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With the aim of synthesizing structural analogs of dimecarbene and 
of other highly-effective hypotensive indole derivatives, the synthesis 
of a series of esters of tetsahydroindole-3-carbonic acids was achieved 
by condensing a-bromoeyclohexanone with ~-aminoerotonic ester and 
with B-aminocrotonic esters substituted at the nitrogen. Hydrolysis of 
tetrahydtoindole-3-carbonic acids esters by fusion with potassium 
hydroxide yielded a series of tetrahydtoindole-3-carbonic acids. De- 
hy4togenation of 1, 2-dimethyl-3-carboethoxy-4, 5, 6, 7-teuahyd~o- 
indole on reduced nickel yielded 1, 2-dimethyl-3-cazboethoxyindole, 
and hydrolysis of the latter yielded 1, 2-dimethylindole-3-carbortic 
acid. 

We had ob ta ined  a s e r i e s  of indole  d e r i v a t i v e s  wi th  
high hypo tens ive  ac t i v i t y  [1]. In o r d e r  to e luc ida t e  the 
r e l a t i o n  be tween  the s t r u c t u r e  of the s u b s t a n c e s  ob-  
t a i ned  and t h e i r  b io log ica l  ac t iv i ty ,  and with  the a im  
of r e v e a l i n g  the s t r u c t u r a l  e l e m e n t s  of the  m o l e c u l e  
r e s p o n s i b l e  for  the hypo tens ive  e f fec t ,  we have p r e s -  
en ted  in th i s  work  the r e s u l t s  of the s y n t h e s i s  of t e t r a -  
hyd ro indo le  d e r i v a t i v e s .  T h e s e  l a t t e r  compounds  have 
the s a m e  s t r u c t u r a l  f r a g m e n t  common  to d i m e c a r b e n e  
and to o the r  i n d o l e s ,  which we re  thorough ly  i n v e s t i -  
ga ted  by Shadu r sk i i  and c o w o r k e r s  [1]. One of the  
t e t r a h y d r o i n d o l e  d e r i v a t i v e s ,  the 2 - m e t h y l - 3 - c a r b o -  
e t h o x y - 4 , 5 , 6 , 7 - t e t r a h y d r o i n d o l e  (1), was  ob ta ined  by 
condens ing  c h l o r o c y c l o h e x a n o n e  with a c e t o a c e t i c  e s t e r  
and a m m o n i a  [2]. We s u c c e e d e d  in s y n t h e s i z i n g  a 
s e r i e s  of t e t r a h y d r o i n d o l e s  (I-IV) by condens ing  a -  
b r o m o e y e l o h e x a n o n e  with f l - a m i n o c r o t o n i c  e s t e r  and 
w i t h / 3 - a m i n o c r o t o n i e  e s t e r s  subs t i t u t ed  at  the n i t r o -  
gen. The r e a c t i o n  of f l - a m i n o e r o t o n i c  e s t e r s  wi th  
a - b r o m o c y e l o h e x a n o n e  p r o c e e d s  by hea t ing  the r e -  
ac t an t s  fo r  a s h o r t  t i m e  in abso lu te  a lcohol  in the  
p r e s e n c e  of p o t a s s i u m  ca rbona t e .  As  i s  known, the  
e s t e r s  of t e t r a h y d r o i n d o l e - 3 - c a r b o n i c  a c i d s  a r e  hy -  
d r o l y z e d  to the  c o r r e s p o n d i n g  c a r b o n i c  ac ids  by p r o -  
longed  hea t ing  with a l coho l i c  a lka l i  only [3], by which 
a low y i e l d  of a c i d s  i s  obta ined .  We s u c c e e d e d  in h y -  
d r o l y z i n g  the e s t e r s  of t e t r a h y d r o i n d o l e  c a r b o n i c  a c i d s  
I - IV by fus ion  with p o t a s s i u m  hydrox ide  at  170~ ~ C. 

