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The Fischer cyclization of arylhydrazones of 1-butyl-, l-benzyl-, 

and l-cyclohexyl-3-pyrrolidinones has been studied, as a result of 

which a Synthesis of I, 2, 3,4-tetrahydropyrrolo[3, 4-b]indoles has been 
developed. The structure of the compounds obtained has been con- 

firmed by their UV and NMR spectra and by a number of chemical 
properties ~ 

We have p r e v i o u s l y  [1] shown that  in alI  e a s e s  the 
F i s c h e r  r e a c t i o n  of a r y l h y d r a z o n e s  of the u n s y m m e t -  
r i c a l  ketone l - m e t h y l - l - a z a - 4 - e y e l o p e n t a n o n e  f o r m s  
1, 2, 3, 4, 5, 6 -hexahydroazep ino [4 ,  5 -b ] indo les ,  f r o m  
which i t  fo l lowed that  the pos i t ion  c l o s e s t  to the n i t r o -  
gen a tom of the azaeye lopen tanone ,  i . e . ,  pos i t ion  3, 
is  l e s s  p r e f e r a b l e  in the c l o s u r e  of the indole  r i ng  
than pos i t i on  5, two ca rbon  a t o m s  d i s t an t  f r o m  the 
amino  g roup .  

In o r d e r  to s tudy f u r t h e r  the ques t ion  of the inf lu-  
ence of the s t r u c t u r e  of u n s y m m e t r i c a l  ke tches  on 
o r i e n t a t i o n  in the c l o s u r e  of the indole  r i n g  by F i s e h -  
e r ' s  method,  we tu rned  to the 3 - p y r r o l i d i n o n e  s y s t e m .  
We took in accoun t  the fact  that  the deve lopmen t  of a 
s y n t h e s i s  of the p y r r o l o i n d o l e s  would open up a d d i -  
t iona l  p o s s i b i l i t i e s  for  the s e a r c h  fo r  new p h a r m a c o -  
l o g i c a l l y  ac t ive  compounds  conta in ing  condensed  in-  
dole  s y s t e m s .  Only t h r e e  r e p r e s e n t a t i v e s  of the c l a s s  
of 1, 2, 3, 4 - t e t r a h y d r o p y r r o l o [ 3 ,  4 -b ] indo le  have been 
d e s c r i b e d  in the l i t e r a t u r e ,  and these  w e r e  ob ta ined  
by the condensa t ion  of a r y l h y d r a z o n e s  of 2, 3 - p y r r o l i -  
d ined iones ,  with subsequen t  l i t h ium a l u m i n u m  h y d r i d e  
r e d u c t i o n  of the l a e t a m s  f o r m e d  [2]. 

As  the in i t i a l  ke tones  we took l - b e n z y l -  [3], l - n -  
bu ty l -  [3], and 1 - c y c l o h e x y l - 3 - p y r r o i i d i n o n e s  (Ia,  b, 
e) .  Wi th  v a r i o u s  a r y l h y d r a z i n e s  a l l  t he se  ke tones  g ive  
good y i e Id s  of the c o r r e s p o n d i n g  h y d r a z o n e s ,  which 
w e r e  i s o l a t e d  in the f o r m  of the h y d r o e h l o r i d e s  ( T a -  
b le  1). In s o m e  e a s e s ,  the unpur i f i ed  h y d r a z o n e s  w e r e  
used  for  e y e l i z a t i o n .  In the e y c l i z a t i o n  of the h y d r a -  
zones ,  we e n c o u n t e r e d  a n u m b e r  of d i f f i cu l t i e s .  Thus ,  
bo i l ing  the h y d r a z o n e s  with 5-20% a l coho l i c  so lu t i ons  
of h y d r o g e n  ch lo r ide ,  i . e . ,  the use  of condi t ions  en-  
s u r i n g  the s u c c e s s f u l  c y e l i z a t i o n  of the h y d r a z 0 n e s  of 
l - m e t h y l - l - a z a - 4 - c y c l o p e n t a n o n e  [4], led  to a p r o -  
nouneed  d a r k e n i n g  of the r e a c t i o n  m i x t u r e  and the r e -  
ac t ion  was  not a c c o m p a n i e d  by the s e p a r a t i o n  of a m -  
mon ium c h l o r i d e  and, consequen t ly ,  d id  not  go in the 
d i r e c t i o n  of the  f o r m a t i o n  of i ndo le s .  By a e h r o m a -  
t o g r a p h i e  check  in a thin l a y e r  of a lumina ,  i t  was 
found that  even  a f t e r  hea t ing  fo r  3 min  the i n i t i a l  hy -  
d r a z o n e  had  d i s a p p e a r e d  and two o t h e r  s u b s t a n c e s  had 
a p p e a r e d .  T h e R f  v a l u e  of one of t hem was a lways  the 
s a m e  as  that  of the  au then t i c  a r y l a m i n e  f o r m e d  by the 

