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3-Indolylalkanoic  acids  {11I) w e r e  obtained f rom 3-acyl indoles  (I) under  the conditions of the 
Wi l l ge rod t -K i nd l e r  react ion.  The reac t iv i ty  of I fa l ls  as the chain lengthens and 3 - c a p r o y l -  
indole does  not undergo reac t ion .  Removal  of the carbonyl  group away f r o m  the indole r ing 
p r o m o t e s  the convers ion  of the ketones  to III. Sulfur-containing compounds,  the s t ruc tu re  of 
which was studied, were  isola ted along with the in te rmedia te  products  - th iomorphol ides  of 
indolylalkanoic ac ids  (II). 

The l i t e r a t u r e  contains con t rad ic to ry  data on the Wil lgerodt - -Kindler  reac t ion  in the indole s e r i e s .  
The re  a r e  data [2, 3] indicating that ketones  of the I type cannot be  conver ted  to acids  e i ther  under  the con- 
ditions of the Willgerodt reac t ion  or  under  those of the Kindler  modification,  although N-subst i tu ted  ketones 
r eac t  normal ly .  Substi tuents  in the 2 posi t ion of the indole r ing do not in te r fe re  with the reac t ion  [4]. Re-  
cently, when we w e r e  unable to obtain p r e l i m i n a r y  pos i t ive  r e su l t s  in expe r imen t s  with 3-acetyl indole ,  t he re  
appeared  a r epo r t  r egard ing  the synthes is  of heteroauxin f r o m  3-acetyl indole  via the Wi l l ge rod t -K in d l e r  
reac t ion  [5]. 

We c a r r i e d  out the reac t ion  under  va r ious  conditions. Pronounced res in i f i ca t ion  occur red  at e levated 
t e m p e r a t u r e s  (180-200 ~ and on prolonged heating, and the acids were  obtained in ve ry  low yields .  The r e -  
action p roceeds  cons iderably  be t t e r  at the boiling point of morphol ine  and when the ra t io  of ketone to su l -  
fur  to morphol ine  is 1 : 2 : 2. Acids ITI (n= 1-4) were  obtained in yie lds  of 30, 21, 14, and 1%, respec t ive ly ,  
f r o m  the cor responding  ketones .  In the case  of 3-eaproyl indole ,  we isolated only the s tar t ing  ketone f r o m  
the mix tu re  at the end of the reac t ion .  Thus the known pr inc ip le  for  the Willgerodt r e a c t i o n -  that the de -  
g r ee  of convers ion  of ke tones  to acids  d e c r e a s e s  as  the chain lengthens - is  a lso  obse rved  in the indole 
s e r i e s .  
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I t  was also of interest to ascertain how the position of the earbonyl group relative to the indole ring 
af fec ts  the reac t iv i ty  of the ketone. We found that 4- (3- indolyl )butyr ic  acid is obtained f r o m  skatylacetone  
(IV) in 40-48% yield, a yield that i s  t h ree  t imes  that obtained in the case  of the reac t ion  I ( n = 3 ) ~ I I I  (n=3), 
and even somewhat  b e t t e r  than f o r  heteroauxin.  The r e m o v a l  of the earbonyl  group away f r o m  the r i n g p r o b -  
ably has  a f avorab le  effect  on the convers ion  of 3-indolyl  alkyl  ketones  to acids,  

* See [1] for  communicat ion  LXXXIV. 
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Acids III we re  identified by de te rmina t ions  of the mel t ing  points of m ix tu r e s  of the products  with gen-  
uine s amples  of the acids and by compar i son  of the i r  IR spec t ra .  

T h i n - l a y e r  ch romatography  (TLC) was used  to es tab l i sh  that a mix tu re  of products  is fo rmed  in the 
reac t ion  of the ketones  with su l fur  and morphol ine .  In a number  of cases ,  the mix tu r e s  could be  sepa ra t ed  
with columns filled with a luminum oxide. We isola ted th iomorphol ides  II  (n= 1-3), the s ta r t ing  ketones,  and 
sul fur -conta in ing compounds, the s t r u c t u r e s  of wh ichwi l lbe  repor ted  la te r .  

In connection with the fact  that t he re  is a r epo r t  regard ing  the tuberculos ta t ic  act ivi ty  of 3- indolyl -  
carboxyl ic  acid th iomorphol ide  [6], t e s t s  of the th iomorphol ides  that we obtained were  made  in the S. Ord-  
zhonikidze All-Union Sc i en t i f i c -Resea rch  P h a r m a c e u t i c a l  Chemis t ry  Institute in the L a b o r a t o r y  of G. N. 
Pe r sh in  by our  old c o - w o r k e r  T. N. Zykova (whom we thank). However ,  it was found that they do not have 
apprec iab le  tuberculos ta t ic  act ivi ty.  

