243. 
7. Heilbron, Cook, and Elvidge, Brit. Pat. 600,245. 
8. Bachmann and Cronyn in Clarke, Johnson, and Robinson, The Chemistry of 

Penicillin, Princeton University Press, Princeton, N. J., 1949, pp. 859,891. 
9. Cook and Heilbron in Clarke, Johnson, and Robinson, The Chemzstry of Pmt- 

cillin, Princeton University Press, Princeton, N. J., 1949, pp. 929 and 949. 
10. Koseki and Ishida, Bull. Sac. Sci. Phot., Japan, August, p. 17 (1951); C h .  Ab- 

dracts, 46,6977 (1952). 3 .  Chem. Sac. 3aP.n, Id. Chem. Sect., 54, 648 (1951); 
Chem. Abstracts, 47,6803 (1953). 

University Press, Princeton, N. J., 1949, pp. 106 E. 

Princeton University Press, Princeton, N. J., 1949, pp. 445,453. 
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7 1  

A-131. Imidazo(2,1-6]thiazoIe. R.I. 599 
4 

English authors often use the name glyoxulino(2' : 7'-2:3)thz&e, 
and the name 7-thiu-3a,6dzu~upentulene has also been advanced. 

This nucleus may be prepared, alternatively, by building a thia- 
zole ring onto an imidazoIe derivative, or vice versa. The former 
route was that first emptoyed. Stephen and Wilson''2 found that 
treatment of I with chloracetic ester readily gave 11, but they 
were unable to cyclize I1 to 111. Finally they obtained a low yield 
of I11 directly from I by heating the reactants in pyridine. Benzalde- 
hydes react with I11 to give 2-benzylidene derivatives. l4 

A decade later Ochiai3 found that IV, on treatment with chlor- 
acetone, readily gave V, but to obtain VI it was necessary to heat V 
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with phosphorus oxychloride. When V was heated with acetic an- 
hydride the ketone VII was formed bv acetylation of the rinq >NH 
followed by cyclodehydration. In the case of compounds similar to 
V, cyclization was accomplished '' l7 by treatment with sulfuric acid. 
Acetals obtained from 2-mercaptoimidazoles and bromoacetals were 
cyclized by phosphorus oxychloride to 3-alkoxy-2,3-dihydroimidazo- 
[ 1,2-b]thiazoles. Heating the closely related compounds of struc- 
ture VIII with hydrochloric acid gave 'i11'>21 the cyclized products 
IX. 

The alternative route previously mentioned was employed by 
Kondo and Nagasawa' and by Matsukawa and Ban. 7 7 8  By treating 
2-aminothiazoles with phenacyl halides, a group of irnidazo[ 2,141- 
thiazoles were prepared. 

The location of the aryl group in the 6-position was demonstrated by 
Kickhofen and Krohnke,I2 who showed that XI was formed from 
either 2-aminothiazole or 2-acetylaminothiazole. Unlike the pyridine 
analogs, X could not be cyclized in "basic" media. l 2  

During investigations upon the structure of penicillin, it was found 
that when benzyl penicillin methyl ester (XII) was heated in hydro- 
carbon solvents for short periods, a new product (C 17H20N204S) 
was produced. Studies leading to the establishment of structure XI1 I 
for this product, and its synthesis from XIV, have been de~c r ibed .~  
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CH3C0NHY3 N - CH2-N 

The mechanisms for the conversion of XI1 and X I V  into XI11 were 
proposed by Woodward." Compound XI11 is named methyl 
benzyl penillonate. 

C,H,CH,CO 

NH b I 
/ \y/s\ 

0- CH-CH C<cH3 

C - N - CHCOOCH, 
I I CH3 

0 

C,H,CH,CO 
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The ultraviolet absorption spectra of some 5,6-dihydroimidazo- 
[2,1-b]thiazolium salts were examined by Wilson and Woodger. l3  

A bathochromic shift of 8-13 m p  with respect to analogous mono- 
cyclic thiazolium salts was explained tentatively on the basis of ring 
strain in the bicyclic systems. 

The antithyroid activity of the 3,s-dimethyl compound has been 
assayed and found to be slight. 22 

Derivatives of Imidnzo[2,1- blthiazole 

Empirical Substituents or structure Properties Refs. 
formuIa 

C7HBN2S 2,S-Dimet hyl- 

C9H 12N2S 2,'j-Diethyl- 

CmH12N202S 5-Carbethoxy-3.6-di- 

C I I H ~ N ~ O ~ S  &(.l-Nitrophenyl)- 
methyl- 

m. 84-6 '; h 264 13 
mp ( E 7100) in EtOH. 
HCI salt, m. 183-3-6'; 

in EtOH. 
m. 159'. Benzylidene 1,2,14, 

derivative, m. 180°, 15 
and i t s  methiodide, 
m. 238 '. Anisylidene 
derivative, m. 214-5 ', 
and its methiodide, m. 
243-5 '. 

m. 90-2'; A m p x  268 mp 
( E  6700) in EtOH. 
HCl salt, m. 258-9'; 
A , , ,  270 mp(E8000) 
in EtOH. 

m. 88-9"; h m a x  248 mp 
( c 5400) in EtOH. 

m. 242". 

238-40" d. 

A m . .  270mp(E7400) 

13 

11 

bj 150-60". HCl salt, 4,22 

Oil. Picrate, yel., in. 11 

m. 146-7'. 3 

m, 238-9'. 19 
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Derivatives of Imidazo[2, I-lifthiazole (continued) 

Empirical Substituents or structure Properties Refs. 
- formula 

C11HsNzS 6-P henyi- m. 146.0-6.5" (145- 12.19 
6").  HBr sdt,  m. 
123-4 " (1  14-6 "). 
HCI saft, m. 153-4'. 
Picrate, m. 223-3.5' 
(224-6'). Sulfate, in. 
210-1". Methiodide, 
m. 213-4". 

C IlHBN 20 $2 6-( 4-Sulfopheny1)- m. > 360 ". 19 
C11HgN30$ 2,3-Dihydro-3-hydroxy- d. 203-4'. 19 

G( 4-nit rnphen y1)- 

C1lH mN2S 5,6-Dihydro-3-phenyl- m. 111-3'; Xm,, 269 13 
mp ( E  13,200) in  
EtOH. HBr salt, m. 

mp (E  8400) in EtOH. 
243-4"; ma. 264 

C 11H mN 20s 2.3-Dihydr0-3-hydroxy- d. 160-1 '. HCI salt 19 
6-phenyl- d 163-5". Picrate 

d. 145-6". 
C I ~ H ~ N  30 2s fMethyl-&.(4-nitro- m. 246'. 7,18 

p heny1)- 
C I ~ H  aN2S 3-Methyl-6-phenyl- m, 113.5". HC1  aft, 6,1618 

m. 228-32". HBr 
salt, m. 198-224'. 
Picrate, m. 241'. 
Perchlorate, m. 201 '. 
Methiodide, m. 115-7". 
HgCIz complex, in. 

264". Sulfate, m. 
217-8 '. 

2-Methyl-5-p henyl- m. 181". 21 
C12H mNzO3S2 3-Methyl-6-(4-su€fo- m. >360°. 17 

phenyll- 

(continued) 
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Derivatives of Imidazo[2,l-blthiazole (continued) 

Substiruents or structure Empirical 
formula 

Properties Refs. 

fMethyl-6-(4-amino- 
p heny1)- 

f Benzyl- 5,6dihydro- 

5,6-Di hydro- 2- m e t  h y 1- 3- 
phenyl- 

5,6-Dihydro-+methyl-2- 
phenyl- 

2, f Di hydro- 3-methoxy- 

2-Acetyl-Fcarbethoxy- 
6-phenyl- 

3,6-dimethyl- 

2-Acetyl-5-phenyl- 
2-Benzo yl-f methyl- 
2,3- Dimet hyl-6-( 4-ni tro- 

2, %Dimethyl-dphenyf- 
pheny1)- 

2-Methyl- 5-( Cmethoxy- 
pheny1)- 

m. 183-4'. DiHCl 7 
salt, m. > 300 '. 
N-Acetyl deriv., 
m. 195-6". 

( E 7400) in EtOH. 
HBr salt, m. 181- 
3', h 268 ( E  

8700) and 234 mp 
( E 23,300) in  EtOH. 

272 mp ( E  10,600) in 
EtOH. HBr salt, m. 
236-9'; A,,, 234 
( E  27,000) and 233 
m g  ( E  7,500) in EtOH. 

m. 121-4'; A m a x  288 mp 

(E  12,800) in EtOH. 
HBr salt ,  m. 2 4 6 8 " ;  
X 282 ( E  8100) 
and 325 mp ( 8  9800) 
in EtOH. 

d. 172-3'. 

p-Nitrophenyl hydra- 
wne, or., d. > 280'. 

Oil, A,,,,,* 267 rnp 13 

m. 30.5-1.5"; X m a x  13 

13 

rn. 71.5-2.5'. Picrate, 19 

m. 205 '. Oxime, d. 256'. 3 

m. 150-1'. 20 
m. 227-8'. 20 
m. 248.0-8.7'. 18 

m. 137-8'. HC1 salt, 16-18 
m. 237-9'. 

Picrate, m. 223' d. 
HCI salt, m. 217'. 21 
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Derivatives of Imidazo[2, 1- blthiazole (continued) 

Substituents or structure Properties Refs. Empirical 
forrnuIa 

C I ~ H I ~ N Z O ~ S ~  2,3-Rimethyl-6-(4-sulfo- m. > 360 '. 17 

C13Hl4N20S 3-Ethoxy-l,3-dihydro-6- m. 122'. Picrate, d. 19 
p he ny1)- 

phenyl- 197-8 O .  

c 13H 20 N 2s 2,5-Di-1~.butyI- Oil. Picrate, yel., 11 

2,5-Diisobutyl- rn. 968 ' .  11 
CuH11N303S 2-Acetyl-3methyl-5-(rl- m. 186-7'. 20 

2-Acetyl-3methyl-6-(4- m. 281-1.5 ': 20 

C 14q llN304S ZCarbomethoxy-3-methyl- m. 238-9'. 7 

C14H 12N20S 2-AcetyI-3methyl-6- m. 203-3.5'. HCI 20 

m. 185-6". 

nitropheny1)- 

nitropheny1)- 

64bnitrophenyl)- 

phenyl- salt, m. 232-4'. 

oxy-d(baminopheny1)- deriv., m. 246 '. 

( fpyridyll- 

methyl-6-(rl-nitro- 
p heny1)- 

oxyphenyl) salt, m. 230". 

methyl-6-(4-amino- 227'. N-Acetyl de- 
PhenYo- riv., m. 110'. 

methyI-&(Cnitrophenyi)- 

rnethyl-6(6nitropheny1)- 

met hyl-&(&amino- 

C u H  UN301S 2-Carbomethoxy-3-meth- m. 195-205'. N-Acetyl 7 

5-Carbcthoxy-3-methyl-6- m. 138 '. 5 

C UH 13N 30 3s 24 2-Hydroxyethyl>f m. 213-4'. 7 

C14HuN202S 2-Methyl-5-(3,4-dimeth- m. 163-70". W.1 21 

C ~ ~ H U N ~ O S  2-(2-Nydrolryethyl)-f m. 217'. Picrate, d. 7 

CsH14N304S 2-Carbethoxymethyl-3- m. 171 O.  7 

C SH 15N 304S 2-( 2-Acetoxyethyl)-f m. 169-70'. 7 

CuHuN30zS 2-Carbethoxymethyl-9 m. 1855'. N-Acetyl 7 
deriv., m 236-7 9 

pheny1)- 

( con tin ue d)  
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Derivatives of Imidnzo[Z, 1-blrhiazole (con6inued) 

Subscituents or structure Properties Refs. Empirical 
formula 

cyx E:; m. 185-7 "; l a 3 ~  9 
+ 342" (in MeOH, C o 

0 0.451). Methyl ester, 
(bentylpenillonic acid) m. 152-4'; [a12 

+ 318 " (in MeOH) or 
+ 298 ' (in CHCl,). 

64 3"rophenyl)-5phenyl- m. 15 6.5- 7.0 ' . 18 

3,6-Diphenyl- m. 125.0-5.5'. HCl 18 
6-(4-NitrophenyI)-+phenyl- m. 210.5-1.5°. 18 

2, SDiphenyl- m. 124O. 21 
salt, m. 201-2O. 

34 +Aminophenyl)-6- d. 257-60'. 18 

fBenyl-5,(idihydro-2- m. 102-3'; A,,, 286 13 
phenyl- 

phenyl- mfi ( E 12,600) in EtOH. 
HBr salt, m. 193-4'; 
X B L , l  280 and 324 rnfi 

( E  7300 and 9200) in 
EtOH. 

3-Methyl-2-( +nitroben- m. 1 4 4 5  '. 20 

fMethyl-2-(4-Ntrooben- m. 19  '. 20 
zoyll-FphenyI- 

zoyl)-5-phengI- 

0 8  
I 

CH=C-  C6H3 Yel., m. 90-4' d. HBr 12 
I salt, m. 197-8'. 

$9 N, Ky3 
(an "enol-betaine") 

21 
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1 

A-132. Imidazo[P,l-b] benzothiazole 7fyY3; , 
5 4 

Compound I (m. loo", HBr salt, m. 263") was prepared as shown 
It was named 6encothia~ole[2',3',2,7]-4- by Ochiai and Nisizawa. 

phenylbew imidaeole. 

Similarly, IV (m. 169"; sulfate, m. 232-4"; HCl salt, m. 273-4") 
was preparedzm4 both from I1 and 111, and the pnitrophenyl 
analog of IV (m. 233-4") was obtained4 from 11. 

The condensation of 2-mercaptoimidazoline with 2-chlorocyclo- 
hexanone and with spiro[4.5]-7-chloro-6-decanone yielded, respec- 
tively, 5,6,7,8-tetrahydroimidazo[2,1-6]benzothiazole (m. * 158-60") 
and its 5,5-tetramethylene homolog (hydrobromide, m. 254-5"). 
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I 

A-133. Thiazolo[3,3-~]benzimidazole. R.I. 1347 
6 \  7(+j4--3: 

5 4 

The alternative names benzimidazo[ 2,7-b] thzazole, beqirninazo- 
(2’ : 1’-2,3)thiasole and thiaiydo(2’.3” :2.1)ben~imiduzole are also en- 
countered. 

Compound I1 was first obtainedIt2 by treatment of the ester I 
(R = C,H,) in benzene solution with sodium metal. It is more con- 
veniently however, by dehydration of the acid I (R = 

H) with an acetic anhydride-pyridine mixture. Various reagents con- 
dense with the activated 2-position of 11, and a number of derivatives 
have so been obtained. 415 

N-Substituted derivatives of I ,  such as I11 (where R = CH, or 
C,H,), may be cyclized to mesoionic anhydro compounds (IV). 
However, the presence of substituents (e.g., CH, or C,H,) on the 
methyfene group of I11 seems to prevent cyclization and other (non- 
cyclic) products are produced. While IV is stable to boiling water, 
the thiazole ring readily undergoes scission to give various products 
when IV is treated with dilute acid or with zinc and acid or dilute 
caustic. 
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The reaction of chloroacetone with 2-mercaptobenzimidazole (V) 
yields V1.6,7 The possibility that the product in this case is the iso- 
meric 2-methyl compound would seem to be excluded by evidence4 
that V reacts with chloroacetic acid to give I (R = H). The 2,3- 
dimethyl homolog r e ~ u i t s ' ~  from the reaction of V with 3-bromo- 
bu tanone-2 

. 

The condensation of quinone with 2-aminothiazole is reported l2 
to yield the 6- or 7-hydroxy compound, but no details were given. 
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r z  
A-134. Thiazolo[2,3-f]purine. R.I. 1346 

6 /N3 
4 5 

The alternative name thzuzoEo-2',3':8,7-~u~zne is encountered. 
During the investigations upon the structure of vitamin B , ,  thio- 

chrome (a product of the alkaline oxidation of vitamin B ,  ; see Section 
A-508) was, for a period, considered to contain this ring system. 
Efforts 1-3 to confirm this erroneous hypothesis produced a number of 
t hiazolo /2,3-f] purines. Recent 1 y , some further examples were syn- 
thesized' as purine antagonists in the search for cancer-inhibiting 
drugs. 

Most of the examples of this nucleus were prepared by treating 
mercaptopurines (e.g., I) with a-halocarbonyl compounds. In some 
cases the intermediate I1 was stable and required treatment with 
phosphorus oxychloride or hydrogen chloride to accomplish the 
cyclization to 111, while in other cases ring closure occurred spon- 
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R"' L 

taneously. These compounds are colorless, and (in contrast to thio- 
chrome) do not fluoresce. The ultraviofet absorption spectra of some 
thiazolo[2,3-f]purines have been measured. 

By cyclizing the theophylline derivatives IV and V, compound 
VI was recently obtained. 

0 0 
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Derivatives of Thiazolo[2,3-flpurine 

Substituents Properties Refs. Empirical 
formula 

7H GN Gs 2,4-Diamino- Not obtained pure. 4 
C8H6N40ZS 2,4-Di hydroxy-6- m. >250°. 3 

CEH8NGS 2,4-Diamino-6- m. 288-9' d. HC1 salt, 4 

c 9H 8N 4 s  4,6-Di met hyl- m. 241". 2,3 
CgHlON402S 1,2,3,4,6,7- m. 256.5" d. 5 

methyl- 

methyl- m. 291-3" d. 

Hexah ydro- 1.3- 
dimethyl-2,4- 
dioxo- 

C  OH lON 4s 4-Ethyl-6-1~thyI- Nor actually isolated. 3 
C ioH ION 4 0  2 s  1,3,6Trirnethyl- m. 263". 1 

c 11H 12N4OS 7-(2-Hydroxyet hyl)- Not actually isolated. 3 

c 12H 14N4OS 4-Ethyl-7-(2-hydroxy Not actually isolated. 3 

2,4-di ox o- 

4,6-dime th y I- 

e t h yI I- d me t h yl- 

References 

1. Ochiai and Kitagawa, 3 .  Pham. SOC. Jajmn, 56, 177 (1936); Chem. <entr.> I, 2974 
(1937); Chem. Abstracts, 32,8418 (1937). 

2 .  Ochiai, Ber., 69,1650 (1936). 
3 .  Todd and Bergel, 3. C h m .  SOC., 1936,1559. 
4. Gordon,J. Am. Chem. Soc., 73,984 (1951). 
5. Cacace and Masironi, Ann. chim. (Rome), 46,806 (1 956). 

1 

A-135. Benzothiazolo[3,2-a]- 
benzimidazole 

Treatment' of I with picryl chloride gave 11, which lost the ele- 
ments of nitrous acid when heated in nitrobenzene solution, and 
yielded I11 (m. 243-4"). Compound I11 was named benzothiazole- 
[ 2',3', 2, I] -4,6-dznitroben~imzdazole. 

The reaction of IV with 2-chlorocyclohexanone yields2 V (m. 
153-4"; methiodide, m. 225-6"). 
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References 
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10 11 ' 
A-136. Naphtho[2',3',4,5]imidazo- 

4 
[2,3-6]thiazole * 

8 . 5  

Dehydration of I produced' I1 (m. 236") (see Sections A-131 
and A-133). 

Reference 

1.  Brown, J .  Chm. Soc., 1958,1974. 
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1 

A-137. TH-Indeno[l',2',4,5]thiazolo- 
[3,2-a] benzimidazole* 

H 2 6  5 
7 

Condensation of I with 2-bromoindanone yields I I  (hydro- 
bromide, m. 215-6"). 

mIr + HS yJQ - WJla N 

(1) (11) 

Reference 

1 .  De Stevensand Halamandaris, J .  Am. C h .  SOL, 79,5710 (1957). 

~-138 .  

08- 

A-139. 

4 

Naphth[l',2',4,5 limidazo- 
[!2,l-blbenzothiazole * 

6 6 

e 

Naphth[2',1',4,5jimidazo- 
[ 2,l-6 J benzothiazole * 

The reaction of naphthoquinone with 2-amino-6-et hoxybenzo- 
thiazale was reported to yield a product thought to be either I or 11, 
but no further details were given. 

+ b -  
0 
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Rcference 

1.  Rudner, U.S. Pat. 2,790,172. 

2 

A-140. Naphtho[l',2',4,5]thiazolo- I L  

[3,2-a]benzimidazole* 

The reaction of I with 2-bromotetralone yielded I1 (HBr salt, 
m. 203-5"). 

Reference 

1. De Stevensand Halamandaris,J. Am. Chm. SOG., 79,5710 (1957). 

3 

4 

A-141. Anthra[P,L-d]anthra[2',1',4,5]- 
imidazo [ 2,1-6 1 thiazole * 

7 

12 

A yellow dye thought to have structure IV was prepared by 
Scheyer and Schwamberger, ' 1 2  via the intermediate 111, from the 
condensation of I and 11. 
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H 

(111) (IV) 

References 
1. Scheyer and Schwamberger, I .  G. Farbenindustne A.-G., 34 Wissenchajthcher 

Austausch d n  Crupp IX, Leverkusen, Oct. 25, 1935; PB Report No. 70342, frame 
1501 7. 

2. Scheyer and Schwamberger, US. Pat. 2,108,413; Fr. Pat. 803,279; Ger. Pat. 
642,339; Frdl., 23,1017 (1940). 

18 19 1 

A-142. Anthral2,ldjanthra- 13 14 15 b5’W: 

‘ z ~ , J ! - s  
I2’,3’ ,4,5 limidazo- 
I Z,f-blthiazole* 11 --. 

1 0 9 8 ,  8 

Scheyer and Schwarnbergerip2 found that the anthrimid I11 was 
produced when I and I1 were heated in nitrobenzene in the presence 
of a base. On further heating, with the addition of copper, 111 was 
converted into a new product thought to be IV. This product is a 
greenish yellow dye (olive-green vat) of good chlorine- and boil- 
fastness but only fair light fastness. 
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0 0 

0 0 

0 0 

References 

1. Scheyer and Schwamberger, I .  G. Farbmindtutrie, A&., 34 WissenschaJllicher 
Awtuwdz der Gmppe IX, Leverkusen, Oct. 25, 1935; PB Report No. 70342, frame 
15017. 

2. Scheyer and Schwarnberger, US. Pat. 2,108,413; Fr. Pat. 803,279; Ger. Pat. 
642,339; Frdl., 23,1017 (1940). 

1 

A-143. 5H-Pyrrolo[2,1-c]-s-triazole * .&;p2 

7 2  4 

Condensation of the lactim ether I with various hydrazines 
yielded amidrazones (11), which were readily dehydrated to I11 
(R = H, b0.6 200-2", m. -65", hydrochloride, m. 196"; R = CH,, 
b,,2 194-6", m. 60-3", hydrochloride, m. 200-2"; R = OH, m. 179"; 
R = CONH,, m. 182-3" (181"); R = OC,H,, m. 150-1"; R = 4- 
pyridyl, m. 186O; R = -(CH2)4-, m. 247"). Homologous systems 
have been obtained from lactim ethers related to I (see Sections 
A-476, A-696 and A-7 16). 

-n,o - RCONHNH, 
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References 
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1 

A-144. 3H-Pyrazalo[ 2,391 benzimidazole. 
R.I. l36lM 

5 4  

This nucleus has also been called pyra~olino-beryimidatole. 
Refluxing I in alcoholic hydrochloric acid gave a product (m. 

216-7"; picrate, m. 182-3"; hydrazide, m. 198-9") thought to be 11. 

Reference 

1.  Das Gupta and Ghosh, Sticnce and Culture) 4, 739 (1939); Chcm. Zen&., I€, 2924 
(1939); Chm. Abstracts, 33,7299 (1929). 

I 

H 
A-145. lH-Imidaz[3,4-a]imidazole. 6 N + 3 2  

R.I. 605 s L N  3 
4 

The preparation of I1 by heating I with an excess of phenyl iso- 
cyanate has been mentioned ' briefly. 

0 
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The possibility of an equilibrium such as I I1 % IV, which would 
involve derivatives of this ring system, was considered, but supporting 
evidence could not be adduced. 

The 1,5-methano derivative is discussed in Section B-32. 

References 

1. Gompper, Angew. Chem., 69,729 (1957). 
2. a h e n  and Fry, J .  Am.  Chem. Sac., 78,5863 (1 956). 

7 H ,  

6pf-J 
A-146. 1H-Imidaz [ 1,2-u]imidazole. 

R.I. 606 3 
4 

British literature uses the name glyoxalino( I' :2'- 1 :2)glyoxaLine. 
Compound I was mentioned initially by Pierron, ' who gave it the 

name dtethyleneguanidine, and who thought he had obtained it from the 
reaction of cyanogen bromide with ethylenediamine. However, 
McKay, who obtained I both by dehydrochlorinating* 11, and by 

HzN CH, H 

__t 
I 

H,N- CH, 

treating I11 with silver nitrate or mercuric oxide, or (preferably 1 1 *  12) 
chloroacetic acid, showed l 1  that Pierron's product was actually 
2-(~-aminoethvlamino)-imidazoline. Compound I is slowly hydro- 
lyzed to 1 -@-aminoethy1)-Zimidazolidone. Reaction with nitric 
acid gives the 1-nitro derivative. *, ' ' 
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(W (1) (IW 
Lawson2 showed that, under controlied conditions, a-amino- 

aldehydes react with cyanamide to give, ultimately, V. Where R is 
other than CH,, the aminoketone IV is obtained instead of V, but in 
these cases IV is readily dehydrated to V. 

NCNH, 
NH, 

I 

I 
CHO + CHR - 

OHC 
I 

R-CH-NH, 

0 

(W (V) 

By a reaction combining features of both of the preceding syn- 
theses, VI was obtained3 from the condensation of an a-aminoester 
and a substituted cyanamide. 

C,H, 
I 

H,C,OOC - CH- NH, 
I 

+ N C / ~ \ C H ,  4 

I 
Br - CH, 

Q 
OH 
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Treatment of the nitrimine VII with amines is reported to yield 
1-substituted tetrahydroirnidazo[ 1,2-u]imidazoles (VIII), which were 
also obtained in good over-all yield from IX. 

R 

T 

R 
I 

The ester hydrochloride X reacts with silver oxide to yield XI, 
which is readily hydrolyzed to the acid corresponding to X. 

In connection with the investigations upon penicillin, it was 
learned6 that XI1 (see Section A-149) underwent desulfurization 
when treated with mercuric acetate, and the product was thought 
to have structure XIII.  

(XIII) 
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Certain saturated imidaz[ 1,2-a] imidazole derivatives have been 
patented as coating compounds to improve the penetration of paints 
and varnishes into wood, and the 2,3,5,6-tetrahydro-l-vinyl com- 
pound has been claimed l 3  as a monomer. 

1H-Imidazoll, 2-alimidatoIes 

Empirical 
formula 

C,H?N30 

C7H llN 3 

cl OH 2ON4 

c 12H 1S 3 

Substituents 

2,3,5,&Tetrahydro- 

2,3,5,6-Tetrahydro- 
3-0XO- 

2,3,5,6-Tetrahydro- 
l-nitro- 

2,5-Dimethyl- 

2,3,5,6-Te tra hydro- 
l-vinyl- 

I-( 2-Chl~oet hy1)- 
2,3,5,&tetrahydro- 

2,3,5,6-Tetrahydro- 1- 
(2- hydroxyet hy1)- 

2 3.5, &Tetra hydro- 1- 
n-propyl- 

1-(2-Dimet hylamino- 
ethyl)- 2,3,5,6- 
tetrahydro- 

6-Carbomet hoxy- 

propylidene- 
1-( 3-Dimet hylamino- 

~ropyl)-2,3,5,6- 
tetrahydro- 

1-(2-Diethylamino- 
ethyI>-2,3,5,6- 
tetrahydro- 

l-Benzyl-2,3,5,6- 
tetrahydro- 

2( 3H)-oxo-3-i- 

Properties Refs. 

Picrate, m. 235-6". 5 

m. 158.5-9.5 ". Monopicrate, rn. 
219.5-20 ", 12 

Nitrate salt, m. 148.5-50". 8,11 

1,8,11, 

m. 125". HCl salt, m. 2R"d. 2 

bo.28 85.5-6" (b0.25 84-5"). 11.13 

Picrate, m. 226". 

Picrate, m. 171.5-2.5" 
( 170- 1 " ). 

Oil. Picrate, m. 120-1 ". 11.13 

bo.z 135", m. 68.5-9.5". 11,13 

bo.15 86-8". Picrate, m. 85-6". 10 

bo.os 91-2", nisa 1.5008, d$" 
1.018. Picrate, m. 172-3". 

Picrate, m. 110.5-1.5". 

9,lO 

b0.25 119-21", niso 1.5033, 9,10 

boeo5 100-2", niso 1.4984, 9,lO 

d,2,2" 1.013. Picrate, m. 

157-8". 

d::" 1.002. Picrate, m. 
172-3 '. 

bo.ll 128-31 ", nFo 1.56963, 
m, 39.0-40.5'. Picrate (di- 
morphic), m. 109-9.5" and 

4,9,10 

123-4 " . 
(continued) 
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lH-Imidazo[l, 2-olimidazoles (continued) 

Substiruencs Properties Refs. Empirical 
formula 

C12H24N4 

cl 3 H1 7N3 

C13H21N3 

c13 2 5 N3 

C13H26N4 

C15H19N302 

c 1 7 H  3 3 N3  

C19H17N3 

C19H37N 3 

C21H41N3 

C23H4, N3 

l-(fDiet hylamino- 
Pro PY &2,3,5,6- 
tetra hydro- 

2,3,5,&Te trahydro- 
1-( 2-phenylethy1)- 

2,GDi-n-butyl- 

2,GDi-i but yl- 

2,3,5 ,&Tetra hydro- 
l-octyl- 

2,3,5, &Tetrahydro- 
1-( 2-diprop yl- 
aminoethy1)- 

tetra hydro-5- 
(4- hydroxypheny1)- 
60x0- 

tetrahydro- 
2,5-Dibentyl- 

l-Butyl-2,3,5,& 

l-Dodecyl-2,3,5,6 

2,3,5, &Tetrahydro- 

l-Hexadecy1-2,3,5,6- 

2,3,5,6Tetrahydro- 

I-tetradecyl- 

tetrahydro- 

l-octadecyl- 

b0.2 121-3", ng50 1.4942, d i Z o  
0.980. Picrate, m. 139-40". 

9,XO 

b0.0, 122-214", nF0 1.5609, 9.10 
d::" 1.101. P' mate, m. 
145-6". 

HCI salt, m. 111". Picrate, 2 

HCI salt, m, 113". Pierate, 2 

b0.05 115-7", 1.4857, 9,10 

m. 131". . 
m. 128O, 

d : i o  0.959. Picrate, m. 75-6". 

1.4968. Picrate, m. 185.5-7O 
bo.05 106-8" (bo.5 119'1, ngo 4,9 

(169-70" ?). 
Two forms: m. 116.5-7" and 

139-40". HCI salt, m. 
3 

179-80 " . 

bo.08 143-5", nZo 1.4842, 9.10 

m. 164". Picrate, m. 182". 2 
d:zOo 0.945. Picrate, m. 65-6". 

bo.oa 172-3", nono 1.4832, 9,10 
d:%" 0.937. Picrate, m. 75-6". 

Picrate, m. 78-9 O f  

Picrate, m. 86-7". 

b0.07 18&90°, m. 33-4". 9,10 

b0,2 227-8", m. 36-7". 9,10 

1. 

2. 
3. 
4. 
5. 
6. 

7. 
8. 
9. 

References 

Pierron, Ann. chtm., [9]11, 361 (1919); Chem. zenfr., 111, 781 (1919); Chem. 
Abstracts, 13,2022 (1919). 
Lawson,]. Chem. Soc., 1956,307. 
Elderfield and Green,3. Org. Chm., 17,442 (1952). 
McKay and Gilpin, 3. Am. Chm. Soc., 78,486 (1956). 
McKayandHatton,3. Am. C h .  Soc., 78,1618 (1956). 
du Vigneaud and Melville in Clarke ef al., The Chemistry of Penicilkn, Princeton 
University Press, Princeton, N. J., 1949, pp. 269-309. 
Mannheimer, U.S. Pat. 2,541,825. 
McKay, Hatton and Brauo, J. Am. Chem. Soc., 78,6344 (1956). 
McKay and Garmaise, Can, 3. Chm., 35,8 (1957). 
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10. McKay and Garmaise, U.S. Pat. 2,782,205. 
1 1 .  McKay, Kreling, Paris, Braun and Whittingham, Can. 3. Ch., 35,843 (1957). 
12. McKay, Braunand Paris, U.S. Pat. 2,816,896. 
13. McKay and Kreling, US. Pat. 2,824,879. 

6 O F O 2  
5 L - N - h  

A-147. lH-Oxazolo[3,4-c]oxazole 
4 

This nucleus also has been named l-a~a-3,7-dzoxabzcyclo[ 3,3,O]- 
octane, and 3,4-dimethyleneoxy-4-oxazoltdtne. 

The reaction of 1,3-dihydroxy-2-propylamine and its homologs 
( I )  with aldehydes was found by Johnston' and Senkus' to yield 

R R 

NH, 

R 
I 

HOCH,\ A, CH20H 

I 
CH2 
I 

NHCCHC12 
It 

*-  0 

co Lm 
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productsof structure 11. In a related reaction, Gut, el d 3  found I11 
to react with four moles of formaldehyde to yield IV. Aldehydes also 
condense with 2-arnino-l-arylpropane-l,3-diol (I, R = aryl) to 
give' derivatives of type 11. 

Compounds of type I1 are rather readily cleaved by various re- 
agents. For example, hydrogenolysis over a Raney nickel catalyst 
reconverts I1 into I, while with Grignard reagents, glycols such as V 
are formed,5 and with hydrocyanic acid, I1 is converted6 into VI. 

R 

Derivatives of Tetrahydrooxszolo[3,~c]oxazole 
R' 

R R' Properties Refs .  

7a- H 
7a-CH3 

7a-CH 20H 

7a-C Hs 

7a-C H OH 
7aCH3 
7a-C H 2 OH 

H 
H 

H 

H 

bw 66.5"; n," 1.4715; lag 1.1850 2 
b, 60.0" (b7m 178-80'); 192 

n g  1.4590 @is 1.4556); 
d g  1.1088 

m. 65" (62-3", 59-60"]; p- 
Nitrobenzoate, HCI salt. 1- 
Phenylcyclohexanecar- 
boxylate, HCI salt, m. 1668'. 

(ni5 1.4582); dp" 1.0829 

1,2,7-9 

bio 74.5" (b1-2 75-7"); nf 1.4618 1,2 

blo 90-1"; ng 1.4604; d z  1.0522 2 
blo 84-5"; n: 1.4631; d g  1.0602 2 

2 
b2 112.5-3.5' 7 
m. 109". Picrate, m. 121-2". 3 
bIo 104.5"; n r  1.4544; d z  2 

b0.3 151-3' (b32 216-7'). 7 
m. 123' 2 

b 10 34-5 " ; n E  1.4494; d g 0.9594 

0.9599 

m. 93-5". HCI salt, m. 130-1O. 7 

7a-CH3 C ~ H ~ C H C ~ H S  bas 114-8'; n$ 1.4601; d s  2 
0.9276 

7a-CH 2 0 H C6H5CH2 bl 238-40". 7 
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Derivatives of Tetrahydrooxazolo[3,4- c]oxazole (colrtisrucd) 

R R' Properties Refs. 

Obtained from stereoisomeric 
forms of ~-NO~C~HICH(OH> 
CH(NH,)CH20H : L-(+)-threo-, 
m. 93-4", [a!; - 45" 
(CH,OH); D-(-)-threo, m. 
93-4" , la]? + 45" (CHsOH); 
or-threo, m. 110-2"; D L -  

erythro-, m. 121.5-2.5'. 
As above, L-(+)-threo, m. 115.7- 

6.5", [ a ] ;  - 50" (CH30H) 
D-(-)-threo, m.'115-6", 
[a]? + 50" (CH3OH). 

o-(+)-Threo form, m. 77"; 
[air + 38.5" (EtOAc). 

D-f+)-Threo form, b53 138". 
o-(-)-Threo form, m. 152-5'; 

D-(+)-Threo form, m. 157-8'; 

o-(+)-Threo form, m, 74-5'; 

D-(-)-Threo form, b ~ F u  198- 

[a]? - 46". 

[a]? + 58". 

[c(l? + 45".  

204". 

11,14, 
15 

11 

12,13 

12913 
12,13 

12,13 

12913 

12,13 
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6. Senkus, U. S. Pat. 2,401,196. 
7. Pierce, Lunsford, Raiford, Rush and Riley, 3. Am. Chem. SOC., 73,2595 (1951). 
8. Pierce and Lunsford,J. Am. Chem. Soc., 73,2596 (1951). 
9. Tilford, Van Campen and Shelton, 3. Am. Chnn. Sot., 69,2902 (1947). 

(1 946). 

10. Van Campen and Tilford, U. S. Pat. 2,474,796. 
11. Pedrazzoli and Tricerri, Hdv. Chrm. kcta, 39,965 (1956). 



190 Chapter 111 

12. Edgerton, Woodsand Fisher, U.S. Pat. 2,777,854. 
13. Edgerton, Fisher and Moersch, 3. Am. Chem. SOC., 79,6487 (1 957). 
14. Nagawa and Shimizu, Ann. Rep. Takamine Lnb., 7 ,  1 1  (1955); Chem. Abs;rac&, 

15. Okajima, Ann. Rept. Takamine Lab., 7, 21 (1955); Chem. Abdracls, 50, 14711 
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(1 956). 

The single example of this nucleus, compound I (m. 187"), was 
prepared as shown by Davis and Levy, who named it 2:3:4:5-tetra- 
hydro-4-keto- 2: 2- dimethyl - 2' : 5' - dzphenyloxa~olidino (3' :4' - 1 : 5)glyoxalzne. 
Cold hydrochloric acid caused scission of the oxazole ring of I with 
loss of benzaldehyde. 

C,H5CH -CH-C=O 
I I I  

HO HN, ,NH 
C 

H3C' 'CH3 

Reference 

1. Davis and Levy, J .  Chem. Soc., 1951,3479. 

1 
H 

A-149. lH,JH-Irnidazo [ 1,5 -c Jthiazole 

During the investigations upon the structure of penicillin it was 
found that benzylpenicillin methyl ester (I) and 8-methyl-D-a- 
benzylpenicilloate (11) yielded compound IV (see Section A-487) on 
treatment with thiocyanic acid, while a-methyl-D-a-benzylpenid- 

. 
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C,H,CH,CONH C,H,CH,CONH 
I s, ,CH, ! ’S ,CH, CH-CH ‘C CH, CH-CA C-CH, 

NHCOCH,C,H, 

S 

HSCN I 
nk. NaOH 
_I_.+ 

NH 

COCH,C H 

HCI 

loate (111) gave’ a different substance (V). Alcoholic alkali caused 
IV to rearrange to V, and both IV and V were converted into VI by 
hydrochloric acid. By acylation of VI with phenylacetic anhydride, 
compound V could be reconstituted. I A simpler analog (VII) of IV 
was transformed into compound VI I1 by treatment with alcoholic 
caustic. 



192 Chapter 111 

S 

Certain other thiazolidine-4-carboxylic acid derivatives have 
been converted similarly into imidazo[ 1,5-cjthiazoles. Thus IX 
readily yielded X on reaction with thiocyanic acid, while XI reacted 
with phenyl isothiocyanate to give either XI1 or XI11 depending 
upon the conditions. 

0 

C,H,NCS / 

(XIII) 
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Derivatives of Imidazo[l,~cc]thiazole 
saucture Proacnies Refs. 

0H3C CH3 
CGH5 ... y+s 

m. 167'; [a]: 115'. 

m. 118-9'. 

m. 2068O. Methy1 ester, m. 
150-60'. N-PhenyIacetyI 
deriv., m. 158-60'. 

Two stereoisomeric forms: I, in. 

151-2'; 11, exists in poIp 
morphic modifications, m. 
1067'  and 120-2'. 

m. 104-5'. 

m. 123'. 

m. 178-80'. 

m. 143-5'. 

3 

4 

(continued) 
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Derivatives of Irnidazo[ 1.5-clthiazole (continued) 

Structure Properties Refs. 

m. 216-7". 4 

References 

1.  du Vigneaud and Melville in Clarke et a/., The Chemistry of Pentnilin, Princeton 
University Press, Princeton, N. J., 1949, pp. 269-309. 

2. Cook and Heilbron in Clarke et al., The Chemtstry of Penrcdhn, Princeton Uni- 
versity Press, Princeton, N. J., 1949, pp. 921-972. 

3. Mozingo and Folkers in Clarke et al., The Chemistry of Penralhn, Princeton Uni- 
versity Press, Princeton, N. J., 1949, p. 541. 

4. Lieberman, Brazeau and Hariton, 3. Am. Chcm. Soc., 70,3094 (1948). 
5. Armstrong,J. Am. Chem. Soc., 77,6049 (1955). 

11 12 13 I 

A-150. 6H-[ 1,2,3]Triazolo[ 1,5-a, 3,4*']- lo 

diindole. R.I. 2903 
H 
6 

The only example of this ring system is compound I,  which has 
been named I ,  1'-irninoindzgo, and also 1,5(CO) ;3,4(CO)dzben<oyfene- 
1,2,3-tn'azolzne. As a result of the series of reactions shown, Albert 132 

obtained I (violet, d. 185"; N-acetyl derivative, pale violet, m. 212"; 
oxime, d. 290"), which dyes cotton and wool blue from a yellowish- 
green vat. Further evidence for these structures would be welcome. 
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I I I 
NH NH, NH, 

I 
NH 

I I 
NH 
I I 

NH 

C6H5 C6H5 

References 

1.  Albert, Ann., 416,240 (1918). 
2. Albert and Hurtzig, Bcr., 52,530 (1919). 

*&' 10 

A-151. 5H-Imidazo[4,5,1-hijnaphth- N2 

[1,2,3-~d]indazole * 7 \  / 3  
8 2  4 

Efforts to prepare I1 by the dehydration of I ,  were not successful. 
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Reference 

1. Baumann and Schwechten, I. G. Farbentndwtrie, A.-G., 34 Wissenschafilicher 
Awtausch der GmW I X ,  Leverkusen, October 25/6, 1935; Pi3 Report "No. 70339, 
frames 1 13 19-24. 

I 
H 

A-152. 1H-Imidaz[l,5-c]imidazole. 

4 
R.1, 607 

The perhydro derivatives of this nucleus have been named as 
1,3,7-tn'u~ubicycfo~3.3.O]nonanes, and numbered as shown in I ,  while the 
1,3,5,7-tetraoxo derivatives were called hydanloino- 7',5' : I,5-hydanloins 
and numbered as shown in 11. 

0 0  

While investigating the reactions of 111, Biltz and Krzikalla 
found that solution of I11 in dilute acids caused the hydrolytic elimi- 
nation of methylamine, and formation of IV (sinters > 240°, d. 262"). 
Further hydroIysis, giving V, resulted when IV was heated with 
water. Treatment of IV with diazomethane gave VI (m. 198- 
200"d.). 
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Senkus' has patented the production of compounds of structure 
VII by the condensation of aldehydes with certain vicinal aliphatic 
triamines. 

k 

Derivatives of VII 

(VII) 

R R' R" Propmies 
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References 

1 .  Biitz and Krzikalla, Ann., 457,131 (1927). 
2. Senkus, US. Pat. 2,393,826. 

1 

+=-I2 

A-153. Imidazo[ 1,5,4 -cd]benzimidazofe 

v. Auwers and Frese ' found that neither 1,2,3-triaminobenzene 
nor 1,2,3-tris(acetamino)benzene could be converted into I 
(R = CH,). However, Efros2 recently heated 1,2,3-triamino- 
benzene at 180" with two moles of benzoic or phenylacetic acid, and 
obtained products stable to dilute acid hydrolysis, which he con- 
sidered to be I (R = C,H, or C,H,CH,). 

Refe rence.r 

1. v. Auwers and Frese, Ber., 59, 554 (1926). 
2, Efros, Q u r .  Obshchei Khim., 23,957 (1 953). 

10 I 

A-154. Benzimidazo[ 1,244 -1,2- 
benzisoxazole 8 \  

7 6 ' 0  4 
5 

An unusual synthesis of this nucleus was discovered by Freiser 
and Walter,' who obtained I1 (yellow-brown m. 182-5") from the 
bromination of I. 
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Reference 
1 .  Freiser and Walter, J. Org. Chm., 18,256 ( I  953). 

I 

A-155. Benz[ d ~imidazo[l,Z-6]isothiazole. 
R.I. 1348 

McClelland and Warren 1,2 studied the reactions of I with differ- 
ent amines. With ethylenediamine I1 results, and on treatment of this 
with bromine it may be converted stepwise, through I11 and IV, into 
V (hydrobromide, m. 259"; picrate, m. 241-2"). Efforts to prepare 
the free base of V, by treatment of the hydrobromide with bases, 
caused cleavage of the isothiazole ring and gave 111. Compound V 
formed a complex (orange, m. 139-40") with one mole of bromine, 
which reverted to V in the presence of water, and which could also be 
produced by treatment of 11 or 111 with excess bromine. 

SH 
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References 

1. McClelIand and Warren, 3. Chm. Soc., 1929,2621. 
2. McClelland and Warren, J .  Chm. Soc., 1930,1095. 

A 
A-156. lH,3H-Pyrazolo[5,l-c] [1,2,4] - 6 h N . O  2 

oxadiazole 5 N-NJ~H, 

A product (m. 274") assigned structure I 1  was described by Cus- 
mano and Sprio' as being formed by the dehydration (!) of I. Fur- 
ther evidence for these structures would seem desirable. 

Reference 

1. Cusmano and Sprio, Gatr. chirn. ztaf., 82, 373 (1952); Chern. Abstracts, 47, 11 152 
(1953). 

A-15 7. 3 H-[ 1,2,4 JThiadiazolo [ 3,4 -b] - 7 e-f ;, 
benzothiazole 6 . l  

4 5 

The polarography of compounds I and I1 has been discussed, ' 
but apparently no other information concerning this ring system 
has been published. 

(I) R = H 
(11) R = SCN 

Reference 

1. Sturm and Hans, Angm.  Chm., 67,743 (1955). 
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7 1  

A-158. Imidazo[2,1-b][1,3,4]- 6cx $ 
thiadiazole 5 3 - 

4 

A number of compounds containing this nucleus have been pre- 
pared by Ban and his co-workers. '-* A 2-amino-f,3,4-thiadiazole 
(e.g. I)  was condensed with a suitably constituted a-halocarbonyl 
component to build up the imidazole ring via intermediates such as 
IL (formed by substitution on the tautomeric ring >NH rather than 
on the -NH, group). 

____+) 

N-N 
- H,O 

R' 

Derivatives of Imidazoh, 141 [1,3,4ltbiadiazole 

Refs .  Properties and Substituents Empirical 
formula derivatives 

c r W 3 S  &Methyl- Brn., m. 49-51". HCI 3 

c 6H7N3 s 2,GDimet hyl- b17 133'; m. 68-70". 3 

C ~ H P N ~ S  6-Et hyl-brnet hyl- b17 1 4 4 " ;  m. -30". 3 

CBH9N302S 5- Car bet hox y- 6- m, 199-200". Picrate, 3 

salt, m. 212'd. Pic- 
rate, m. 136-7". 

HCI salt, m. 213"d. 
Picrate, m. 205-7". 

Picrate, m. 161-2". 

methyl- rn. 186-8'. Hydrazide, 
m. 26O0d. 

(continued) 
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Derivatives of Imidazo[Z,I-b] [1,3,4lthiadiazole (contiprued) 

Substiruents Properties and Refs. Empirical 
formula derivatives 

C D H.9N4S 

5-Car bet hox y-2,6- 
dimet hyl- 

6 4  4- Nitropheny1)- 
6-Phenyl- 

644- Aminopheny1)- 

5- Car bet hox y-bet hyl- 
6- methyl- 

2-Methyl-6-(4-nitro- 

2-Methyl-15-phenyl- 
pheny1)- 

6- Uet hyI-2- phenyl- 

2- Met hyl-6(4-amino- 

2- Et hyl-G( 4-ni tro- 

2-Et hyl-6phenyI- 
2-Et h yl-G( 4- ami no- 

pheny1)- 
2-Ph~nyl-6-(4-nitro- 

pheny1)- 
2,GDiphenyl- 

p he ny1)- 

pheny1)- 

m. 120". Picrate, 
m. 177-80". !{ydra- 
zide, m. 310'd. 

m. 273-4"d. 
Yef., m. 131-2". Pic. 

rate, m. 213-4'. 
m. 165". HCl sait, 
m. > 300" d. N-Acetyi 
deriv., m. 205". 

m. 157". Hydrazide, 
m. 275"d. 

Yel., m. 241-2" 

b2 185-90". Picrate, 

m. 137-9". HCI salt, 
d. 250". Perchforate, 
d. 247-52". Picrate, 
m. 211". Picrolonate, 
d. 210". 

m. 213"d. Picrate, 
m. 233-4". 

m. 203". N-Acetyl 
deriv., m. 260". 

m. 117". HCI salt, 

d. 193-5". 

m. 127-8". 
m. 180". N-Acetyl 

Yel. m. 278". 
deriv., m. 238-9'. 

m. 200". 

3 

2 

3 

3 

2 

1,4 

1,4 
2 
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3. Ban, 3. Phann. Soc. Japan, 74,658 (1954); Chmz. Abstracts, 48,10740 (1954). 
4. Matsukawa and Ban, Jap. Pat. 5879 (1953); Chem. Absfracts, 49,4725 (1955). 
5 .  Ban, J. Pharm. Soc.Japan, 74,1044 (1954); Chem. Abstracts, 49,11630 (1955). 

6409 (1 953). 

Chem. Absirolts, 47,11185 (1953). 
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7 1  

A-159. Thiazolo[ 3,241 -s-triazole. 
6 cyN] z 
5 N-Ns 

4 
R.I. 583 

This ring system was first mentioned (and named thia&etn'uiyde) 
by Naif' in 1891, who thought that he had prepared compound I1 
by the route shown. However, he describes the product as being un- 
stable and reverting to I on treatment with nitrous acid, properties 
seemingly unlikely for a nucleus such as 11. Further study of these 
products would be desirable. 

H,C CH,CI 

H,C CHCl 

NHCHa HNO, 
HS \ C-NHCH, _Ic cr - + 
H N ~  

I I  

'Q/ 

Recently, the cyclization of I11 to I V  or (possibly) V was men- 
tioned by Kendall and Duffin,2 but no details were offered. 

References 

1 .  Naif, Ann., 265,108 (1891). 
2. Kendall and Duffin, Brit. Pat. 634,951/2; Chcm. Abstructs, 44, 9287 (1950); U. S. 

Pat. 2,527,263/6. 
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7 1  

A-160. Thiazolo~2,3-c]-s-triazole 
4 

See Thiazolol 3,2-b]-s-triazole (Section A-I 59). 

9 1  

A-161. s-Triazolo[ 3,444 benzothiazole* 
5 4  

Condensation of the hydrazine I with benzaldehyde formed the 
corresponding hydrazone, and oxidation of this with lead tetracetate 
produced 11. Similarly, condensation of I with carbon disulfide 
yielded the mercaptan 111. 

When heated with acetic anhydride in acetic acid, I yielded2 an 
acetyl derivative, which could be dehydrated to IV by hot acetic an- 
hydride containing a little phosphoric acid. A number of photo- 
graphic sensitizing dyes have been prepared2 from IV, and several 
derivatives of this nucleus have been claimed3 as photographic fog 
inhibitors. 

____f 

1) C,H,CHO 

‘tIHJi 
e y N H N H 2  2) to1 
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a-Triazolo[ 3,4- blbenzot hiazoles 

Substituents or structure Properties Refs. 

f Mercapto- 
f Met hyl- 
N4-Bromophenyl)- 
fPhenyl- 

0 

CH = CH 1- / C H & S  

I 
CIHS 

m. 255'. 
m. 142-4". 
m. 240'. 
m. 229'. 

Scarlet, rn. 2767'd. 

X = 0, scarlet, m. 

X = S, dk. red, m. 

X = Se, red, m. 

259-60" d. 

270-1' d. 

262-3' d. 

Red, m. 238-9' d. 

1 .  
2. 
3. 

References 

Bower and Doyle, J .  Chem. Soc., 1957,727. 
Brooker and VanLare, U. S. Pat. 2,786,054. Brit. Pat. 783,021. 
Kodak, S. A., Belg. Pat. 562,142. 

7 

II 
A-162. 5H-Pyrrolotetrazole. 

R.I. 574 

Two compounds, both 6,7-dihydro derivatives of this nucleus 
(ah ernativel y called t7inelhyfenetetra~oles), have been reported. Treat - 
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rnent of y-azidobutyronitriles (I) with chlorosulfonic acid is 
claimed' to yield trimethylenetetrazole (11, m, 1 10.). The 5-ethyl- 
7-methyl homolog (oil) was similarly prepared from y-azido-a- 
methylcapronitrile, The effect of I1 upon heart action has been 
studied.2-5 See Sections A-568 and A-703. 

References 

1. Chinoin Gycigyszer 6s Vegy6szeti Termkkek Gylra R. T. (Kereszty 6s Wolf), 
Hung. Pat., 11 1,703; Chem. Abstracts, 29, 3783 (1935). Ger. Pat. 61 1,692; Frdl., 
21,673 (1937). U. S. Pat., 2,020,937. 

2. de Chhel, Oruoa Hettlap, 78,813 (1934); Chem. Abslracls, 29,1877 (1935). 
3. Issekutz, Arch. exptl. Path. Pharmakol., 177, 415 (1935); Chem. Abstracts, 29, 3721 

4. Dirner, Arch. exptl. Path. Phamakol., i80, 581 (1936); Chem. Abstracts, 30, 6821 

5. Issekutz, kinzinger and Novik, Arch. expll. Path. Pharmakol., 177, 397 (1935); 

(1935). 

(1 936). 

Chem. Zenlr., 11,1207 (1935). 

9 

8 H '  
A-163. SH-s-Triazolo[4,3-a]- 

benzimidazole * 
5 4  

The name s-tsia~olo[3,4-b] bewirninaeole has been used. 
Reaction of I with carbon disulfide yields' the mercaptan I1 

(m. 284"). 

From the condensation of I11 with 2-chlorocyclohexanone, Reit- 
mann obtained a product (m. 229"; b, 180") to which he assigned 
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structure IV. While structure IV (or one of its tautomers) is probably 
correct, other structures (and tautomers) such as V must also be con- 
sidered. 

or 

H 

N-N 

References 
1 .  Bower and Doyle, J .  Chem. Soc., 1957,727. 
2. Reitmann, Ger. Pat. 547,985; Frdl., 18, 2782 (1933); U. S. Pat. 2,057,978; Brit. 

Pat. 360,027. 

I 

A-164. 3H-s-Triazolo[l,5-a]- 7 k N  QT 2 

benzimidazole 6 \  ' &NH 
J 4  

See Section A-163. 

1 2  

A -165. 1OoH- (4 -Aza ) p y rido [ 1,2 -a ] triazolo- 
[c,d] benzimidazole 

7 5 

By the diazotization of I (see Section A-275), and heating of the 
acidic diazo solution, Petrow and Saper' obtained a compound (m. 
314") to which they assigned structure 11, and the name 13 
hydroxy-3: 72-diaza- 12: 13-dihydracarba~oLe- I :  !AdiazoLe. 
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Reference 

1. Petrow and Saper, J. Chem. Sac., 1946,588. 

7 1  
N S  A-166. s-Triazolo[3,4-b)[1,3,4]- 6N' "( 1% 

t hiadiazole * &-N-N 
4 3  

Various derivatives of this nucleus were prepared by Kanaoka 
as potential anti-tumor drugs, as they bear a formal resemblance 
to the biologically active purines. 

Two routes to this ring system have been explored. Condensa- 
tion' of the ester I with hydrazine yielded 11, which was acylated 
to give 111, dehydration of which produced IV. Compound IV (R = 
CH,) also could be obtained by refluxing I1 with acetic anhydride, 
and IV (R = H) was prepared (via 111) by treating I1 with formic 
acid. 

The alternative route utilizes2 2-hydrazino[ 1,3,4]thiadiazoles 
(V), and constructs the triazole ring by reaction with ethyl ortho- 
esters to yield VI, which forms VII by loss of ethanol. The prepara- 
tion, by each route, of the 2-i-butyl-5-phenyl homolog provides evi- 
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dence for structure VII and demonstrates the equivalence of the two 
routes. 

Products of Structure VII 

R R' Properties Refs. 

m. 144". 
m. 62'. 
m. 102'. 
b2 143-4'. Picrate, m. 135-6". 
m. 104". 
m. 79'. 
b2 146'. Picrate, m. 132-5'. 
m, 81'. 
bl 142-4'. Picrate, m, 157-9' 
m. 67'. 
bl 150-2'. Picrate, m. 140-1'. 
m. 28". 
m. 57". 
m. 77-8 '. 
rn. 191.5'. 
m. 198-9'. 
b2 156-8". Picrate, m. 122-3'. 
b2  1669". Picrate, m. 116-7'. 
b: 150-2'. Picrate, m. 140-1'. 
m. 186". 
m. 1767'. 
b2 1567'. Picrate, m. 107-9'. 
b2 172'. Picrate, m. 122-3'. 
m. 124-5 '. 
m. 121-2'. 
b, 169". Picrate, m. 120-1' 
m. 110-1'. 
m. 104'(I03.5'). 
m. 118.5'. 
m. 249-50'. 
m. 199-200". 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
1 
2 
2 
2 
1 
2 
2 
2 
1 
2 
2 
1 
1,2 
2 
1 
1 
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References 

1. Kanaoka, f .  Phann. Soc. Japan, 76,113 (1 956); Chem. Abstracts, 51,3579 (1 957). 
2. Kanaoka, Pharm. Bull. (Tokyo), 5,385 (1957); Chem. Abstracts, 52, 5390 (1958). 

I 

A-167. Thiazolo[2,3]tetrazole 

Treatment of I with nitrous acid was found by Fodor and Wil- 
heim' to yield I1 (m. 114-115"). This synthesis was confirmed by 
Beyer, Lassig and Ruhlig,' who also prepared I1 by treating I11 
with nitrous acid. 

References 

1. Fdorand  Wilheim, A c h .  Chzm. Acad.Sa.  Hung., 2,189 (1952). 
2. Beyer, Essig and Ruhlig, Chem. Ber., 86,764 (1953). 

1 

A-168. Tetrazolo [ 5,141 benzot hiazoie 

5 4  

When 2-cblorobenzothiazoles are treated with hydrazine, the cor- 
responding 2-benzothiazylhydrazines are obtained and these, upon 
reaction' with nitrous acid, yield I (R = H, m. 109°,3 (m. 110- 
1.5"'); R = NO,, yellow, d. 158"'; R = CH,, m. 121-2"'; R = 

CH,O, m. 163-4"*), Alternatively, * the 2-chlorobenzothiazole may 
be treated with aqueous sodium azide in the presence of acetic acid, 
or 2-arninobenzothiazoles can be diazotized and treated with sodium 
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azide. It was shown that compounds of type I undergo ring scission 
on reaction with Grignard reagents, forming triazenes such as I I. 

Compounds of type I have been claimed" as photographic fog 
inhibitors. 

R N = N - NHR' 

References 

Cotonna and Andrisano, h b b l .  rsf. chim. rrui. umv. EoLogm, No. 5, 3; No. 6, 3; 
(1943); G e m .  Abslrucfs, 41,754 (1947). 
Pochinok, Zaltseva and El'gort, Wkrarn. Khrrn. Zhur., 17, 509 (1951); Chern. Ab- 
sfracfs, 48,11392 (1954). 
Bower and Doyle, J .  Chem. Soc., 1957,727. 
Kodak, S. A,, Belg. Par. 562,142. 

2 

A-169. Naphtho[ !2,1-d]tetrazolo[ 5,l-b] - 
6 

thiazole * 

Compound I1 (m. 114-5") was obtained by the treatment of I 
with nitrous acid followed by aqueous sodium azide. The reaction of 
I1 with Grignard reagents gave triazenes (111). See Section A-168. 
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Reference 

1. Pochinok, Zaitseva and El'gort, Ukrain. Khzrn. Zhur.:, 17, 509 (1951); Chem. 
Abslracls, 48, 11392 (1954). 

1;I 
B*fZ 

A-170. LH-Pyrazo[l,S ] tetrazole 
5 N-N-N 3 

4 

Treatment of I with nitrous acid yielded' I1 (m. 135"; N-acetyl 
derivative, m. 75"). An unusual feature of I1 is the concatenation 
of jve  nitrogen atoms. 

Reference 

1. Beyer, Wolter and Lemke, Chem. Ber., 89,2550 (1 956). 
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1 
H 

A-171. iH-Imidazo[l,P]tetrazole 

A single example (compound 11, m. 163-4"; picrate, m. 122-3") 
is known of this ring system. It was prepared ' by treatment of I with 
nitrous acid. 

Refertnce 
I .  Finnegan, Henry and Liekr, 3. Org. Chem., f8,779 (1 953). 

I 8 

A-172. 4H-Tetrazolo[u]benrimidazole* 

4 

This nucleus has also been named tetra~ulo[5,7-6] ben.zinzinazole. 
Treatment of the hydrazine I with nitrous acid is reported' to 

yield I1 (m. 189" d., darkens upon exposure to light). 

H H 

Reference 
1. Bower and Doyle, J .  Chem. Soc., 1957,727. 
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1 1  

A -1 73. 5H-s-Triazolo [ b] -s-triazole 
5 4  

Treatment with benzoyl chloride of a compound identified as I 
was reported by Hoggarth' to yield a product (C,,H,,ON,, m. 
196-8") presumably I1 or 111, which hydrolyzed to IV (m. 257"), 
which he named 5:5'-dz~~enyl-2:3dzhydro-4': I1:2'-tnazo1o(4':3"-2:3)- 
I :  2:4-triasole. 

I 

C 6 H b , r , N ' r , b  

HN-NA~ 
6 6  

Oxidation of V with lead tetraacetate yielded2 a substance 
(C,,H,,N5, rn. 268"), presumably either IV or VI. A direct corn- 
parison with Hoggarth's IV should disclose the nature of this product. 



1. 
2. 
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HN-N 

References 

Hoggarth, J .  Chern, Soc., 1950,614. 
Bower and Doyle, ,J. Chem. SQC., 1957,727. 

7 A  

A-174. 1H-s-Triazolo [3,4-c] -s- 6 N " y N . p  2 

4 
triazole* S L N - 4  

See Section A-1 73. 

7 1  

6Fi32 
4 

A -1 75. lH, 7H-P y razolo [ 1,2 1 p yr azole . 
R.I. 608 5 3 

Only derivatives of the perhydro system are known. 
The simplest example of this nucleus is the compound I, pre- 

pared as shown by Buhle, Moore and Wiselagle' during a study of 
the stereochemistry of certain nitrogen ring systems, and named by 
them trimethylenepyTazalzdine. The two rings of this system are pre- 
sumably non-coplanar, resulting in a V-shaped molecule. 
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(1) 

In 1930 Wagner-Jauregg2 reported the preparation of I1 by the 
condensation of benzalazine with maleic anhydride. Van Alphen 
considered and rejected for this product an alternative possibility, 
structure 111, since the product is stable to reducing agents and 
cannot be acylated (the -NH . NH- linkage of I11 would be ex- 
pected to undergo reductive cleavage and acylation). He named 
compound I I1 ;,8-diphenyl- 1,5-dZ~z~bi~y~lo-(O, 1,5)-0ctune-Z,3,6,7-~et~ucar- 
bonk acid anhydrzdc. Compound I1 was shown by KOVQCS, Bruckner 
and Rande14'5 to be a mixture of two stereoisomeric forms, one of 
which was present in only trace quantities. E ~ t e r s ~ * ~ ~ "  corresponding 
to 11, and similar adducts from other a ~ i n e s ~ ' ~ '  l 1  have been described. 
Reactions of I1 with hydroxylamine or with primary amines replaced 
the anhydride oxygen atoms by HON- or by RN-, respectively. 
Benzal- and furfuralazines also condensed with methyl acrylate 
or acryionitrile to yield the 1,5-diaryl-2,6-dicarbomethoxy (or di- 
cyano) homologs of I, in which the ester groups could be reduced to 
hydroxymethyl groups by lithium aluminum hydride without ring 
scission. 

11 
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Freund and Fleischer ' treated disubstituted malonyl halides 
with benzal semicarbazone and obtained, through the decomposition 
of the semicarbazone to yield hydrazine, products (XV) which he 
named 1,2-dialkylmalonyl-3,5-diketo-4-d~alkyl-~yra~oltdi~s. These prod- 
ucts were readily cleaved to V by alkali. Somewhat different results 
were reported by k x , *  who studied the reaction of malonic esters 
with hydrazine. He found that dialkylmalonic esters invariably re- 
acted with hydrazine to yield pyrazolidiones, whereas monoalkyl- 
malonic esters gave products (VI), which he named 7,3,5,7-tetra- 
ketopyrazo[ l,Z-a]pyruzoles. Bromination replaced the remaining acidic 
hydrogens to yield VII. Ruhkopfg found that treatment of VIII in 
acetic acid with bromine yietded IX, iresumably through the 
hydrolysis of one mole of VI I I. 

Cocl  

R2C + / 

I 
Cocl 

0 0  

H,NCNHN=CHC,H, _+ 

II 
0 

0 

0 0  0 0  

0 0 0  
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Hepner and Simonberg lo studied the reaction of malonic ester 
with hydrazine and found that the initially formed malonhydrazide 
is converted by alkali into X and that this can be cyclized to 
vtolura~olzc acid (XI) by treatment with sodium nitrite. Reaction 
of XI with nitric acid gave dzlzturuzolzc aczd (XII), whil;e with 
sodium hydrosulfite XI gave thzonuraZolzc acid (XI 11). This under- 
went acidic cleavage to yield uramilazole (XIV), which in turn re- 
acted with cyanic acid to give pseudo-uretduadic acid (XV), which 
could be dehydrated to uretdaZoltc acid (XVI). Most of these prod- 
ucts were yellow solids, insoluble in organic media and decom- 
posed by heat. 

0 
II 

CONHNH, C-NH COOH 
I 

1) NnOH H,N CH, I 1 7 H 2  NaNO, 

2)  HOAc 

I 
CH2 
I - -+ I t  

I1 
H N - C  N H - C  

0 

CONHNH, 
/ I  

0 

(XI 
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1 .  
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4. 

5. 

6. 

7. 
8. 
9. 
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References 
Buhle, Moore and WiselogL, 3. Am. Chm. Soc., 65,29 (1943). 
Wagner-Jauregg, Ber., 63,3213 (1930). 
Van Alphen, Rec. trav. d i m . ,  61,892 (1942). 
Kovlcs, Bruckner and Kandel. Magyar Kim. Folycirrat, 56,74 (1950); Chem. A&- 
dracfs, 46,8649 (1952). 
Kovlcs, Bruckner and Kandel, Ada. Chirn. Hung., 1, 230 (1951); C h .  Abstrack, 
46,252 1 ( 1952). 
Dutt and Guha, 3. Indian Chem. SOL, 37, 151 (1950); Chem. Abstracts, 45, I526 
(1951). 
Freund and Fleischer, Ann., 379.27 (191 1) .  
Dox, J .  Am. Chem. Soc., 54,3674 (1932) 
Ruhkopf, Ber., 73,820 (1940). 
Hepmr and Simonberg, Bull. soc. chim. Frame, [5]6,1069 (1939). 
Haring and Wagner-Jauregg, Helv. Chim. Acta, 40,852 (1957). 

A-176. 
pyrazole. R.I. 1361 6 w k A 3  

5 4 

PreviousIy used names for this ring system and its derivatives 
are: benzobispyrazole, indazolo[ 1,2-a]pyrazole and 1( CO)-2-bewoylene- 
pyrazolone (5). 

When heated in vacuo, I was found' to lose hydrogen chloride, 
and to rzarrange to I1 (R = H, R' = CH,, yellow, rn. 268-70a3). 
Thissame product, and two homologs (11, R = C,H,, R' = CH,, 
m. 185"and R = H, R' = C,H,, m. 197-200") were also prepared, 
by the reaction of I11 with acylacetic esters in the presence of phos- 
phorus trichloride. Bromination of I1 (R = H, R' = CH,) gave the 
2-bromoderivative (11, R = Br, R' = CH,, yellow, m. 233"), while 
alkaline hydrolysis '-, of I1 readily yielded IV. Compounds of type 
I1 exhibit a brilliant blue fluorescence in ethanolic or acetic acid 
solution. 

Michaelis suggested4 that one of the isomeric products obtained 
from the cyclization of V (R = CH,, R' = H) had structure VI 
(R = CH,, R' I: H), and another had structure VII (R = CH,, 
R' = H), although he did not indicate which structure corresponded 
to which product (see Section A-563). Veibel el. al.5-7 studied these 
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products and concluded that the isomer melting at 135" (&yru.zo- 
isonrmru~orre) probably had structure VII (R = CH,, R' = H), 
but could not demonstrate conclusively that a-pyru~ozsocumaru~me 
(m.p. 166-8") had structure VI (R = CH,, R' = H). However, a 
study8 of the infrared spectra of these products provided evidence 
in favor of both structure VI for the a-isomer and VII for the 8- 
isomer. 

From V (R = C,H,, R' = H) Michaelis* obtained a single 
product (rn. 199O), although Veibel' was able to prepare two iso- 
meric products (m. 144-5", and 201-2"). Similarly, from V (R = 
CH,, R' = C,H,) two products (m. 107-8" and 344-5") were ob- 
tained., It seems probable that, in $a& of these cases, the higher 
melting product is of type VI, and the lower melting of type VII. 
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0 0 

Treatment of VI (R' = H) with iodine or bromine or phosphorus 
pentachloride yields 2-halo derivatives (R = CH,, R' = Br, m. 187"; 
R = CH,, R' = I, m. 198"; R = C,H,, R' = Br, m. 187"; R = 
C,H,, R' = c1, m. 170"). While the reaction of VII with ammonia 
or primary amines to yield4 VIII is unambiguous, it seems possible 
that VI may also be thus converted into VIII (possibly via VII), 
since Michaelis4 indicated that his product of m.p. 199" (for which 
structure VI, R = C,H,, R' = H is proposed) underwent thie reac- 
tion. Further work is needed to elucidate the exact nature of these 
products and reactions. 

1. 
2. 
3. 

4. 
5. 
6. 
1. 
8. 
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I t  

A-177. 6H,1PH-Indazolo[ 1,2-a]- 
indazole* 

4 

While studying the alkaline reduction products of 2-nitrobenzyl 
alcohol and 2-nitrobenzaidehyde dimethyl acetal, Freundler '-' iso- 
lated, together with several other products, a yellow, neutral amide, 
rn. 294-5" and having the empirical formula C,,H,N,O,. 
Card6-" heated 2-nitrobenzyl alcohol with aqueous caustic and 
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isolated, inter 01~4, I, which he showed was converted slowly in the 
cold, but rapidly when heated, into Freundler’s compound. This 
transformation he explained by the hydration of I to I1 followed 
by the dehydration of I1 to Freundler’s compound, which he con- 
sidered to be 111. He also prepared Freundler’s product by heat- 
ing I1 with a phosphorus oxychloride-pentachloride mixture, and 
Heller likewise obtained the product together with b i ~ ~ n t h r ~ n i l  
(see Section A-564) by  heating I1 with acetic anhydride. Bam- 
berger 12- l4 also obtained Freundler’s product by photo-irradiating 
I V  or heating it with acetic acid (which gave a purer product m. 
299-300”). Part of the reason for CarrC’s assignment of structure 
111 to Freundler’s compound was the evidence that it could be hy- 
drated (reversibly) to the acid V. However, recently the infrared 
spectra of Freundler’s compound and some related materials were uN-”n __t H,O aNH-NHD __jl -SH,O 

CHO NOOC COOH H O W  

\ 
0 
A 0 
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examined, l5 and it was concluded that Freundler’s compound has 
structure VI and Heller’s bisanth~~nil has structure 111. The thermal 
isomrizatian of the latter to the former occurs readily. 

