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A N  IMPROVED SYNTHESIS OF I N D O L E - 3 - C A R B O X Y L I C  ACIDS 

A .  S .  K a t n e r  

E l i  L i l l y  and Company 
The L i l l y  R e s e a r c h  L a b o r a t o r i e s  

I n d i a n a p o l i s ,  I n d i a n a  46206 

The more u s e f u l  o f  t h e  numerous me thods  a v a i l a b l e  f o r  

p r e p a r a t i o n  o f  i ndo le -3 -ca :  b o x y l i c  a c i d s  I11 i n v o l v e  

c a r b o n a t i o n  of  meta l  s a l t s  o f  i n d o l e s ,  1 9 2 ' 3 y 4  d e c a r b o n y l a t i o n  

and h y d r o l y s i s  o f  3 - i n d o l e g l y o x a l o y l  c h l o r i d e s  , 4  " r e a c t i o n  

of p o t a s s i u m  s a l t s  o f  i s a t i c  a c i d s  w i t h  d i m e t h y l s u l f o n i u m  

m e t h y l i d e , 6  and b a s i c  h y d r o l y s i s  o f  3-indolyltrifluoromethyl 

k e t o n e s  ( 1 1 ) .  

\ 

7 

The i n t e r m e d i a t e  k e t o n e s  I1 o f  t h e  l a s t  named p r o c e d u r e  

have  been  p r e p a r e d  i n  m o d e r a t e  y i e l d  by  t r e a t m e n t  of  i n d o l e s  

w i t h  t r i f l u o r o a c e t o n d t r i l e  ( m o d i f i e d  Hoesch r e a c t i o n )  and  

more r e c e n t l y  by h e a t i n g  a v a r i e t y  o f  i n d o l e s  w i t h  t r i f l u o r o -  

a c e t i c  a n h y d r i d e  i n  s e a l e d  v e s s e l s . 8  Improved y i e l d s  o f  I1 

w i t h  t h e  l a t t e r  r e a g e n t  have  now been  o b t a i n e d  i n  p o l a r ,  

w a t e r - m i s c i b l e  s o l v e n t s ,  s u c h  a s  d ime thy l fo rmamide  (DMF) and 

t e t r a h y d r o f u r a n  (THF), w i t h o u t  t h e  u s e  of  s e a l e d  v e s s e l s .  

The p r e p a r a t i o n  o f  I11 from i n d o l e s  v i a  I1 ( s e e  T a b l e s  

1 and 2 )  h a s  t h u s  become a c o n v e n i e n t  and e f f i c i e n t  p r o c e d u r e .  

I I1 I11 
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TABLE 1' 

3-Indolyltrifluoromethyl K e t o n e s  

% R e c r y s t a l -  
S u b s t i t u e n t s  on I n d o l e  R i n g  Y i e l d  l i z a t  i o n  

- R - R '  - R " S o l v e n t  o f  I1 S o l v e n t  mp,b 

H H 209-212'  H DMF, THF, 85-95  e t h e r - b e n z e n e  
MeCN, DMSO, 
D M A C ,  Me2C0 

H - ( C H z ) z C O z H  H DMF 9 0  e t h e r - h e x a n e  186-189 
d H Me H DMF 6 3  b e n z e n e - h e x a n e  1 0 1 - 1 0 2  

5-Me0 H Me DMF 8 2  b e n z e n e  186 .5-188.  5 e  

253-255  m e t h a n o l  5 - B r  H H DMF 85 

5,6-OCH20- H H DMF 8 0  m e t h a n o l  272-275f  

a )  A n a l y t i c a l  a n d  p h y s i c a l  d a t a  on compounds i n  b o t h  t a b l e s  w i t h  mp. m a r g i n a l l y  d i f f e r e n t  
f r o m  l i t  r a t u r e  v a l u e s  a r e  i a g r e e m e n t  w i t h  t h e  d e s i g n a t e d  s t r u c t u r e s ;  b )  u n c o r r e c t e d  m p . ;  
C )  l i t . , ?  mp. 214'; d )  l i t . , '  mp. 105'; e )  mp 185-185.5' ;  f) l i t . , 7  mp. 268'. 
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A .  S. KATNER 

EXPERIMENTAL SECTION 

3-Indolvltrifluoromethyl K e t o n e s .  G e n e r a l  P r o c e d u r e .  

A 30% s o l u t i o n  o f  t h e  i n d o l e  i n ,  p r e f e r a b l y ,  DMF o r  THF 

i s  c o o l e d  i n  an  i c e  b a t h  a n d  p r o t e c t e d  f rom m o i s t u r e ;  1 . 2  

e q u i v a l e n t s  o f  t r i f l u o r o a c e t i c  a n h y d r i d e  i s  a d d e d  d r o p w i s e  

w i t h  s t i r r i n g .  The s o l u t i o n  is p o u r e d  i n t o  1 0  v o l u m e s  o f  

H20; t h e  p r o d u c t  i s  s e p a r a t e d ,  washed  w i t h  H 2 0 ,  d r i e d  a t  80’ 

u n d e r  r e d u c e d  p r e s s u r e ,  a n d  r e c r y s t a l l i z e d  f r o m  a s u i t a b l e  

s o l v e n t  ( s e e  T a b l e  1) .  

3-Trifluoroacetyl-1-indolepropionic A c i d .  

m. C a l c d  f o r  CI3HlOF3NO3:  C ,  5 4 . 7 4 ;  H ,  3 . 5 4 ;  N ,  

4 . 9 1 ;  F ,  19 .98 .  Found:  C ,  5 4 . 6 5 ;  H ,  3 . 3 0 ;  N ,  4 . 9 0 ;  F ,  

2 0 . 1 7 .  Mol w t  285  (mass s p e c t r u m ) .  

