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solidified on standing overnight. The solid was filtered and 
crystallized from 15 cc. of ethanol to give 7.73 g. of the 
pyridindene (XI), m.p. 245-248". After recrystallization, it 
melted a t  246-248 . 
C, 67.15; H, 8.29. 

Acknowle&m&. We are indebted to L>r. 
Steyermark for the microanalyses, to hfr. A. 
Motchane for the ultraviolet spectra, and to 

Anal. Calcd. for C20H22NBr: C, 67.41; 11, 6.22. Found: 'Ir* Pat Bevilacqua for assistance* 
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The previously unknown pyrrolo[3,4b]indole ring system is represented in a series of compounds which were produced 
when the Fischer indole synthesis was conducted with phenylhydrazones of 1-substituted 2,3-dioxopyrrolidines (I). Seven 
%substituted 1,4dihydropyrrolo[3,4b]indol-3(2H)ones (11) have been prepared in this manner; the 2-substituents were 
n-propyl, n-butyl, cyclohexyl, phenyl, 19-phenylethyl, p-phenylisopropyl, and homoveratryl. The three compounds containing 
the cyclohexyl, 8-phenylethyl, and &phenylisopropyl groups have been reduced with lithium aluminum hydride and con- 
verted into corresponding %substituted 1,2,3,4tetrahydropyrrolo [3,4b]indoles (VII). 

Apparently no compounds containing the rela- 
tively simple fused-ring heterocyclic system of pyr- 
rolo [3,4-b]indole have been described in the litera- 
ture. The report of the preparation of two such 
compounds by Heller and Wunderlich3 has been 
shown by Taylor and Kalenda4 to  be in error. The 
fact that other compounds containing the indole 
nucleus have been known to display a variety of 
interesting types of physiological activity provided 
the incentive for an attempt to preparc com- 
pounds of this class. It seemed possible that the 
ring system could be created by conducting the 
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(3) G. Heller and P. Wunderlich, Rer., 47, 1017 (1914). 
(4) E. C. Taylor, Jr., and N. W. Kalenda, J. Ory. Chem. 

18,1755 (1953). 
(5) (a) P. L. Southwick, E. P. Previc, Joscph Casanova, 

Jr., and E. Herbert Carlson, J .  Org. Chem. 21, 1087 (1956); 
(b) P. L. Southwick and R. T. Crouch, J. Am. Chem. SOC. 
75, 3413 (1953); (c) P. L. Southwick and L. L. Seivard, 
J. Am. Chem. Boc., 71, 2532 (1949). The concern expressed 
in ref. 5a over the possibility that the phenylhydrazine 
derivatives of the 2,3-dioxopyrrolidines might not represent 
the expected phenylhydrazone structure (or the related 
enhydrazine tautomeric form Ia) was evidently unwar- 
ranted. Cf. discussion by Meyer and Vaughnn, ref. 6. 

Fischer indole synthesis using phenylhydrazones of 
2,3dioxopyrrolidines (I), a number of which had 
been prepared in this l ab~ra to ry .~  

The result of subjecting the phenylhydrazones I 
to the conditions of the Fischer indole synthesis was, 
however, considered subject to uncertainty because 
of reports in the literature regarding the course of 
acid-catalyzed reactions of certain similar com- 
pounds. Meyer and Vaughan6 had shown that the 
phenylhydrazone of 1,5-diphenyl-2,3-dioxopyrroli- 
dine rearranges to  1,5-diphenyl-A2-pyrrazoline-3- 
carboxanilide when treated with hydrochloric acid, 
and this type of behavior might have proved gen- 
eral for phenylhydrazones of 2,3dioxopyrrolidines. 
On the other hand, the work of Plieninger' with the 
phenylhydrazone of a-keto-ybutyrolactone (IV) 
suggested that another interesting departure from 
the normal course of the Fischer indole synthesis 
might well be encountered. Compound IV, when 
treated with hydrogen chloride in acetic acid at  YO", 
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had yielded the hydrochloride of a-imino-p-o- 
aminophenyl-7-butyrolactone (V). Compound V 
required treatment with a boiling mixture of con- 
centrated hydrochloric and glacial acetic acids to 
undergo cyclization to the indole derivative VI. 
Whether the failure of compound V to undergo 
rapid spontaneous ring-closure to VI is the result of 
a steric or an electronic effect, the close resemblance 