Freundler 16-18 found that treatment of VII with phosphorus 
pentachloride yielded a product [two forms (?), one white, one yel- 
low, both m. 241 O], which he formulated as VIII but which, in light of 
the foregoing, is probably IX. 

a. - 

0 0  \ c1 qN=Np Y (VIII) 

COOH COOH \ 0 

ci qiyJ ‘ 
0 

Similarly, Robinson19 obtained from X a product (m. 257O) 
thought to be XI (Ring Index No. 3454), but probably actually XII. 
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Recently, the condensation of azobenzene with carbon monoxide 
in the presence of nickel carbonyl at 250" was claimed2' to yield 
a product (m. 300"), which could be hydrolyzed to V, and which 
was assigned structure 111. Again, it seems probable that this prod- 
uct has structure VI. A methoxy homolog (m. 236") was similarly 
obtained from 4-methoxyazobenzene. 
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A-1 78. Indazolo [1,2-ulpyrido ( 4 9  -c] - 
pyrazole. R.I. 2264 

4 

While investigating the reactions of compound I, Michaelis pre- 
pared I1 (light rose crystals, m. 285"; hydrochloride also m. 285") via 
the route shown. 
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-HCI, -H,O + 

ReferenEe 
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A-179. Imidaz[ c]imidazo[4',5 ',3,4] - 
pyrazolo[l,2jpyrazole. R.I. 2225111 5 ~ -  

4 

The sole representative of this nucleus, ureidazoiic acid (I, red 
crystals), was obtained as shown by Hepner and Simonberg.' See 
Section A-175. 

Reference 
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A-180. @*i-Dinaphthaleneazotide. LO 

@ /  \ 5  
7 

R.I. 3463 
6 8 

Theabove name and numbering were accepted by Chemical Ab- 
stracts and by the Ring Index, while Chemtscks zentralblatt prefers the 
name di(naphthy1ene- 1,8)hydra&e. Neither name seems desirable. 

While investigating the action of sunlight upon solutions of vari- 
ous amines, Malaviya and h t t  found that exposure to sunlight for 
eighty-seven days of a solution of 1 ,%naphthylenediamine in dilute 
hydrochloric acid produced a brown precipitate. This precipitate 
was thought to be I, although very little evidence on which to base a 
structure was available. Further information concerning this nucleus 
would be highly desirable. 

Reference 

1 .  Malaviya and h t t ,  Proc. Acad. Sn. United Provinces Agra and Oudh, India, 4, 319 
(1935); Chem. Abstracls, 30,1057 (1936); Chem. <enti., 1,3487 (1936). 

A-181. 1H,5H-Pyrazolo[ 1 , 2 a ]  -s-triazole 

Papini and Checchi heated guanazole (fa-Ic) with acylacetic 
esters and obtained "* high-melting (> 360") products, to which they 
assigned structure I1 (R = CH, or C,H,). However, in view of the 
evidence favoring structure Ib or Ic for guanazole, and inter aha, since 
3-arnino-l,2,4-triazole reacts with acetoacetic ester to give a 5/6 sys- 
tem (see Section A-580), it seems probable that these products have 
structure IV. Structure I11 is also a possibility. 
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R NH 

0 NH 

References 
1 .  Papini and Checchi, Cart. chtm. ibl., 80,100 (1 950). 
2. Papini and Checchi, G a a .  chirn. t&L, 82,735 (1952). 

7 I  
A-182. lH,7H-s-Triazolo[u]-s-triazole. H H  

R.I. 581 eNn2 N nz N2 
siL2@18 

4 

This nudeus has also been named triazolo[ I,Z]triazoole, 1,2triazolo- 
triazoie, 1,5triazolotriazole and bitriazozole, and the alternative number- 

(1) 

ing shown in I has been proposed. In addition, certain derivatives of 
this nucleus have received trivial names indicating their relationship 
to urazole and guanazoie. 
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HN NH HN 0 HN 0 

HN - - IkLNH H N L k L  NH HN A k L O  

K U  HN N NH HN K L  N NH HN K U  N NH 

Guanazoguanazole Imiduramguanamle Urazoguanazole 

HN 0 HN 0 

H& K A  N NH HN U U  N NH 
o==L--~- -J==NH 0 4 h i - 0  
ImiduramimidurazoIe Imidurazourazole Urazourazole 

Pellizzari and Roncagliolo found that guanazole (I I)  reacted 
with dicyandiamide (111) to yield a product (which has no m.p.; 

r NH 

HN' \ NH, 
I 

NC 

II 

\ 
+ HN NH 

HNL NH 

I 

NH 
ll 

H N / ~ \ N H ,  HN 1 NH HN r: N NH 

HN-I~CZ 
__f + HkL Z 

I 
NC 

(VIa) (Z=O) 
(VIb) (Z=NH) 



234 Chapter I11 

picrate, d. - 2 7 0 O ;  tribenzoyl deriv., m. 172--5"), to which they as- 
signed structure IV. This same material resulted from the reaction 
of hydrazine with two moles of dicyandiamide. Similarly, urazole 
(Va) and imidurazole (Vb) reacted with dicyandiamide to yield, 
respectively, urazoguana,pfe (VIa) and imtdura<oguanacok (VIb). This 
latter product also was formed by the acid hydrolysis of IV. In view 
of evidence favoring structure IIb or IIc over IIa for guanazoie, 
Kaiser Peters and Wystrach suggested that guanazoguanazole 
should actually be represented by structure VII (see Section A-655). 
The alternative structure VIII was eliminated by evidence that oxi- 

HN A NH 

HN-NH 

dation of the product yielded cyanuric acid and nitrogen. By analogy, 
it is possible that the stiucture of imidurazoguanazole (VIb) may be 
represented by IX, but it is evident that no such 6/5 ring system can 
explain the structure cd urazoguanazole (VIa) unless a different re- 
action mechanism is postulated, in which an NH, or NH group in- 
stead of the CN group of I11 is involved in the initial reaction. Also, 
since VIa is formed from heating both urazole (Vb) with dicyandi- 
amide (111) and guanazole (11) with biuret, ' unless ring scission and 
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recyclization occur during the reaction it is difficult to accomodate 
a 5/6 structure such as Xa for urazoguanazole. Structures Xb and 
Xc remain possibilities, however. 

StollC found that compounds of type XI are decomposed by heat 
to yield, inter aka, products which he considered to have structure 
XI1 (R = N-CHC,H,, rn. 285"; also R = C6H5). 
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The reactions of phenyl isocyanate, and of isocyanic and isothio- 
cyanic acids with aromatic aldazines was shown by B a i l e ~ ~ ’ ~  to yield 
products of structure XIII (Z = 0 or S). Later it was found that 
ketazines6” and aliphatic a l d a ~ i n e s ’ ~ ~  also may be used. However, a 
number of azines (such as those of acetophenone and benzophenane) 
failed to react or gave other  product^.^" Hydrolysis of XI11 (where 
Z = 0 and R‘ = R” = H) formed hydrazodicarbonamide and 
RCHO. 

Compounds of Type XI11 
R R’ R” 2 Properties and comments Refs. 

H H S m. 170” d.; diacetyl deriv., 7,8 
m. 115q; two methyl de- 
rivs., m. 80-1 ’ and 75-6’. 

7,8 H H S m. 177” d. 
CH, H S m. 180-1” d. 9 
C2H5 ti S rn. 200’ d. 9 
H H S m. 202-4’ d. 7 

H H 0 m. 191’ d. 5 

H H S m. 154-6O d. 5 
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Compounds of Type XI11 (continued) 

R R' R" 2 Properties and comments Refs. 

C6HS H H S 

m. 210'. 6 

m. 234O d. (softens 207-8'); 4 
diacetyl deriv., m. 167O d. 
(softens - 147 O ) .  

methylthio ether, m. 90-2O. 
m. 185-7O (181-7'). Di- 5.7-9 

m. 260O d. 9 

m. 219'. 6 

m. 228.5'. 6 

m. 192O d. 5 
m. 202-3' d. 3 

m. 257O d. 5 

m. 260° d. 
m. 263' d. 
m. 244' d. 
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CHAPTER IV 

Fused 5/6 Ring Systems with No 
Extra Heteroatom 

A-183. Pyrrocoline. R.I.814 
5 

A recent IUPAC conference' proposed that the name pyrrocoline 
be changed to zndolizine, the title first suggest by Tschitschibabin.2 
Should this proposal be adopted, the names of numerous fused pyr- 
rocoline ring systems will also require amendment. The name 
indoltzine (with the numbering shown in I> already has been used 
extensively by the German and Japanese workers, and care must be 
exercized to avoid confusion concerning the location of substituents. 
The names pyrzndole, pyrrodtne, &pyrrolopyrtdzne (I I )  and pyrrolo( 7,Z-a]- 
pyridzne have also been employed. 

Perhydropyrrocoline, or 7-uzabtcyclo~4.3.Ojnonane (I I I )  exists nat- 
urally as the alkaloid &conzcZzne, and also has been called indolzrtdine 
and piperoltdtne (I1 I). 

As has been done in other sections of this book, the pyrrocoline 
derivatives will be discussed in the order of increasing hydrogena- 
tion of the nucleus, and because of their number, the compounds have 
been divided between a table of aromatic pyrrocolines and a table of 
hydropyrrocolines. 

239 
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I .  Syntheses 

Perhaps the most useful, and 
certainly the most widely employed synthesis of substituted pyr- 
rocolines is that devised by Tschitschibabid: the condensation of 
2-picoline or its homologs with an a-haloketone or its relatives. This 
synthesis is analogous to Tschitschibabin’s synthesis of imidazo- 
[ 1,2-u]pyridines (see Section A-271 ) from 2-aminopyridines and 
a-haloketones, which, however, appears to proceed with greater facil- 
ity. The Tschitschibabin reaction has been used chiefly fsr the prepar- 
ation of 2-substituted pyrrocolines, but a variety of substituted pyr- 
rocolines have thus been obtained (e.g., references 2-4, 6-8, 12, 14, 
25,26,49, 59,66,69, 71,75-78, 127-142, etc.). 

This synthesis is of little value in the preparation of pyrrocoline 
itself, as only a 1% yield is obtained2 from the condensation of 
2-picoline with a-bromoacetaldehyde (or a-bromodimethylacetal, or 
dibromoparaldehyde). However, the yields of 2-alkyl- and, particu- 
larly, of 2-arylpyrrocolines are usually very much better, and in sev- 
eral cases exceed 90%. The reaction between the picoline and the 
haloketone is often exothermic, and the’use of a solvent as a moder- 
ator is usually desirable. Cyclization of the quaternary salt IV is ac- 
complished by treatment with a base in aqueous or alcoholic solution. 
The use of sodium bicarbonate for this purpose appears particularly 
advantageous. Many of the lower alkylpyrrocolines are unstable, and 
in such cases the comparatively stable quaternary salt IV can be 
stored3 and converted in small portions into the pyrrocoline as 
needed. 

1 .  The Tschitschibabin Synthesis. 
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The reaction of 2-picoline with 3-chloro-2-pentanone was re- 
ported* to afford only a 1% yield of 3-ethyl-2-methylpyrrocoline, 
whilst use of the corresponding bromoketone gave a 75% yield. This 
suggests that the use of iodoketones might, in certain cases, result 
in improved yields, but no careful study of this effect has been made. 
As might be expected, steric factors play an important role, and the 
use of haloketones in which either the halogen5 or the carbonyl' is 
hindered, or the employment of 6-substituted-2-pi~olines~~~~~ sharply 
reduce the yield of the pyrrocoline. 

Borrows, Holland and Kenyon8 reported little success in efforts 
to extend the reaction to the use of a-cidoroacetylacetone, a-bromo- 
benzoylacetone, ethyl a-chloroacetoacetate or ethyl a-bromoben- 
zoylacetate. Not only were the intermediate picolinium salts (IV, 
R' = COCH,, COC,H,, or C02C2H5,  etc.) usually formed more 
difficultly in these cases, but, upon attempted cyclization, the acyl 
(or ester) function invariably was lost despite the use of mild (weakly 
basic) conditions. 

This cleavage of the acyl (or ester) groups was not unexpected, 
since Kriihnke and his co-workers9-" had demonstrated that the 
nature of the "enol-betaine" resulting from the treatment of 
quaternary salts such as VI with a base, depends both upon the 
nature of the salt and the strength of the base. In certain cases, the 
use of a weak base leads to an enol-betaine of structure VII, while 
a stronger base causes acyl cleavage and produces VIII. Sometimes 

COCH, X- COCH, 

(V11) (VI) (VIII) 

the pyridine itself is a sufficiently strong base to induce the forma- 
tion of enol-betaines. This explains the obtention of picoline hydro- 
halides as by-products (in varying amounts) in the reactions of 
picolines with haloketones. However, in most of the Tschitschibabin 
syntheses, the enoI-betaine, which is the intermediate in the con- 
version of IV into V, is sufficiently stable to permit cyciization. 
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It is interesting to note that products of types IX and X may be 
cyclized to XI without loss of an acyl group (see Section A-271), a 
fact which again points up the greater facility of cyclization in this 
series. 

In contrast to some of the other halodiketones and haloketoes- 
ters tried, Borrows and Holland I’ found that ethyl bromopyruvate 
reacted with 2-picoline to give a 30y0 yield of pyrrocoline-2-carboxy- 
lic acid, decarboxylation of which (v.i.) yields pyrrocoline. 

As mentioned earlier, certain pyridines, for reasons other than 
steric hinderance of the nitrogen atom, resist the reaction with 
hatoketones to form a quaternary salt. Thus 2-pyridylacetone 
failed l3 to react with o-bromoacetophenone, while the reaction 
of quinaldine with either o-bromoacetophenone or chloroace- 
tone yielded only quinaldine hydrohalides, despite an earlier claim2 
of normal reactivity. 

Although 1-substituted pyrrocolines may be prepared by the 
Tschitschibabin synthesis (e.g. by the reaction3 of 2ethylpyridine 
with haloketones), an attempt l 3  to obtain 1-hydroxyethyl-2-phenyl- 
pyrrocoline from the reaction of 1-(2-pyridy1)-3-propanol with 0- 

bromoacetophenone, failed. Treatment of the intermediate quater- 
nary salt with base produced only 2-phenylpyrrocaline, presumably5 
as the result of a retrograde ado1 condensation at the enol-betaine 
stage. 

It is interesting that, despite the lability of the acyl group in 
salts of type VI, 2-picoline reacted smoothly with wchloroisonitroso- 
acetophenone, and the resulting quaternary salt could easily be 
cyclized to 3-nitroso-2-phenylpyrrocoline. By contrast, w-bromo- 
w-nitroacetophenone failed l5 to give a normal quaternary salt with 
2-picoline. 

A variation of the Tschitschibabin synthesis consists in forming l6 
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the intermediate quaternary salt by treating 2-picoline and a ketone 
with iodine. However, the yields appears*’6 to be rather low, and the 
advantages somewhat limited. 

2. T h e  Barretl Synthesis. The second most extensively utilized 
pyrrocoline synthesis was discovered by Barrett, 17-20 and despite its 
very recent origin, a surprisingly large number of pyrrocolines have 
thus been prepared. As part of an extensive search for compounds 
with antihistamine activity, a large number of carbinols of type XI1 
were prepared, and dehydrated (e.g. by treatment with sulfuric acid) 
to olefins of structure XIII. Refluxing either XI1 or XI11 for sev- 
eral hours with acetic anhydride produced XIV in 25-6070 yield. 
When R, in XI1 or XI11 is hydrogen, acetylation of the pyrrocoline 
occurs during the cyclization (so that in XIV, R, = COCH,). The 
reactions are cleaner and slower and the yield of XIV higher when 
R, is alkyl instead of aryl. 

5 ?2 

(XIII) 

I 
O=C, 

CHRa - &Li + CHR4 1 

R,R,N’ 

-HY 
Ac,O/A I 
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The careful study devoted18 by Barrett and his co-workers to 
these reactions, and to the by-products produced, has demonstrated 
their complexity. Cyclization of the carbinols (XII), for example, 
apparently does not proceed via the olefin XIIE, but involves an 
acetoxy compound. Cyclization of alkehes (XIII) in which R, = 

aryl and R, = R = H, was accompanied by the formation of traces 
of 1, l  '-diaryl-3,3'-bipyrrocolyls, while cyclization of carbinols (XII) 
in which R, = H yielded l8 (in addition to XIV) traces of the cor- 
responding dipyrrocolylmethane. This latter by-product was formed 
as a result of condensation of the pyrrocoline with the formaldehyde 
liberated during the cyclization of XI1 (R4 = H). Cyclization of 
the cis olefins (XIII) occurs in much higher yield than does that 
of the corresponding trans isomers, possibly because of the greater 
opportunity for side-reactions in the later instance. 

COCH, 

1 
COCH, I COCH, 1 

L J 

COCH, 
I 

COCH, 
I 
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3. The Scholtc Synthesis. The reaction of 2-picoline with acetic 
anhydride was studied by Scholtz,2' who obtained a product he 
called pzcolide, and assigned structure XV. However, some years 
later Tschitschibabin and Stepanow 25 rejected structure XV, and 
showed that picolide had structure XVT. Acid hydrolysis of picolide 
yielded2' a new base (C,H,N), to which, despite his erroneous 
formulation of picolide, Scholtz correctly assigned structure XVI I 
and the name pyrrocoline. This was the first synthesis of pyrrocoline 
itself, and is still one of the better methods of preparation, affording 
the base in about 10% over-all yield from 2-picoline. The accuracy 
of structure XVII was, incidently, confirmed by Diels et u L . , ~ ~  who 
reduced pyrrocoline catalytically to the octahydro derivative, and 
showed the identity of this product with the octahydropyrrocoline 
previously identified (v.i.) as the alkaloid 6-coniceine. 

Scholtz also examined24 the reaction of 2-picoline with propionic 
anhydride. Formation of the product in this case, in contrast to that 
of picolide, required but one mole oftanhydride. A different type of 
structure (XVIEI) was therefore proposed for this product. Again, 
Tschitschibabin and Stepanow 26 showed the correct structure to be 
XIX. As the methyl group occupies the 3-position of XIX, prevent- 
ing further acylation, 2-picoline reacts with only one mole of 
propionic anhydride. Acid hydrolysis of XIX gave 3-methylpyrroco- 
line, the structure of which was confirmed subsequently by Ochiai 
and Tsuda. 28 

COC2H5 
I 

(XVIII) ( X W  

In this manner 2,4-lutidine, 21 6-phenyl-2-pi~oline~~ and 2-(4- 
chlorobenzyl)-pyridim2* have been converted, respectively, into 1,3- 
diacetyl-7-methytpyrcoline, 1,3-diacetyl-5-phenylpyrrocoline and 
3-acetyl-l-(4-chlorophenyl)-pyrrocoline. These few examples hardly 
demonstrate the generality of the reaction, however, and efforts to 
utilize other acid anhydrides24 or to condense quinaldine with 
acetic anhydride, were unsuccessful. Nevertheless, within its limi- 
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tations the method offers the advantages of simplicity and the 
utilization of readily available reactants. 

In a similar reaction, treatment of ethoxymethyl a-picolyl ketone 
with acetic anhydride was shown 14* recently to yield l-acetyl-3- 
ethoxypyrrocoline, and not the expected lo5 2-ethoxymethyl-4H- 
quinolizin-4-one (see Section A-721). 

4. Diels-Alder Syntheses. In this discussion, the various syntheses 
are arranged according to the frequency with which they have been 
used to prepare pyrrocoline derivatives, as well as the generality of 
the reaction. By these criteria, the next most important pyrrocoline 
synthesis derives from the very extensive work of Diels and his col- 
l abora tor~~”  29-34 upon the reactions of pyridine and its homologs 
with acetylenedicarboxylic ester. In ethereal solution pyridine re- 
acts with dimethyl acetylenedicarboxylate to yield 27*29’30 at least 
three products: a red “labile adduct” (XX), a yellow “stable adduct” 
(XXI) and the so-called ‘‘Kashimoto compound” (XXII). The la- 
bile adduct (XX) could be converted readily into the stable adduct 
(XXI). These products and their anomalies are discussed fully in 
Section A-72 1. 

The stable adduct (XXI) could be converted2’ by (a) treatment 
with bromine followed by hydrolysis or (b) oxidation with nitric 
acid or chromic acid, into trimethyl pyrrocoline-l,2,3-tricarboxylate 
(XXIII). Saponification and partiat decarboxylation afforded a 

COZCH, I y0ZCH3 

CO,CH, 
CO,CH, 

*COzCHa co, 

(XXII) 
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(XXIII) 

CH ,CO ,CH , 

C02CH, 

(XXV) 

&c02cH3 

(XXIV) 

monocarboxylic acid subsequently identified l2 as pyrrocoline-2- 
carboxylic acid. Pyrolysis of the calcium salt of this acid produced 
pyrrocoline, while oxidation of XXIII with peracetic acid gave 
picolinic acid &-oxide, completing the evidence supporting struc- 
ture XXIII. However, merely heating the stable adduct (XXI) with 
phenol, or with formic acid induced rearrangement to a tricarboxylic 
ester at first31 given structure XXIV, but later changed33 to XXV, 
as upon saponification, decarboxylation and hydrogenation of XXI, 
a mixture of octahydropyrrocoline and its 3-methyl homolog was 
obtained. 5-Substituted homologs of the foregoing series (XXI, 
XXIII and XXV) were obtained similarly from 2-picoline3* and 2- 
stilbazole. 32 

Quite different results are obtained when pyridine reacts with 
acetylenedicarboxylic ester in methanol. Diels and Meyer reported 31 

the formation of trimethyl pyrrocoline-l,2,3-tricarboxylate (XXIII) 
when the addition is allowed to occur without cooling. However, 
when the reaction mixture was kept at O”, a different product re- 
sulted, the so-called “white adduct,” which was given structure 
XXVIII. The formation of both XXIII and XXVIII was postu- 
lated3’ to occur via intermediate adducts of types XXVI and 
XXVII. By treatment with bromine in methanol or acetic acid, the 
white adduct could be converted into XXIII. 
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I 

CO,CH, 

(XXVI) y 

__+ 

(XXVIII) 

CO,CH, 
~ - c 0 2 c H 3  \ N /  

CO&H, 

I + 
CQ,CH, 

(XXIII) 

It is evident, however, that these reactions are understood only 
imperfectly, as Borrows and Holland's attempt l2 to repeat Diels and 
Meyer's preparation of XXIII gave only a low yield of XXVIII. 
Furthermore, the exact nature of the solvent employed may be of 
less importance than the presence of certain trace impurities, as 
Wiley and K n a b e ~ c h u h ~ ~  have shown that in ethereal solution at 
-78" to -20°, pyridine reacts with acetylenedicarboxylic ester to 
form XXIII (in 20% yield), but only tf traces of 60th peroxides and 
ethanol are present. Substitution of 3-picoline for pyridine in this re- 
action gave 35 an adduct, which may be the 6 (or 8)-methyl homolog 
of XXIII,  although it is not certain that this product is actually a 
pyrrocoline derivative. 

A further interesting example of this type of Diels-Alder condensa- 
tion has been reported. 36 The reaction of 1,2-dimethylirnidazole 
with acetylenedicarboxylic ester yielded an imidazo[ 1,2-a]pyridine 
derivative (XXIX, see Section A-271), which lost methylamine upon 
solution in acetic acid, and formed XXX. 

5 .  Miscellaneow Syntheses. One of the best methods available for 
the synthesis of pyrrocoline itself was devised by Boeketheide and 
 feel^,^^ who obtained it in 33% over-all yield from XXXI. Despite 
the higher yield, this method has the disadvantage, compared to 
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C02CH3 

C02CH, 

Scholtz' synthesis, of commencing with less readily avaiiable re- 
actants. This reaction might offer advantages in the synthesis of 
pyrrocoline homologs, concerning which, however, nothing has been 
reported. 

- 
mm~,  - 2 C H a C W  

The condensation of 2,4-dimethylpyrrole with acetonylacetone, 
or with itself, in acetic acid solution (in the presence of zinc 
acetate) was studied by P l a n ~ h e r , ~ ' ~ ~ '  who obtained in each case a 
base of the formula C,,HI5N. Saxton4' suspected that these prod- 
ucts were pyrrocolines and, repeating Plancher's work, isolated the 
tetramethylpyrrocolines XXXII and XXXIII. While XXXII is 
produced by refluxing 2,4-dimethylpyrrole with acetonylacetone in 
acetic acid with zinc acetate for a day, a superior method4' con- 
sists in treating an ethanolic solution of the reactants, at OOC., with 
hydrogen chloride for fifteen minutes. The self-condensation of 2,4- 
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CH3 CHa 

I 

(-3% 

I 

I 

CH3 

(XXXII) 

H3C 

~ 3 c ~ C H ~  CHa NH I I -N”J, H3c$ \ N  

CH3 
CH, 

(XXXIII) 

dimet hyIpyrrole required the older more vigorous conditions and pro- 
ceeded via a bipyrrolyl adduct. These reactions are of interest be- 
cause they represent the only examples of the synthesis of an aromatic 
pyrrocoline (other than XXX) in which the pyridine ring is con- 
structed upon a pentacyclic precursor. 

A novel synthesis of the pyrrocoline ring was achieved by Neber 
and who treated collidine with the chloro compound 
XXXIV and isolated a red-brown substance thought to be either 

CH 3 CI 

(XXXIV) 
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XXXV or XXXVI. E ~ a m i n a t i o n ~ ~  of the ultraviolet and infrared 
spectra of this and related products confirms the azopyrrocoline 
structure XXXV. No further study of this potentially interesting 
synthesis has been reported. 

A low yield of XXXVIII was reported43 to result from the re- 
duction of XXXVII (obtained from the reaction of 2-picoiine with 
chloral). Treatment of XXXVIII with strong aqueous caustic pro- 
duced pyrrocoline, but the over-all yields do not make the process 
at tractive . 

(xxxV1I) (XXXVIII) 

A synthesis of very limited generality was found by Emmert 
and Grol144 and by Thayer,45 who obtained XXXIX by heating 2- 
picoline with sulfur. Some of compound XL was produced 45 simul- 
taneously and also could be formed44 by reduction of XXXIX. 

A small amount of pyrrocoline was reported46 formed along 
with pyrrole, indole and carbazole, when furan and ammonia were 
passed over alumina at 400°, and pyrrocoline was found47 among 
the products of the pyrolytic decomposition of pyridine. 

The successful aromatization of a hydropyrrocoline has not been 
reported, and Prelog and Balenovic report 48 failure to obtain any 
definite products when octahydropyrrocoline was heated with selen- 
ium or with palladium-charcoal. 

I I .  Physical and Chemical Properties 

Pyrrocoline and its simple alkyl homologs are liquids or low melt- 
ing solids, which are steam-volatile and unstable to light and air. 
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By contrast, the simple aryl pyrrocolines are relatively high-melting, 
stable crystalline solids. Pyrrocoline and many of its homologs are 
fluorescent (blue to green) under ultraviolet light; some even under 
ordinary illumination. Because of this, several homoiogs have been 
claimed ” as optical bleaches. The Ultraviolet absorption spectra of 
numerous pyrrocolines have been recorded 3,5118,19,35,40,49,50,517 148, 

and (in most cases) these data are included with the other properties 
of the various derivatives in the tables which follow. The base 
strengths of pyrrocoline and ten of its methyl homologs were de- 
termined5’ in 60% ethanol, and these data also are included in the 
table. 

Although relatively weakly basic, pyrrocolines readily form salts 
with mineral acids, and complexes with picric, picrolonic and chlo- 
roplatinic acids, and with auric or mercuric chlorides. Some pyr- 
rocolines form normal methiodides, while others undergo nuclear 
methylation when treated with methyl iodide, and this subject is dis- 
cussed later. Treatment with nitrous acid converts many pyrrocolines 
into their green nitroso derivatives, which may serve to characterize 
the pyrrocoline, as may also the formation of a dipyrrocolylmethane 
d e r i ~ a t i v e ~ l - ~ ~ ~  43 by reaction of the pyrrocoline in ethanol with an 
aldehyde. 

Most pyrrocolines give the characteristic color reactions of 
pyrroles and indoles; e.g. they form colored melts with oxalic acid 
(the Angeli test for indoles) and color a pine splinter in the presence 
of hydrochloric acid (the Baeyer test for pyrroles, but colors are also 
given by indoles, phenols, anilines and other substances). Treatment 
with potassium iodate of a solution of the pyrrocoline in dilute sulfuric 
acid produces a blue color. Pyrrocolines with a free 1 or 3 position 
give a positive (blue to violet color) test with Ehrlich’s reagent.3 Pyr- 
rocoline itself yields adducts with chloral 21143 isatin,22 q ~ i n o n e ~ ~  
and maleic anhydride5* The nature of the first two is uncertain, 
while the last two appear to be 1,342s adducts. For the condensa- 
tion product with ethyl acetoacetate, see Section A-228. 

For some time it has been known that pyrrocolines could be made 
to undergo acylatian, alkylation, diazonium coupling, nitration, 
nitrosation and similar characteristic electrophilic aromatic sub- 
stitutian reactions. However, explicit r e ~ o g n i t i o n ~ ’ ~ ~ ’ ~ ~ ’ ~ ~  of the 
aromaticity of pyrrocolines came only recently. By means of molecu- 
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lar orbital calculations arrived at the figure of 52 kcals./ 
mole for the resonance energy of pyrrocoline, although a somewhat 
higher figure (62 kcal./mole) was recently suggested. 55 Borrows and 
Holland considered the ten dipolar resonance forms contributing to 
the pyrrocoline hybrid and noted that while one such form placed a 
negative charge at each of the 2,5,6,7,8 and 8a positions, two such 
forms placed the negative charge at the 1 (XLI) and 3 positions 
(XLII). This is equivalent to the ob~erva t ion~~  that an intact pyri- 
dinium ring is present only in the transition states for substitution 
at the 1 or 3 positions. It was inferred accordingly, that substitution 
would occur at the I and/or 3 positions of pyrrocoline. 

(XLII) 

In a more sophisticated approach, using the method of molecular 
orbitals, Longuet-Higgins and C o u l ~ o n ~ ~  calculated the mobile bond 
orders and the relectron densities (XLIII) of pyrrocoline. They con- 
cluded that electrophilic substitution would occur first in position 
3, or should this be blocked, in the 1 position. Should both the 1 and 
3 positions be occupied, attack would occur at the 5 or 2 positions. 
As none of the carbon atoms bears an unusually low electron density, 
nucleophilic attack was not expected to occur with particular facility. 
Recently, by LCAQ treatment using the “frontier electron con- 
~ e p t , ” ~ ~  the frontier electron densities were calculated 57 for elec- 
truphilic substttutiun of pyrrocoline (XLIV). As this method leads to dif- 
ferent numerical values at the various atoms depending upon the 
nature (electrophilic, nucleophilic or radical) of the attack, the 
values shown in XLIV cannot be compared directly with the r-elec- 
tron densities shown in XLIII. However, qualitative agreement is 
evident insofar as the 1 and 3 positions are concerned. In disagree- 
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ment with the implications of XLIII (attack at positions 3 > 1 > 5 
> 2 > 7 > 6 > S), the values shown in XLIV indicate preferential 
electrophilic attachat positions 3 > 1 > > 5 > 8 > 7 > 6 > > 2. 

Experimental evidence, insofar as it exists, supports the above 
predictions. In  recent years, systematic studies by the British work- 
ers of substitution reactions in the pyrrocoline series, have provided 
abundent evidence of the great reactivity of the 3 and 1 positions. 
Except in the case of nitration, position 3 is the site of initial at- 
tack. Further evidence of high electron density in the 1 and 3 positions 
is the preferential decarbo~ylation~’ of pyrrocoline-1,2,3-tricar- 
boxylic acid to pyrrocoline-2-carboxylic acid. Unfortunately, at the 
interesting and crucial point of demonstrating the third and subse- 
quent most reactive positions, experimental evidence vanishes. Tri- 
methyl pyrrocoline-l,2,3-tricarboxylate (XXIII) was recovered un- 
changed from treatment with nitric acid. However, the presence 
of three negative substituents may have been a contributory factor 
in this result, and it would be interesting to investigate the behavior 
of, e.g., 1,2,3-trimethylpyrrocoline. The possible failure of any at- 
tempt to force substitution in the pyridine ring is adumbrated by 
evidence3 that 1,2,3-trirnethyIpyrrocoline reacts with ethyl iodide 
to give 1 ,1,2,3- for 1,2,3,3-tetraaIkylpyrrocolinium iodides, and the 
resistance of the pyridinium nucleus to electrophilic attack is 
proverbial. Evidently the sole attempt to subject pyrrocoline to 
nucleophilic substitution (treatment5 with sodamide) was unsuc- 
cessful. 

The pharmacological actions (convulsions, motor and respiratory 
paralysis) of three pyrrocolines have been reported. 12’ 

III .  Substitution Reactions and Products 

1 . Alkylpyrrocolines and Alkylation. The numerous alkylpyrroco- 
lines prepared by syntheses described in Part I are listed in the 
tables. Others have been obtained by the reduction of various 
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acylpyrrocolines, for which the reagent of choice appears to be lith- 
ium aluminum hydride.59*60 As is also the case in the reduction of 
acylindoles with this reagent, complete elimination of the oxygen 
(i.e., methylene formation) occurs. Under normal conditions, the 
Clemmensen reduction causes deacylation, while under special con- 
ditions 3-acetyl-2-methylpyrrocoline yielded4 a mixture of 3-ethyl- 
and 3-( 1 -hydroxyethyl)-2-methylpyrrocolines. Acylpyrrocolines have 
abo been reduced to alkylpyrrocolines by means of the Wolff-Kish- 
ner although cleavage of the acyl group and the pro- 
duction4 of mixtures appears to be a risk. Hydrogenation using 
platinum oxide, Raney nickel or copper chromite resulted 4p63 in 
nuclear attack and the formation of mixtures. 

Byrrocolines having an unsubstituted 1 or 3 position have been 
condensed with formaldehyde to yield 18z59160 dipyrrocolylmeth- 
anes. The formation of such derivatives with other aldehydes (usually 
aromatic) was mentioned in Part 11. A Mannich base has been pre- 
pared59 from 2,3-dimethyIpyrrocoline, and its methiodide (like that 
of gramine) may be utilized as an alkylating agent. An attempt4 to 
ethylate 2-phenyl pyrrocoline, as has been done to pyrrole, with 
ethanolic sodium ethoxide at 200°, was unsuccessful. 

Direct nuclear alkylation was first noted by Scholtz, 22923 who 
heated pyrrocoline and its 7-methyl homolog with methyl iodide and 
obtained, respectively, dimethyl- and trimethylpyrrocoline methio- 
dides. Similarly, 2-methylpyrrocoline afforded5g first 2,3-dimethyl- 
and then, 1,2,3-trimethylpyrrocoline. Treatment of XLV with ethyl 
iodide yielded a mixture of XLVIII and XLIX, while XLVII and 
XLVIII were formed by the action of methyl iodide upon XLVI. 
Compound XLIX also was produced by treating L with methyl 
iodide. Salts of type XLVII (and XLIX) were readily distinguished 
from those of type XLVIII by means of ultraviolet spectra. 

The condensation, in ethanol, of 2-methylpyrrocoline hydriodide 
with p-dimethylaminobenzaldehyde produced a deep blue dye, 
probably of structure LI (although the 1-isomer cannot be excluded). 
Recrystallization of 2,3-dimethylpyrrocoline perchlorate from ace- 
tone was reported59 to form some of compound LII. A number of 
more complex derivatives (e.g. LIII) of this type have been 
claimed 63-70 for various photographic applications (see tables). Sev- 
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(XLVII) 

H3C 'ZH5 

(XLVI) 

era1 of these (obtained from 2-substituted pyrrocolines) were 
Shown64,65,68,69 as 1-polymethinyl derivatives, but it now seems pos- 
sible that they are the corresponding 3 isomers. 

Treatment 143 of 5-methylpyrrocolines with lithium followed by 
dialkylamides yielded 5-acylmethylenepyrrocolines, which were de- 
hydrated to pyrrolopyrrocolihes (see Section A-69). 

m c H 3 n  N(CH3)2 

CH 
\ N  

I -  
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(LIII) 

2. Carbonyf Derzvatives. Allusion was made earlier to the syn- 
thesis of acylpyrrocolines by the Scholtz reaction and by Barrett’s 
synthesis, and to the failure of the Tschitschibabin synthesis to pro- 
duce these derivatives. From this work, might correctly be inferred 
the vulnerability of pyrrocolines (with unsubstituted 1 or 3 positions) 
to direct acylation. Treatment of such pyrrocolines with acid an- 
hydrides and the sodium salt of the acid readily yields8*L5*22*23’25>60 
acetyl or benzoyl derivatives, the latter being obtained 8124#60 also by 
the action, in the cold, of benzoyl chloride. Indeed, under vigorous 
conditions, 1 ,3-diacetylpyrrocolines8’ *‘ have thus been prepared. 
Aluminum chloride has been used8>” to promote the acetylation of 
2-substituted pyrrocolines, but, in the case of 2-phenylpyrrocoline, 
some 2-(4-acetylphenyl)-pyrrocoline is also formed. 

Cleavage of the acyl group is readily effected by mineral 
acid 8 ,  18, 19*21*23t25’26 and, in the cax  of 3-acetyl-2-phenylpyrroco- 
line, even by hot 50% acetic acid. Resistance to hydrolysis is greater 
amongst the diacylpyrrocolines, while derivatives containing also a 
nuclear nitro 15p22 or nitroso14 group cannot thus be hydrolyzed. 
Alcoholic potash was without effect 22 upon 3-acetylpyrrocoline, but 
the 3-acet yl-2-phenyl compound was hydrolyzed by hot alcoholic so- 
dium ethoxide in a sealed tube.* Direct iodination13 also may cause 
displacement of an acetyl group, if sodium acetate is not present to 
neutralize the hydrogen iodide formed. 

Most 3-acylpyrrocolines resist the formation (under normal con- 
ditions) of carbonyl derivatives such as oximes or phenylhydrazones, 
although 2,4-dinitrophenylhydrazones can usually be obtained. * This 
behavior parallels that of the 2-acetyl-1 -alkylpyrroles. The 1 -acylpyr- 
rocolines form carbonyl derivatives normally, 24159 and with 1,3di-  
acyl compounds, usually only the acyl group in the 1-position re- 
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acts. 8721*23,25,59 Many aromatic aldehydes will react with the methyl 
group(s) of acetyl- and diacetylpyrrocolines to yield8,21,23r24 mono- 
or dicinnamoyl derivatives, which are useful for the purpose of char- 
acterization. 

Abnormal products often result from the interaction of acyl- 
pyrrocolines and Grignard reagents. The reaction of 3-acetyl-2- 
met hylpyrrocoline with ethylmagnesium bromide originally was re- 
ported 25 to yield the 3-ethyl-2-methyl compound, but the product 
was shown73 later to be merely 2-methylpyrrocoline, and methyl 
ethyl ketone was found amongst the reaction products. With an ex- 
cess of the Grignard reagent some 3-(2-but-2-enyl)-2-methyl- and 3- 
(2-ethyl-2-butyl)-2-methylpyrroco1ines were also isolated. 73 Working 
with 3-benzoyi-2-phenylpyrrocoline and methyl Grignard reagent, 
Borrows and Holland l3 isolated 2-phenylpyrrocoline mixed with 
its 3-benzoyl derivative. They suggested that the initially formed 
complex (LIV) is decomposed, as shown, by water. In  contrast to 
these results is the work of Scholtz and F r a ~ d e , ~ ~  who apparently 
obtained normal tertiary carbinols from the reaction of picolide 
(XVI) with one mole of methyl or phenyl Grignard reagents. This 
suggests that abnormal behavior with Grignard reagents may be con- 
fined to the 3-acylpyrrocolines, and that the Grignard complex may 
not be of type LIV, but may involve the ring nitrogen. 

4- R’COR” 

Esters and acids of the pyrrocoline series are produced via the 
Diels-Alder synthesis (see Part I-4), and 2-carbethoxypyrrocoline 
has been made12 by the Tschitschibabin synthesis. Scholtz and 
Fraude 24 obtained an unidentified monocarboxylic acid by treating 
pyrrocotine with phosgene. This is undoubtedly the 3-carboxyIic acid, 
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as Holland and NaylerB0 obtained an acid of this orientation from a 
similar reaction with 2-methylpyrrocoline. The nature of this latter 
product was demonstrated by treating the acid chloride with di- 
methyl cadmium to yield the known 3-acetyl-2-methylpyrrocoline. 
Derivatives of 1- or 3-pyrrocolylacetic acid have been obtained 
from the Dieis-Alder adducts described earlier. The direct carbona- 
tion of pyrrocolines, or caustic fusion of the 2-methyl derivative 
failed l2 to yield carboxylic acids. 

Pyrrocolines with unsubstituted 1 or 3 positions are readily for- 
mylated by means of the Vilsmaier-Haack technique using phos- 
phorus oxychloride and methylformanilide or dimethylforma- 
mide. 59-61 The McFayden-Stevens reduction of 2-methylpyrrocolyi- 
3-benzenesulfonyIcarbohydrazide yielded6' the 3-formyl-2-methyl 
compound, and the Reimer-Tiemann reaction also has been 
utilized5' successfully. 

3. Halogenation. Pyrrocoline reacts with bromine or iodine to 
yield 24 unstable, indefinite products, and similar di- and tetra- 
bromo compounds have been obtained 21  from picolide (XVI). These 
results have evidently discouraged further experimentation, although 
3-acetyl-1 -iodo-2-phenylpyrrocoline and 1,3-diiod0-2-phenylpyrroc- 
oline were obtained l3 readily by the direct iodination of 3-acetyl- 
2-phenylpyrrocoline in the presence and absence, respectively, of 
sodium acetate. 

3-Nitroso-2-phenylpyrrocoline has been synt he- 
sized from 2-picoline and wtsonitrosophenacyl chloride. How- 
ever, pyrrocolines having an unsubstituted 3 or l position readily 
undergo direct nitrosation, and almost all of the nitroso derivatives 
were obtained 14774-78 in this manner. 

These derivatives are green to blue in the solid state, but yield 
yellow to red salts, which have, presumably, an isonitrosopyrrocolin- 
ium structure. Careful oxidation with peracetic acid, or treatment 
with nitric acid converts 14, l5 nitrosopyrrocolines into nitro analogs. 
Both 1- and 3-nitrosopyrrocolines have been condensed with var- 
ious heterocyclic compounds containing active methyl groups to 
yield 51  azacyanine dyes, which act as desensitizers to psotographic 
emulsions, 

Scholtz claimedz2 that pyrrocoline could not be 
nitrated because of oxidation, and Borrows, Holland and Kenyon l5 

4. Nztrosation. 

5. Nztrutzan. 
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found this to be true also for 2-substituted pyrrocolines, when the 
reactions were run for prolonged periods at moderate temperatures. 
However, by operating at higher temperatures for brief periods, or 
by nitrating in sulfuric acid at low temperatures, oxidation was 
minimized and nitropyrrocolines could be obtained. 

Among the substitution reactions upon pyrrocolines, nitration 
is unique in its preference for the 1 position. For example, nitra- 
tion of 2-methylpyrrocoline in sulfuric acid produced l5 62% of the 
1-nitro isomer and 1.50/, of 3-nitro-2-methylpyrrocoline. Under sim- 
ilar conditions 2-phenylpyrrocoline yielded 4 1 yo of the 2-(4-nitro- 
phenyl) derivative and a trace of 1 -nitro-2-(4-nitrophenyl)pyrroco- 
line, although by doubling the quantity of nitric acid, the dinitro 
compound became the sole product and was isolated in a yield of 
457& While nitration of 2-methyl-3-nitropyrrocoline readily yielded 
the 1,3-dinitro homolog, 2-methyl-1 -nitropyrrocoline afforded only 
a low yield of the dinitro derivative. 

Nitration l5 in sulfuric acid of 3-acetyl-2-methylpyrrocoline gave 
3-acetyl-2-methyl-l-nitropyrrocoline in 59% yield together with 6% 
of 2-methyi-l,3-dinitropyrrocoline. Synthesis of the former product 
by acetylation of 2-methyl- 1 -nitropyrrocoline confirms the location 
of the nitro group. A similar nitration of 3-acetyl-2-phenylpyrroco- 
line yielded all four of the possible products (LVa-LVd) in rather 
poor yields. As 1 -nitro-2-(4-nitrophenyl)pyrrocoline could not be 

(LVa! (R=H, R'-NO R t f = A c )  
(LVb (R=R'=NC2,  f$'=Ac) 
(LVC) (R=H, R -R''=NO,) 
(LVd) (R= R'=R"- NO,) 

acetylated to form LVb, the structures of these products have not 
been demonstrated conclusively. The preparation of 3-acetyl-1 -nitro- 
and 1,3-dinitropyrrocolines by the nitration of picolide (1,3-diacetyl- 
pyrrocoiine) has been reported. 

2-Substituted pyrrocolines l4 and their 3-acetyl derivatives l5 

having a nitroso group in the 1 or 3 position have been transformed 
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into nitro homologs by careful oxidation with peracetic acid. Con- 
centrated nitric acid converts these nitroso compounds into 1,3- 
dinitropyrrocolines. 

Nitration 12’31 of Diels and Meyer’s “white adduct” (XXVIII) 
led to the formation of LVI. Also, Emmert and Groll that 
nitration of either XXXIX or of XLa gave the 1-nitro compound 
XLb. 

CH30CHC0,CH3 7% 

@La) (R p H) 
(XLb) (R = NO,) 

6.  Amino- and Azopyrrocolines. Diazonium coupling occurs with- 
out difficulty in the 3 position of pyrrocoline9* ’’ and its 2-substituted 
homologs.60 Only a few azo derivatives have thus been prepared, 
however. Blocking the 3 position evidently directs diazonium coupling 
into the 1 position, as (the sole example of this type) 3-acetyl-2- 
methyl-1-phenylazopyrrocoline (LVII) has thus been obtained. ’* 
Despite the ready availabiiity of 1 - and 3-nitrosopyrrocolines, their 
reaction with amines to form azo compounds has not been studied. 

Catalytic reduction of LVII afforded the 1 -amino compound 
LVIII, which also could be prepared by reducing 3-acetyl-2- 
methyl-1 -nitrosopyrrocoline. ’* Although evidently unstable to air, 
this amine was condensed with benzaldehyde and with pyruvic acid 
or ester to yield products, which probably have structure LIX, al- 
though the acetyl group may be involved. 
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(LVII) (LVEII) (LIX) 

Recently, the Schmidt reaction upon 3-acyl-2-methylpyrroco- 
lines was shown" !a yield the 3-acyiamino derivatives (LX). 
Treatment of LX with acetic anhydride gave LXII, which could 
also be obtained by the reductive acetylation of LXI. Acidic hy- 
drolysis of LXII was not successful, while basic hydrolysis gave an 
unstable, uncharacterizable oil. 

COCH, 

Catalytic reduction and acetylation of 2,3-dicarbomethoxy-l- 
an acetamido derivative thought to be nitropyrrocoline yielded3 

LXIII, but which is probably LXIV. 

NHCOCH, NHCOCH, 
CO,CH, 

C02CHa 

COZCH, 

CO,CHa 

(LXIH) (LXIV) 
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Several 2-(nitrophenyl)pyrrocolines have been reduced to the 
aminophenyl analogs. 

7. Oxidation. While simple alkylpyrrocolines are readily at- 
tacked’ 1”3 by oxidants such as potassium permanganate, chromic 
acid or even atmospheric oxygen, resistance to oxidation increases 
through negative substitution, and trimet hyl pyrrocoline- 1,2,3-tri- 
carboxylate is relatively unaffected by chromic or nitric acids. k2~’7 

Oxidation of pyrrocolines with peracetic acid (solutions of hy- 
drogen peroxide in acetic acid) often has been employed4”> l2 ‘5 * 3 1  

to establish their structure. The end-product” is picolinic acid N- 
oxide or its homologs. The reported7’ oxidation with 3Cr, hydrogen 
peroxide of 2-methylpyrrocoline to its N-oxide, has not been con- 
firmed, and no other pyrrocoline N-oxides are known. If obtainable, 
these derivatives should be of considerable value in orientation studies. 

The syntheses and properties of the hydropyrroco- 
lines will be discussed in Part IV, and only the hydrogenation of 
aromatic pyrrocolines wiH be considered here. 

Treatment of pyrrocoline with sodium and alcohol gave an oily 
base, which Scholtz considered” to be 2-(1 -butadienyl)pyrrole. The 
product gave a red color in the pine splint test, and yielded a 
colorless melt with oxalic acid. This behavior was later4 shown to 
be typical of the 5,6,7,8-tetrahydropyrrocobnes, The product evi- 
dently was not reduced beyond the dihydro stage by sodium and 
alcohol, as it might be expected to be if it were the 5,6- or 7,8- 
dihydro compound. This fact, together with the color reactions, sug- 
gest that the product is 5,8-dihydropyrrocoline, but more informa- 
tion is needed. 

Pyrrocoline is reported to resist reduction by zinc and acidz1 
or hydrogenation over a palladium-charcoal catalyst. By careful 
hydrogenation of alkylpyrrocolines at low temperatures using a 
Raney nickel or Adam’s cataiyst, it appears4 possible to prepare the 
5,6,7,8-tetrahydro compounds, although at higher temperatures, 
octahydropyrrocolines are formed. Hydrogenation of 3-acetyl-2- 
methyl (or pheny1)pyrrocolines over Raney nickel or Adams cata- 
lyst at room temperature gave the 5,6,7,8-tetrahydro derivatives, 4162 

while at higher temperatures, or in the presence of a copper-chro- 
mite catalyst, reduction of the acetyl group and/or complete satura- 
tion of the nucleus o~cur red .~  Thus it is evident that, while 

8 .  Reduction. 
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under neutral conditions, hydrogenation occurs preferentially in the 
pyridine ring regardless of the catalyst used, complete saturation 
of the nucleus occurs with great facility and, indeed, numerous 
octahydropyrrocolines47 27- 2933, ”’ 4‘4862 have been obtained in 
this manner. By contrast, hydr~genation’~’ of pyrrocoline in the 
presence of strong mineral acid yields 1,2-dihydro-3W-pyrrocolinium 
salts. 

An exception to these generalizations concerning preferential 
hydrogenation of the pyridine ring was reported3’ by Diels and 
Meyer. Hydrogenation of the “white adduct” (XXVIII) over Adams 
catalyst, followed by hydrolysis and dehydration yielded an an- 
hydride different from that obtained when the ester was first hy- 
drolyzed and then hydrogenated. The formation of these different 
anhydrides was explained on the basis of cis-tmns isomerism result- 
ing from hydrogenation of the pyrrole ring. As this work was done a 
decade before the hydrogenation studies of Borrows, Holland and 
Kenyon, there seems to be a good chance that reduction of XXVIII 
actually gives 5,6,7,8-tetrahydro-derivatives instead of the 1,2,3,8a- 
isomers. The two anhydrides obtained by Diels and Meyer could then 
have structures such as LXV and LXVI. Further work is needed to 

CH,OCHCOOH 

COOH 

settle this question, and ultraviolet and infrared spectra should 
be of assistance. 

Further discussion of the hydropyrrocolines follows immediately 
after the table of pyrrocolines. 
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ZV. Hydropyrrocolznes 
Historically, hydropyrrocoliws antedate aromatic pyrrocoline 

derivatives by many years. The first compound having a hydropyr- 
rocoline nucleus was prepared in 1885 by Hofmann, so who, however, 
was ignorant of the exact nature of his product. By heating 8- 
bromoconiine with sulfuric acid, he obtained a product (thought to 
be a-coniceink), which Lellmanns1 later showed to be Gconiceine, 
or octahydropyrrocoline. Further discussion of this product is de- 
ferred until later, and the hydropyrrocolines are discussed in the 
order of increasing degrees of hydrogenation. 

I. Di-, Tetra- and Hexahydropyrrocolines. As mentioned in the 
previous Part (111-8), reduction of pyrrocoline with sodium and 
alcohol yielded2' a product which may be 5,8-dihydropyrrocoline. 
A number of authentic 5,6,7,8-tetrahydropyrrocolines have been ob- 
tained by catalytic hydrogenation. These are discussed in Part 111-8, 
and are listed in the table of hydropyrrocolines. 

In 1890, Angeli describedg2 the preparation of LXVIII from 
pyrroyipyruvic ester (LXVII). Condensation of LXVIII with anil- 
ine yielded the (presumably 6-) anil. 

0 0 

0 +4$D CO,R - o@ 

0 

(WVII )  (LXVIII) 

The 5,6,7,8-tetrahydro-8-0~0 compound (LXX) was obtainedg3 
by cycIization of 4-(2-pyrryl)butyronitriIe (LXIX) via the ketimine 
intermediate. 

0 
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Cyclizationof LXXI (X = Br or Cl) by treatment with caustic 
and then acid has been r e p ~ r t e d * ~ ' * ~  to yield LXXII, which can be 
h y d r ~ g e n a t e d ~ ~  over Adam's catalyst to octahydropyrrocoline. 

Clemo and Metcalfe prepared hexahydroalkylpyrrocolines by 
dehydrating the tertiary carbinols produced by the action of 
Grignard reagents upon octahydropyrrocolin-1- and 2-ones. Hexa- 
hydro compounds could also be obtained by similar dehydration 
of the alcohols resulting from the reduction of various octahydro- 
pyrrocolinones. The exact location of the double bond in these 
products is uncertain. 

The additiong7 of piperidine to divinylketones (LXXIII, R = 

R' = C,H5 and R = CH,, R' = C,H,) gave intermediates, which 
were cyclized by the action of hydrogen chloride to hexahydropyr- 
rocolines of structure LXXIV. 

4CRR' 
CH 
I 

C1 

(LXXIII) (LXXIV) 

The introduction of unsaturation by the action of mercuric ace- 
tate upon various 1-azabicyclic systems was studied in some detail 
by Leonard and his colleagues. Oxidation in this manner of octahy- 
dropyrrocoline (either dl- or I - )  gaves8 hexahydropyrrocoline, prob- 
ably a mixture of LXXV and LXXVI, which with acids formed 
salts of structure LXXVII. Treatment of LXXVII with potassium 
cyanide yielded" LXXVIII, which was reconverted into LXXVII 
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(X = 13)  by the action of iodine. Grignard reagents react (see also 
Section A-721) with either LXXVII or LXXVIII to yielda9 
LXXIX. 

(IXXVII) (LXXVIII) (LxXIX) 

2 .  0ctahydropyrrocoline.s; Syntheses. Reference was made at the 
beginning of this Part to the work by Hofmann, Lellmann81*90 and 
by Liiffler el a1.91192 upon the synthesis of the alkaloid Bconiceine 
and the demonstration of its identity with octahydropyrrocoline. A 
number of octahydropyrrocolines were also obtained during studies 
upon the alkaloid pelletierine. 93-97 

(a) Via the Dieckrnann reuclton. Cyclization of various piperidyl- 
acetic and propionic esters by the Dieckmann technique has been 
utilized to prepare derivatives of I-,  2-, 7- and 8-oxotictahydro- 
pyrrocolines. Thus products of type LXXXIV," LXXXV,8"99-101 
LXXXVI lo2 and LXXXVII lo3 were obtained from, respectively, 
LXXX, LXXXI, LXXXII and LXXXIII. A number of alkyl 
homologs were obtained similarly. 

The 1-, 2- and 7-oxooctahydropyrrocolines have been reduced 
to octahydropyrrocolines by the Wolff-Kishner and Clemmensen 
 method^.^^*^^-'^* Catalytic hydrogenation of the 1 -ox0 compound 
gave lo4 the secondary alcohol as did 8619g reduction of some of the 
2-0x0 derivatives by means of the Clemmensen technique or by so- 
dium-amalgam and alcohol. Reduction of the 8-0x0 compound with 
lithium atuminum hydride gave lo3 8-hydroxyoctahydropyrrocotine. 
The reaction of LXXXIV and LXXXV with methyl and ethyl Grig- 
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‘CH,CR,CO,R 

(LXxxII)  (LxxxVI)  

L 
(LXXXIII) (LXXXVII) 

nard reagents, folfowed by dehydration and hydrogenation was 
utilized86r148 to prepare l-ethyl-, 2-ethyl- and l-methyloctahydro- 
p y rrocol i nes. 

(b) Vzu octatSydropyrrocofzn-50nes. Octahydropyrrocolin-3-one has 
been obtained by (I) the thermal dehydration of 2-(2-piperidyl)- 
propionic (or its ethyl ester”), (2) the hydrogenation of 2- 
(2-pyridy1)acrylic-acid over Adams ~atalyst ,’~ or of its ethyl ester 
over Raney nickel,lo6 and (3) the reduction with Raney nickel 
of phenyl 2-(2-piperidyi)thi0propionate.’~ The first and second of 
these methods have been employed to prepare the 2-hydroxy-,” 
1 - carbethoxy - lo’ and 1,2 - dicarbethoxyoctahydropyrrocolin - 3 - 
ones. lo’ The 3-0x0 compound has been reduced to octahydropyr- 
rocoline by means of sodium and aicohol,9’*98 b y hydrogen with a 
copper-chromite catalyst ’06 and by lithium aluminum hydride. 95,96 
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A large excess of lithium aluminum hydride was saidg6 to be re- 
quired, as with only a 2OCr, excess, 2-(2-piperidyl)propionaldehyde 
(pelletierine) was produced. 

(c) Reducttve cycLi<ations. Hydrogenation with a platinum cata- 
lyst of solutions of 2- (2-pyridy1)propionaldehyde diet hyl acetal in 
acetic or hydrochloric acids yielded, 93’94 depending upon the con- 
centration, octahydropyrrocoline or pelletierine. Reduction of methyl 
2-(6-0~0-2-piperidyl)propionate with lithium aluminum hydride 
yielded 147 pelfetierine together with about 15% of octahydropyr- 
rocoline. However, an attempt 97 to make pelletierine by hydro- 
genating 2-(2-pyridyl)propionaldehyde hydrochloride in ethanol 
over Adams catalyst, gave solely octahydropyrrocoline, as did a simi- 
lar reduction log of 2-(2-pyridyl)propionitrile. This latter prepara- 
tion especialIy, and also the hydrogenation of 2-(3-hydroxypropyl- 
pyridine over Raney nickel ‘lo provide convenient laboratory syn- 
theses of octahydropyrrocoline. 

(LXXXVIII) 

Cu,Cr,Ol 

CH2COCOzCzH, 

I 
H, 

cu,cr,o, 

0 

(LXXXIX) 
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The synthesis of 1-azabicyclic systems by the reductive cycliza- 
tion of oximinodiesters has been elaborated in some detail by Leonard 
and his associates (see Sections A-64, A-674, A-721, A-878 and 
A-895). Hydrogenation over a copper-chromite catalyst afforded 
octahydropyrrocoline in 50-60% yield from LXXXVIII, in un- 
specified yield l2 from LXXXIX and in 66% yield ’ l3  from XC. 

(d) Miscellaneous syntheses. An ingenious synthesis of 5-substi- 
tuted octahydro pyrrocoline-7-ones was devised by Lions and 
Willison, who condensed various aldehydes with y-aminobutyr- 
aldehyde and acetonedicarboxylic ester. The intermediate dicarbeth- 
oxy compounds XCI are rather unstable, but, upon hydrolysis, 
readily yield XCII. In the case of aliphatic aldehydes (R = H, CH, 
or CH(CH3)CH,CH,) the yield of XCI is 88-9501,, and 40-63Cr, of 
XCII; however, when R = C6H5, the yield of XCII drops to 16%. 

R 

CH, 
H,N/ 

- O y - p  

R 

(XCII) 

A somewhat similar synthesis was reported by Galinovsky et QL. 
The reaction of pelletierine in buffered solutions with acetonedicar- 
boxylic acid or with benzoylacetic acid yielded XCIII (R = CH, 
or C,H,, respectively). 
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In a preliminary report,”5 Witkop and Cohen described the 
oxidation of XCIV to XCV. As this is the only recorded example of 
an octahydropyrrocoline-5-one, the reaction is of interest, but the 
details have not yet been published. 

HOO w + 2 - 4 - +  0 

(XCIV) (XCV) 

Dehydrohalogenation of 2-( 3-halopropy1)piperidines has been 
utilized to prepare octahydropyrrocolineQ2 (and its 6-ethyl homo- 
log ’ 16) ,  as hasQ2 the dehydration of 2-(3-hydroxypropyl)piperidine. 
As mentioned earlier (Part IV-l), catalytic reduction of 1,2-tri- 
methylenepyridinium bromide (LXXII) yieldeds5 octahydropyr- 
rocoline. Also previously mentioned was the synthesis by Hof- 
mann and Lellmann, who dehydrohalogenated N-bromoconiine 
(XCVII). This type of cyclodehydrohalogenation has become known 
as the Liiffler-Freytag reaction. 

HBr -3HBr - (T(B~ __+ fNaOH) 

NII, NH, - HBr 
A 

Octahydropyrrocoline has also been obtained by the cyclo- 
dehydrohalogenation of XCVI. This synthesis is of a type which has 
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been used to prepare a number of 1-azabicyclic systems (see 
Sections A-64, A-674, A-721, A-895, B-20 and B-84). 

Many octahydropyrrocolines have been obtained by the catalytic 
hydrogenation of pyrrocolines. This was discussed in detail in Part 

to yield 
not XCIX, but the rearranged product, 3-methyloctahydropyrroco- 
line (C). 

111-8. 
The Clemmensen reduction of XCVIII was shown 

Treatment1I8 of CI  with thionyl chloride yielded a quaternary 
salt of structure CII, which was called 7,5-endoelhyleneoctahydro- 
pyridocolinium chloride, or l-asoniatricycl0(5.3.2.0'.~] dodecane chloride. 

3. Octahydropyrrocoiinesines; Profirties and Reactions. Qctahydropyr- 
rocolines form readily the customary salts and complexes character- 
istic of amines. Application of the von Braun degradation to Octa- 
hydropyrrocolines seems, generally, to result in scission of the five- 
membered ring, although in the case of the 2-methyl homolog, some 
cleavage of the six-membered ring was reported. 33 AIthough this 
degradation has been of in demonstrating various struc- 
tures, the related Emde and Hofmann degradations do not appear to 
have been investigated. Electrolytic reduction of 1 - and 8-oxoiicta- 
hydropyrrocolines has been reported Io3 to cause cleavage of the 
bridgehead bond, with the formation, in 49 and 73y0 yield, re- 
spectively, of 4- and 5-hydroxazacyclononanes. 
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0 OH 

The Clemmensen reduction product from octahydropyrrocolin- 
1-one yieldedg8 two isomeric picrates; m. 226" and m. 135". The 
former is identical with octahydropyrrocoline picrate prepared in 
other ways, whitst the nature of the latter has not been demon- 
strated. Clemo and Ramageg8 suggested that the two picrates were 
stereoisomers of the as-trans decalin type. Several objections to this 
hypothesis may be offered, and, in view of the frequency with which 
rearrangements are encountered in the Clemmensen reduction of CY- 

aminoketones, it Seems reasonable to expect the lower melting 
picrate to be that of a structural isomer, possibly the yet unde- 
scribed 1-a~a6zcycfo~5.2.0lnonane. 

Recently, Leonard and Middleton'" succeeded in resolving 
octahydropyrrocoline via the dibenzoyl-D-tartrate salt. The product 
so obtained possessed an optical rotation identical with that of 6- 
coniceine prepared by Lellmann from (+)-coniine. Insomuch as this 
last alkaloid has been related to D( +)-pipecolinic acid, laevorotatory 
octahydropyrrocoline may be assigned the D configuration. 

While octahydropyrrocoline itself exists as single racemate, its 
monosubstitution products (except in position 8a) exist as pairs of 

5-phenyl- l4 and 6-ethyloctahydropyrrocolines loo and the 5-methyl- 
'I-0x0 homolog '14) these pairs have been separated by means of their 
picrates, while separation of the two racemates of 3-methyloctahydro- 
pyrrocoline was achieved by chromatography. 

racemates. In several caws (e.g. the 2-hydro~y-,'~ 5-methyl-, 114 
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A-184. 7H-Cyclopenta(a]indolizine * 7;2fz$l: 
Treatment of carbinols of structure I with acetic anhydride pro- 

duced' indolizines (11, R = H, m. 109-10", Lax 230, 256, 275, 371 
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and 383 mp ( c  21,500, 12,200, 25,70U, 13,600 and 12,200); 
R = CH,N(CH,),, oil). See Sections A-183, A-188 and A-190. 

A 

(1) 

Reference 
1. Barrett and Chambers, 3. Chem. SOL, 1958,338. 

COCH, 

( I I )  

A-185. Cyclopenta Ih,;] pyrrocoline .pJN-J4 
7 5 

0 

The saturated system was named l-a~utricycl0(6.2.7.@ 'Ihendec- 
am (I) .  

Catalytic reduction of the oximino ester I1 yielded I11 (b0,, 45"; 
n i o  1.4982; d:!' 0.9657; picrate, m. 242-3" d. and picrolonate, 
m. 183-49, which tentatively was assigned the trans-cis configuration 
shown. 

Reference 
1 .  Leonard andMiddleton,J. Am. Chem. Soc., 74,5114 (1952). 
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1 

A-186. Fur01 3,4-b]pyrrocoline. m: - 
R.I. 1408 6'. 

5 

See pyrrocoline (Section A-183). 

A-18 7. 1H-Dipyrrolo j 1,2-a, 2',3'-d I - 
pyridine 

Treatment of dipyrrylmethanes such as I with sodium or other 
alkaline condensing agents yielded strongly fluorescent products 
shown' to have structure I1 (R = R' = C,H,, rn. 204"; R = CH,, 

0 0 
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R' = C2H5, m. 210-1"; R = C,H,, R' = CH,, m. 194"). Simi- 
larly, caustic hydrolysis converted I11 into IV (R = COOC2H5, 
R' = C,H,, orange, darkens at 235", d. 245"; R = R' = H, dark 
yellow), which (when R = R' = M) could be decarboxylated to V. 

References 

1. Corwin and Ellingson, J .  Am. Chem. Sac., 66,1146 (1  944). 
2. Corwinand Buc, J .  Am. Chem. Soc., 66,1151 (1944). 

10 1 

Tetrahydro derivatives of structure I1 [R = H, yellow, m. 117", 
A,,, 230, 276 and 370 m p  ( E  19,000, 21,000 and 13,000); R = 

CH,N(CH,),, m. 70-lo, A,,, 230, 275, 370 and 382 rnp ( E  

19,000, 20,000, 11,500 and 10,400)], were obtained l t 2  by treatment 
of I ,  with acetic anhydride. Hydrolysis of I1 (R = H) yielded 111 
[m. 59-60", A,,, 244, 250, 287, 296, 308 and 360 m p  ( c  29,000, 
30,000, 2,300, 3,000, 4,200 and 2,100)]. See Sections A-183, A-184 
and A-190. 

1 .  
2. 

I 
COCH, 

(1) (11) (111) 

References 
Barrett and Chambers, J .  Chern. Soc:, 1958,338. 
Barrett, Brit. Pat. 765,874; Chem. Abstrocls, 51, 14829 (1957). 

I 

A-189. lH-Pyrano[ 4,361 pyrrocoline. ,m; 
6\ 

5 4 
R.I. 1635 

See pyrrocoline (Section A-183). 
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A-190. 7H-Cyclohepta[a]indolizine * 

Treatment of I with acetic anhydride yielded' I1 (R = H, non- 
basic oil, A,.,, 232, 268, 276 and 374 mp ( c  16,000, 13,000, 
14,000 and 7,000); R = CH2N(CH,),, oil; oxalate, m. 210°, Amax 
230, 272 and 366 mp ( c  27,000, 21,000 and 11,500); methiodide, 
m. 242-4", A,:,, 232, 262 and 366 my ( c  31,000, 21,000 and 
11,000); R = CH,OCOCH,, m. 112", La, 231, 274, 368 and 383* 
mp ( t  26,000, 23,000, 13,000 and 11,600)]. Hydrolysis o f  1 1  (R = 

CH,N(CH,),) yielded I11 [R = CH,N(CH,),, rn. 82-3", Amax 243, 
283, 292, 303 and 306 mp ( c  31,000, 2,000, 2,500, 2,800 and 
2,300); oxalate m. 175-8" d.;  methiodide, m. 175--8" d.]. See Sec- 
tions A-183, A-184 and A-188. 

R R R 

I 
COCH, 

Reference 

1 .  Barrett and Chambers, 3. Chem. Soc., 1958,338. 

9 10 I 

A-191. Benzo[b]pyrrocoline. 8 

R.I. 1647 
4 

The names and numbering 2:3-ben<opyrrocolzne (I)  and, for the 
perhydrogenated system, 1 l-a<aperhydr@uorene (11) have also been 
used . 
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The prototype of this ring system (111) was obtained')' in 40oJ, 
yield b y  the passage of 2-benzylpyridine over heated copper turn- 
ings. A more indirect synthesis, from or-picoline and 2-bromocyclo- 

-H,/Cv 

A 

hexanone, also has been achieved.3 Efforts to obtain I11 directly 
from fV by heating with sulfur gave3 only a-picoline. However, 
acetylation of IV protected the nucleus, and V could be dehydro- 
genated to VI, which was hydrolyzed to 111. The synthesis of V from 
VII also was reported. 

a C H 3  * yJ - 
Br 

Apparently only a single substitution reaction upon I11 has been 
reported. Treatment of I11 with nitrous acid afforded] a nitroso 
derivative, and the nitroso group was said to be in the 2-position. 
However, consideration of the reactive positions in pyrrocoline (see 
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Section A-183), and of the resonance structures possible in 111, leads 
to the conclusion that the product may be the 10-nitroso compound. 

Several alkyl homologs (VIII) of I11 were obtained by Robinson 
and Saxton415 from the reaction of 174-dicarbonyl compounds (or 
their derivatives) with 3-substituted indoles. Thus skatole reacted 
with succinaldehyde dioxime to give 10-methylbenzoI b]pyrrocoline, 
and with acetonylacetone to give the 6,9,10-trimethyl homolog. In 
the condensation of skatole with levulinic acid, a side-reaction pro- 
duced4 IX. 

I 

I 
R' 

CH,CC€H,CH,COOH (VIII) 

' x- R' 

(uo 
The p r ~ p o s a l ~  that salts of benzo[ 61 pyrrocolines have structure 

X seems well-grounded, as it has been shown5 that treatment of XI 
with ethyl iodide and of XI1 with methyl iodide leads to the same 
quaternary salt XI 11. Further, the ultraviolet absorption spectra of 
solutions of XI and XI1 in dilute acid closely resemble that of XIII. 

CH3 C,H, 
CH3 

' N+ 

CH, (333 CH3 

CH3 CH3 I CH3 C,H, 
C,H,I C H , I  ____, c-- 

\ N  / - . , N  / 

I- 

(XI) (XIII) (XII) 
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Condensation of quaternary salts such as XIV with p-dimethyl- 
aminobenzaldehyde or with pnitrosodimethylaniline produced5 red 
dyes such as XV. Alkaline oxidation of the quaternary salt XVI, 
with an unblocked 6-position, gave5 the pyridone XVII. 

+ 
CH, I- I 1- 

The reaction of chloranil with acetoacetic ester 6 2 7  or acetylace- 
tone' and one to two molecular equivalents' of pyridine produced 
violet quinones of structure XVIII. Further reaction of XVIII with 
pyridine and the acyl compound gave benzobisindolizines (see Sec- 
tions A-226/7). Reductive acetylation of XVIII (R = COCH,) 
gave the yellow acetyldichlorohydroquinone diacetate. 

0 R O  

0 RCH,COCH,, 

pyrtdine 
CI c1 

0 0 

(XVIII) 

From the reaction of indole Grignard reagent with y-valerolac- 
tone, Katritzky and Robinson' prepared XIX (R = CH,), which 
they cyclized in sulfuric acid to XX. In basic solution XX showed 
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an intense green fluorescence, soon fading in air, probably attsibut- 
able to the anion XXI. Considerable difficulty was encountered in 
obtaining XX, and efforts to cyclize other products of type XIX were 
completely unsuccessful. 

R I 7% 7 H 3  

Haso, -li - 
N- (OH') 

0 0 0- 

( X W  (XX) (XX 1) 

The syntheses of the 1,2,3,4-tetrahydro compound (IV) and of 
its 10-acetyl derivative (V) 3' lo  were mentioned earlier. The prepara- 
tion" o f ~ f r o m  VII is similar toconversion" of XXII into XXIII.  

