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INDOLE DERIVATIVES 
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The Fischer cyclization of arylhydrazones of 4-thiepanone leads to 
1, 3, 6H, 4, 5-dihydzothiepino[4, 3-c] indoles, while the cyclization of 
arylhydrazones of tile S, S-dioxide of 4-thiepanone forms 6H-1, 2, 4, 
5-~ezrahydrothiepino[5, 4-c] indole. 

In the Fischer  cyctization of arylhydrazones of the 
unsymmetr ical  4-thiepanone one might expect the for-  
mation of two ser ies  of isomers .  Type A, with the 1, 
3, 6H-4, 5-dihydrothiepino[4, 3-c]indole system, and 
type B, with the 6H-l,  2, 4, 5-tetrahydrothiepino[5, 4- 
c]indole system. 

As has been shown previously [2], in all cases  of 
Fischer  cyclization we were able to isolate only one 
isomer.  We assumed that the latter was of type B on 
the basis  of the reductive desulfonation of substance 
I--the product of the condensation of 4-thiepanone with 
N-benzyl-N-phenylhydrazine and of a comparison of 
the UV and IR spectra and chromatographic behavior 
of the indole II so obtained with the possible desulfona- 
tion product 1-benzyl-2, 3-diethylindole (III). 
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Fig. i .  IR spectra :  1) 1 -benzy l -3-meth-  
yl-2-propyl indole  (IV); 2) 1-benzyl -3-  
methyl-2-propylindole (II); 3) 1-benzyl-  

2, 3-diethylindole (Ill). 

*For communication XXIV, see [1]. 
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Fig. 2. UV spectra:  1) 
1 -benzyl -3-methy l -2-  
propyltndole (IV); 2) 
1-benzyl-2,  3-diethyl-  
indole (iII); 3) 1-ben- 
zy l -3 -me thy l -2 -p ro -  

pylindole (II). 

In the present work we have synthesized 1-benzyl-  
3-methyl-2-propyl indole  ( IV)-a  possible product of the 
desulfonation of a thiepinoindole of type A. For this 
purpose, 2-propylindole [3] was converted by the Vils- 
meier  reaction into 3-formyl-2-propyl indole  (V), and 
the latter was reduced with lithium aluminum hydride 
to 3-methyi-2-propyl indote  (VI), the benzylation of 
which gave the indole IV. On chromatography in a thin 
layer  of alumina {activities II and IV), substances 3 
and 4, and also the indole II, had s imi lar  Rf values. 
The UV and IR spectra  of these three substances also 
proved to be s imi lar  (Figs. i and 2), which showed that 
the conclusion to which we had come previously con- 
cerning the s tructure of the thiepinoindoles could be e r -  
roneous. 
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Fig. 3. PM:R spect ra .  
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Fig. 4. PMR spect ra .  
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F o r  a s t r i c t e r  proof of the s t r uc tu r e  of the th iepino-  
indoles  that we had obtained,  we studied the i r  PMR 
spec t ra .  The PMR spec t rum of subs tance  I (Fig. 3, 
cu rve  1) has a s ingle t  at 5.1 ppm f rom two equivalent  
p ro tons  of a benzyl  methylene  group at tached to the 
indole n i t rogen  atom. The r e sonance  s ignal  at 3.8 ppm 
with an in tens i ty  of two proton uni ts  can be a sc r ibed  
to a methylene  group located between the su l fu r  atom 
and the /?-posi t ion of the indole r ing.  In a s t r o n g e r  
field, at 2 .8 -2 .9  ppm, there  is the s ignal  of the four 
p ro tons  of two methy lene  groups  in pos i t ions  3 and 5, 
spl i t  through in te rac t ion  with the pro tons  of the meth-  
y lene  group in pos i t ion  4. In the 1 .7 -2 .1  ppm region 
there  is a complex  mul t ip le t  of the two pro tons  of the 
me thy lene  group in pos i t ion  4 due to the fact that each 
of these p ro tons  i n t e r a c t s  with the four  ne ighbor ing  
p ro tons .  The s igna l s  of the pro tons  of the benzene  
nucle i  of the indole moie ty  and the benzyl  group at tached 
to the indole n i t rogen  are  located in the 6 .7 -7 .3  pprn 
region.  Substance VII, obtained by the condensa t ion  of 
pheny lhydraz ine  and 4- th iepanone  [21, has a s i m i l a r  
PMR spec t rum,  with the exception of the s ignal  at 5.1 
ppm. 