decomposition of the hydrazone. In the case of the p- 
to!ylhydrazone of ketone Ic and the phenylhydrazone, 
p-tolylhydrazone, and p-ethoxycarbonylphenylhydra- 
zone of the ketone Ib, aniline, p-toluidine, and p-eth- 
oxycarbonylaniline were isolated from the reaction 
mixtures with yields of 50-75% and identified by their 
Rf values and the melting points of the hydrochlorides 
and the free bases (for the two latter amines). The 
second substance always had the same Rf value (differ- 
ing from the Rf value of the corresponding pyrrolidi- 
none) in spite of the fact that different hydrazones of 
any given ketone were used. This substance, possess- 
ing basic characteristics and forming a hydrochloride, 
could not be identified because of its low stability; it 
can only be stated that the IR spectrum of the hydro- 
chloride did not exhibit frequencies of the stretching 
vibrations of a carbonyl group. A similar decomposi- 
tion of arylhydrazones has been observed in a 50% 
alcoholic solution of hydrogen chloride at room tem- 
perature. 

It was possible to effect the closure of the indole 
ring of the ary!hydrazones of the ketones I only in 30- 
35% ethanolic solutions of hydrogen chloride or etha- 
nolle solutions of sulfuric acid (3 ml of concentrated 
H2SO 4 to 7 ml of ethanol). The yields of the indole de- 
rivatives II-XII were variable, amounting to 11-60%. 
Under the given conditions the side reaction of the de- 
composition of the hydrazones was suppressed to some 
extent, but aromatic amines were always present in 
the reaction mixture. 

As a consequence of the unsymmetrical structure 
of the pyrrolidones I, the formation of two series of 
isomers, for example II and IIa, is theoretically pos- 
sible. In all cases we isolated only one series of iso- 
mers. We were unable to establish the presence of the 
second isomer in any of the experiments. The sym- 
metrical structure of the hydropyrroloindoles was con- 
firmed by the UV and NMR spectra of substances Ill 
and IV. The UV spectrum of compound IV had absorp- 
tion maxima at 225 nm (log a 4.49) and 275 nm (log a 
3.85). The UV spectra of compounds II-VII were simi- 
lar. The spectra of I, 2, 3, 4-tetrahydrocarbazole and 
of i, 2, 3, 4-tetrahydrocyclopenta[b]indole [4] have ap- 
proximately the same value, while the unsymmetrical 
4H-2, 3-dihydrothieno[3, 2-b]indole, in the molecule of 
which sulfur is directly connected to the C 3 atom of the 
indole system has the second form of UV spectrum 
witha bathochromic shift of the long-wave maximum [4]. 

The NM:R spectrum was taken on a JNM 44-]00 
instrument at a working frequency of 100 MHz in 
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deu te r ioch lo ro fo rm,  with t e t r a m e t h y l s i l a n e  the i n t e r n a l  
s t anda rd .  In the NMR s p e c t r u m  of compound III, the 
s igna l s  with 6 =4.00 and 3.70 ppm a re  due to the two 
CH z groups  of the py r ro l i d ine  r ing  in posi t ions  1 and 
3. The s ignal  at 3.85 ppm is caused  by the protons 
of the CHiC group.  The broad p o o r l y - r e s o l v e d  s ignal  
in the 2 . 7 - 2 . 9  ppm region  with an a r ea  of two proton 
uni t s  is due to the N--CH 2 group of the butyl r ad ica l .  

CH J 0 ~ ' I N _  C~H, 
H 

hydrochlor ic  acid solut ion into N-methy lan i l ine ,  which 
was ident if ied by t h i n - l a y e r  chromatography,  and a 
subs tance  of unknown s t r u c t u r e  formed f rom the keton- 
ic component .  Under  more  s eve re  condit ions,  p ro -  
nounced r e s in i f i ca t i on  of the reac t ion  mix ture  took 
place .  