(XXII) 

a 
(XXIII) 

In addition to compound XX, several hexa- and octahydro- 
benzo[ bjpyrrocolines 1 2 ?  l 3  also were prepared to serve as model com- 
pounds for studies upon the structure of strychnine. Compound XXV 
(prepared '' from XXIV) underwent l 3  alkaline hydrolysis to yield 
a substance having either structure XXVI or XXVII, which re- 
acted with dinitrophenylhydrazine to yield XXVIII. Treatment of 
the hydrolysis product with sulfuric acid gave XXIX (R = H), while 
methanolic hydrogen chloride yielded the corresponding ester XXIX 
(R = CH,). Catalytic hydrogenation of XXIX (R = H or CH,) 
yielded XXX (R = H or CH,). The esters XXIX and XXX (R = 

CH,) were also obtained by treatment of the acids with diazo- 
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methane. The position of the double bond in the pvrrole ring of 
XXIX is p r ~ b a b l y ’ ~  that shown, but the A4a”0a isomer is also a 
possible structure. 

COOH COOH 
I I w==m 

0 Ho 0 

& 
0 

(XXIX) 

COOR ’@ H,/W-C 

Reduction of 111 with sodium and ethanol yielded a tetrahydro 
derivative, which Braun and Nelies believed to be XXXI. Further 
reduction of XXXI by means of tin and acid yielded XXXI I.  
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Hydrogenation of XI over a Raney Nickel or palladium-on- 
strontium carbonate catalyst gave' the tetrahydro compound 
(XXXIII), whereas the use of Adams catalyst produced the per- 
hydro compound (XXXIV). Reduction '' of XXIII over platinum 
oxide likewise yielded the perhydro compound. 

& +------ H, 
Pd or NI 

I I 
CH, CH3 

I 
CH3 

(XMIII) (XI ) (XXXIV) 

Hydrogenolysis of XXXVI (obtained in three steps from XXXV) 
yielded l4 the perhydro compound XXXVII. 

CO,CH,C,H, 

(MXV) (XXXVI) (XXXVII) 
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A-192. Pyrrolo[a]quinoline. 
R.I. 1661 

6 5  

Although Tschitschibabin reported the probable preparation 
of c‘non-crystalline” products of type I,  he did not give any details, 
and efforts2 to repeat this work gave only quinaldine hydrohalide 
salts. 

RCOCH,X rn“” \ 

(1) 

However, the prototype of this nucleus (IV) was obtained3 in 
85% yield from 111 by treatment with hydrogen bromide followed 
by caustic. The reduction of I1 to 111 was peculiar in that so- 
dium borohydride does not normally reduce ester functions. On the 
other hand, lithium aluminum hydride, which would be expected to 
convert I1 into 111, produced instead an unstable amphoteric hy- 
droxy compound thought to be 2- or 3-hydroxypyrrolo[a]quinoline 
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(V). Efforts to prepare3 5-hydroxy-1 -methylpyrrolo[a/quinoline by 
the cyclization of 1-(2-carbomethoxyphenyl)-2,5-dirnethylpyrrole, 
failed. 

The condensation of quinoline with dimethyl acetylenedicar- 
boxylate yielded4 a “labile yellow” (VI) and a “stable red” 
(VII) adduct (see Section A-729). Oxidation of each adduct with 
nitric or chromic acid produced VIII, which was saponified and 
partially decarboxylated to, presumably, the 1,2- or 2,3-dicarboxy 
compound. 

C0,CH3 CO,CH, 

CH302C C0,CH3 cH3&c02cH3 

CO,CH, a+-‘ \ Co&H, + 

(VIII) 
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Among the products resulting when quinalidine was heated with 
sulfur, was a yellow substance (C3,H 19N3) assigned' (by analogy 
with the product similarly obtained from a-picoline -see Section 
A-183) structure IX. 

Heating X in pyridine solution with acetic anhydride or benzoyl 
chloride produced6 deep blue products of structure XI. These prod- 
ucts are reminiscent of the red acyl derivatives formed by 3-nitroso- 
imidazo[l,2-a]pyridin-2(3H)-one (see Section A-271). 

In the rearrangement of alkaline solutions of chloralquinaldine 
(XII) into 2-quinolylacryIic acid (XVI), intermediates of structures 
XII-XV have been postulated. These intermediates have not, of 
course, actually been isolated. 

The first synthesis of a pyrrolo[a]quinoline derivative was con- 
ducted by Koenigs,8 who prepared .the lactam XVIII by heating 
XVII. A Clemmensen reduction of XVIII yielded' the hexahydro 
compound XIX. 

Two syntheses of the perhydro compound (XX) have been re- 
ported, and different properties were recorded for the product ob- 
tained by  each method. High pressure by hydrogenation of I1 over a 
copper chromite catalyst gave lo a well-characterized product with- 
out evidence of the presence of more than one stereoisomeric form. 
Without reference to this earlier work, the hydrogenation of IV was 
reported3 to yield two stereoisomeric modifications of XX (char- 
acterized as picrates). The melting point of one of these is virtually 
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G O H  

(XIII) 

OH C 

CH,COOH 
H I  

L 

CHCOOH 
II 

"e, 
__t mcHz - H 2 0  A 

(XVII) (XVIII) 

Clemmensen 
___3 

identica1 with that of the picrateg of XIX, although the microana- 
lyses reported, while not good, would seem to exclude this structure. 

& ""LFP' QJy 0bc / COZCZH, 

Hz/Cu,Cr,Q, - - r 

(XX) (W 
WCHZ 

(11) 

It is possible that the three picrates reported represent three of the 
four possible racemates of structure XX. 
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Pyrrofolalquinolines 

Substituents or structure Properties Refs. Empirical 
formula 

c u H 9 N  Unsubstituted m. 1 0 & 9 O ,  light bl. 3 

c 12H9NO 1 (or 2)-Hydtoxy- Unstable, yel., m. 3 

fluoresc. Deep bl. 
Ehrlic h test. 

95-7 O (or 66-8 " as 

dihydrate). Per- 
chlorate, red, m. 

145-6". Picrate, m. 
141-2". 0-Acetyl 
deriv., m. 110-1". 

C UH 13NO 1,2,3,3a,4,>Hexahydro- 1-0x0- m. 115-6 '. 899 

c l2H2lN Dodeca hydro- Product from !I: b l  10 
12H 15N 1,2,3,3a, 4,5-Hexahydro- Oil. Picrate, m. 146Od. 9 

65-6"; 1.5000, 
di0  0.962. Picrate, 
m. 184.5O. Pic- 
roIonate, m. 215-69 

giving two picrates, 
m. 146-7O and 169- 
70 O. 

Product from IV: oil, 3 

C uHgNO4 1,2(or 2,3)-Dicarboxy- d. 259'. 4 
c I4HlON203 B1.-blk., m. 185-6". 6 aNococH3 \ /  

C m H  pjNO6 1,2,3-Tricarbomethoxy- m. 129O. 4 
Deep bl., m. and 6 a N°COC6HS 

\ /  

turns red at 172", 
then resolidifies 
and does not remelt 
below 260Q. 

sal t  red. Methiodide, 
red, m. 2 19-20 O .  

Gl9HlZN2Oj 

C 30 H 19 N 1,2-Di-( 2-quinoly1)- YeL, m. 197-8'. HC1 5 
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A-193. Pyridof2,3-e]pyrrocoline p: 
i /N5 

6 

Ochiai and Miyaki hydrogenated I over platinum oxide or Raney 
nickel and obtained a tetrahydro compound thought to be 11. The re- 
action of this with chloroacetone followed by base gave an impure 
resinous product assigned structure I11 on the basis of color reactions. 
Further evidence obviously is necessary to establish structure I1 I ,  

H, 

H 

Reference 

1. Ochiai and Miyaki, Ber., 74,1115 (1941). 

A-194. Benzow pyrrocoline. 
R.I. 1641 

6 

The names 2,3-pyrrolisoquinoline and ben<o-6,7-pyrrocoline are also 
encountered. 
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In 1884, Ciamician and Dennstedt heated pyrrole with phthalic 
anhydride in acetic acid at 180°, and obtained a product 
(C H,N02)  known as pyrrolene-phthalide. Structures I, I1 and 
111' were proposed for this product. Structure I1 was used by Oddo 
initially,4 though he later5 favored structure 111, as did Ciamician3 
and Fischer.' Thus structure I11 was accepted (without strong evi- 
dence) until very recently, when Cornforth and Firth l'  examined the 

spectra of this product and several of its alkyl homologs. The ultra- 
violet spectra resembly those of many anthraquinones, while the in- 
frared spectra are consistent only with structure I. 

Most simple pyrroles react in this manner with phthalic an- 
hvdride, and the resultine; stable, crvstalline, ycllow derivatives offer 
a convenient means of characterizing 73 pyrroles. Under the rather 
strenuous conditions of the reaction, pyrroles having carbonyl, car- 
bethoxy8 or methyl7 groups in the 5 position may lose these sub- 
stituents. Where they are shown at all, the structures of these de- 
rivatives are usually depicted l 3  as being of type 111. They must now 
be changed to I, and even the name pyrrolene-phthalide is now un- 
suitable. These products are tabulated as substituted benzo[flpyr- 
rocoline-5,lO-diones. 

Anderlini l 2  prepared a mononitro and a dibromo derivative of 
I, in which the substituents were shown (by oxidation to phthalic 
acid) to be in the pyrrole ring. Also, bromination of kryptopyrrolene- 
ph,hlhnlt& vielded8 1 -hromomet h~I-2-ct hyl-%met hylbenzo(.fl pyrroco- 
line-5,10-dione, in which the halogen could be replaced by reaction 
with methanol or aniline. The lactarn bond of I is readily cleaved by 
alkalies, and treatment of I with hydriodic acid in acetic acid causes 
scission of phthalic acid and regeneration of the pyrrole. The re- 
action of pyrroles with substituted phthalic anhydrides does not ap- 
pear to have been described, but would seem worthy of investigation. 

The preparation of the orange phenyl derivative I V  from 3- 
methylisoquinoline was recently claimed, l4> l5 but no details were 
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offered. Condensation of IV with pdimet hylaminobenzalde- 
hyde 14, l5 or pdimethylaminocinnamaldehyde yielded quaternary 
methine dyes such as V (dull red, m. 142-4" d.). 

,' C6H5 (CHa),NC,H,CHO 
___r 

HCIO, 
I aCH3 C6HsCWH2Brh 

Na,CO, \ \ N  

*c6H5 

CIO, 

The Dieckmann cyclization of the diester VI, followed by hy- 
drolysis and decarboxylation of the intermediate ketoester, yielded l6 
the ketone VII (yellow-brown, m. 85-6"). Reduction of VII by the 
Wolff-Kishner technique afforded the hexahydro compound VIII 
(b0.06 87-92", n ;4" 1.5582; picrate, m. 186.5-8.0"), which was 
also a major product from the electrolytic reduction of VII. 

I )  NaW,H, 

a\CH2CH2C02C2H5 2) hydrolysrs 
- C02C2H5 

Walff-Ktshner 

reduelion 
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SUbStiNCntS Properties Refs. Empirical 
formula 

c 1 4 11 NO 2 

C15H13N02 

C16H13N03 

C16H14 BrNo 2 

C16H15N02 

C17H15N04 

C18H17N03  

C16H17N04 

o, z- Di bromo- 
x-Nitro- 
Unsubstituted 
1 (or 2)Methyl- 
2 (or 2)-Methyl- 
3-Met hyl- 

1,3-Dimethyl- 
3-Et hyl- 

1,2,3-Trimethyl- 
2-AcetyI- 1,3-dimethyl- 
1-Bromomet hyl-2-ethyl- 

l-Ethyl-2,3-dimet hyl- 
2-Ethyl- 1,3-dimethyl- 
b(2-Carboxyet hy1)- 

2,3-dimet hyl- 
2-Ethyl- l-methoxy- 

met hyl-3-met hyl- 
+Ethyl- 1-met hyl-2- 

propionyl- 
2-( 2-Carboxyethy1)- 

3-e t hyl-I-met hyl- 
1- Anilinomet hyl-2- 

ethyl-3-methyl- 

3-met hyl- 

Yel., m. 19" .  12 
- 12 
Yel., m. 240-1". 1 
Yel., m. 169-70" (157"). 2,11 
Yel., m. 223". 2,11 
Yel., m. 173-4" (215"?) 2 , l l  
Yel., m. 114". 11 
Yel., m. 181-3" (170°?); 6,11 

237, 267, 318 and 
378 mp. (log E 4.42, 4.28, 
3.71 and 3.67). 

Yel., m. 205". 7.6 
Yel., m. 183O. 7 
Yel., m. 192". 8 

Yel., m. 140". 7 

Yel., m. 169". 7 3  
Yel., m. 225-6". 7 , l O  

Yel., m. 157". 8 

Yel., m. 105 ". 9 

Yel., m. 133". 9 

m. 170". 8 
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A-195. Benzo(g]pyrrwoEine. 
R.I. 1659 

7 6  

The names pyrroLo[a] zsoquznolim and 7,8-ben~opyrrocoline as welt as 
the numbering shown in I, have been used. 

(1) 

The prototype of this ring system and some of its homoiogs have 
been prepared ' by catalytic dehydrogenation (with palladium-char- 
coal) of the 2,3,5,6-tetrahydro or 5,6-dihydro compounds (v.i.). An 
interesting synthesis of 3-substituted benzo[g]pyrrocolines was found 
by Boekelheide and Godfrey, who obtained I11 from the reaction of 
Reissert compounds such as I1 with acrylonitrile in the presence of 
phenyl lithium. Complete cleavage of the amide group and formation 
of IV resulted when I11 was heated with 1 0 0 ~ o  phosphoric acid, 
while hot concentrated hydrochloric acid converted I11 into V. How- 
ever, V could be cyclized to IV by the action of hot 100% phos- 
phoricacid. Reduction of I11 (R = C,H,) with lithium aluminum 
hydride yielded VI. A somewhat different reaction occurred between 
I1 (R = C,H,) and either ethyl acrylate or 2-vinylpyridine, and 
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products of structure VII were obtained.' Heating VII (R' = 
COOC 2H5) produced the deep red 2-benzoyl-3-hydroxy derivative 
(VIII), while treatment of VII (R' = 2-pyridyl) with sulfuric acid 
gave IX. 

R'CH-CH, I 
R' 
I 
I 

The Tschitschibabin pyrrocoline synthesis was extended by 
Sprague' to the preparation of X from 1-methylisoquinoline. Con- 
densation of X with pdimethylaminobenzaldehyde or pdimethyl- 
aminocinnamaldehyde in the presence of perchloric acid yielded 
dark blue or green methine dyes (e.g., XI). 
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II -lCH, l , X , H , C H O  
___l_r > 

HCIO, 

C,H,COCH ,Br 

NJ,CO, 

c10,- 

From the reaction of isoquinoline with dimethyl acetylenedicar- 
boxylate in ethereal solution at ordinary temperatures Diels and 
Harms3 isolated two "labile adducts" (see Section A-725), one of 
which, upon bromination and treatment with base, yielded a tri- 
carbomethoxy compound assigned structure XII. However, working 
at -78", Wiley and Knabeschuh4 apparently obtained compound 
XI1 directly. The reaction appears complex, and there is evidence4 
that the presence of traces of both peroxides and alcohol is rnanda- 
tory. 

Various tetra- and hexahydrobenzo[g] pyrrocolines have been 
prepared in connection with studies upon erne t~np~- '  and the 
Erythnna alkaloids. lo Child and Pyman prepared compound XV 
(together with XIV) by treating XI11 with phosphorus oxychloride. 
A more convenient and general synthesis was developed by Suga- 
sawa, who cyclized 1 -phenylethylbutyrolactams (XVI) and ob- 
tained XV and its 8,9-methylenedioxy analog. Structure XV is repre- 
sentative of the salts of these compounds, whereas the bases have the 

structure XVII. Several compounds of type XVII have thus A lob, 1 

been prepared. 1,7,9,10 
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R" R"' 
(XVI) (XVII) 

Catalytic hydrogenation of XVII yielded6' XIX, which could 
aIso be obtained by reduction of salts of type XVIII with tin and 
acid5 or sodium borohydride. The reactiong' lo of XVIII (R = 

R' = W, R" = H or ally], R"' = OCH,) with ally1 magnesium 

R I I I a R '  R 

\ R"' 
(XVII) (XVIII) 



348 Chapter IV 

bromide afforded good yields of X X  (R = H or allyl). Oxidation of 
the diallyl compound XX (R = aHyl) yielded a mixture of XXI and 
(mostly) XXII. 

R'!. ,R' 

In a synthesis similar to that employed by Sugasawa, Hahn and 
Stiehl l 1  obtained XXIII by condensing 2-(3,4-dihydroxyphenyl)- 
ethylamine with a-ketoglutaric acid. Methylation and reduction of 
XXIII yielded *' XXIV. 

CH, CH, 
I I  

II 
HOOCC COOH 

0 

+ 

HO "mHz ' 

I )CH,N,  - 
2) WH, 

HO 
(XXIII) 
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The action of polyphosphoric acid upon heteroauxin @-phenyl- 
ethylamide (XXV) has been studied by Thesing and his co-work- 
ers, l3>l4 who obtained compound XXVII, and postulated an inter- 
mediate (not isolated) of type XXVI. However, recently he indi- 
cated15 the product to have structure XXVIII, but as no details 
were given, futher information must be awaited. 

(XXVII) (XXVI) 

The perhydro derivative (XXX) was obtained in 66% yield by 
Leonard and Boyer,16 who hydrogenated the ester XXIX over a 
copper-chromite catalyst. 
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A-196. [l,J]Dioxolo (s] pyrrolo[ u]  - 
9 d: / 5  

7 6  
8 0  

isoquinoline. R.I. 2279M 

See under benzo[g]pyrrocoline (Section G-195). 

A-197. 4H-Pyrrolo(3,2,l-ij]quinoline. 
R.I. 1663 

1 6  

The names (and numbering ) 4H- berqo[ h i ] / y r  roc01 ine, 2-pe ri -pyr- 
roloquinoline (I) and liline (11) also have been used, while the di- 
hydro compounds have been called liloline (111) and 1,7- or 7,8-tri- 
methyleneindole (IV). The tetrahydro derivatives are known as lilofi- 
dines (V), and the perhydro system was called 1-aqztn'cycfo- 
[ 7.2.1.05 12]d~decune (VI) or hexahydrolilolidine. 
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Only hydrogenated derivatives of this nucleus appear to be 
kmwn. The first reported example was compound VIII, obtained by 
Bamberger and Sternitzki, who condensed 2-methylindoline with 
malonic ester and treated the resulting acylindoline (VII) with hot 
hydrochloric acid. Nitrosation of, and diazonium coupling into VIII 
occur at the 5-position, and metallic salts of VIII may be obtained. 

y C H 3  eCH3 P CH,(CO,C,H,), @;: H a @ .  / /  

CH, 
C/O,C,H, OH 

( V W  (VIII) 

Acetoacetic and related also have been condensed with 
indolines to yield products of type IX. Reduction of IX with lithium 

l-- - l  n n 
&NH RCOCHR'CO,C,H, 

Pyridine 

~~ LIAIH, CH,X 

(XIII) 
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aluminum hydride gave’ the unstable dihydro compounds X, 
which could be converted into XI by reaction with cyanogen bro- 
mide. Alkaline oxidation of XI produced IX. 

Compound IX (R = R’ = H) was transformed, by the action of 
phosphorus pentasulfide, into the thio homolog (XIE), treatment of 
which with methyl ptoluenesulfonate yielded XIII. Treatment of 
indoline, in the presence of zinc chloride and an oxidant such as 
ferric chloride or o-nitrophenol, with paraldehyde or methyl vinyl 
ketone yielded, respectively, XIV4 and XV.5 Compounds XIII-XV 
were utilized3 in the preparation of a number of cyanine dyes. 

An interesting synthesis of this ring system was discovered6 dur- 
ing an attempt to obtain XVII from the von Braun reaction upon 
XVI. Instead of XVII, a product was obtained having properties 
compatible with structure XVIII. 

5,6-Dihydro-4H-pyrrolo[3,2,1 -ij]quiwlines (XX) were prepared7 
by means of the Fischer indole synthesis from hydrazones of type 
XIX (where R = COOH or C6H5, although the reaction failed 
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when R = CH,). The unsubstituted 5,6-dihydro compound was ob- 
tained by decarboxylating XX (R = COOH), Unlike X, compounds 
of type XX are quite stable. 

The reaction of 2,3-dimethylindole with acrylonitrile yielded8 
XXI (R = CN), but unlike cyanoethylcarbazole (see Section A-213), 
it  could not be cyclized by heating with aluminum chloride. The 
corresponding acid (XXI, R = COOH), however, readily afforded 
XXII, the yellow color (red in strongly acidic solutions) and prop- 
erties of which probably reflect a substantial contribution to the 
resonance hybrid by forms such as XXIII. 

HaC H3c@cH3 H3cqcH3 / /N p\z2 R/CH2 I xylene p,o, --. ------+ +--+ 
\ \  

0 0- 

(=I) (XXII) (XXIII) 

Lilolidines (XXIV) have been preparedg ( in about 40% yield) 
in a manner analogous to the synthesis of julolidines (see Section 
A-732), by condensing indolines with trimethylene chlorobromide. 
Other routes to the lilolidines include reduction of XX with zinc 
or tin and acid, and hydrogenation' of XI over Adams catalyst. 
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Treatment with sodium and alcohol of the methochloride of XXIV 
(R = H) was reported merely to reform XXIV (R = H), but the 2- 
methyl horholog XXIV (R = CH,) under these conditions gave a 
product thoughtg to be 1,2-dimethyl-7-propylindoline. Diazoxiium 
coupling occurs in the 8-position of XXIV (R = H), and reduction of 
the resulting azo compounds yielded lo aminolilolidine. Sugimoto 
applied Stoll's oxindole synthesis to XXV and obtained XXVI, elec- 
trolytic reduction of which gave a mixture of lilolidine and 2- 
hydroxylilolidine (XXIV, R = OH). 

Cyclization of I-cyanoethylindoline afforded 22p23 only 8-13y0 
yields of 6-oxolilolidine (XXVII), but an 87y0 yield (617, con- 
version) could be obtained 22 by heating @-(1 -indolinyl-)propionic 
acid with plyphosphoric acid. The 2-methyl homolog of XXVII 
was similarly obtained.21 As is the case with related systems such 
as 7-oxojulolidine (see Section A-732) and 1 -methyl-l,2,3,4-tetra- 
hydro-4-quinolone, XXVII is feebly basic and does not form a 
picrate or hydrochloride. The condensation of XXVI I with diazo- 
methane or with nitromethane failed,23 although a low yield of 
the cyanhydrin of XXVII could be obtained. The Beckmann rear- 
rangement of the oxime of XXVII failed, but the reaction of the 
ketone with hydrazoic acid 23  produced a diazepinoindole derivative 
(see Section A-690). Reduction of XXVII with sodium borohydride 

ArCHO 

@ ---=--+ KOII 6 
CHAr '"aoH CH Ar \ 

0 0 

( x x v r  I I )  (XXIX) 
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gave22 the normal carbinol, whereas the usez3 of lithium aluminum 
hydride resulted in complete deoxygenation and formation of liloli- 
dine. An attempt 22 to prepare liloline (111) by heating the ptoluene- 
sulfonylhydrazone of XXVII in ethylene glycol with sodium glyco- 
late led only to 6-(2-hydroxyethoxy)lilolidine. The condensation of 
XXVII with aro1n;itic aldehydes produced22 red products of type 
XXVIII, which were readily isomerized to yellow 6-oxolilolines of 
structure XXIX. 

While studying the preparation of dioxindoles from the reaction 
of aromatic amines with mesoxalic ester, Martinet 1 2 - 1 8  obtained 
XXX. Hydrolysis and decarboxylation of XXX in the absence of 
oxygen led to XXXI, while in the presence of air, XXXII was 
obtained. The 4-methyl and 4,8-dimethyl homologs of these com- 
pounds were similarly prepared. Treatment of XXXIII with sul- 
furic acid was reported'9 to provide an alternative synthesis of 
XXXII. Condensation of XXXII with indoxyl, phenylglycine or 
with isatin anilide yielded l8 brownish-violet (yellow vats) indirubine 
dyes of type XXXIV, which could be suifonated to provide direct 
dyes. 

I,/ 
NC-CO 

I 

4 

\ 

(xxx111) (XXXII) (XXXIV) 
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The perhydro derivative (XXXVI) of this nucleus was recently 
obtained" by the reductive cyclization of the oxime XXXV. The 
product tentatively was assigned the trans-czs (racemate) configura- 
tion shown. 



W
 

0
,
 

4H
-P

yr
ro

lo
[3

,2
, I

-i
 jl

qu
in

ol
in

es
 

0
 

E
m

pi
ri

ca
l 

S
u

b
st

it
u

en
ts

 o
r 
st
ru
ct
ur
e 

P
ro

pe
rt

ie
s 

R
ef

s.
 

fo
rm

u
la

 

l,&
D

ih
yd

ro
-C

ox
o-

 
1,

2,
5,

6-
T

et
ra

hy
dr

o-
 1,

2-
di

ox
o-

 

1,
2-

 D
i h

yd
ro

-4
- t

hi
o-

 
&

A
m

in
o-

 1
,2

-d
ih

yd
ro

-4
-o

xo
- 

5,
6-

D
i h

yd
ro

- 
1,

2,
5,

&
T

et
ra

 h
yd

ro
-2

-0
x0

- 
1,
2,
5,
6-
Te
tr
ah
yd
ro
-&
ox
o-
 

1,
2,

5,
6-

T
et

ra
hy

dr
o-

 I
-h

yd
ro

xy
- 

1,
2,

5,
6T

et
ra

hy
dr

o-
 

2-
0x

0-
 

1,
2,

5,
6-

Te
tr

ah
yd

ro
-2

-h
yd

ro
xy

- 
1,

2,
5,

6-
T

e t
ra

hy
dr

o-
6-

hy
dr

ox
y-

 
&A
mi
no
-l
,2
,5
,(
it
et
ra
hy
dr
o-
 

D
ec

ah
yd

ro
- 

6-
C

ar
bo

xy
- 1

,2
-d

ih
yd

r0
-4

-0
~0

- 
1,
2-
Di
hy
dr
0-
6-
me
th
yl
-4
-0
~0
- 

b
l 

19
0-

20
0"

. 
m

. 
15

7-
8"

. 
R

ed
, 

m
. 

19
7"

 (
19

5"
).

 
P

he
ny

lh
yd

ra
zo

ne
, 
m.
 
15
0"
. 

C
u 

Y
el

., 
m.
 1

77
-8

".
 

Y
el

., 
m.

 
32

4-
6'

. 
m

. 
86

.5
-8

".
 

P
ic

ra
te

, 
m.

 
13

8-
9"

. 
m.

 
91

-2
".

 
C

hl
or

oa
ur

at
e,

 m
. 

16
7"

. 
Y

el
., 

m
. 

58
-9

" 
(5

5-
6"

) 
gr

n.
 f

lu
or

es
c.

, 
37

6 
m

u 
(~

2
0

,0
0

0
, 8,

20
0,

 4
,2

00
).

 
O

xi
m

e,
 y

el
., 

m
. 

15
2-

4 
". 

4-
N

itr
op

he
ny

lh
yd

ra
zo

ne
, 

re
d,

 m
. 

24
5 
".
 2,

4-
D

i-
 

ni
tr

op
he

ny
lh

yd
ra

zo
ne

, m
. 

> 
27

0 
" 

d.
 

p-
T

ol
ue

ne
su

lf
on

yl
- 

hy
dr

at
on

e,
 y

el
., 

m,
 2

17
".

 
C

ya
nh

yd
ri

n,
 y

el
., 

m
. 

11
0-

2"
. 

sa
lt

, 
re

d,
 d

. 
15

5 
".
 Pb

 s
al

t,
 r

ed
, 

d.
 1

58
 ". 

K 
sa

lt
, 

ye
l. 

23
6,

 2
56

, 

m.
 

16
0 
" 

(1
57

 "
)
. 

b
4
 1

10
-2

";
 
b1
2 

14
0"

; 
b1

5 
15

6"
. 

H
C1

 s
al

t,
 d

. 
21

6"
. 

P
ic

- 
ra

te
, 

m
. 

16
7.

5-
8.

5"
 

(1
68

-7
0"

).
 

b
4
 1

82
-3

 ".
 Pi

cr
at

e,
 m

. 
17

2-
3 
". 

m.
 

54
.0

-4
.5

",
 

Am
- 

25
1 

an
d 

30
4 

m
p

 (
87

40
0 

an
d 

24
00

). 
B

is
ul

fa
te

, 
m

. 
24

4-
5 
".
 

b
0.

g 
56

 "
; 
n: 

1.
49

88
; 

d
i0

 0
.9

60
6.

 
P

ic
ra

te
, 

rn.
 

16
8-

70
 ".

 
m

. 
> 

32
0 
". 

m
. 

17
4.

5-
5.

5 
". 

P
ic

ro
lo

na
te

, 
m.
 

20
5-

6"
 

d.
 

3 12
,1

3,
16

,1
7,

19
 

3 6 7 11
 

22
,2

3 

9 ? I
 

'5?
 
9
 

12
,1

4,
15

,1
7 

7,
9,

11
,2

3,
24

 

11
 

22
 

10
 

20
 

3 2 



2-
Ca
rb
ox
y-
5,
6-
di
 hy
dr
o-
 

m.
 2

10
-2
" 
d.
 

1,
2,
5,
6-
Te
tr
ah
yd
ro
-&
me
th
yl
- 

Re
d,
 m
. 

18
5 ".

 Ph
en
yl
hy
dr
az
on
e,
 m

. 
17
7 
'. 

Cu
 s
al
t,
 r
ed
, 

1,
2-
di
ox
o-
 

d. 
16
0"
. 

1,
2-
Di
 hy
dr
o-
6-
hy
dr
ox
 y
- 2
- 

m.
 
29
8"
. 
HC
I 

sa
lt
, 

m
. 
29
8"
. 

Ni
tr
os
o 
de
ri
v.
, 

re
d,
 m
. 

me
t h

 y
l-

4-
0x

0-
 

15
1-
2"
. 

Io
di
de
, 
m.
 
25
4-
5"
. 

Io
di
de
, 

ye
l.

, 
m.
 
19
2-
4"
 d
. 

CH
 3 

p-
To
lu
en
es
ul
fo
na
te
, 
m.
 
18
7-
8 
'. 

1,
2,
5,
6-
Te
tr
ah
yd
ro
-2
-m
et
hy
l-
 

1,
2,
5,
6-
Te
tr
ah
yd
ro
-l
-h
yd
ro
xy
- 

m
. 
19
3 
".
 

1,
2,
5,
4-
Te
tr
ah
yd
ro
-2
-m
et
hy
l-
 
bl
5 
16
5-
7"
. 

Pi
cr
at
e,
 m
. 
14
0 '.

 M
et
hi
od
id
e,
 m
. 
20
2 
". 

6-
Am
in
om
et
hy
l-
l,
2,
5,
6a
et
ra
- 

bo.
9 
13
0-
4 "

; m
. 
64
 ". 

60
x0

- 

8-
me
th
yl
-2
-0
x0
- 

Y
eI

. 
oi
l,
 b
oa
05
 1
30
 ".

 
hy
dr
o-
 

7 13
,1
7 

1 4 5 3 21
 

14
,1
5,
17
 

9 23
 (c

on
ti

n
u

ed
) 



w
 

o
\
 

4t
i-

Py
rr

ol
o[

3,
2,

1-
i 

jl
qu

in
oi

 in
es

 (
co
nt
in
ue
d)
 

h
)
 

E
m

pi
ri

ca
l 

Su
bs

ti
nt

en
ts

 o
r 

st
ru

ct
u

re
 

P
ro

pe
rt

ie
s 

R
ef

s.
 

fo
rm

ul
a 

5,
6-
Di
hy
dr
o-
1,
2-
di
me
th
yl
-6
- 

Y
el

., 
m. 

98
-9

 O
. 

Ph
en

yl
hy

dr
az

on
e,

 m
. 

16
5-

6'
. 

1,
2-
Di
hy
dr
o-
5,
6-
di
me
th
yl
-4
- 

m.
 

15
1.

5-
3.

5 
O

. 

ox
o-

 

0
x

0
- 

1,
2,

5,
6-

T
et

ra
hy

dr
o-

4,
&

di
- 

Dk
. 

re
d,

 m
. 

16
5 '.

 P
he

ny
lh

yd
ra

zo
ne

, 
m.
 

14
1 '. 

l-
Ca
rb
om
et
ho
xy
-1
,2
,5
,6
-t
et
ra
- 

m.
 

18
8 

O
. 

m
et

hy
l-

 1
,2

-d
io

xo
- 

hy
dr

o-
 l-

hy
dr

ox
y-

2-
0~

0-
 

B
ro

m
id

e,
 m

. 
28

0-
5'

 
d.

 

CH
, 

1,
2-

D
ih

yd
ro

-5
,6

-d
ir

ne
 t

hy
l-

 
U

ns
ta

bl
e.

 
M

et
h

id
d

e,
 m

. 
17

0-
1.

5'
. 

M
et

hy
l 

ar
ge

nt
ic

ya
- 

1,
2,
5,
6-
Te
tr
ah
yd
ro
-l
-h
yd
ro
xy
- 

U
ns

ta
bl

e 
oi

l. 

1,
2,
5,
6-
Te
tr
ah
yd
ro
-6
-(
2-
hy
- 

6-
Er
hy
l-
1,
2-
di
by
dr
o-
5-
me
th
yl
- 

m
. 

85
.0

-5
.7

".
 

I-
Ca
rb
et
ho
xy
-l
,2
,5
,b
te
tr
a-
 

hy
dr

o-
 l-

hy
dr

ox
 y

-2
-0

x0
- 

ni
de

, 
m.
 

14
9-

51
 ".

 
4,

8-
di

rn
et

hy
l-

2-
0~

0-
 

dr
ox

 y-
et

 h
ox

yh
 

O
il

, 
Am

p,
 

25
2 

an
d 

30
7 

rn
M

 (
87

10
0 

an
d 

27
00

). 

4-
0x

0-
 

m.
 

17
4 

O
. 

A
ce

ta
te

, 
m.
 9

5 
". 

8
 2 13

,1
7 

12
,1

4,
15

,1
7 

2 2 15
 

22
 

2 12
,1

3,
14

,1
7 

.5! W
 3 7 T 



c2
 H5

 

6-
Et
hy
l-
1,
2-
di
hy
dr
o-
Fm
et
hy
l-
 

6-
Et
hy
l-
1,
2,
5,
6-
te
tr
ah
yd
ro
-5
- 

1-
C

at
be

th
ox

y-
 1

,2
,5

,6
te

tr
a-

 
m

et
hy

l-
 

hy
dr
o-
I-
hy
dr
ox
y-
&m
et
hy
l-
 

2-
0x

0-
 

5-
Fu

rf
ur

al
- 

l,
Z

,S
,b

te
tr

ah
yd

ro
- 

do
xo

- 
5-

Fu
rf

ur
yl

-1
,Z

-d
i 

hy
dr

o-
6(

6l
i')

- 

l-
Ca
rb
et
ho
xy
-l
,2
,5
,6
te
tr
a-
 

hy
dr

o-
l-

hy
dr

ox
y-

4,
&

di
- 

m
et

hy
l-

2-
0x

0-
 

0
x

0
- 

5,
6-

D
ih

yd
ro

-Z
-p

he
ny

l-
 

5-
3e
nz
yl
-l
,2
-d
ih
yd
ro
-6
(6
11
r-
 

o
xo

- 

B
ro

m
id

e,
 m

. 
23

4-
6"

. 

U
ns

ta
bl

e.
 

M
et

hi
od

id
e,

 m
. 

16
7-

8 
". 

M
et

hy
la

rg
en

ti
cy

an
id

e,
 

m.
 

13
8-

40
".

 
b,

 
15

0"
. 

m
. 

16
2"

. 

R
ed

, 
m

. 
14
8-
9"
, 

20
,0
00
).
 

P
al

e 
ye

l.,
 

m
. 

17
7-

8O
, 

14
,2

00
 a

nd
 1
4,
80
0)
. 

m
. 

10
8"

. 

25
2 

an
d 

34
0 

m
u 

(~
1

7
,5

0
0

 an
d 

24
5,

 3
35

 a
nd

 3
50

 m
u 

(~
2

7
,0

0
0

, 

m.
 

13
3-

4"
. 

O
r.-

ye
l.,

 
m

. 
17

1-
2O

, 
h

E
p

 2
48

,3
36

 a
nd

 3
52

 m
u 

(g
32

.0
00

, 
14

,6
00

 a
nd

 1
5,

40
0)

. 

B
m

.-v
t.,

 
m

. 
25

2'
. 

2 2 2 13
,1

41
7 

22
 

22
 

13
,1

4 

7 22
 

18
 

a
 

W
 

(c
on

ti
nu

ed
) 



2 

0 
IA 
\o 
N 
1 

6 

? 
P 
Y 

m 

V 

Chapter IV 

.. 
Y 

? 
f 
m 

m 
X 
V 

N 

Q, 
5 
2, 
N 

r(5 

a 
0 

--$ 

N 0 
N 
rn r. 

s 
i 
N 

i 

7% N z, 2 N 

5 N T, H .. 
V V u 



m 

A 

E' 
d 

a" 

N 

Fused 5 / 6  Ring Systems with No Extra Heteroatom 

m 

a 
0 
N 

I H 

In 
N 

i 

N 

z, N 

rn 

d 
0 



366 Chapter IV 



Fused 5/6 Ring Systems with No Extra Heteroatom 367 

References 

1. Bamberger and Sternitzki, Ber., 26,1291 (1893). 
2. Boekelheide and Gall, J .  Org. Chem., 19,504 (1954). 
3. Brooker and Heseltine, U. S. Pat. 2,646,430. Brit. Pat. 713,255. 
4. Heseltine, U. S. Pats. 2,578,303 and 2,646,433. 
5. Heseltine and Brooker, U. S. Pats. 2,578,304 and 2,636,035. 
6. Gall, Astill and Boekelheide, 3. Org. Chem., 20,1538 (1955). 
7. Barger and Dyer, 3. Am. Chem. SOC., 60,2414 (1938). 
8. Almond and Mann, J. Chem. SOC., 1952,1870. 
9. Braun, Heider and Wyczatkowska, Ber., 51,1215 (1918). 

10. Raasch, U. S. Pat. 2,707,681. 
11. Sugimoto, 3. Fham. SOC. Japan, 64, No. 7A, 4 (1 944); Chem. Abstracfs, 46, 11 4 

(1952). 
12. Guyot and Martinet, Compt. rend., 156, 1625 (1913); Chem. <entr., 11, 362 

(1913); C h m .  Abstracts, 7,3112 (1913). 
13, Martinet, Compt. rend., 166, 998 (1918); Chern. <en&,, 11, 538 (1918); Chem. 

Abstracts, 12,2538 (1918). 
14. Martinet, Ann. chzm., 191 11, 85 (1918); Chem. Abstracts, 13, 1581 (1919); 

Chern. zentr., 111,568 (1919). 
15. Martinet, h n .  chzrn., [9] 11, 15 (1919); Chem. zenlr , 111,193 (1919). 
16. Martinet, Compt. rend., 168, 689 (1919); Chem. Abstracts, 13, 1463 (1919); Chcm. 

17. Martinet, Rev.gin. mat. col., 23,53 (1919); Chem. Zentr., III, 710 (1919). 
18. Martinet, Comp. rend., 169, 183 (1919); Chcm. <en&., 111, 879 (1919); Chem. 

19. Deutsche Gold und Silber-Scheideanstalt, vorm. Roessler, Austr. Pat. 125,211; 

20. Leonard and Middleton,]. Am. Chem. SOC., 74,5114 (1952). 
21. I.G. Farbenindustrie, A.G., Fr. Pat. 806,715; Chem. <entr., X, 3229 (1937). 
22. Rapoport and Tretter, J. Org. Chem., 23,248 (1958). 
23. Astill and Boekelheide, J. Org. Chem., 23,316 (1958). 
24. Quilico, Cardani and Piozzi, Gau. chtm. ttal., 85, 3 (1955); Chem. Abstracts, 

<en&., 111,263 (1919). 

Abstracts, 13,3182 (1919). 

Chem. <entr., 11,778 (1932). 

50,7822 (1956). 

A-198. 4H-Pyrrolo[3,!2,l-ij][l,6]- 
naphthyridine* 

7 6  

The name 4H-#yrido[3,4,5-hi]indofieine has been used. 
Hydrogenation of I over a copper-chromite catalyst yielded I1 

(b12 145-50"; flavianate salt, yellow, m. 267" d.). See Sections 
A-64, A-70 and A-1 83. 
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A-200. 2H,8H-Benzo[i]pyrano[3,4-g]- 
p yrrocoline 
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and 

A-201. GH-Indolo[ 7a,l-cr]isoquinoline 12 

LO 9 

Derivatives of these three nuclei were obtained during studies 
upon the erythrina alkaloids. ’-’ 
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A-202. Benzo[e]pyrrolo[4,3,!2-hi]- 

8&p 
pyrrocoline 

4 7 \  

6 5  

One of the products formed from the reaction of I with diethyl 
rnalonate was the ester 11. When this was heated in refluxing diphenyl 
ether, the product (m. 295-6” d.) formed was not the expected 
dichlordihydroxybiquinolyl, but was believed to have structure 111. 
When heated with caustic, 111 decomposed to ethanol, m-chlorani- 
line, carbon dioxide and an acid thought to be 2-acetyl-7-chloro- 
4-hydroxyquinoline-3-carboxy lic acid. 

c1 y J N  \?, c1 NaCH(COOG,H,), f 

c f i  
CI’ \ x ,  ‘ A C I  

(1) 

Reference 

1. Price and Velzen, J .  Org. Chem., 12,386 (1 947). 
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A-203. Dibenzo[a,cJpyrrocoline. 
R.I. 2429 

7 6 

Alkaline hydrolysis of Hochst rellow R (see Section A-210) af- 
forded, together with benzoic and anthranilic acids, a yellow sub- 
stance assigned’ structure 111. However, synthesis’ of I11 via two 
different routes clearly demonstrated it to be different from the yel- 
low hydrolysis product, which was shown to have another structure 
(see Section A-209). The lactam bond of I11 was cleaved by alco- 
holic caustic, but the resulting amino acid could be dehydrated to re- 
form 111. Compound I11 failed2 to yield a phenylhydrazone, but, 

S or Se l A  



Fused 5 / 6  Ring Systems with No Extra Heteroatom 37 1 

when heated with phosphorus pentasulfide, formed the 5-thio analog. 
Bromination of I11 produced2 the 6-bromo derivative. 

Nitration2 of I1 was accompanied by oxidation, and the product 
was the 6-nitro derivative of 111, while I yielded a nitro derivative 
of unknown orientation, but which, when midized with chromic acid, 
yielded a mixture of nitro derivatives of both I and 111. 
Bromination of I gave2 a monobromo derivative (IV), in which the 
bromine atom was shown to be in positions 1-4, since it could be oxi- 
dized to V, which was converted into VI. Further bromination of 
VI in acetic acid yielded VII. a' + CrO, &' ------+ pyndine Br, @ , \ 0 

0 \ COOH \ 

X 

(VI) X - H  
(VII) X=Br 

The DieIs-Alder addition of 2,3-dimethylbutadiene with ethyl 
quinolyl-2-acrylate followed by arornatization of the adduct, gave3 
VIII, catalytic hydrogenation of which produced IX. Electrolytic 
reduction of IX afforded3?* the tetrahydro derivative (X). 

(VIII) 
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Dibentoh, elpyrrocolines 

Empirical Substiruents formula 

C 16H7Br 2 N 0 2  x,&Dibrorno-5,ll-dihydro- 
5.1 I-dioxo- 

C 16H&NO2 6-Bromo-5,11-dihydro-5,11- 
dioxo- 

a-Bromo-5,l l-dihydro-5,ll- 
dioxo- 

C 6 H B N 2 0 4  li,ll-Dihydro-6-nitro-5,11- 
d' 10x0- 

5.1 l-Dihydro-x-nitro-5,11- 
dioxo- 

thiono- 
C 1 &c$JOS 5l 1l-Dihydro-ll-oxo-5- 

c 16H9NO2 5,l  l-Dihydro-T,l l-dioxo- 
C16H 10BrN02 6-Bromo-5,6,6a,Il-tetra- 

x-Bromo-5,6,6n, 1 l-tetra- 
hydro-5,ll-dioxo- 

hydro-5,l l-dioxo- 

C 16H 1 ON 2 0 4  

C 16H 1 1 N 0 2  5,6,6a,ll-Tetrahydro- 

5,6,6a, 1l-Tetrahydro-a- 
nitro-?, 1 l-dioxo- 

5,l  I-dioxo- 

C 16H 13NO 5,6,6a, 11-Tetrahydro- 

C 7H 12BrNO 3 z-Bromo-5-carboxy- 
11-OX0 

5,6,6a,l l-tetrahydm- 
1 I-0x0- 

tetr ahydro-a-nit ro- 
1 l-oxo- 

C17H ~ ~ N O J  5-Carboxy-5,6,6aY11- 
tetrahydro- ll-oxo- 

C 1,H 1 2 N 2 0 5  5-C~boxy-5,6,6~, 11- 

Properties and derivatives Refs. 

m. 272 ". 
Ye!., m. 233". 

Yel., m. 261'. 

Ye]., m. 253". 

Ycl., rn. 309-10". 

Vt.-blk., m. 253-4 ". 
Phenylh ydrazone, 
m. 224-5". 

m. 267". 
Yel., m. 257'. 

Yel., m. 202". Phenyl- 
hydrazone, m. 247-8'; 
benzylidene deriv., 
m. 231-2'. 

Phenylhydrazone, m. 264 O.  

m. 168". Phenylhydra- 
zone, m. 222"; benzyl- 
idene deriv., m. 228"; 
o-nitrobenzylidene deriv., 
m. 262"; o-acetamido- 
bentylidene deriv., 
m. 283". 

rn. 140'. 

m. 257". 

Yel., m. 260" d. 

m. 239'. Ethyl ester, 
m. 175'. 

2 
2 

2 

2 

2 

2 

2 

2 

2 
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Dibento[a,e lpyrrocolines (continued) 

Empirical Substitucacs Properties and derivatives Refs. fo*rmuIa 

C 18H 1,NO 5,6,6a,ll-Tetrahydro- m. 197-8". 3 

c I sN 5,6,6a, 11-Tetrahydro-8, Yel., m. 140-2" (129- 3.4 
8,9-dimethyI-l l-oxo- 

9-dimeth yl- 31" d.) 

References 

1. Hope, Kersey, and Richter,J. Chon. SOC., 1933,1000. 
2. de Diesbach, Rey-Bellet, and Kiang, Helv. Chim. Acta, 26,1869 (1943). 
3. Sugasawa and Kodama, 3. Phann. SOC. Japan, 62, 367 (1942); Chon. Abstracts, 

4. Sugasawa and Kodama, J .  Pharm. SOC. Japan, 63, 96 (1943); Chon. Abstracts, 
45,5168 (1951). 

45,5168 (1951). 

1 

A-204. Dibenso[a&pyrrocoline. 
R.I. 2424 

a 7 6 5  4 

and 
12 13 

A-205. [1,3]Dioxolo~isoquinolo- 
(3,2-a]isoindole. R.I.2949 

8 7 6 5  1 

and 
1 2  

A-206. (1,3]DioxoIo(e]isoquinolo- 
[3,2-a]isoindole. R.I. 2950 

7 6  5 

I 2  
and 

A-207. [1,3]Dioxolo [h] isoindolo- 
j2,l-b)isoquinoline. R.I. 2951 

7 6 5  

The names di6etyo- 7'.2':2.3; 1".2":5.6-indoli~ine (numbered as 
shown in I )  and isoindolo[2, I-6]zsoguinolzne have been applied to the 
first of these nuclei, while the others have been named, respectively, 
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6 "  4 3' 

3" 7 I 6' 

(1) 

4' ,5'-methylenedioxy[ dibewo- 7' ,2', 2,3 ; 1 ,2" ,5,6-tndolzcine], 5',6'-methyl- 
enedioxy [ dibenzo- 1',2', 2,3; 1 ",21',5, 6-indoltzine] and 3",4" -methylenedzoxy- 
[ dibenzo- 1 ', 2', 2,3: 1 ' I ,  2", 5,6-indolza ne] . 

The last three of the above nuclei are grouped here along 
with the first because of their fundamental similarity. They are 
represented only by certain degradation and rearrangement products 
of the alkaloids berbenne1*2 and u o c y p t o p ~ n e , ~ . ~  and, therefore, will 
not be considered further here. 

Ephraim5 found that treatment of I1 with alcoholic ammonia 
gave a lactam having either structure I11 or (more probably) IV, 
and that dehydration of this lactam produced a yellow substance 
thought to be V. No other information concerning V has been re- 
ported. 

or 5 
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In  a similar reaction, Kodama6 subjected VI to a Leuckart 
reaction with formamidine, and obtained VII. Electrolytic reduc- 
tion of VII gave VIII, which was converted into IX (HCI salt, 
m. 194-5") by treatment with formalin and hydrochloric acid. 

A 
Nn=cnNn, 

CH,O cH30m 0 COOH - A CH,O 

CH,O 

CH30 

ncno 
/ nci cH30m - 

CH,O 

Compound XI (m. 109-10"; methobromide, two forms, m. 122- 
4" and 242.0-2.5") was isolated7 in 417', yield as the major prod- 
uct of the reaction of X in ether solution with phenyl lithium. 

(X ) (XI) 

A similar treatment of the methobromide of XI produced7 XII, 
while the Hofmann degradation gave XIII. 

C,H& ------+ 

CH, 
Br- 

CH, NCH, 
I 

CH3 

(XIII) 
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A-208. Dibenzo[a,g]pyrrocoline 

Cyclodehydration of I yielded I1 (not described), which was re- 
duced by means of a zinc-cadmium amalgam and acetic acid to I11 
(m. 112"). Efforts to dehydrogenate I11 failed. 

OCH, OCH, 9"""' POCI, d o " '  Zn -Cd - Hg - . 
noAc + 

c1- 
mo 

(1) (11) 

OCH, 

Reference 

1 .  Sugasawa and Ohki, 3. pharm. soc. Japan, 64, 190 (1944); Chm.  Abstracts, 45, 
5169 (1951). 
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10 11 12 I 

A-209. Dibenzo [ b,f ] pyrrocoline 

1 6  4 

Treatment of I with chloranil produced 1,2 the unstable quater- 
nary salt 11, which was methylated to yield I11 (X = Cl-, m. 225- 
20"; X = I-, d. 248-9"). When heated, I11 lost methyl chloride and 
formed IV (m. 147-7") 

HO OH 

CH, I- 

(11) 

When heated with acetic anhydride, I1 underwent simultane- 
ous acetylation, dernethylation and dehydrogenation to yield a prod- 
uct (m. 198-200") giving a positive test with Ehrlich's reagent, and 
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therefore formulated as the indole derivative V. Similar treatment of 
IV gave VI (m. 193-4"). 

RO * O m o R  OR 

(V)  R=COCH, 
(VI) R=CH, 

Amongst the products resulting3?* from alkaline hydrolysis of the 
dye Hochst Yellow R (VII, see Section A-210) was a yellow lactam 
(VIII, m. 235" (232"); phenylhydrazone, m. 227"). The identity 
of this product wasdemonstrated596 by its synthesis from indoxyl and 
phthalaldehydic acid. 

O 

COOH 
+ 

H COOH 

0 

Heating Dessoulavy's compound (IX, see Section A-210) with 
aniline produced a substance (m. >300") at first thought7 to have 
the formula CnHZ1N30, but later' ameyded to C,H,,N,O. 
This substance was assigned structure X, and was thought to be con- 
verted into XI (m. > 300") by the action of nitrous acid, but more 
evidence for these structures would be welcome. 
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C H5GO- & N - C,H,NH2 & \ / \ / 

0 0 
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6‘ 

A-210. Spiro[dibenzo [ 6,f ] pyrrocoline- 
ll(GH)-2’-indoline 

I 

Interest in this nucleus derives from its presence in two products: 
Dessoulavy’s compound (I) and Hochst Yellow R ( 1 1 ) ,  obtained 
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4 I I  

R 

( I )  R=Cl 
(11) R=OH 

from the reaction of indigo with benzoyl chloride. A complete chart 
of the products of these reactants and of their inter-relationships 
is shown in Section A-259. 

From the reaction of indigo with benzoyl chloride at 180", 
Schwartz' isolated a crude brown product, which he believed to be 
If,,"-dibenzoylindigo. This latter product (dark violet, m. 257"), 
however, was prepared in pure state by Posner by treating indigo 
with benzoyl chloride in pyridine, and it is obviously quite dif- 
ferent. Schwartz's product was shown3 to be a crude form of the 
colorless base (C3,H 17ClN203, m. 243") prepared"4" by Des- 
soulavy by refluxing indigo with an excess of benzoyl chloride. This 
substance, which has become known as Dessoulavy's compound (I) ,  is 
also obtained by heating N,N"-dibenzoylindigo with benzoyl chlo- 
ride. 

The treatment of I with ammonia in methanol at 0" was reported' 
to product a yellow substance, C30H20N402 (m. 247"), possibly 
having structure 111. Repetition of this experiment, however, gave 
quite different results. None of the product thought to be 111 was 
formed, and in its place was obtained a complex mixture of prod- 
ucts assigned? structures IV (orange, m. 231"), V (orange, m. 257- 
89, VI (see Section A-74) and VII, together with a yellow sub- 
stance (C,,H,,N,O,, n. 293") of unknown structure. 

Heating Dessoulavy's compound ( I )  with aniline affords a "grey 
SubsGnce" (m. > 300") once thought to have the empirical formula 
C,,H,,N,O. However, upon repetition? of the experiment, the 
formula was modified to C2,H2,N3O and structure VIII was sug- 
gested. Treatment of this product with nitrous acid gave another 
"grey substance" (m. >300") thought? to be IX. No substantial 
evidence for these structures was presented. The reaction of I with 
ptoluidine appears to take a different course, and is mentioned later. 
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I '6H 
NH, 
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When I was heated for a week with anhydrous pyridine, 80% was 
recovered unchanged, together with a small amount of the dyes Ciba 
Yellow 3G (see Section A-259) and Hochst Yellow R (11), while in 
50% aqueous pyridine, the latter dye was the major product. Com- 
pound I1 is more conveniently obtained6 from I by the action of 
sulfuric acid at 25"; at higher temperatures Hochst Yellow U (see 
Section A-260) Hochst Yellow R [a pale yellow, non- 
vattable solid, m. 359" (357")l is also obtained by heating indigo 
with either benzoyl chloride or with benzoic anhydride and zinc 
chloride. 10711 In  view of the conversion of I into 11, it is curious that 
the reverse reaction has, apparently, not been attempted. 

Before the accuracy of structure I1 had been demonstrated, l2 
structures X and XI were proposed, 13, l4 at different times, as the 

0 

structure of Hochst Yellow R. Hydrolysis with hot aqueous caustic 
produced benzoic and anthranilic acids and lactam thought to be 
XII, which induced Hope, Kersey and Richter to suggestI3 struc- 
ture X. However, an independent synthesis15 of XI1 (see Section 
A-203) showed it was not the lactam obtained from the dye, and 
further work l6 resulted in the synthesis of XI11 (see Section A-209) 
and demonstration of its identity with the lactam. Fusion of Hochst 
Yellow R with caustic yielded l4 a lactone thought to be XIV, which 
led to the proposal of structure XI for the dye. Condensation of XI11 
with ptoluidine yielded l2  a mixture of XV and XVI, which also re- 
sulted when Dessoulavy's compound ( I )  was heated with p-toluidine. 

While no homologs of Dessoulavy's compound appear to have 
been reported, several derivatives of Hochst Yellow R have been 
prepared. Condensation lo of indigo with zinc chloride and ptoluic 
anhydride or pmethoxybenzoic anhydride or o-chlorobenzoic an- 
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VaOH 

A 
+#- Hochst Yellow R -.----+ 

hydride yielded pale yellow homologs of 11, melting, respectively, 
at 330", 320" and above 340". Similarly, dibromoindigo reacted with 
benzoic anhydride and ptoluic anhydride to yield yellow homologs 
of I1 melting at 340" and above 330", respectively. All of these 
products are non-vattable. 
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1. Schwartz, J .  prakt. Chem., 91,382 (1863). 
2. Posner, Ber., 59,1799 (1926). 
3. Hope and Richter, J .  Chem. SOC., 1932,2783. 
4. Dessoulavy, Inaugural Disserlotron, Neuchitel, 1909. 
5. Farbwerke vorm. Meister Lucius & Briining, Ger. Pats. 247,154 and 254,567; 

6. Posner, Zimmermann and Kautz, Ber., 62,2150 (1929). 
7. de Diesbach and Frossard, Helu. Chim. Ada, 37,701 (1954). 
8.  de Diesbach, Jacobi and Taddei, Helu. Chrm. Acta, 23,469 (1940). 
9. Farbwerke vorm. Meister Lucius & Briining, Ger. Pat. 270,943; Frdl., 11, 298 

10. Farbwerke vorm. Meister Lucius & Briining, Ger. Pat. 250,744; Frdl., 11, 297 

11. Farbwerke vorm. Meister Lucius & Briining, Ger. Pat. 279,196; Frdi., 12, 268 

Frdl., 10,403 and 1335 (1913). 

(1915). 

(1915). 

(1 91 6). 



384 Chapter IV 

12. de Diesbach, Capponi and Farquet, Helu Chirn. Acta, 32,1214 (1949). 
13. Hope, Kersey and Richter, -7. Chem. SOC., 1933,1000. 
14. de Diesbach, de Bie and Rubli, Helv. Chm. Acta, 17, 113 (1934) 
15. de Biesbach, Rey-Bellet and Kiang, Helu. Chzm Acta, 26,1869 (1 943) 
16. de Diesbach, Heppner and Siegwart, Helu (hm. A&, 31, 724 (1948). 

f 

A-211. Dibenzo[b,g]pyrrocoline. 
R.I. 2427 10 

n 

The name 2') 1': 1,2-2", 1":5,6-dibencoindolirine has been used, as 
has the numbering shown in I. 

The prototype of this ring system (11) was obtained in 407, yield 
by passage oE 1 -benzylisoquinoline over heated copper turnings. 
Compound I I is a non-basic, yellowish green solid (m. 238"). A prod- 
uct with very similar properties, and believed to be identical with TI, 
was obtained from a similar dehydrogenation of l-(2-methylbenzyl)- 
isoquinoline. 

580"-!30' 

Treatment of 111 (R = R' = H2 or R = H, R' = OCHS3) 
with aluminum chloride yielded the oxindoles IV, which were cy- 
clized by the action of phosphorus oxychloride to salts of structure 
V. As is the case with related systems (e.g., see Sections A-721, A-725, 
etc.), the bases corresponding to these salts have the structure 
exemplified by VIII. This synthesis failed in the case of the tetra- 
methoxy compound TI1 (R = R' = OCH,), and an alternative 
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route was found3 to convert it into VII via the dihydroisoquinolin- 
ium salt VI. 

R' 

OCH, 

CH,O 

c1- 

(W 

AICI, 

OH 

I 
I 

d 

(VIII) 

Harley-Mason4 oxidized tetrahydropapaveroline (IX) with po- 
tassium ferricyanide, and readily obtained x, which is of interest 
for the facility (merely exposure to air for two days) with which it is 
oxidized. Acetylation of the crude oxidation product gave XI, the 
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OH 

HO 

only other (besides 11) completely aromatic dibenzo[b,gjpyrrocoline 
reported. 

Some twenty years earlier, laudanosoline (XII) had similarly 
been oxidized to dehydrolaundanosoline (XIII) by Robinson and 

OH OH 

AcO doAC + 
\ 

AcO 
\ 

AcO 
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Sugasawa' and independently by Schopf and Thierfelder.' This 
dehydrocyclization occurs with considerable facility, and a variety 
of oxidants such as potassium ferricyanide, chloranil, or even at- 
mospheric oxygen (with or without a platinum black catalyst) are 
effective. Methylation of XI11 followed by pyrolysis was demon- 
strated ' to yield the tetramethoxytetrahydro compound, but as a 
result of rapid air-oxidation, VIII is the product actually isolated. 
Similarly, heating XIII with acetic anhydride in pyridine yielded a 
mixture of XIV and XV. 

The facility with which XI1 could be oxidized to XI11 led to the 
conclusion6 that such products might be susceptible to biosyn- 
thesis. The recent i s ~ l a t i o n ~ - ~  of two such alkaloids, XVI and XVII, 
from the bark of a Queensland tree [Crypocurzu bowiei (Hook.)] vindi- 
cates this prediction. 

The 5,6-dihydrodibenzo[b,g]pyrrocolines (e.g., VIII, XI or XIV) 
are relatively non-basic and do not form methiodides; however, as 
indole derivatives, they do give a strongly positive Ehrlich test. By 
contrast, tetrahydro compounds such as XV are basic, form rnethio- 
dides and give a positive Ehrlich test only when heated. 

For a period, the Erythrina alkaloids were thought '-11 to con- 
tain a dibenzo[b,g]pyrrocoline skeleton, although another structure 
(see Sections A-199-201) is now accepted. In an effort to verify the 
structure of hexahydroapoerysodine, XVIII was cyclized l2 to XIX 
and reduced to XX, which was thought l3  to possess the czs-configura- 
tion shown. 
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OCH, OCH 

Dibenzo[b, glpyrrocolines 

Substituents or structure Properties Refs. Empirical 
formula 

C s H  l l N  Unsubstituted 
C @H 13N 5,GDihydro- 

C z H L 3 N 0 4  5,6Dihydro-2,3,9,1O-tetrahy- 
droxy- 

OH 

C &dH 15N 5,6,12, I2u-Tetrahydro- 

CH, 

m. 238O. 1 
m. 200-1O. El. fluoresc. 2 

Pale yellow, m. 253-5O. 4 
in H1S04 solution. 

Chloride. 3 

bo.,j 170-5'. HC1 salt, 1 
m. 155-7O. Picrate, 
m. '139-40 O .  Chloro- 
platinate, m. 180°. 
Methiodide, m. 217'. 

303-5 O .  Bromide 
(.H20), m. 262" d. 
"Phenol betaine" 
(c 17H 17N04) m. 257'; 
monohydrate, m. 
275-6 O .  

Chloride (.HzO), m. 5 4  
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Dibenzo[b,g]pyrrocolines (continued) 

Empirical 
formula 

Substituents or structure Properties Refs. 
~ . 

C 18H 17NO2 5,6-Dihydro-2,fdimethoxy- 
CsH21N02 Hexahydro-2,3-dimethoxy-(Exact 

structure unknown) 
C 18 H 23NO 2 5,6,7u, 8,9,10,11, I la-Octahydro- 

2,3-di me t hoxy- 
CuH2sN02 5,6,7a,8,9,10,ll,lla,12,12a- 

Decahydro-2, fdimet hoxy- 
C 20H21N04 5,6-Di hydro-2,3,9,10- tetrame th- 

oxy- OCH, , 

~ 

Pale yel., m. 147O. 3 
Red, m. 176O d. 12 

m. 113-5O. Picrolonate, 12 
m. 174-6O. 

Oil. Picrate, m. 158.5- 12 
9.5". 

m. 201-3O (199-200°, 3,5, 
199"), A:::' 335, 350 6 
mlr. 

Iodide (-JHzO), m. 242- 5,6 
3". Chloride, m. 
225O d. Methosulfate 
(-2.5 HzO), m. 228O 
(222-6'). 

CZ4H 19N08 2,3,9,10-Tetraacetoxy- Yel., m. 269-70". 4 

C24H21hO8 2,3,9,10-Tetraacetoxy-5,~- m. 214-5O. 5 

Strong b1.-grn. fluo- 
resc. in solns. 

dihydro- 

tetrahydro- 1 7 0 - 2 O .  Picrolonate, 
C ~ I H ~ ~ N O ~  2,3,9,10-Tetraacetoxy-5,6,12,12a- m. 148O. HBr salt, m. 5.6 

m. 207" d. 
~34H31N08 233, IO-Tetrabenzoxy-5,6,12,12a- m. 222-5 0 .  6 

tetrahydro- 
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2 
1 6 3  

A-212. GH-Benzo[hi]cyclopenta[b]- pyrrocoline 9 ~ 4  

8 5 

If, 
6 

The reaction of I with paraldehyde or with methyl vinyl ketone 
in the presence of oxidants such as ferric chloride or o-nitro- 
phenol, yielded, ' , * 1 3  respectively, I1 and 111. The latter was 
used3 to make the cyanine dyes IV (m. 21.5-7" d.), V (m. 215-7" 
d.) and VI (m. 194-6"d.). 

( V )  R =  

I ( V I )  n= 
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A-213. 4H-PyridoI 3,2,1-jkjcarbazole. 1o 

R.I. 2440 
8 

The names (and numbering) I-peri-pyridocarbazoLe ( I )  and di- 
benzo[ 6,hzjpyrrocolzne have been used by  Chemical Abstracts, while for 
the parent nucleus and its hydro and 0x0 derivatives, one encounters 
1,8-0-phenyLenequenoIzne, l,g-tnmethyLenecarbazole, 9:8-carbasoLeanhydroproo- 
bionic acid and 1,9-maLonykarba~oLee. 

7 6 

Clemo and Perkin' treated a mixture of I1 and cyclohexanone 
with zinc and acid, and subjected the resuIting hydrazone (111) to the 
Fischer indole synthesis, thereby obtaining IV. 
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Cyclization of V in a salt melt afforded2 the 5,6dihydro-4-oxo- 
compound (VI), in which the carbonyl group reacted with anilines or 
cyanacetic ester to yield, respectively, the 4-anils and compound 
VI I .  With aromatic aldehydes, VI gave 5-arylidene-4-0x0 deriva- 
tives. 

Dehydration of VIII, by solution in sulfuric acid for 24 hours 
at room temperature, was reported3 to afford a quantitative yield of 
IX. ReAuxing carbazole with ethylmalonic ester produced4 X in 
76aj, yield, and a Clernmensen reduction of the 4-0x0 group yielded 
XI. Thus convenient, efficient routes to both 4- and 5-alkyl-6-0x0 
derivatives are available. 

Subjection of XI1 (R = H) to the Fischer indole synthesis 
yielded5 XIII, which could be dehydrogenated to XIV by the ac- 
tion of chloranil in refluxing xylene, * or reduced electrolytically 
to XV. Dehydrogenation of XV with palladium charcoal gave XVI. 
During their extensive studies upon alkaloids of the 'Strychnos spe- 
cies, Robinson and his c o - w ~ r k e r s ~ - ~  prepared a number of products 
of structure XVII (R = C2H5, CH2CH2COOH, CH2CH2NH2, 
etc ). The initially formed products of the Fischer indole reaction 
were usually hydrogenated (without isolation) to XVII for more con- 
venient separation. Several products derived from XVII were pre- 
pared during an investigation of the Strychnos alkaloid uomzczne, 

An early German patent lo claimed the preparation of a product, 
thought to be either XVIII or XIX, by the reaction of potassium 
carbazole with epichlorhydrin. More recent work l 1  favors struc- 
ture XVIlI. Nitration of XVIII yielded the 2-nitro derivative, and 
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0 

(XVII) 
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the 10-nitro isomer was obtained from potassium 3-nitrocarbazole 
and epichlorhydrin. Bromination of the 10-nitro derivative of XVIII 
afforded the 2-bromo-10-nitro homolog of XVIII, as was shown by 
its synthesis from the known l2 3-bromo-6-nitrocarbazole. Compound 
XVIII could, presumably, undergo oxidation to 5,b-dihydro- 
pyrido[3,2,1-jk]carbazole-5(4H)-one, thus making conveniently 
available all three of the 4-, 5- and 6-oxo-5,6-dihydro derivatives. 

OH 

(XVIII) 

@ “‘CHzCH ,o, - CH, 

In the presence of zinc chloride and an oxidant such as ferric 
chloride or o-nitrophenol, carbazole condenses with paraldehyde or 
methyl vinyl ketone to form low yields of respectively, XX13714 or 
XXI. I3,l5 Several cyanine dyes derived from XXI have been 
patented as photographic sensitizers. 
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2 

A-214. XH-Indolo[3,2,l-da] [1,5]- 
naphthyridine. R.I. 2421 

8 6 

The trivial name canthane has been proposed. 
Price et al. 1,2 have isolated three aIkaloids from the leaves and 

wood of the Australian rain-forest tree (Pentaceras australis, Hook.) 
and have shown them to possess structures 1-111, 

(1) (11) (111) 

The condensation of tryptamine (IV) with succinic acid3 or with 
a-ketoglutaric acid yields products assigned, respectively, struc- 
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tures V (m. 172") and VI (d. 149"; hydrochloride, d.  285"). Reduc- 
tion of VI yielded6 VII (m. 172-3" d.). When heated, VIII gave6 
a product (m. 194") thought to be IX. 

COOH COOH 
I I  

A COCH, CH I 

COOH 

- H,O - 
0 

References 

1. Haynes, Nelson and Price, A u f t s a h n J .  Sn. Res., 5A, 387 (1952); C h .  Abstracts, 

2. Nelson and Price, Australian 3. Sci. Res., 5A, 563 and 768 (1952); Chem. Abstracts, 

3. Marion and M a d e ,  Can. 3. Res., 16B, 432 (1 938). 
4. Hahn and Hausel, Ber., 71,2163 (1938). 
5. Saxton, Quart. Rev., 10,108 (1 956). 
6. Wieiand and Neeb, Ann., 600,161 (1956). 

47,3858 (1953). 

47,6956 and 9983 (1 953). 
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A-215. 4H-Benzo[hi]pyrido[4,3-b]- 
p yrrocoline 

8 

Structure I, originally proposed for the alkaloid fofzcanthine, 
has been replaced by other, quite different, structures. See Section 
A-429. 

Reference 

1. Eiter and Svierak, Monatsh., 82,186 (1951); Chm. Abstracts, 45,7577 (1951). 

A-216. Dibenzo[e,g]pyrrocoline 

6 

The name pyrrolo[ 1,Z-fIphenanthrzdine has been used, and the 
1,2,3,12b-tetrahydro compounds have been called 5,6- or 9,lO-trz- 
methylenephenanthridznes. 

The "labile adduct" I was obtained,' together with 11, from 
the condensation of phenanthridine with acetylene dicarboxylic ester. 
Boiling quinoline converted I into the "stable adduct" I11 (see Sec- 
tion A-735), which could be oxidized to I1 (m. 224"). 

By heating with sodium acetate a substance considered to have 
structure IV, a product (sesquihydrate, m. 251-3"d.) assigned struc- 
ture V was obtained.' Electrolytic reduction yielded VI (d. 165- 
6"; HCI salt, d. 250-1"; methiodide, d. 234"). Compound VI 
was reoxidized to V when heated with potassium iodide (iodine). 

Reductive cyclization of VII afforded3 a 40% yield of VIII 
(bo.5 114", nko 1.5310; d io 1.014; picrate, m. 176-7"; picrolonate, 
m. 204-5"). 
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111 
+ C\CO,CH, -------F 

\ 

cH3@c02cH3 C02CH, 

C% CO,CH, - 
/ 

\ 

(111) 

cH30* CH,O 

OCH, 
\ 

OCH, 

tW 
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0 

(VII) (VIII) 

References 
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A-217. SH-Pyrrolo[ dejacridine. 
R.I. 2437 

7 6 5  

Treatment of I in pyridine with acetic anhydride or with benzoyl 
chloride gave,' respectively, IIa (R = CH,, violet, m. 189") and 
IIb (R = C,H,, blue-violet, m. 168-9"). 

Reference 

1. Borsche and Manteuffel, Ann., 534,56 (1 938). 

(Ha) R=CH 
(IIb) R=C,d, 

LO 

A-218. 7H-Pyrrolo[de]phenanthridine 9 \  & 4  5 

8 HZ6 
7 

and 
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A-219. 7H-[1,3]Dioxolo G] pyrrolo(de1- 
phenanthridine 

Derivatives of these nuclei have been studied in connection with 
investigations upon the Amaryllidaceae alkaloids. '-' 

References 

I. Cook and Loudon, in Manske and Nolmes, The Alkaloids, Academic Press, New 

2. Warnhoff and Wildman, J. Am. Chem. Soc., 79,2192 (1 957). 
3. Renz, Stauffacher and Seebeck, Heiv. Chim. Acta, 38,1209 (1955). 
4. Takagi, Taylor, Uyeo and Yajiima, J .  C h .  Soc., 1955,4003. 