The s p e c t r u m  of a model  compound,  5 -benzy l - 1 ,  3, 
4, 5 - t e t r ahydro th iopyrano[4 ,  3-c] indole  (VIII) (Fig. 3, 
curve  2), which we syn thes ized  by condens ing  t e t r a -  
h y d r o - 4 - t h i o p y r o n e  and N - b e n z y l - N - p h e n y l h y d r a z i n e  
hydroch lo r ide  has the s ignal  of the two pro tons  of the 
methy lene  group of the benzyl  radica l ,  a s ingle t  s ignal  
f rom two pro tons  at 3.8 ppm, which can be ass igned  to 
the pro tons  of the me thy lene  group in posi t ion 1 (be- 
tween the f l -pos i t ion  of the indole r ing  and the su l fur  
atom),  and the s ignal  f rom four pro tons  at 2.8 ppm, 
which is due to the me thy lene  groups  in pos i t ions  3 and 
4; the e x t r e m e l y  c lose  chemica l  shift of the pro tons  of 
these two methy lene  groups  can be explained on the 
b a s i s  of a s i m i l a r  d e s c r e e n i n g  inf luence of the ne igh-  
b o r i n g  groupings .  

It follows f rom the facts  ment ioned  that subs t ances  
I and VII each have a s ingle  me thy lene  group between 
the /?-posi t ion of the indole r ing  and the su l fu r  atom. 
Consequent ly ,  the cyc l iza t ion  of both p r i m a r y  and sec -  
ondary  a r y l h y d r a z o n e s  of 4 - th iepanone  takes  place with 
the fo rma t ion  of the 1, 3, 6H-4, 5-d ihydroth iepino[4 ,  3-  
e] indole sys t em,  i . e .  a type A sys tem,  and subs tance  
II, obtained by the desul fonat ion  of the th iepinoindole  
(I) is 1 - b e n z y l - 3 - m e t h y l - 2 - p r o p y l i n d o l e .  

By analogy with the th iep inoindoles ,  it was p r e v i -  
ously  [21 a s s u m e d  that the S, S-dioxides  of the th iep ino-  
indoles  had a s t r u c t u r e  of type B. In o r d e r  to e s t ab l i sh  
the s t r u c t u r e  of the p roduc t s  of the cyc l i za t ion  of p r i -  
m a r y  and seconda ry  a r y l h y d r a z o n e s  of 4 - th iepanone  
S, S-dioxide,  we p e r f o r m e d  the N-benzy la t ion  of sub-  
s t ance  IX, the product  of the cyc l i za t ion  of the pheny l -  
hydrazone  of 4 - th iepanone  S, S-dioxide.  The subs tance  
so obtained proved to be iden t i ca l  with the p roduc t  of 
the cyc l i za t ion  of the N - b e n z y l - N - p h e n y l h y d r a z o n e  of 
4 - th iepanone  S, S-dioxide (X) [2] with r e s p e c t  to i t s  
Rf  value on c h r o m a t o g r a p h y  in a th in  l aye r  of a lu -  
mina ,  i t s  m e l t i n g  point ,  and i t s  PMR s p e c t r u m .  Con-  
sequent ly ,  the cye l i za t ion  of both p r i m a r y  and second-  