E X P E R I M E N T A  L 

3-Acetyl indole  was obtained by the Saxton method [7], 3-propionyl indole  and 3 -bu ty ry l - ,  3 - v a l e r y l - ,  
and 3-caproyl indole  we re  obtained by the Oddo method [8], and skatylacetone  was obtained by the Holland 
method [9]. The W i l l g e r o d t - K i n d l e r  reac t ion  and the isolat ion of the acid th iomorphol ides  we re  c a r r i e d  
out by the methods  desc r ibed  below. The IR spec t ra  of m i n e r a l  oil suspens ions  were  r eco rded  with a UR- 
20 spec t ropho tomete r .  Activi ty-II  a luminum oxide was used for  the chromatography ,  while Silufol p la tes  
with a fixed l aye r  we re  used f o r  TLC. 

3-Indolyla lkanoic  Acids 0II). A 0 .02-g-a tom sample  of f inely pulver ized  sul fur  was added to a cooled 
suspension obtained f r o m  0.01 mole  of the ketone and 0.02 mo le  of d ry  f r e sh ly  dis t i l led morphol ine ,  and the 
mix tu re  was heated at  the boiling point of morphol ine  (bath t e m p e r a t u r e  140-142 ~ for  4 h. It was then cooled 
to room t e m p e r a t u r e  and ex t rac ted  with ch lo ro fo rm (three 50-ml port ions) .  The ex t rac t  was washed With 
50 ml  of hydrochlor ic  acid (1 : 5), wa te r  (50 ml), 10% NaOH solution, and w a t e r  until it was neutra l  to uni-  
v e r s a l  paper .  It was then d r i ed  o v e r  CaC12, and the solvent  was r emoved  at  reduced p r e s s u r e .  

The d a r k - b r o w n  res idue  was mixed with 20 m l  of 20% NaOH and 10 m l  of ethanol, and the mix tu re  
was ref luxed fo r  10-12 h. The ethanol was then removed  by disti l lation, and 30 ml  of wa t e r  was added to 
the res idue .  The ice -cooled  (1 : 1) solution was carefu l ly  acidified with hydrochlor ic  acid to pH 2-3 and a l -  
lowed to stand for  s eve ra l  hours  in the cold. The resul t ing  p rec ip i t a te  was r emoved  by f i l t ra t ion  to give 
the following compounds: 3- indolylacet ic  acid with mp 163-164 ~ (rap 164 ~ [10]), 3-(3- indolyl)propionic  acid 
with m p  132-133 ~ (mp 134 ~ [10]), 4 - (3- indoly l )butyr ic  acid with mp 122-123 ~ (rap 124 ~ [10]), and 5- (3- indolyl)- 
v a l e r i c  acid with mp 103-105 ~ (rap 105=107 ~ [10]). 

Indolylalkanoic Acid Thiomorphol ides  (II). The reac t ion  m a s s  remain ing  a f t e r  ca r ry ing  out the f i r s t  
s tep of the reac t ion  and r e m o v a l  of the solvent  by dis t i l la t ion was chromatographed  with a column filled 
with a luminum oxide with an a d s o r b e n t - r e a c t i o n  product  ra t io  of 30: 1. Elution with h e p t a n e - b e n z e n e  (4 : 1) 
or  heptmle gave  a smal l  amount of an oily subs tance  followed by the thiomorpholides;  the crude products  
we re  r e c r y s t a l l i z e d  f r o m  ethanol. 

3-Indolylacet ic  Acid Thiomorphol ide  (II, n = l ) .  This  compound, with mp 156-157 ~ and R f  0.47 [ben- 
z e n e - a c e t o n e  (4:1)],  was obtained in 25% yield. Found: C 64.6; H 6.2; N 11.1; S 12.8%. C14HI16N2OS. Cal-  
culated: C 64.6; H 6.1; N 10.7; S 12.3%. 

3-(3-Indolyl)propionic  Acid Thiomorphol ide  (]I, n=2).  This  compound, with mp  115-116 ~ and R f  0.53 
[ b e n z e n e - a c e t o n e  (5: 1)], was obtained in 22.2% yield. Found: C 65.7; H 6.3; N 10.7; S 11.9%. C15I-I18N2OS. 
Calculated: C 65.7; H 6.7; N 10.1; S 11.6%. 

4- (3- Indoly l )butyr ie  Acid Thiomorphol ide  (E, n= 3). This  compound, with mp 86-87 ~ and R/  0.47 [ben:- 
z e n e - a c e t o n e  (4: 1)], was obtained in 9.7% yield.  Found: C 66.7; H 6.9; N 9.2; S 11.1%. C16H20N2OS. Cal-  
culated: C 66.6; H 6.9; N 9.7; S 11.1%. 
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