York, Vol. 2, 1952, p. 331. 

A-220. Pyrrocolo[1,2-b]quinoline 
6 

Treatment of two stereoisomeric indole alkaloid derivatives of 
structure I with ozone and base yielded' two isomers of compound I1 
(a, sinters at 145", m. 228", [a]r ,  4 2 O ;  6 ,  m. 218-21", [all> 12"). See 
Section A-239. 

0 

Reference 

1 .  Janot, Goutarel, Le Hir, Tsatsas and Prelog, Heh. Chim. Acta, 38,1073 (1955). 
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2 

A-221. Naphtho[l,2-b]pyrrocoline. 10 

R.I. 2428 
R 6 

Passage of I over very hot copper turnings gave' I1 (yellowish- 
brown, m. 220--1°; hydrochloride, m. 8 5 O ;  picrate, m. 128"), the 
only example of this nucleus. 

Reference 

I .  Braun and Nelles, Ber., 70,1767 (1 937). 

LO I 1  12 I 

A-222. Naphtho[2,3-b]indolizine 
7 6  4 

This nucleus is also called naphtha[ 2,&b]pyrrocolZne. 
Suryanarayana and Tilak described the condensation of 2,3- 

dichlor-l,4-naphthoquinone ( I )  with pyridine and acetoacetic esters 
or anilides, and assigned the dipolar structure I1 (R = OC,H, or 
NHC,H,, etc.) to the products so obtained. Almost simultaneously, 
Pratt el a/.* studied this reaction, and gave the correct structure, 
111, to the products. 

0 O R  

+- 4:; - \ N ,  

0- 0 0 
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Various other active hydrogen compounds such as acetylacetone, 
cyanoacetic ester, nitroethane, etc., also may be condetised 3 t 5 9 6  with 
I and pyridine to obtain I11 (R = CH,CO, CN, CH,, etc.). In ad- 
dition to the anilide (111, R = CONHC6H5), during the condensa- 
tion of I with acetoacetanilide (and its homologs) some of the acetyl 
compound (111, R = COCH,) is usually also ~ b t a i n e d . ~  A small 
yield of the parent compound 111 (R = H) was obtained5 from I and 
a-picoline, but it is more conveniently prepared by decarboxyla- 
tion of I11 (R = COOH). The acetyl compound V (R = CH,) was 
obtained2 from the reaction of IV with pyridine, and V (R = CH, 
or C6H5) was prepared6 from I and VI. 

0 COR COOC,H, 

___+ 

&' CHCOCH3 c1 C,H,N *Lorn \ 

0 0 

(1V) (V) (VI) 

The amide was obtained6 by  hydration of the nitrile, and it and 
several anilides also were p ~ - e p a r e d ~ , ~ > ~ >  lo via the acid chloride. Sev- 
eral of these compounds, including ant hraquinone derivatives, were 
claimed of interest as vat dyes, but very little information concern- 
ing their properties was reported. '-'* Products with a nitro group in 
the 10 (or 7) position' or with alkyl groups in the 1,2 or 3 positions' 
have been mentioned briefly. 

Reductive acetylation of I11 (R = CN or C6H5) yields6 the 
corresponding hydroquinone diacetate. The quinone system of I11 is 
sufficiently stable to withstand oxidation of substituents (e.g., where 
R = COCH,) tothecarboxyiic acid (111, R = COOH). Treatment 

H 
O R  

___*_ ( t ip) ,  @ 
\ ' ' N /  \ N /  

0 0 
1x1 WII) 

(R = COOCZH,) 
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of the ester (111, R = COOC,H,) with hydrazine involved also the 
carbonyl group in the 11 position, and yielded3 VII (yellow, m. > 
300"). 

The condensation of VIII with acetoacetic ester and pyridine 
gave * IX (violet needles, m. 262" d.), which showed no substantiv- 
ity for cellulose or cellulose acetate. 

H O  H 0 CO,C,H, m"' \ c1 - Q&$$+JJ \ 

H 0  H O  

NaphthoE2, 3- blindolizine-6,ll-diones 

12-Stxbstituent Properties Refs. 

None Or., m. 239.5 O (240 O ) .  5 
CH3 Red, m. 245.5-6.0°. 6 
COOH Maroon, m. 313.5-4.5' (m. 307-8' d.). 2,3,4,6 
CONHi Dimorphic, maroon, m. 302-3O; or., m. 313.5- 4.6 

4.30. 

yel., m. 268-9O. 
CN Or., m. 307.5-8.5 O .  Hydroquinone diacetate, 6 

C K H 3  Red, m. 205-6' (203-5, 204-5O). 2.3.6 
COOCH 3 Yel., m. 190-1' d. 4 
COOC2H5 Or., m. 157-8' (154-5O). Oxime, or., m. 1,2,3,4,6 

205-7O. 2,4-DNPH, yel., m. 261O d. 

red, m. 229-31'. 
C6H5 Red, m. 244.5-5.5 O .  Hydroquinone diacetate, 6 

COC,jHs Maroon, m. 256.0-7.5O (or or.-red, m. 259" ?) 5 4  
CONHC6 H5 Vt., m. 255-7O. 2,3 

CO-CO Red, m. >360°. 2 

References 

1. Suryanarayana, Bombay 'lichnohgisl, 3, 83 (1952-3); C h .  Abslrads, 48, 5501 

2. Suryanarayana and Tilak, Current Science (India), 22, 171 (1953); Chw. Ab- 
(1954). 

sfracfs, 48,14212 (1954). 
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4. Ratt, Luckenbaugh and Erickson, 3. Org. Chem., 19,176 (1954). 
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6. Pratt, Rice and Luckenbaugh,J. Am. Chem. Soc., 79,1212 (1957). 
7. Schmidt-Nickels and Lugg, U. S. Pat. 2,772,274. 
8. Schmidt-Nickels and Lugg, U. S. Pat. 2,772,275. 
9. Schmidt-Nickels and Randall, U.  S. Pat. 2,772,272. 

10. Randall and Schmidt-Nickeh, U. S. Pat. 2,773,873. 
1 1. Tilak and Rao, Chem. andhd. ,  1957,1320. 

stracts, 49, 12411 (1955). 

(1955); Chem. Abstracls, 50,12971 (1956). 

A-223. Pyrrocolo[5,6-b]quinoxaline. 
R.I. 2409 

A yellowish-red crystalline product (solutions show a green 
fluorescence), which darkens at 250" without melting, was obtained ' 
from the condensation of I with o-phenylenediamine. It was thought 
to have structure 11. 

(1) (11) 

Reference 

1 .  Angeli, Ber., 23,2154 (1890). 

10 
A-224. lH-Naphtho[1,2,3-hi] pyrrocoline. 

RJ. 2438 

8 7  

Compound I1 (violet-brown, m. 183"), which was called 1,7- 
1rimethylene-5,fibeneoisatin, was obtained ' by heating I in sulfuric acid. 
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Reference 
1. Deutsche Gold und Silber-Scheideanstalt, vorm. Roessler, Austrian Pat. 125,211 

(1928); Chnn. <mlr., 11,778 (1932). 

1 

A-225. Isoindolo[7,1,2-hi~~quinoline* 

6 

Among the products resulting from the selenium dehydrogenation 
of the alkaloid annotznine was found' a yellow oil (reddish-black 
trinitrobenzoate, m. 175"; black picrate), which was considered, 
tentatively, to be the 9-methyl homolog of this nucleus. 

Reference 
1. Bankiewicz, Henderson, Stonner, Valenta and Wiesner, Chon. and Ind., 1954, 

1068. 

A-226. Benzo[ 1,2-b, 4,5-b'] bisindolizine 

8 7 6  

and 
11 12 1.9 14 1 

A-227. Benzo[l,2-6, 5,4-b']bisindolizine 
6 5 4  

Condensation of benzoquinone with pyridine and acetylacetone 
gave, in low yield, a high-melting, green product, which, upon 
the basis of an incomplete analysis, was thought' to have struc- 
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ture I. Islam and Raphael reinvestigated' this product and proposed 
for it structure 11. They also claimed the same product was formed 
when benzoquinone was replaced by chloranil. However, Tilak and 
his c o - w ~ r k e r s ~ ' ~  showed by chromatography that, while the product 
obtained from benzoquinone was homogeneous and had structure I I, 
the crude green product obtained from chloranil was actually a 
mixture of I1 and 111. The identity of I1 was demonstrated by an 
independent synthesis from IV. 

COCH, 0 

f ,y 
pyridine 

OH aoe(y'acetone 
I 

COCH, 0 

0 

C,H,OK \ 
CH,& 0 

CHAc, 

Ac,CH c1* 0 Ci 
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Certain other active hydrogen compounds such as acetoacetic 
ester, acetoacetanilides, dibenzoylmethane, etc., have been 
u ~ e d ~ - ~  in this reaction with chloranil and pyridine. In each case, 
a mixture of VI and VII results. The ester VI (R = COOC,H,) 
also was synthesized from the reaction of IV with acetoacetic 
ester followed by pyridine. It is interesting, however, that an at- 
tempted similar synthesis of VII (R = COOC,H,) from 2,GdichIo- 
robenzoquinone gave a mixtureof VI and VII (R = COOC,H,). 

0 O R  R O R  “‘yy RCHXR’, w3 + N /  
c1 PYrldm N /  \ N  C1 

0 R O  0 

P I )  (W 

Hydrolysis of the esters VI and VII (R = COOC,H,) afforded 
the corresponding acids, which were decarboxylated when heated 
with copper and quinoline. The acids also were converted into acid 
chlorides and thence to anilides, which were claimed5 of interest as 
vat dyes. Grey vat dyes assigned structure VI, but presumably mix- 

(VIII) 

0 COOC,H, 

C’@ c1 

0 

(X 1 
and 

0 COCH, 

C,H,OOC 0 
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tures of VI and VII, were claimed6 to be obtained from various 
acetoacetanilides. 

Reaction of VIII (see Section A-191) with acetoacetic ester 
and pyridine (or of IX with acetylacetone and pyridine) yielded7 
a mixture of X (green, m. 316"; olive-green solution in sulfuric 
acid) and XI (green, m. 214"; blue color in sulfuric acid), al- 
though the reaction of VIII with acetylacetone and pyridine was said7 
to yield I11 without mention of 11. 

Reductive acetylation of I11 gave7 XI1 (brown, m. >300"), 
while heating with zinc dust in! either phosphoric acid or a sodium 
chloride-zinc chloride melt yielded7 XIII (violet, m. > 360"). 

0 
CH3CO' 

0 

Condensation of pyrrocoline with acetoacetic ester yielded a prod- 
uct, which may be a derivative of benzo[ 1,2-6, 5,4-b']bisindolizine 
(see Sections A-183 and A-228). 

Products of Structure VI 

R Properties Refs .  

H Red-brn., m. > 360". 4 s  
COCH, Red-brn., d. > 370". Vt. s o h  in H2S04. A,,, 345, 362 485 

COOCIHS Scarlet, m. 281-2". 485 
COC6H, Red, m. 310". 495 
CONHC6H5 Grn. (dk. brn.?), m. >360". Vt.-bl. HzS04 soln. Dyes 4,5 

and 478 mp. (log c 4.25, 4.35 and 4.28). 
Brn., d. >250", gives red aikaline andblue H2SO4 solns. COOH 4.5 

vt. from bl. vat. 
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Products of Structure VII 
- R  Properties Refs. 

H Vt., m. >360". 495 
COCH3 Gm., m. 262-3O (364'). Olive-gm. soh. in H2SO4. 2 A 5 J  

Dk. bm., d. >250a; gives blue alkaline and gm. 

Amax 340,368 and S92 mp (log E 4.44, 4.19 and 
3.98). Dioxime, dk. red, m. >320"d. 

H$O4 solns.  
COOH 495 

COOC2H, Vt., m. 220-1". 4,5 
COC6H5 Vt., m. 328-9' (327-8"). 4,5 
CONHCaH5 Vt., m. >SO". Dk. gm. soh. in H2SO4. Dyes olive- 4,5 

grn. from vt. vat. 

References 

1. Ionescu, Bull. soc. chtm. Frame, 41,1094 (1927). 
2. Islam and Raphael, Chcm. and Id . ,  1955,1635. 
3. Tilak and Venkiteswaran, Chem. and Id., 1956, R33. 
4. Acharya, Tilak and Venkiteswaran, J .  Sn'. Ind. Research (India), 14B, 250 

5. Tiiak and Venkiteswaran, J .  Sn. Ind. Research (India), 15B, 561 (1956); Chem. 

6. Schmidt-Nickels and Lugg, U. S. Pat. 2,772,273. 
7. Islam and Selim, J .  Org. Chem., 22,1641 (1957). 

(1955); Chcm. Abstracts, 50, 15531 (1956). 

Abstracts, 51,8746 (1957). 

I4 

A-228. 7H, 14H-Benzo[l,2-u, 5,4-a']- 12-2 H* 

dipyrrocoline. R.I. 2967 i I \  N /  \ N / 3  
10 8 

7 

The name bensodipyrindole has also been used. 
A product (yellowish-green, m. 140") assigned structure I1 was 

obtained from the reaction of pyrrocoiine ( I )  with acetoacetic ester. 
However, in view of the reactivity of the 3-position of pyrrocoline 
(see Section A-183), structure I11 (see Section A-227) must also be 
considered. 
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Reference 

1. Scholtz and Fraude, Ber., 46,1069 (1913). 

A-2 29. Be nza [ b ] t hianap htheno [ 3,2 -g ] - 
pyrrocoline. R.I. 2971 

8 7 

The condensation of I with phenylacetyl chloride in boiling 
xylene yielded'*' a red crystalline dye (pale yellow vat; orange- 
brown solution in sulfuric acid) having (in solution) an  intense 
orange-yellow fluorescence. By analogy to the product thus formed 
from indigo (see Section A-232), this dye probably has structure 11. 
Heating I1  with 24% oleum gave an orange sulfonic acid, which dyes 
wool and silk deep orange. 

C, H ,CH ,CoCI 

C6H5 
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The bordeaux-red crystalline tribromo homolog of I I (solutions 
show a yellow fluorescence; sulfuric acid sohtion; olive-green) was 
obtained similarly from tribromo-I. 

References 

1. Ciba, Ger. Pat. 263,470; Frdi., 11,295 (1915). 
2. Engi, <, angew. Chem., 27,144 (1914). 

2 

A-230. lW-Thianaphtheno[2,3-d]quina- 
[ 1,8d]pyrrole 10 

8 

The name 4,6-trimethyLenethionaphthtndole was given to the 2,3- 
dihydro compound. 

Condensation of thioindoxyl (I)  with I-amino-l,2,3,4-tetrahydro- 
quinoline (11) afforded' a 63% yield of I11 (m. 139"; picrate, m. 
149"). Efforts' to obtain V by the cyclization of IV were un- 
successful. See Sections A-251/2. 

Reference 

1. Dalgliesh and Mann, J. Chem. SOC., 1947,653. 
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I t  

A-231. 8H-Diindolojl,P-a, 3',2'-c]pyridine 

When heated with malonic ester, indirubin (I) gives a product, 
presumably 11, analogous to that (see Section A-232) obtained under 
these conditions from indigo. Posner ' describes I1 as forming dark 
red scales and a yielding dark red .N-benzoyl derivative. 

Reference 

1 .  Pasner, Ber., 59,1799 (1926). 

A-232. 12H-Diindolo[l,2-u, 2',3'-c]- 
pyridine. R.I. 2968 

8 7 

Posner and his associates found that solutions of indigo (I)  in 
solvents such as nitrobenzene, when refluxed with diethyl malonate 
or with ethyl phenylacetate, yielded violet crystalline vat dyes of 
structure I1 (IIa, 1 9 2 9 4  red-violet, m. 296-7", X,,,550 mp; IIb,3'4 
violet, m. >320", h,,, 555 m p  >. Compound IIa was reported ' J  to 
dissolve in sulfuric acid with a brownish-red color, to give an emerald 
green solution in alcoholic caustic, and to give a red acetyl derivative 
(m. 182"), an orange benzoyl derivative (m. 240") and a red nitroso 
derivative (d. 267-70"). Compound IIb gave3 a red benzoyl deriva- 
tive (m. 307" d.). 

Reduction and benzoylation of IIa and IIb yielded colorless 
benzoyloxyhydro (d. > 190" and m. 235", respectively) 
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(IIa) R=CO C,H, 
(IIb) R=C,d,  

of uncertain structure. Benzoylation of the nitroso derivative of IIa 
gave, apparently, a benzoyloxydihydronitroso compound (d. 
-245-50”). Compound IIa was stated5 to form green metal com- 
plexes with salts of sodium, silver, zinc, magnesium, copper, iron, 
cobalt and nickel. Condensation of IIa or IIb with a second molecule 
of malonic ester or phenylacetyl chloride gave hexacyclic products 
(see Section A-257). 

Oxidation of tryptophane (IIIa) or tryptamine (IIIb) in aqueous 
acetic acid solution with potassium iodate, yielded a vattable, red, 
fluorescent (greenish-orange in solution) pigment (A,,, in chloroform 
290, 338, 515 and 555 mp) called t~yptochrome,”~ which was as- 
signed, provisionally, structure IV. Further evidence for this struc- 
ture is needed. 

101 
NH, 
l 

H a CH,’ CHR 

(Illaf R = COOH 
(IJIb) R = H  
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References 

1. Posner, Ger. Pat. 281,998; Frdf., 12,269 (1917). 
2. Posner and Pyl, Ber., 56,31 (1923). 
3. Posnerand Kemper, Ber., 57,1311 (1924). 
4. Posner, Ber., 59,1799 (1926). 
5. Kuhn and Machemer, Ber., 61,118 (1928). 
6. Fearon, Nafure, 162,338 (1948). 
7. Fearonand Boggust, Biockem.J., 46,62 (1950). 

11 B5 
A-233. 9 H-Pyrido[ 1,2,3-lm] pyrrolo- 

[2,3 -d] carbazole 10 / @  

7 €3 28 
9 

Derivatives of this nucleus have been obtained by degrading 
strychnine and have been utilized in its synthesis. 

References 

1. Holmes in Manske and Holmes, The Alkaloids, Academic Press, New York, Vof. 

2. Edward and Robinson, Tetrahedron, 1,28 (1957). 
3. Woodward, Cava, Oltis, Hunger, Daeniker and Schenker, J .  Am. Chem. SOC., 

2, 1952, p. 513. 

76,4749 (1954). 

A-234. Indolo [3,2-c] p yrrolo [3,2,1-ij] - 10 

quinoline 
8 

The name $-indolo[2' z.3'- 1,2]liltne has been used. 
The $-indole I1 (yellow, m. 258" in an evacuated, sealed capil- 

lary) was obtained in about 50% yield from the Fischer indoie re- 
action upon I .  Studies of the infrared spectra revealed that salt for- 
mation occurred to give normal indoles of type I11 (hydrochloride, 
m. 363-5"; methiodide, m. 362-3" d.). 
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Rtference 
1 .  Almond and Mann, 3. Chm. Soc., 19552,1870. 

A-235. 2N-Dipyrrolo[3,2,1-de, 2’,3’,4’-klJ - 
acridhe* 

Structure I was once proposed’ for cufycunine (a degradation 
product of the alkaloid cufycanthine), now knownzR3 to have struc- 
ture 11. 

GH N ’  

- 

References 

1 .  Barger, Madinaveitia and StrueIi, 3. Chem. Soc., 1939,510. 
2. Robinson and Teuber, Chem. and Ind., 1954,783. 
3. Saxton, Quart. Rev., 10,106 (1 956). 
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A-236. 8H-Indolo [3,2,1-de] acridine. 
R.I. 3969 

H, 7 
6 

The 8-0x0 derivative was called carbatoleacridone. 
Cyclization of the acid (or acid chloride) I by treatment with 

aluminum chloride yielded the ketone 11, for which a melting point 
of 190" was first reported. Repetition* of this synthesis gave the 
same product, but the melting point was said to be 180-1". Com- 
pound I1 was also by heating diphenylamine with 2- 
iodobenzoic acid, and the melting point of the product so obtained 
was 181.9O. 

Q 
HN IC,H,COOH - 

A 
COOH 

0 

(1) (11) 

Reduction5 of I11 in the presence of cyclohexanone gave IV, 
which was cleaved at the lactam bond by caustic to the correspond- 
ing amino acid,'and cyclization of this with sulfuric acid yielded V. 

Although Hayashi could not prepare3 a phenylhydrazone of 11, 
it was possible to obtain' an oxime. Reduction of I1 with sodium 
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and ethanol yielded the parent desoxy compound. Nitration3 of 
I1 gave an 83% yield of a product thought to be the 6-nitro deriva- 
tive, which was reduced to the amine and converted into the cor- 
responding nitrile, carboxylic acid, etc. Efforts to resolve some of 
these derivatives, which contain an "asymmetric" nitrogen atom, 
were unsuccessful. 

E)H-Indolo[ 3,2,1-delacridines 

Subsrituents Properties and derivatives Refs. E mpir ica I 
formula 

c 19H l Z N  2 0  

c20H14N20 

6- Nitro-8-0x0- 
8-oXo- 

6-Amino-8-0x0- 

Unsubstituted 
12-Amino- 

1,2,3,4-tetra- 
h ydro-8-0x0- 

6-Cy ano-8-0x0 
6-Carbox y-8-0x0- 

6-methy lamino- 
8-0x0- 

Yel., m. 304-5". 
m. 180-1" (l81.9", d90'). 

Oxime, m. 175-6". 
Red-or., m. 279-80'. HCI salt, m. 

270-8"; picrate, m. 163-4.5'; acetyl 
deriv., m. 225-6"; benzoyl deriv., m. 
286-8'; benzonesulfonyl deriv., m. 
224.5-6"; salicylidine deriv., m. 
251-2" d.; diatonium chloride, d. 
-230" ; d-a-bromocamphorsuffonate, 
m. 252-4"; 2-tartrate, m. 171-2" d.; 
helicin cpd., two isomers, m. 239-9" 
and d. 223.5-5'; d-hydroxymethylene- 
camphor deriv., m. 176.54";  &meth- 
ylenecamphor deriv., two isomers, m. 

186-7" and m. 235-6 " . 
m. 158-60" 
m. 168". 

Yel., m. 248-9" 

Yel., m. 288-90". Rrucine salt, m. 
269-70". Cinchonine salt,  m. 
220-2 " . Strychnine salt,  m. 

180-4 ". 
Red-or., m. 193.5-5 " 

3 
1,283 

394 

1 
5 

3 
3 

3 

References 

1.  Eckert, Seidel and Endler, J. prukf. C h m . ,  104,85 (1922). 
2. Gilman, Stuckwischand Kendal1,J. Am. Chcm. Sot., 63,1758 (1941). 
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3. Hayashi, Bull. Inst. Phys. Chem. Rcseurch (Tokyo), 9, 970 (1930); Sci..Papers imt, 
Phys. Chcm. Research (Tokyo), 15, 278 (1930); Chcm. Abstracts, 25, 2998 (1931); 
Chon. Zen&., I, 1758 (1931). 

4. Hayashi, Sci. Papers imt. Phys. Chem. Research (Tokyo), 16, 200 (1931); Chon. 
Abstructs, 26,127 (1 932). 

5. Linnell and Perkin, 3. Chm. SOC., 125,2451 (1924). 

2 

A-23 7. 13H-Indolo[ 3,2,1-&] phenanthri- &; 
10 ' dine. R.I. 3068 
S \  / 6  

8 7 

The name phenanthridindocoiine, with the numbering shown in I, 
has also been used. 

2 

12 9 

When heated with acetic anhydride, I1 undergoes rearrange- 
ment to a yellow product (b, ,300°, m. 225") thought' to be 111. 
The assignment of this structure was confirmed2 by the synthesis of 
I11 from IV. 
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References 
1. Plant and Tomlinson, J .  Chcm. SOL, 1931,3324. 
2. Plant and Tomlinson, 3. Chem. SOL, 1933,2188. 

A-238. 9H-Indolo[3,2,1-de]l-azaphenan- 12&; 

threne. R.I. 3066M 11 \ 
10 H,8 7 

8 

This nucleus has been called benccanthzne. 
Fusion of tryptamine ( I )  with phthalic anhydride yielded a prod- 

uct (m. 227") thought to be 11, which was also obtained when the 
alkaloid calycunlhtne was heated with phthalic anhydride. 

Reference 
1 .  Marion and Manske, Can. 3. Res., 16B, 432 (1938); Chem. Abstracts, 33, 3798 

(1 939). 

A-239. Benzolf]quino[2,3-a]- 
pyrrocoline * 

7 6  

Oxidation of a series of tetrahydroharman alkaloids ( I )  with 
ozone yielded intermediates (11), which rearranged to I11 when 
treated with base. 
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(1) (11) 

References 

1. Witkop and Goodwin, -7. Am. Chem. Soc., 75,3371 (1953). 
2. Witkop, Bull. SOC. chim. France, 1954,423. 

A-240. Benzo[ejnaphtho[2,3-6]- 11 

indolizine 
9 8 7 6  

The name be~o[e]naphtho[2,36]pyrrocofrne has been used. 
The reaction of 2,3-dichloro-l,4-naphthoquinone with quinoline 

and acetoacetic esters was reportedi to yield I (R = CH,, orange, 
m. 244-5'; R = C,H,, yellow, rn. 238-9"). Reductive acetylation 
of I (R = C,H,) yielded I1 (yellow, m. 239.5-40.5"; benzene so- 
lutions show a green fluorescence). 

qumohm @ __t w n +  hc,O 

+C! CI - CH,COCH,COOR / /  

0 0 COOR 
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The condensarion of I I1  with dichloronaphthoquinone yielded' 
IV (R = COCH,, orange-red, m. 278.5-9"). The acetyl com- 
pound was degraded (via the phenacyl pyridinium iodide) to the 
acid IV (R = COOH, purple-brown, m. 310.5-1.5") and thence 
to IV ( R  = H, red-brown, rn. 240.5-1.5"). See Sections A-222 and 
A-241. 

O R  

References 

1. Pratt, Luckenbaugh and Erickson,J. Org. Chcm., 19,176 (1954). 
2. Pratt, Rice and Luckenbaugh,J. Am. Chem. Soc., 79,1212 (1957). 

A-241. Benzo Lf ]nap h thof2,3-b] - 
indolizine* 

9 8  6 

The condensation of 2,3-dichloro-l,4-naphthoquinone and iso- 
quinoline with various active methylene compounds such as acetoace- 
tic esters, benzylacetone, nitromethane, etc. affords products of type I 
in quite good yield. Reductive acetylation of some of these quinones 
gave the corresponding hydroquinone diacetates. See Sections A-222 
and A-240. 



426 Chapter IV 

Products of Type I 
R Properties 

H Red, m. 296-7'. 
CH 3 Red, m. 292.5-3.5 O .  Hydroquinone diacetate, yel., m. 265.0-6.5 '. 
CN Yel. ,  rn. 350.0-0.5'. 
COCH 3 Or., m. 281-2'. 
C2HS Red, m. 240.0-0.5'. 
COOCH3 m. 246.5-7.5'. 
COOC2H5 m. 240.5-1.5'. 
C6H 5 Or.-red, m. 314.5-5.5 O .  Hydroquinone diacetate, m. 256.0-7.5 '. 
C6H5CO Of., m. 307.5-8.5'. 

Reference 

1. Pratt, Rice and Luckenbaugh,Q. Am. C h .  SOL, 79,1212 (1957). 

I !  12 

A-242. Benzo[b]naphtho[l,2-gj- 
pyrrocoline* 

6 '  4 

When compound I was heated briefly with an excess of phenyl- 
acetyl chloride in xylene, red crystals of a dye (orange-yellow vat, 
red-brown to cherry-red color in sulfuric acid and a blue color in 24% 
oleurn) separated. The product was assigned structure I I .  

References 

1. Bezdzik and Friedtaender, Monatsh., 29,375 (1908). 
2. Engi, <. Angew. Ch., 27,144 (1914). 
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I 

9 /  &: 
A-243. Indolo[3,2,1-de]pyrido [3,2,14j] - 

[1,5 jnaphthyridine * 8 \  / 5  

7 6 

Treatment of I with hydrogen bromide yielded a product (X = 

Br, m. >300°; X = picrate, m. 188-9") thought to be either I1 or 
111. Acidic solutions of the compound show a blue-violet fluorescence. 
Reduction with sodium borohydride yielded a base (m. 109-11"; 
picrate, m. 215-bod.; methiodide, m. 281 "d.), presumably either 
IV or V. a+ \ ' x- & \ 

Reference 

1.  Wieland and Neb,  Ann., 600,161 (1956). 

A-244. 7H-Pyrrolo(3,2,l~jJquinolo- 11 4 

[ 3,2-~]quinoline 5 
9 8 H,' 

7 

The name quinolino( 2':3'- 1:2)liline has been used. 
Subjection of I to the Pfitzinger synthesis yielded' I1 (R = 

COOH, deep red, rn. 261-2"), which, in view of its deep color, prob- 
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ably possesses a zwitterionic structure. Thermal decarboxylation of 
this acid yielded I1 (R = H, yellow, m. 208"; hydrochloride, red, 
m. 302-4"). Oxidation of I1 (R = H) with potassium permanganate 
yielded I11 (pale yellow, m. 251 -2"; hydrochloride, orange, m. 
251"). 

Reference 

1. Almond and Mann, 3. Chem. Soc., 1952,1870. 

A-245. 3H-Benzo [ h] pyrrocolo[ 1,2,3-de] - 
cinnoline* 

See Section A-222. 

A-246. Phenanthro[9,10-f]indolizine* 

The name phenanthro(9: 10:6'7') indoiizine has been used. 
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It has been suggested’ that the alkaloid tylophorzne is the 2,3,6,7- 
tetramethoxy compound. 

Reference 

1. Govindachari, Lakshmikantham, Nagarajan and Pai, C h .  and Id., 1957, 
1484. 

A-24 7. 2a,%b-Diaza-3 H-azuleno- 
[ 1,8,7-~ml] fluorene* 

5 4 

See Section A-243. 

A-248. 13H-Phenanthro[l’,2‘-4,5]- 
cyclopenta[ 1,2-b] pyrrocoline 

8 7  8 

and 
2 

A-249. lSH-Naphth[2’,1’-1,2]indeno- 
[ 5,4-b]pyrrocoIine 

10 9 8 

and 

2 

A-250. lSH-Naphth[ 2 ’,l’-1,2 findeno- 
[5,6-b]pyrrocoIine 

Derivatives of these nuclei have been discussed 1-7 in connection 
with structural studies upon the steroidal alkaloids. 

References 

1. McKenna, Quart. Rev., 7,231 (1953). 
2. Prelog and Jeger, in Manske and Holmes, The Alkaloids, Academic Press, New 

York, 1953, Val. 3, p. 248. 
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3. Wintersteiner, Moore and Iselin, 3. Am. Chern. Soc., 76,5609 (1954). 
4. Wintersteiner and Moore, 3. Am. Chem. Soc., 78,6193 (1956). 
5. H e r  and Hoffmann, Heiu. Chzm. Acta, 99,1820 (1956). 
6. &to and Latham, 1. Am. Chem. SOL, 78,3146 (1956). 
7. Morgan and Barltrop, Quar6. Rev., 12,34 (1958). 

#4 2 

A-251. lN-Benzo[C,I Jthianaphtheno- 
5 I 1  

[ 3,2-b] p yrid [3,2,1Sri]indole 
10 / 8 7 

9 

Condensation of I with 11, and subjection of the resulting hydra- 
zone to the Fischer indole synthesis, yielded' I11 (m. 237'; dipicrate, 
chocolate-colored, m. 184"), which was named 4,6-lrimethylene- 11,12- 
benzthzonaphthindole. See Sections A-230 and A-252. 

n po + "."8 - HOAC 

/ \ /  

(1) (11) (111) 

Reference 

1. Dalgliesh and Mann, 3. C h i .  Soc., 1947,653. 

A-252. lH-Benzo[5,6]thianaphtheno- 
[3,!2-b] pyrid [3,2,1-hi]indole 

9 8 7  6 

The 2,3-dihydro derivative (111) was named 4,6-trimethyLene- 10,l I -  
ben&ionaphthindoLe. Compound 111 (m. 195-7") was prepared' by the 
Fischer indole synthesis using the hydrazone obtained from the con- 
densation of I and 11. See Sections A-230 and A-251. 
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(11) 

Reference 

1 .  Dalgliesh and Mann, 3. Chm. Soc., 1947,653. 

A-253. Dibenzot o,e]quino[ 2,3-g] - 
pyrrocoline. R.I. 3508 

8 

Structure I ,  once proposed' for the vat dye Hikhst Yellow R 
(see Section A-210), is now known to be incorrect, and no other 
examples of this nucleus have been reported. 

(1) 

Reference 

1.  Hope, Kersty and Richter, 3. Chmz. Soc., 1933,1000. 

A-2 54. 15H-Isoquino [2,3,4 -TUJ ] quindolin 
12 

and 10 
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A-25 5. 1lH-Indolo [ 3'2 -c] isoindolo- 
[Z,l-a]quinoline 19 

8 

When Dessoulavy's compound (I, see Section A-210) was heated 
with aniline, amongst the products formed' were two bases: 
C,H,N,O (A) and C,H,,N20 (B). Because of the structure then 
accepted for Dessoulavy's compound, base A was assigned structure 
11, while B was thought to be its dihydro derivative. Homologous 
products resulted when aniline was replaced by ptoluidine, p 
chloraniline or 2,4-xylidine, but not with 0- or rn-toluidines or 1- or 
2-naphthylamines. 

However, it was later found2 that the same compound (C,H,,- 
N,O) obtainable from I and ptoluidine could also be prepared by 
heating I11 with ptoluidine and boric acid, and it was assigned 
structure VI. Compound 111 was thought to form the anil (IV), 
which rearranged to V and lost hydrogen to give VI. It therefore 
Seems2 probable that the various products obtained from amines 
and I are of structures V and VI and they are so listed in the 
table. 

The lactam bond of V, but not VI, is cleaved by ethanolic 
sodium ethoxide, providing a convenient method for the separa- 

15H-Isoqu~no~2,3,4-nolquindolin- 15-ones 

Subsrituents 

6-C hl ore 
Unsubstituted 
6-Chloro-4 b,g-dihydre 
4 b,p-Di hydro- 
&Methyl- 
&Methyl- 
4 b , p D i  hydro-6-methyl- 
6,tbDimethyl- 

Properties Refs. 

Ye]., m. 293". 
Yel., m. 241-5". 
Yel., m. 362-5". 

Yel., m. 264". 
Yel., m. 203-4'. 
Yel., rn. 263". 
Yel., m. 278". 

c 
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tion of mixtures of the two. The acid thus obtained from V may 
again be cyclodehydrated. 
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References 

1.  de Diesbach, Jacobi, and Taddei, Hclv. Chim. Acta, 25,469 (1940). 
2. de Diesbach, Capponi, and Farquet, Helv. Chim. Actu, 32,121 4 (1949). 

A-256. 6H-Benzo(a)benzo[ 7,8]- 
pyrrocolino [ 2,3-h]quinolizine 

12 

Rubremetine and other derivatives of the Zpecuc alkaloids are 
thought 1%2 to contain this nucleus. 

References 

1.  Janot, in Manske and Holmes, Thc Alkaloids, Academic Press, New York, 1953, 
Vol. 3, p. 363. 

2. Openshaw and Battersby, in Schofield, Recen& Work on Nalurally Occurnng ~ W r o -  
gen Heterocyclic Compounds, Special Publication No. 3, The Chemical Society, Lon- 
don, 1955, pp. 28 and 36. 

14 I 

A-25 7. Diindolo [ 3,2 ,Me, 3 ‘,2 ‘,1’4j] [ 1,5 J - 
naphthyridine. R.I. 3471 

8 7 

By heating indigo (I) with an excess of phenylacetyl chloride, 
either alone or in nitrobenzene solution, obtained the pig- 
ment Czbu Lake Red B (Color Index No. 1149). Structure I11 was pro- 
posed for this red pigment, and was supported by evidence6 that 
the same product could be obtained by treating I1 (see Section A- 
232) with a second mole of phenylacetyl chloride. Ciba Lake Red B is 
a non-vattable, bright red, crystalline pigment, solutions of which, 
in organic solvents, exhibit an intense orange-yellow fluorescence (e?? 290, 370, 515 and 552 mi.l*). It may be sulfonated to 
yield a carmine-red dye for wool and silk. Bromination of I11 
yields3’* red to violet pigments, depending upon the extent of bromi- 
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-+OH 

(111) 

nation, and red to violet compounds of type I11 have been ob- 
tained from 7,7'-dimethylindigo, 5,5'-dibromindigo and from 
tetra- and hexabromindigos. 

Heating IV with phenylacetyl ~h lo r ide ,~  or I1 with malonic ester 
and copper powder6 yielded brick red (greenish fluorescence in so- 
lution), non-vattable crystals of V (m. > 320"). 

CGH5 

(IV ("1 

In the formation of the pigment tryptochrome (see Section A-232) 
by the oxidation of tryptophane in aqueous acetic acid with potas- 
sium iodate, a fluorescent, violet, iodinated precursor (iodoprotrypto- 
chrome, d. ,300", A k:H 254, 293, 340, 420, 515 and 550 mp) was 
observed. * This precursor was converted into tryptochrome by fur- 
ther oxidation with iodate. Structure VI was assigned provisionally to 
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iodoprotryptochrome, largely because of the similarity between its ab- 
sorption spectrum and that of compound 111. 

OH 

HLUUH HOAc NH 

References 

1. Engi, <. angcw. Chem., 27,144 (1915). 
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3. Ciba, Ger. Pat. 254,684; Frdf., 11,290 (19I5). 
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A-258. 7H,11H-Benzo[i~]carbaaolo- 
[ 1,9,8-cdef~quinolizine 

The diketone I11 (light yellow m. 228-30"; monoxime, m. 242- 
4") was obtained' in 80 and 60% yields, respectively, by cycliza- 
tion of the acid chlorides I and 11. 
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Reference 

1 .  Gilman and Stuckwisch, J .  Am. Chcm. Sac., 65,1729 (1943). 

A-259. [l] Benzazepo[2,3,4-hi]dibenzo- 
[ bJ]  pyrrocoline 

I1 10 9 

Depending upon the conditions, indigo reacts with benzotrichlo- 
ride, benzoyl chloride or benzoic anhydride to yield several different 
products. Because of the interest in some of these products as dye- 
stuffs, and because of the complex rearrangements encountered, a 
considerable amount of study has been devoted to this area. Although 
certain questions still remain unanswered, the structures of the major 
products are now quite firmly established. In the present section, 
only Czba Yellow 3G and its derivatives will be discussed. Hochst Yel- 
low U is considered in Section A-260, while Hochst Yellow R and 
Dessoulavy 's compound are included in Section A-2 10. 

When indigo is heated in nitrobenzene at 150-60" for a few hours 
with copper powder and either benzoyl chloride or benzotrichloride, 
the blue color of the mixture changes slowly to reddish-brown, and 
the resulting greenish-yellow product ' l2 93 ,19 has become known as 
Ciba Yellow 3G or Indigo Yellow 3G (Color Index No. 1195). Struc- 
tures I-V were proposed in turn for the product until structure VI, 
proposed by deDiesbach,* was 

Structure I, proposed by Engi,2 was based upon an  incorrect 
empirical formula for the dye, which was correctly shown to be 
C23H12N203 by Posner and Hofmeister,6 who proposed struc- 
ture 11. However, by dilute alkaline hydrolysis and methylation of 
the hydrolysis products, Ciba Yellow 3G was shown7 to contain a 
lactam group, and this excludes structure 11. Therefore, Hope and 
Richter7 proposed structure 111. 

Fusion of Ciba Yellow 3G with sodium hydroxide gave' benzoic 
and phthalic acids and two basic products: C,,H,,N20z and 
C,,H the latter of which was thought to be indolo[3,2-c]quino- 
line (XII, v-i.). This previously known' but ill-described compound 

to be correct. 
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(IV) (V) (VU 

\ / 

was later demonstrated5 to be, indeed, the product formed. To ac- 
count for the formation of this cleavage product, which could not be 
formed from 111, deDiesbach, deBie and Rubli suggested' structure 
IV. 

Compounds I1 and IV (See Section A-771) were prepared in- 
dependently '', " and were shown to be different from Ciba Yellow 
3G. Structure V also was considered, but could not be substantiated. 
However, it was known7' l2 that Dessoulavy's compound (VII, see 
Section A-210) could be converted by heat, with loss of the elrments 
of benzovl chloride, into Ciba Yellow 3G. This, and other considera- 
tions, lead deDiesbach, Capponi and Farquet ' to propose structure 
VI. 
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With structure VI in mind, the bafffing reactions of Ciba Yellow 
3G become more reasonable. Mild alkaline hydrolysis7 opens the 
lactam ring, and methylation followed by decarboxylation led to a 
product formulated as VIII. The structure of VIII was proven5 by 
its conversion, upon reaction with hydrazine, into IX, which, after 
deamination, proved identical with an otherwise obtained sample of 
X. Formation of the indoloquinoline XI1 during the caustic fusion of 
VI was postulated4*13 to occur via XI, resulting from the cleavage 
of phthalic anhydride from Ciba Yellow 3G. Alkaline oxidation5 of 
the dye gave a dibasic acid formulated.as XIII, since upon treatment 
with hydrazine, it lost anthranilic acid and formed XIV, the struc- 
ture of which was demonstrated by an independent synthesis. 

The preparation of Ciba Yellow 3G was studied in some detail 
by deDiesbach and Dobbleman14 in an effort to establish the 
mechanism of the reaction. A mixture of Hochst Yellow R and Des- 
soulavy's compound resuited when indigo and benzoyl chloride were 
heated in nitrobenzene without copper powder. When heated in 
trichlorobenzene, a mixture of indigo, benzoyl chloride and copper 
powder yielded only Hochst Yellow R, while addition of sodium 
nitrite to this reaction again produced Ciba Yellow 3G. The need 
for the presence of nitrobenzene (or another oxidant) was therefore 
established, and the best conditions found (367, yield) for the prep- 
aration of the dye consist in bubbling air into a mixture of indigo, 
copper powder and benzoyl chloride in nitrobenzene at 160". It 
was shown that benzoic anhydride is formed during the reaction, 
while the copper is converted into cuprous chloride. 

Ciba Yellow 3G forms greenish-yellow crystals (bordeaux or 
violet-red vat) and is reported (variously) to melt at 288", 280-3", 
278-81", 277-9", 275-6", 275" or 270-2". Its solution in sulfuric 
acid is yellowish-brown, while that in nitrobenzene is yellow, and it 
dyes3 cotton and wool greenish-yellow. Reductive benzoylation of VI 
gave6 XV (orange-yellow, m. 274"). 

Chlorination of Ciba Yetlow 3G gave a yellow dye containing 
about 15% chlorine, and bromination in nitrobenzene at 170-175" 
gave (predominantly) a dibromo derivative known as Czba 'Yellow G 

cotton and wool slightly redder shades of yellow than Ciba Yellow 
3G. Reduction of Ciba Yellow G with sodium hydrosulfite in aqueous 
alcohol gave2' l6 a bromine-containing yellow dye (bordeaux vat) 

(Color Index .No. 1 196). These halogenated derivatives 15) 16* dye 
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known as Ciba Yellow 5R (Color Index ,No. 11 971, the exact structure 
of which is unknown. 

Substitution of m-chlorobenzoyl chloride for benzoyl chloride in 
the preparation of Ciba Yellow 3G gave7 a yellow dye (m. 306"), 
probably the 2-chloro derivative of VI. The use of dibromindigo in 
place of indigo gave a greenish-yellow dye (m. >320") probably 
of structure XVI (R = Br). 

OBz 0 

Similar treatment of 5,5-dirnethyl indigo gave l7 a dimethyl 
homolog, probably XVI (R = CH,). Treatment of this dye, or of 
Ciba Yellow 3G with 20% oleum yielded l 8  sulfonated derivatives. 
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A-260. [l]Benzazepo[4,3,2-hi]dibenzo- 
[ b,fl pyrrocoline* 

la 11 

A vat dye, Hochst Yellow U, and its homologs are the only examples 
of this nucleus. Hochst Yellow U (111) is formed when either Des- 
soulavy’s compound ( I ) ,  or Hochst Yellow R (11) is heated with sul- 
furic acid or with zinc chloride in nitrobenzene.’>’’3 Compounds 
I and I 1  are two of the products resulting. from the reaction of indigo 
with benzoyl chloride under various conditions. A complete dia- 
gram of these products and their interrelationships is shown in Sec- 
tion A-259. 

- 
- C,H,COR 

0 R 

(1) R = C1 
(11) R = OH 

Two other structures (IV and V) were proposed for Hochst Yel- 
low U before it was shown by deDiesbach, Capponi and Farquet4 
to have structure 111. Because of certain similarities between 
Hochst Yellows U and R, structure IV was proposed5 for the for- 
mer dye upon the basis of the (erroneous) structure then accepted 
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for Hochst Yellow R. Structure V was suggested6 to account for 
the properties (incompatible with structure IV) of two carboxylic 
acids obtained by subjecting Hochst Yellow U to alkaline hydroly- 
sis. 

The pyridone ring of Hocbst Yellow U is opened by treatment 
with aqueous caustic to yield6 a carboxylic acid (VI), which, when 
heated, does not revert to the lactam (HI), but Iactonizes to form 
VII. A different Iactone (VIII) is f ~ r m e d , ~  together with anthranilic 
acid, when I11 is fused with caustic. 

+ 
COOH 

(VIII) 
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Hochst Yellow U is a yellow to orange-yellow crystalline solid, 
m. 287" (285", 280"), which dyes cotton yellow from an orange- 
yellow vat. It is no longer of commercial interest. 

Sulfonation of 111 yields a yelfow wool dye. Substitution of di- 
bromoindigo for indigo in the preparation of Hlichst Yellow U 
leads3 to a yellow dibromo homolog, presumably the 7,lZdibromo 
compound. A brown dye (blue-violet vat), probably the 3-methoxy 
homolog of 111, is obtained similarly from indigo and 4-methoxy- 
benzoyl chloride. 
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A-261. Phenanthro[S',lO',l', 3,4,5]indolo- 
[ 1,2-a]quinoline* IS 

9 

When a mixture of quinaldic acid and benzanthrone was heated 
at 180" for two hours, there was isolated,' in very small yield, a 

-n,o - @ \ / 

/ 
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yellow product (m- 228-9") thought to have structure 11, possibly 
formed via the intermediate I .  The ultraviolet spectrum of I1 was 
recorded. 

Reference 

1. Bradley and Nursten, J .  Chem. SOC., 1955,4027. 

A-262. Triindolo( 1,2-a, 2',3'-c, 3",2"-e]- 
pyridine. R.I. 3686 

10 

This nucleus was proposed' as the structure of indole trimer 
("triindole"), which is now known to be a linear polymer. For 
another erroneous formulation of triindole see Section A-444. 

Reference5 

1. Odd0 and Crippa, A& reale accad. ncy. Lzncez, 151 33, I, 31 (1924); Chem. zenkr., 
I, 2364 (1924); G m .  chtm ital, 54,341 (1924). 

2. Schmitz-Dumont and ter Horst, Ann., 538,261 (1939). 

15 2 

A-26 2A. Indolo [3,2,l-&]naphth- 
13,2 $1-&Z ]acridine* 

7 

The red product I was reported' to result from the condensa- 
tion of octahydrocarbazole with 1-chloroanthraquinone. 
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Reference 

1. Eckert, I .  G. Farbenindurtrie, A .  G., 30 Wissen~chaftiicher Awtausch dcr GmW I X ,  
Leverkusen, Feb. 6,1934; PB R+rt hfo. 25632, frame 170. 

A-263. Bisbenz[ 4,5]indolo- 
[ 3,2,lde, 3 ',2',1'4J[ 1,5] - 
naphthyridine* 

e 

14 

13 

11 

The treatment of Bnaphthindigo (Ciba Green, I) with phenyl- 
acetyl chloride was reported by Engi' to yield a red pigment. No 
further description of the product was given, but it seems probable 
that it has structure I1 by analogy with the product formed similarly 
from indigo (see Section A-257). ;c.2.: N /  

0 \ \ 

/ 

2 C,M,CH,COCI - 
C6H6 

(1) (11) 

Reference 

1. Engi, <. Angew. Ciiem., 27,144 (1914). 

9 

A-264. 5H-Anthr[2,1,9-mna]indolo- 13 
[1,2,3-fg]acridine* 

B 

The condensation of carbazole and certain of its 3,6-disubstitured 
derivatives (I) with 3-bromobenzanthrone (11) in an Ullrnann re- 
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action yielded intermediates of structure 111, which could be 
cyclized' by fusion with caustic to yield IV (R = H, blue-black, m. 
173-5"; R = NO,, black-brown, m. 298"; R = NH,, black, m. 
>360"; R = NHC,H,, black, m. >360"; R = C1, m. 360"; R = 

Br, m. 240"). 

H 

R R 

t 
R 

(Ill) 

1. 
2. 

Br 

+ 

Refermces 

Muller and Wilke, Ger. Pat. 468,896; Frdl., 16,1454 (1931). 
Murata, Harada and Kuwata, Bull. Fac, Eng. Hiroshtma Univ., 4, 275 (1955); 
Chem. Abstracts, 51,8067 (1957). 

A-265. Tetrabenzo[ b,b',f,f'] benzo- 
[1,2,3-hi, 4,5,6-h'if]- 
bisindolizine* 

13 

Heating' the dye Ciba Yellow 3G (I ,  see Section A-259) with 
aqueous caustic and sodium hydrosulfite in an autoclave at 220" 
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transformed it into anthranilic acid and a yellow substance 
C,,H ISN,02  (m. 353"). This same product was obtained when 
I1 (see Section A-209) was heated with boric acid, zinc chloride or 
phosphorus pentoxide, and was thought to have structure 111. This 
last synthesis is peculiar in that the two molecules of I1 ,provide 
only half of the hydrogen needed for the eIimination of two molecules 
of water during the formation of 111. 

0 

0 

% +  \ 

Reference 

1. de Diesbach, Capponi and Farquet, Heiv. Chim. Acia, 32,1214 (1949). 
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Fused 5/6 Ring Systems with One 
Extra Heteroatom 

1 

,44266. 5H-Oxazolo[3,2-o]pyridine :&>: 
7 2  

The reaction of a-pyridone with a-bromoacrylic acid * has been 
shown2 to yield, via I,  the acid I1 (m. 122-3"). 

(11) 

Treatment of I11 with hot acetic or propionic anhydrides yielded' 
the mesoionic compounds IV (R = CH,, m. 170-1"; R = C,H,, 
m. 145-7"). 

Condensation of V with ethanolamine yielded7 VI (biz 118", 
tz? 1.4885). 

451 
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CH,0CH2\ /CH3 
C 

CH,/ 'CHO 

CH 
CH( ' CHO 

I HOCU,CU ., NU - 

This nucleus has also been shown to be contained in the struc- 
tures of the alkaloids utisine and gu'arryine and their congeners. 3-5 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
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I 

A-267. SH-Pyrido[2,1-b]thiazole 

The saturated nucleus has been called 4-thiu- I-azubicyclu[3.2.0]- 
nonune. 

From the reaction of th ia~ol ines~'~  (I)  or thiazolidines' (11) with 
ketenes, a number'-, of compounds of type 111 have been prepared: 
(a) R = R ,  = H, R, = CH,, R, = COOCH,, rn. 99-102";' (b) 
R = CH,, R ,  = R, = R, = H, not isolated;2 ( c )  R = R ,  = CH,, 
R, = R, = H, (d) R = CH,, R ,  = C6H5, R, = R, = H, 
m. 136--7°;2 (e) R = R, = CH,, R, = H, R, = COOCH,, m. 75- 
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95";, (f) R = R 2  = CH,, R ,  = C6H5, R, = COOCH,, m. 
1540.1~2 , (g) R = C6H5,R,  = R, = R, = H, m. 191-2";, (h) R = 

C6H5, R ,  = CH,, R, = R, = H, m. 160.5-1.0°;2 (i) R = C,H,, 
R, = CGH,CH=CH-, R, = R, = H, a glass;2 (j) R = C,H,, 
R ,  = R, = CH,, R, = COOCH,, m. 215"., 

R R ,  

RllsT $ (R),C=C-O* ip2E: - (R),C-C-O "'y2;: 
R3 HN R, 

0 H 

(1) (111) (11) 

The reaction of 2-methylthiazoline with ketene yielded* IV, with 
V (m. 104-5"; A,,, 325 mp, t = 54,000) as a by-product, whereas 
with diketene, VI (m. 92"; A,,, 320 mp, t = 14,500) was 

CH3 0 

In a similar reaction, phthalimidoacetyl chloride reacted with 
thiazolines to yield the desired @-lactams VII (R, = phthalimido), 
and by-products to have structure VIII [(a), R, = 
phthalimido, R, = R, = H, m. 253-4"; (b), R ,  = phthalimido, 
R, = CH,, R, = COOCH,, m. 264-6"]. 

The reaction of IX with L-cysteine or DL-penicillamine yielded' 
X (R = H, m. 212.5-4.0", suIfone, m. 203", R = CH,, m. 157.0- 
8.5", sulfone, m. 224-31"d.). Efforts to prepare the A' analog 
of X were unsuccessful. 
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COOH 
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’ EOOH 
t- 

HZN 

(IX) (X) 

Koenigs and Geister’ heated XI with acetic anhydride, and ob- 
tained a yellow product, which they considered to be XII. By an al- 
ternative synthesis of XII, Tschitschibabin and Woroshtzow l o  ex- 
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cluded this structure, and they proposed XIII. However, Duffin and 
Kendall have recently suggested a more reasonable formulation 
of this product as a resonance hybrid of XIV and its seven dipolar 
forms (R = H, yellow, m. 180"; R = Br," yellow, m. 222-4"). 
Structure XV has also been favored. l2 See Section A-269. 
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A-268. lH-Pyrido[Z,l-bj benzothiazole 

De Smet and Schwarz treated I with trimethylene bromide and 
obtained' I1 (m. 250"), which was used in the synthesis of cyanine 

Van Dormael and Nys' obtained IV (m. 294-5", stronq blue 

The reaction of benzothiazole with ketenes yields5 V (R = CH,, 
fluorescence) from the reaction of I11 with ethyl orthoformate. 

m. 81-3"; R = C,H,, m. 163.0-4.5"). 
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COOC2H5 
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A-269. 5H-Thiazolo[3,2 -a]quinoline * 
H2 
5 

For some reason Chemical Abstracts have failed to include this ring 
system in their indices, although the references have been abstracted. 

Duffin and Kendall found that acids such as I were dehydrated 
to yeHow products by heating in acetic or propionic anhydride. Sim- 
ilar products resulted when substituents were present upon the 
methylene carbon atom of the thioacetic acid group, or in positions 3 
to 7 (but not 8) of the quinoline nucleus. Esters or amides of 2, the 
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4-quinolyl isomer of I or 8- (2-quinolylthio)-propionic acid did 'not 
yield anhydro compounds. These facts are compatible with the as- 
signment to the yellow products of a pentacyclic structure involving 
the ring nitrogen atom. Therefore, it was thought that the products 
were best represented by a resonance hybrid of the meso ionic struc- 
ture I1 and its seven dipolar forms. Knott2 suggests that the yellow 

R\CHCOOH 
I 

color of these compounds may be explained by involvement of the d- 
orbital electrons and expansion of the sulfur octet giving a resonance 
hybrid of structures 111-IV. Spectroscopic studies3 on I1 (R = H, 
R' = 5-CH3) seem to indicate that structure V makes an important 
contribution to the hybrid (see also Baker and Ollis5). 

The compounds of type I €  decompose when heated above their 
melting points and are hydrolyzed to I by hot 50% sulfuric acid. 
However, they show different degrees of hydrolytic stability; those in 
which R' = H and R = CH, or C2H,, are cleaved by hot water, 
whereas I1 in which R' = 5-CH3 and R = H, is stable to hot con- 
cent rated hydrochloric acid. 

A number of dyes of this class (such as VI), useful for sensitizing 
photographic emulsions, have been patented. 
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-C,H,SH 

CH, X- 

P I )  

TABLE I. Derivatives of I1 
R R' Properties Refs. 

H H Yel., m. 194'. 1 
CH3 H Or., m. 135-6' 1 
H 5 4 3 3  Yel., m. 227'. h ,  (in MeOH) 250, 292, 325 1,3 

and 445 mp with log E 4.14, 3.81, 3.62 
and 4.02, respectively. 

H 4,5-(CH3)2 Yel., m. 223'. 1 
C2H5 H Or., m. 139O. 1 

-0 

TABLE 11. Derivatives of @ 
CH 

'R 
R Properties Refs .  

Dk. with rose reflex, m. 225-6O d. 4 

Dk., m. 237-8' d. 
c1 

Q Dk., m. 174-to d. 
I 

C2H5 

4 

4 
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TABLE I1 (continued) 

R Properties Refs. 

p\ + C2Hs 

Gm., m, 238-40' d. 

Dk., m. 180-2O d. 

Dk. gm., m. 244-5O ti. 

Dk. bm., m. 2767O d. 

Dk. gm., m. 261-2O. 

Dk., m. 205-7O d. 

Dk., m. 209-10' d. 

Dk., m. 192-4O ti. 

Dk., m. 223-4O. 

4 

4 

4 
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P 

A-2 70. 8H-NaphthoI2 ,1-d] pyrido- 10 &s&x 
[2,l-b] thiazole 9 / 5  5' 8 

The reaction of I with trimethylene bromide yielded' I1 (m. 
,200°), which was usedzv3 in the preparation of cyanine dyes. See 
Section A-84. 

BrCH,CH,CH,Br - 
N A + 
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I 

A-271. Imidazo[ 1,2-u] pyridine. 
R.I. 765 

5 

Although comparatively new, this nucleus has accumulated many 
alternative names: 1,4-imidazopyridine (used by Chemical Abstracls from 
191 7 to 1936), pyrimidazole, /yridino( 7' :2'- 1 :2)glyoxaline, &-at.aindole, Q- 
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azaindolenine, I,&-dia<aindene and 3,7adiazaindm. A numbering system 
(I) slightly different from that above was suggested by Tschitschi- 

babin, and is still encountered in some of the Russian papers. A 
concise review of this ring system has recently appeared. * 

The earliest-reported examples of this nucleus were 2(3H)-oxo 
derivatives, but these compounds and their history will be discussed 
later (v.i.), as will the 3(2H)-oxo compounds and the 2- and 3-amino 
compounds and their derivatives. 

Z.  Zmidazo[ 7,2-a]pyr-idznes 

In  1925, Tschitschibabin' prepared I11 by treating 2-aminopyri- 
dine with bromoacetaldehyde in a sealed tube at 150-200". How- 
ever, these drastic conditions are not necessary, and high yields of 
I11 are obtained2 by reacting I1 with chloro- or bromoacetaldehyde 
and sodium bicarbonate in aqueous-alcoholic solution. Compound 
111 has also been obtained3 (in 79% yield) by oxidizing the 2,3- 
dihydro derivative4 with alkaline potassium ferricyanide. Pure I11 is 
a colorless liquid with an odor similar to that of other cyclic nitrogen 
bases, and it turns dark upon exposure to light and air. The ultra- 
violet spectra of I11 and certain of its simple derivatives have been 
discussed5 and compared with those of related polyazaindenes. 

Imidazo[ 1 ,2-a]pyridine might reasonably be expected to behave 
as an aromatic system like pyrrocoline and similar heterocyclic 
nuclei. Resonance forms of types IIIa and (especially) I I Ib  probably 
make the major contributions to the resonance hybrid, with lesser 
contributions from forms not involving an intact pyridinium ring. 
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(IIIa) (111) (IIIb) 

Electrophilic attack might be predicted, therefore, to occur first in 
the 3-position. Such limited experimental data as are available, sup- 
port this hypothesis. Although no evidence is available concernins 
111 itself, the 2-alkyl, 2-acyl and 2-aryl derivatives readily give 
3-substituted products (see Table I, pp. 470-479). 

The reaction of I1 with chloroacetone yielded ’ a methyl homo- 
log of 111, which Tschitschibabin‘ decided was the 2-methyl isomer. 
The reaction of I1 with an  a-halocarbonyl compound could, a priori, 
lead either to 2- or 3-substituted imidazo[ 1,2-u]pyridines via inter- 
mediates, respectively, of type IV or V. Considerable evidence was 
available6 that the ring nitrogen of I1 was the site of attack by 
alkyl, benzyl and phenacyl halides, although acyl halides react only 
with the amino group. Therefore, the numerous compounds prepared 
by the reaction of I1 with a-haloaldehydes, a-haloketones, etc., were 
generally accorded the 2-substituted structure. 

(V) 

However, Campbell and McCall’ offered evidence that an inter- 
mediate of type V was formed to the extent of 307, (no evidence 
upon the nature of the other 70%) in the reaction of I 1  with 2- 
chlorocyclohexanone. Also, since Djerassi and Pettit’ treated the 
lithium derivative of I1 with phenacyl bromide and obtained the 
same phenylimidazo[ 1,2-u]pyridine formed from I1 and phenacyl 
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bromide, they argued that the product must be the 3-phenyl isomer 
formed via V (R = C,H,). 

The structure of these products, however, was demonstrated con- 
clusively by Krohnke, Kickhofen and T h ~ m a . ~  They prepared 2- 
phenylimidazo[ 1 ,Za]pyridine both from VI and from 2-acetamino- 
pyridine. In repeating the reaction of the lithium derivative of I1 

Br- ? 

NHCOCH, a NHCOCH3 +' CH,COC,H, 

with phenacyl bromide, they found that water formed during cycliza- 
tion of the intermediate V (R = C,H,) reacted with the lithium de- 
rivative liberating 11, which gave rise to the 2-phenylimidazo(l,2- 
ulpyridine obtained by Djerassi and Pettit. The 2-phenyl compound 
was also obtained lo from the reaction of I1 with dypnone. 

N,c/ C6H5 aYcaH6 
CH=C-C,H, 140' cp I 

CH3 

There is thus little doubt that products of this general reaction 
are 2-substituted imidazo( 1,2-u]pyridines. A slight modification of 
this synthesis was intraduced by Takahashi and Shibasaki, who 
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replaced the customary a-halocarbonyl compound by ethyl-l,2-di- 
chlorethyl ether. 

A careful s t ~ d y ’ ~ ’ * ~  of the reactions of VII (obtained by treat- 
ing 2-acylaminopyridines with a-haloketones) revealed that products 
of structure VIII are formed in dilute hydrobromic acid, whereas in 

dilute potassium carbonate solution, IX is produced. The position of 
the acyl group in IX was demonstrated14 by preparing XI1 both 
from X and from XI. 

COC6H, 

(XI 

A very similar synthesis of 3-arylimidazo[ 1,2-u]pyridines (XIV) 
also was found by Krohnke and Kickhofen.15 The intermediate 1- 
benzylacylimino-2-pyridones (XI 11) are more difficult to cyclize 
than the 1-phenacyl analogs (VII) and more vigorous conditions 
must be employed. 

The great majority of the compounds listed in Table I were pre- 
pared by the reaction of a-halocarbonyl compounds with 2-amino- 
pvridines. Yields are qenerally very good, and it is probable that 
improvements could often be effected if the reaction conditions chosen 
were less vigorous. Thus a quantitative yield of 2-phenvlimidazo- 
[ 1,2-a]pvridine was easily obtained I7 by treating an alcoholic 
solution of I1 with phenacyl bromide in the presence of sodium bi- 
carbonate. The failure of 2,6-diaminopyridine to undergo the Tschit- 
schibabin reaction has been reported. 40 

Nitrosation of the 2-phenyl compound was showni8 to occur in 
the 3-position, and the nitroso group was readily displaced by 
bromine, giving the same 3-bromo-2-phenyl compound obtained by 



Fused 5/6 Ring Systems with One Extra Heteroatom 465 

direct bromination of 2-phenylimidazo[ 1,2-a]pyridine. Removal of 
the bromine from the 3-position was easily accomplished by treat- 
ment with zinc and acid. This lability of substituents in the 3-position 
also occurs in the case of related systems, e.g., pyrrocoline. 

Considerable study was devoted by Russian workers to the reac- 
tions of a- and a’-aminonicotines with a-halocarbonyl compounds. 
The reaction of a-aminonicotine (XV) with bromopyruvic ester 
gave” a product, which is undoubtedly XVI, and nitration of 
this yielded a derivative which must be XVII, since upon oxidation, 

r- 
CH,N 

(XVII) 
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or treatment with alcoholic caustic, it underwent scission to reform 
XV. The 2-methyl analog of XVI behaved similarly. 2o 

Imidazo[l,2-ajpyridines react with variable ease, depending upon 
the substituents, with haloketones (especially phenacyl bromide) to 
give quaternary saltss* (e.g., XVIII). When heated with alcoholic 
caustic, XVIII  decompose^'^ to a 1-methylimidazo( 1 ,Z-ajpyridiniurn 
salt and benzoic acid, while treatment of XVIII with p-nitrosodi- 
methylaniline and sodium cyanide gives rise l4 to products of type 
XIX. Strong aqueous caustic converts XVIII into colored “enol- 
betaines” having contributions to the resonance hybrid by structures 
such as XXa-XXc. In  the preparation of enol-betaines from salts of 

CH,COR 

I..- 
- CHCOR - CHCOR 

0- 
I 

CH=C--R 

(=a) (XxW (xxc) 

structure XXI, a further reaction occurs14 and colored products are 
formed by loss of water. It is difficult to draw a satisfactory structure 
for these compounds, although forms XXIIa-XXIId, inler alia, are 
probably contributors to the resonance hybrid. 
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CH,COR 
I dR 

COR' COR' 
X- 

(XXIIa) 

I 
,R 89 

COR' 

(XXIIC)  

- G%lRI + I - G%lRI + I 

0- 

(XXIIb) 

2 

I 
0- 

(XXIIdf 

Hydroxyethylaminopyridines (XXI I I ,  obtained by treating 2- 
chloropyridines with ethanolamine4 or 2-aminopyridines with ethyl- 
ene chIorohydrinZ1) were cyclized, either thermally, '' or by treat- 
ment with thionyl chloride and alkali, 4122 to 2,3-dihydroimidazo- 
[ 1 ,Za]pyridines (XXIV). 

- Re2 \ N  

CH,OH 

(XXIII) (XXIV) 

The only synthesis of an imidazo[ 1,2-a]pyridine which commences 
with an  imidazole derivative and constructs the pyridine ring, was 
reported by Diels and Alder. 23 Condensation of 1,2-dimethylirnida- 
zole with methyl acetylenedicarboxylate gave XXV, which yielded 
XXVI when treated with bromine. Hot acetic acid decomposed 
XXV to XXVIII, possibly via XXVII. 
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COOCH, 
1 

CH,OOC- C & 
'C 

CH3OOC-C .++ 

I 
COOCH, 

COOCH, 

cH3-*cH3 

%Z 
__+ 

CHaoH CH,OOC 
COOCH, 

(XXVII) (XXVIII) 

Hydrogenation of 2-methytimidazo[ 1 ,Za]pyridine in acetic acid 
Over a platinum catalyst affordedz4 a monobasic product containing 
no > NH group, thought to be the 5,6,7,8-tetrahydro-2-methyl com- 
pound. However, reduction" of XXIX (prepared from I1 and a- 
bromoacrylic acid) in ethanol over Adams catalyst gave the hexa- 
hydro compound XXX. Ultraviolet spectra, apparently determined 
in neither case, should indicate clearly the structure of these prod- 
ucts. 



Fused 5/6 Ring Systems with One Extra Heteroatorn 469 

H H 

Several imidazo[ 1,2-a]py~idines have been examined for physio- 
logical activity. 4,2225-27 Pyrrolidyl derivatives related to XXVI 
have been reported to stimulate respirationz7 and to have powerful 
anesthetic activity. 26 Various simple imidazo( 1,2-a]pyridines have 
been claimed2' of value as optical bleaches for textile fibers. 
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480 Chapter V 

/ I .  Imiduzo[ 1,2-a]pyridin-2(3H)-ones 
These derivatives are sufficiently numerous to merit special con- 

sideration. The first example of the imidazo[ 1,Z-uIpyridine ring sys- 
tem was of this group, since, as was noted by Tschitschibabin,5' the 
product obtained by S ~ c h a r d a ~ ~  from the condensation of chloroace- 
tic acid with a-aminonicotinic acid, undoubtedly has structure 
XXXI. Sucharda, however, was unaware of the correct structure of 
his product. 

COOH 

CICH,COOH 

In 1924 Reindel described52 his efforts to make a pyridine 
analog of indigo b y  oxidizing the condensation product of 2-amino- 
pyridine (11) and chloroacetic acid. This product could have one of 
structures XXXIII, XXXV or XXXVI. Reindel believed the prod- 
uct to have structure XXXV, while Finger and Kraft65 preferred 
structure XXXVI. However, it was shown conclusively by Tschit- 
schibabin51 that the final product obtained from the reaction of 

---+ Q",2C'OH 

W) (XXXII) (XXXIII) 

(XXXIV) (XXXVI) 
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I1 with haloacetic acids, halides or esters has, in each case, structure 
XXXIII. This was accomplished by showing that decarboxylation of 
the intermediate glycine yielded 1 -methyl-2-pyridonimine instead of 
2-methylaminopyridine. Thus the glycine must have structure 
XXXII rather than XXXIV. Also, it was shown66 that the reaction 
of 2-(4-aminobenzenesulfonamido)-pyridine (“Sulfapyridine”) with 
chloroacetic ester yields XXXIII. 

Compound XXXIII is amphoteric, giving water-soluble salts 
with either mineral acids or with strong bases. Benzoylation of 
XXXIII under Schotten-Baumann conditions gave5 1*5’ the alkali- 
soluble compound XXXVII, while heating XXXIII with benzoyl 
chloride in pyridine gave XXXVIII. Each, upon further treatment, 
gave XXXIX. Similarly, heating XXXIII with acetic anhydride 
yielded 35 a diacetyl derivative (analogous to XXXIX) which 

(XXXVII) (XXXVI 11) (XXXIX) 

was readily hydrolyzed to a monoacetyl compound similar to 
XXXVII. 

Nitrosation of XXXIII O C C U ~ S ~ ~ ” ~  in the 3-position, and the re- 
sulting yellow nitroso derivative yields red acetyl and benzoyl de- 
rivatives, which might have structure XL, X1.T or XLII. Examina- 
tion’ of the infrared spectrum of the acetyl derivative shows it to 
have structure XL (R 5; CH,). 

0 
!I 

0 
I I  

(XL) ( X W  (XLII) 

Bromination of XXXIII occurs in the 3-position to give67 a 
mono- and a dibromo derivative, the latter also obtainable by bromi- 
nat ing 3-nitrosoimidazo [ 1,2-a] pyrid in-2 (3 H) -one. Rep1 acement of 
the two bromine atoms in the 3-position by  aniline has been ac- 
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complished, 67 but  effort^^^-^' to hydrolyze any of these derivatives 
to imidazo( 1,2-a]pyridin-2,3-dione, or to obtain the dione from I1 
and ethyloxalyl chloride67 were uniformly unsuccessful. 

(but not acetaldehyde or phenylacetal- 
dehyde) condense with XXXVIII to yield products of type XLIII, 
which (where Ar = C,H, or o-C,;H40H) disproportionate to XLIV 
(which forms a dibenzoyl derivative under Schotten-Baumann con- 
ditions}. While the exocyclic double bond in XLIII does not add 
bromine, it may be hydrogenated over a platinum catalyst.6g De- 
rivatives of structure XLIII (in which Ar represents a p-dialkyl- 
aminophenyl group) form deeply colored salts probably having struc- 
ture XLV. With acenaphthoquinone or with isatins, XXXIII forms 
red, vattable 1: l  or 2:l derivatives of type XLVI (R = OH or an 
imidazo[ 1,2-u]pyrid-2 (3N)-on-3-yl group). 