(6) W. L. Meycr and W. It. Vaughan, J. Org. Chem. 22, 

(7)(a) H. Plieninger, Ber. 83,273 (1'350); (b) IT. T'licninger 
1565 (1957). 

and I. N6grddi, Ber., 88,1965 (1'355). 
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in structure of V to the expected intermediate I11 
in the conversion of I to  I1 suggested that I11 might 
also prove stable. Such a result could have compli- 
cated the synthesis of the pyrrolo [3,bb]indole 
derivatives I1 but would have been of interest as 
another of the rare instances in which an inter- 
mediate could be isolated in the Fischer indole syn- 
thesis. 

The phenylhydrazones of seven l-substituted 
2,3-dioxopyrrolidines (I) (see Table I) have been 
prepared and subjected to  treatment in acetic 
acid solution with dry hydrogen chloride (Plienin- 
ger's procedure for preparing Compound V) or with 
concentrated aqueous hydrochloric acid a t  the boil- 
ing point. Under either set of conditions a rapid re- 
action occurred. It was apparent from the compo- 
sition of the products obtained in this way that they 
were not simply rearrangement products, either of 
the type I11 or of the type encountered by Meyer 
and Vaughan; the elimination of one nitrogen (as 
ammonium chloride) from the molecule indicated 
that the reaction which had occurred was the Fis- 
cher indole synthesis. The yields of 2-substituted 
lJ4-dihydropyrrolo [3,4-b]indol-3(2H)ones (11) pro- 
duced (see Table 11) were good enough (59-86%) 
to make the reaction of preparative value. It was 
not possible to isolate an intermediate of the type 
111; cyclization occurred even a t  30" in glacial 
acetic acid containing hydrogen chloride. Data 
concerning the preparation and characterization of 
the seven compounds of type I1 which were pre- 
pared are given in Table 11. 

The assignment of structure I1 to these products 
was supported not only by their composition and 
method of preparation, but also by their properties. 
All were stable, high-melting compounds of insuf- 
ficient basicity to yield salts with aqueous acids. 
The infrared spectra of the compounds (measured 
in Nujol mulls) showed broad N-H bands a t  the 
relatively long wave length of 3.19 p (overlapping, 
on the long wave-length side, the aromatic C-H 
bands), and the band for the lactam carbonyl was 
displaced to 6.01-6.03 p from its position a t  5.86 p 
in the parent 2,3-dioxopyrrolidines. Conjugation 
with a carbon to carbon double bond has probably 
shifted the carbonyl band, and it seems reasonable 
t o  assume that the positions of both carbonyl and 
N-H absorptions may have been influenced by the 
opportunity for intramolecular hydrogen bonding as  
pictured in formula 11. 

To obtain compounds in the series with basic 
properties and some likelihood of showing physio- 
logical activity, reduction of the lactam carbonyl of 
the compounds 11 with lithium aluminum hydride 
was undertaken. Attempts to bring about the re- 
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duction according to  the usual procedures were un- 
successful. In  order to  secure higher reaction tem- 
peratures a procedure was adopted in which the re- 
action mixtures were prepared in the usual way 
with ether as the solvent, then were diluted with 
dry toluene and distilled until the ether was re- 
moved and the reflux temperature had reached 
110". Under these conditions reduction was accom- 
plished during a heating period of 1 to 3.5 hours. 
The yields of 2-substituted 1,2,3,4-tetrahydropyr- 
rolo [3,4-b]indoles (VII), however, were only fair 
(47-52%). The data relating to the preparation and 
characterization of the compouiids VI1 are given in 
Table 111. When treated with aqueous hydrochloric 
acid, these substances formed sparingly soluble hy- 
drochlorides and were characterized in this form. 
The free bases darkened when exposed to the air. 
The hydrochlorides appeared to be quite stable 
but were not easily freed of colored impurities de- 
veloped during manipulation of the compounds 
in the basic form. Susceptibility to air oxidatioii has 
been observed in other compounds in which the car- 
bon atoms of the 2- and 3-positions of the indole 
nucleus are incorporated into a fused ring which is 
not aromatic .8 