Compounds having subs t i tuen t s  on the indole n i t r o -  
gen atom, however,  can eas i ly  be obtained by the a l -  
kyla t ion of the sodium der iva t ives  of the t e t r ahydro -  
py r ro lo indo le s  in d ime thy l fo rmamide .  F o r  example,  
in this way f rom subs tances  V and II we synthes ized  
in good yie ld  2 - c y c l o h e x y l , 7 - m e t h y l - 4 - [ y - ( 4 ' - m e t h y l -  
1 - p i p e r a z i n y l ) p r o p y l ] - l ,  2, 3, 4 - t e t r ahydropyr ro lo [3 ,  4-  
b]indole (XIII), 2 -cyc lohexy l -4 - ( f l -d imethy laminoe thy l )  
- 7 - m e t h y l - i ,  2, 3, 4 - t e t rahydropyr ro lo [3 ,  4-b] indole  
(XIV), and 2 - n - b u t y l - 4 - ( f i - d i m e t h y l a m i n o e t h y l ) - l ,  2, 3, 
4 - t e t r ahydropyr ro lo [3 ,  4-b] indole  (XV). The cyano-  
e thyla t ion  of IV in the p r e s e n c e  of Rodionov 's  ca ta lys t  
led to the co r r e spond ing  cyanoethyl  der iva t ive  (XVI). 

0 I 2 3 '$ q 6 7 8 ppm 

NMR spectrum of 2-n-butyl-7-methoxy-l, 2, 3, 4-te- 

trahydropyrrolo[3, 4-b]indole (lID (6 scale). 

The broad  4 -p ro ton  s igna ls  of the C--CH2--CH2-'C 
f r a g m e n t  and the three  pro tons  of the CH 3 group of 
the butyl  r ad i ca l  a re  found at 1.55 and 0.95 ppm, r e -  
spec t ive ly .  The mul t ip le t  s igna l  at 6 .5 -7 .5  ppm is  
due to the pro tons  of the benzene  r ing  and the proton 
on the indole n i t rogen  atom.  

r ~ \ ~ _ ~  -- r~\j~F~_[]_._] 
~ O  v \ N H N H  2 ~ N  y~N- R 

4- 
I H 
R 

Ia-c II-IX 

It N 
Ila x~xll 

la R=CH2C6Hs; Ib R~n-C4Hg; lc R=cyclo,CsHll; 
II R=n-C4Hg, Rl=CHa; II1 R=n-C4Hg, RI=OCHs; 
IV R=n-C4H~, R~=H; V R=cyclo-CoH~1, RI=CH3; 
VI R=cyclo,-C6Hl], Rj=H; Vii  R=cycloi-C6Hlh 

RI=OCHs; VIII R~CHsCsHs, RI=CHs; 
IX R=CH2C6Hs, RI=OCH3; X R = c y c l o - C 6 H l l ;  
Xl  R=CH~CeHs, XII R=n-C4Ho, 

An addi t ional  proof of the s t r u c t u r e  of the compounds  
syn thes i zed  as 1, 2, 3, 4 - t e t r ahyd ropy r ro lo [3 ,  4-b] in -  
doles  is f o rmed  by the iden t ica l  va lues  of the me l t i ng  
points  of the hydroch lo r ide  and p ic ra t e  of subs tance  
VI and the c o r r e s p o n d i n g  de r iva t i ve s  of the compound 
with the au thent ic  s t r u c t u r e  obtained p r ev ious ly  by the 
cyc i iza t ion  of 1 -cyc lohexy l -2 ,  3 - p y r r o l i d i n e d i o n e  [2]. 

We may men t ion  that we were  unable  to p e r f o r m  
the cyc l i za t ion  of the p - e thoxyca rbony lpheny lhyd razone  
of the ketone Ib and of the N - m e t h y l -  and N - b e n z y l -  
pheny lhydrazones  of the ketone Io.  With N - m e t h y l p h e -  
n y l h y d r a z i n e h y d r o c h l o r i d e  in ethanol ,  Ic g ives  an un-  
s t ab le  hydrazone  r ead i l y  decompos ing  in 5% e thanol ic  