Iri ( n u j o l )  C = O  a t  1 7 0 9  cm-l ( c a r b o x y l i c  a c i d )  a n d  1 6 5 3  

cm-l ( k e t o n e ) ;  NMR (DMSO d 6 )  

a t  2 . 9 3  ( ) N - C H 2 - ) ,  2 - p r o t o n  t r i p l e t  

(-CH2-C02H), 

( a r o m a t i c ) ,  v e r y  b r o a d  D20 e x c h a n g e a b l e  a b s o r p t i o n  b e l o w  

6 2 - p r o t o n  t r i p l e t  ( J  = 6 . 5  Hz) 

(J = 6 . 5  Hz) a t  4 .64 

5 - p r o t o n  m u l t i p l e t  b e t w e e n  7 . 3 3  a n d  8 . 6 0  

1 9 . 7 7 .  M o l  w t  

IR ( n u j o l  

( k e t o n e  1. NMR 

8 . 3 7  ( a r o m a t  i c  

D 2 0 )  a t  1 2 . 8 4  

1 0 . 0 .  

5 - B r o m o - 3 - i n d o l y l  T r i f l u o r o m e t h y l  K e t o n e .  

- A n a l .  C a l c d  f o r  C1,,H5BrF3NO: C ,  4 1 . 1 2  

4 . 7 9 ;  F ,  1 9 . 5 1 .  Found:  C ,  41 .33;  H, 1 - 8 9 ;  

292 (mass s p e c t r u m ) .  

N - H  band  a t  3195 em-’, C = O  

( D M S O  drj) 6 5 - p r o t o n  m u l t i p  

, 1 - p r o t o n  b r o a d  m u l t i p l e t  

:N-H 1 .  

H ,  1 . 7 2  

N, 4 . 7 8 ;  

a t  1 6 3 7  cm-l 

e t  a t  7 . 4 0  t o  

e x c h a n g e a b l e  w i t h  
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INDOLE-3-CARBOXYLIC ACIDS 

Hydrolysis of 3-Indolyltrifluoromethgl Ketones to Indole-3- 

carboxylic Acids. General Procedure. 

A 10% solution of the indolyltrifluoromethyl ketone in 

20% aq. NaOH is heatect under reflux for 1 hr. The cooled 

solution is acidified with conc. HC1; the precipitated 

indole-3-carboxylic acid is separated, washed with H20, and 

dried at 100' in air. 

3-Carboxy-1-indole~rouionic Acid. 

Anal. Calcd for C12HllNOb: C, 61.80; H, 4.75; N, 6.01. 
Found: C, 61.57; H, 4.70; N, 6.26. Mol wt 233 (mass 

spectrum). 

IR (nujol) C=O at 1689 and 1626 cm-I (carboxylic acids). 

NMR (DMSO d,) 

(:N-CH2-), 2-proton triplet ( J  = 6.5 Hz) at 4.51 

(-CH2-C02H), 5-proton multiplet at 7.18 to 8.30 (aromatic) 

and 2-proton broad singlet (exchangeable with D 2 0 )  at 12.00 

(2 C 0 2 H ) .  

>-Methox~-2-methyl-3-indolecarboxylic Acid. 

6 2-proton triplet (E  = 6.5 Hz) at 2.87 

11 
mp. 189-192' (dec.) (lit., mp. 208O, dec.). 

- Anal. Calcd for CI1Hl1NO3: C, 64.38; H, 5.40; N, 6.83. 

Found: C, 64.14; H, 5.14; N, 6.77. Mol wt 205 (mass 

spectrum). 

IR (nujol) N-H band at 3311 cm-l, C=O at 1639 cm-l 

(carboxylic acid). NMR (DMSO d,) 6 3-proton singlet at 

2.70 (C-CH3), 3-proton singlet at 3.81 (O-CH3), 3-proton 

multiplet at 6.70 to 7.62 (aromatic) and 2-proton br0a.d 

singlet (exchangeable with D 2 0 )  at 11.56 (;N-H + -C02H). 
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A.  S. KATNER 

5,6-Methylenedioxy-3-indolecarboxylic A c i d .  

7 
mp. 215-127' ( d e c . )  ( l i t . ,  mp. 239-240° ,  d e c . ) .  

Anal. C a l c d  f o r  C , D H 7 N 0 , + :  C ,  5 8 . 5 4 ;  H ,  3 . 4 4 ;  N ,  6 . 8 3 .  

Found:  C ,  5 8 . 4 5 ;  H ,  3 .46;  N ,  6 . 5 9 .  Mol w t  2 0 5  (mass 

s p e c t r u m ) .  
-1 

I R  ( n u j o l )  N-H band  a t  3400 c m - l ,  C = O  a t  1 6 4 2  cm . 
N M R  (DMSO d g )  6 2 - p r o t o n  s i n g l e t  a t  6 . 0 2  (-O-CH2-0-), 1- 

p r o t o n  s i n g l e t  a t  7 . 0 5  ( c - 4  p r o t o n ) ,  1 - p r o t o n  s i n g l e t  a t  

7 . 5 0  ( C - 7  p r o t o n ) ,  1 - p r o t o n  d o u b l e t  ( J  = 3 H z )  a t  7 . 8 9  (C-2 

p r o t o n ) ,  and  2 - p r o t o n  b r o a d  s i n g l e t  ( e x c h a n g e a b l e  w i t h  D 2 0 )  

a t  1 1 . 6 2  ( T N - H  + C02H) .  
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