The assigned structure (VII) for these compounds 
is supported by ultraviolet spectroscopic data. The 
spectrum of the member of the group in which R is 
p-phenylethyl was measured in 95% ethanol. (The 
compound was dissolved as the hydrochloride and 
the free base was liberated with sodium hydroxide.) 
Comparison with a similarly determined spectrum 
of 1,2,3,4-tetrahydrocarbazole revealed a striking 
similarity. Structure VI1 showed maxima a t  225 mp 
( E  38,100) and 277 mp ( E  7500) with an inflection a t  
ca. 289 mp (e  5750). The minimum was a t  245 mp 
( E  2450). Tetrahydrocarbazole showed maxima a t  
228 mp ( e  33,400) and 283 mp (e  7100) with a 
marked inflection almost amounting to another 
maximum at 291 m p  (e 6100). There was a mini- 
mum a t  250 mp ( e  2000). 

The infrared spectrum in chloroform of the same 
new compound (VII. R = 0-phenylethyl) in the hy- 
drochloride form showed no carbonyl band, and an 
N-H band (sharp) was observed a t  2.87 p ,  as was 
expected for an indole N-H. (The N-H band for 
1,2,3,4-tetrahydrocarbazole was found a t  2.89 p in 
chloroform.) There should be no reason to doubt 
that  the desired compounds of the structure VI1 
have been obtained. 

The 2,3-dioxopyrrolidines from which the phen- 
ylhydrazones (I) were obtained were themselves 
prepared by the acid hydrolysis of 4-carbethoxy- 
2,3-dio~opyrrolidines.~ In most cases the 2,3-dioxo- 

(8) See (a) B. Witkop and J.  B. Patrick, J .  Am. Chem. 
Soc. 73, 2188, 2196 (1951); (b) B. Witkop, J. B. Patrick, 
and M. Rosenblum, J .  Am. Chem. SOC. 73, 2641 (1951); 
(c) R. B. Carlii and M. S. Moores, J. Am. Chem. Soc., 81, 
1259 (1959). References to earlier literature on autoxidation 
of indoles are cited in these papers. 
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pyrrolidines were isolated in the crude form but 
were not purified prior to conversion to the phenyl- 
hydrazones. In  other cases it was desirable to pre- 
pare the phenylhydrazone in the hydrolysis mix- 
ture without isolating the 2,3-dioxopyrrolidine at 
all. This could be done by reducing the acidity of 
the solutions to pH 4-5 by addition of sodium ace- 
tate, then adding the requisite amount of phenyl- 
hydrazine. Both procedures are described in the 
Experimental. Also described are two new l-substi- 
tuted 4-carbethoxy-2,3-dioxopyrrolidines which 
were prepared during the present investigation. 
One, in which the 1-substituent was p-(3,4-di- 
methoxyphenyl)ethyl, was obtained from homo- 
veratrylamine. The second, in which the l-substit- 
uent was p-phenylisopropyl, was an optically ac- 
tive compound obtained from d-p-phenylisopropyl- 
amine, and led to a series of optically active prod- 
ucts. 

Three of the compounds (11. R = p-phenylethyl 
and 111. R = phenylethyl or cyclohexyl) have been 
tested in the screening program of the Cancer 
Chemotherapy National Service Center, but did not 
show significant antitumor activity. Other tests of 
possible physiological activity are in progress. 