EXPERIMENTAL 

N-(6-Methoxycarbonylethyl)cyclohexylamine (XVll). To a solu- 
tion of 228 g (1.23 mole) of cyclohexylamine in 288 ml of methanol 
was added dropwise 200 g (2.3 mole) of methyl acrylate at such a 
rate that the temperature did not rise above 20-25* C. The reaction 
mixture was heated at 60 ~ C for I hr 30 rain, and the methanol was 
distilled off in vacuum. The yield was 380 g (89.570), bp 126-128" C 
(9 ram), n~ 1.4628. Found, %: C 64.67, 64.46; H 10.28, 10.45; 

N 7.87; 7.70. Calculated for CIoHIgNO2, %: C 64.82; H I0.83; N 7.56. 
N -Ethoxyearbonylmethyl-N-(~ -methoxycarbonylethyl )cyclohexyl - 

amine (XVIII). A mixture of 250 g (1.35 mole) of XVII, 165 g (1.35 
mole) of ethyl chloroacetate, and 463 g (3.35 mole) of anhydrous 
potassium carbonate was heated in an autoclave at I06" C for 18 hr, 
cooled, and dissolved in water. The aqueous solution was extracted 

with ether to give 261 g (71.5%) of XVIII with bp 155-157 ~ C (3 ram), 
n~ 1.4655. Found, o7o: C 62.03, 62.36; H 9.35, 9.12. Calculated for 
C14H25NO4, %: C 61.95; H 9.28. 

l-Cyclohexyl-3-pyrrolidlnone (le). Over 30 rain at 150 ~ C, 170 g 

(0.68 mole) of XVIII in 250 ml of absolute xylene was added to the 
sodium eth0xide prepared from 15.2 g of sodium and dried in vacuum, 
and the mixture was heated at 120" C for 1 hr with simultaneous dis- 
tillation of the ethanol; it was then cooled, and decomposed with 
1300 ml of 18% hydrochloric acid. The aqueous layer was separated 
off, boiled for 8 hr, and evaporated in vacuum to about one third of 
its initial volume. With efficient cooling, the residue was made 
strongly alkaline with 50o7o caustic potash solution and was extracted 

with ether three times. Yield 85.4 g (52~ bp 96-97 ~ C (2.5 mm), 

n 0 1.4910. Found, %: C 72.14; H 10.32; N 8.49. Calculated for 

C10H17NO , o7o: C 71.81; H 10.24; N 8.37. 
Hydrochlorides of the arylhydrazones of the l-R-8-pyrrolldlnones 

(Table i). A. A mixture of 0.Ol mole of the ketone I and 0.01 mole 
of the hydroehloride of the corresponding arylhydrazine in I0 ml of 
ethanol was heated until solution was achieved. The reaction mixture 
was cooled, dry ether was added, and the hydrazone hydrochloride 
that separated out was filtered off. 

B. A mixture of 0.018 mole of the ketone Ia and 0.Ol mole of the 
hydrochloride of the appropriate arylhydrazine in 8 ml of ethanol was 
boiled for 30 rain. After cooling with ice, the precipitate was filtered 
off and was washed with a mixture of alcohol and ether (1 : 10). For 
purification it was crystallized from absolute ethanol. 

2.R.7.Rl.l,2.8,4-Tetrahydropyrrolo[8,4-b]indoles (If-IX). The 
appropriate hydrazone hydrochloride was boiled with a solution chlo- 
ride in ethanol, cooled, and poured into cold water, and the resulting 
tetrahydropyrrolo[3,4-b]-indole (Table 2) was isolated by the addition 

of saturated potassium carbonate solution. 
2-Cyclohexyl-7-methyl-l, 2, 3, 4-tetmhydropyrrolo[3, 4-b]Indole 

(V). Hot ethylsulfuric acid (a mixture of 21 ml of absolute ethanol 
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and 4 ml of concentrated sulfuric acid) was added to 7 g (0.0172 mole) 
of the hydrochloride of 1-cyclohexyl-3-pyrrolidinone p-tolylhydrazone. 
and the mixture was boiled for 5 min. Then it was poured into cold 
water and made alkaline with a saturated potassium carbonate solution 
to give 4.7 g (57.5%) of the indole V. 