a ry  a r y l h y d r a z o n e s  of 4- th iepanone  S, S-dioxide takes  
place ,  as in  the ease  of 4- th iepanone ,  with the f o r m a -  
t ion of subs t ances  with a s ingle  he te rocye l i c  sy s t em.  
The PMR s p e c t r u m  of subs tance  X (Fig.  4, cu rve  1) 
has a s ignal  of two p ro tons  of the methy lene  group of 
the benzyl  r ad i ca l  at 5.3 ppm.  A mul t ip le t  s ignal  is  
p r e s e n t  in  the 2 . 7 - 3 . 3  ppm region ,  which can be a s -  
s igned to the p ro tons  of four me thy lene  groups  i n t e r -  
ac t ing  with one another  in  p a i r s .  The PMR s p e c t r u m  
of a model  compound,  the S, S-dioxide of 5 - benzy l -1 ,  
3, 4, 5 - t e t rahydro th iopyrano[4 ,  3 -e ] indole  (XI) [4], (Fig. 
4, cu rve  2) has  a two-p ro ton  s ingle  at 5 . 3 - 5 . 4  ppm, 
the s ignal  of two pro tons  at 4 . 4 - 4 .5  ppm c o r r e s p o n d i n g  
to the pro tons  of a me thy lene  group located between 
the /?-position of the indole  nuc leus  and the SO2 group, 
and a s ignal  at 3.3 ppm of four p ro tons  c o r r e s p o n d i n g  
to two me thy lene  groups in  pos i t ions  3 and 4. 

In c o n t r a s t  to the PMR s p e c t r u m  of subs tance  XI, 
that of subs tance  X has no s ignal  in the 4.5 ppm region 
which could be a s c r i b e d  to the proton, s of the methy-  
lene  group in pos i t ion  1. In the 2 .7 - 3 .3  ppm region 
the re  are  r e sona nc e  s igna l s  with an in tens i ty  of eight 
pro ton  uni ts  which we have a sc r ibed  to two methylene  
f r a g m e n t s .  

Thus,  subs tance  X is 6H-6 -benzy l -1 ,  2, 4, 5 - t e t r a -  
hydrothiepino[5,  4 -e ] indole  S, S-dioxide and, e o n s e -  
quent ly,  be longs  to the type B sys t em in accordance  
with the s t r u c t u r e  p r ev ious ly  a s c r i b e d  to it [2]. 

We have also obse rved  [2, 4] that in a n u m b e r  of 
e a se s  the s t r u c t u r e  of the u n s y m m e t r i c a l  ke tones  has 
a subs t an t i a l  inf luence  on the d i rec t ion  of the F i s c h e r  
eyc l i za t ion  of a ry lhyd razones .  The p r e s e n t  work has  
shown that the cyc l iza t ion  of a r y l h y d r a z o n e s  of 4 - th i -  
epanone and i ts  S, S-dioxide leads  to he t e rocye l e s  of 
d i f ferent  s t r u c t u r e s  (types A and B, respec t ive ly) .  

EXPERIMENTAL 

The PMR spectra were taken on a INMC-60 spectrometer with a 
working frequency of 60 MHz in CDC13 solution. Tetramethylsilane 
was used as internal standard. The chemical shifts were measured on 
the 5 scale. The 1R spectra were taken on a UR-10 instrument in a 
thin layer between plates of KBr. The UV spectra were taken on a 
SF-4 instrument in ethanolic solutions with 1 �9 10-s-1 �9 1 0  - 4  mole/ 1, 
d l c m .  

8-Formyl-2-pmpylindole (V). With ice cooling, 6 ml of phospho- 
rus oxychloride and 8 g (0.05 mole) of 2-propylindole in 20 ml of di- 
methylformamide were added successively in drops to 30 ml of dimeth- 
ylformamide, the mixture was stirred at 35~ ~ (: for 1 hr and poured 
onto ice, 100 ml of 10% sodium hydroxide solution was added, and 
the mixture was heated to a boil and filtered. On cooling, the indole 
V crystallized from the filtrate; it was filtered off and washed with 
water. Yield 8.b g (89%), mp 150~ ~ C (from ethanol< Found, 
%: C 76.46; H 7.01; N %84; 7.43. Calculated for C~.HI3NO , %: 
C 76.98; H 7,00; N %48. 