EXPERIMER'TAL' 

I-Substituted 2,S-dioxopyrrolidine phenylhydrazones (I). 
Procedure A.  1-Substituted ~carbethoxy-2,3-dioxopyrroli- 
dines were hydrolyzed and decarboxylated by treating the 
compounds with refluxing hydrochloric acid solutions.6 The 
quantities of materials used and other details of the indi- 
vidual experiments are recorded in Table I. The crude 2,3- 
dioxopyrrolidines were taken up in chloroform by three 
extractions of the hydrolysis mixtures. The chloroform solu- 
tions were dried over magnesium sulfate, filtered, and 
evaporated under reduced pressure on a steam cone. The 
resulting residues were dissolved in 95% ethanol (5 ml. per 
g. of 2,3-dioxopyrrolidine) and a few drops of glacial acetic 
acid were added, followed by the calculated amount of 
phenylhydrazine (calculated on the basis of the amount of 
Pcarbethoxy-2,3-dioxopyrrolidine hydrolyzed). The mix- 
tures were heated to boiling on a steam bath, then allowed 
to cool. After further cooling in an ice bath, the crystalline 
products were removed by filtration and recrystallized from 
95% ethanol. Yields in Table I are for recrystallized prod- 
ucts. 

Procedure B. I n  procedure B the 1-substituted 4car- 
bethoxy-2,3-dioxopyrrolidines were hydrolyzed and de- 
carboxylated as in procedure A. At the end of the reflux 
period the aqueous acid solution was cooled and filtered. 
Sodium acetate was then added until the p H  of the solution 
became 4 to 5. The calculated amount of phenylhydrazine 
for the quantity of 4carbethoxy-2,3-dioxopyrrolidine hy- 
drolyzed was then added while the mixture was vigorously 
stirred. Separation of the phenylhydrazone usually began 
a t  once and appeared to be complete after a few minutes. 
The product was collected by filtration and recryetallized 

(9) Melting points are uncorrected. Microanalyses by 
Drs. G. Weiler and F. B. Strauss, Oxford, England, and 
Geller Microanalytical Laboratories, Bardonia, N. Y. 
Infrared spectra were determined with a Perkin-Elmer 
model 21 spectrophotometer, ultraviolet spectra with a 
Gary recording spectrophotometer. 

from 95% ethanol. The amounts of materials used and other 
details of individual experiments are recorded in Table I. 

2-Substituted 1,4-dihydropy-rolo [S,.$-b]indol-S( 8H)ones (11). 
Procedure A .  The 1-substituted 2,3-dioxopyrrolidine phenyl- 
hydrazones (I)  were treated with refluxing mixtures of concd. 
hydrochloric acid and glacial acetic acid. Heating was con- 
tinued until the phenylhydrazones dissolved and for ap- 
proximately 10 min. thereafter. (The total reaction times 
ranged from 15 to 30 min.) Several of the products separated 
8s crystalline precipitates when the reaction mixtures were 
cooled, and were then collected by filtration. In other cases 
the cooled reaction mixture was diluted with an equal vol- 

ater and cooled in an ice bath to induce separation 
of the product. The compounds were purified by crystalli- 
zation from 95% ethanol. Details of individual experiments 
are recorded in Table 11. 

Procedure B. The 1-substituted 2,3-dioxopyrrolidine 
phenylhydrazones ( I )  were suspended in glacial acetic acid 
which was kept at the boiling point under a reflux con- 
denser. A slow stream of dry hydrogen chloride was passed 
into the mixture while refluxing was continued aDd the phen- 
ylhydrazones dissolved. After a reflux period of 5 to 15 niin. 
the solution was cooled and filtered, either directly or after 
dilution with water, to collect the products, which were 
then recrystallized from 95% ethanol. Details of these ex- 
periments are also included in Table 11. 

&Substituted 1,~,S,/i-tetrahydropyrrolo[5,4-b]indole hydro- 
chlorides (VII). The 3,4dihydropyrrolo~3,4-b~indol-3(2H)- 
ones (11) were added in solid form in small portions to vigor- 
ously stirred solutions or suspensions of excess lithium 
ahminum hydride in ether (7 to 21 g. of lithium aluminum 
hydride in 100 ml. of dry ether). After about 10 min. of stir- 
ring, 300 ml. of dry toluene wm added. The ether was then 
removed from the reaction mixture by distillation through a 
short packed column. After the temperature of the distilling 
vapors reached 110", the distilling column was replaced by 
a reflux condenser, and heating and stirring under reflux 
were continued for an additional period of time to complete 
the reduction. 