Aromatic 

Ar 

(XLIV) \ (XXXI 11) (XLIII) 

H 

a N T o o 7 " o  i /  

R 

H 
I 

X- 

The magenta compound XLVII results from the condensation 
of p-nitrosodimethylaniline with 2-acetoacetylaminopyridine, 7 1  or 
with XXXII167 or with the 3-benzal, 3-acetyl or 3,3-dibromo de- 
r i v a t i v e ~ ~ ~  of XXXIII. The facile displacement of these groups 
and the previously mentioned replacement of the 3-nitroso group by 
halogen, recall the lability of substituents in the 3-position of 
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VIII and of pyrrocoline (see Section A-183). Blue-black salts of struc- 
ture XLVIIL are formed36 from XLVII with acids or alkyl halides. 
Colored azo dyes are obtained by coupling diazonium compounds 
into the 3-position of XXXIII. 

COCH, 

(XLVII) (XLVIII) 

(XXX I I I )  

Numerous methine dyes derived from XXXIII have been pre- 
and patented7437"*77 as photographic sensitizing agents. 

The simplest of these is XLIX, an amphoteric, brick-red high melt- 
ins solid prepared by condensing XXXIII with ethyl isoformanil- 
ide7' or ethyl orthoformate.?" A typical merocyanine dye is L.7i 
'The abnormally polar nature of dimethinecyanine dyes of this class 
(e.g., LI) was noted73 by Knott, who compared the spectra and 
properties of various representatives with their isomers 78 derived 
from imidazo[ 1,2-a]pyrid-3(2H)-one (v.i.). 

I t  has lonq been known''*t'' that oxidation of XXXIII results 
i n  the formation of a vattable red dye. Under the illusion that the 
product obtained from I1 and chloroacetic acid had structure 
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(XLIX) \ (XXXIII) 

X k X V ,  Reinde152'79 formulated the red oxidation product as LII. 
Finger and K ~ - a f t , ~ ~  struck by the similarity between Reindel's dye 
and "glyoxaline red" (LIII, described some time previously by Ruhe- 
mann"), proposed structure LIV. Tschitschibabin suggested5' struc- 
ture LV, while Reindel and Rauch6' considered and rejected the 
possibility that the dye had structure LVII, produced via LVI by a 
series of transformations similar to those encountered in the con- 
version8' of diketohydrindene into iso-ethinediphthalide. 

I COOH 
HO HOW 
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Structure LVIII, proposed by Reindel," is probably most 
nearly correct. It is evident that heteropolar forms such as LVIIIa 
may make a substantial contribution to the resonance hybrid. The 
color of the structurally simiEar indigo molecule has been ex- 
plained" partially on the basis of such a tetrapolar structure 
(LIX). The incursion of resonance forms of type LVIIIa would be 
favored by the presence of two aromatic pyridinium rings lacking 
in the analogous resonance form of indigo. That structures such as 
LVIIIa are large contributors to the resonance hybrid might be in- 
ferred from the discovery by Knott of the abnormally polar nature of 

(LVIII) (LVIIIa). 

the dirnethinemerocyanine dyes derived from XXXI I1 (v.s.). Finally, 
if we accept structure LVIII for the red dye, structure LV must 
represent its "Ieuco derivative." 
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498 aapter  V 

rri. Imzda<o[ 7,2-a]pyridtn-3(2H 1-ontr 

Comparatively few compounds of this type have been described. 
Dehydration of N-(2-pyridyl)-glycine yielded7* LX, which proved 
to be unstable in water or alcohol. By working under anhydrous con- 
ditions, however, a group of merocyanine dyes derived from LX was 
obtained. 78 For example, with ethyl orthoformate, LX formed 
LXI, which, in contrast to the red XLIX, is green, a fact probably 
related78 to the non-coplanarity of XLIX. In general, these dyes 
are more polar and more deeply colored than their isomers derived 
from XXXIII. 

(LX) (LXI) 

Heating I1 with benzil was reporteds6 to yield an unstable prod- 
uct thought to be LXII, which readily absorbed water 
posed to LXIII. 

and decom- 

- 

The reaction of 2-aminopyridine with cc>.bromo-cLtnitroaceto- 
phenone was claimed4* to yield the 2-phenyi homolog, but this 
synthesis could not be duplicated,88 and the analogous reaction in 
the pyrrocoline series (see Section A-183) also failed. 
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TABLE III. Imidazo[l ,2-ulpyridn~~~~-ones 

k C N m  Properties Refs .  Empirical 
formula 

HCI salt. rn. - 190" d. 78 

m. 81.5-2". 40 

Grn., m. indefinitely. 78 

Grn.-bra, rn. 124-5", 78 
A,., 592 mp (pyridine), 
562 mp (EtOIj) and 
5-36 mp (aq. pyridine). 

Bronze-gm., m. indefi- 78 
nitely, 

Or., rn. 256". 78 

Purple, m. 199". A,,,.. 78 
520, 560 mp (pyridine), 
520, 562 mp (EtOH), 
532, 565 mp (aq. pyri- 
dine). 

(continued) 



500 Chapter V 

TABLE 111. ImidazoC1,2-alpyridin-3(2H)-ones (continued) 

S u u C M  Properties Refs. 
Empirical 
formula 

C2H5 
I 

Gm., m. 260°, Am,, 563, 
605 mp (pyridine), 555, 
593 mp (EtOH) and 
555 ,  590 mp (aq. p y i -  
dine). Ethiodide, gm., 
m. 247'. 

78 

F2H5 
I ~2 CH - CH T B  Bm.-gm., m. 237-8 ", 78 

A,,, 538, 575 mp 
(PYridine), 522, 558 mp " 0 

(EtOH) and 522, 550 mp 
(aq. pyridine). HCI 
salt, magenta, m. 259- 
62". 

Unstable. Lactam bond 86 
cleaved by water. 

Gm., m. 1 9 7 O ,  A,,, 578, 78 ax:-CH 620 mp (pyridine), 600 
mp (EtOH), and 594 
mp (an. pyridine). 

I V. 2- and 3-Arninoimidazo[ 1,2-a]pyridine.s 

These derivatives are of recent origin. Although the reaction of I 1  
with chloroacetamide gave4* only XXXIII, heating LXIV (ob- 
tained from 2- (4-toluenesulfonamido)-pyridine and chloroacetamide) 
with acetic anhydride produced2' LXV (in 75% yield), from which 
the free amine was obtained by alkaline hydrolysis. Apparently no 
other 2-aminoimidazopyridines have been described. 
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When 2-pyridylaminoacetonitrile (LXVI) is treated with ben- 
zenesulfonyl chloride, a mixture of the %mono- and di-benzenesul- 
fonamidoimidazo[ 1 ,Z-aJpyridines results,29 while heating LXVI 
with acetic anhydride or benzoyl chloride yields LXVII (R = CH, 
or CGH,, respectively). Even heating LXVI with benzaldehyde at 
100" is sufficient to effect cyclization to LXIX. Reduction with lith- 
ium aluminum hydride of the 3-benzamido derivative (LXVII, R = 

C,H,) or catalytic reduction of LXIX afforded the 3-benzylamino 
compound (LXVIII), also found amongst the products obtained by 
treating LXVI with benzyl chl~ride.~ '  Instead of the expected 
thiohydantoin, Knott** obtained 3-(ethylthiocarbamylamino)-imid- 
azopyridine from the reaction of LXVI with ethyl isothiocyanate. 

N= CHC,H, C,H,CH,CI 

(LXVIII) 



502 Chapter V 

An interesting group of mesoionic compounds (LXXI) was ob- 
tained2' by heating LXX (R" = CN or CH=NOH) with acetic 
anhydride, etc. These products show a green fluorescence in chlo- 
roform solution under ultraviolet light, but none in dilute aqueous 
acid solution. 

R' 
I 

R' 
I 

(LXX) (LXXI) 

Products of type LXXI are listed in Table IV, while the other 
2- and 3-amino compounds are to be found in Table I. 

TABLE IV. Hesoionic Imidazo[l,2-alpyridines of Structure LXXl 

Empirical 
fonnula R R' Properties Refs. 

Ethyl- 

SPyridyl- 
2-Thienyl met hyl- 

PhenyG 
Benzyl- 

Benzyl- 

2,4, GTrimet hyl- 

Benzyl- 
Bentyl- 

benzyl- 

Trihydrate, m. 92". An- 
hydr., yel., m. 163"d. 
HI s a t ,  m. 248". 

m. 210-2O. 
Dihydrate, in. 93". An- 

hydr,, yel., m. 185-6"d. 
Picrate, m. 149-50°. 

Yel., m. 193". 
Yel., m 201"d. Picrate, 

m. 147". Tosylate, m. 
186". Methiodide, m. 
194". Etbiodide, m. 
185 ". Ally1 reineckate, 
m. 15&60°. Propyl 
tosylate, m. 147.5". 
Tetrahydro deriv. m. 
274-5". 

m 135-6". Methiodide, 
m. 135". 

Yel., m. 210". 

Grn., rn. 208'. 
Ye]. , m. 188". 

29 

29 
29 

29 
29 

29 

29 

29 
29 
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1 

H2 
A-272. tH-Cyclopentf4,5]imidazo- 7 &*; 

[1,2-0] p yridine* ' 3 \  
5;1j 

The reaction of 2-bromocyclopentanone with 2-aminopyridine 
yields a solid product, b2.5 145". This product was first' thought 
by Reitmann to have structure I, but he later' favored the more rea- 
sonable structure 11. 
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12 

A-273. 3H-Imidazo[ 1,2-ujtriazolo[ c] - 
pyridine. R.I.1320M 

5 

This nucleus has also been called 6,7'-pyrimida~olo- 13,1Clria<ole 
and numbered as shown in I.  

The only reported representative of this nucleus is the 3-n-butyl- 
7,8-dihydro-derivative I 1  (m. 75"; ethiodide, m. 176"), prepared by 
Bremer * from 4-chloro-3-nitro-pyridine. 

N \  &Cl ---+ .'+NH-C41ig N\ 

N=N 

4 "*NLC4H9 !+.J 

Reference 

1.  Brerner, Ann., 539,276 ( I  939). 
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A-2 74. Pyrido[l,l-uj benzimidazole. 
R.I. 1576 

This nucleus has also been named pyrzdo( ?':2'- 1:2)benzimznazole 
(I), 1,2-pyrtdo-4,5-benz- 7,3diazaltne (11) and benzimidaeoperidtne. 

The condensation of 2-pyridylamine with benzo- and toluquin- 
ones was recently reported by Schmid and Czerny' to yield IIIa, 
although structure IIIb was not to be excluded. Where R = CH,, 
two products were obtained, presumably the 6- and 7-methyl-8-hy- 
droxy compounds. Xyloquinone, naphthoquinone and chloranil were 
reported' not to react with 2-pyridylamine. Azo dyes have been 
formed l5 by coupling into phenoIs such as 111. 

II 
0 

(IIIb) 

While investigating the applicability of the Pschorr synthesis to 
the preparation of a-carbolines (e.g., VI), Abramovich, Hey and 
Mulley' found that heating an aqueous solution of the diazonium 
salt of IV yielded 84% of V and 7y0 of VI. 
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X- 

The condensation of picryl chloride with 2-pyridylamine and re- 
lated compounds was studied at length by Morgan and S t e ~ a r t . ~ - ~  
These authors assigned structure VIII to their product, with VII 
as its probable precursor, but offered no real evidence to refute the 
possibility that it might have structure X (formed from IX). How- 
ever, the probable accuracy of Morgan and Stewart’s structure as- 

(VIII) 

NH 
NO2 
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signment was adumbrated by the discovery of the structure of similar 
products obtained from 2-pyridyIamine and l-qhloro-2,4dinitro- 
naphthalene (see Section A-283), and a body of evidence has slowly 
accumulated, which Seems to indicate that the site of attack by acti- 
vated aryl halides upon 2-pyridylamine is, indeed, the amino group. 

Treatment of VIII with sodium sulfide gave' a monoamine 
formulated' as the 8-nitro-6-arnine, since on deamination, the re- 
sulting product (XI, 8-nitropyrido[ 1,2-a]benzimidazole) was identi- 
cal with that produced5 by the condensation of 2-pyridylarnine with 
2,4-dinitrochlorobenzene. The 6-nitro analog has similarly been ob- 
tained i' from 2,6-dinitrochlorobenzene. Mild catalytic reduction of 
VIII yielded the corresponding diamine, which upon deamination 
yielded XII, also prepared by the reduction and deamination of XI. 
The cat a1 y t ic dehydrogenation of 1 ,2,3,4- tetra h yd rop yr ido [ 1 ,2-a]- 
benzimidazole at 300" also yielded I' XII. 

H,/hQ* 

1 
(VIII) 

I 
/ 
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Little is known concerning the products of substitution reactions 
upon this nucleus, although from its similarity to benzimidazole elec- 
trophilic substitution might be expected to occur at positions 7- or 8-. 
Nitration of XI1 has been reported l4 to yield the 8-nitro derivative 
(XI). 

More drastic hydrogenation of VIII over Adam catalyst yielded 
XIII, which on deamination gave4 XIV, a substance recently iso- 
lated by Huisgen and Rist from the products of the reaction of lith- 
ium piperidine with nitrobenzene at -50". Compound XIV is perhaps 
most conveniently obtained l7 by heating a-phenylenediamine with 
Gvalerolactone. 

NO, NH, 

(VIII) (XIII) 

Li , 

0 D 
COC,H, 
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In 1908, Spiegel and Kaufmann’ isolated from the reduction 
products of 1 -(2,4-dinitrophenyl)piperidine, a compound thought 
to have structure XVI. Although XIV gave’ only a monobenzoyl de- 
rivative considered to have structure XV, benzoylation of XVI was 
reported’ to yield a dibenzoyl derivative of structure XVII, which 
could be hydrolyzed to a phenyl ketone (XVIII). 

1 COC,H, 
COC,H, 

COC,H, 

(XVII) (XVIII) 

Recently Saunders l4 developed a much more convenient and 
general synthesis of 1,2,3,4-tetrahydropyrido[ 1,2-a] benzimidazoles 
from 1 -(2-azidophenyl)piperidines. The azide was simply heated in 
nitrobenzene solution until gas evolution ceased, after which the 
product was isolated by removal of the solvent. Among other such 
compounds, Saunders prepared XVI from XIX, thus confirming the 
identity of Spiegel and Kaufmann’s product. Although it was not 
found possible’ to obtain XIV by the reduction of 1-(2-nitro- 
pheny1)piperidine or by the oxidation of 1-(2-aminophenyl)piperi- 
dine, the pyrolysis of 1 -(2-azidophenyl)piperidine readily yielded 
XIV. The 7-acetamido derivative of XIV was found14 to nitrate 
in position 8. 
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In 1925, Chakravarti and Sen Gupta, lo as part of a study of the 
color of various diazoles, prepared the isomeric compounds XXI  
and XXII  by the reaction of o-phenyienediamine with camphoric 
anhydride (XX). Although these compounds are properly named (by 

the Ring Index)  as derivatives of 6,9-methano-bH-azepo[1,2-a] benz- 
imidazole, they may also be considered as ethano-l,2,3,4-tetrahy- 
dropyrido [ I ,2-a] benzimidazoles, and for convenience are so included 
in the table. 

'' described the condensation of several 2-chloro- 
cyclohexanones with various 2-pyridylamines, and obtained a num- 
ber of products to which he first l 1  assigned the pyrid[2,3-b]indole 
structure (XXIII), and later l2 formulated as pyrido[ 1,2-a]benz- 
imidazoles. It was recently demonshated by Campbell and Mc- 
CaIl l 3  that Reitmann's products were actually 5,6,7,8-tetrahydro- 
pyrido[ 1 ,2-a]benzimidazoles (XXVI). By analogy to similar syn- 
theses in imidazo[ 1 ,Za]pyridine series (see Section A-271), the 
formation of XXVI would be expected to occur via the intermediate 
XXV. However, Campbell and McCall were able to show definitely 
that (at least 30% of) the precursor was XXIV. Thus syntheses 
involving substituted 2-chlorocyclohexanones might yield two pos- 
sible isomeric derivatives of XXVI, and further exploration of this 
problem would seem useful. 

Reitmann 
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\ 'N 
H 

i- H,N 

H 

(XXIII) (XXV) 

Reitmann l2 also showed that 2-pyridylamine reacted with 1,2- 
dibromocyclohexane or with 2-methoxycyclohexanol to yield a prod- 
uct thought to be 5~,6,7,8,9,9~-hexahydropyrido[ 1,2-a] benzimida- 
zole. 

Pyridoll, 2-albenzimidazoIes 

S u h t i w n t s  Properties and comments Refs. Empirical 
formula 

C 11H,5N404 6.8-Dinitro- Brt. yel., m. > g o " .  3,4,6 
CflH6N8 6,8-Bis-triato- d. 167-70". 4 
CtlH7N3O2 &Nitro- m. 272". 14 

Cl1H8NI Unsubstituted m. 178-9". Methopicrate, m. 2-5,13,14 
&Nitro- Yel., m. 268-9" (262-3'). 3-7.14 

196-8". Methiodide, m. 
246-7 " . 
fluoresce bl. HCL sal t  m. 
243 d. o-Aceryl derivative, 
m. 209"; s o h .  fluoresce 
strongly. Picrate of o-acetyl 
derivative, m. 262" d. 

C ,H,N 2 0  8-Hydroxy- YeLgrn., d. 259-60". S o h .  1 

Cl lH8N40~ 6-Amino-8-nitro- Dk. red, m. >280°. 3-5 
C I ~ H ~ N ~  6-Amino- Yel., m. 133-4'. Acetyl deriv- 14 

athe, m. 142-4'. 
8-Amino- Yel., m. 230.0-0.5" (2S.30") .  3-5,14 

(continued) 
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Pyrido[1,2-oJbentimidazoles (continued) 

Substituents Properties and comments Refs. Empuica 1 
forrouh 

C11HIOBr2N2 2.4-Dibromo- m. 159-60', A,, 245, 290, 325 13 
6,7,8,P mp (log E 4.45, 3.68, 3.70). 
tetrahydro- Picrate, m. 167-9'. 

C llH loN4 6.8-Piamino- Pel., m. 204-5". 4 6  
CllHloNs 1,2,3,4-Tetrahy- m. 132'. 4 

dro-6,8-bistriazo- 

tetrahydro- 
CI1HIlBrN2 2-Bromo-6,7,8,9- m. 148-9"; A,, 245, 302, 332 13 

mp (log E 4.45, 3.68, 3.70). 
HCl salt, m. 260-2". Pic- 
rate, m. 264-5' d. 

CllHllClN2 1,2,3,4-Tetrahydro- m. 153-4". HCI salt, m. 295-6". 14 
7-chloro- 

2-iodo- 

2-nitro- rate, m. 2169 '  d. 

%nitro- 

Cl lHl l IN~ 6,7,8,9Teteahydro- b3 187-90"; m. 150'. 11.12 

CllHIlN3O2 6,7,8,9Tetrahydro- Yel., m. 214-5' (210'). Pic- 11-13 

1,2,3,4Tetrahydro- rn, 21P-20'. Dibenzoyl deriv- 9.14 
ative with HCl gives monoben- 
zoyl derivative, m. 178', 
which gives oxime, m. 226". 

1,2,3,4-Tetrahydro- m. 217-9". 14 

1,2,3,4-Tetrahydro- m. 107-8". Hydrochkoride, m. 14 
8-nitro- 

Paitro- 258-60' d. 
CtlH12N2 1,2,3,4-Tetrahydro- m. 107' (100-101)'; 101-2'). 4,8,14,17 

Picrate, m. 229-30'. Methio- 
dide, m. 220-1". I2 complex, 
brn., m. 150'. 

95-6'. Picrate, m. 260-1". 
Methiodide, m. 2568" .  
( 3 7 '  1. 

6,7,8,PTetrahydro- Hydrate, m. 568". Anhydr., m. 11-13 

C11H12N402 7-Amino-1,2,3,4- Scarlet, m. 266-7". Acetyl de- 14 
tetrahydro-8- rivative, m. 199-200 '. 
nitro- 

tetrahydro- 

tetrahydro- m. 219.5-20'. 

tetrahydro- 

CllHt3N3 2-Amino-6,7,8,+ m. 195'. 11 

7-Amino-1,2,3,4- m. 218-20". Acetyl derivative, 14 

&Amino-I,2,3,4- in. 198-200". 14 
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Pyrido[l,2-~Ibentimidazoles (codnued)  

Substinrents Properties and comments Refs .  Empirical 
formula 

9-Amino-1,2,3,4- 
tet rah ydro- 

Hexahydro- 
CllHUN4 6,8-Diamino- 

1,2,3,4- 
tetrahydro- 

Octahydro- 

c 11H 1cN2 %6,7,8,9,9~- 

CllH16NZ 1,2,3~4,6,7,8,9- 

CI2H,N4O4 4-Methyl-6,8- 
dinitro- 

C12H9N302 4-Methyl-8-nitro- 
C12H10N2 4-Methyl- 
C12H10N292 &.Hydr0~y-6 (or 

7?>methyl- 

62>methyl- 

&nitro- 

8-Hydroxy-7 (OF 

C 12 H ION, 0 2  6-Amino-4-methyl- 

Cl2H 11N) 8-Amino-4-methyl- 
C QH Q N ~  6,8-Diamino-4- 

methyl- 
CrzH14N2 6,7,8,9-Tetrahydro- 

l-methyl- 
6,7,8,PTetrahydro- 

4-methyl- 
6,7,8,PTetrahydto- 

8 (or 7?>methyl- 
C 12H 14N2O 6,7,8,PTetrahydro- 

6 (or 9?)- 
methoxy- 

%(or 6?>methyI- 

tetrahydro- 

C15HzoNz 7 (OC 8?)-1~0pr0pyI- 

6,7,8,9- 

m. 186-7'. AcetyI derivative, m. 
236-7 ' . 

Probable structure of product b3 
1 2 1 5 " ;  m. 94'. 

YeL-grn., m. 201-2'. 

(Probable structure; shown as 
perhydrogenated in ref. 12.) 
b4 160-3', m. 58-9'. 
Methiodide, m. 248 ' . 

m. 2 5 6 6 0 ' .  

m. 260-2". 
m. 162'. 
m. 273' d. O-Acetyl derivative 

m. 222' d. 0-Aceryl derivative 

m. 269-70'. 

m. 203-4'. 

m. 13P40'. 

Yel., m. 229-30'. 
m. 1%'. 

bz 159-60'; m. 56'. Methio- 

Dihydrate, m. 60-1'. Anhydr., 
dide, m. 302 ' . 
m. 85-7'. Picrate, m. 155-8'. 

270'. 
b, 150-4'. Methiodide, m. 11,12 

b3 140'. 11,12 

14 

11 

4 

11,12 

4 

4 
4 
1 

1 

4 

4 
4 

l 1 , l Z  

13 

b l  15560'. 11,12 
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Pyrido[l,2-~]benzimidazoles (contiwed) 

Substituents Properties and comments Refs. Empirical 
formula 

C16HL8N2O 2,4-Ethano-1,2,3,4- (Chem. Abstracts Name: 10.0~0- 10 
tetrahydro-2,3,3- 9,12,12-trimethyl-6,9-methano- 
trimethyl-1-0x0- 6-azepo[l,2-albenzimidazole. 

Ring lndez No. 2275) m. 138'. 

tetrahydro-3,3,4- 6,12,12-trimethyl-6,9-methano- 
trimethyl-1-oxo- bazepo[l,2-~1benzimidazole. 

Ring Index No. 2275) m. 132". 

2,4-Ethano-1,2,3,4- (CAern. Ahsttncts Name: 10-0x0- 10 

C 16HmN102 7-Nitro-8-( 1- Dimorphic; scarlet, m. 137040~; 14 
piperidino) orange, m. 155-6 O .  

C16H22NI 7-Amino-&(l- m. 189-91O. 14 
piperidin0)- 

C17H20N20 2,4-Ethano-1,2,3,4- (Clkrn. Abstrmb8 Name: 10-0x0- 10 
tetrahydro- 3,9,12. 12-retramethyl-6,P 
2,3,3,&tetra- IneEhanO-(i-aZepO[ 1,2-ulbenzi- 
methyl-l-oxo- midazole. Ring lndez No. 2275) 

m. 93". 
2,4-Ethano-1,2,3,4- (CAem. Abatracde Name: 10-0x0- 10 

tetrahydro- 3,6,12,12-tttramethyl-6,P 
3,3,4,8-tetra- met hano-6-azepo[ 1,2- ulbenzi- 
methyl-l-oxo- midazole. Ring Index No. 2275) 

m. 97". 
C 16N$ S-Benzoyl-l,2,3,5- m. 162.5-3.5" . 8 

terrahydro- 

6,7,8,9- 
tetrahydro- 

&nitro-4- 

sul  f onox y )- 

ClBHf8N2 8 (or 7?)-Benzyl- bl 204-12". 11,12 

CzH14N407S &(l-NethyEz,F Ye1.-brn., chars < 190'. 16 

mpht hyl- 
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A-275. Dipyrido[l,Z-u, 4',3'4]- 
8 6 -  2 imidazole 7 \  / 3  

6 5 4  

This nucleus has also been called 3,9,72-tria~a~%orene and num- 
bered as shown in I .  

Only four compounds with this nucleus have been reported. They 
were obtained by Petrov and Saper' from the condensation of 
2-aminopyridine and 3,5-dinitro-4-chloropyridine. Compound I I is a 
yellow solid, m. 319", which was reduced by iron and hydrochloric 
acid to corresponding amine (yellow, m. 256-7"), a convulsant poison 
with an LD,, (i.v./mice) of 60 mg./kg. The methiodide is yellow, 
rn. 311", and the acetyl derivative melts at 264-5". Treatment of 
the amine with nitrous acid produces a normal diazonium salt (red 
dye with &naphthol), which, when heated in solution, is converted 
into a compound (m.p. 311") assigned structure 111. 
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c1 

Reference 

1. Petrov and Saper, J .  Chem. SOC., 1946,588. 

A-276. Imidazo(1,Z-afquinoline 
6 5  

This nucleus has also been called glyoxalino[ 7':Z'- 7:Zjguinoline. 
Treatment of 2-quinolylamine ( I )  with phenacyl bromide, un- 

like the corresponding reactions with 2-pyridylamine or 2-thiazolyl- 
amine (see Sections A-131 and A-271), fails to stop with the forma- 
tion of the imidazo compound (11) ,  but yields only the quaternary 
salt 111.' The action of bases converts 111 into the "enol-betaine" 
IV.' One example of the fully aromatic system is known, however, 
compound VI, which was prepared ' by the acetylation of V under 
mildly basic conditions. 

Osbond2 has described the preparation of some 2,3-dihydro de- 
rivatives (e.g., VIII) of this nucleus by the dehydrohalogenation 
of compounds of type VII. 

The first reference to this ring system occurs in a patent by 
Harriman, who claimed to have prepared compounds of type IX by 
treatment of I with chloroacetyl chloride and a second acylating 



U I 
z~3-Z~3~ 

JVOX HN 
0% - 

'ON 
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Derivatives of Imidazo[l,2-alquinoline 

Structure Properties and comments Refs. Empirical 
formula 

CH 2CH 2 Br 
I 

CH2CH2CI 
I 

HNP3 
COCH, 
I 

COCH3 
I 

-0CO CH 3 

HBt salt, m. 292'. 2 

Yel., m. > 320'. HCI 2 
salt. m. 220-1'. 
Methiodide, m. 226". 

Strucrure conect? 

Structure correct? 

3 

3 
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Derivatives of Imidazoll,2-crlquinoline (oontinusd) 

Empirical Saucture Properties and comments Refs. formula 

/CH2-N b u H2C 
I 

HCI salt, m. 290". 2 

I 

m. 183"; intense yellow 1 

HNP3 

CmHzaNe LNN 22- : 

C17H22NIO 

C18H U N 3 0 2  &=p& 
fluorescence in UV. 
HBr salt, m. 3 1 5 9 "  d. NO2 

/ \ 

CH ~ C O C ~ H I  
I 

Bromide, m. 213-0-4.5". 1 
"Enol-betaine," or., m. 

@Yc6H5 194-5" d. 

c 25H 19N 2 0  

Yel., m. ca. 167". 2 

L p 3  / 

CIBH37 
I 

1 3 

Refereaces 
1. Kickhofen, Chm. Ber., 88,1114 (1 955). 
2. Osband, J .  C h .  SOC., 1950,1853. 
3. Harriman, U. S. Pat. 2,421,693. 
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2 

A-277. Imidazo[l72-a][l,8]naphthyridine 

7 6 

The name 3,9,11-trzazapentanthrene has been used. 
The treatment of 2-amino-5,7dirnethyl-l ,&naphthyridine (I) 

with a-haloketones is reported by Schmid and Grundig ' to give prod- 
uctsof structure I1 (IIa, R = C,H,, m. 174" (vac.), b,.os 185-90", 
HCl salt d. 200"; IIb, R = CH,, m. 142-4" (vac.) b,,,, 115-60"). 

CH3 

0 
II 

RCCH,Br - H3cFNH2 \ /  

CH, 

(Ira) R = C H, 
(IIb) R = Ch, 

Reference 

1. Schmidand Grundig, Monatsh., 84,491 (1953). 

I 

A-2 78. Imidazo[P,l-a] isoquinoline 

7 6  

The only reference to this ring system occurs in a patent by Harri- 
man,' which mentions compound I but gives no descriptive or ex- 
perimental details. 
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Reference 

1. Harriman, U. S. Pat. 2,421,693. 

P 

A-2 7 9. Benzimidazo [ X,IL-a]quinoline. 
R.I. 2389 

Derivatives of this nucleus were prepared by Morgan and Stew- 
[who named the nucleus quimlo( 7 t : 2 t - 7 : 2 ) b e ~ i m i ~ o l e  (I) 

or 7:2-guinofo-4.-5-benz- 7:s.diuzafine (II)], from the condensation of 2- 

7' 7' 

6 

(1) (11) 

aminoquinoline with picryl chloride or 2,4-dinitrochlorobenzene. 
Stepwise reduction of IIIa followed by deamination also gave IIIb. 
This in turn on reduction and deamination yielded benzimidazo[l,2- 
ajquinoline (IV). A tetrahydro derivative of IV was obtained by 

R =H or NO2 

(IIla) R -NO, 
(II1b)R =H 
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Reimann5 from the reaction of 2-chlorocyclohexanone with 2- 
amino-6-methoxyquinoline. 

Benzimidazo[l,2-alquinolines 

Refs. Empirical Properties and 
comments formula Structure 

C15H8N404 8, IO-Dinitrv m. ,300". 294 
c 1 5H 9N 3 0  2 10-Ni tro- m. 242-3". 2,3 
C15H 1ON2 Unsubstituted m. 102-3". 2,3 

X 5H 1 ON 4 0 2  8-Amino-10-nitro- m. >300". 2 
c 1 SH 1 IN3 10-Amino- m. 233" (223"?). 2 
c 15H12N4 8,lO-Diamino- m. 273-4". 2 
c 16H 16N 2 0  8,9,10,11-Tetrahydro- m. 153". Hydro- 5 

Fmethoxy- chloride, m. 265 '. 

References 

1.  Morgan and Stewart, Chm. and Ind., 1937,670. 
2. Morgan and Stewart, J .  Chem. SOC., 1938,1292. 
3. Morgan and Stewart, J .  Chem. SOC., 1939, 1057. 
4. Morganand Stewart, Brit. Pat. 519,660; Chcm. Abstracts, 33,3173 (1939). 
5. Reitmann, Ger. Pat. 547,985; Frdf., 18,2782 (1933). U. S. Pat. 2,057,978. 

10 I 1  ,p I 

A-280. Benz~midazo[l,2-b~isoquinol~ne* s \  'an 
7 6 5 4  

From the reaction of homophthalic anhydride with o-phenyl- 
enediamine, Bistrzycki and Fassler isolated a yellow substance (d. 
,345"), to which they assigned structure I, although I1 remained 
an alternative choice. Recently Schroeder claimed' that this product 
is actually a 3: 1 mixture of I and 11 (see Section A-281). 

Condensation of this mixture (I1 fails to react) with glyoxal 
yielded' I11 (red crystals giving a red solution in sulfuric acid), 
while with terephthalaldehyde, IV (reddish orange, nonvattable) 
was ~ b t a i n e d . ~  Oxidation (e.g., with manganese dioxide, etc.) of I11 
in an aluminum chloride-sodium chloride melt yielded the bluish 
red V (green vat; violet solution in sulfuric acid). Dichloro and di- 
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0 

0 0 

bromo analogs of V, prepared 
had similar properties. 

from 4-halo-o-phenylenediamines, 
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References 

1 .  Bistrzycki and Fader, Heiv. Cham. Ada, 6,519 (1923). 
2. Schroeder, U. S. Pat. 2,785,167. 
3. Oken and Schroeder, U. S. Pat. 2,777,845. 

2 

A-281. Benzimidaz0[2,1-~]isoquinoline. 10 

R.I. 2386 
e 7 6  

Other titles encountered are: pm'do( 1';2'- 1:2)be~imina~ole (I) 
and 1:2-pyrzdo-4:5-bery- 1. &diazaline (11). 

7' 7' 

The product (see Section A-280) obtained by Bistrzycki and Fass- 
ler from the condensation of homophthalic anhydride with o-phenyl- 
enediamine is claimed2 to be a 1:3 mixture of I11 with the linear 
isomer. 

0 

The condensation of picryl chloride, or of 2,4-dinitrochloroben- 
zene with I-aminoisoquinoline is r e p ~ r t e d ~ - ~  to yield products of 
structure IV. Reduction followed by deamination converted IV into 
the parent compound of this nucleus. 

Reitmann' prepared the 8,9,10,11 -tetrahydro derivative by re- 
acting 1 -aminoisoquinoline with 2-chlorocyclohexanone. 
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BenzimidazoCZ, 1-alisoquinolines 

Properties and Refs. comments Substimats Empirical 
formula 

5 ,  d Di hydro-doxo- 
9,Il-Dinitro- 
PNitro- 
Unsubstituted 
1 I- Amino-*nitro- 
9. Amino- 
9,Il-Diamino- 
8,9,10,Il-Tetrahydro- 

Yel., 6 -345". 
m. > B O O .  

m. 271-2". 
m. lBO. - 
m. 2667O. 
m. 249-50". 
Solid, b, 2OO-10". 

1 
273 
4 
3 
4, 
4 
3 
5 

References 

1 .  Bistrzycki and Fassler, Helv. Chim. Acta, 6,519 (1923). 
2. Schroeter, U. S. Pat. 2,785,167. 
3. Morgan and Stewart, Chem. and Ind., 1937,670. 
4. Morgan and Stewart, J. C h .  Sac., 1938,1292. 
5. Morgan and Stewart, 3. Chem. Sac., 1939,1057. 
6. Reitmann, Ger. Pat. 547,985; Frdl., 18,2782 (1933). U. S. Pat. 2,057,978. 

2 

A-282. 12aH-Pyr ido [ 1,2 -u]quin [ 1,2-c] - 11 

imidazole. R.I,2385 

A red dye containing this nucleus was reported by Krollpfeiffer 
and Schneider to be obtained by the action of quinaldic acid chlo- 
ride on pyridine. This product (I) crystallized in red-brown needles, 
which sintered and darkened above 200", and melted with decom- 
position at 238-40". The yellow picrate melted at 193-4'; the 
greenish yellow methyl iodide addition compound at 190" d., and 
the methyl sulfate addition compound at 165-8"d. Vigorous treat- 
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0- 

ment of the dye with 48% hydrobromic acid hydrolyzed it to pyri- 
dine and quinaldic acid. The structure of the dye is probably best 
repreknted by a mesoionic hydrid (to which formula I is a major 
contributor) similar to that postulated for Besthorn’s Red (see Sec- 
tion A-291). 

Recently Brown and Wild’ prepared the oxygen-free salts I1 
[X = picrate, m. 238-9”; X = bromide, in watet A,,, 235, 275, 317, 
334, 350, 370 and 380 mp  (log 6 = 4.33, 4.28, 3.73, 3.92, 4.05, 
4.07 and 3.94, respectively), and X = ClO,-], by two different 
routes, which demonstrate the involvement of the a-carbon atom of 
the pyridine nucleus, and effectively support structure I€. Catalytic 
hydrogenation of the bromide of I1 over Raney nickel yielded the 
9,10,11,12-tetrahydro derivative of I1 (picrate, m. 186-7O; the 
bromide and perchlorate salts were also prepared, but the melting 
points were not given). 

8 Q + N Y 4 * f i - f J B r  n1 + 

‘ BrCH, \ N  ).,/ \ N /  
Br,CH + 

f11) 

The bromination of 111 followed by dehydrobromination yielded 
the 7-bromo compound IV (X = Br, rn. 338-45’; X = picrate, m. 
214”), the cation of which was named’ 5-brornupyridino( 1‘:Z’ -  I : Z ) -  
quinoltno( I” :2”’-3:4)glyoxaliniurn. Treatment of IV (X = Br-) with 

Br- 

281, 
--+ - -H Br - 

X- Br 
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sulfuric acid at 100" did not remove the nuclear bromine atom, but 
yielded a sulfonic acid (picrate, m. 226"). Compound I V  was also ob- 
tained3 by brominating 11 in acetic acid. 

References 

1. Krollpfeiffer and Schneider, Ann., 530,34 (1 937). 
2.  Brown and Wild, J .  Chem. Sac., 1956,1158. 
3. Brown and White, ,3. Chem. SOC., 1957,1589. 

2 

A-283. Benzo[e]pyrido[a]- 
benzimidazole. R.I. 23868 

6 

The name 1 : 2-pyrido-8: 9-ben<o-4:5-ben.p l:.?-diazaline and the num- 
bering shown in I have also been used. 

The condensation of 2-aminopyridine with 1 -chIoro-2,4-dinitro- 
naphthalene yields a product which could, a priori, have either struc- 
ture I1 or 111. Morgan and Stewart assigned' structure I11 to the 

NO, p" uN 
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* soZc6 H5 

pyrrdim/ kICI I 
C H SO, 

6 5 ~  A 

c1- 

NHSO,C,H, 

( J ,  NHSO,C,H, 

(XI 

H2/Pt02  T EtQHIHCI 

fJ$ N HS0,C , H 

product, although until very recently, without corroborative evi- 
dence. However, Adam and Pomerantz, while investigating the 
reactions of VI with pyridine and with 2-aminopyridine, obtained 
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compound VII, which, upon hydrolysis, yielded an arnine identical 
with that prepared by Morgan and Stewart from 111. Compound 
VII was reduced to X, which could also be obtained (via VIII and 
IX) from the reaction of VI with pyridine. These steps effectively 
demonstrate the skeleton present in these derivatives, and preclude 
the alternative skeleton present in 11. Basification of VIII yielded 
XI, which could be reduced, depending upon the conditions, either 
to IX or to XII. 

Chemical reduction1 of 111, followed by diazotization and re- 
moval of the amino group gave the parent compound IV. Its be- 
havior in substitution reactions has not been described. Catalytic 
hydrogenation of I11 reduced' both the nitro group and also the 
pyridine ring, and subsequent deamination gave V. 

The reaction of 2,3-dichloro-1 ,Cnaphthoquinone with Z-amino- 
pyridine yields a quinone incorrectly thought to be XIII, but 
shown4 to have structure XIV. When 2-aminopyridine reacted with 

N 
'R 
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2-acetamido-3-chloro-1 ,Cnaphthoquinone in alcoholic solution, XIV 
was produced, while in chlorobenzene solution, XV (R = CH,CO) 
was the product. The reaction of dichloronaphthoquinone with a 
large excess (four moles) of Zaminopyridine in alcohol or in chloro- 
benzene, yielded4 compound XV (R = 2-pyridyl). Nitration of 
XIV gave4 a product thought to be the 3-nitro derivative. Several 
homologs of XIV were obtained by analogous reactions. 

Reitmann condensed 2-bromo-1-tetralone with 2-aminopyri- 
dine and obtained a product to which he assigned structure XVI, 
although structure XVII was not invalidated. The accuracy of struc- 
ture XVI was recently confirmed6 by the isolation of XIV from the 
oxidation of Reitmann’s product. 

(XVII) 

Tetrahydro compounds of type V may be prepared6 by heat- 
ing 1,2-naphthylenediamine with 6-valerolactone. The yield is less 

good than that obtained6 in the case of homologous products (see 
Sections A-274, A-285 and A-789)’ and the product is accompanied 
by some 2- ( y -hydroxybut yl) -napht h [ 1, 2 - 4  i midazole. Not withstand- 
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ing, it is, as is Reitmann's, one of the simplest syntheses of this ring 
system, and it utilizes readily obtainable materials. 

Condensation of camphoric anhydride with 1,2-naphthylenedi- 
amine gave7 two isomeric 2-(carboxytrirnethylcyclopenty1)-naph- 
thimidazoles, analogous to the isomers obtained from o-phenylene- 
diamine (see Section A-274). Cyclization of one of these isomers 
yielded a product (XVIII), which may be regarded as a derivative of 
the benzo[e]pyrido[a] benzimidazole nucleus. 

0 

(XVIII) 

Benzo[ elpyridot o lbenziaridaurlers 

Refs. €?ropertics and 
comments Empidcd Substhuems fonauln 

C & & 1 2 N 2 0 2  l,bDichlaro-5,6dihydro- 
5,& dioxo- 

15H1)f7N 3O 3 1 (or 4)-NittbS,bdihydro- 

4 (or 1)-Ni tm5,bdihydro- 

3Nitro-T,&dihydro-5,6- 

9.Nitro-5,6dihydro-5,& 

5,ddioxo- 

5 ,  d d i O X 0 -  

diour 

dioxo- 
CISHBN203 5,6-Dihydro-5,6dioxo- 

Or., m. 319.0-20.7'. 
Phenazine deriv., 
ochre, m. 313.0- 
4.2'. 

Or., m. 321.5-2.g0; 
red vat. 

Or.-bm., m. 301.5- 
3.5'; red vat. 

Bm., m. >360'd., red 
vat. 

Or.-yei., m. -295'd. 

Bm.-or., m. 302-3'. 
Phenazine deriv. 
yel., rn. 294.1-5.0'. 

m. 240-1'. 
m. 195.86.2' (185'). 

Picrate, m. 258-61'. 
Yel., m. 238-40O (238- 

9'). 

4 

4 

4 

4 

4 

394 

1 
L4 

1.2 

(continued) 
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Benzo[c]pyrido[a]benzimidazoles (eonl;intred) 

Refs. Empirical Su bst ituents Properties and 
f onula comments 

5,6KXhydre 

>Amino-8,9,lO, 11-tetra- 
hydro- 

5,6-dioxo- 

h x o -  

5,GDi hydro 11-nthyl- 

6Acccimino- 5 ,6& hydro- 

5,6Diacetoxy- 
5,6Dihydro-5-0~0-6-(2- 

pyridyI>imino- 

tetrahydro-lO,lO,ll-tri- 
9,1l-Eth~~10-8,9,10,11- 

met hyl-&oxo- 
5-Phenyl sul fonami do- 
e,~, 11% 12-Tetrahydro-5- 

phenylsulfonamido- 
8,9,10,11,11q 12-Hexa- 

hydro- 5-phenyl sulfon- 
ami do- 

10- Methyl- 5-phenylsul fon- 
amido- 

6- Acetoxy- 9"- (bpyridy1)- 
acetaminol- 

1 la, 12-Dihydro-5-sulfon- 
amido- 12-phenylsulfo- 
nyl- 

x,e, 11% 12-Tetrahydro-5- 
sul fonamido- 12-phenyl- 
sulfonyl- 

hydro- 5- sul fonamido- 12- 
phenyl sulfonyl- 

8,9,10,11,11a, 12-Hexa- 

bl200-10', m. 159.4- 
60.6" (157"). HC1 
saIt, m. 307-8'd. 
Picrate, m. 299-50'. 

m. 233.3-4.7'. 

m. 161.5-2.5' (158- 
9"). P mate. m. 
233.5-5.5". 

m. 228-30". 

Yel., m. 281-3O. 

Brmor., m. 271.5-2.5". 

m. 233-4' (194"). 
Brn.-purple, m. 245.0- 

m. 80-2'. 
5.5". 

m. 235-7"d. 
m. 246.0-7.5 " . 
HC1 Sdt, m. 305-7"d. 

m. 266"d. 

m. 280"d. 

m. 220.1'. 

m. 247.5-8 ". 

m. 248'. 

596 

4 

4 4  

1 

4 

4 

3.4 
4 

7 

2 
2 

2 

2 

4 

2 

2 

2 
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A-284. Benzo[g] pyrido[cl] - 10 6s 
benzimidazole* 9 \  # 5  

8 7 6  

See under benzo[e~pyrido[a]benzimidazole (Section A-283). 

A-285. Benzo(f 1 pyrido(a1- 
benzimidazole * 

The reaction of 2,3-dichloro-l ,Cnaphthoquinone with Z-amino- 
pyridine yielded a product incorrectly thought to be I ,  but shown2 
to have structure I I  (see Section A-283). 

Q 

0 0 

0 
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However, fusion of 2,3-diarninonaphthalene with Gvalerolac- 
tone afforded3 a good yield of 111 (greenish-yellow, m. 190.5-2.5"; 
picrate, rn. 271.5-2.0" d.), which was oxidized by chromic acid to 
IV (yellow, rn. 250-lo, clear yellow vat). Efforts to aromatize 111 
were not successful. 

0 

0 

References 

1. Truitt, Cooper and Wood, J .  Am. Chem. Soc., 79,5708 (1957). 
2. Mosby and Boyie, J .  Org. Chm., 24,374 ( 1  959). 
3. Mosby, J .  o r g .  Chem., 24,419 (1959). 

2 

A-286. 7H-Benz[ &]imidazo[ 2,l-cr)iso- 
quinoline. R.I. 2391 

6 

In continuation of his investigation of the condensation of di- 
carboxylic acids and diamines, Bistrzycki reacted ethylenediamine 
with naphthalic anhydride and obtained compound I .  Fierz-David 
and Rossi3 noticed that treatment of I with bromine in acetic acid 
produced a dissociable bromine addition complex, whereas chlorine 
in boiling trichlorobenzene simultaneously dehydrogenated and 
halogenated I to the x,9,10-trichloro compound (II), in which the 
location of one of the chlorine atoms is undetermined. 
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Derivatives of 7~-Benz~~e]imidazo[2,l-alisoquinolia7-one 

Substituarts Properties and comments Refs. Empirical 
formula 

C uHsCl ,N 2O ~,9,10-Trichloro- m. 308-9" 3 
c MH ION 2 0  9.10-Dihydro Gm.-yel., m. 184-5" 2, 3 

(179-80'). Picrate 
yel., m. 294-5' d. 
Ethiodide, or., m. 286- 
7"; with NaOH gjves 
N-ethyl hydroxide, m. 
92-3". Brl complex, 
yel., sinters 222 ", m. 

297-300 O .  
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2. Bistrzycki and Risi, Helv. Chzm. Ada,  8,810 (1925). 
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A-287. Dipyrido[l,P-a, 1',2'a'jbenzo- 
[1,2-d, 5,4-df]bisimidazole * 

The reaction of 1,5-dichloro-2,4dinitrobenzene with piperidine 
gave I, in which one of the nitro groups was reduced, diazotized 
and converted into the azide (11). Pyrolysis of I1 afforded a low yield 
of 111, which was again subjected to a similar reaction sequence to 
yield IV (m. 279-80"). 
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Reference 

1. Saunders,3. Chon. Soc., 1955,3275. 

A-288. Dipyrido [ 1 ',3 ' -a, 1",2 ' -ur] - 
benzo[1,2-d, 4,5-d']bisimidazole 

Although chloranil had been reported' not to condense with 2- 
aminopyridine, Boyle2 obtained, in 33% yield, a product (red- 
brown, m. >360") thought to have structure I (R = H). The di- 
methyl homolog I (R = CH,, red-brown, m. > 360'; red vat; yellow 
solution in sulfuric acid) was similarly prepared. 

0 0 

0 0 

References 

1. Schmid and Czerny, Mowtsh., 83,31 (1952). 
2. Boyle, Chem. amflnd., 1957,1069. 
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A -2 89. 14.H-1,3 -Dioxolo [ 5,6] indeno- I4 

[ 2,141 [1,3]dioxolo[ 6,7]iso- 
quinolo[ 2,3a] imidazole. 
R.I. 3681 

A red compound melting above 360°, and thought to have struc- 
ture 11, was obtained by Ruhernann from action of ammonium hy- 
droxide upon I. Evidence to support this structure is needed. 

0 0 

0 ii 

Reference 
1. Ruhemann, J .  Chem. SOL, 101,780 (1912). 

e 

A-290. Benzimidazo[k,2-~phenanthri- 
dine. R.I. 3042 

10 9 

I 

This nucleus has also been named phenanthrido( 10':9'- 7:2)bensini- 
dazole and 1:2( lO1:9')phenanthrido-4:5.be~- 1:Adiazaline (I). The only 
known examples were prepared by Morgan and Stewart' by the 
condensation of 6-aminophenanthridine with picryl chloride. As dis- 
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cussed previously in the case of the pyrido[l,2-~]benzirnidazole 
nucleus (see Section A-274), condensation might occur at either the 
ring nitrogen or the amino group giving intermediates which, on 
cyclization, would yield either 10,12- or 1 1 ,13-dinitrobenzimidazo- 
[ 1,2--phenanthridine. Morgan and Stewart prefer the 10,12-dinitro 
structure (11) for their product (m. >280") and, by analogy to re- 
lated systems, they are probably correct in their choice. 

(11) €3 = N O ,  
(HI) R = H 

Reduction of the dinitro compound I1 affords the yellow diamine, 
and, on diazotization and removal of the diazo groups, the unsub- 
stituted parent substance (111, m. 153-4"), is obtained. Substitution 
reactions upon this ring system have not been described. 

Reference 

1 .  Morgan and Stewart, 3. C h .  SOC., 1938,1292, 

2 

A-291. GuH-Diquin[ 1,2-cr, 1',2'-c]imid- 

11 
azole. R.I. 3040 and 3041 

s 

This nucleus has also bscn called diquznolino( 1':Z'- T,2,1r1:2"-3:4)- 
glyoxaline. 

In 1894 Besthorn and Jaeglt' obtained a red, fluorescent com- 
pound by heating 4-@hydroxyphenyl)quinaldic acid in acetic an- 
hydride. From quinaldic acid Besthorn and Ibeie2 obtained a similar 
red condensation product having the empirical formula C ,H 2N28 
(Besthorn's Red), which they first thought to be di(2-quinolyl) ke- 



Fused 5/6 Ring Systems with One Extra Heteroatom 54 1 

tone. This was soon shown to be untrue, and they then3 proposed 
structure I for their product. The reaction was found to be general for 

acids similar to quinaldic acid, and other methods were found for the 
preparation of these red dyes. Among these were: (1) the treatment of 
quinoline with quinaldic acid chloride; (2) heating quinaldic acid 
with benzoic anhydride and (3) heating quinaldic anhydride in 
water. 

Wieland, Hettche and Hoshino4 reinvestigated Besthorn’s Red 
in 1928, and while they were displeased with a structure (I) con- 
taining a pentacovalent nitrogen atom, they were unable to disprove 
its validity. Almost a decade later, Krollpfeiffer and Schneider‘ cor- 
rected the erroneous valence state of the nitrogen and proposed 
formula I1 for Besthorn’s Red, and, following a suggestion” of 
Wieland’s, they disproved the possibility that the dye had a free 
radical structure by showing the molecule to be diamagnetic. As 
indicated by these  author^,^ the incursion of dipolar resonance 
forms of the type shown, might be expected to contribute materially 
to the stability of the molecule. The color and structure of Besthorn’s 
Red have been considered6 in relation to the structurally similar, 
but colorless “quinacolls,” and support has recently been given7 to 
the representation of such systems as “mesoi~nic”~’  lo compounds, 
essentially equivalent to structure IIa proposed by Krollpfeiffer ” 
in 1936. 
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Compound I1 sinters at about 200°, m. 230-40". The ultraviolet 
absorption spectrum in benzene, measured by Krollpfeiffer and 
Schneider, showed maxima at 525 and 569 mp (log K = 4.10 and 
4.13, respectively). The red benzene solution rapidly became color- 
less in air and sunlight. The methyl sulfate addition compound I11 
(yellow-brown, m. 1 79-8Ood.), when heated with caustic, decom- 
posed to yield a new substance: C20H,6N,0, (colorless needles, 
m. 213.5-4.5"), which was thought to have either structure IV or V, 
since when heated with 48% hydrobromic acid it yielded carbostyril 
and quinoline-2-carboxaldehyde. Recently structure V was shown' 
to be correct. Catalytic reduction of I1 consumed three moles of 
hydrogen and afforded two stereoisomeric 5,6,12,13,13a, 14-hexa- 
hydro derivatives of 11, m. 133-4" and 155" respectively. 4 2 8  Oxida- 
tion of the hexahydro compounds with chromic acid gave a red com- 

I 
A dll. NaOOH 

-4- 
OH a CHO 
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pound, presumably 11, whereas peracetic acid gave quinaldic acid 
and hydrocarbostyril. 

Besthorn7 also prepared some further derivatives of 11. The re- 
action of quinaldic acid chloride with 4-carbethoxyquinoline gave 
VI (yellow prisms with a metallic reflex, m. 238"), and quinaldic 

pcocl+ 2 ---+ gz (3 / 
\ COOC,H5 

"i= 
' /  

COOC2H5 
/ 

(VI)  

acid chlorine with 4-phenylquinoline gave the dye VII (red-brown 
tablets melting indefinitely above 240"). The isomeric dye VIII, 

(VIII) 
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of similar color and melting point, was obtained from 4-phenylquin- 
aldic chloride and quinoline. Dyes VII and VIII yielded, respec- 
tively, upon hydrolysis, 4-phenylcarbostyril and quinaldic acid, and 
carbostyril and 4-phenylquinaldic acid, as would be expected by 
analogy to the hydrolysis of 111. 

Recently the quaternary compound IX was prepared as shown. 
The picrate (m. 261 -2") and the perchlorate form yellow needles. The 
bromide forms pale yellow crystals and its aqueous solutions show a 
strong blue fluorescence; in methanol A,,, = 225, 260, 300, 350, 370 
and 390 mp (log c = 4.12, 4.30, 4.15, 3.94, 4.09, 4.02). Bromina- 
tion of IX in aqueous acetic acid yieldedI3 the 14-bromo derivative, 
isolated as the bromide, perbromide and perchlorate salts. Hot 

aqueous alkali decomposed IX, yielding13 a product thought to be 
1 - (2-quinolylmethyl) carbostyrii. 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 

References 

Besthorn and Jaeglt, Ber., 27,907 (1894). 
Besthorn and Ibele, Ber., 37,1236 (1904). 
Besthorn and Ibele, Ber., 38,2127 (1905). 
Wieland, Hettche and Noshino, Ber., 61,2371 (1928). 
Krollpfeiffer and Schneider, Ann., 530,34 (1937). 
Brown and Harnmick, 3. Chem. Soc., 1950,628. 
Hamrnick and Roe, Chem. and Id., 1953,900. 
Besthorn, Ber., 46,2762 (1913). 
Katritzky, Chem. and Ind., 1955,521. 
Bieber, Chem. and Id., 1955,1055. 
Brown and Wild, 3. C h .  SOL, 1956,1158. 
Krollpfeiffer, Angew. Chm., 49,550 (1936). 
Brown and White, 3. Chm. Sot., 1957,1589. 
Baker and Ollis, Quart. Rev., 11,15 (1 957). 



Fused 5/6 Ring Systems with One Extra Heteroatom 545 

A-292. 15aH-Isoquino[2,1-a]quin- 
(1,2-c]imidazoIe * 

9 8 6  

This nucleus was also named quznolino( 7':2'-3:4)isoquinolino( ?":- 
2"-2: 7)glyoxaline. 

Brown and Wild' obtained I as the yellow perbromide salt [in 
water A,,, = 285, 300, 315 and 370 mp (log f: = 4.21, 4.19, 3.97 
and 3.91)]. The picrate (m. 234"), bromide and perchlorate salts 
of I were also obtained.2 These salts are decomposed to 1-(2- 
quinolylmethy1)-isocarbostyril by hot aqueous alkali. 

Br- X- 

References 

1. Brown and Wild, 3. Chem. Sac., 1956,1158. 
2. Brown and White, 3. Chem. Soc., 1957,1589. 

A-293. 

1 

lZbH-Diisoquin[ 2,1-a, 2 ',l'-c]- 
imidazole 

By heating isoquinaldic acid in acetic anhydride, Krollpfeiffer 
and Schneider' obtained a red dye (m. ,280") similar to that 
(''Besthorn's Red") obtained under these conditions from quinaldic 
acid (see Section A-291). The dye, to which they assigned structure 
I,  yielded a colorless derivative (11, d. 205-8") when treated 
with methyl sulfate. 
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Reference 

1. Krotlpfeiffer and Schneider, Ann., 530,34 (1937). 

A-294. Benzo(e]quino[l,2-u]- @ , - :  / S  

benzimidarole. R.I. 3041M II 

e 
10 / 8 

B 

The name 7:2-guznolo-8:9-ben~o-4:5-benf- l:3-diataline and the num- 
bering shown in I have been used. 

Condensation of 2-aminoquinoline with l-chloro-2,4-dinitro- 
naphthalene yielded ' a product which could have either structure 
I1 or I11 (R = NO,). Morgan and Stewart preferred structure 11, 
and it seems probable by analogy with related systems (see Section 
A-274) that this choice is correct. 

Reduction of IIa (m. > 280") to-ihe corresponding amine (IIb, 
m. 166") and removal of the amino group by diazotization gave 
the parent compound IIc (m. '244-So). No information is available 
on the substitution reactions of IIc. 
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The reaction of 2-aminoquinoline with 2,bdichloronaphtho- 
quinone yielded a brownish-yellow quinone (m. 327.5-8.5") as- 
signed' structure IV. 

c1 A 0 A 

References 

1. Morgan and Stewart, 3. Chem. Soc., 1939,1057. 
2. Mosby and Boyle, J .  Org. C h . ,  24,374 (1 959). 

2 

10 
A-295. Benz [ e] isoquino[ 1,2 -a] - 

benzimidazole. R.I. 3041F 
8 6 

The alternate name 7:2(2': l')isoguinolo-8:9-ben~o-4:5-be~- 1:3dt- 
acaline (I) has been proposed for this nucleus. The only known ex- 
amples (IIa, b and c) were reportedly obtained by Morgan and 
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Stewart from the condensation of 1 -chloro-2,4-dinitronaphthaIene 
with 1 -aminoisoquinoline. Although no evidence was offered to show 
that the products do not have the alternative structure III, related 
reactions (see Section A-274) have yielded products analogous to 11. 
The nitro compound IIa (m. > 280') was reduced to the amine (IIb, 
shrinks at 170", rn. 184"), which, upon diazotization and removal 

(112) R = NO, 
(IIb) R = NH, 
(IIc) R = H + 

of the diazo group, gave the unsubstituted compound (IIc, m. 252- 
253"). Nothing is known concerning the substitution reactions of 
this nucleus. 

Reference 

1 .  Morgan and Stewart, 3. Chcm. Soc., 1939,1057. 
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2 

A-296. 7H-Benzimidazo[2,l-a]benz- 
[de]isoquinoline. R.I. 3043 

9 
7 

The 7-OX0 derivative of this ring system has been called 1,2-( 1',8')- 
naphlhoylene- 1,3-beneodiazole; 1',8'-naptilhoykne- 1,2- benzyminazole; Q'-kelo- 
8'-aeaphenalino ( 7' : 8' : 2: 3)- $-indole (I) ; 9'-keto-8'-asaphenalino( 7' :a': 2; I )  - 
ben,gmznacole (I I )  and lf-keto-2'-azaperinaphlhano(2': 3'- 1:2) benzzmznazole 
(111). The first example was the 7-0x0 derivative, described by 

5' 5' 5' 

Chakravarti' in 1924, and obtained from the condensation of o- 
phenylenediamine and naphthalic anhydride. This synthesis was 
corroborated by Bistrzycki and Risi2 and by Rule and T h ~ m p s o n . ~  
The same product was shown by Stephenson* to result from the 
condensation of l,&naphthaldehydic acid and o-phenylenediamine 
with the possible formation of the 13,13a-dihydro compound as a 
labite intermediate. 

Of particular interest are the dicarboxylic acids V, since they 
may be used to prepare a number of commercially valuable dyes (see 
Sections A-324/5). They are perhaps most easily prepared from the 
reaction'"'' in buffered aqueous solution of the disodium salt of 
naphthalene- 1,4,5,8-tetracarboxylic acid (VI) with o-phenylenedi- 
amines. They were also from IV as shown, or by the 
oxidation l3 of VII (see Section A-298). 

The derivatives tabulated were usually obtained from the 
reaction of substituted naphthalic acids with o-phenylenediamine 
or substituted o-phenylenediamines. Several of the resulting prod- 
uct mixtures VIII have been separated into the isomeric (czs-tram) 
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COOH 

R a N @  \ ---N \ COOH 

0 

COONa 

COONa H O W  

HOOC 

0 

components of the type shown. With symmetrically substituted re- 
actants, of course, only one isomer is formed. Recently Okazaki 
et ai.31-34 studied the reaction of naphthalic acids with substituted 

aNH2 \ NH, + 0qR ----+ 

0 

0 0 
tmm- cis- 

(VIII) 
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o-phenylenediamines. It had previously been assumed that the benz- 
imidazo[2,1 -a]benz[de]isoquinolinone so obtained was substituted in 
the 11-position. However, they showed that nearly equal amounts 
of the 10- and 1 1 -isomers were formed. 

Nothing has been reported regarding substitution reactions in this 
ring system, probably because electrophilic attack might be expected 
to occur in the "benz-" ring rather than at more useful positions 
in the naphthalene nucleus. The ?-OX0 derivative (VIII, where R = 

H) has been shown5 not to undergo oxidative dimerization to a peryl- 
ene derivative as naphthalimide does when fused with caustic. 

Although several derivatives of VIII have been patented, none 
finds application at present as a dye for cotton or wool. However, 
several have recently been ~ l a i m e d ~ ~ - ~ '  of value in the coloration 
of superpolyamide plastics. 

Properties and 
comments Refs, Substitucnts Empirical 

formula 

4(or 3)-Bromo- 

Yel., m. 230". 
(Mixture) 

Or., m. 301 '. 
Bronze, m. 370". 
Yel., m. 283' 

(270-2 ' 1. 
Less sol. in  
C6H 5C1 than 
isomer. 

Yel., m. 223' 
(219-21'). More 
sol. i n  C6H 5C1 
than isomer. 

Yel., m. 232.54'. 
Yel., m. 234-5 '. - - - 
Deep yel,, m. 206' 

(I98 '; 189 "). 
Stable to hot aq. or 
alc. alkali. 

6 

2 9 2 8  
2 
6-8 

6 8  

34 
28.34 
28 
28 
28 
1-3,26,31 

(continued) 
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Benzimidato(2,l-a] henz[delisoquinolin-7-ones (continued) 

Refs. Propedes end 
comments Empirical Substituents formula 

10-Amino- 
11- Amino- 
3(0r &Sulfamino- 
3(or 4pAmino-x- 

Xor 4?)-Cyano- 
3( or 4 ?)-C arboxy- 
3(or 4>Carboxy- 

sulfo- 

2(or 5)-hydroxy-ll- 
sulfo- 

lO(or 11)-Carboxy-1 l(or 
lO)-hydroxy-3(ot 4)- 
sulfo- 

IO(or lI)-Carboxy-ll(or 
lO)-hydroxy-2( or 5)- 
sulfo- 

%or 12>MethyI- 

10-Methyl- 
11-Methyl- 
10-Met hoxy- 
11-Methoxy- 

9,11(or 10,12> 
Dibromo-3,4- 
dicarboxy- 

3,4-Dicarboxy- 
10, ll-dichloro- 

ll-Bromo-3,4- 
dicarboxy - 

3,4-Dicarboxy- 

Yel., m. 275 ". 
Red., m. 245-7". 
(Mixture 7) N a  salt, or. 
(Mixture ?) dyes wool 

m. 257-60". 

(Mixture ?) dyes wool 
yel., which becomes 
bm.-yd. on "after- 
chroming. @' 

chroming" gives a 
red-yel. dye of fair 
moisture and light 
fastness. 

"After-chromings@ 
gives a red-yel. 
dye of fair mois- 
ture and light 
fastness. 

(Mixture ?). Deep 
yel., m. 187". 

Yel., m. 1+1". 
Yel., m. 212-3". 
Or., m. 210-1". 
Or., yel., m. 192.5- 

or. 

or. 

- 

(Mixture ?) **after- 

3.5". 

Red. Anhydride, or., 

Or. 
m. > 350'. 

Or.-yel., m. > 350". 
Anhydride (R.I. 
3499). Imide, see 
Section A-300. 

26 
26 
9 
9 

35 
35 
10 

11 

11 

32 

32 
32 
33 
33 

12 

12@13,27 

12 
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Benzimidazo[2, 1-01 benz[de~isoquinoiin-7-ones (continued) 

Refs. Properties and 
Substituents comments 

EmpiricaI 
formula 

3-Carboxymethylenethio- 

4-Carboxymethylenethio 

10( or 11 >Chloro-3,4- 
dicarboxy-11 (or 10)- 
methyl- 

3,4-Dicarboxy-l l-methyl- 
3,4-Dicarbory-l l-ethoxy- 
2(0r 5)-t-Butyl-3,4- 

dibromo- 
3(or 4)-Benzoyl- 

3(or 4)-Carboxy-4(or 3)- 
(a-ethylbutyry1)- 

3( or 4)-( 2-Cuboxp 

2,5-D i- t buty 1- 3(0r 4)- 

xor 4)-Bromo-2,5-di-t- 

2,I)-Di-&butyb3(or 4)- 

2, FDi- t but yl- 

benzoylk 

nitro- 

but+ 

chlom- 

3( or 4)- (4- bB ~ t y l -  2- 
carboxybenzoy1)- 

3(or 4>( 1-Anthraquino- 
ny1amino)-11-chloro- 

3(or 4>(l-Anthraquino- 
ny1amino)- 

4(or 34 I-Arthraguino- 

3(or +(l-Anthraquino- 
nylamino)-2(or 5)- 
methoxy- 

n ylamiaoj 

Gives colorless alkali 

Gives colorless alkali 

(Mixture ?) yel. 

salts. 

salts. 

Red. 
&.*red. 
(Mixture ?); yel., m. 

(Mixture ?); yel.; red 
s o h  in HzS04, 

(Mixture ?), yel. 
amorph. 

(Mixture ?), yel., m. 
285-7". 

(Mixture ?), yel., m. 
266-7". 

(Mixture ?), ycl., m. 
280-3". 

(Mixture ?), yel., m. 
270-2". 

Gm.-yel., m. 278-9". 

250- 1 " . 

(Mixture ?)* or., m. 

(Mixture ?), brn. 
300-2 " . 

Red-brn., m. ca. 400". 

Red-bm., m. ca. 380". 

Not cyclizcd by caustic 
melt. Heated to 
190 " in  HzSO4 -+ vt. 
vat dye. 

8 

8 

12 

1 5 2 7  
12.27 
18 

19 

13 

20.21 

22 

22 

18 

23 

24 

6 

6 

6 

5 

(continued) 
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Benzimidazo[Z.l-a] benz[de]isoquinolin-7-ones (continued) 

Refs, Properties and 
comments Substit uent s Empirical 

formula 

C,H g8N2O2 %or 4)5(3-Benzanthro- (Mixture ?) 25 

C36H sBr2N402 3,3'(or 4,4'>Dibromo- (Mixture ?) red-bra. 6 
ny1> 

II,I1'-bi* m. > 360". 
28 

cd18N404s 2,2'(or 5,5')-Sdfonyl- - 28 

C*H aN403 3,4-DicarborethyI- Or., m. 213-4". 15.16 

C*.H18N40t ll,ll'-Bis- - 
bis- 

enilide- 
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32. Okazaki and Kasai, 3. SOC. Org. Synthet. Chnn. Japan, 13, 175 (1955); Chem. 

33. Okazaki, 3. Soc. Org. Synfhet. Chem. Japan, 13, 228 (1955); Chem. Ab- 

34. Okazaki, Kasai and Matsubara, 3. SOC. Org. Synthet. Chem. Japan, 13,413 (1955); 

35. Schmidt-Nickels, U. S. Pat. 2,820,037. 

551,183; Frdl., 19,2198 (1934). U. S. Pat. 1,935,945. 

Chem. <en&., 11,820 (1930). 

1,847,561. 

Abstracts, 49,14743 (1955). 

2,835,674. 

2745 (1957). 

Abstracts, 51,2746 (1957). 

stracts, 51,2746 (1957). 

Chem. Abstracts, 51,2747 (1957). 

13 

A-29 7. W-Benzimidazo[ Z,l-a]indeno- 
[ 6,7,l-deflisoquinolinet 

7 5 4  

The only three representatives reported of this nucleus were ob- 
tained by the chemists of the I.G. Farbenindustrie A.G., from the 
reaction of acenapht hene- 5,6-dicarboanhydrides with o-phenylenedi- 
amine. The 5-0x0 compound'*2 is yellow (m. 272-3") and the 
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4(or 12)-amino-5-oxo derivative3 is reported to be orange-yellow. 
Caustic fusion of a material thought to be the 5-oxo-3-(or possibly 
13-) sulfonic acid (I) gave a product (mixture?) formulated' as 11, 
presumably by analogy to the product obtained under similar cir- 
cumstances from acenaphthene-3-sulfonic acid. 

References 

1 .  Eckert and Brannsdorf, Ger. Pats. 522,173 and 523,521; Frdl., 17, 1415, 1417 
(1932). U. S. Pat. 1,910,465. 

2. Sieber, I.G. Farbenrndurlnc A.G., 43 Wtssmrchajttltchcr Austausch der Cmppc IX, 
Leverkusen, April 25, 1941; PB Report Nos. 70338, frames 10875-10878 and 
73484, frames,863-867. 

3. Quint, I.G. Farbcntndustnc A.G., 38 Wissenschafllichcr Austausch dcr Gm/~pe IX, 
Wolfen, Dee. 8,1937; PB Report No. 70338, frames 10322-10329. 

A-298. Benzimidazo(P,l-a]naphth- 
[2,1,8-defjisoquinaline. R.I. 3501 

8 7 8  s 

Three derivatives of this ring system have been reported. Sieber 
prepared the red compound I, starting from pyrene. The other two 
representatives were obtained by Eckert and Braunsdorf2 starting 
with acenaphthene. Compound IIa (R = H) is yellow, m. 254-6"; 
compound IIb (R = Cl) is also yellow, m. 325-7". 
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0 

(Ma) R = H 
(IIb) R = CI 
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References 

1.  Sieber, I.C. Farbentndustne A.G.,  33 Wissenrchajtltcher hustausch der Gncppc I X ,  

2. Eckert and Braunsdorf, Ger. Pats. 522,173 and 523,521; Frdi., I?, 1415 and 
Frankfurt, March 27,1935; PB Report f l o .  70330, frames 9525-9527. 

1417 (1932); U. S .  Pat. 1,910,465. 

1 

A-299. LH-[2] Benzopyrano[ 6,5,4&fl- 
benzirnidazo(2,1-~]imquinoline. tO 

R.I. 3499 
8 

The only examples of this ring system are the anhydrides of 
benzimidazo[ 2,t -a] benz~dejisoquinol-7-one-3,4-dicarboxylic acids 
(see Section A-296). 

L4 I 

A-300. Benzimidazo[2,l-~]isoquino- 

[ 6,5,4 -defjisoquinoline. 10 
R.I. 3498 

8 8 5  

A number of dyes of types I1 and 111 have been prepared '12 by 
the reaction of I (see Section A-296) with various amines. They are, 
for the most part, yellows to oranges, although browns may be ob- 
tained by introduction of suitable (e.g., alkoxy) groups in position 10. 
An interesting characteristic which these dyes share with others (see 
Sections A-324/5) derived from naphthalene-1,4,5,8-tetracarboxylic 
acid, is the formation of a red-green dichroic vat solution. 

The simplest imide of this series (V) was prepared by H0pff3 
from IV, which was obtained from the reaction of acenaphthene 
with carbamyl chloride under Friedel-Crafts conditions. 
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@ \ 0 -  I01 

R" 

! 