We obta ined  a s e r i e s  of t e t r a h y d r o i n d o l e - 3  c a r b o n i c  
a c i d s  (V-IX) with  a y i e l d  of 75-95%. 1 - P h e n y l -  and 
1 - (p - toy l )  2 - m e t h y l - 4 ,  5, 6, 7 - t e t r a h y d r o i n d o l e - 3 - c a r -  
bonic  a c i d s  (VI, VIII) w e r e  s y n t h e s i z e d  by  h y d r o l y z i n g  
the c o r r e s p o n d i n g  e s t e r s ,  which we w e r e  not ab le  to 
s e p a r a t e  in p u r e  f o r m .  

In v iew of the  wide a v a i l a b i l i t y  of t e t r a h y d r o i n d o l e s ,  
t h e r e  i s  ev iden t  i n t e r e s t  in t r a n s f o r m i n g  t h e m  into 
the  c o r r e s p o n d i n g  indole  d e r i v a t i v e s  by  d e h y d r o g e n a -  
t ion.  By d e h y d r o g e n a t i n g  1 , 2 - d i m e t h y l - 3 - c a r b o e t h o x y -  
4 , 5 , 6 , 7 - t e t r a h y d r o i n d o l e  (ID on r e d u c e d  n i c k e l  unde r  
the  cond i t ions  fo r  the  dehyd rogena t i on  of t e t r a h y d r o -  
c a r b a z o l e  [4], we ob ta ined  1 , 2 - d i m e t h y l - 3 - c a r b o -  
e thoxyindo le  (X), which had been  p r e v i o u s l y  p r e p a r e d  
by  ano the r  me thod  [5]. H y d r o l y s i s  of e s t e r  X l e a d s  
to the known 1 , 2 - d i m e t h y l i n d o l e - 3 - c a r b o n i c  ac id  (XI). 
Yet ,  unde r  the  s a m e  cond i t ions ,  we w e r e  not  ab le  
to d e h y d r o g e n a t e  o t h e r  t e t r a h y d r o i n d o l e  d e r i v a t i v e s  
{I, HI, IV), p r o b a b l y  due to p e c u l i a r i t i e s  in t h e i r  s t r u c -  
t u r e .  

+ _ _  [AVq] /coo . , .  , _  f.lT /Coo,,.. 

0 R I- IV CH 3 X 

I R=H;  II R=CH3: I l l  R~CH2C6H~; IVR=n.C4H 9 

The s t r u c t u r e  of indole  d e r i v a t i v e  X i s  c o n f i r m e d  
by  r e v e a l i n g  in i t s  IR s p e c t r u m  bands  a t  3070 c m  -1 
and i n t ens ive  a b s o r p t i o n  bands  at 747 and 756 c m  -1 , 
which w a r r a n t s  a s s u m i n g  the p r e s e n c e  of an a r o m a t i c  
group with  four  ad j acen t  h y d r o g e n s  ( o - s u b s t i t u t e d  
benzene  r ing)  [6]. A c o m p a r i s o n  of the UV s p e c t r a  
of the t e t r a h y d r o i n d o l e  d e r i v a t i v e s  ob ta ined  ( I - IV) ,  of 
the  indole  d e r i v a t i v e  X, and of 1 , 2 - d i m e t h y l - 3 -  c a r b o -  
e t h o x y - 5 - m e t b o x y i n d o l e  (XI) [7] shows tha t  the  t r a n s -  
i t ion of t e t r a h y d r o i n d o l e s  to indo les  is  a s s o c i a t e d  
with an i n c r e a s e  in the i n t ens i ty  of  the a bso rp t i on  
bands  and t h e i r  d i s p l a c e m e n t  to a l o n g e r  wave leng ths  

Tab le  1 

C o m -  [ 

pound 

I 

III 

IV 

R 

H 
C6H6CH2 

n-C4H0 

Bp., ~ C 
(pressure, 

mm) 

200--205(2) 

165--170 (2) 

/COOC~Hs 

CH a 

R 

Empirical 
formula 

C19H23NO2 

C~H2~N02 

-Found. % I Calculated, % Yield, 

- -  7 , 5 1  " 76,40 5.10 76,~'4 
76.41 7.41 5.05] 
72.59 99:2,76 520 72.97 
72.54 5.45 

*Mp. 132-133"; according to literature data, rap. 132". 