The mixture was cooled and the excem lithium aluminum 
hydride was destroyed by cautious addition of water while 
the mixture was kept in an ibe bath. The cold mixture was 
then acidified by addition of a considerable excess of 20% 
hydrochloric acid while ice bath cooling was maintained. 
Stirring was continued for an additional 30 min. to dis- 
solve all of the inorganic reaction products. The hydro- 
chlorides of the tetrahydropyrrolo[3,4b]indoles (VII), 
which were not soluble in either the aqueous or the organic 
phase of the mixtures, were then collected by filtration of 
the mixtures through a pad of glass wool. The products 
were purified by crystallization from 95% ethanol. (Yields 
quoted are for products obtained after one recrystallization.) 
The characterization of individual compounds and details 
of their preparation are given in Table 111. 

I-Nomoveratryb~-carbethoxy-2,S-d~oxopyrrol~d~ne. The pre- 
viously recommended one-step procedure@ for similar com- 
pounds was modified by using excess sodium ethoxide and 
slightly simplifying the method of isolating the product. A 
solution of 78 8. (0.42 mole) of homoveratrylamine and 42 
g. (0.42 mole) of ethyl acrylate in 200 ml. of absolute ethanol 
was allowed to stand overnight. Ethyl oxalate (61.3 g.; 
0.42 mole) was added and the mixture was stirred while a 
solution of sodium ethoxide prepared from 15 g. (0.695 g.- 
atom) of sodium and 250 ml. of absolute ethanol was added 
slowly. The mixture was heated under reflux and stirred 
for 2 hr., then cooled in an ice bath. Water (100 ml.) was 
added and the mixture was rtci@i.tied to  a p H  of less than 2 
by careful addition of 20% aqueous hydrochloric acid while 
cooling and stirring were continued. The crude product which 
precipitated was removed by filtration and dried. The yield 
was 123 g. (88'%) of a light-tan product melting at 127- 
128'. Recrystallization from 95% ethanol did not change 
the melting point. 
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Anal. Calcd. for CIIH~INO~: C, 60.88; H, 6.31; N, 4.18. dioxopyrrolidine was obtained. After recrystallization from 
Found: C, 60.53; H, 6.17; S, 4.23. an ethanol-water mixture white needles were obtained, 

d-l-(&Phenylisopropyl)-~-carbethoxy-d,3--dioxopyrrolidine. m.P. 115-l16°,  ID = +75.48" (C 4.0, 95% ethanol). 
The compound nas  prepared by the one-step procedure pre- Anal. Calcd. for c,aH,~xOq: C, 66.42; H, 6.62. Found: 
viously de~cribed.~" From 78 g. (0.58 mole) of d-p-phenyliso- cj 66.55; Hj  631. 
propylamine, 90 g. (59% yield) of the Fcarbethoxy-2,3- PITTSBURGH 13, PA. 
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A series of 2-substituted 5,6-dihydroimidazo [ij]quinolines has been synthesized by the condensation of 8-amino-1,2,3,4- 
tetrahydroquinoline with carboxylic acids or their derivatives. These condensations may lead directly to the final product 
or to amides which may be subsequently cyclized. In general, the amino-amides are obtained and isolated in the case of 
substituted or unsubstituted aromatic acid chlorides. Attempts to form 2-substituted imidazo [ijlquinolines from 8-amino- 
1,2-dihydroquinoline led only to  8-amidoquinolines. Certain pyridoquinoxalines were synthesized from 8-amino-1,2,3,4- 
tetrahydroquinoline and benzoin-type compounds. The spectra of the dihydroimidazo [ijlquinolines are similar to those of 
the benzimidazoles. 