0 4  HOOC 

HOOC 
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Dyes of Structure I1 

R R’ Properties and comments Refs. 

H H Red. Dissolves unchanged in alkali; 
dyes  cotton a weak orange (b1.-red 
vat). 

Or., dyes cotton ye1.-red. 
Or., dyes cotton yel. 
Dyes cotton red-yel. 
Red, dyes cotton yel. 
Yel., dyes cotton red-yel. 
Yel. 
(Mixture), yellow. 
Yel. 
Or., dyes cotton red.-yel. 
Bm.-yeI., dyes  cotton yel. 
Yel. 
Yel. 
Or., dyes cotton red-yel. 
Yel. 

3 

1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

194 

Dyes of Structure I11 

R R’ R” Properties Refs. 

H H Nothing 
Cl 2-CI Nothing 
CI 3-U Nothing 
H 3XH3 Nothing 

H H co 

H H S 
H H NH 
OC 2H3 H Nothing 

H H CH2 

c 1  H a 1  

n H CHC6Hs 

Yel. 
Golden or. 
Golden yel. 
Yel. 
Yel. 
Golden or. 
Golden yel. 
Yef . 
Yel. 
Bra 
Golden yel. 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

References 

1. Eckert and Braunsdorf, Ger. Pat. 547,924; Frdl., 18, 1501 (1933); Ger. Pat. 
551,183; Frdi., 19, 2198 (1934); U. S .  Pat. 1,935,945; Brit. Pats. 
366,660 and 366,705. 
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2. Eckert and Fuchs, Ger. Pat. Appl'n. F. 15002 iVb/22e. 
3. Hopff, Ger. Pat. Appl'n. I. 51838 IVe/1202; PB Report No.  73719, frame 2201 
4. LeThierry d'Ennequin, Tetntcx, 20,879 (1955). 

a 

A-301. 5H-Benzimidazo [ 1,Z -a] naphtho- 
(1,2,3-de]quinoline * 

10 

7 

By the successive reduction, acetylation and cyclization of l - (o-  
nitroani1ino)-anthraquinone (I), Rosch obtained the 5-0x0 deriva- 
tive (11) of this nucleus. Eckert' mentions that the p-toluidino 

derivative (111) of I1 was prepared as shown from 2-methylbenz- 
imidazole. Compound III was a red dye of no interest and, similarly, 
11 showed poor light-fastness. 
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Reference 

1 .  Eckert and Rosch. I.G. Farbenindwtrie A.G., 31 Wissenschfthcher Awlauch der 
Csuppe IX, Frankfurt, June 20, 1934, and Hiichst, July 17, 1934; PB Rtport No. 
25632, frames 226-7. 

2 

A-302. 15H-Benzirnidazo[ 2,141 naphtho- 
[1,2,3&] isoquinoline 

‘0 9 

7 

and/or 9 

ti 

13 a -  / , *\ N - , 7  

14 ‘s 
A-303. SH-Benzirnidazo[ll,l~]dibenzo- 

[de,h]isoquinoline * 12 \ 

I 1  lo H, 8 

9 

Compounds representing either one or the other of these nuclei (or 
possibly a mixture of both) have been obtained by Eckert and Brauns- 
dorf.lr2 The carboxyl group of compound(s?) I was converted 
into the acid chloride and this was allowed to react with benzene 
under Friedel-Crafts conditions to give the corresponding benzoyl 
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C ~ Z H ,  Br COOCzH5 

@ \ /  -* / - 
COOCzH5 COOC H, 

compound(s?). This product crystallized from acetic acid in red 
needles, rn. 270-3", and was claimed to dye violet from a blue 
vat. 

References 

1 .  Eckert and Braunsdorf, I.G. Farbmindustrie A.C., 33 Wissenrchaftlichcr Austausch 
der Gruppe I X ,  Frankfurt, March 29, 1935; PB Report No. 70338, frames 9533- 
9535. 

2. Eckert and Braunsdorf, Ger. Pat. 637,091; Frdl., 23,1124 (1940). 

A-304. 14H-Benzo[ delnaphth [ 2 ,1 43 ] - 
imidazo[ 1,2 -b)isoquinoline. 11 

R.I. 3500 7 6  

Q 

The 14-0x0 derivative of this nucleus was described in 1924 by 
Chakravarti as being the product of the condensation of naphthalic 
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anhydride with 1,2-naphthylenediamine. He reported the compound 
to melt at 256". The following year Bistrzvcki and Risi2 rcported 
the same reaction to yield a product (m. 238-9"d.), which they con- 
sidered to have structure I, and which they named 1',8'-naph- 
thoylen-a-naphthzmina~ole-1,2. Their preference for structure I was 
based upon their observation that phthalic anhydride reacted with 

0 

(1) 

the 2-amino group of 1,2-naphthylenediamine and that the 1 h i  oduct 
could he converted (by deamination and hydrolysis) to 2-n,tl)hthyI- 
phthalamic acid (11) rather than the corresponding 1-isomer (111). 
The analogy between these reactions and the present condensation 
was felt by Bistrzycki and Risi to be sufficiently valid to support 
structure I over that suggested by Chakravarti. No direct evidence 

az:N: 

II 
0 

0 
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on the behavior of naphthalic acid is available however, and it has 
subsequently been claimed by Crippa and Gal i~nbert i ,~  that the con- 
densation of phthalic anhydride and 1 ,2-naphthylenediamine (see 
Sections A-101/2) yields IV when run at 170", but V when run at 

270". A decision as to the exact structure of these products 
must therefore await further experimental evidence. 

14H-BenzoldelnaahlY. 1'.4.5limidazo[ 1 .24]isoquinolie 14-ones 

Substitucnts Properties and 
comments Refs. 

~~ 

c 22H 12N 2 0  Unsubstituted Or.-red, m. 256' 1,2 

c zzH 12N202  I-Hydroxy- Or., m. 350'. 4 
4- HY~IOXY- Or., m. 323'. 4 
4,9(or 4,12>Dihydroxy- Or., m. > 3 5 5 O .  4 
4,1O(or 4,11)-Dihydroxy- Or., m. > 355 '. 4 

c 22H l2u2Ois 1- Sul fo- - 4 
OSUIfo- - 4 

C22H12N2°5S 4-Hydroxy-2-sulfo- - 4 
1- Hydr~~y- f~u l fo -  c 4 
lO-Hydro~-+ sul fo- - 4 
1,3-Disulfo- - 
2,4-Di sul fm - 4 
$,9(0f 4,12)-Didfp. - 4 

(238-9" d.). 

4 c 22 Hf3N207S2 

24H 12N201 10, I€-Dicarboxy- Red 5 4  
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1. 

2. 
3. 
4. 

5. 

6. 

References 

Chakravarti, Quart. 3. Indtan Chem. Soc., 1, 19 (1924); Chem. Abstracts, 19, 830 
(1925); Chem. <en&., I, 518 (1925). 
Bistrzycki and Risi, Helu. Chtm. Acta, 8,810 (1925). 
Crippa and Galimberti, Gwz. chtm. ital., 59,510 (1929). 
Neelmeier and Meiser, Ger. Pat. 519,052; Frdl., 17, 1423 (1932). U. S. Pat. 
1,867,091. 
Eckert and Braunsdorf, Ger. Pat. 553,629; Frdl., 19, 2194 (1934). U. S. Pat. 
1,924,090. 
Eckert and Fuchs, Ger. Pat. 1,005,969. 

2 

A-305. 7H-Benzo[de]quinoxalo[2',3']- 12&:f&4 

5 
imidazo[l,2-b]isoquinoline, 
R.I. 3495 11 \ 

10 9 8H2 * 
7 

The 7-ox0 derivative of this nucleus was briefly described as form- 
ing yellow needles, by Sircar and Pal, ' who obtained it from the con- 
densation of naphthalic anhydride with 2,3-diaminoquinoxaline. 

Reference 

1. Sircar and Pal, 3. Indran Chem. Sac., 9, 527 (1932); Chem. Zentr., I, 1947 
(1933); Chem. Abstracfs, 27,1882 (1933). 

A-306. Benzo[ lmn] bisimidazo- 
[ 1,2-c, 1',2 '-j] [ 3,8]- 
phenanthroline. R.I. 3462 

and/or 

A-307. Benzo[ Imn] bisimidazo- 
[ 1,2-~, 2',1'-j] [ 3,8] - 
phenanthroline 8 7  

By condensing naphthalene-l,4,5,8-tetracarboxylic acid (I) with 
obtained a two moles of ethylenediamine, Fierz-David and Rossi 
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tetrahydrodioxo derivative (I1 and/or 111) of one or both of these 
ring systems. The product was orange-yellow and very readily vatted, 
but so strongly basic that it possessed little vat dye character. 

0 

_* 

0 

0 
(11) trans 

and/or 

0 
(111) cis 

Treatment of this tetrahydro product in trichlorobenzene at 180-2000 
with bromine dehydrogenated and brominated it to the tetrabromo 
compound(s) (halogens in imidazole rings), which dyed cotton a 
yellow-brown from a red vat. 

Reference 

1. Fierz-David and Rossi, Hdu. Chirn. Ada, 21,1466 (1938). 

2 

A-308. 7H-Benzf4,5]isoquino[t,26]- 
quinoxalo[ 2,3-f Jbenzimid- 
azole. R.I. 3713 

A yellow product (m. >300°),  thought to be the 7-0x0 deriva- 
tive, reportedly was obtained by Sircar and De' by condensing 
naphthalic anhydride with 2,3-diaminophenazine. 
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Reference 

1. Sircar and De, Quart, J .  I d t a n  Chem. Sac., 2, 312 (1925); C h m .  <en&., I, 2697 
(1926); Chem. Abxlracls, 20,1805 (1926). 

A-309. lOH-Benzo[de] phenanthro- 
[9',1O',4,5]irnidazo[Z,l-u] - 
isoquinoline* 

Treatment of 9,lO-diaminophenanthrene with naphthalic acids 
(I ,  R = H, Br or NO,) in hot acetic acid, was reported' to 
yield derivatives of structure I1 (R = H, yellow-orange, m. 326", 
H,SO, solution green; R = Br, bright orange, rn. 273", H,SO, 
solution bright green; R = NO,, bordeaux, m. 330°, H,SO, so- 
lution violet). The substituent R is in either the 13 or 14 position, 
but was not located definitively. 

Attempts by this method to prepare an amine of type I1 using 
4-aminonaphthalic acid (I, R = NH,) failed. To effect the con- 
densation of this acid with 9,lO-diaminophenanthrene it was neces- 
sary to resort to a high boiling solvent such as quinoline and a 
temperature of about 220". However, the resulting product was not 
an imidazole such as 11, but was thought to be 9,10-(.N,,"-bis-4- 
aminonaphtha1imido)phenanthrene. 

Reference 

1.  Tsukerman and Krasovitski, Ukratn. Khirn. Zhur., 20,543 (1954). 
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I 17 

A-310. GH-Anthra[3,2,11de]benz- 
imidazo[l,2-b] isoquinoline * 

8 

and/or 

A-311. lOH-Anthra[ 3,2,1de]benz- 
imidazo[ 2,1-ra] isoquinoline* 

13 I2 I 1  

The name Q'-keto-#':5'(or Zr:3')-o-phthaloyl-8'-qa-phenalino( 7':8':- 
2:3)-$-indale (I) was assigned by Peters and Rowel to a product (ob- 

tained as shown), which is possibly a single component, but prob- 
ably is a mixture of I1 and 111. The same product was also obtained 

0 
0 0 
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by Heidenreichz from IV. The product crystallizes in red plates, 
which shrink above 300" and melt at 320-5". It dissolves in sul- 
furic acid with a yellow-brown color and dyes cotton orange from 
an olive green vat. The shade is yellower and brighter than that 

1) CaHJNHzIz - I I  and/or III 
2) eyelintion 0 

of Indanthrene Golden Orange ZRT, but it is inferior to the latter 
dye in light- and wash-fastness. 

References 
1 .  Peters and Rowe, 3. SOC. Dyers and Colounsts, 59,52 (1 943). 
2. Heidenreich, Brit. Pat. 304,263; Chern. {entr., I, 2585 (1929); U. S. Pat. 

1,847,561. 

A-312. Benzimidazo[l,2-b]thioxantheno- 
[3,2 ,l-de] isoquinoline* 

11 9 8  

and/or 

A-313. Be nzimidazo [ 2,l-a] thioxantheno- 
[3,2,1-de]isoquinoline * 

8 

A product representing one or the other of these nuclei, or pos- 
sibly a mixture of both, was described by Eckert and Quint.' The 
product crystallizes in yellow needles (m. 286-7") and dissolves 
in sulfuric acid with an orange color. While the dye is stronger than 
the acridone analog (see Sections A-314/5), it is still appreciably 



Fused 5/6 Ring Systems with One Extra Heteroatom 57 1 

weaker than, for example, Indanthrene Yellow GK, and inferior to 
it in light-fastness. The introduction of chlorine or of ethoxy groups 
into the benzirnidazole ring failed to improve the strength of the 
dye. 

0 8 ' 

0 

NHa 

&m S 

0 

Reference 

1. Ekkert and Quint, I.G. Farbenrndwtrie A.G., 35 Wissenschaftlicher Awtawch der 
Gmpp I X ,  March 13,1936, Frankfurt, PB Repor6 No. 70338, frames 9752-9757. 

2 

A-314. SH-Benzirnidazof1',2',2,3]iso- 
quin [ 5,4-016] acridine * 1.5 

and/or 9 
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A-315. lOHi-Benzimidazo[ 2 ‘,1’,1,2]im- IS 

quin[ 5 ,4ab  j acridine* 
8 

10 

A product, which is probably a mixture of 0x0 derivatives of the 
above two isomers, was obtained by Eckert and Quint’ via the route 
shown. I t  forms yellow needles, soluble in sulfuric acid with a yellow 

0 

ROOC 

ROOC 

0 

/ / N 
H 

\ 

0 
0 

color, insoluble in aqueous alkali but soluble in alcoholic or pyridine 
solutions of alkali. The product is a very weak yellow dye (orange 
vat) with poor soap-, wash- and soda-fastness. 

Reference 

Gruppe IX, March 13,1936, Frankfurt; PB Report No. 70338, frames 9752-9757. 
1. Eckert and Quint, I.G. Farbenindustrie A.G., 35 Wissemchaf~ircher Austausch der 
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A-316. Anthra[2,1,9.def]benzimidazo- 
[ 2,l-ujisoquinoline 

and/or 
15 16 I 

A-317. Anthra[2,1,9def]benzimidazo- 
[l,Z-b]isoquinoline* 

9 7 6  

Derivatives of one or both of these nuclei are obtained by reacting 
benzanthrone-3,4-dicarboxylic acids with o-phenylenediamines'-4 
or with o-nitroanilines followed by r e d ~ c t i o n . ~  A further synthesis of 
these nuclei has been described briefly,6 and consists in subjecting 
benzoylbenzimidazo[2,l-a]benz[de]isoquinolin-7-ones (e.g., I1 I) to 
the Scholl condensation. While the colors of these various products 
range from orange through blue to brownish black, none has yet 
found commercial application. The separation of some of these dye 
mixtures into the isomeric components has been claimed.7 For ex- 
ample, the mixture of the sulfates of I and I1 was fractionally 

0 0 

0 * .-. / 

0 \ 
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crystallized from sulfuric acid, giving a less soluble (probably 
Iruns) isomer, which dyes cotton a clear fast orange from a red vat. 
The more soluble fraction dyes cotton red from a red vat. 

Derivatives of I and I1 

Refs. Properties and 
comments Substituents Empirical 

formula 

x-Bromo-I and/or 11 (possi- 
bly 3-Bromo-I and/or 2- 
bromo-If) 

11 

ctdoro-I1 

2-Chloro-1 and/or 3 C h h ' O -  

12-Chloro-1 and/or 11- 

Unsubstituted I and/or I1 

11 (OK 12)-Chloro- 13 (01. 10)- 
methyl-I and/or 10 (or 
ll)-chloro-12(or 9)- 
met hyl-I1 

11 (OK 12)-Chlor* 12 (or 11)- 
methyl-I and/or l l ( o r  

met  hyl-I1 
11 (or 12)-Chloro-l2(or 11) 

methoxy-1 and/or 10 (or 

met  hoxy- 11. 

9 (or 12)-methyl-N. 

lO)-chlOra 10(0r 11)- 

ll)-chloro-ll (OK 10)- 

10 (or 13>Methyl-l and/or 

11 (or 12)-Ethoxy-l and/or 
10 (or 11)-ethoxy-11. 

11,12-Dimethoxy-l and/or 
10,ll-dimethoxy-11. 

I and/or 10(or 11)-eth- 

l l ( o r  12), Il '(or 12')-bis 
I- and/or 10(or l l ) ,  10' 
lor Il')-bisN. 

11 (or 12)-Ethoxy-2-1~ethyl- 

OXY- 3-mt hyl-11. 

(Mixture?), dyes cotton 
red-or. 

(Mixture?), dyes cotton 

(Mixture?), dyes cotton 
or. from red vat. 

(Mixture?), or.-red; 
fast or. dye. 

(Mixture?), or. dye. 

Or. 

(Mixture?), brilliant 
or. dye. 

(Mixture?), a clear 
brn. dye. 

(Mixture?), dyes cot- 
ton a brilliant 
scarlet. 

ton a deep Ln. from 
or.-red vat. 

(Mixture?), dyes b1k.- 
bm. 

(Mixture?), dyes cot- 
ton bl. 

(Mixture?), dyes cot- 

(Mixture?), dyes vt.- 

brn. 

2,3 

2 

2-4 

1-4.6 

2-4 

4 3  

283 

2- 4 

2- 4 

2,3 

4 

4 
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References 

1. KrPnzlein, Greune and Langbein, Ger. Pat. 561,494; Frdl., 18, 1406 (1933). 

2. Krfnzlein, Greune, Core11 and Vollrnann, Ger. Pat. 503,404; Frdf., 17, 1386 

3. I.G. Farbenindustrie, A.G., Brit. Pat. 308,651; Chcm. <enti., 11, 662 (1929). 

4. I.G. Farbenrndustrie, A.G., Fr. Pat. 39,499; Chem. Zeenfr., I, 880 (1932). 
5. Greune and Langbein. G r .  Pat. 531.014; Frdl., 18, 1406 (1933). 
6. Kranzlein, Greune and Vollrnann, Ger. Pat. 494,111; Frdl., 16, 1441 (1931); 

7. Greune and Langbein, Ger. Pat. 563,493; Frdl., 18,1407 (1933) 

U. S. Pat. 1,856,711. 

(1932). U. S. Pat. 1,921,360, 

Fr. Pat. 671,976. 

Chrm. <en&., 11,820 (1930). U. S. Pat. 1,892,241. 

A-318. Benzimidazo[Z,l-o] pyrido- 
[3',2',6,7]naphth[2,1,8-def]- 
isaquinoline* 

LO 9 1 1  7 

and/or 

15 16 I 

A-3t9. Benzimidazo[2,1-ulpyrido- 
[2 ',3',5,6]naphth [2,1,8-&J - 
isoquinoline * 

9 * i  6 

By the condensation of 1 1 -azabenz[de]anthr-7-one-3,4-dicarboxy- 
lie acid (I)  with o-phenylenediamine, Vollmann obtained a prod- 
uct, which is probably a mixture of the dioxo derivatives of the above 
two nuclei. The dicarboxylic acid ( I )  was obtained as shown from 
1-aminopyrene. The product dyes orange from a yellow-olive vat and 
gives a golden yellow solution in sulfuric acid. The shade is not ap- 
preciably different from that of t he product formed by condensing 
benz(dejanthr-7-one-3,4-dicarboxylic acid with o-phenylenediamine 
(see Sections A-316/7), and the dye is inferior to this product in wash- 
and boil-fast ness. 
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Reference 

1. VoIlmann, I.G. Farbenindurlrie A.G., 34 Wissenrchaf6llicher Austausch der Gmppe IX,  
Oct. 25, 1935, Leverkusen; PB Report 80.70338, frames 9699-9700. 

1 

A-320. IH-Benzimidazo[1,2-u]- 
pleiadeno-[ 3,4-~d] pyridine 

The trioxo derivative was obtained by Peters and Rowe,' who 
named it 9'-kelo-3',4'-phthaloyoyl-8-aca-phenalino( 7':8': 2:3)-$-.indole and 
numbered the nucleus as shown in I .  Condensation of the anhydride 
I1 with o-phenylenediamine gave product I11 (orange needles, m. 
380", insoluble in aqueous alkali, but soluble with an orange- 
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0 

0 

red color in sulfuric acid). It forms a deep red-violet vat and dyes 
a golden yellow, slightly redder and duller than Caledon Yellow ZRS, 
but a little greener and brighter than Indanthrene Golden Orange G, 
while inferior to the former in light- and wash-fastness. 

0 @ - @* \ @ \ 

\ 

0 0 

Reference 

1. Peters and Rowe, J .  SOC. Dyers and Coiounsts, 59,52 (1943). 
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A-321. 

and/or 

A-322. 

Chapter V 

I 

Imidazoj 2,la]quinoxalino- 
[ 2',3',6,7] naphth[2,1,8def 1 - 
isoquinoline* 

Imidazo [ 1,2 -61 quinoxalino- 
[ 2 ' ,3 ' ,6,7] napht h [ 2 ,lt8-defl - 
isoquinoline * 

A yellow-brown dye (orange vat), probably a mixture of I1 and 
111, was prepared by Eckert and Sieber by reacting the anhydride 
I with ethyienediamine. 

Reference 

1. k h r t  and Sieber, Ger. Pat. 659,095; Frdi., 24,973 (1941). 
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A-323. Benzimidazo[2,1~][1] benzo- 
thieno[ 3/44 ‘,5,6]naphtho- 4 

[ 2,1,8-dcf]isoquinoline* 

Acylation of benzo[b]thiophene with a product thought to be I 
(see Section A-296), followed by the Scholl condensation upon the 
intermediate ketone, yielded a brown dye (red-brown vat) assigned 
structure 11. 

Reference 

1. Schmidt-Nickels, U. S. Pat. 2,820,036. 

A-324. 

and 

A-325. 

16 17 1 
Bisbenzimidaza- 

diazap yrene. 
[ 2 *la, 2 ‘,l’-h] [ 2,7] - 
R.I. 3855 10 9 8  7 

18 I 

Bisbenzimidazo- 

diazap yrene. 
R.I. 3856 

[ 2 ,la, 1’,2 ‘4 I 2,7] - 14 

I f  10 9 8 

Derivatives of these two nuclei were among the first prepared 
and are the most important of the higher imidazo[ 1,2-a]pyridine 
ring systems. 
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The first commercial exploitation of compounds of this type oc- 
curred in 1926 when the I.G. Farbenindustrie A.G. marketed as 
“ Indanthrenscharlach GG” the reaction product of o-phenylenedi- 
amine and naphthalene-l,4,5,8-tetracarboxylic acid dianhydride. 
It was soon found that Indanthrene Scarlet GG was actually a mix- 
ture” of the two isomeric dyes I and 11, Because of the juxta- 
position of the carbonyl groups in compounds such as 11, I t  is 
customary to refer to such structures as ‘Lczs” isomers, while those 
of type I are called “trans.” Numerous methods were then patented 
for the separation of the czs-trans mixture, including extraction of 

0 0 

( I )  trans (11) cis 

the product with hot chloroacetic acid’’ or sulfuric acid,” or 
treatment with sodium hydroxide, potassium hydroxide, l 3  sodium 
alkoxides or sodamide, i 4  aluminum or stannic chlorides, l5 or p- 
toluenesulfonic acid. l 6  Once separated, the trans isomer (I) was 
marketed under the name of “Indanthrene Brilliant Orange GR” 
while the cis isomer (11) was called “Indanthrene Bordeaux RR.” 
The ratio of the isomers produced changes somewhat with the solvent 
employed. ’ In acetic acid approximately equal amounts of the two 
dyes are formed, while in pyridine about 60% of the trans isomer 
(I) results. 

Minor variations of this synthesis consist of condensing the 
tetracarboxylic acid or anhydride with an o-azo-2 or o-nitroaniline 
to give a bis-N-arylimide, followed by reducing the nitro- or azo- 
group to an amine and cyclizing the product. By refluxing the tetra- 
carboxylic anhydride in ethanol with the diamine, it is possible to ob- 
tain the intermediate bis-(o-aminophenylimides), 4*5  which, when 
heated further in acetic acid or dimethylaniline,6 or even with 
water in a sealed container at 150°,6 give the two bisbenzimidazo 
compounds. The c ~ n d e n s a t i o n ~ ~  of 3,4-dicarboxybenzimidazo[ 2,l-a]- 
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benz[de]isoquinolin-7-one (see Section A-296) with o-phenylenedi- 
amine also gives a mixture of I and 11. Evidence of the great stabiiity 
of these compounds, and of the considerable driving force towards their 
formation, is found in the observations that they may be obtained also 
( 1 )  by efimination of aniline in the treatment of the N,N-bisphenyl- 

CN Br COOH 

CICH,CO C1 HOOC CI 

c1 C1 COCH,CI C1 COOH 

1) KCN - Cu,(CN), 
2) H,O/H+ 
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imide of naphthalene-$ ,4,5,8-tetracarboxylic acid with o-phenylene- 
 liarn nine,^ and (2) by elimination of a substituent in the condensa- 
tion of the “tetra acid” with, e.g., o-H2N-C,H,-NHCH, and o- 

H2N-C,H,-NHCONHC6H5 .* 
The question of determining which dye corresponded to the cis or 

trans isomer was nicely answered by Eckert and Becker, ‘I l7 who 
synthesized each isomer by an  unequivocal route. Generally, the 
tram isomer is lighter or yellower21 than the (redder) cis isomer 
in any given pair of isomeric dyes of this type. Solutions of the leuco 
derivatives of I and I1 are peculiarly dichroic; thus the vat of I is 
green in transmitted light and red in reflected light, while that of I1 
shows the same colors in reverse.,, Most of the dyes derived from 
“tetra acid” are known for their dichroic vat solutions. 

Dyes containing these nuclei are numbered among the most 
powerful vat dyes, ’* have good all-around fastness, and do not pro- 
mote “tendering” of the textile fibers. Some representatives of the 
series have rather insoluble leuco derivatives, and to avoid this 
difficulty, analogs having -S02C6H5 and -S02N(CH3), groups 
in the naphthalene nucleus were prepared. They proved, however, 
to be greatly inferior in strength. l8 Black, gray and brown-black 
dyes have been obtained 19,20 b y attaching anthraquinonylamino 
groups to the benz-rings of the parent nuclei. Treatment of Indan- 
threne Scarlet GG (I and 11) with hydroxylamine and iron salts in 
sulfuric acid is reported33 to give a blue-gray to black dye (green 
vat) ,  which is probably an amino derivative. 

Derivatives of I and I1 
I 

Substituents Properties end comments Refs. Empirical 
formula 

C%H,Br,C12N402 3,12 (or 2,11)-Di- 
bromo-2,11 (or 
3,12>dichloro-/- 

2,13 (or 3,12>Di- 
bromo-3,12 (or 
2,13)-dichIoro-/I- 

C&&l4N402 2,3,11,12-Tetra- 

C 26H 10 Br 2 N 0 
chloro-l- 

3,12-Di bromo-l- 

- 

(Mixture?), dyes cotton 11 
red-brn. from olive vat. 

(Mixture?), dyes brn. from 22 
olive green vat. 

Dyes a clear orange from 

Dyes copper-red from 11 

11,13,15, 
olive grn. vat. 18 

olive grn. vat. 
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Derivatives of I and I1 (continued) 

Substitueots Properties and comments Refs. Empirice I 
formula 

3,12-Dichloro-l-and 
2,13-dichloro-ll- 

C26H 10 6O6 3,12-Didtro-I- 
See a l s o  
c 26H Id602 

2,l fDinitro-11- 

C26H12N402 Unsubstituted I 

Unsubstituted I1 

Unsubstituted I and I1 

C Z H  l4N6 8,17-Di-irnino-l- 
6,PDi-imino-11- 

x,x-Diarnino-1 and I1 
C28Hg0F6N&2 1.10 (and/or 4,13)- 

bistrifluoro-methyl4 
and/or 4,14 (and/or 
1 ,Ilk bis-trifluoro- 
methyl-I1 

Dyes brn. from olive grn. 
vat. 

Dyes scarlet from olive 
grn. vat. 

Dyes brn. from olive gm. 
vat. 

(Mixture) “Indanthrene 
Printing Brown 5R.” 
Dyes red-brn. 

Dyes b1.-gray from olive 
vat. Undoubtedly is 
reduced to the amine by 
vatting. 

Dyes gray from olive vat. 
Is reduced to the amine 
by vatting. 

Orange GR” 

RR” 

Scarlet GG” 

“Indanthrene Brilliant 

“Indanthrene Bordeaux 

(Mixture) “Indanthrene 

_. 

Red, insol. i n  dil. soda 
solution. 

The dye colors listed 
under CxH10N606 (the 
corresponding nitro 
compounds) are no 
doubt those of these 
amines formed during 
the vatting operation. 

Blue-grey (green vat), 
(Mixture), much lighter in 

color than the corresp. 
methyl analog. 

11 

11 

11 

19.35 

11 

11 

17,23,24 

1,23,24 

2.4.7.9, 
23-26, 
28,29, 
35 

17 
1 

11 

33 
18 

(continued) 
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Derivatives of I and I1 (continued) 

Substituents Properties and comments Refs. Empirical 
form& 

C30H16N404 

3,12-Dicarboxy-I 
and/or 2,13-dicar- 
boxy-ll 

6 (or 7)-Bromo-3,12- 

7 (or 17)-Bromo-2,13- 

1 , l O  (and/or 4,13)- 

dimethyl-l- 

dimethyl-ll- 

Dimethyl-I 

4.14 (and/or 1 , l l ) -  
Dimethyl-lI 

3,12-Dimeth oxy- I 

2,lfDimethoxy-ll 

6 (or 7)-Dimethyl-sul- 
famyl-l and/or 7 (or 
17)-dimethyl-sul- 
famyl-II 

2,4,11,13 (or 
1,3,10,12)- tetra- 
kis(trifluoro- 
methyl)-I and/or 
1,3,11,13 (or 
2,4,12,14)-tetrakis- 
(trifluoromethy1)-lf 

3,12-bis(2,2,2-tri- 
fluorethoxy)- I 
and/or 2,13-bis- 
(2,2,2-trifluor- 
ethoxy)- I I  

3,12-DiacetyI-f 

Olive gm. vat; ye1.-bm. 34 
H2S04 solution. 
Amides from amino- 
anthraquinones, etc.; 
01. to or.-red (brn. vat). 

(Mixture?), dyes scarlet. 14 

(Mixture?), dyes bordeaux. 14 

(Mixture?) dyes yel.- 15 
scarlet from olive grn. 
vat. 

(Mixture?) dyes bordeaux. 15 

Dyes red-brn. from olive 11 
vat. 

oIive vat. 

from gm. vat. Weaker 
than the dye without the 
Me2NS02 group. 

(Mixture), dyes much 18 
lighter color than the 
unsubstituted dye. 

Dyes violet-brn. from 11 

(Mixture), dyes a brn.-red 8,18 

(Mixture), dull brwred. 31 

Dyes ye1.-brn. from olive 16 

Dyes red-bra. from olive 16 
gm. vat. 

vat. 
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Derivatives of I and I1 (continued) 

Subs tituenrs Properties and comments Refs .  Empuical 
formula 

C,H,gBrN402 6 (or 7>Bromo-2,13- (Mixture?), dyes ye1.-bm. 14 

7 (or 17>Bromo-3,12- (Mixture?), dyes violet- 14 
diethoxy-I 

diethoxy-II brn. 
C30H20N402 2,3,11,12-Tetramethyl-l Dyes cotton bordeaux-red. 3,11,18 

2,3,12,13-Tetra- Dyes cotton red from grn. 3,11,18 
methy 1-II vat. 

1,3,10,12 (or 2,4,11,13 (Mixture?), dyes red-vioIet 11 
or 1,3,11,13)-Tetra- 
methyl-/ 

or 2,4,11,13>Tetra- 
methyl-I/ 

from olive grn. vat. 

2,4,12,14 (or 1,3,11,13 (Mixture?), dyes bordeaux 11 
from olive grn. vat. 

C30H20N404 3,12-Diethoxy-I Dyes red-bm.from olive 2,5,11 
vat. A,,, 4700 A. (in 
H2SO4)* 

2,13-Diethoxy-N Dyes violet-brn. from 2,5,11 
olive vat. A,,, 5000 A. 
(in H2S04). 

3,12-Diethoxy-I and (Mixture) “Indanthrene 27,28,35 
2,13-diethoxy-U Printing Brown B,” 

dyes red-brown from 
green vat. 

3,12-Bis(methoxy- (Mixture?), ayes  z clear 18 
methyl)-I and/or red. 
2,13-bis( methoxy- 
rneth y1)-N 

dirnethyl-f and/or 
3,12-dimethoxy- vat. 
2,13-dimethyl-N 

fonyl-I and/or 7(or Crom vat. Color weaker 
17)-phenylsuIfonyl-!I than that of dye without 

the C6HSSOz group. 

2,11-Dimethoxy-3,12- (Mixture), dyes cotton a 3 
fast b1.-red from a red 

CJ2H16N404S 6 (or 7)-Phenylsul- (Mixture), dyes bm.-red 18 

CaH20N402 2.3-1 l,lZ-Bis(tri- (Mixture), shows v. poor 18 
methy1ene)-I and/or light-fastness. 
2,3-12,13-bis(tri- 
methy he)-/I 

(continued) 
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Derivatives of I and 11 (continued) 

Substiments Properties and comments Refs. E mpir ica 1 
formula 

C33H18N406 

C38H20N402 

C3SH 32 N4°2 

C40H22N604 

C53H22N606 

c 53 26N606 

C5SH30NC06 

18 

1,2(or 3,4)-10,11(or (Mixture) shows v. poor 18 
12,13)-bis(trimeth- light-fastness. 
ylene>l and/or 
3,4( OF 1,2)-13,14( or 
11,12)-bis(trimeth- 
y1ene)-11 

2,11( or 3,12)-Dimeth- 
oxy-3.12’~ 2.11)- 
diphenoxy-1 and/or 
3,12(or 2,13>di- 
methoxy-2,13(or 
3,12-diphenoxy-N 

3,12-JXphenyl-l Dyes bra.-red from grn. 16 

2,13-Diphenyl-If Dyes violet-bm. from ye1.- 16 

3,12-Di-cyclohexyl-l (Mixture), dyes red, but 18 

vat. 

gm. vat. 

and/or 2.13-di- leuco deriv. insol. 
cyclohexyl-11 

amino-I and/or 2,13- bordeaux red. 
bis benzoylamino-11 

thindolo-ll a btn.-blk. dye obtained 

’j,12-Bisbenzoyl- (Mixture), dyes cotton 19 

Tetraoxo-bis-naph- “Vat Black-Brown 133,” 20,30 

by carbazolizing 
C53H26N606* 

3,12-Bis(l’-anthra- (Mixture), dyes cotton a l9JO 
quinonylamino>l fast Corinth from grn. 
and/or 2,13-bis- vat. From dibrom (I + 
(1”-anthraquinonyl- 11) and l-aminoanthra- 
amino>ll quinone. 

anthraquinonyl- dull brn. 
amino)-1 and/or 
2,13-bis-(2‘-methyl- 
1’-anthraquinonyl- 
amino)-11 

3,12-Bis(2’-methyI-l’- (Mixture), dyes an intense 19 
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Derivatives of I and 11 (continued) 

Substituents Properties and comments Refs. Empirical 
formula 

C67H36NS0S 3,12-Bis(4‘-benzoyl- (Mixture), dyes grwgray. 19 
amino-1 ’-anthra- 
quinonylamino>l 
and/or 2,13-bis-(4’- 
benzoylamino-1’- 
anthraquinonyl- 
amino)-II 

amino- 1 ’-anthra- dull bcn. 
quinony1amino)-l 
and/or 3,12-bis-(S0- 
benzoylamino-1 c- 
anthraquinonyl- 
amino)-ll 

2,4,10,12)-Tettakis- from a brn. vat, 
(1’-anthraquinonyl- 
amino)-/ and/or 
2,4,f2,14 (or 
1,3,11,13) tetrakis- 
(1’-anthraquinonyl- 
amino)-11 

2,11-Bis(5’-benzoyI- (Mixture), dyes cotton a 19 

C S I H 4 0 ~ 8 0 ~ 0  1,3,11,13 (or (Mixture), dyes gray-brn. 19 

References 

1. Becker, I.G. Farbemndustrie A.G., 42 Wissenschajtlicher Aurtaurch der Gmpfi IX,  
Feb. 15, 1940, Frankfurt a/M.; PB Report No. 70338, frames 10790-10793; PB 
Report No. 73484, frames810-814; PB Report No. 70240, frames 2851-2854. 

2. Eckert, Ger. Pat. 456,236; Frdl., 16,1363 (1931). U. S. Pat. 1,690,775. 
3. Eckert and Braunsdorf, Ger. Pat. 655, 652; Frdl., 24, 971 (1941). U. S. Pat. 

4. Eckert and Greune, U. S. Pats. 1,765,661/2. 
5. Gratchev, Prom. Org. Chem., 6,  304 (1939); Chem. Abstracts, 34, 2373 (1940); 

6. Gratchev, J .  Chem. Znd. (U.S.S.R.), 18, No. 2, 18 (1941); Chem. Abstracts, 38, 

7. Eckert, Ger. Pat. 571,737; Frdl., 19,2193 (1934). 
8. Eckert and Sieber, Ger. Pat. 659,843; Frdl., 24,970 (1941). 
9. Eckert and Greune, Ger. Pats. 430,632, 438,197; Frdl., 15, 788/9 (1928). 

2,143,830. 

Brit. Chem. Abstracts, B, 1025 (1939). 

2334 (1 944) ; Chem. <&I., 11,242 1 ( 1  942). 

W. S. Pat. 1,588,451 and Reissue 18,643. 



588 Chapter V 

10. Neresheimer and Eichholz, Ger. Pat. 507,832; Frdf., 17, 1421 (1932). U. S. Pat. 
1,874,584. 

11. Eckert and Braunsdorf, Ger. Pat. 538,314; FrdL., 18, 1499 (1933). U. S. Pat. 
1,888,625; Chem. Abstracts, 27,1518 (1933). 

12. Eckert, Greune and Eichholz, Ger. Pat. 536,911; Frdl., 18, 1497 (1933). U. S. 
Pat. 1,888,624; Chem. Abstracts, 27,1519 (1933). 

13. Eckert and Sieber, Ger. Pat. 567,210; Frdl., 19, 2188 (1934). U. S. Pat. 
1,927,928. 

14. Eckert and Sieber, Ger. Pat. 638,339; Frdf., 23, 1116 (1940). U. S. Pat. 
2,073,098. 

25. Eckert and Gmelin, Ger. Pat. 607,945; Frdi., 21, 1179 (1937). U. S. Pat. 
2,011,807. 

16. Eckert, Fischer and Braunsdorf, Ger. Pat. 576,132; Frdf., 19,2189 (1934). U. S. 
Pat. 1,952,661. 

17. Eckert and Becker, I.G. Farbentndustrze A.G., 43 Wzssenschafthcher Awtausch der 
Gruppe I X ,  April 25, 1941, Frankfurt a/M; PB Report No. 70339, frames 
10900-10906; FB Report No. 70250, frames 3808-3815. Ger. Pat. 852,725. 

18. Eckert and Sieber, I.G. Farbmrndustne A.G., 34 Wzsseruchajtlicher Austausch &T 
Cruppe IX,  Oct. 22, 1935, HBchst a/M; PB Report No. 70338, frames 9644-9650. 

19. Eckert, Ger. Pat. 534,493; Frdi., 18,1507 (1933). U. S. Pat. 1,928,719. 
20. Eckert and BraunsdorF, Ger. Pat. 632,447; Frdi., 23, 1117 (1940). Fr. Pat. 

786,782; Chm. <en&., I, 188 (1936). U. S. Pat. 2,026,026. 
21. Friedlander, Fortschntte der Teerforbenfabnka&ion, 21,1020 (1 937). 
22. Eckert and Sieber, Ger. Pat. 659,095; Frdl., 24,973 (1941). 
23. I.G. FarbenindustrieA.G.; F.I .R.T.  ReportNo. 1313, Vol. I1,pg. 168-9, 
24. GrachevandShchukevich,J. Chem. I d .  (U.S .S .R. ) ,  18, No. 19, 4 (1941); Chem. 

Abstracts, 38,5818 (1944). 
25. Eckert and Braunsdorf, U. S. Pat. 1,889,279. 
26. Lyashchenko and Grachev, Russ. Pat. 55,969; Chem. Abstracts, 34, 3100 (1940); 

Chem. Zentr., I, 3988 (1940). 
27. Fox, J. SOC. Dycrs Cofounsts, 63,297 (1947). 
28. Schultz, Farbstofftabellen, Springer, Berlin, 1923-1939; Vol. 11, p. 132; 1st Suppl., 

29. Hopff, Ger. Pat. Apln. 151,838 Ne/1202; PB Report No. 73719, frame 2201. 
30. Eckert and Braunsdorf, PB Report No. 25632, frames 83, 109, 137 and 212; 

31. Scherer, I.G. Farbenrndustne A.G., 44 Wtssenrchaftltcher Austausch der Cruppe IX,  

32. Eckert, Ger. Pat. 438,197; Frdl., 15,789 (1928). 
33. Eckert, Ger. Pat. 496,341; Frdf., 16,857 (1931). 
34. Honold, Ger. Pat. Apln. (28078 IVb/22e. 
35. Farbwerke Hoechst, Fr. Pat. 1,121,722. 
36. Mosby and Berry, unpublished observations. 

p. 107; 2nd Suppl., p. 77. 

Ger. Pat. Apln. J 49,177. 

Leverkusen, May 13, 1942; PB Report No. 70339, frames 10933-6. 



Fused 5/6 King Systems with One Extra Heteroatom 589 

A-326. Anthr[lr,2',4,5]imidazo- 
[1,2-u] naphtho[2,3-g]quinoline* 

By treating I with aluminum chloride under mild conditions, 
Baumann and Schwechten' isolated a yellow dye, which they first 
thought to be 11. However, because of the shade of the dye and its 
insensitivity to a pyridine-alkali solution, they finally decided in 

do \ / A  / 

0 C,& 

(11) 

*NH$o / /  / C.H,NO, AlC& < 
0 C,H, 

(1) 
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favor of structure 111. This was confirmed by an alternative synthesis 
of I11 from I V  and V. The dye has several disadvantageous proper- 
ties and is of no commercial vahe. 

Reference 

1. Baumann and Schwechten, I.G. Farbcntndustne A.G., 37 Wissmchaflltcher Austausch 
&r Gm@ IX ,  Ludwigshafen, March 18 and 19, 1937; PB Report No. 70339, frame 
1 1707. 

A-327. Anthr[2',3',4,5]imidazo- 
[l,2-aJnaphtho[2,3-g]quinoline* 

Baumann and Sc,.wechten' prepared the yellow dye I11 by re- 
acting I with 11. They were unable to prepare 111 by cyclization 
of the Fanthrimide (analogous to compound I, Section A-326). The 
dye is of no commercial value. 

Reference 

1. Baumann and Schwechten, I.G. Farbenindutne A.C., 37 Wcssmcchaftlicher Austaurch 
der G m w  IX,  Ludwigshafen, March 18, and 19, 1937; PB Report No. 70339, 
frame 11 707. 
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e 

A-328. lPN-Anthr[ 1',2',4,5]imidazo- 
[l,2-a]naphtho[l,2,3dcJ- 
quinoline* 

7 

10 

When I was condensed with 1-aminoanthraquinone in an U11- 
mann reaction, and the resulting anthrimide (11) was treated with 
aluminum chloride in nitrobenzene, there resulted a yellow dye, 
which might have either structure I11 or IV. O n  the basis of the re- 

0 '  go 
\ 
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semblance between the properties of this product and those of sev- 
eral similarly prepared imidazole dyes (see for example formula 11, 
Section A-376, which could be only an imidazole and not a carba- 
zole), Baumann and Schwechten preferred structure 111. 

Recently an alternative synthesis of I11 (dyes orange from an 
orange-brown vat) from V via VI was presented.' 

H,C 

0 

References 

1. Baumann and Schwechten, I.G. Farbcntndustne A.G., 37 Wrrscnschaftlrchrr 
Austausch der Cruppe iX, Ludwigshafen, March 18 and 19, 1937; PB R e p  No. 
70339, frame 11707. 

2. Grelat and Jenny, U. S. Pat. 2,815,347. Brit. Pat. 787,311. Fr. Pat. 
1,146,970. 

e 

A-329. 5H-Anthr[2',3',4,5]- 
imidazo[ 1,2a] naphtho- 
[ 1,2,34]quinoline* 

12 11 to 

7 

*A yellowish orange dye of structure V, mentioned briefly by 
Rosch,' was probably obtained either from the condensation of I 
with I1 or of I11 with IV. Although the dye (V) was considered' in- 
sufficiently light-fast to be of value, V (and its 19-methyl, 19-phenyl, 
and its 4- or 6-methoxy or benzamido homologs, prepared from an- 
thrimides such as VI) was the subject of a recent patent.2 Com- 
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pound V was reported' to form an orange-brown vat. See Sections 
A-326/8. 

References 

1.  Rosch, I.G. Farbminduslne, A.G., 31 Wtssmcchaftilichcr Austausch der Grupfi I X ,  
Frankfurt, June 20,1934 and Hiichst, July 17, 1934; PB Report No. 25632, frames 
174 and 226. 

2. Grelat and Jenny, U. S. Pat. 2,815,347. Brit. Pat. 787,311. Fr. Pat. 1,146,970. 
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A-330. Anthra[2,1,9&j]naphth- 

[2’,1‘,4,5]imidazo[ 2,l-1- 13 
isoquinoline* 

11 

and/or 
1 

A-331. Anthra( 2,1,9-def J naphth- 

18 
[ 2’,1’,4,5]imidazo[l,2-b]- 
icroquinoline* 

10 

From the condensation of naphthylene-l,2diamine with benzan- 
throne-3,4-dicarboxyIic acid a product, consisting probably of a mix- 
ture of the two dioxo derivatives (5,8- and 7,18-, respectively) of 
these two ring systems, is obtained. 1 7 2 z 3 8 4  However, in view of the 
controversy over the structure of the reaction product of naphthaiic 
anhydride and naphthylene-l,2-diamine (see Section A-304), struc- 
tures I and I1 must also be considered. The product is described 
as dyeing cotton a strong brown from a red vat. 

\ / p&J$-b \ \ 

0 

(1) (11) 

References 

1.  Kranzlein, Greune and Vollmann, Ger. Pat. 494,111; Frdl., 16, 1441 (1931); 

2. Kranzlein, Greune, Core11 and Vollmann, Ger. Pat. 503,404; Frdl., 17, 1386 

3. I.G. Farbenindustrie, A.G., Brit. Pat. 308,651; Chem. <en&., 11, 662 (1929). 

4. I.G. Farbenindustrie, A.G., Fr. Pat. 39,499; Chem. Tenti., I, 880 (1932). 

Chem. <en&., II, 820 (1 930). U. S. Pat. 1,892,241. 

(1932). U. S. Pat. 1,921,360. 

Fr. Pat. 671,976. 



Fused 5/6 Ring Systems with One Extra Meteroatom 595 

A-332. Naphth[2‘,1‘,4,5]imidazo- 
[2,1-a] pyrido[ 3 ’ ,2’,6,7] naphtho- 
[ 2,1,8-dcf]isoquinoline* 

11 

and/or 

17 18 1 

A-333. Naphth[ 2,1‘,4,5] imidazo- 
[2,1-o]pyrido[ 2’,3‘,5,6]naphtho- 

‘ 7  6 [ 2,1,8-def] isoquinoline* 1s 

11 
10 

and/or 

A-334. Naphth[ 1’,2’,4,5]imidazo- 
[2,1-a]pyrido[3’,2’,6,7]naphtho- ,e 

[ 2,1,8-def] isoquinoline* 

10 9 8  7 

and/or 

I7 18 1 

A-335. Naphth[ 1’,2’,4,5]imidazo- 
[ 2,l-o]pyrido[2‘,3’,5,6]naphtha- 11 

[ 2,1,8-def J imquinoline* 
9 7 6  

Condensation of 1,2-naphthylenediamine with 11 -azabenz[de]- 
anthr-7-one-3,4-dicarboxylic acid afforded a deep red-brown dye 
(reddish blue solution in sulfuric acid), which is probably the 
dioxo derivative of one or more of these nuclei. 

Reference 

1 .  Vollmann, I.G. Farbenmdurlrie, A.G., 34 Wissmrchafliicher Austausch dcr Gnrppc IX, 
Leverkusen, Oct. 25, 1935; PB Report JVo. 70338, frame 9699. 
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17 1 

A-336. SH-Benzimidazo[l,2-6] benzo- 
[6,7] phenanthr[3,4,5-defg]iso- 

8 

quinoline * 11 

and/or 

A-337. 10H-Benzimidazo[3,1-a]benzo- 
[6,7]phenanthr[3,4,5-&fg]iso- 
quinoline * 

10 

By treating I (see Section A-298) with aluminum chloride at 
170°, Sieber' obtained a blue dye (emerald green vat), which may 
represent one or the other (or a mixture) of the two above-named 
nuclei. On methylation of the dye in nitrobenzene solution, there 
was obtained a blue product which no longer vatted. 

AICI, I 
andlor 

trans cis 
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Reference 

I .  Sieber, I.C. Farbentndustrie A.C., 33 Wksenschaftlicher Austausch der Cruppc I X ,  
March 27,1935, Frankfurt; PB Report No. 70338, frames 9525-9527. 

A-338. Anthra[S,l-gh] benzo[de]benz- 13 

imidazo[l,Z-b]isoquinoline* 
11 

7 

and/or 

A-339. Anthra[S,l-gh] benzo[ de] benz- 
imidazo[Z,I-a]isoquinoline* 

In Sections A-302/3, was described the preparation of a benzoyl 
derivative of benzimidazo[2,1 -a] naphthoil ' ,2',3 '-de] isoquinoiin-7- 
one ( I )  and/or benzimidazo[ 1,2-b]naphtho( 1 ',2',3'-de]isoquinolin- 

0 

0 

(11) 

AICI, - MnO, I 
0 

(111) cis (IV) tmns 
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()-one (11). Treatment of this product (or mixture) with aluminum 
chloride alone, or in solvents, or in a melt with sodium chloride, 
gave no cyclization. However, treatment of the substance in an alum- 
inum chloride melt with manganese dioxide gave a violet dye (blue 
vat) of rather poor light fastness. On the basis of the similarity in 
properties (color of vat; green color of sulfuric acid solution; vivid 
red fluorescence of solutions in organic solvents) of the dye to those 
of V, Eckert and BraunsdorflZ2 felt that their dye had the “trans” 
configuration (IV). 

0 

0 

References 

I .  Eckert and Braunsdorf, I.G. Farbenindustnc A.G., 33 Wissenschaflltcher Austausch 
der Gruppc IX,  March 29, 1935, Frankfurt; PB Report No. 70338, frames 9533- 
9535. 

2. Eckert and Braunsdorf, Ger. Pat. 637,091; Frdl., 23,1124 (1940). 

A-340. 

and/or 
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17 18 1 

A-341. Benz[ 7,8]anthra[ 2,1,9-d4]- 
benzimidaz[ 1,2-b]isoquin- 
oline* 

11 10 9 8 5 

The dioxo derivative of one or the other of these two ring sys- 
tems, or a mixture of the two, has been obtained ',' from the reaction 
of dibenz[de,h]ant hr-7-one-3,4-dicarboxylic acid with o-phenylenedi- 
amine. The product is claimed to form red crystals, which dye a blue- 
red shade with good fastness. 

0 

aNH2 + 
NHZ 

0 

1. 

2. 

References 

Kranziein, Greune, Core11 and Vollmann, Gex. Pat. 503,404; Frdl., 17, 1386 
(1932). U.  S. Pat. 1,921,360. 
I.G. Farbenindustrie A.G., Fr. Pat. 39,499; Chem. <en&., I, 880 (1932). 

A-342. Benzilnidazo[l,2-b]chryseno- 
[ 2,1,12&fi isoquinoline * 

9 8  7 

and/or 
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A-343. Benzimidaz0[2,l-a]chryseno- 
[ 2,1,12&flisoquinoline * 

I I  10 s a 

A product, probably the dioxo derivative of one or the other of 
the above two nuclei, or a mixture of both, has been ob- 
tained -3  from the condensation of dibenz[de, j]anthr-7-one-3,4- 
dicarboxytic acid with o-phenylenediamine. It dyes cotton a blue-red 
from an orange vat. 

----3 

and/or 

0 0 

References 

1 .  Krgnzlein, Greune, Core11 and VolImann, Ger. Pat. 503,404; FrdL, 17, 1386 

2. I.G. Farbenindustrie A.G., Fr. Pat. 39,499; Chem. ,Qnt7., I, 880 (1932). 
3. I.G. Farbenindustrie A.G., Brit. Pat. 308,651; Chem. <en&., 11, 662 (1929). 

(1932). U.S. Pat. 1,921,360. 

Fr. Pat. 671,976. 

A-344. Benzimidazo[ 2,l-crjquin- 
oxalino[ 2',3',6,7] naphth- 
[ 2,1,8-def]isoquinohe* 1s I 

1s \ / /'I 
ii z' 9 a 

and/or 
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16 I7 18 i 

A-345. Benzimidazo[2,la]quin- 
oxalino[ 2',3',5,6]naphth- 19 

[ 2,1,8def]isoquinoline* 

By the condensation of the anhydrides Ia-d with various o-phenyl- 
enediarnines, Eckert and Sieber ' prepared a series of red to brown- 
red dyes probably consisting of mixtures of derivatives (I1 and 111). 
The dyes were insufficiently soda-fast. 

(Ia) X=Y=H 
(Ib) X-H; Y-CI 
(Ic) X=H; Y-OCzH, 
(Id) X-Y=CI 

0 

and/or 

0 

References 

1. Eckert and Siebcr, Ger. Pat. 659,095; Frdl., 24,973 (1941). 
2. Greune, PB Repori NoNo. 25632, frame 42K. 
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18 

A-346. Bisbenzimidazo- 
[ 2,1-u, 2',l'-a']benzo- 
[ 1,2,3de, 4,5,6-d 'e' I - 
diisoquinoline* 

8 

and/or 

A-347. Bisbenzimidazo- 
[1,2-6, l',2'-bf]benzo- 
11,2,3-de, 4,.5,6d'e'l- 
diisoquinoline* 

and/or 

[2,1-a, 1',2'-b']benzo- 14 

A-348. Bisbenzimidazo- 

[1,2,3de, 4,5,6-dfe']- 
diisoquinoline* 

8 

The condensation of anthracene-,l,5,6,10-tetracarboxylic acid 
with o-phenylenediamine was shown by Becker to yield blue-black 
needles of a dye, which is probably a dioxo derivative of one or more 
of the above ring systems. The product dyes cotton violet from a red- 
violet vat and exhibits poor wash- and soda-fastness. 

Reference 

1 .  Ekcker, I .  G. Farbemndustne A .  G., 42 Wissenschjtiicher Austausch der Gruppe I X ,  
Feb, 15, 1940, Frankfurt a/M.; PB Report No. 70338, frames 10784-10788; PB 
Report NO. 70248, frames 2846-2850; PB Report NO. 73484, frames 823-834. 
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A-349. Bisbenzimidazo[l,Z-c, 1’,2‘7]- 15 
naphtho[1,2,3,4-Zmn][3,81- 
phenanthroline * 

and/or 

A-350. Bisbenzimidazo[ 2,l-b, lf72’7-j]- 
~phthoE1,2,3,4-lmn][3,8]- 
phenanthroline* 

and/or 
2 

A-351. Bisbenzimidazo(Z,l-b, 1’,2’7] - 
dibenzo[f, ha][ 3,8] - 
phenanthroline* 15 

13 

9 

By reacting anthracene-l,4,9,l0-tetracarboxylic acid with o- 
phenylenediamine 17’ or 4ethoxy-~-phenylenediamine, ‘ 1 3  blue dyes 
(red vats) of excellent light-, chlorine- and soda-fa~tness~’~ were ob- 
tained. These dyes are presumably mixtures of two or more of com- 
pounds I, XI and I11 (or their ethoxy homologs). The dyes give green 
solutions in sulfuric acid.’ Attempts, by the usual methods, to 
separate into isomers the gray-blue dye obtained from o-phenylene- 
diamine, were unsuccessful, indicating either failure of the separa- 
tion techniques in this case, or the substantial homogeneity of the 
dye. 



604 

(I) tram 

Chapter V 

( X I )  &-anti 

0 &o \ 

0 

References 

1 .  Becker, I.G. Farbentndurtne A.G., 42 Wusenrchafthchcr Austawch der Gmppe I X ,  Feb. 
15, 1940, Frankfurt a/M.; PB Report No. 70338, frames 10784-10788; PB Report 
No. 70248, frames 2846-2850; PB. Report No. 73484, frames 829-834. 

2. Eckert and Braunsdorf, U. S. Pat. 2,028,384. Ger. Pat. 600,092; Frdi., 21, 1184 
(1937). Ger. Pat. 612,930; Frdl., 22,1158 (1939). 

3. I.G. Farbenindustrie A.G., F.I.A. 1. Report No. 1313, Vol. 3, p. 39. 
4. Eckert and Braunsdorf, I.G. Farbenindwtrie A.G., 34 Wissenschaftbcher Austaurch 

der Gmppe IX,  October 25, 1935, Leverkusen; PB Report No. 70338, frames 9639- 
9643. 

5. I. G. Farbenindustrie A. G., Brit. Pat. 416,385; French Pat. 765, 974; Swiss Pat. 
167,174; Chem. <en&., 11,3186 (1934). 
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A-352. Naphth[ 2’,1’,4,5]imidazo- 
I PJ-ulquinoxdino- 
[ 2’,3’,6,7Jnaphth[ 2,1,8-def]- 
iaoquinoline* 

and/or 

A-353. Naphth[2‘,1’,4,5]imidazo- 
[ 2,1-0] quinoxalino- 
[ 2’,3‘,5,6]naphth[2,1,8-def]- 
isoquinoline* 

0 

The only reported example of either of these ring systems is the 
blue-brown dye (orange vat), probably a mixture of I1 and 111, 
which Eckert and Sieber obtained from 1,2-naphthylenediarnine 
and the anhydride I. 

0 

0 
(11) 

0 
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Reference 

1. Eckert and Sieber, Ger. Pat. 659,095; Frdf., 24,973 (1941). 

A-354. 

and 

A-355. 

Benzimidazo[ 1',2',2,3]iso- 
quino[ 6,5,4-mna]naphth- 
[ 2,3&]aeridine* 

I9 20 I 

Benzimidazo[ 2 ' ,1',1,2] iso- 
quino[6,5,4-mna] naphth- 
[ 2,3-h]acridine* 

Derivatives of each of these nuclei were obtained"' from the 
condensation of 3- and 4-bromobenzirnidazo[ 2, I-a]benz[de]isoquino- 

0 
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lin-7-ones (I and II), respectively, with 1 -aminoanthraquinone, fol- 
lowed by cyclodehydrogenation of the resulting anthrimides in a 
caustic melt. The former product 111 is a yellow-green dye (violet 
vat), m. 363", whereas the latter (IV) is a green dye (red-violet vat), 
m. 342-3". Neither is sufficiently chlorine-fast. A green dye, a mix- 
ture of compounds I11 and IV, was obtained ' by a similar reaction 
sequence starting from 4-bromonaphthaiic anhydride. Introduction 
of a chlorine atom into the benzimidazole moiety of the nucleus, 
deepens the shade to a dark green (the product thus described was 
a mixture of two isomers of types I11 and IV) without improving 
the fastness. A yellow-green dye (red-violet vat) was similarly ob- 
tained from 3,3',4,4'-tetraaminobiphenyl and 4-bromonaphthalic 
anhydride. 

References 

1. Wolfram, Nawiasky, Langbein and Elbs, Ger. Pat. 607,341; Frdl., 21, 1181 
(1937). Fr. Pat. 753,185andBrit. Pat. 399,724; Chem. Zentr., I, 467 (1934); Chern. 
Abstracts, 28,906 (1934). U. S. Pat. 2,069,663. 

2. Braunsdorf, I. G. Farbentndustne A .  G., 40 Wissenschafrltcher Austausch der Gruppe IX,  
December 15, 1938, Hochst; PB Report Nos. 70338, frames 10560-10565 and 
73484, frames 802-808. 

3. Wolfram, PR Report No. 25630, frames 680-683. 
4. Greune, PB Report N o .  25632, frames 41 -42. 

A-356. lSH-Benzirnidazo[ lr7T72,3]- 
isoquino[ 5 ,4-~b]  naphth- 
[ 2,3-h]acridine* 

6 

10 

14 l3 H, I I  

12 

and/or 
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A-357. 18H-Benzimidaz0(2’,1’,1,2]- 
isoquino[ 5,4+bjnaphth- 
[ 2,341 acridine * 

10 

Condensation of 1 -chloro(or nitro)-2-~arboxyanthraquinone with 
3-arninonaphthalic anhydride and cyclization of the resulting prod- 
uct with chlorosulfonic acid gave the dicarboxylic anhydride (I), 
which Eckert and Quint reacted with o-phenylenediarnine. The 
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product they obtained was probably a mixture of I 1  and 111, and 
was a feeble orange-brown dye. 

Reference 

1 .  Eckert and Quint, I .  G. Farbenindustrte A .  G., 35 Wissenrchaftiicher Austausch der 
Gruppc I X ,  March 13,1936, Frankfurt; PB Report Ro. 70338, frames 9752-9757. 

A-358. BenzimidazoI 2,l-u] anthra- 
[ 2,1,9-def, 6,5,10-d’e’f’] bisiso- 
quinoline* 

By the condensation of perylene-3,4,9,10-tetracarboxylic acid 
with o-phenylenediamines at 190”) Maki and Hashimoto were 
able to obtain compounds of type I. The product, where R = H, is 
readily soluble in 90% sulfuric acid and in alkaline hydrosulfite solu- 
tions, dyes cotton a deep violet from a violet-red vat, and was named 
“Acenaphthene Violet” by its discoverers. The dye has a Iight-fast- 
ness of 8, a wash-fastness of 4-5 and a chlorine-fastness of 5. When the 

0 

0 
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free amino group was diazotized and the product coupled with 8- 
naphthol, the dye produced was a redder shade and of greatly in- 
ferior light-fastness. The JV-benzoyl derivative of I is stated ’ not to 
vat. Other violet dyes of type I, in which R = C1 and OCH, have 
also been described. 

References 

1. Maki and Hashimoto, Bull. Chm. SOL. Japan, 25, 411 (1952); Chem. Abslracts, 

2. Maki and Hashimoto, Bull. Chem. SOC. 3apan, 27, 602 (1954); Chm. Abstracts, 
48,1687 (1954). 

49,7857 (1955). 

8-359. Acenaphtho[ 1‘,2’,6,7] - 
phenanthro[ 2,1,10-d4] - 
benzimidazo[2,l-a] - 
isoquinoline* LO 9 8 7  

Acylation of fluoranthene with a product (see Section A-296) 
thought to be I, followed by a ScholE condensation upon the inter- 
mediate ketone, yielded * a chocolate-brown vat dye considered to 
be 11. 

0 

0 
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Reference 

1, Schmidt-Nickels, U. S. Pat. 2,820,036. 

1 

A-360. Bisbenzimidazo- 
[ 2,14, 2’,1‘-a’] naphtho- 

13 
12,1,8-W, 6,W-d’e’f’I- 5 

diisoquinoline* 11 ** 9 8 7 

and/or 

4 

A-361. Bisbenzimidazo- 
[ 2,l-a, 1 ‘,2 ‘-b’]naphtho- 

diisoquinoline* ‘3 \ N /  / / 7  

[2,1,8-def, 6,5,4d’e’f’]- / / N 6  

12 11 10 9 8 

Vat dyes containing one or both of these nuclei were obtained 
from the condensation of I with o-phenylenediamines. These dyes, of 
types I and/or 11, were scarlet to brown shades rather similar to their 

0 
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analogs obtained from naphthalene-i,4,5,8-tetracarboxylic acid (see 
Sections A-324/5). 

Reference 

1 Eckert and Greune, I .  G. Farbenindustrie, A. G., 33 Wissenrchofiltcher Auzlausch der 
Cruppe I X ,  March 29 and May 24, 1935, Frankfurt a/N.; PR Repor& No. 25632, 
frame 396 

3 

A-362. Benzo[ lmn] bisnaphth- 
[ 2’ ,1’,4,5] imidazo- 

p henanthroline * 
[1,2-~,  1’,2’-j][3,8]- 

15 

13 

and 

A-363. Benzo[ lmn] bisnapth- 
[ 2‘,1’,4,5]imidazo- 

phenanthroiine* 
[ 2,1-b,1’,2 ’-j] [ 3,8] - 

I4 

ia 

Derivatives of these nuclei were prepared by Eckert -3 and co- 
workers by the condensation of naphthalene-l,4,5,8-tetracarboxylic 
acid dianhydride with naphthylene-1 ,a-diamines. A mixture of I and 
XI undergoes n i t r a t i ~ n , ~  presumably in what would be the 4-position 
of the two naphthalene nuclei (arrows). It would be gratifying to 
have more evidence for the accuracy of the structures assigned to 
these two ring systems, in view of the controversy over the reaction 
products from 1,2-naphthylenediamine and naphthalic anhydride 
(see Section A-304). 
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0 

0 

.jc I 

F . 0  / 0 

(11) trans 

Derivatives of I and I1 

Substituents Properties and comments Refs. Empirical 
formula 

~ 

C MH 2 N 4 8 2  5,16-Dichloro-ll and/or - 2 
15,22-dichloro-I 

C M H g N . 1 0 2  Unsubstituted II- Dyes cotton violet (or 1,4 
vt.-grey) from grn.-bm. 
V a t .  

Unsubstituted I- Dyes a "currant" (or 1.4 
violet) color from gm.- 
brn. Tat. 

Obt. by nitration of I 
and/or N followed by 
reduction with alk. hy- 
drosulfite. 

C ~ H 1 8 N 6 0 2  S,Ib(??)-Diamino-If and/ Dyes cotton olive grn. 3 
or 15,22(??)-diamino-l- 

(continued) 
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Derivatives of 1 and 11 (continued) 

Substituent s Properties and comments Refs. Empirical 
formula 

C 5 H 2 0 N 4 0 2  5,1&Dimthyl-‘II and/or - 2 

C 3 4 H 2 f i 4 0 2  1,2,3,4,12,13,14,15-<)Ct& - 2 
15,22-dimet hyl-I 

hydro-II and/or 1,2,3,4, 
11,12,13,14-octahydro-I 

References 

1 .  Eckert and Braunsdorf,Ger. Pat. 538,314; Frdl., 18, 1499 (1933). U. S. Pat. 
1,888,625; Chem. Abstracts, 27,151 9 ( 1  933). 

2. Fkkert and Sieber, I .  G .  Farberundwfne A.G., 34 Wasscwchajfhcher Awtausch dcr 
G m # e  IX, October 22, 1935, Hochst a/M; PB Report No. 70338, frames 9644- 
9650. 

3. Eckert, U. S. Pat. 1,819,082. 
4. Tsukerman and Krasovitski, Ukrazn. Khzrn. Zhur., 20,543 ( 1  954). 

A-364. Benzol Imn] bis- 
naphtho[2’,3 ‘,4,5] - 
imidazo[l,2-c, 1’,2’-j]- 
[3,8]phenanthroline* 

I2 I I  10 s 8 

and/or 

A-365. BenzoEZmnJbis- 
naphthol 2 ’,3 ‘,4,5] - 
imidaz0[2,1-b, lf,2’-j]- 
[3,8]phenanthroline* 

The only reported derivative of these nuclei is one which is prob- 
ably a mixture of the two octahydrodioxo compounds, obtained by 
Eckert and Sieber by reacting 1,2,3,4-tetrahydronaphthylene-6,7- 
diamine with naphthalene-l,4,5,8-tetracarboxylic acid. 

Reference 

1 .  Eckert and Sieber, I .  G. I.hrbenindustne A.  G., 34 Wissenschafllrcher Auskmsch der 
Gruppe I.Y, Oct. 22, 1935, Hochst a/M.; 1% Report .\o. 70338, frames 9644- 
9650. 
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A-366. Benzimidazo[ 1',2 ',2,3]iso- 
quino[6,5,4-mna] benz- 
[6,7]indazolo[2,3,4-jghfghl- 
acridhe* 

and/or 

A-367. Benzimidazo[ 2',1',1,2]iso- 
19 eo 

quino[ 4,5,6anm J benz- 
[6,7]indazolo[ 2,3,4--gh]- 
acridhe* 

A blue dye, probably a mixture of compounds I and I€, was men- 
tioned briefly by Braunsdorf. ' 

0 0 

(1) (11) 

Reference 
1. Braunsdorf, I. G. I;arbeninduFtne A .  C., 40 Wissmchajlltcher iluitausch der Gruppe IdY, 

Dec. 15, 1938, Hochst; PB Report Nos. 70338, frames 10560-10565, and 73484, 
frames 802-808. 

I9  al 1 

A-368. Anthra[ 2',1',9',10,5,6]- 
anthra[ 2,1,9-def] benz- 
imidazo[1,2-b] - 
isoquinoline * 

and/or 
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A-369. Anthra[2',1',9',10,5,6J- 
anthra[2,1,9T)-def] benzimidazo- 
[ 2,1-aJisoquinoline* 

12 1' LO 8 

By subjecting to caustic fusion a product which was either 4- or 
3-(3-benzanthronyl)-benzimidazo[2,1-a]benz[de]isoquinolin-7-one (I 
and 11, respectively) or a mixture of both. Scheyer' obtained a blue- 
violet dye (violet vat) representing probably one or the other (or a 
mixture of both) of the above-named ring systems. 

0 

0 0 
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Reference 

1 .  Schcyer, Ger. Pat. 638,602; Frdi., 23,1122 (1940); Chem. <en&., I, 2466 (1937). 

A-370. Bisbenzimidazo- 
[ 2,1-u, Z’,l’a‘]anthra- 

diisoquinoline* 
[2,1,9-def, 6,5,10-d’e’f’]- 

I2 I ’  10 9 

and/or 

A-371. Bisbenzimidazo- 
IZ,l-u, 1’,2’4‘] anthra- 
[2,1,9-def, 6,5,lOd’e’f’]- 
diisoquinoline* 

ConsiderabIe attention has been devoted to compounds having 
these ring systems because of their possible value as dyes. In 1924, 
Kalle and Company secured a patent ’ on the reaction of perylene- 
3,4,9,fO-tetracarboxylic acid (prepared by the oxidative dimerization 
of naphthalimide in a caustic melt, followed by acid hydrolysis of 
the perylenetetracarboximide) with o-phenylenediamine. Numerous 
variations using substituted perylenetetracarboxylic acids and/or 
substituted o-phenylenediamines have since been reported. 

The exact nature of the products has not been demonstrated con- 
clusively, since in those cases where separation of the dye products 
into czs and tram isomers (such as I and 11) has been attempted, it has 
not been successful. While this does not eliminate the possibility that 
the dyes are mixtures, Maki and Hashimoto l2 are of the opinion that 
these dyes are the trans isomers exclusively, because of the very limited 
solubility of their leuco derivatives. 

An attempt to synthesize these nuclei by the caustic fusion of 
benzimidazo[2,1-a]benz(de]isoquinolin-7-one (see Section A-296), 
failed. 
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@a \ 

S N  \ 

0 0 

0 

Dyes of this series range from green-blue, gray-blue and navy, to 
violet, and many exhibit outstanding fastness. The usefulness of these 
dyes is greatly impaired by the limited solubility of the- Ieuco deriva- 
tives, and a tendency of the dyeings to waterspot. 
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Derivatives of I and I1 
Empirical 
formula 

C36H12a 4 N 4 0 2  

Substituents Properties and comments Refs. 

6(or 3, 8(0r 9). 17(or 18), 
19 (or 20)-Tetrachloro-I 
and/or 7(or 81, 9(or lo), 
l8(or 19), 2O(or 21)- 
tetrachloro- II .  