7.80 4.71 

9.57 / 5.32 

37 
30 

40 
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Corn - 
pound 

VI 

VII 

VIII 

IX 

C~Hs 

C6I~CH2 

p-CH~C~H~ 

n-C4Ho 

T a b l e  2 

(~i 
/c~176 

\CH a 
R 

Mp., *C 

245--246 

214--215 

244--245 

176--177 

Empirical 
formula 

Found, % N- 
C .H 

CI6HI7NO2 

CITHI~NO~ 

CIzHIgN02 

C14H2~NO2 

' 5 . 1 6  

75.51 6.98 5.38 75.27 
76.50 6.87 
76.10 7.10 5.16 75.81 
75.84 7.06 5.20 
75.40 6,99 5.04 i 75.81 
75.40 7.18 502 
71.75 8.80 6.14 7[.46 
71.72 8.55 6.04 

Calculated, ~ Y~Id, 
C H [ N 

6.71 5.49 95 

7.11 [5.201 94 

7.11 ] 5.20 53 

8.99 [ 5.95 / 76 

r e g i o n .  A n a l o g o u s  c h a n g e s ,  a l t h o u g h  in  a l e s s e r  d e -  

g r e e ,  a r e  o b s e r v e d  in  t h e  U V  s p e c t r a  of  t e t r a h y d r o -  

i n d o l e  d e r i v a t i v e s  by  s u b s t i t u t i n g  t h e  h y d r o g e n  b o u n d  

to  t he  n i t r o g e n  of t h e  p y r r o l e  r i n g  by  a l k y l  o r  a r y l  

g r o u p s .  A s  in  t h e  c a s e  of  t h e  e s t e r s  of s u b s t i t u t e d  

i n d o l e - 3 - c a r b o n i c  a c i d s  [8] ,  t h e  IR s p e c t r a  of  t h e  

e s t e r s  of t e t r a h y d r o i n d o l e  c a r b o n i c  a c i d s  r e v e a l  a 

s i g n i f i c a n t  d e c r e a s e  in  t h e  c a r b o n y l  f r e q u e n c y  ( 1 6 6 5 -  

1695 c m - 1 ) .  I t  i s  i n t e r e s t i n g  to  n o t e  t h a t  n e i t h e r  t h e  

a r o m a t i z a t i o n  of  t h e  s i x - m e m b e r e d  r i n g  II  b y  t r a n s -  

f o r m i n g  i t  to  X ,  n o r  the  c h a r a c t e r  of  t h e  s u b s t i t u e n t  
a t  t h e  n i t r o g e n  a t o m  of  t h e  p y r r o l e  r i n g  e x e r t  a p p r e -  

c i a b l e  i n f l u e n c e  o n  t h e  p o s i t i o n  of  t h e  c a r b o n y l - a b s o r p -  
t i o n  b a n d s .  T h u s ,  in  t h e  IR s p e c t r a  of  II ,  X ,  a n d  X I  

i n t e n s i v e  b a n d s  a t  1695 ,  1696,  a n d  1697 c m  -1 r e s p e c -  

t i v e l y  a r e  o b s e r v e d .  T e t r a h y d r o i n d o l e s  H - I V ,  w h i c h  

a r e  s u b s t i t u t e d  a t  t h e  n i t r o g e n  a t o m ,  a b s o r b  a t  1 6 9 0 -  

1697 c m  -1,  i n d e p e n d e n t  of  t h e  c h a r a c t e r  of  t h e  s u b -  
s t i t u e n t ;  bu t  d e r i v a t i v e  I ,  w h i c h  i s  n o t  s u b s t i t u t e d  a t  

t h e  n i t r o g e n  a t o m ,  e x h i b i t s  a s i g n i f i c a n t  d e c r e a s e  in  

t h e  c a r b o n y l  f r e q u e n c y  to  1665 c m  - t .  T h e  t r a n s i t i o n  

f r o m  e s t e r s  to  a c i d s  a l s o  l e a d s  to  a s h a r p  d i s p l a c e -  

m e n t  of t h e  c a r b o n y l  a b s o r p t i o n  b a n d  in  t h e  1 6 5 0 - 1 6 6 5  
c m  -1 r e g i o n .  