I n  view of the fairly wide range of physiological 
activities shown by benzimidazole (1.R = H) and 
its derivatives, it was of interest to  prepare a series 
of derivatives of the related 5,6-dihydroimidazo- 
[ij ]quinolines (11). This paper describes the syn- 
thetic methods employed in the preparation of a 
variety of new members of this virtually unex- 
plored group. 

7 6  
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The first synthesis of a 5,Bdihydroimidazo- 
[ij ]quinoline was realized by K ~ n c k e l l , ~  who con- 
densed 8-amino-6-bromo-] ,2,3,4-tetrahydroquino- 
line wit,h acetic acid. The product he obtained 
was 8-bromo-2-methyl-5,6-dihydroimidazo [ij ]quin- 
oline. Other earlier ~ o r k e r s ~ - ' ~  synthesized com- 

(1) Abstracted from a thesis submitted by A. Richardson, 
Jr., in partial fulfillment of the requirements for the Ph.D. 
degree. 

(2) Present address: The Wm. S. Merrell Company, 
Cincinnati 15, Ohio. 

(3) F. Kunckell, Rer. Dtsch. Phann. Ges., 20, 198, 215 
(1910); Chem. Abstr., 5 ,  8718 (1911). 

(4) S. J. Haalewood, 0. Hughes, and F. Lions, J .  Proc. 
Roy. Soc. N.S. Wales, 71,462 (1938). 

(5) H. R. Ing and R. S. Cohen, J. Chem. Soc., 2195 
(1931). 

(6) R. C. Elderfield and G. L. Kreuger, J. Org. Chem.. 
17,358 (1952). 

(7) R. C. Elderfield, F. J. Kreysa, J. H. Dunn, and D. 
D. Humphreys, J. Am. Chem. SOC., 70,40 (1948). 

(8) E. Bamberger and P. Wulz, Ber., 24,2070 (1891). 
(9)  H. R. Snvder and N. R. Easton. J .  Am. Chem. Soc., 

68; 2641 (1946)" 

70,2953 (1952). 
(10) R. C. Elderfield and E. F. Claflin, J .  Am,. Chem. SOC., 

pounds in this series where the 2-substituent was 
an alkyl group sometimes containing hydroxyl 
groups or aromatic residues. The diamine usually 
was 8-amino-1,2,3,4-tetrahydroquinoline, although 
a t  times, an 8-amino-1,2,3,4-tetrahydroquinoline 
was employed which contained substituents on the 
aromatic ~ - i n g . ~ - ~  In most cases, the appropriate 
diamine was heated with the corresponding acid 
in the absence of s ~ l v e n t , ~ - ~  although a few mem- 
bers of the series were synthesized by condensing 
an 8-amiiio-l,2,3,4-tetrahydroquinoline with ali- 
phatic aldehydes and ketones. 

Although simple amidines are readily hydro- 
lysed in aqueous acid, l3 the dihydroimidazoquino- 
lines, which are essentially cyclic amidines, are 
stable in a refluxing 4N hydrochloric acid medium 
and many can be prepared by its use. This inertness 
toward acid hydrolysis is apparently due to a 
resonance stabilization of the benzimidazole sys- 
tem. 

Tables I and I1 list the dihydroimidazo [ij 1- 
quinolines and benzimidazoles synthesized during 
this research, while the condensation procedures 
are discussed in detail in the paragraphs which 
follow. 

Condensations with carboxylic acids. l6 The meth- 
ods used in condensing 8-amino-1,2,3,4-tetrahydro- 
quinoline with carboxylic acids were either to  
reflux in 4N hydrochloric acid or to heat the re- 
actants without a solvent. Other methods which 
were attempted without success were heating in 

(11) R. C. Elderfield and F. J. Kreysa, J. Am. Chem. SOC., 

(12) H. J. Barber and FV. R. V7ragg, J .  Chem. SOC., 610 

(13) R. L. Shriner and F. W. Xeumann, Chem. Rev., 35, 

70,44(1948). 

(1946). 

351 (1944). 