2-Cyclohexyl-1, 2, 3, 4-tetrahydropyrrolo[3, 4-b]benzo[e]indole (X). 
(X). This was obtained in a simitar manner to compounds II-IX from 3.2 g 
(0.009 mole) of the hydrochloride of the 6-naphthylhydrazone of ke- 
tone Ie with a yield of 2.2 g (82%). mp 200-210" C (decomp., from 
tetrahydrofuran). Found, %: C 82.88, 82.84; H 7.59, 7.60; N 9.67, 
9.74. Calculated for C20H22N2, %: C 82.73; H 7.60; N 9.64. 

Hydrochloride of 2-benzyl-1, 2, 3, 4-tetrahydropyrrolo[3, 4-b]benz 
[e]indole (XI). This was obtained similarly. Yield 48%, mp 208-209 ~ C. 
Found, %: C1 10.09. 10.tl; N 7.93. 7.99. Calculated for C21HlaN z �9 HC1. 
%: C1 10.59; N 8.37. Base, mp 160-161 ~ C. Found, %: N 9.22. 9.05. 
Calculated for CzlHIsN2, %: N 9.39. 

2-n-Butyl-l. 2.3, 4-tettahydropyrrolo[8, 4-b]benz[e]tndole (XlI). 
A mixture of 1.4 g (0.0072 mole) of 6-naphthylhydrazine hydrochlo- 
ride and 1.25 g (0.0088 mole) of the ketone Ib in 5 ml of a 17% solu- 
tion of hydrogen chloride in absolute ethanol was boiled for 30 rain, 
poured into water, and made alkaline with saturated potassium car- 
bonate solution, and the liberated oil was extracted with ether. The 
ethereal extract was dried with anhydrous magnesium sulfate and evap-  
orated to give 0.4 g (21%) of XII with mp 163-164 ~ C. Found, %: 
C 81.63, 81.41; H 7.59, 7.71; N 10.64, 10.48. Calculated for ClsH20N2, 
%: C 81.76; H 7.55; N 10.59. 

2-Cyclohexyl-7 -methyl-4- [7-(4-methyl-1 -piper azinyl)propyl] - 
1,2,3,4-tetrahydropyrrolo[3,4-b]indole (XIII). In drops, a solution of 
1.5 g (0.006 mole) of the indole V in 20 ml of anhydrous dtmethylfor- 
mamide was added to a suspension of 0.2 g (0.006 mole) of sodium hy- 
dride in 30 ml of anhydrous dimethylformamide, and the mixture was 
stirred for 1 hr at room temperature, heated to 60* C, treated in drops 
with 1.1 g (0.006 mole) of N-(y-chtoropropyl)-N-methylpiperazine, 
stirred at 60 ~ C for 2 hr, cooled, and poured into water. Yield 1.7 g 
(71%), mp 64.5-65.5 ~ C (from aqueous ethanol). Found, %: C 75.65; 
H 9.72; N 14.54. Calculated for CgsHssN4, %: C 76.09; H 9.73; N 14.20. 

2-Cyclohexyl-4--(8-dlmethylamlnoethyl)-7-methyl-l, 2, 3, 4-te- 
trahydropyrrolo[3, 4-b]lndole (XlV). This was obtained in a similar 
manner to compound XIII. Yield 79%, mp 85-87 ~ C. Found, %: 
C 77.57, 77.71; H 9.37, 9.68; N 12.92, 13.04. Calculated for C2tHsINs, 
%: C 77.49; H 9.57; N 12.91. 

Dimaleate of 2-n-butyl-4-(l~-dtmethylaminoethyl)-7-methyl-1, 
2, 8, 4-tetrahydropyrrolo[S, 4-b]lndole (XV). This was obtained in a 
similar manner to Xlll. Yield 35%, mp 155-156 ~ C. Found, %: C 61.10, 
61.82; H 6.98, 7.10. Calculated for C27H37NsOs, ~ C 61.00; H 7.01. 

2-n-Butyl-4-(8-cyanoethyl)-I, 2, 8, 4-tetrahydropyrrolo[8, 4-b]in- 
dole (XVI). A mixture of 0.9 g (0.0039 mole) of the indole IV and 
I0 ml of aorylonitrile was carefully treated with 0.2 ml of a solution 
of Rodionov's catalyst, the reaction mixture boiling vigorously. Then 
it was evaporated and the residue was recrystallized from n-heptane. 
Yield 0.68 g (61.8%), mp 90-91 ~ C. Found, %: C 76.18, 76.17; H 8.15, 
8.10; N 15.62, 18.77. Calculated for ClTH21Na, %: C 76.86; H 7.91; 
N 15.77. 
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