3-Mdthyl-2-propylindole (VI). With stirring, 2.8 g (0.06 mole~ of 
lithium aluminum hydride in 100 ml of ethanol was added to 4 g 
(0.02 mole) of V in 100 ml of absolute ether, and the mixture was 
boiled for 18 hr. With ice cooling, it was decomposed with water. 
after which the ethereal layer was separated off and the aqueous layer 
was extracted twice with ether. The combined ethereal solution was 
dried and passed through a column of 40 g of alumina (activity 1I< 
t3enzene eluted 2.6 g (69%) of the indole VI. Oil, ni~ 1.5710. Found, 
%: C 82.89; 82.95; H 9.18: 9.20. Calculated for C12H1sN, %: C 83.1t~; 
It 8 ,90.  
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1-Benzyi-S-methyl-2-pmpyllndole (IV). 2.5 g (0.015 mole) of 
VI in 20 ml of dimethylformamide was added to 0.5 g of sodium hy- 
dride in 20 ml of dimethylformamide and the mixture was stirred at 
35*-40 ~ C for 2 hr; then 1.9 g (0.015 mole) of benzyl chloride was 
added and stirring was continued at 60~ ~ C for 2 hr. After cooling, 
the reaction mixture was poured into water and extracted with ether. 
The extract was dried and evaporated, and the residue was distilled. 
The yield of the indole IV was 2 g (53%), bp 152~ ~ C (0.05 mm), 
n~ 1.5968. Found, %: C 86.75; 86.57; H 8.29; 8.24; N 5.22; 5.54. 
Calculated for CtgH21N, %: C 86.64; H 8.04; N 5.32. 

On chromatography in a thin layer of alumina of activity II, sub- 
stances IV and III gave spots with the same R.f values, namely 0.88 
in benzene and 0,75 in a mixture of benzene and heptane (1:1), while 
on alumina of activity IV in a mixture of benzene and heptane (1:1) 
they had R] 0.67. 

6H-6-Benzyl-l, 2, 4, 5-tetrahyflrothlepino[5, 4-c] indole S, S-di- 
oxide (X) was obtained in a similar manner to the preceding compound 
from 0.6 g (0.0026 mole) of IX, 0.i g of sodium hydride, and 0.32 g 
(0.0026 mole) of benzyl chloride in 25 ml of dimethylformamide. 
Yield 0.43 g (52%), mp 157~ ~ C (from ethanol). Found, %: N 
4.18; 4.32; S 10,02; 10.21. Calculated for C19HIgNO~S , %: N 4.29; 
S 9.82. A mixture with a sample ot the indole X obtained by_ the 
Fischer reaction (rap 156~ ~ C) gave no depression of the melting 
point. The two samples of X had similar PMR spectra and the same 
Rf value (0.53) on chromatography in a thin layer of alumina (activity 
IV) in chloroform. 

5 -Benzyl- i ,  3, 4, 5-tetrahy~othlopytano[4, 3 -c] indole (VIII). A 
mixture of 2 g (0.017 mole) of tetrahydro-4-thiopyrone and 4 g (0.017 
mole) of N-phenyl-N-benzylhydrazine hydrochloride in 20 mi of ab- 
solute ethanol was boiled for 20 minutes and fihered hot; VIII crystal- 
lized from the cooled filtrate. Yield 3.8 g (79%), mp 107~ ~ C 
(from absolute ethanol). Found, %: N 4.99; 5.03; S 11.43; 11.18. 
Calculated for CmHnNS, %; N 5.01; S 11.48. 
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