EXPERIMENTAL 

i ,  2-Dimethyl-3-carboethoxy-4, 5, 6, 7-teuahydxoindole (II). To 
a solution of 24 g (0.13 mole) of a-bromocyclohexanone in 100 ml 
of absolute alcohol 30 g of fused potassium carbonate was added, and 
then at once 15 g (0.1 mole) of N-methyl-~-aminocrotonic ester. The 
reaction mixture was heated for 2 hr on a steam bath. The solid salt 
precipitate was separated from the filtrate, the alcohol was distilled 
off trader vacuum, and the volatile compounds were distilled off with 
steam. The residue solidified upon the addition of 50% methanol. 
Yield 7.59 g (33%) If, rap, 47~-47.5~ (ex MeOH)*. Found, %:C 70.13; 
70.35; H 8.70; 8.40; N 6.28; 6.40%. Calculated for CmH~NO2: C 
70.56; H 8.65; N 6.33~ 

In an analogous way, te~ahydroindoles I, III, and IV (Table 1) 
were obtained from equimolecular quantities of a-bromocyclohexa- 
none and ~-aminocrotoaic ester, and its N-benzyl- or its N-n-butyl 
derivative. 

I, 2-Dimethyl-4, 5, 6, '/-teuahydIoiadole-B-earbenie acid (V). To 
a solution of 5.6 g (0.1 mole) of potassium hydxoxlde in 1.5 ml of 
water heated to 170 ~ C 2.2 g (0.01 mole) of II was added with vigor- 
ous stirring. The reaction mixture was kept at 170~ ~ C for 10 

*The melting point was in all cases determined in a Koffler box. 

minutes. The solidified reaction mass was then dissolved in water, 
and the solution filtered. The filtrate was cooled in ice, and acidi- 
fied to pH 6 with 10% HC1. The crystals which separated out were 
filtered off and washed on the fikcr with acetone. Yield of V 1.47 g 
(77.3~ rap. 245~ * C (ex acetone), Found,%: C 68.10; 67.96; H 
7.67; 7.78; N 7.03; 6.98%. Calculated for CtlHlsNO2: C 68.37; H 
7.82; N 7.25%. Data for other 4, 5, 6, 7-tetrahydroindole-~-caroouic 
acids (VI-IX) are presented in Table 2. 

1, 2-Dimethyl-3-carboethoxyinaole (X). 5 ml of a suspension of 
reduced nickel in water was added to 60 ml of xylene. The water 
from this mixture was distilled off in the form of an azeotrope with 
xylene. To the suspension of the catalyst in xylene 1.4 g (0.006 mole) 
of ester II was added, and the reaction mixture was boiled for 6 hr. 
Then the catalyst was separated from the hot solution. The xylene 
was distilled off from the filtrate under vacuum, and the residue was 
recrystallized from alcohol. Yield of X 0.73 g (56~), rap. 95 ~ C 
(ex EtOH). According to literature data [5], mp is 95* C. Found, %: 
C 71.74; 71.85; H 6.78; 6.92; N 6.32; 6.57%. Calculated for ClsH~NO 
NO~: C 71,87; H 6.96; N6.45%. 

1, 2-Dimethylindole-S-earbonie acid (XI). 0.5 g (0.01 mole) of 
potassium hydroxide and 0.31 g (0.001 mole) of ester X were reacted 
together as previously described. Yield of XI 0.13 g (48%), mp. 204* - 
205* C (ex acetone), in a capillary rap. is 191~ ~ C (decomp.). Ac- 
cording to literature data [5], rap. is185*C. Found, %: N 7.41 Calcu- 
lated for CnHIINOz, %: N 7.40. 
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