(6 or 7 or 19 or B), (8 or 
9 or 17 or 18)-dichloro-l 
and/or (7 or 8 or 20 or 
21), (9 or 10 or 18 or 
19)- di chl oro- II .  

Unsubstituted I and/or I / ,  

7,8(or 18?)-Dihydroxy-l 
and/or 8,9(or 19?)-dihy- 
droxy-[I. 

IS)-Te t rabromo- f and/or 
1,340~ 2,4), 13,15 (or 14, 
16)-tetrabromo- N .  

I, 12 (or 4, I5)-Dibromo-I 
and/or 1,13 (or 4,16di- 

1,3(or 2,4), 12,14 (or 13, 

bromo- II. 
3,14-Dicarboxy-I and/or 

2,15-dicarboxy-N. 

3,14-Dichlota-7,18 (or 8, 
19)-dimethoxy-I and/or 

met hoxy- I / .  
7,&Dimethoxy-I and/or 8, 

P(and/or 19, P)-di- 
met h o q -  I f .  

2,14-&chl0r~r8,1pdi- 

(Mixture?), dyes bl.-vt. 3,4 
with poor soda- and 
boil-fastness. 

(Mixture?), violet dye, 3*4 
soda- and boil-fast. 

(Mixture?), violet dye; 1,4,5 
leuco deriv. poorly 
soluble. 

shades than the meth- 

(Mixture?), a fast bl. dye, 6 
sl. greener than di- 
bromo analog. 

(Mixture?), gives redder 7 

oxy analog. 

(Mixture?), H2SO4 soh. 6 
grn. Dyes cotton a 
fast bl. from bl. vat. 

vat; bl. H2SO4 soh. 
Amides from amino- 
anthraquinones, etc., 
navy- blues. 

Indanthrene Dark Blue 
BO. 

(Mixture?), m.; red-vt. 13 

(Mixture?), similar to 6,s 

(Mixture?), difficulty 7,8,11 
vattable grn. dye. 
Could not be separated 
into &a-tram isomers 
by standard methods. 

(continued) 
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Derivatives of I and I1 (continwed) 

Substiruents Propenies and camments Refs. Empirical 
formula 

7,18(and/or 8, @)-DImeth- (Mixture?), readily 6 8  
oxy-I and/or 8 , lPdi-  
methoxy-Il, Could not be separated 

vatted navy blue. 

into ch-trans isomers 
by standard methods. 

CrrH @6N404 7,18(and/or 8,19)-Dimeth- (Mixture?), very fast 6 8  
oxy-3,14bis-(trifluoro- gray-blue dye. 
methyU-I and/or 8,194- 
methoxy-2,15-birp.(triflu- 
oromet hyt)-II. 

CloHz4N404 7,5Diethoxy-I and/or 8 9  (Mixture?), a fast blue 6 
(and/or 19,20>dimeth- dye. 

C42HfiFI2N4O4 1,3,12,14-(or 2,4,13,15)- (Mixture), similar to the 6 
oxy-II. 

Tet rakis-(trifluoro- bi s-trifluoromet hyl 
methyl>'l,l&(and/or analog in shade. 
8,19)-dimethoxy-I and/or 
1,3,14,16-(or 2,4,13,1S)- 
tetrakis (trifluoromethy1)- 
8,lPdimethoxy- I / .  

C 4 , H & J 4 0 6  3,14-Diethoxy-7,18 (and/or (Mixture?}, dye similar 6,s 
8,19)dimethoxy-l and/or to Indanthrene Navy 
2,15-di~tho~y-8,19-di- Blue R. 
methoxy4" 

C43H22NSO2 (6 or 7 or 19 or 2O)-Chloro- (Mixture?), dyes violet- 3 
(8 or 9 or 17 or 18)-p- 
tolylamino-I and/or (7 or 

8 or 20 or 21)-chloro-(9 
or 10 or 18 or 19)-p- 
to1 yl amino-//. 

( 6  or 7 or 8 or 9 or 17 or 
18 or 19 or X))-diphe- 
noxy-/ and/or 2(or 3) atoms. 
15(or 14)-dichloro-(7 or 
8 or 9 or 10 or 18 or 19 
or 20 or 21)-diphenoxy- 
I I .  

bl. from bl. vat. 

C.(sH22C12N404 3(or 2) 14(or 13)-Dichloro (Mixcure), redder than 3 
the corresponding dye 
lacking the chlorine 
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Derivatives of I and I1 (continued) 

Substiruents Properties and comments Refs. Empirical 
formula 

CaH24N404 (6 or 7 or 8 or 9 or 17 or 
18 or 19 or 20)-diphe- 
noxy-1 and/or (7 or 8 or 
9 or 10 or 18 or 19 or 
20 or 21)-diphenoxy-il. dimethoxy analog. 

18 or 19 or 20)-tetraphe- 
noxy-1 and/or (7 or 8 or 
9 or 10 or 18 or 19 or 20 
or 21)-tetraphenoxy-I!. 

(Mixture), dyes a fast bl. 2 ,3 ,9  
from a violet vat; 
rather less light-and 
moisture-fast than the 

CaH32N406 (6  or 7 or 8 or 9 or 17 or (Mixture), violet dye. 3,10 

RP fermcrs 

1. Kalle & Co., Fr. Pat. 555,954; Chon. <en&., 1,447 (1924). Brit. Pat. 201,786. 
2. Gruschke and Quint, I.G. Farbenindustne A.G., 42 Wrrsenschafflrcher Austawch der 

Grupp I X ,  Feb. 16,1940; Frankfurt a/M; PB Report No. 73484, frames 816-828. 
3. Schmidt and Neugebauer, Ger. Pat. 412,122; Frdf., 15, 778 (1928). U. S. Pat. 

1,878,986. 
4. Schmidt and Neugebauer, Ger. Pat. 502,352; Frdf., 17, 1395 (1932). U. S. Pat. 

1,808,260. 
5. Maki and Hashimoto, Bull. Chem. SOC. Japan, 25, 411 (1952); Chcm, Ab- 

stracls, 48,1687 (1 954). 
6. I.G. Farbenindustrie A.G., Fr. Pat. 852,254; Chem. Absfrach, 36, 2158 (1942); 

Chem. zentr., 11, 1948 (1940). 
7. Eckert and Quint, I.G. Farbentndustrie A.G., 47 Wissenrchaftlicher Austawch der 

Gruppe I X ,  June 16/17, 1939, Leverkusen; P B  Report No. 70338, frames 10679- 
10687; P B  Report No. 70248, frames 2575-2583; P B  Report No. 73484, frames 

8. Eckert and Quint, I.G. Farbentndwtne A.G., 39 Wissenschaftlicher Austausch der 
Gruppe IX ,  June 21/22, 1938, Mainkur; P B  Report No. 70338, frames 10415- 
10420. 

890-8g7. 

9. I.G. FarbenindustrieA.G., F.I.A.T. ReportNo. 1313, Vol. 3, p. 37-8. 
10. Schmidt and Neugebauer, U. S. Pat. 1,715,430. 
11. Bliimmel, I.G. Farbenindustne A.G., 32 Wtssenschaftlicher Austawch der Gruppe 

I X ,  Nov. 9,1934, Ludwigshaven; PB Report No. 70340, frames 12975-12980. 
12. Maki and Hashimoto, Bull. Chem, SOC. Japan, 27, 602 (1954); Chem. Abstracts, 

49,7857 (1955). 
13. Honold, Ger. Pat. Apln. C8078 IVb/22e. 
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A-3 72. BisanthraI 2',1',4,5] - 
knidazo[ 1,2-c, 1',2'-j]- 
benzo[ Zmn] I3,8 1 - 
phenanthroline* 

'2 11 I0 

I5 

and/or 

* N  
A-373. Bisanthra[ 2',1',4,5]- 

imidazoi 2 , 1 4 1  ',2 '-j] - 
benzo[lmn][3,8]- 
p henant h roli ne * 

14 

A dye (mixture?), thoug..t to contain one (or boi..?) of these 
nuclei, was prepared ' by the condensation of naphthalenetetracar- 
boxylic acid ( I )  with anthracene-l,2-diamine. The product (11) gave 
(with difficulty) a greenish yeklow vat, from which cotton was dyed 
a weak orange. 

Oxidation of the dye (11) with chromic acid converted the two 
anthracene nuclei into anthraquinone groups, and simultaneously ef- 
fected cleavage of the two pyridone rings to yield a base-soluble yel- 
low-brown dye (red vat) of type 111. This same dye (111) resulted 
from all efforts to condense I with 1,2-diarninoanthraquinone, show- 
ing the apparent instability of the diquinone analog of 11. 
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Reference 

1. Ritter, I.G. Farbentndtutns A.G., 10 Tatrgkeitsbericht, July 1930-January 1931 ; 
PB Report No. 74203, frame 6853. 

A-374. 

and 

A-375. 

The 

Benz[ Zmn] bisphenanthro- 
[ 9',10',4,5]irnidazo- 
[1,2-~, 1',2'-j]f3,8]- 
phenanthroline* 

Berm[ Zmn] bisphenanthro- 
f9',10',4,5]imidazo- 
[ 2,1-b, 1',2'-J[3,8]- 
phenanthroline* 

16 

condensation of naphthalene-Y,4,5,8-tetracarboxylic acid 
with 9,lO-diaminophenanthrene was found' to yield a mixture (dark 

HOOC COOH 

HOOC COOH 
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brown, d. about 400") of the two dyes I and 11. Separation of 
the mixture into pure I (red-violet) and I1 (brown) was accomplished 
by treatment with hot alcoholic potassium hydroxide, whereupon 
the colorless potassium derivative of I remains insoluble, while the 
salt of I1 dissolves. These dyes are difficultly vattable and show little 
affinity for cotton. 

Reference 

1. Tsukerman and Krasovitski, Ukratn. Khrrn. Zhur., 20,543 (1954) 

3 

2 6 4  

A-376. l?H-Anthra[ 1,9,8-cdef] bis- 
anthr [ 1 ' ,2 ' ,4,5]imidazo- 
[ 2,1-a, 1',2'-h]IZ,7]- 
naphthyridine* 

14 

A yellow vat dye, presumably 11, was obtained by Baumann and 
Schwechten from the mild treatment of I with aluminum chloride. 
The cyclization of the anthrimid (I) cannot lead to a carbazole- 
like structure as could other related examples (see Sections A-326/9), 
and the assignment to the dye of structure I1 seems reasonable. This 
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series of dyes is characterized by the formation of insoluble and 
quite stable leuco derivatives, and the dyes have no practical value. 

Reference 

1. Baumann and Schwechten, I.G. Farbenindustne A.G., 37 Wissenschaftiicher 
Austausch der Gru@ IX,  Ludwigshafen, March 18 and 19, 1937; PB Report .No. 
70339, frame 11707. 

A-377. Bisbenzimidazo[2,1-a, 2 ',l'-a']thieno[ 2",3 ' ',2,3 : 5 ' ',4 ",2 ',3 '1- 
diindenof6,7,1-def, 6 ',7 ',l'-d'e'f']diisoquinoline* 

14 

A dioxo derivative of this or of one of the other two possible iso- 
meric nuclei, was prepared ' by condensing o-phenylenediamine 
with acenaphthiophenetetracarboxylic acid. The product is a diffi- 
cultly vatted, weak brown dye. 

Reference 

I. Sieber, I.G. Farbenindustnc, A.G., 43 Wissenschaftiuher Autaurch der G m p p  IX,  
April 25,1941, Leverkusen; PB Report No. 70338, frames 10875-8; PB Report No. 
73484, frames 863-7. 

A-378. Bisbenzimidazo[ 2,1-a, 2 ',l'-a']dibenzo~h,h']anthra- 
[ 2,1,9-def, 6,5,10-dfe'f ']diisoquinoline* 

and/or 
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A-379. Bisbenzimidazo[1,2-6,1',2 '-b']dibenzo( h,h']anthra- 
[2,1,9-&f, 6,5,10-d'e'f']diisoquinoline* 

10 

and/or 

A-380. Bisbenzimidazo[ 2,la,  l',Z'-b' ]dibenzo[h,h']anthra- 
[ 2,1,9-def, 6,5 ,lO-d'e'f'] diisoquinoline * 

By condensing o-phenyienediamine with an acid thought to have 
structure I,  Gruschke and Quint' obtained a low yield of dark- 
colored product. Recrystallization from nitrobenzene or 1 -chlo- 
ronaphthalene gave two isomers, presumably I,  I1 or 111. Both iso- 
mers are green vat dyes, the more insoluble of the two resembling 
Indanthrene Green GG. 
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0 
/ \  

o \  @ o \  

0 

0 

0 

I 
(111) tmns-qp 

(IV) cis 

Reference 

1.  Gruschke and Quint, Z.G. Farbenindustne, A.G., 42 Wissemchaftlicher Ausfausch der 
Gmp#eIX, Feb. 16, 1940, Frankfurt a/M.; PB Report No. 73484, frames 816-28; 
PB Report No. 70248, frames 2834-45. 
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23-Thia-5,14,186,2 7a-tetraza-23H-diindeno[ 2,1,4,2 ,l'-hl- 
fluoreno[ 2,3a, 7,6a'jdipyrene* 

Acylation of dibenzothiophene with a substance thought to be I 
(see Section A-296), followed by a double SchoIl condensation upon 
the intermediate diketone, yielded a red-brown vat dye considered 
to be 11. 

0 0 

0 0 

Reference 

1. Schmidt-Nickels, U. S. Pat. 2,820,036. 
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A-382. 5,14,188,!23,27a-Pentaza-23H-diindeno[ 2,1-h, P',l'-h'lfluoreno- 
[ 2,3-a, 7,6-a' jdipyrene* 

12 11 10 9 8 7  

Acylation of carbazole with two moles of a product thought to be I 
(see Section A-296), foHowed by a Scholl condensation upon the in- 
termediate diketone, yielded ' a red-brown dye (red-brown vat) as- 
signed structure 11. 

C o c l  

H 

+ m+ \ 

0 

0 

Reference 

1.  Schmidt-Nickels, U. S. Pat. 2,820,036. 
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A-383. Bisphenanthro[ 9',10',4,5]- 
imidazo[ t,Z-b, 1',2 '-b']anthra- 
[2,1,9-def, 6,5,10d'e'f']- 
diisoquinoline* 

17 

and 

A-384. Bisphenanthrolg ',lo ',4,5] - 
imidazo[ 2,1-u, 1',2 '-b' janthra- 
[2,1,9-def, 6,5,10-dre'f '1- 
diisoquinoline* 

18 

While perylene-3,4,9,IO-tetracarboxylic acid (I) does not con- 
dense with 9,lO-diaminophenanthrene even after prolonged refluxing 
in either nitrobenzene, pyridine, quinoiine or in an  acetic acid- 
sodium acetate mixture, it was found' that heating the reactants 
in a flux of sodium acetate at 340-70" yielded a mixture of I1 and 
I11 (dark brown with a violet cast, decomposes above 400O; sulfuric 
acid solution exhibits a red-violet fluorescence). The mixture was sep- 
arated into pure I1 (violet) and I11 (brown) by treatment with al- 
coholic potassium hydroxide (a standard technique, see Sections A- 
325/6). These dyes proved rather difficult to vat and showed poor 
substantivity for cotton. 



632 Chapter V 

@ (&& \ \ ’ 

/ 0 

Reference 

1. Tsukerman and Krasovitski, Ukrain. Khim. Zhur., 20,543 (1954). 
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A-385. 3H-Oxazolo[ 3,4-u] pyridine. 
R.I. 726 

The pyrolysis of I yielded' I1 (b14 164"), and a group of prod- 
ucts of structure IV were obtained 1*2  by treating piperidines of type 

I11  with formaldehyde. Some of the products acted as stimulants 
to the central nervous system. 

Compounds of Structure 1V 
R R' R" Properties Refs. 

H H C H 3  b l a  79-81". Picrate, m. 1 

H 2-Thienyl 2-Thienyl HCI salt, m. 211-2'. 2 
H PFluorenylidene m. 96-8". 2 
H c6H 5 m< 6H 4 c 1  m. 83-5". 2 
H C6H5 8-c gH ICi m. WIOO". 2 
H p 4 6 H 4 C 1  p C 6 H 4 C I  m. 169-71°. Acid 2 

H C6HS C6H 5 m. 117-21'. HCI salt 2 

163 ". 

mdeate salt, m. 
132-4 O.  

m. 312-24. Acid 
maleate salt, m. 
158-9 ". 

(continued) 
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Compounds of Structure IV (contintled) 

R R' R " Properties Refs. 

H 1-Indan ylidene m. 150-1'. 2 
H 9 Anthrylidene m. 162-4 O .  'Acid maleate 2 

5-CH3 C6H5 C6H5 m. 121-3'. HCl salt, m. 2 

H C6H5 2,5-(CH3)&6H3 m. 116-7". Acid mdeate 2 

H 0-CH 3-c 6H 4 0-CH 3-c gH 4 HCI salt, m. 224-6 O .  2 
7 4 4 3  p<HjC6H4 &H,CaH4 HCI salt, m. 295". 2 
H c6H5 m ~ 6 ~ , ~ ~  Acid maleate salt, m. 2 

H C6H 5 C6HsCHz Acid maleate salt, m. 2 

H C6H5 m - c  ~HICH 3 Acid maleate salt, m. 2 

H cdH5 Bicyclo [2.2.1]- Acid maleate sdt, m. 2 

H C6H5 Cycloheptyl Neutral maleate salt, 2 

saIt, m. 168-9'. 

220-2 O .  

salt, m. 200-3 O.  

1268O. 

114-6'. 

134-6 O .  

2-he pry 129-32O. 

m. 140-2'. 

References 

1. Hess and Corleis, Ber., 54,3010 (1921). 
2. McCarty, Tilford and Van Campen, ,7. Am. Chem. Soc., 79,472 (1957). 

2 

A-386, lH-Oxazolo [ 3,4 -a] quinohe. 
R.I. 1517 

6 5  

The anhydride I (m. 155-6") is the only actual example of this 
nucleus, although structures such as I11 have been postulated to exist 

COOC,H, 
I O Y - 9  
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as intermediates in the hydrolysis of Reissert compounds (e.g., 
1 1 ) . * r 3  

+ RCHO 

References 

1 .  Wieland, Hettche and Hoshino, Ber., 61,2371 (1928). 
2. McEwen and Cobb, Chem. Rev., 55,511 (1955). 
3. Cobb and McEwen,j. Am. Chem. SOC., 77,5042 (1955). 

' 2  

A-3% 7. 2 H,4 Hdxazolo [ ij] quinoline 

7 6  

Schwarz and Schouwenaars' heated I with acetyl chloride and 
obtained TI (X = Br, m. 121"), which was used to prepare photo- 
graphic sensitizing dyes. 1 7 2  

Referemes 

1. Schwarz and Schouwenaars, Brit. Pat. 625,245; Chem. Abstracts, 45,3269 (1951). 
2.  Schwarz and Schouwenaars, Ger.  Pat. 741,071 and Fr. Pat. 870,563; Chem. Ab- 

stracts, 40,2752 (1946). 
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8 1  

A-388. 3H-Pyrido(l,2-c]thiazole 

The reaction of 2-carbethoxypiperidine with phenyl isothiocyan- 
ate yielded a product (m. 159.0-9.5"; A,,, 232 and 271 mp) 
thought probably to be I,  although structure I1 is not impossible (see 
Section A-390). 

0 0 

Reference 

1.  Reckhow and Tarbell, 3. Am. Chern. Sac., 74,4960 (1952). 

' 2  

S l " 2  
A-389. 2H,4H~Thiazolo[ij~quinoline. 9&H24 

8 \  / 5  
7 6  

R.I. 1538 

The only examples of this ring system are the 5,6-dihydro deriva- 
tives, often referred to as 1,7-trimethylenebe~othia~olines, which have 

s\ /NH, 

S - f N H  S - f 0  
C 
! 

& 1 )  HNOl, & - CH,MgI 

\ Z) A 
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been prepared in connection with the synthesis of photographic 
sensitizing dyes. 

Konig, Kleist and Gotze ’ found that oxidation of the thiourea 
I with bromine produced 11, which they converted, as shown, into 
the methine dye 111. 

Simiiarly, it was found2 that thioacetyl derivatives of suitable 
aromatic amines (e.g., IV) could be oxidized to benzothiazole de- 
rivatives such as V by iodine’ or bromine3 in dilute acetic acid. 
When iodine is used, the initial product is the triiodide (I;) salt, 
which is reduced to the normal iodide salt by sulfurous acid. Com- 
pound V and several of its homologs were also obtained l4 from VI. 

From V and its 8-methoxy analog a number of cyanine, mero- 
cyanine, styryl, etc., dyes have been prepared. Many of these are 
listed in the table, but o t h e r ~ , ~ ” - l ~  which were inadequately char- 
acterized, have been omitted. 

The cyclodehydration of VII to VIII (R = H or Cl) was re- 
ported ’ recently. 
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5,6-Dihydro-4H-thiazolo[ijlquinolines 

StNCtlUe Properties Refs. 
Empirical 

formula 

s 4 0  

@ \ 

c1 0 e0 
0 ao 

s - y N - N o  

& \ 

gNH \ 

BCH3 

fiCH3 
CH30 

13 Yel., in. 2 3 6 8 " .  

m. 153-4'. 13 

m. 77". 1 

Or.-red, m. 149" d. on 1 
slow heating, or 154" 
on rapid. 

HBr salt, m. 328'. 1 

Bromide, m. 247'. 10- 2,3,7, 
dide, m. 257-60' d. I4 
(254-6", 247"). Tri- 
iodide, ye!., m. 121- 
3' d. 

Iodide, m. 234-5'. 14 

3 Bromide, m. 249". 
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5,&Dihydro-4H-t hiazolo~i~~quinol iaes  (continued) 

Structure Properties Refs . Empirical 
formula 

14 

14 

8 

14 

5- 8 

7 

6 

(continued) 
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5,6-Dihydro-4 H-thiazoio[i jlquinolines (contime4 

Structure Propertie J Refs. Empirical 
formula 

Iodide, dk. bm. 6.8 

Iodide, purple, m. 293- 4,6,7, 
4" (d. 292"); A,, 14 
528 mp. 

Iodide, yel., m. > 360". I 
Perchlorate, m. 
2360". 

6 Red, m. 238-9". 

Perchlorate, m. 187"; 14 
Xmax 468 mp. 

Iodide, red, m. 258-9"d. 6,7 

Iodide, or., m. 2867' d. 6,7 
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5,&Di hydro-4H-t hiazolo[ijlquinolines (continued) 

Structure Properties Refs. Empirical 
formula 

Perchlorate, d. 171-2"; 14 
A,, 465 mp. 

Perchlorate, vermilion, 4 
m. 264-5"d. A,, 
459.5 mp (MeOH). 

Iodide, purple, m. 308- 2,4,6, 
9"d- Amax 555.5 mp 7,14 
(CH,OH), or 558.0 mp 
(CH3 Noz). 

Purple, m. 2 4 6 7 " .  8 

Diiodide, m. 150'. 14 

Perchlorate, d. 155'. 14 
A,, 430 mp. 

Diiodide, d. 305". 14 

(continued) 
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5,6-Dihydro-4H-thiazolo[ijlquinolines ( contintled) 

Structure Properties Refs. Empirical 
formula 

Iodide, m. 285'; A,, 14 
545 mp. 

Iodide, m. 248-9'; A,, 14 
575 mp. 

Iodide, m. 275'; Am, 14 
509 mp. 

Iodide, m. 214'; A,, 14 
576 m p  

1 .  
2. 
3. 
4. 

5. 

6. 
7 .  
8. 
9. 

References 

Konig, Kleist and Giitze, Ber., 64,1664 (1931). 
Brooker and Cressman, J. Am. Chem. Sac., 67,2046 (1945). 
Schwarz and SchouwenaBrs, Brit. Pat. 625,245; Chem. Abstracts, 45,3269 (1951). 
Brooker, Sklar, Cressman, Keyes, Smith, Sprague, Van Lare, Van Zandt, White 
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A-390. Imidazo[1,5-~]pyridine. 
R.I. 766 

This ring system has also been called 2,3a-dzazaindene (I) ,  2-azain- 
dolizine and 2,4imidazopyridine. 

7 1  

(1) 

Although derivatives of this ring system were mentioned in the 
older literature (v.i.) the only well authenticated examples are of 
recent origin. Bower and Ramage prepared the prototype and sev- 
eral hornologs (111) by the cyclization of 11. Compound I11 (R = R' 
= H) was found to acetylate under Friedel-Crafts conditions in the 
1-position, or if this were blocked (111, R = CH,, R' = H), in the 
3-posit ion. 

R 
I 

R 
I 

Demethylation of methyiisopeiletierine with cyanogen bromide 
yielded2 a cyanamide derivative which underwent cyclization when 
its hydrolysis was attempted. At that time, methylisopelletierine was 
thought to have structure IV, hence Hess2 considered the cyanamide 
derivative to be V and the cyclized product either VI or VII. How- 
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ever, methylisopelletierine was subsequently shown”’ to have struc- 
ture VIII, so the cyclized hydrolysis product is more apt to have 
structure IX (see Section A-827). 

0 
/I 

CNBr 
-+ 

0 
II 

+ 

(VIII) (W 

By treating ethyl pipecolate (X) with phenyl isothiocyanate, 
Reckhow and Tarbel15 isolated a product, which might, a priori, 

0 0 
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have either structure XI or XII, although evidence in favor of struc- 
ture XI1 was presented (see Section A-388). 

The ultraviolet spectra of I11 (R = R' = H and R = H, R' = 

C,H,) have been compared6 with those of related polyazaindenes. 

Derivatives' of Imidazo [ 1,S-oJ pytidine 
Substitwnts Properties 

Unsubstituted m. 54-5". b3 120-5 ". Strong blue fluorescence. 
Picrate, m. 216". Bz.AgNO3, m. 178". 

1- Methyl- m. 64-5". Methiodide, m. 209". 
>Methyl- 

1- Acetyl- 
1, fDimet hyl- 
I-Eth yl- bz 116". Picrate, m. 203" d. PIctoEonate, m. 

1- Ace t yl-3- me th y 1- 
3- Ace tyl- I-me th y I- 
I-Ethyl-3-me thyl- b2 120°. Picrate, m. 25&9*. Methiodide, m. 

3-Ethytl-methyl- b, 130". B-HgClZ, m. 203-4" d. BzAgN03, m. 

f Phenyl- m. 109". Picrate, m. 185-6". 
1-Methyl-3-phenyl- m. 120 ". 

m. 55  ". Picrate, m. 221 ". Methiodide, m. 184 ". 
BpAgN03,  m. 18P-90". 

m. 129 "; strong vt. fluorescence. 
b, 120-5 ". Picrate, m. 254 " d. 

222 ". B 2.AgNO3, m. 152-3 ". 
m. 139", vt. fluorescence. 
m. 66-7". vt. fluorescence. 

200". B.HgC12, m. 210-11". 

175" d. 
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A-391. 3H-Imidazo[3,4-ajpyrrolo- 
[2,3-ejpyridine 

De Jong and Wibaut found that treatment of 2,6-lutidine with 
two moles of phenyl lithium followed by two moIes of benzonitrile, 
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gave a product (C21H19N3, m. 165"), for which they proposed, 
tentatively, structure I .  

The product is largely unchanged by dilute acids but is cleaved to 
ammonia, benzoic acid and phenyl-a-(2,6-lutidyl)ketone by boiling 
concentrated hydrochloric acid. Treatment of I with nitrous acid 
gives a new oxygen-containing substance which, however, seems not 
to contain more than the original number of nitrogen atoms. Com- 
pound I adds bromine and iodine, but the accompanying resinifica- 
tion prevented characterization of the halo derivatives. Further work 
is needed to clarify the structure of these compounds. 

Reference 

1. de Jong and Wibaut, Rec. trav. chzm., 70,962 (1951). 

&&X 
A-392. Imidazo[l,5-~]quinoline ~ , 

6 5  

Bidder and Rupe prepared 3,3~,4,5-tetrahydroirnidazol(l ,!%a]- 

quinolin-1 (2H)one (11, b,, 245-7", m. 197") by the reaction of 
2-aminomethyltetrahydroquinoline ( I )  with ethyl chiorocarbonate in 
refluxing benzene, or with phosgene in ether solution. 

(1) (11) 

Reference 

1 .  Bidder and Rupe, Heh. Chim. Acta, 22,1268 (1939). 
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A-393. Imidazo[5,1-~Jisoquinoline. 
R.I. 1583 

7 6  

This ring system also has been called bewoglyoxalocofine and num- 
bered as shown in 1. The parent compound is unknown, but a number 
of 5,6-dihydro derivatives and one tetrahydro derivative have been 
reported. 

While attempting to prepare l-benzarnidomethyl-3,4-dihydro- 
6,7-dimethoxyisoquinoline by the cyclodehydration of N-homover- 
atrylhippuramide (11) with phosphorus oxychloride, Child and Py- 
man’ obtained instead, compound 111. This synthesis has been em- 
ployed by Kametani and his collaborators2- ’’ to prepare a number 
of 3-aryl-5,6-dihydroimidazo[ 5,l -u]isoquinolines. 

CH, - NH 
I I 

&C ,O”C-C6% 

N H  I - -2H,O cH30dK C,H, 

CH30 
‘Haon CH, 
CH,O CH, 

(11) (111) 

Rupe and Frey obtained V by treating l-aminomethyI-l,2,3,4- 
tetrahydroisoquinoline (IV) with phosgene or ethyl chlorocarbonate. 

r-YH CH2 - NH, 
I 
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Several of the 5,6-dihydro derivatives were evaluated l3  in the 
treatment of amoebic dysentery. 

Empirical 
formula 

Substituents Properties Refs. 

1,2,3,5,6,10 b-Hexa- 
hydro-3-0x0- 

5,6-Dihydro-8,pdE 
hydroxy-fphenyl- 

3-( 2-F uryl)-5,6-di- 
hydro-8,9dimethoxy- 

5,6-Dihydro-8,9.di- 
methoxy-3-( 2-pyridy1)- 

5,6-Dihydro-8,9di- 
methoxy-3-(3-pyridyl)- 

5 , 4 D i h y d r ~ 8 , 9 d i -  
methoxy-f(4-pyridyl)- 

5 ,6-Dihydro-5-methyl- 
8,Pmethylenedioxy- 
3-(4-nitrophenyl)- 

methoxy-3-(4-nitro- 
pheny1)- 

m e  thox y-3-phen yl- 

5 , 6-D ih ydro-8, Pdi -  

5,6Dihydra8,pdi- 

3-(4-Aminopbenyl)-5,6- 
dihydro-8,9.d;- 
m e  thoxy- 

5,6-Dihydro-5-methyl- 
8,P.met hylenedioxy- 
3-(3,4-methylene- 
dioxyphenyl) 

5 ,6-Dihydro-8,pdi- 
methox y-f( 3 ,4- 
methylened ioxy- 
p h e n y b  

m. 148'. 

m. 293'. 

m. 149-50'. Picrate, 
m. 224'. 

m. 171-2'. Picrate, d. 
272'. 

m. 165-6 '. 
Picrate, m. 114'. 

Softens at  258', darkens 
at 270', chars at 278'. 

m. 243-7' d. 

m. 187'. HCI salt, m. 
286-7' d. HBr salt, 
m. 293'. Methiodide, 
m. 255'. Picrate, 
m. 2267" .  *Nitro 
deriv., m. 202'. 

Picrate, m. 147'. 

m. 135-40'. HCI sdt, 
d. 2%'. Picrate, d. 
227-8 ' . 

m. 17' d. HCl salt, d. 
263'. Picrate, m. 228'. 

12 

1 

11 

8 

6 

7 

8 

2 

1 

2 

5 

4 
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Imidazo[S, I-olisoquinolines (oon$inucd) 
Empirical 
fornula Substituents Ptopenies Refs. 

C ~ l H 2 0 N 2 0 4  5,6-Dihydro-S-mcthyl- Yel., m. 138-43 '. Picrate, 5 
+( 3 , 4 - d k  thox y- 
phenyl)-8,pmethyl- 
enediory- 

~ tho~y-3 - (3 ,4 -  235.5 '. 
di wthoxy- phen y I) 

met hoxy-3-(4-quino- m. 120-9'. Picrate, 
IYlk d. 206'. 

8.8; 9,9%etramethoxy- 150'. 
3,3"bis 

m. 96'. 

C 2 1 H n N 2 0 4  5,6-Dihydto-8,9-di- m. 186.5'. Pictate, m. 3 

C z H  19N302 5.6Dihydro-8.9-di- d. 85 '. HCl salt, 10 

C x H ~ N 4 0 4  5,s') 6,6'-Tetrahydre m. 198' d. Picrate, d. 9 
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9. Kametani and Iwakata, 3. Phann. SOC. Japan, 71, 1002 (1951); Chern. Abstracts, 
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A-394. 4H-Imidazo[ij]quinoline. .ar2. 
R.I. 1584 8 \  

7 6  

The names quinzmidazole, peri-guinolinacole and zmzdazo[4,5, I+] - 
qutnolzne have been used for this ring system, and 5,6-dihydro deriva- 
tives have been referred to as I ,  7-trzmethylenebenzimida<oles. 

Bamberger and Wulz 17’ prepared the first imidazo[dj]quinolines 
by heating 8-amino- 1,2,3,4-tetrahydroquinoIines with acetic acid, 
acetic anhydride and sodium acetate. A number of dihydro irnidazo- 

R . coon 
-2n,0 

[ijlquinolines have thus been l2 using several sub- 
stited 8-aminotetrahydroquinolines and a variety of acids includ- 
ing formic, acetic, propionic, lactic, glycollic, mandelic, phenylacetic 
and benzilic acids. In some cases esters may replace acids in these 
reactions. 5 9 6  

Elderfield and his collaborators, 9, lo in studies on the synthesis of 
the antimalarial “Plasmochin,” found that in the reductive alkyla- 
tion of I by I 1  with Raney nickel catalyst in methanol, 111 was formed 
in about 50% yield and Plasmochin (IV) in only 25-29% yield. 

CH,O 

CH3CHCH2CH,CH2N(C,H,)2 
I 
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The formation of I11 is not confined to the reaction of I with 
11, but occurs1' when I is heated at 150-200" with any of a variety 
of methyl ketones. In these reactions, it was invariably the 2,3 bond 
of the ketone which cleaved, and no other 2-alkylimidazo[ij]quino- 
lines were detected. In the reaction of I with cyclopentanone, scis- 
sion of the ketone ring produced V. Pyrolysis of VI (produced6 from 
the reaction of I with acetone) resulted in the formationg"' of I11 
by  the elimination of methane. 

PI) (1") 

Nitration of I11 was reported" to give a mononitro derivative, 
possibly the 7 isomer. Oxidation of 5,6-dihydro-4H-imidazo[ij]quino- 
lines with potassium permanganate produced benzimidazole-4-car- 
boxylic acids. 

rfH-Imidazo[ ijlquinolines 

Substituents Properties and derivatives Refs. Empirical 
fomula 

C loH 10N2 5,6. Di hydro- m. 148". 5 
C 11 H 11N 2Br 8-Bromo- 5,&& hydro-2- m. 165". HCI salt, m 253'; 3 

methyl - ehloroplatinace, m. 
> 300". 

(continued) 
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C UH 12N2 5,&Di hydro- 2-met hyl- 
5,&Di hydrw & methyl- 

C1lHt2N20 S,bDihydro-2-hydroxy- 
methyl- 

5,&Di hydro-&hydroxy- 
2-met hyl- 

C ~ H 1 3 N 3 0 3  5,&Dihydro-&methoxy-& 
met  hyl-7 (or g)-nitoo- 

c 12HuN2 2-Ethyl-5,6-dihy&0- 
C r2H14N2 5,&Dihydro-2,4-dimethyl- 

5,6Di hydro- 2, &dimethyl- 
C yH 11 N 20 5,6Di hydro- 2-( a- hydroxy- 

5 ,& Di hydro-&met hoxy- 2- 
ethyl)- 

methyl- 

c u H l s N 2 0 2  1,2,5,6Tetrahydro-8,9-di- 

C u H ,gN 2 0  1,2,5, &Tetrahydro-&met h 

C 15H20N20 2-Butyl-II,~dihydro-&meth 

methoxy- 

OXY-2, % d i e t  hyl- 

oxy- 

m. 128". 5,13 
bge 21O-2Oo, m. 8 2 - 3 O .  Per- 4 

m. 183". 5 
chlorate, .m. 240"d. 

d. 295-305". 10 

m. 23&40"d. 10 

bm 195", m. 86'. 5 
m 110". 1 
rn. 163". 2 
Pink, m. 142". 5 

m. 1Ig.>20"(120-lo). HC1 6,7,10 
salt, m. 2353.5'; HBr 
salt, m. 242"; picrate, d. 
24&-53", m. 2534'; 
methiodide, d 285-90"; 
ptoluenesulfonate, m. 
139.5-40.5"; perbromide, 
d. 285". 

m. 193-5". 
m. 105.0-5.5 " . Picrate, 12 

m. 119". 6 

m. 60-1". Picrate, m. 172- 11 
3". 

m. 109". 5 c 17H 16N 2 2-Benzyl- 5,&& hydro- 
C 17H16N20 5,6Dihydro-3(a-hydroxyben- m. 205". 5 

4)- 
C 17HwN20 2-Hexyl-li,&idihydro-&meth- m. 27". Picrate, m. 127". 11 

oxy- 

wthoxp 2 - m ~  hyl- 

benzhydry1)- 

C UH&# %Anilino-S,&dihy&o-& m. 222-4". 8 

C23H20N20 5,6Dihy&0-2-(a-hydroxy- m. 275". 5 
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A-395. lH-Benz[f]imidazo[ij] - 
quinoline. R.I. 2390 

8 7  

Bamberger and Strasser found 5-amino-l,2,3,4,7,8,9,10-octa- 
hydro-3-methylbenzo[f]quinoline (I)  to react with an acetic acid- 
acetic anhydride-sodium acetate mixture to yield I1 (HC1 salt, m. 
262" d.). 

Reference 

1. Bamberger and Strasser, Ber., 24,2662 (1894). 
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A-396. ZH-Imxazolo [ 2,341 p yridine * 
4 

Adams and Reifschneider found that 2-bromopyridine N-oxides 
( I )  condense with certain active methylene compounds to give prod- 
ucts of type I1 (R = H, R' = COOC2H5, m. 181"; R = H, R' = 

COCH,, m. 188-90"; R = H, R' = COC,H,, m. 193-4"; R = 

CH,, R = COOC,H,, m. 175-6"; R = CH,, R' = COCH,, m. 
200"; R = CH,, R '  = COC,H,, m. 208-9"). With cyanoacetic 
ester in benzene solution, I (R = CH,) yielded a mixture of I11 (yel- 
low, m. 128"d.), IV (m. 217-9"d.) and V (m. 209-12"d.), while in 
dioxane solution only the latter two products were isolated. Com- 
pound V was also obtained from the reaction of I with Fimino-a- 
cyanoglutaric ester. Hydrogenation of I1 (R = H, R' = COOC,H5) 
over a platinum oxide catalyst yielded VI (m. 157-8"). 

R'CH,COOC,H,, H, 
-----+. - __ 

Br COOC,H, 

(111) (IV) (V) 

Treatment of VII with hydrobromic acid yielded2 VIII (X = Br, 
m. 152-5"; X = picrate, m. 94-7"). 
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References 

1. Adams and Reifschneider,J. Am. Chem. Soc., 79,2236 (1957). 
2. Boekelheide and Feely, 3. Am. Chem. SOC., 80,2217 (1958). 

1 

A-39 7. 10H-Isoxazolo [ 2,3-a]quinohe. 
R.I. 1516 

6 5  

No true isoxazolo[2,3-~]quinolines are known, but condensation of 
2-quinolylacetonitrile with formic acid or acetic anhydride yielded 
products, which, because of their amphoteric nature and lack of car- 
bony1 character, were formulated ' as I. 

Reference 

1, Borsche and ManteufFel, Arm., 526,22 (1936). 

A-398. lObH-Isoxazol0[3,2-o]isoquino- e /  m3 
line* 8 \  

7 6  

Treatment of I in benzene solution with phosphorus oxychloride 
was reported to yield I1 (no details given). 
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Reference 

1.  Itoh and Sugasawa, Tetrahedron, 1,45 (1957). 

A-399. 2H-Isothiazolo[2,3-a]ppridine. 6&&z 

R.I. 735 5 \  3 - 
4 

The reaction of I (prepared b y  the treatment of a-picoline 
methiodide with caustic) with carbon disulfide yielded a yellow 
product assigned structure I1 containing a pentacovalent nitrogen 
atom. Mumm,2 however, correctly formulated the product as 111. 
See Section A-400. 

References 

1.  Schneider, Gaertner and Jordan, Ber., 57,522 (1924). 
2. Mumm, Ann., 448,272 (1925). 

A-400. 2H-Isothiazolo[2,3-ajquinoline. 
R.I. 1537 

6 5  

The reaction of I (R = CH, or C,H,) with carbon disulfide 
yielded products assigned structure I1 having a pentacovalent nitro- 
gen atom. The correct structure (111) was proposed by Mumm.2 
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References 

1. Rosenhauer, Bcr., 57,1291 (1924). 
2. Mumm, Ann., 443,272 (1925). 

A-401. Diisothiazolo[ def,grs]flavanthrene 

9 8 7  

When I was heated in amyl alcohol with potassium hydroxide, 
a blue-black mixture resulted from which, after oxidation, a yellow 
dye was obtained. * This dye gave a blue vat and an orange-red sul- 
furic acid solution, and had the ‘‘same’’ nitrogen and sulfur content 
as I .  The dye was thought to be analogous in structure to Pyrueolun- 

N-S S-N 

0 0 0 
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throne Yellow (see Section A-559). No formula was given in the patent, 
but Houben2 assigned the product structure 11. However, as a result 
of the structure now assigned to Pyrueolunthrone Yellow, I1 is almost 
certainly incorrect, and formula I11 is more likely. Thus there are no 
examples known of this nucleus. 

Referemes 

1. Chemische Fabrik Griesheim-Elektron, Ger. Pat. 343,065; Frdf., 13,411 (1923). 
2. Houben, Das Adhrucen uaddzc Anfhruchznow, G. Thierne, Leipzig, 1929, p. 769. 

1 

A-402. Pyrazolo[ 1,5-ujpyridine* 

The name 7,7a-dia~aindene has also been used. 
Oxidation of I with alkaline ferricyanide solutions gave ' I1 

(R = H, b,, 108", picrate, m. 151"d.; R = C,H,, m. 1 0 9 O ) .  The 

ultraviolet spectra of these products were compared2 with those of re- 
lated polyazaindenes. 

References 

1. Bower and Ramage, -7. Chm. Soc., 1957,4506. 
2. Bower, ,7. Chem. Soc., 1957,4510. 

I0  1 

A-403. Pyrid(1,Z-bjindazole 

When I was heated with ferrous oxalate at 300", a product (m. 
83-4"; hydrochloride, m. 165-6"; picrate, m. 205"; methiodide, rn. 
208-9") of the formula C,,H,N, was obtained.' The infrared and 
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ultraviolet spectra were discussed. Although the product was con- 
sidered to be represented best by the mesoionic structure 11, there 
seems no reason to exclude structure 111 as a contributor. 

&-@@jm ' NO, 

Reference 

1. Abramovich, Chem. and Ind., 1957,422. 

A-404. 4H-Pyrazolo[4,5,14j~quinoline* 
7 6  

The name periguinazolineazole has also been used. 
Attempts to cyclize I (R = H or C,H,) to 11, by treatment with 

phosphorus oxychloride in toluene or phosphorus pentoxide in xylene, 
proved unsuccessful. 

R 
I 

Reference 

1 .  Chakravarti and Ganapati, J .  Annamalai Unru., 3,  223 (1934); Chem. (mtr., I, 
1875 (1935); Chem. Abstrads, 29,1090 (1935). 
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A-405. Indazol0[!2,3-~]quinoline* 
I 6 

When the sydnone I (see Section A-532) was refluxed with 
benzoquinone in tetrahydrofuran for forty-eight hours, a 63y0 yield 
of a yellow crystalline product (m. ,202", varies with rate of heat- 
ing) was obtained.' This product had the empirical formula 
Cl,HloN,O, and was thought to have structure 11. See Sections 
A-407 and A-41 1 .  

Reference 

1. Hammick and Voaden, Chem. and Ind., 1956,739. 

A-406. Pyrazolo[2,3-f]phenanthridine 

6 

This nucleus has also been called pyrazolo(5': 1 '4 :  lU}phenanthrzdine, 
Reduction of I with metallic sodium in boiling ethanol was re- 

ported to yield I1 (R = SO,H; converted by alkaline hypochlorite 
solution into the sulfonyl chloride, m. 165"), which lost sulfur dioxide 
readily under acidic aqueous conditions, giving I1 (R = H, m. 123- 
4"). Compound I1 (R = H) was readily converted' into the 3- 
bromo (m. 142-3") and into the green 3-nitroso (m. 202-3") deriva- 
tives. Independent syntheses of I1 (R = H) from 111 (R = R' = 
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H,R" = NH,)2 and of I1 (R = Br) from I11 (R = Br, R' = 
NH,, R" = H)4 confirm the structure assigned. 

The reaction of diazofluorene (IV) with acetylenedicarboxylic 
ester yielded V, which, when heated in acetic acid or with malieic 
anhydride, rearranged3 to give VI (m. 136") and VII. Alkaline 
hydrolysis of VI gave a resinous acid, which resisted decarboxyla- 
tion. The product of type V formed from the reaction of IV with 
methyl phenylpropiolate, gave3 only a derivative of type VII upon 
rearrangement. 

References 

1. Barry and McCIelland, 3. Chem. Soc., 1935,471. 
2. Barry, Finar and Simmonds, J .  Chem. Soc., 1956,4974. 
3. Van Alphen, Rec. trav. chim., 62,491 (1943). 
4. Finar and Simmonds, J .  Chem. SOC., 1958,200. 
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I 1  12 t 

A-407. Benzow] pyrid [ b]  indazole * 
8 7 t ' 5  4 

The reaction of the sydnone I (see Section A-531) with 1,4-naph- 
a pale cream-colored substance (m. 278-9"), thoquinone yielded 

thought to be 11. See Sections A-405 and A-41 1. 

0 0 

@ + - O m  -* 
0 0 

Reference 

1. Hammick and Voaden, Chem. and Ind., 1956,739. 

A-408. 

BY 

Isoquino [ 2,141 na pht ho [ 1,2-d] - 
pyrazole. R.I. 30415 

refluxing I with thionyl chloride, Corbellini, Botrugno and 
Capucci' obtained a product (C,,H ,,ClN20, m. -250"d.), which 
was hydrolyzed to the carboxylic acid C,,H,2N,02 (m. 273.5"; 
amide, m. 274"; methyl ester, m. 238"; ethyl ester, m. 234"). Struc- 
ture I1 was proposed2 for this acid, but I11 would seem to be a more 
satisfactory representation of the bond structure. Esters of I11 were 
obtained either directly from 111, or by oxidation of I with lead tetra- 
acetate. 

Reduction of I11 (or its esters) with zinc dust and acetic acid 
gave I (or its esters). Chromic acid oxidation of the methyl or 
ethyl estersof I11 gave IVa (R = CH,, orange-yellow, m. 235-8"d.; 
phenazine derivative, red, m. 327") or IVb (R = C2H,, orange, 
m. 327" d.; phenazine derivative, yellow, m. 281") respectively. A 
product thought to be the ester V was obtained when IVa was re- 
duced with zinc dust and acetic acid. In  view of the peculiar ring 
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4 
COOH 

COOH 

COOR 6 

(IVa) R = CH 
(IVb) R = C,& 

I H2 

I 
COOR 

(V) 

scissions postulated, further study of these compounds would seem 
desirable. 

References 

1. Corbellini, Botrugno arid Capucci, Rmd. ist. lombardo sci., [21 66, 477 (1936); 
Chem. Abstracts, 33,7780 (1939). 
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2. Corbellini, Capucci and Tommasini, G w .  chim. ttal., 69, 137 (1939); Chm. Ab- 
slracfs, 33,7780 (1 939). 

A-409. Naphtho(l,2,3-cd]quin[3,2,1-hi]- 

11 
indazole* 

9 8 1  

Fusion of I with potassium hydroxide at 120-140" for an hour 
I I, which dyed cotton yellowish-orange from a blue-red yielded 

vat, and gave a dark blue solution in sulfuric acid. 
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A further synthesis of this system was achieved' by cyclizing I11 
to IV, which dyed reddish-yellow from a violet vat and gave a green 
solution in sulfuric acid. 

Referekes 

1 .  Kalischer, Bayer and Ritter, Ger. Pat. 525,217; Erdl., 17, 1295 (1932). Fr. Pat. 

2. Scheyer, Ger. Pat. 522,689; Frdl., 16, 3035 (1931). U. S. Pat. 1,793,138. Fr. Pat. 
686,341. Brit. Pat. 344,558. 

674,562. Brit. Pat. 332,316, 

A-410. 9H-f4,14~-Diazabenzo[de]- 
cyclopenta[rst]pentaphene 

10 H, 8 
9 

Fusion of I with potassium hydroxide at 11 5-120" for half an 
hour converts'-3 it into 11, which dyes cotton a violet-red from a 
blue vat (sulfuric acid solution blue). Treatment of I 1  with appropri- 
ate toluenesulfonic acid esters replaces the imide hydrogen atom 
with various groups, yielding dyes not greatly different from 11. 
Somewhat yellower shades are produced by chlorinating or bromi- 
nating 11. 

(1) (11) 

In  a very similar synthesis, IV was obtained2 by fusing I11 with 
caustic and then oxidizing the methylene group. The anhydride IV 
was condensed with o-phenylenediamine to form blue vat dyes (see 
Sections A-366/ 7). 
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(111) (IV) 

References 

1 .  Nawiasky, Ger. Pat. 491,429; Frdf., 16,1365 (1931). Brit. Pat. 321,703. 
2. Gruschke and Quint, I.C. Farbenindwtrie, A.G., 42 Wissmchaftlichcr Awtawch der 

3. Akiyoshi and Tsuge, 3. C h .  SQC. Japan, Ind. Chem. Sect., 57, 296 (1954); Chm. 
Gruw IX,  February 15,1940, Frankfurt; P3 Reprt No. 70248, frame 2834. 

Absfracts, 49,4297 (1955). 

A-411. 7H,lGH-Diquino[l,2-6,1 ’ ,2 ‘-6’1 - 
benzot 1,244 4,5-df]dipyrazole* 

I t  

From the reaction of I (see Section A-532) with benzoquinone in 
refluxing tetrahydrofuran, Hammick and Voaden ’ isolated a pale 
yellow product (C,,H 1 6 N 4 0 2 ,  m. > 335”) thought to have struc- 
ture 11. See Sections A-405 and A-407. 

Reference 

1 .  Hammick and Voaden, Chem. andInd., 1956,739. 
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18 I 

A-412. Benz[o]isoquino[2',1',1,5] - 
pyrazolo [ 4,3-c]phenazine. 
R.I. 3712M 

B 

7 

The phenazine derivatives of the isoquino/2,l-b]naphtho[ 1,2- 
d] pyrazole-5,6-diones (see Section A-408) prepared by Corbellini, 
Capucci and Tommasini' are represented by I. Two such compounds 
were obtained, the methyl (I, R = CH,, yellow, m. 327") and ethyl 
(I, R = C,H,, yellow, m. 281") esters. 

Reference 

1. Corbellini, Capucci and Tommasini, Cuzz. chrrn. rtul., 69,137 (1939). 

A-413. Benz[6,7]indazofo[4,3,2-cde]- 
naphtho[2,3i)phenanthridine* 

11 10 9 

This nucleus couid also be named naphth[ 1',2',3'-3,4]indueolo- 

Oxidation of Navy Blue R (E, see Section A-416) in 60--65y0 sul- 
the yellow product 

[ 1,7-bc]nuphth[ 2,3-h]isoguznolzne*. 

furic acid with chromic acid at 50-60" yielded 
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11. The pyridone ring of I1 was readily opened by warm dilute aque- 
ous alkali, and the product had no substantivity for cotton. 

Reference 

1. Neresheimerand Biihner, Ger. Pat. 499,352; Frdl., 17, 1384 (1932). U. S. Pat. 
1,897,439. 

A-414. 10H-Benz(6,7]indazolo- & 
(4,3,2 -cde] nap h th [3,2,1-kl] - 
acridhe* 14 

13 / \ 7  

'2 \ / 8  

11 H, 9 
10 

While attempts to cyclize I under -acidic conditions (e.g., in an 
aluminum chloride-sodium chloride melt) were unsuccessful, under 
alkaline conditions a deep green product, thought to be I1 (or 111), 
was obtained. This substance forms deep blue salts with acids, and 
(in pyridine) olive-brown salts with alkalies. It is unchanged by air 
oxidation, but upon recrystallization from nitrobenzene, or upon oxi- 
dation of an alkaline solution with hydrogen peroxide or with potas- 
sium ferricyanide, there is formed an olive-green solid thought to be 
a resonance-stabilized free radical produced by abstraction of H' from 
I1 (and/orIII). 
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KOHIA 
_.I__$. 

0 

or 

When sodium hydrosulfite is added to an olive solution of I1 in 
aqueous alkali, the initially green vat changes to violet-blue, and a 
violet solid may be isolated (solution in sulfuric acid, olive-green). 
This product is a powerful violet dye, but is not chlorine-fast; it pos- 
sesses the formula C,,H,,N,O, and is thought’ to be the des- 
hydroxy derivative of structure 11. 

Reference 

1 .  Baumann and Schwechten, i . C .  Farbenindmtne, A.C. ,  35 Wissenschafti~cher Austausch 
der Cruppc i X ,  Frankfurt, March 13-14, 1936; PB Report .Yo. 70339, frames 
11484-7. 

1 

A-415. Indazolo[4,3,2-bed]phenan- 
thro[2,1,10-fghj thebenidine. 
R.I. 3920 

9 8 7 6  

As the result of an error, this ring system has found its way into 
Chemical Abstracts and into the Rzng Index. In fact, no products of this 
type are known and the vat dyes assigned this structure are actually 
anthra[9,2,1~kl]benz[6,7]indazolo[4,3,2-cde]acridines (see Section 
A-416). 



670 Chapter V 

A-416. Anthra[9,1,2-jkl] benz [6,7]- 
indazolo[ 4,3,2-cde]acridine. 
R.I. 3919 

I 1  10 9 

The numerous examples reported of this ring system are all 5,lO- 
dioxo derivatives, prepared as potential vat dyes. These dioxo com- 
pounds (often calted benfanthrone-pyraZolanthrones, after the met hod 
of their preparation) are all deeply colored: dark-blue to green or 
black. 

These dyes are readily made by heating the pyrazolanthrone (I) 
in it solvent such as dichlorobenzene or nitrobenzene with potassium 
carbonate to form the potassium salt of I, then adding the 3-halo- or 
34trobenzanthrone (11) together with a copper catalyst. After re- 
fluxing the mixture for several hours, the intermediate anthrimide 
(III)  is isolated and heated for several hours more in an alcoholic 
potash melt at about loo", to effect the cyclization to IV. 

R 

0 

+ 

-" 2 - 
KVH /A 
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The simplest example of this class (IV, R = R' = H) was dis- 
covered by Wilke' in the I.G. Farbenindustrie laboratories. It has 
been used as a vat dye under the name Navy Blue R, but the tendency 
of fabrics dyed with Navy Blue R to "waterspot" has greatly reduced 
its commercial value. In efforts to overcome this defect, numerous 
homologs and substitution products were prepared. lP3-'  Some were 
prepared by substitution reactions upon Navy Blue R itself; others 
were obtained by utilizing substituted pyrazolanthrones or benzan- 
thrones. In this latter category two dyes were studied extensively: Vat 
Blue P-113 and Vat BIue HO 259. The former is a monochloro-17- 
phenyl homolog of Navy Blue R, obtained by mild chlorina- 

of the 17-phenyE compound. The location of the 
halogen atom is unknown, and it may be in the phenyi group or 
possibly in the 18-position. Vat Blue HO 259 was prepared12 from 
1 0-chloropyrazolant hrone and 2-phenylbenzanthrone. 

Little definite information exists concerning the location of enter- 
ing substituents in IV (R = R' = H). Nitration is said4y20 to accur 
in the 17-position, and probably other electrophilic monsubstitution 
reactions occur at this most reactive position (e.g. halogena- 
tion 1,3,4,6-9 and hydroxylation by manganese dioxide in sulfuric 
acid579). However, as many as six chlorine atoms have been intro- 
ducedgt2' into IV (R = R' = H), and the location of the second and 
subsequent entering groups is unproven. One might expect positions 
1,3,9 and 17 to be amonqst those most readily substituted. Chloro- 
methylation is thought *5 to occur first in the 17 and then in the 3- 
position. Oxidation of Navy Blue R in 60-65Cr, sulfuric acid with 
chromic acid yielded 2 f  compound V, which underwent scission of 
the lactam ring in the presence of alkali. 

1 ,12 ,13 ,27 ,35  
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At present, the most important dye, commercialIy, of this 
class is Vat Grey M [IV, R = H, R' = 3-(l-anthraquinonyl- 
amino)]. 20t22-25 It is prepared by condensing 3,9-dibromobenz- 
anthrone first with a mole of pyrazolanthrone, then with a mole of 
1-aminoanthraquinone and subjecting the intermediate dianthrimide 
to a caustic fusion.24 Numerous variations upon and derivatives of 
Grey M were prepared. 20, 22-26p 28' 29 Related dyes were obtained by 
condensing halogenated Navy Blue R with various amines such as 
aminothiophthanthraquinone, 33 aminodibenzanthrone, 32 etc. Many 
of the dyes thus prepared are of rather large molecular weight, and 
being quite complex and of limited interest, are not included in the 
table of derivatives of Navy Blue R, althought the patents concerning 
them are listed with the other references. Black dyes are reported to 
result from the acylation of amines of the Navy Blue R class with 
1-nitroanthraquinone-2-carbonyl chloride. 34 

AnthraB, ~,Z-jktlbenz[6,~lindazolo[4,3,2-cde lacridine-5, IGdiones 
Substituenta PrOpCKieS Refs. : 

2, z,z,aJ2,z-Hexac hloro- 

o,z,z-Tribrom~t,z-dichloro- 
aJ2,z,z,2-Pentabroma- 
z,z,z,z,z-Pentachloro-a,a- 

r-Bromo-z,z,~trichlorcr 
a,wDibromo-z,z-dichloro- 

a,zdihydroxy- 

dihydroxy- 

a,z-Dibromez-chlorw 
a, s-Dibromo-z-chloro- 

a, a,t,z-Tribromo- 
x,x-dihydroxy- 

z, z,z-Trichloro- 
~,a,z-Trichlor~z-hydroxy- 
x,x,x-Trichloro-a,a-dihydroxy- 
z,wDibromo- 
z, 2-D homo-z ,e-dl hydroxy- 

Brn.; diff. to vat; olive-brn. 

Bl.-grn. 
in H2SO4. 

Vt.-bl.; diff, to vat. 
Bl.; vt. in H2!30+ 

BL-grn.; wine-red in H $04 .  

B h t .  
Vt.-bl.; gm.-bl. vat; vt. in  

Navy bl. 
H 2 m 4 *  

Dk. bl.; blue vat; vt, in  

BI.-vt.; grn.-bl. vat. 

BLgrn. 
B1.; bl. vat; vt. in H2SO4. 

Gin. 

H2SO4.  

3 

9 

9 

6 
6 
9 

8 
7 

9 
9 

6 

8,9 
9 
9 
6,7,30 
9 
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Anthra[9.1.2LikRbent~6.I]indazolo[4.3.Zcdelacridine-5. Wdiones (coatinued) 
Substituents Properties Refs. 

xDz-Dichloro- 
aDz-Dichloro-x-hydoxy- 
x p D i c  hloro-s,x-dihydroxy- 
3-Bromo- 
m&omo- 
pchloro- 
11-C hlom 

14-Chloro- 

x-chloro- 

14Chloro-z,xdihydroxy- 
x-ChloroxDx-dihydroxy- 
?Nitro- 
17-Nitro- 

Unsubstituted 

5Hydroxy- 
x, a-Dihydrox y- 
f h i n o -  

PAmino- 
14-Amino- 
17(?)4&0- 

x,x,x-Trichloro-metboxy- 
z,x-Dichloro-rmethoxy- 

$Methyl- 
FMethyl- 

3 . C h l ~ o ~ t h y l -  

17-MethyI- 
3- Met hox y- 
2-Methoxy- 

BI.; bl. vat; vt. in H2SO4. 
Vt.; bordeaux in H2SO4. 
Gm.-bl. 
Red-vt. in H2SO4. . 
BI. vat; vt. in H2SO4. 
Vt.-bl. vat; olive in H2SO4. 
B1.-Grey vat; grey-grn. in 

Grn.-grey-bl. vat; H 2SO4 

Dk. bl.; gn.-bl. vat; vt. in 

Olivcgrn. 
Gm.-bl. 
Bf. vat; bm.-yel. in H2SO4. 
Vt.-blk.; bl. vat; green in 

H 2SO 4. 

Vt.-bl.; gm.-bl. vat; vt.-red 
in H2SO4. (Vat Navy 
Bluc R.) 

Vt.-bl.; wine-red in H2SO4. 
B1. vat; ye1.-gm. in caustic. 
Dyes cotton grey-grn. from 

grey-bl. vat; bm.-yel. in  
H,SOj. 

H2SO4. 

sol’n. wine-red. 

H2m4* 

_. 

_I 

Aceryl deriv., bl. vat, red in 
H2SO4. Benzoyl deriv., bl. 
vat, &n.- red in NzSO4. 

Bm.-red in H2SO4. 
B1. vat; vt.-red in HzSO4. 

Dyes cotton blue. 
Gm.-bl. vat. 
Blue vat. 

- 

- 
Vt.-bl. 

7 
9 
9 
18,20,22 
6,30 
23 
23 

23 

7,9,20 

9 
9 
1 
4,20,22 

1 

5 
5 
1,22,34 

34 
34 
20 

9 
9 
15 
16 
1 
14 
18 
5 

(continued 
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Anthra[ 9,1, SjkR benz[ 6, ~indazolo[4,3,Fcdclacridinc5,10-diones (coditwed) 

Substiruema Promnies Refs. 

z,z,z,zga,3?-Hexaehloro- 
x,z-dimet hoxy- 

zga,a,z,a-Pentachloro- 
z,z-dimethoxy- 

x,z-Dibromo-z-chloro- 
z,adimet hoxy- 

a, o,eTrichloro-z, z- 
dimet hoxy- 

z, 3?-Dibromaz,o-dimethoxy- 
3,17-Bis-chloromethyl- 
z,z-Dichloro-l7-et hyl- 
z, iz-Dichlorbz,r-dimethoxy- 
14-Chloro-17-ethyl- 
14-Chloro-a,2-dimct hoxy- 
z-ChIora-z,zdimet hoxy- 
3,17-DimethyI- 

a,z-Dimethoxy- 
z-Chlaro-adim thylamino- 

a-Bromo-17- phenyl- 
14-Chloro-17-Phenyl- 

~Chlor0-17-phe~yI- 

17-Ethyl- 

17-i-Pr 0 p yl- 

17-Phenyl- 

a-Phenoxy- 
17( ?)-Benzylamino- 

3-( 1-Anthraquinonylaminol- 

+( 2-Ant hraquinony1amino)- 
&( 1-Ant hraquinony1amino)- 

11-( 1-Anthraquinony1adno)- 

144 1-Anthraquinony1amino)- 

3,17-Bisp henox ymet hyl- 

Bordeaux in H 2 W 4 .  

Low strength a s  a dye. 

Wine-red in HzSO4. 

Wine-red in  H2SO4. 

Wine-red in H2SO4. 

Gm.-b1. on cotton. 

B1. vat; wintred in H2SO4. 
Bl. vat. 
BL-grn. on cotton. 
Winered in  H2SO4. 

B1. vat. 
Grn.-bl. an cotton. 
B1. vat; gm. in H2SO4. 

B1. vat. 

Gm.-blk. in  H2SO4. (Vat 

Vt.-red in H2SO4. (Vat 

Grn.-bI. vat; vt.-red in 

B1. in H2SO4. 

B1. vat; olive-brn. in 
H 2SO 4. 

BI. grey vat; gm. in HISO,. 
(Vat Greys M and MG.) 

- 

- 

_. 

Blue Hb 259.) 

Blue P-113.) 

H 2SO 4. 

Gny-bl. vat. 
Vt.-bl. vat; bm.-olive in 

H2=4* 
B1.-grey vat; grey-grn. in 

Gm.-b1.-grey vat; red in 
H2SO4. 

H 2SO 4. - 

9 

9 

9 

9 

9 
I5 
14 
9 
14 
9 
9 
16 
14 
5 
22 
14 
13 
12,13 

11- 13,27 

1,10,11,13 

30 
20 

20,22,24, 
25,30 

22 
23 

23 

23 

17 
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Anthra[9,1,2- jk~benz[6,flinda~olo[4,3,2-cde]acridine-5,10-diones (continued) 

Substi- nts Properties Refs. 

3-( l-Nitroanthraq&onc2- Black vat. Also prepared 34 
carb0xamido)- the 9, 11-, and 14-isomers. 

f( 1-Anthtaqubony1amho)- “Anchrasolgau AL 14841.“ 26 

Note: Numerous more complex derivatives have also been 
9methyl- 

22,23,25, 
prepared. 28 30-34 
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1. Wilke, Ger. Pat. 490,723; Frdl., 16, 1368 (1931). Brit. Pat. 298,284. Fr. Pat. 

2. I.G. Farbenindustrie, A.G., B.I.O.S. Report 1493, p. 26. 
3. Wilke, Ger. Pat. 492,274; Frdl., 16,1374 (1931). Fr. Pat. 640,939. 
4. Wilke, Ger. Pat. 492,275; Frdl., 16,1373 (1931). Er. Pat. 640,939. 
5. Wilke, Ger. Pat. 507,560; Frdi., 18,1424 (1933). Fr. Pat. 640,939. 
6. Kunz, Koberle and Berthold, Ger Pat. 516,313; Frdl., 17,1285 (2932). Brit. Pat. 

7. Kunz, Koberleand Berthold, Ger. Pat. 531,102; Frdl., $8,1421 (1933). Brit. Pat 

8. Kunz and Koberle, Ger. Pat. 535,092; Frdf., 18,1422 (1933). 
9. Wilke, Ger. Pat. 538,480; Frdl., 18, 1425 (1933). Brit. Pat. 360,776. Fr. Pat. 

39,807 add’n. to640,939. U. S .  Pat. 1,878,050. 
10. Wilke, I.G. Farbenrndustne, A.G., 36 Wissmchjtltcher Austausch der Cmppe IX, Oct. 

2/3,1936, Frankfurt a/M., PB Report No. 70338, frame 9906. 
11. Wilke, I.G. Farbemndustrie, A.G., 42 Wissenschaftlicher Aus&urch der Gmppe IX,  

June 16/17,1939, Leverkusen; PB Report No. 70338, frame 10688. P B  Report No. 
70248, frame 2584ff. 

12. Wilke, I.G. Farbenzndustrie, A.G.. 43 WissemchaftiEtcher Austausch der Gm#e I X ,  
April 25, 1941, Frankfurt a/M., P B  Report No. 70338, frame 10885. P B  Report 
No. 70350, frame 3826ff. 

640,939. U. S. Pat. 1,790,780. 

341,884. Fr. Pat. 692,869. U. S. Pat. 1,846,121. 

341,884. Fr. Pat. 692,869. U. S. Pat. 1,846,122. 

13. Farbwerke Hochst, A. G., Brit. Pat. 766,345. Fr. Pat. 1,098,937. 
14. Schlichenmaier and Pohlmann, Ger. Pat. 1,005,665. 
15. Randall, U. S. Pat. 2,619,487. 
16. Randali, U. S. Pat. 2,647,899. 
17. Randall and Martin, U. S. Pat. 2,703,321. 
18. Scaleraand Westlake, U. S. Pat. 2,673,851, Fr. Pat. 1,084,058. 
19. Thiess, Meissner and Wilke, Ger. Pat. 500,520; Frdl., 17, 1283 

20. Wilke, Stock and Schubert, Ger. Pat. 516,698; Frdl., 17, 1287 ( 
35,598, add’n. to 640,939. 

344,057. Fr. Pat. 685,867. U. S. Pat. 1,938,059. 

1932). Fr. Pat. 

932). Brit. Pat. 



676 

21. 

22. 

23. 

24. 

25. 

26. 

27. 
28. 

29. 
30. 

31. 
32. 
33. 
34. 

35. 

36. 

Chapter V 

Neresheimer and Khner, Ger. Pat. 499,352; Frdl., 17, 1384 (1932). U. S. Pat. 
1,897,439 
Wilke, Stock and Schubert, Ger. Pat. 518,335; Frdl., 17, 1290 (1932). Brit. Pat. 
344,147. Fr. Pat. 685,867. U. S. Pat. 1,938,059. 
Wilke, Stock and Schubert, Ger. Pat. 520,395; Frdl., 17, 1291 (1932). Brit. Pat. 
345,728. Fr. Pat. 38,E 12, add'n. to 640,939. U. S. Pat. 1,943,710, 
I.G.Farbenindustrie, A.G., F. I.A. 7. Report 1313, voI. 2, p. 11 1. B.I.O.S. Report 
987, p. 109. 
Wilke, I.G. Farbemndustne, A.G., 39 Wissenschaftlicher Ausiaurch der Cmp@ I X ,  
June 21/2,1938, Mainkur; PB Report N o .  70338, frame 10393B. 
Bortl, I.C. Farbemndustrte, A.G., 44 Wissenschafthcher Austawch der Gruppe I X ,  
May 3, 1942, Ludwigshafen; PB Report X o .  70342, frame 14921B. 
I.G. Farbenindustrie, A.G., F.I.A. T. Report 1313, val. 3, p. 28. 
Braun, I.G. Farbmmndustrte, A.C.,  43 Wissenrchaftlzcher Austausch der Cmfipe IX, 
March 20,1941, Frankfurt a/M., PB ReportNo. 70342, frame 14665. 
Slinger, Brit. Pat. 633,502. 
Kunz and Koberle, Ger. Pat. 534,933; Frdl., 18, 1428 (1933). Brit. Pat. 345,651. 
Fr. Pat. 700,603. U. S. Pat. 1,857,553. 
Kunz and Koberle, U, S. Pat. 1,901,308. 
Kunz and Koberle, U. S. Pat. 1,909,690. 
Schroeder and Ringrose, U. S. Pat. 2,559,676. 
Irvingand Livingston, Brit. Pat. 716,558. U. S. Pat. 2,709,170. Ger. Pat. Apln. 
I6266 IVd/22b, Gr. 3/13. Fr. Pat. 1,009,348. 
Wilke, Greune, Schlichenmaier and Pohlmann, Ger. Pat. Apln. F 10236 
IVb/22b. 
Fairweather and CoEey, Brit. Pat. 743,865; Chern. Abstracts, 50,16125 (1956). 

A-417. Benz[6,7]indazolo[2,3,4-jgh]- 
phenanthro [ 2 ,l,lO-mna] acridine * 

12 

10 9 8 

The condensation of I with 11, followed by cyclization of the re- 
sulting anthrimide (111), yielded' IV. When X = Y = H, IV is a 
red-violet dye (with a blue vat and a blue solution in sulfuric acid), 
which is an isomer of Navy Blue R (see Section A-41 6). Dyes in which 
X = H, Y = C,H,CONH, or X = Cl, Y = H, or those obtained 
by chlorinating IV (X = Y = H), are violet with violet vats and blue 
solutions in sulfuric acid. 
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x \  & / +& \ I / 4 

0 RN-N 

Reference 

1 .  Neresheirner and Schneider, Ger. Pat. 497,825; Frdf., 17, 1284 (1932). U. S. Pat. 
1,846,139. Fr. Pat. 682,057. Brit. Pat. 326,268. 

A-418. Benz[6,7Iindazol0[2,3~4-fgh]- 
pyrido[ 3',2',6,7]naphth- 
[2,1,8-rnna]acridine * 

13 

11 LO 9 

From the condensation of I (R = H) with pyrazolanthrone, fol- 
lowed by a caustic-melt treatment of the intermediate anthrimide, 
the bluish-violet dye I1 (R = H, green vat and green solution in 
sulfuric acid) was obtained.lB2 It is more violet than Navy Blue R 
(the isostere having carbon in place of the nitrogen in the 1-position), 
and upon chlorination, somewhat clearer shades are obtained. 
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@ \ / + @R _____j 2) 1 ) - H b  KOHIO. 

‘ 0  Br 
0 / 

0 

Dyes of type 11, in which R is represented by I11 or IV, are grey vat 
dyes (light-fastness 7-8, soda-fastness 4) similar to Indanthrene Grey 
M (see Section A-416). 

0 NH- 0 NH- 

References 

1 .  Kunz, Koberle, Ebel and Kochendorfer, I.C. Farbenindwtne, A.G.;  PB Report No. 

2. Kunz, Koberle and Kochendorfer, Ger. Pat. 654,617; FrdI., 23, 1086 (1940). 
70340, frame 12922. 

U. S. 2,023,479. 
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2 

A-419. Benz [6,7]indazolo[ 4,3,2-hij] - 
naphth [ 1',2 ',3' ,1,8]isaquino- 
[4,5 -bc]quinoIine * 

I 1  10 Q 

The violet vat dye (blue-green vat, green sulfuric acid solution) 
11 was prepared as shown from I and pyrazolanthrone. 

References 

1. Kunz, Koberle, Ebel and Kochendorfer, I.G. Farbenindustne, A.G.; PB Repor& 

2. Kunz, Koberle and Kochendorfer, Ger. Pat. 655,593; Frdl., 23,1091 (1940). 
No. 70340, frame 12922. 

16 

A-420. 9H,18 H-Diquino- 
[3,2,1-hi, 3',2',1'-h'i']benzo- 
[1,2,3-cd, 4,5,6-c'd']diindazole* l2 

10 H, 8 
9 

Fusion of I (R = H) with potassium hydroxide yielded the diffi- 
culty vattable, olive-green dye I1 (green vat and intense green solu- 
tion in sulfuric acid). 
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0 

Treatment of I (R = OH) with chlorosulfonic acid gave a prod- 
uct’ for which no structure or properties were disclosed, but which 
may also be 11. 

References 

1 .  Kalischer, Bayer and Ritter, Ger. Pat. 525,217; Frd., 17, 1295 (1932). Brit. Pat. 

2. Thiess, Braunsdorfand Wilke, Ger. Pat. 504,240; Frdl., 16,3032 (1931). U. S. Pat. 
344,558. Fr. Pat. 686,341. 

1,772,620. Brit. Pat. 298,775. Fr. Pat. 644,589. 

16 

A-421. 8H,lGH-Dipyrazolo[ def, qrs] - N-N 
flavanthrene. R.I.3955 

y z  7 

The Ring Index name omitted the 8H,lbHprefix. 
The vat dye “pyrazolanthrone yellow” was once thought to be the 

8,16-dioxo derivative of this nucleus, but is now known to have a 
different structure. See Section A-559. 
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A-422. Benz [ 6,7)indazolo[ 2,3,4-mna] - 2 

quino[3',2',6,7jnaphth- 
[ 2,1,8--gh]acridine * 

12 11 10 9 

The reaction of 2-aminobenzaldehyde with I yielded 11, which 
was converted by the action of a caustic melt into a green dye of struc- 
ture 111. Replacement of 2-aminobenzaldehyde with 1 -aminoanthra- 
quinone-Zaldehyde yielded an olive-green homolog of I 11. 

Reference 

1. Gruschke and Quint, I.C. Farbenindustne, A.G., 42 Wissemchafttlzcher Awbwch  der 
Cruw IX,  Frankfurt a/M., February 15,1940; PB Report No. 70248, frame 2834. 
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A-423. Bisbenz[6,7]indazolo- 2 

[ 4,3,2-hij, 4 ‘,3 ’,2 ‘-h’iy benzo- 
[ 1,Z-b, 4,5-b‘] diquinoline* 

13 

Fusion of I with caustic yielded1 the yellowish brown dye I1 
(violet-red vat). 

Reference 
1 .  Kalischer, Bayer and Ritter, Ger. Fat. 525,217; Frdl., 17, 1295 (1932). Brit. Pat. 

344,558. Fr. Pat. 686,341. 
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A-424. 13H,!26H-Bisanthra[ 2,1,9,4,5,6]- 26 

quino( 3,2,1-hi, 3',2',1'4~'i'J benzo- 
[ 1,2,3-cd, 4,5,6-cfd'] diindazole* 

14 H, If 

13 

An Ullmann reaction between I and 3-bromobenzanthrone 
yielded 11, which was cyclized to I11 by caustic fusion. Compound 

HN 
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I11 was described as a dark brown solid (olive-green solution in sul- 
furic acid), which dyed cotton a reddish-blue shade from a violet-red 
vat. 

Reference 

1. Wilke, Ger. Pat. 490,723; Frdf., 16, 1368 (1931). U. S. Pat. 1,790,780. Fr. Pat. 
640,939; Chern. zentr , ,  11, 1947 (1928). Brit. Pat. 298,284; Bnt. Chem. Abstracls, B, 
9 (1928). 

A-425. SH-Bisbenz[ 6,7] indazolo[ 4,3,2-&, 4’,3’,2’-c’d’e‘j- 
phenalenoi 2,1,9-ghi, 5,6,7-gfh‘i‘]diphenanthridine* 

18 2 

I t  10 9 

By subjecting I to an Ullmann reaction with two moles of pyrazol- 
anthrone, Core11 and Eichler obtained 11, which was cyclized to I11 

--+ 
-2H, 

0 
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(violet needles, m. 372"; sulfuric acid solution black-violet ; blue vat). 
While I11 dyed cotton a navy blue of good wash- and soda-fastness, it 
readily wa ter-spot ted. 

Reference 

1 .  Core11 and Eichler, I.G. Farbemndustne, A.C., 39 Wzssenrchafilzcher Austausch der 
Gmppe I X ,  Mainkur, June 21 -2,1938; PB Report No. 70338, frame 10381. 

The numbering shown in I also has been used. 

By treating pyrroylpyruvic ester with hydroxylamine, Angeli 
obtained a product (m. 123-4") to which he at first gave structure 
IIa, but later2 considered IIIa  an alternative possibility. Hydrolysis 
of the ester gave the acid (IIb or IIIb, m. 179"d.). 'The infrared 
spectrum of the product should readily distinguish between structures 
I1 and 111. 

OH 

(Ha) R = C,H, (IIIa) R = C,H, 
(IIb) R = H (IIIb) R = H 

In an extension of the work of Diels et al. in the pyridine series 
(see Sections A-721, A-725, A-729, etc.), Letsinger and Lasco3 con- 
densed pyridazine and 3-methylpyridazine (IVa and IVb) with 
methyl acetylenedicarboxylate. In methanal solution a 26oj, (R = H) 
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to37% (R = CH,) yield of V (a, R = H, m. 160-1"; b, R = CH,, 
m. 164.5-5") was formed. The ester V was saponified to the tri- 
carboxylicacid (R = H, m. 223"), which could be reesterified to V 
by reaction with diazomethane. Heating the tricarboxylic acid with 
hydrochloric acid readily afforded VI (a, R = H, m. 243"; b, 
R = CH,, m. 225.5-6"). Esterification of VI to VII (a, R = H, 
R' = CH,, m. 93-4O; b, R = CH,, R' = CH,, m. 84-5"; c, 
R = CH,, R' = C,H,, m. 67.5-8") was accomplished by treatment 
with diazomethane or by the Fischer-Speier technique. 

COOCH, 
I 

COOCH, - 
COOCH, 

c 
(z C- COOCH,), 

R R 

(IVa) R = H 
(IVb) R = CH, 

(Va) R = H 
(Vb) R =  CH3 

R wcooH 4 R m C O O R '  N' 

(VI R = H 
(VII R = CH, 

(VIIa) R = H, R ' =  CH3 
(VIIb) 
(VIIC) 

R = R' = CH, 
R = CH,, R' = C,H, 

nCH3 
H3C N' 

(VIII) 

In an alternative synthesis, which demonstrates the structure of 
the nucleus, VIIc was obtained from the reaction of VIIJ with ethyl 
bromopyruvate. 
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References 

1. Angeli, Ber., 13,1793 (1 890). 
2. Angeli, Ber., 23,2154 (1890). 
3. Letsinger and Lasco, J .  Org. Ch., 21,764 (1 956). 

8 1  

A-427. Pyrrolo[ 1,2-c] pyrimidine 

While studying the preparation of 2-pyrrolealanine by the azlac- 
tone synthesis from 2-pyrrolealdehyde, Herz isolated two azlac- 
tones, one of which, with base, gave a product Cl,HloN,O, (m.p. 
182-3") thought to have structure I .  Treatment with diazomethane 
gave a methyl ester (m. 107"). 

C6H6 

Reference 

1 .  Hen,  3. Am. Chem. SOL, 71,3982 (1 949). 

A-428. Indolo[l,2-c]quinazoline 
8 

This nucleus was also named indolo- 7' :2'-3:4-quina~oline. 
The reaction of I under various conditions with acylating agents 

was studied recently. Under the mildest conditions I1 was produced, 
but under increasingly severe conditions I11 and I V  were formed, the 
latter generally being obtained under vigorous acidic conditions. For 
example, I with acetyl cyanide in chloroform and dry hydrogen 
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chlorideat 15" gave I1 together with I11 (R = CH,), while at 50" 
the same reactants yielded IV (R = CH,, pale yellow, m. 115-6"). 
Benzoyl chloride in pyridine or benzoyl cyanide in chloroform at 60" 
reacted with I to yield 11, while with benzoyl cyanide and hydrogen 
chloride in chloroform at 60" I11 was produced, and IV (R = C,H,, 
m. 197-8") was formed from I with benzoyl chloride in boiling chlo- 
roform. The benzyl derivative of type IV (R = C,H,CH,, m. 194- 
7") was obtained similarly. Heating I with formic acid or acetic an- 
hydride yielded exclusively IV (R = H, m. 200-19, as did heating 
I1 under acidic conditions. 

4 

t 
COR 

\ 

Quaternization of IV (R = CH,) yielded' the bright yellow 
5-methyl ptoluenesulfonate salt (m- 258-60"), which could not be in- 
duced to yield cyanine dyes. 

References 

1 .  Kiang, Mann, Prior and Topham, J .  C h .  Sac., 1956,13 19. 
2. Mann and Prior, J .  Chem. Soc., 1956,1331. 
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14 I 

A-429. Indolo[ 2 ,3 -5,6] pyrido( 1,2 -a] - ~ 

pyrrolo[ c]  pyrimidine 9 \  

8 7 6  

Eiter and Svierak proposed l S 2  structure I for the alkaloid fofzcun- 
thine, although this has been questioned,3 and other, quite different 
structures recently have been suggested. 4p5 

References 

1. Eiter and Svierak, Monatsh., 82,186 (1951). 
2. Eiter and Svierak, Monatsh., 83,1453 (1952). 
3. Saxton, Quart. Rev., 10,120 (1956). 
4. Hodson and Smith, Chem. and Id., 1956,740. 
5. Hodson and Smith, J .  Chm. SOC., 1957,1877. 

1 

H2 
A-430. 1H-Pyrrolo[2,l-c]oxazine. 7 &OS 

R.X. 799 

Fischer and Abderhalden dehydrated what they thought was 
dl-leucylproline (I, R = NH,) and obtained a product, to which 
they assigned the lactam structure 11. However, Fischer and Ref' 
later showed that the starting compound was a hydroxy acid (I, 
R = OH) instead of an amino acid, and that the product (m. 124") 
actually is the lactone 111. When the f-isomer of I (R = OH) was 
used, Z-I11 (m. 164", [a]: -166.7") wasobtained.2 
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0 

0 

0 

0 

The acid IV, obtained as the product after several degradative 
reactions upon the alkaloid monocrotaline, was dehydrated3 to V (oil; 
picrate, m. 169-70"; methiodide, 242-3", [a]:' -1 5.02"). 

(IV) 

References 

1 .  Fischer and Abderhalden, Ber., 37,3071 (1904). 
2. Fischer and Reif, Ann., 363,118 (1908). 
3. Adams and Mahan, J .  Am. Chem. Soc., 65,2009 ( 1  943). 

I 

A-1.31. 1H-p-Oxazino[4,3a]indole 
6 

This nucleus has also been called indolo( 1'2'-3:4)mor~holZne. 
The anhydride I1 (m. 237-8") has been obtained' from the 

thermal dehydration of I. 
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0 

(1) (11) 

Elvidge and Spring2 heated I11 with sodium methoxide in 
benzene, hoping thereby to prepare IV, but instead they obtained V 
(m. 204"; 0-acetyl derivative, m. 141"). 

COOCH, , CH 2CQOc H 3 

COCHOH 

OH 

0 

OH 0 

0 

Rejerences 

1,  Smith and Moir, Can. J .  Chem., 30,411 (1952); Chem. Abstracts, 47,3296 (1953) 
2. Elvidge and Spring, J .  Chm. SOC., 1949,2935. 

A-432. Pyrrolo[l,2-a]pyrazine. 7 W N  2 

R.I. 805 

This nucleus has been called 2,5-pyrrolopyrat;ne, and the octahydro 
derivatives have been referred to as 1,2-trimethylenepipe7azznes (I). 

Condensation of pyrrole-%aldehyde or of 2-acetylpyrrole with 
aminoacetal yielded 11, which was cyclized' to I11 (R = H or CH,) 
by the action of a mixture of plyphosphoric acid and phosphorus 
oxychloride. 
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R 
I 
I 

D C ' O  
NH 

R 
I R 

The 3,4-di iydro compound IV was prepared' by heating 2- 
acetylfuran with ethylenediamine. 

CH3 
I 

Most of the work on these compounds has been devoted to the 
octahydro-l,4-dioxo derivatives (V), which are dipeptide lactams 
derived from proline or hydroxyproline with another amino acid. 
Products of type V are generally named from the amino acid com- 
ponents; thus V, without the hydroxy group and where R = methyl, 

0 

0 

might be called d-alanyl-l-proline lactam. These lactams have been 
isolated from many types of proteinaceous material such as extracts 
of silkworm pupa, extracts of streptomyces' and rhizopus5 molds, 
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and hydrolysates of casein6 and edestin. ' A favorite source is gelatin, 
degraded either by tryptic digestion, pyrolysisg or acidic hydroly- 
sis. lo Quite a few (e.g., VI) have been prepared "-17 synthetically 
from the component amino acids. Several have been isolated from the 
products of cleavage of the ergot alkaloids by heat 18-20 or the action 
of hydrazine, 21 or caustic. 22 

0 

(VI) 

Perhydro derivatives of this nucleus have been obtained in two 
ways: treatment of gelatin with sodium and alcohols,24125 and reduc- 
tion of products of type V (or of the ergot alkaloids) with lithium 
aluminum hydride. 26'27 

Several complex derivatives containing this nucleus have been ob- 
tained in connection with studies23 upon the ergot alkaloids and 
these are not included in the tables. 

Pvrrolot 1,2-ulpyrazioes . - -  

Empirical Subscituencs Properties Refs. formula 

c 7H6N2 Unsubstituted b 2  71'; ng 1.6176; .A,, 230, 1 
280, 330 and 372 mp (log E 

Picrate, .m. 212'. 
3.50, 2.70, 2.52 and 2.02). 

lm', 203-13'1; €a]$ 13, m 
C7HloN202 Perhydro-I,Cdioxo- L - F O ~ :  189-3' (182-3', 7,8,10, 

-202@ (-217.4')- 
C 7 H u N 2 0  Perhydro-7-hydroxy- HC1 salt, d. 190". N-Carbani- 24 

lino deriv., d. 198'. 

280, 330 and 360 mp (log E 
3.45, 3.58, 3.30 and 1.95). 
Picrate, m. 230". 

C8H8NZ 1- Methyl- b,, 82'; n@ 1.6910; A,, 230, 1 

(continued) 
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Pyrrolo[1,2-alpyrazines (continued) 

Substituents Properties Refs. Empiricd 
fonaUlP 

C B H ~ N ~  3,rCDihydro-l- 

CBH 12N 2 0 2  

C 8H & 2 0  Perhydro-7-met hoxy- 
ClgH16N202 Perhydro-3(2-prcr 

C t l H ~ N 2 0 2  Perhydr1~3isobutyl- 

methyl- 

1,Odioxo- 
Perhydro- f met hy1- 

py1)- 1,bdioxo- 

1,rf-diOXo- 

C nH22N2 Perhydro-fisobutyl- 

C ~ H 1 4 M 2 0 2  fBenzyl idencpcr  
hydro- I,Odioxo- 

m 126-9". d l -~-F~m:  m. 

m. 195". 
L , D - F o ~ :  m. 147-9", [a]$" 

L , L - F w m :  m. 170-1' (158-9'. 

114-5'. 

88' (H20). 

150-60", 158-61'); talg' 
- 142.4"(3.33, ethanol) or - 144" (0.4, water) or - 146.7 
(1, water). 

L .D-Fo~ :  m. 14&50° (148"), 
[ ~ t l ~ $ ~  + 105" (H20) .  

&,&Form: m. 117-21'. 
Oil, b 228"; bls 110'. Chloro- 

aurate, m. 197". 
L , t - F o r m :  b12 95-100', [a]:" 

15' (ethanol). Dipicrate, m. 
185-6"- 

(0.3, ethanol). Dipicrate, m. 
222-4 " . 

L,D-Form: oil, [a]?" 28" 

L-Form: m. 177-80°, [a]~'" 
284.7 (5 ,  pyridine). 

3,11,15 

24 
19 

3 5,13, 
14,17, 
26 

8.19 

12 
24,25 

26,27 

26 

16 

C ~ H s N 2 0 2  5Benzyl-perhydro- L &-Form: m. 135-6', la1 E" 16 
1,4-diox o- - 107.6'. 

L.D-Form: m. 150'; fa]?" 92", 

&-Forms: m. 149' (130-2". 16,21,22 

20,26 
ral:gl 110'. 

1468'. 117-23") [u];' 23 
to -35' (0.2, ethanol), 

C 14H16N203 Perhydro-2-(4-hy- Two forms: m. 187', [a1 6 
droxyben~l)-X,4- - 10.25'; IXL 226-8", 
dioxo- [a1 67.1'. 

C l r ~ z o N 2  3-Benzyl-perhydro- L ,L-Form: oil, [a]?' - 17' 26 
(0.3, pyridine). Dipicrate, m. 
258'. 
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P yrrolo[ 1,2-alpyrazine s (ccmntiued) - 
Substituents Properties Refs. Empirical 

formu1 a 

C ~ H u N 2 0 3  Perhydro-f(bmeth 
oxybenzyll- L , 6  
dioxo- 

C s H ~ N 2 0 3  2-Acetyl-fbenzyli- 
dene- perhydro- 
1,4dioxo- 

perhydro- 1,4- 
dioxo- 

C & f i N ~ O 3  2-Acetyl-3benzyI- 

L.D-Form: m. 63-5", [altp 26 
24' (ethanol). Dipicrate, m. 
257-8 '. 

m. 156-7O. 6 

D-Form: m. 172-3", [aIfi5" 6 
49.3" (5 ,  pyridine), 

&Form: m. 149-51'. 
L , L - F o r m :  m. I23-5', [aIB 16 

202.6' (5,  pyridine). 
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28. Smith,J. Chem. Suc., 1957,3985. 

VOl .  2, p. 375. 
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10 

A-433. 5H,lOH-Dipyrrolo[a,d]pyrazine. 
R.I. 1394 

5 

The Ring Index name lacks the 511,fOH prefix. The numbering 
systems 1-111 have also been used, and the trivial name pyrocoll is 
often applied to the 5,lO-dioxo derivatives. Chemical Abstracls still 
indexes compounds under this heading. ,&a3 6 N ' 2  ;;&&; &-Rdr P' 

5 4  I' 

From the destructive distillation of gelatin, Weidel and Ciami- 
cian isolated a nearly colorless crystalline substance, which they 
called pyrocoll (IV). It sublimes at high temperatures without melt- 
ing, but in a sealed capillary melts at 268-9". Concentrated alkali 
hydrolyzes pyrocoll to pyrrole-2-carboxylic acid, and treatment with 
ammonia in a sealed tube yields the corresponding amide. Zinc dust 
distillation of pyrocoll yields pyrrole. 

Pyrocoll was also prepared by heating pyrrole-2-carboxylic 
acid in acetic anhydride, and most of the substituted pyrocolls re- 
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0 

A 

COOH 
Gelatin 

A 

0 

(IV) 

ported have been prepared in this manner. Formation of the high 
melting pyrocoll provides a convenient method for characterizing 
pyrrole-2-carboxylic acids. 

The direct bromination of pyrocoll  yield^^-^ mono-, di- or tetra- 
bromo derivatives, while treatment with phosphorus pentachloride 
gave6 perchloropyrocoll. More drastic conditions produced more 
highly chlorinated products (e.g. C loCl ,4N202) thought to be 
addition compounds, but of unproven structure. 

Nitration of pyrocoll at 4-10°C. gives chiefly the 1,6-dinitro 
der i~at ive,~" '  lo as shown by degradation to 3-nitro-2-pyrrolecar- 
boxylic while at -10" to -4°C. the major product is 3,8- 
dinitropyrocoll. The two dinitropyrocolls were also prepared lo by 
dehydration of the appropriate nitropyrrole-2-carboxylic acids. 

Molecular weight determinations show that, in solution, 2- 
pyrrolecarboxaldehyde is associated, and isolation of a dibenzoate 
(m. 178") supports structure V for the aldehyde. 

Harrell and Corwin l2 describe the preparation of products of 
type VI (R = C,H,, R' = 4-carbethoxy-3,5-dimethyl-2-pyrryl-, 

R'CH 

HO H HO OR 

cis, m, 195.0-6.5", trans, m. 236.0-7.5") from the catalytic reduction 
of 3,5,4'-tricarbethoxy-4,3', 5 '-trimethylpyrromet hene, or (where R 
of VI is H, and R' is 3,5-dicarbethoxy-4-methyl-2-pyrryl-, m. 203-4") 
by heating 3,3', jl-tricarbet hoxy-4,4'-dimet hy l-5-carboxypyrromet h- 
ane with acetic anhydride. 
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When glutamic acid is heated l 3  with acetic anhydride and pyri- 
dine, amongst the resulting products is a high-melting solid of struc- 
ture VII. This structure was confirmed by an alternative synthesis 
from VIII. 

H,N- CHCOOH % 

0 

0 

HOOC € € N h  
C/lrNH COOH 

0 

(VIII) 

The dimeric lactams 14-  ’* of proline and hydroxyproline have 
structure IX. These lactams are present in the crude proline fractions 

R q b R  0 

(1x1 

from the acid hydrolysis of gelatin, l 4  and they may be obtained by 
allowing proline hydrochloride to stand in ether, l 5  or proline (or 
hydroxyproline) esters to stand in ethanol. ‘‘-I8 While these lactams 
are relatively stable to aqueous acids, they are readily hydrolyzed 
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by dilute alkali.20 The metabolism of the proline lactams has been 
studied. 20-22 

Hydrogenation of butyl pyroglutamate (X) over a copper 
chromite catalyst at about 200" yielded butanol and S-hydroxy- 
methylpyrrolidone, while at about 250" 1 -butyl-2-hydroxymethylpyr- 
rolidine and compound XI (m. 84.0-4.5") were formed. 
Further hydrogenation of pure 5-hydroxymethylpyrrolidone gave an 
excellent yield of XI, free of byproducts. 

2 3 . 2 4  

COOC, H, 
I 

(XI (XI) 

Recently, pyrrale-2-aldehyde was found34 to condense with 
piperidine, morpholine or pyrrolidine to yield products of structure 
XI1 (R = piperidyl, m. 160"; R = morpholinyl, m. 197-8"; R = 

pyrrolidyl, rn. 93-4"). 

R 

CHO - q% N /  

R 

5H, lOH-DipyrroIo[a,d]pyrazine-S, 10-&ones 

Substituencs Properties Refs. Empirical 
formul. 

C&I6N,O2 1,2,3,6,7,&Hexachloro- Yel., rn. > 320" d. Octa- 698 
chloride, subl.  100°. 

C l ~ C l  10N20 Structure unknown. ID. 195-7'. 6 
CX0H2Br4N202 z,ZtZ,z,a-Tctrabromo- Yel., d. 250'. 8 
C loH4Br 2N 2 0  2 a,mDi bromo- Yel., m. 2884 ' .  5,6 

(continued) 
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5 4  lOH-Dipyrro lo la ,~py~~-S , l0 .d iones  (continwdj 

Substituenrs Properties Refs. Empkicaf 
formula 

C26H24N4O6 

l&Dinitro- 
3, 8-Dinit ro- 
wBromo- 
Unsubstituted. 
1,2,6,7-Tetrahydro- 

3,8dioxo- 
Oct ah ydro- 

Oc ta hydro- 2- hydroxy- 

Octahydro-2,7- 
d i  hydrox y- 

1 , 3,6,8-Te trame t h y 1- 

2,7-Dicarboxy-1,3,6,8- 
tetramethyl- 

2, 7-Di-2-prop yl- 
1,6-Dicarbethoxy- 

2,7dimethyl- 
2,7-Dicarbethoxp 

1,3,6,8.retramethyl- 
1,6-Dicarbet hoxy- 

2,3,7,8=tetramet hyl- 
1,6-Dicarbethoxy-2, 7- 

diethyl-3,8dimet hyl- 
3,8-Dicarbethoxy-l,6- 

diethyid, 7dimethyl- 
3,8-Bisbromomethyl- 

2,7dicarbet hoxy- 
1,6dimct hyl- 

2 , 7-Dicarbe t hoxy-3,8- 
biset hoxymethyl- 
1 ,&dime thyl- 

2,7-Bis(2-carbcthoxy- 
2cyanovinyl)- 
1,3,6,8.tetramethyl- 

Yel., d. 315-20'. 
Yel., d. 240-5'. 
Yel., m. 190-2'. 
Lt. yel., m. 267'. 
m. 340' d. 

ZEForm: m. 156' (149', 
143"); Id? -151.15 

dEForm: m. 183-4 ' . 
2EForm: m. 102-3' (from 

ether) or 13540 '  (from 
H 2 0 ) .  [a]: -142' 

22-Form: m. 2 4 5 6 '  d., 
[a]E - 153.44'. 

Lt. yel., m. 272.0-2.5'. 

(H20).  

Lt. yel., d. >350'. 

m. 156-7'. 
Lt. yel., m. 168". 

Lt. yel., m. -270". 

Lt. yel., m. 169'. 
(257-8' )* 

Lt. yel., m. 159'. 

Lt. yel., m. 150°. 

m. 205.5-7". 

m. 158.0-9.5'. 

Red, m. 276'. 

6,lO 
10 
5-7 
2,397 
13 

15-19 

14 

18 

25 

25,26 

33 
27 

25830 

28 

29 

31 

12 

12 

32 
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2 

A-434. Dipyrrolo[a,c]pyrazine. 9 @3 

R.I. 1395 $ 9 5  

Oxidation of I with ferric chloride yielded a red product (chars 
>ZOO"; dark green solution in sulfuric acid), which was assigned 
structure 11. Treatment of I 1  with nitrous acid gave a product 
thought to be the dinitroso derivative of I. Further evidence for these 
structures would be welcome. 

Reference 

1 .  Benary, Rer., 60,1826 (1927). 

9 10 1 

A-435. Pyrazino[ 1,2 -a] indole. 
R.I. 1630 

6 

The names a-pyrazindole, indoledzazine( 1:4) and d o l e -  1,4-dia~zne, 
and the numbering shown in I have also been employed. 

During their investigations of the harrnine alkaloids, Perkin 
et a l . ' - 3  studied the cvclization of indole derivatives such as 11. 
When R = R' = R" = H or R = R' = H, R" = CH, the pyra- 
zino[l,2-a]indolone (I1 I )  was the sole produce, while the pyridindo- 
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(1) 

lone (IV) alone was from the tertiary amine (11, R = 

R” = H, R’ = CH,). Similarly, the 4-, 5-, 6- and 7-methoxy homo- 
logs (11, R’ = R” = H, R = CH,O) gave I11 (R’ = R” = H, 
R = CH,O) when the nitrogen was unsubstituted, but the methyl 
homologs (11, R = CH,O, R’ = CH,, R “  = H) yielded3 mixtures 
of I11 and IV (except the 4-methoxy isomer, which gave exclusively 
IV). 

(IV) 

A number of derivatives of this nucleus were obtained during 
work upon the structure of the antibiotic mold metabolite gliotoxin. 
The simpler derivatives are included in the table, but as the chem- 
istry of gliotoxin was recently reviewed, and a complete bibliogra- 

0 

OH 0 
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phy given,5 no purpose would be served by repeating this informa- 
tion here. The new structure V was recently proposed l l for gliotoxin, 
and some additional degradation products were described. 

Pyrazinot 1,2-a]indoles 

Substitueats Properties Refs. Empirical 
formula 

CllH8N20 

C12HeN203  

c 12H 1 0 N 2 0  

c 12H 1oN 2 0 2  

c 13H loN 2O3 

c 11C1N202 

C13H12N10 

C13HUNIo2 

C14H14N20 

C14H11N202 

C17H23N30 

1,2-Dihydro- I-0x0- 

2-Carboxymethyl-1,2-Qihydro- 

9-Chloro- 1 ,2-dihydro-&meth- 

1,2-Dihydro-2,3-dimethyI-l- 

1.2-Dihydro-2 ,IO-dimethyl-1- 

1,2-Dihydro-7-methoxy-2- 
methyl-l-oxo- 

1,2-Dihydro-&methoxy-2- 
methyl-1-oxa 

1,2,3,4-Te tra hydro-2,3-di- 
methyl-1,4-dioxo- 

1,2-Dihydr0-2,3,10-trimethyl- 
I-0x0- 

1,2,3,4-Tctrahydro-2,3,104- 
methyI-1,4-dioxo- 

2-(2-Diethylaminoethyl)-l,2- 
dihydra-10-methyl-I-0x0- 

l-oxo- 

oxy- 10-methyl- 1-0x0- 

0x0- 

0x0- 

Pale yel., m. 250-1" 

Pale yel., m. 254-5". 
(247"). 

m. 147-8". 
Pale yel,, m. 253-4 " . 
Yel. m. 212-3" (210"). 
m. 204.5-5.5". 

Yel., m. 253". 
Yel., dinters 265', m. 

m. 209-10"; A,,, 265, 
280 " . 
340-5 mp (log c 
4.2-4.3, 4.1). 

m. 275-7" d. 

m. 1%". 

Pale yel., m. 296-7.5". 

Pale yel., m. 160-1' 

Yel., m. 205". 
(159"). 

m. 243 " . 
m. 123.5-4" 

Yel., m. 201-2.5". 
(121-2 " )* 

Pale yel,, m. 117.5- 

HCI salt, m. 173-4'. 
8.5". 

1,4 

7.8 

4 
4 
1,4 
9 

1 
3 

8 

4 

3 

4 

2,4 

2 

3 

6,&10 

4 

8 

4 
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A-136. Pyrrolo[l,l-u]quinoxaline 

5 

Hydrogenation of Ia over a copper-chromite catalyst afforded IIa 
( ' ) { I .  j 750; nD 'O" 1.5033; d$!' 0.981; dipicrate, m. 245-6") in 46y0 
\ icld. Similar treatment of Ib gave a 667& yield of a mixture of IIb 
(picrolonatc, m. 213-32") and 111 (bo., 84-7O; n z o o  1.5080; 
d$'" 0.997; dipicrate, m. 260-3"d.). The latter product was pre- 
\urnably formed by alkylation of IIh with the ethanol formed during 
reductive cyclization of the ester. 

(la) R = CH3 (Ha) R = CH, 
(Ib) R = H (IIb) R = H 

A stepwise degradation of peptides was developed2 in which the 
component amino acids are isolated as 3-substituted-7-carbometh- 
oxy-3,4-dihydro-2( 1 H)quinoxalones. As standards, a group of these 
derivatives was prepared by the reaction of methyl 4-fluoro-3-nitro- 
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benzoate (IV) with various amino acids. For example, with  proli line 
(Va) and L-hydroxyproline (Vb) the products VIa (m. 182-92" d., 

-270") and VIb (m. 227-35", [ a]E3 *-270") were obtained. 

(Va) R = H 
(Vb) R = OH 

(VIa) R H 
(VIb) R =OH 

References 

I. Leonard and Boyer, J .  Am. Chn. Sac., 72,2980 (1 950). 
2. Holley and Halley, 3. Am. Chern. Sac., 74,5445 (1 952). 

2 

A 4 3  7. lH-Pyrazino[ 3,2 ,l-jk] carbazole. 
R.I. 2418 

7 6 

The names carbacolo- 7 , %piperacine and fiti-~eripyra~inocarbaeoie 
( I )  are also encountered. 
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Quinoxaline derivatives of type I1 undergo the Fischer indole 
reaction with cyclohexanone to yield"' I11 (R = H, m. 285"; 
R = o-CGH,COOC2H,, m. 172"). While Perkin and Riley' were 
unable to effect the cyclodehydration of IV, dehydrohalogenation of 
V (R = H or Br) readily ~ i e l d e d ~ > ~  VI (R = H, m. 255O; R = Br, 
m. 333"). 

HQOCCH,., 

& 
Br & \ (W Br (IV) 

Alcoholic caustic cleaved' the amide bond in 111, although treat- 
ment of VI (R = Br) with nitrous acid yielded3 VII (m. 435"). See 
Section A-443. 
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A-438. Pyrazino[2,l-u, 3,4-a 
R.I.2964 

The name dzzsazndo[2,l-a, 7',2'-c]pyraezne has also been used. 
Bistrzycki and Schmutz' condensed phthalide with ethylenedi- 

amine and obtained product I. When this was heated with sulfur a 
brownish-orange substance (m. 202-3") thought to be I1 was ob- 
tained. Why further dehydrogenation of I1 did not occur under these 
conditions, is unexplained. See Sections A-442 and A-446. 

Reference 

1.  Bistrzycki and Schmutz, Ann., 415,l (1917). 

13 
12 H, 1 

A-439. 6H,13H-Pyrazino[l,2-ua, 4,5-u']- l o h D :  9 \  

4 
diindole. R.I. 2961 

8 7 5 5  

The name diindulu[ 1,2-a, 7',2'-c]pyrazine has been used. The Ring 
Index name lacks the GH, 13N prefix. 
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Several pale yellow, high melting (> 300”) products of structure 
I1 (R = H or CH,; R’ = H or C,H,) have been 
from the intermolecular dehydration of indoie-2-carboxylic acids ( I ) .  

H 0 R’ 

R R qWR 
R’ 0 

(1) (11) 

In a closely related synthesis, the pyrolysis of arylaminomalonic 
esters (111) is reported4” to yield V (R = H or CH,, pale yellow, 
high melting), presumably via IV. 

0 0  

0 0  

1. 
2. 
3. 
4. 
5. 

References 
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A-440. Pyrazino[l$-a, 4,3-ur]diindole. 11 

R.I. 2963 
9 

The name dzindolo[ 1,2-a, 2', l'-c]pyrazine has also been used. 
Friedlander and Sander found that treatment of indigo with 

oxalyl chloride in nitrobenzene yielded oxalylindigo (I, yellow, m. 
> 300"). The same product is produced2 by treatment of indigo with 
monoethyl oxalyl chloride followed by partial saponification and 
cyclization of the intermediate N,N'-diacylindigo. Since oxalylindigo 
is necessarily a derivative of cis-indigo, its spectrum is of interest 3 r 4  

(A,,, 436 mp). While stable to acids, I is attacked at the amide link- 
ages by dilute caustic solutions; it is sulfonated by hot sulfuric acid5 
and yields, with nitric acid, the 2,ll-dinitro derivative (yellow, m. 
> 300"). 

(1) 

Van Alphen attempted unsuccessfully to prepare7 IV by oxidizing 
11. However, Pummerer and his associatess- l2 obtained IV by the 
addition of various dienophiles (e.g. styrene, safrote, acrylic ester, 
etc.) to dehydroindigo (111). The products of type IV (R = C,H,, 
m. 228-9"; R = p-CH30C,H4, rn. 164-5"; R = COOCH,, m. 
209") are blue to violet vat dyes (yellow vats), but are not of adequate 
fastness to be of interest. Saponification and decarboxylation of the 
ester (IV, R = COOCH,) gave IV (R = H), which was extremely 
air-sensitive. From the mother liquors of the preparation of the 
ester, however, a red-violet product (m. 325-30"), thought to be V, 
was obtained. '2 Oxidation of V with nitric acid yielded I, whereas 
oxidation of IV yieldsg' l1 VI. Recently a convenient synthesis of 
IV was disclosed13 in which the leuco ester of indigo (VII, the so- 
called "Indigosol") was alkylated with ethylene bromide. 
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NaOS0,O 
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A-441. 8H-Indolo[3,2,l-de]phenazine 

7 

8 

When I was heated at 225" for fifteen minutes with five times its 
weight of ferrous oxalate, a 40% yield was obtained of a substance 
assigned structure I I and named 1,9-dihydrophenazinocarbaeole. No 
description of the product or evidence for its structure were pre- 
sented, although similar cyclizations have been described. 

References 

1. Waterman and Vivian, U. S. Pat. 2,292,808. 
2. Waterman and Vivian, J .  Org. Chem., 14,289 (1949). 

A-442. Diisoindolo[Z,l-u, 1',2'-c]- 
quinoxaline. R.I. 3470 

9 

The name 1,2,3,4-dibenzylene- 1,4-dihydroquinoxaline has been used. 
Lieb investigated the zinc-acetic acid reduction of 1,a-bis- 

phthalimidobenzene (I), and obtained a product (m. 275-7") 
thought to be 11. When melted, I1 changes to a red crystalline prod- 
uct (m. 278"), which was assigned structure 111. Attempts to pre- 
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pare 111 from biphthalyl (IV) and o-phenylenediamine gave only 
o-phenylenebisbenzimidazole. Further study of these substances seems 
warranted. See Sections A-438 and A-446. 

0 

I A 

1.  Lieb, Momtsh., 39,883 (1918). 

15 

A-443. IliH-Pyrazino[ qrs]acrindoline. 
R.I. 3505 

The name lO:ZFetheno-acrindoline (I) has been used. 
While investigating the structure of the strychnine alkaloids, 

Clemo, Perkin and Robinson prepared the pale yellow 111 (m. 206") 
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by condensing I1 with cyclohexanone under acidic reductive condi- 
tions. Distillation of I11 from zinc dust gave a bright yellow sub- 
stance (m. 182") thought to be IV, which yielded V (m. 209") when 
treated with sodium amalgam. Electrolytic reduction of V probably 
causes scission of the ethylene bridge between the nitrogen atoms, 
as the product obtained gave an N-acetyl derivative. 

C,H,OO f l  __+I ZQ/A 

ON Zn/H + N d c )  

The ester VI (see Section A-437) could not be cyclized by treat- 
ment' with sulfuric acid, phosphorus oxychloride or thionyl chlo- 
ride, etc. 
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Reference 

1. Clemo, Perkin and Robinson, .7. C h .  Sac., 125,1751 (1924). 

A-444, 6H-Triindolo- 
[I,Z-a, 2 ',f'-c, 2 5 3  "-el pyrazine. 
R.I. 3685 12 

9 

This ring system was proposed as the nucleus of indole trimer 
("triindole"), but this is known now to be incorrect (see Section 
A-262). 

Rgerence 

1. Tschelinzew, Tronow and Woskressenski, J .  Russ. Phys. Ghem. SOC., 47, 1224 
(1915); Chem. <en&., I, 1246 (1916). 

A-445, DiindolojS,P,l-de, 3',2',1'-kl] - 
phenaaine 

9 8 

When either I or I1 is dehydrated, for example by heating with 
acetic anhydride, compound I11 (m.p. given variously as 293-5" or 
255" with resolidification and further melting at 313") is pro- 
duced. 1,2 Dehydrogenation of 111 with sulfur, chloranil or palladium 
charcoal yielded I V  (greenish-yellow, m. 337"; exhibits a brilliant 
violet fluorescence in benzenit or toluene solution). Attempts to pre- 
pare 1V from V or VI were reported unsuccessful. 
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A-446. Benzotf]diisoindolo- 
[ 2,1-a, 1',2'-c]quinoxaline. 
R.I. 3697 

12 

10 

Reduction of I with zinc and acetic acid yielded' a substance 
C26H,6N,0, (m. 280-4"), which was converted by heat into a red 
product (m. 323-4") thought to be IT. Further evidence would be 
welcome. See Sections A-438 and A-442. 
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A 
-.3 

Reference 

1. Lieb, Monalsh., 39,883 (1 91 8). 

A-447. 8H,17W-Bisbenz~4,5]indolo- [1,2-a, l',Z'-d]pyrazine. 13p@: 

/ 5  
6 R.I. 3696 7 

12 ,/ 10 

I 1  

The Ring Index name lacks the 8H, 17H prefix. 
The preparation of I1 from the pyrolysis of I has been reported. 

No properties were given. See Sections A-439 and A-450. 

References 

1 .  Conrad and Reinbach, Ber., 35,511 (1 902). 
2. Badische Anilin- und Soda-Fabrik, Ger. Pat. 129,001; Frdl., 6,557 (1904). U. S. 

Pat. 644,326. Brit. Pat. 21,157. Fr. Pat. 282,083. 
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A-448. I7H-Indolo[i,2,3-fg] naphtho- 
[2,3la] phenazine * 

le 11 10 

Fusion of the anthrimide I (R = H or C1) with caustic yielded '** 
blue dyes of structure I1 (R = CI, sulfuric acid solution: brown). 
When R = CI, the dye gives a red-brown vat only in the presence 
of pyridine and is not, therefore, of practical value, although it has 
excellent (8+) light-fastness;' when R = H, the dye has low affinity 
for cotton. 

R 
I P 

0 0 

References 

1. Kramer, I.G. Farhndutne, A.G., 43 Wtssemchaftlicher Auhwch der Gruppe IX,  

2. 1.G. Farbenindustrie, A. G., F.I.A.T. ReportJVo. 1313,Vol. 111, pp. 31-3. 
Leverkusen, April 254 ,1941 ; PB Report JVO. 70340, frame 12630. 

A-449. Benz[ 4,5]isoindolo[ 2,1,7-fgh] - 
naphtho[ 2,3a)phenaziae * 

10 9 8 

During the methylation of indanthrone (I) with methyl ptoluene- 
suifonate and potassium carbonate in hot trichlorobenzene, in addi- 
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tion to the expected N,N’-dimethylindanthrone, a small amount of 
an additional product was isolated. Structure I1  was tentatively 
advanced for this material, although further evidence is needed to 
establish it solidly, especially since the elemental analyses reported for 
the product are not in very close accord with the theoretical values 
for structure 11. 

0 0 

0 0 

Reference 

1. Bradley and Leete, 3. Chcm. Soc., 1951,2129. 

A-450. SH,BOH-Dinaphtho[ 2+e ,  2 ‘ 9 ’ 4 -  
pyraaino[ 1,2-a, 4,5-0’] bisindole*. 
R.I. 3912 

11 

IS 

The Ring Index name : bisnaphth[ 7”,2”,4,5]indolol1,2-a, 7’,2’-d]pyra- 

The pyrolysis of I is reported ’ to yield about 5-15% of I11 (m. 
zjne is evidently an error. 

> 450”) together with 11. 
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Reference 

1. Ruggli and Henzi, Helv. a i m .  Ada, 13,409 (1930). 

e 

A-451. 5H-Isoindolo[2,1~]~3,1]- 
benzoxazine. R.I.2408 

8 7 

From the degradation of the dye Hiichst Yellow R (see Section 
A-210), Hope, Kersey and Richter' obtained a lactone (m. 216-7"), 
to which they assigned structure I. While some of the other degrada- 
tion products were not correctly formulated, the propriety of as- 
signing structure I to the lactone was demonstrated by de Diesbach, 
Heppner and Siegwart, who prepared it as shown. 

By reacting I1 with anthranilic acid, I-Ionz13 obtained I11 (m. 
150"). Treatment of 111, in the cold, with ammonia or amines 
yielded products thought to be either of type IV or V, which could 
be dehydrated to VI (see Section A-459). However, hot alcoholic 
ammonia converted I11 into VII. 
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HOOC CHBr, COOH 
acoBr * 

CHBr, 

J - 2HB1 

--. 
HOOC 

+ 
0 

&COOH \ 

Y e b w  R - &fo 

- co, 

-ZH,O 

&p or $NHQ \ ~0 

CONHR CONHR ... 
H3C OH CH3 
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1 .  
2. 
3. 

References 
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de Diesbach, Meppner and Siegwart, Helv. Chtm. Ada,  31,724 (1948). 
Honzl, Collectton Crechoslou. Chem. Commum., 21, 725 (1956); Chem. lrsly, 49, 1671 
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1 10 

A-452. 2H-[1,3]Thiazino[2,3-cr]isoindole* gw3H2e 
8 \  \ N  / %  

'I 6 5 4  

Condensation of homocysteine (I) with phthalaldehydic acid 
yielded I1 (rn. 230-lo), while with o-cyanobenzaldehyde the zwit- 
terionic form of I11 (m. 228" d.) was formed. See Sections A-83/6. 

Reference 

1. Oliver, Dann and Gates, '3'. Am. Chem. Soc., 80,702 (1958). 

A-453. Pyrrolo[l,l-a] pyrimidine. 
R.I. 803M 

4 

The name pyrimidine- ( 7',2'- 7,2) -pyrrole has also been used. 
Very few examples of this nucleus have been reported. Ochiai 

and Yanai ' treated trimethylpyrimidine with phenacyl bromide 
and obtained I (b,,,,, 180-200"; picrate, d. 220-3"). Catalytic 
hydrogenation of IIa and IIb (using a Raney cobalt catalyst in the 
case of IIb) yielded, respectively, IIIa (m. 44")2 and IIIb (picrate, 
m. 315°d.).3 
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(Ila) R = 0 
(IIb) R = H, 

(Ma) R = 0 
(IIIb) R = H, 

Reference3 

1.  Ochiai and Yanai, J .  Pharm. SOL. JaFn, 59, 18 (in Japanese) or 97 (in German) 
(1939); Bn1. Chem. Abslracls, AII,451 (1939); Chem. Abstracts, 33,3791 (1939). 

2.  Schroter, I.G. Farbentndustne,A.C.; F.I.A. 7. Review of German Science, “Prepara- 
tiveorganic Chemistry,” 1948, Pt. I ,  p. 194. 

3. Reppe, e f a l . ,  Ann., 596,158 (1955). 

I 

A-454. Pyrimid[l,2-a]indole 
6 4 

Birr states’ that I may be obtained from the condensation of 
2-aminoindole with acetoacetic ester, but gives no details. The use of 
4-sulfophenylazoacetoacetic ester is claimed * to yield the yellow dye 
11, which could also, presumably, be obtained by coupling into 1. 

m,cmn,cooc,n, mTCHa 
OH 

OH 
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References 

1. Birr, <, m'ss. Phot., 47, 2 (1952). 
2. Heimbach, U. S. Pat. 2,432,419. Ger.  Pat. 882,883. 

A-455. Pyrrolo~l,2-~]quinazoline. . g , f 3  

R.I. 1633 7 \  
6 5  

Condensation of 2-nitrobenzylamine with succinic anhydride, fol- 
lowed by reduction of the nitro group with ferrous ammonium sul- 
fate, yielded I ,  which was dehydrated to I1  (m. 192O) by heating in 
acetic acid. The linear isomer of 11, the formation of which from I 
might also be envisioned, was obtained otherwise (see Section 
A-456). Electrolytic reduction of I1 gave I11 (dipicrolonate, m. 
203-1 0"d.). 

Reference 

1. Juneja, Narang and RLy, 3. Chem. Sac., 1935,1277. 

8 9 1 0 '  
A-456. Pyrrolo( 2,1-blquinazoline. 

R.I. 1628. 
4 

10( I)-Pyrrolo[ 2,1-b]guinazolinium (I,  R.Z. 1629) and 1,3dioxoEo- 
[ g]~yrro lo(b]quina~ol ine  (11, R.Z. 2279) will also be considered under 
this heading. The name pe,gan, and the numbering shown in 111 have 
been proposed for the 1,2,3,3a,4,9-hexahydro derivative. 

prepared the first example of this nucleus, the 
ketone I V  [and named it (0x0-trzmethy1ene)-dihydroquinazoLzne], by the 
reduction of dV-(o-nitrobenzyl)-succinirnide, the chief interest in this 

While Gabriel 
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(1) (11) (111) 

nucleus arises from its presence in the alkaloid uaszczne' (pegunzne, or 
3-hydroxy-l,2,3,9-tetrahydropyrrolo[ 2,14]quinazoline). 

0 0 

Spath and Platzer3 prepared V by the reaction of pyrrolidone 
with isatoic anhydride, while the same product was also obtained4 
by the cyclodehydrobromination of VI. 

0 0 0 

Compound VII was obtained both by the Condensation of o-nitro- 
benzyl chloride with y-aminobutyric esters (R = H or OH)  followed 
by reduction of the nitro g r ~ u p ~ ? ~  and, directly, by the condensa- 
tion7 of o-aminobenzylamine with y-butyrolactones (R = H or OH). 
While heat alone failed8 to dehydrate VII to VIII, the use of phos- 
phorus oxychloride was successful. Dehydrobromination of IX also 
produced8 VIII. Oxidation of VIII with hydrogen peroxide 
yielded * V. 

From the condensation of o-aminobenzaldehyde with y-amino- 
butyraldehyde in a citrate buffer at pH 5.0, Schopf and Oechler' 
isolated salts of X. Lead tetraacetate oxidized X to XI, while chromic 
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aCHzC1 NO2 + CH,OOC H2N2 

*ra 

acid converted X into V. Interaction with a palladium sponge cata- 
lyst isomerized X to VIII (R = H). 

OH 

CHo + H z N 3  __+ -2H,O K N  1 j - Pb(OAc)+ &,D 
HOAc OHC 

H NH2 

Both V and VIII (R = H) condense in the 3-position with benz- 
a ldeh~de .~"  Electrolytic reduction of either IV or V yielded3' lo 

N-(o-aminobenzy1)-pyrrolidine, while sodium in alcohol reduced 
both IV and VIII (R = H) to 1,2,3,3a,4,9-hexahydropyrrolo[2,l-b]- 
q u i n a ~ o l i n e . ~ ~  Quaternization of vasicine (VIII, R = OH) with 
methyl'iodide and reduction of this salt with sodium borohydride 
gave the 3-hydroxy -4-met hy 1- 1,2,3,3a,4,9-hexahydro derivative. 

Many of the syntheses and reactions of these products resemble 
those of the pyrido[ 1,2-b]quinazolines (see Section A-781). 
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Pyorol0[2, 1- lilquinaulliacs 

%p"f$ Mstituents or stNENTe Properties Refs. 

C11HmNz0 1,2,3,PTetrahydro-I- 

1,2,3, PTetrahydco-9 

C11H mN2Oz 1,2,3,9-Tetrahydro-3- 

C 11H 1zNz 1,2,3,9-Tetrahydro- 

0x0- 

0x0- 

hydrory-9-oxo- 

H 
C 11H uNzO 1,2,3,9-Tetrahydro-3- 

hydroxy- (Vasicine 
or Peganine) 

C1zH 14Nz02 1,2,3,9-Tetrahydro-3- 
hydroxy-&met hoxy- 

Ci2H d J 2 0  1,2,3,3~,4,PHexahy- 
dro-fhydroxy-4- 
methyl- 

C 13H12N20 bAcetyl-4,9-dihydro- 
C uH uNzO3 1,2,3,9-Tetrahydro-6,7- 

dimethoxy- I-0x0- 

m. 191' (183-4O). 

m. 110-1'. Benzal deriv., 

m. 214'. 
m. 137-9'. 

m. 99-100' (96.5-7.5'). HCI 
salt, m. 260" (in capillary) 
or 246' (on a block). Pic- 
rate, m. 205-6". Oxalate, m. 
234' (on a block). Benzal 
deriv., m. 161-3*. 

Picrate, or.-yel., m. 170-1'. 

m. 211-2O (209-10Od.). 
Methiodide, m. 191.0-1.5 '. 
HCI salt, m. 2068' (205- 
7O) d. 

m. 276-7'. Picrate, m. 146- 
7O * 

m. 71-3'. Picrolonate, m. 
195-7'. 

m. 267'. 

m. 223-4' d. 

Oil. Methiodide, m. 180-1'. 

m. 164'. 
Yel., m. 226-7*. 

I, 10 

3,4,9 

13 

5,7-9 

6,7,11,16 

9 

5,10 

14 

16 

11 

13,15 
12 
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1 

A -45 7. 1,3 ]Dioxolo[ g ] p yrrolo [ 6 ] - 
quinazoline. R.I. 2279 

5 4  

See pyrrolo[ 2,l -b]quinazoline (Section A-456). 

A-458. Isoindolo[l,2-6]quinazoline. 
R.I. 2410. 

5 4 

and 
2 

A -459. Isoindolo [ 2 ,lw) quinazoline. 9$?.+;+.J4 
R.X. 2416. ll&&====kN/15 

’I 6 

Current Chemical Abstracts and K i q  Index numbering is shown 
above, but the first nucleus was numbered as shown in I by the 



Fused 5 ; 6  King Systems with One Extra Heteroatom 729 

Chemical Abstracts 3rd Decennial Index, and as shown in I1 by the 1st 
Decennial Index. The names isoguinazindoltne and benzylenedzhydro- 
quinazoline have been applied to lO,l2-dihydroisoindolo[l,2-b]- 
quinazolines. 

10 1 1  12 I 5 7 8  

8 & , :  7 \  :(??zJyJ:o I 

12 1' 6 s 4  

(1) (11) 

Reduction of I11 (R = H)  with tin and hydrochloric acid 
yielded' IV (yellow, sinters -155", m. 162-4"; HCI salt, d. -230°), 
while the use of stannous chloride and hydrochloric acid in acetic 
acid gavelt7 V (R = H, yellow, m. 182-3"). Hydrogenation of I11  
(R = OCH,) over a Raney nickel catalyst yielded2 V (R = OCH,, 
m. 245-6"; HCI salt, red, m. 235-6" d.). 

Hydrolytic reduction of V (R = H) with sodium amalgam pro- 
duced' VI, which Gabriel reported to lose water when heated in 
vacuo and give a new product (m. 216-8") thought to be either VII 
or VIII. Stephenson3 was not able to duplicate this experiment, but 
found that VI was dehydrated by warm sulfuric acid to a substance 
(m. 204.5-5.5"; acetyl derivative, m. 163.0-4.5"; nitroso de- 
rivative, m. 212.5-3.5") also obtainable by heating phthalalde- 
hydic acid with 2-aminobenzylamine. This product was presumably 
also either VII or VIII, and she favored structure VIII because the 
N-nitroso derivative of VII might be expected to rearrange to a para 
nitroso derivative of VII. Thus the exact nature of Gabriel's prod- 
uct (m. 21 6 -  8") remains unexplained. 

The reaction of methyl anthranilate with phthalimidine in excess 
phosphorus trichloride is reported to yield IX (m. 205-6"). 

Crippa and Caracci5 studied the reaction of phthalic anhydride 
with anthranilarnide and found that fusion of the reactants at 135- 
160" for two hours yielded a product (C,,H,,N,O,, m. 225"), 
which could be either X or XII. This product lost water when heated 
in acetic anhydride, or simply upon standing in a desiccator or in 
warm air, giving a substance (m. 242") considered to be either XI or 
XIII, That the two products obtained had structures XI1 and XIII, 
respectively, was demonstrated by the preparation of XI I from 
XIV (itself obtained from anthranilic acid and phthalic anhydride). 
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0 

0 

The treatment of XV (see Section A-451) with ammonia OF 

methylamine in ethanolic solution at rmm temperature yielded6 
intermediates (presumably either XVI or XVII), which could be de- 
hydrated by hot acetic acid to XVIII (R = H, m. 215"; R = CW,, 
m. 186"). 
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do + HZNC HzNn 
II 
0 

&? ---+ NH, &p -----4. -H,O \ &? \ N O  \ COOCH, \ OCONHZ 

R 

(XVIII) 

(XVII) 
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10 11 12 1 
A-460. Indolo[2,l-b]quinazoline. 

R.I. 2415 

In 1892, O’Neill reported ’ the isolation of a yellow product from 
the oxidation of indigo ( I )  with potassium permanganate. The same 
product was obtained by Perkin2 as the result of air-oxidation during 
the vacuum sublimation of indigo. The preparation of similar yellow 
products from the oxidation of isatin3 (11) or of indigo4 (and its 
homologs) with hot aqueous potassium permanganate was patented. 
Finally, Friedlander and Roschdestwensky studied the subject in 
detail, and showed that the various methods yielded the same yellow 
product for which they confirmed Perkin’s formula (C 15H8N202), 
and for which they proposed structure 111. This product has been 
named anhydro-a-zsatin anthrantlide and 9,10-dicarbonyl-[ (indolenin-3’)- 
7’,2’ :3,2- (3,#-dZhydroquinaeolzne)]. 

A convenient synthesis of I11 from IV by condensation with 
anthranilic acid was and this method was utilized to pre- 
pare homologs of 111. Compound I11 was also obtained as one of the 
oxidation’ products of V, and from the air oxidation of an indigo- 
pyridine-potash-copper mixture. ’ Furthermore, Heller * and 
Benade ‘O”’ found that certain derivatives of indigo and isatin, which 
they called isatols and isatoids, were converted, in alkaline solution, 
into I11 by the action of sunlight. The structures of the starting ma- 
terials were disputed by Hantzsch, although he confirmed their con- 
~ e r s i o n * ~ ’ l ~  into 111. Treatment of &methyl isatoids (which may 
have structure VI, see Section A-46) with hot acetic acid 
products thought to have structure VII, and which were oxidized by 
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/ 

chromic acid to analogs of 111. Finally, Heller also claimed to have 
prepared I11 by oxidizing eisatol with chromic acid,16 or indigo 
with silver acetate. 

0 

Compound I11 yields5 an oxime and a phenylhydrazone, and 
may be reduced2 by tin and hydrochloric acid to a product 
(C ,,H 12N20), which is probably the 5,5~,6,12-tetrahydro-12-0~0 
derivative. While I11 is cleaved by hot concentrated caustic to isatin 
and anthranilic acid, under mild conditions it gives a dark brown 
vat. The anhydro-a-isatin anthranilides were reviewed by Martinet 
and Grosjean. 
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IndoIo[2,1- li]quinazolines 
Substituents or structure Properties Refs. 

2,&Dibromo-6,12-dihydro-6,12- Yel., m. 325" (318" , 310'). 4,9,14 

2,Y-Ris (6,12-dihydroindoIo- Yel., m. 29'. 6 

7-ChIoro-6,1bdihydro-6,12-dioxo- Yel .  6 

dioxo- 

[2,l-li]quinazotine-6,12-dione) 

2,8-Dibromo-5,5a,6,12-tetrahydro- m. 30910"d. 14 
6,12-dioxo- 

6,12-Dihydr0-6, 12-dioxo- Yel., m. 262" (261°, 260", 1- 13,16- 18 
258-9'). Oxime, m. 
-265" d. Phenylhydrazone, 
m. 242'. 

5,5a,6,12-Tetrahydro-12-0~0-(?) m. 190-3'. 2 
6,12-Dihydro-2,&dimethyl-6,12- Yel., m. 242". 4 
dioxo- 

6,12-Dihydro-2,4,8,10-tetrameth- YeI., m. 245". 15 
yl-6,12-di0~0- 

0 
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A-461. CiH-Qa,Sb-Diazabenzatf~ - 
cyclopent[cd]indene* 

This nucleus was listed (R.I.  2284) but not named by the Ring 
Index. 

A product (m. 164") claimed to be 11 was obtained' from 
vasicine (I) by acetylation. However, this product was subsequently 
shown2 to have structure 111. 

References 

1. Ghose, Krishna, Narang and Ray, Curred Sa., 4, 158 (1935); Chrm. <en&., XI, 
3919 (1935); Chem. Abstracts, 30,1060 (1936). 

2. Spath, Kuffner and Platzer, Bet., 68,935 (1935). 

2 

A-462. 10H-Pyrrolo[l,2a]perimidine. 
R.I. 2419 

Condensation of 1 ,%naphthylenediamine with suitable carboxylic 
several derivatives of this nucleus. Compounds I acids yielded 
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(grey-violet, m. 159-60°, H 2S0 ,  solution green), I1 (violet-brown, 
m. 161", H,SO, solution blue) and I11 (red, m. 187-9", H 2 S 0 ,  
solution green, KOH solution brown) were patented2 as dye 
inter mediates. 

0 

HO I 
CHZ 
\COOH 

9 cn-c, 
II ,o 

"0 
CH-C I 

References 

1.  Sachs, Ann., 365,53 (1 909). 
2. Bayerand Co., Ger. Pat. 202,354; FrdL., 9,187 (1911). Fr. Pat. 388,955. Brit. Pat. 

7575. 

2 

4 

A-463. 12H-Phthaloperine. R.I. 3064 5 

8 

The name 2-bent.yleneperimidzne has been used, but the name 
phthaloperine was proposed by Sachs (although he suggested the 
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now obsolete numbering shown in I) ,  and it now Seems uni- 
versally adopted. 

Evidently the first synthesis of this system was accomplished by 
Pollack, who heated phthalic anhydride with 1,8-diaminonaph- 
thalene-3,6-disulfonic acid, and obtained a yellow dye of unknown 
structure. The first systematic work however, was done by Sachs. 
He showed that phthaloperinones of structure I1 resulted from the 
condensation of phthalic acid (or substituted phthalic acids) with 
1,8-naphthylenediamine. Replacement of pht halic anhydride by 
phthalaldehydic acid5 also gives I1 (in low yield) instead of the 
7,7a-dihydro derivative of 11. 

The lactam bond of I1 is cleaved3 by alcoholic caustic and by 
concentrated hydrochloric acid. Bromination and nitration of I1 

J 
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yieId disubstituted derivatives, presumably the 3,4-isomers. Re- 
duction of I1 by zinc and acetic acid afforded a very stable yellow 
product, which was assigned structure 111. Grignard reagents attack 
the carbonyl group of 11, giving carbinols of type IV, which (when 
R = benzyl) may be dehydrated to benzylidenephthaloperine. 
A number of substituted phthaloperinones (11) have been de- 
scribed. v 4  *7-  

Phthaloperinone, under the name “Orange 1584,” was manu- 
factured l4 for use in colored signal smokes l 3  by the Wehrmacht in 
World War 11. Recently, a number of phthaloperinones have been 

in the mass coloring of polyamide plastics and have been 
claimed ’’ as dyes for polyester fibers. The condensation of I1 or its 
derivatives with copper, sulfur and sodium sulfide yields 15’ brown 
to bordeaux sulfur dyes of unknown constitution (e.g., “Immedial 
Brown 3274”). l7 

12H-Pht haloperines 

Substituents Properties Refs. Empirice1 
formula 

8,9,10,1l-TetrachIoro- 

3,4-Dibromo-12-oxo 
8,ll-Dichloro-l2-oxo- 
9,10.DichIoro-l2-oxo- 
8,9 and/or 10, l l -  

Dichloro - 1 2 ~ 1 0 -  
z,;bDic hloro- 12-oxo- 
3,4-Dinitro-12-010- 
8,1l-Dinitro-12-oxo- 
9,10-Dinitro-12-0xo- 
9 and/or CBromo- 

3 and/or 4-Chloro- 

8- and/or 11-Chloro- 

9- and/or IO-Chloro- 

8- and/or 11-Nitro- 

12-axo- 

12-0x0- 

12-0x0- 

12-010- 

12-or o- 

12-010- 

m. 312-15’. Sold as 

Red-brn., d. >240°. 
m. 325-8”. 
H 2 S 0 4  solution: b1.-vt. 
m. 236”. 

“Aminoid Red JL.” 

m. 235-7’. 
Red, m. 247’. 
m. > 340’. 
m. >340”. 
Red, m. 214”. 

Scarlet, m. 212’. 

m. 241’. 

m. 204’. 

Dk. red, m. 210-3’. 

9,10,18 

2 
9,10 
9,10,18 
9,10,18 

2 
2 
9 
9 
8 

8 

9,10,18 

9,10,11 

9 
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12H-Phthaloperines (continued) 

Empirical Substituents Properties Refs. formula 

9- and/or 10-Nitre 

12-oro- 
12-0x0- 

12-0ro-~sulfonic  acid 
12-010- 2,5-dis ulf onic 

2,4-Diamincrl2-oxo- 
12-Hydrory-12-rnerhyt- 

acid 

3,4-Dicarboxy-l2-oxo - 
12-Et hy1-12-hydro~y- 
12-Hydrox y- 12-p henyl- 
12-Benzylidene- 
12-Benz y l- 12- hydrory- 

Red, rn. 278-80". 

Red, rn. 232O (229-30"). 

- 
Or.-brn. 

rn. 255-60'. 
Olive-bm., m. 241". HI salt, 

rn. 324". Picratc, m. 
220Od. 

Yel., m. > 300". 
m.. 243'. 
m. 282-4'. 
Purp.-red, in. 191". 
rn. 258-9". 

9 

2 
2 
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2 

A-464. 12H-Pyrido 12 ',3 ',3,4] pyrrolo- 
(1,2-u]perimidine * 

8 

Reaction of 1,8-naphthylenediamine (11) with quinolinic acid (I) 
in refluxing toluene yielded' a mixture of I11 and IV. The identity 
of the former product was demonstrated by decarboxylation, which 
gave 2-(2-pyridyl)perimidine (V, alternatively prepared from pico- 
linic acid and 11). Dehydration of 111, or simply fusion of I with I1 
produced VI (m. 253-4"). 

Reference 

1. Bastic and Gofubovic, Bull. SOC. chim. Bdqrade, 20,317 (1955). 
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8@;Q: 10 1% 

A-465. 10H-Indcno[6,7,ldeflieoindolo- 
[2,1-o]quinazoline. R.I. 3477 7\ 

6 ! '  
The name fihthaioaceperine has been used. 
Condensation of phthalic anhydride with 5,6-diaminoacenaph- 

thene (I) yields l B 2  I1 (red, m. > 3OOo2 (m. 290") '), together with 
some 5,6diphthalimidoacenaphthene. Chromic acid oxidation of I I 
gives phthaloperinone-3,4-dicarboxylic acid (see Section A-463). 

References 

1. SachsandMosebach, R e r . , 4 4 , 2 8 5 2  (1911). 
2. Crippa and Galimberti, G'a:at:at. chim. zlal., 63, 81 (1933); Chem. Zen&., 11, 217 

(1933); Chern. Abstracls, 27,3463 (1933). 

From the nitration of I, followed by reduction of the nitro deriva- 
tive with alkaline hydrosulfite, a yellowish brown crystalline product, 
thought to be I1 was obtained. It is reported to cleave, probably at 
one of the lactam bonds, under alkaline conditions. 
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Reference 

1 .  Rosch, I.G. Farberundurtne, A.G., 33 Wzssenschaftilrcher Austaurch der Gh@e iX, 
Frankfurt, March 21, 1935; PB Report No. 70339, frame 11245; PB Report 80. 
25632, frame 449. 

A-467. Indolo[2,1-b]naphtho[ 2,344 - 
quinaaoline * 

A brown vat dye of structure 11 was reported to result from the 
condensation of I with isatin chloride. During the vatting operation 
the nitro group was, of course, reduced, so that the brown color 
actually represents the amino analog of 11. 

Reference 

I ,  Berthold, Rohland and Battcher, I.G. Farbenindustrie, A.G., 40 Wissemchofllickr 
Austausch der Gruppe iX, Ludwigshafen, Dec. 1 ,  1938; PB Report No. 70342, 
frame 14379. 

9 

I1 

and/or 
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A-469. lGH-Naphtho[ 2 , 3 4  - 
phthaloperine * 

9 8  

A product (m. 374", sulfuric acid solution blue-black), pre- 
as shown. sumably either I or I1 or a mixture of both, was obtained 

HOOC 

HOOC 

y?--p$o \ 0 andlor 

References 

@ l o  ' N' # 

1. Jones, Brit. Pat. 730,692. Fr. Pat. 1,075,110. 
2. Robin, Fr. Pat. 1,108,109. 

13 

2 

A-479. 16H-Naphtho[f,S-m]- 
phthaloperine * 

10 9 a 

The condensation of anthraquinone-2,3-dicarboxylic acid with 
1,8-naphthylenediamine yielded''3 I (m. > 370°), which dissolved in 
sulfuric acid with a greenish-blue color, changing after half an hour to 
reddish-blue. 
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0 0 

Vat dyes of structure I11 (IIIa, R = R' = H, blue, dull violet 
solution in sulfuric acid; IIIb, R = H, R' = Cl, blue, blue vat, olive- 
green solution in sulfuric acid; IIIc, R = NO,, R' = H, violet, dyes 
grey-blue from a blue-green vat) were obtained2 by heating the 
irnides IIa-IIc with 1,8-naphthylenediamine. The possibility of iso- 
mer formation from IIc was not discussed. 

111') R = R' = H 
I&) 
IIc) R = NO,, R' H 

R = H, R' = Ci 
(IIIa) R = R' = H 
(IlIb) R = H, R' = CI 
(IIIc) R = NO,, R' = H 

References 

1 .  Jones, Brit. Pat. 730,692. Fr. Pat. 1,075,110. 
2. Baumann, U. S. Pat. 2,770,625. Fr. Pat. 1,104,697. Ger. Pat. Apln. F 12413 

3. Robin, Fr. Pat. 1,108,109. 
IVb/22b. Brit. Pat. 773,212. 

A 4  71. 8bH,lGH-Naphth [ 2 ',l ' ,4,5]- 
indeno[ 1,7a-c]quinazolino- 
[3,2-a]pyrrole* 

Products thought' to be of structure I (R = H or CH,) were 
obtained 192 from the condensation of 2-aminobenzaldehyde with the 
alkaloids conkurchine and cunessidine. 
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References 

1 .  Tschescheand Roy, Chern. Rer., 89,1288 (1956). 
2. Bertho, Ann., 573,210(1951). 

13 2 

A -4 72. 16 H-Acena phtho [ 1,2 -m] - 
phthaloperine. R.I. 3858 

9 8 

The name 3,4- ( 7,8-mphthylene)phthaLoperine has been used. 
Condensation of the anhydride I with 1 ,g-naphthylenediamine 

yielded' I1 (red, m. 362"). 

Reference 

1 .  Diltheyand Henkeis,J.prakt. Chon., 149,85 (1937). 
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15 2 

A 4  73. 18H-Phenanthro[9,10-n]- 13 

phthaloperine. R.I. 3869 
11 10 

7 

The name 45- (o,o’-biphenylene)-phthaloperine also has been used. 
Condensation of the anhydride I with 1 JLnaphthylenediamine 

yielded’ I1 (red, m. 319”). 

Reference 

1. Diithey, ter Horst and Schaefer, J .  prukl. Chem., 148,53 (1 937). 

2 

A-474. Diperimidino- 
(1,2-u, l’,Z’-u’]benzo- 
[ 1,2-c, 4,541 dipyrrole * 

I t  
and 

2 

A-474. Diperimidino- 
[1,2-u71‘,2’-u’]benzo- 12 

\ 
N’ 8 

[ 1,2-c, 4,5-c’)dipyrrole* 
lo 9 

The condensation of pyromellitic anhydride with 1,8-naphthyl- 
enediamine yields’i273 the dark violet product I, which gives a 
green, scarcely soluble vat and a blue-green solution in suIfuric acid. 
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While not reported by Bayer, the formation of a certain amount of 
I1  might also be expected in this reaction. However, I1 would not 
be expected to vat, and thus might be separated from I.  Jones’ and 
Robin indicate the reaction product to be a mixture. 

References 

1. Bayer, I.G. Farbentndustrte, A.G., 71  Wzssemchaftlicher Sitzung, Hochst, May 23 

2. Jones, Brit. Pat. 730,692. Fr. Pat. 1,075,110. 
3. Robin,Fr. Pat. 1,108,109. 

and June 28,1933; PB Report No. 25630, frame 683. 
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