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E s t e r s  w e r e  obtained in s a t i s f a c t o r y  yields  by r eac t ion  of w-(3- indolyl)a lkanoic  acids  with 
a l iphat ic  a lcohols  of va r ious  s t r u c t u r e s  in the p r e s e n c e  of KU-2 and KU-36 sulfonate ca -  
t ion-exchange  r e s  ins. 

E s t e r s  of indolylatkanoic acids  a r e  of cons iderab le  in te res t  as  p lan t -growth  s t imula to r s .  They a r e  
usual ly  obtained by e s t e r i f i ca t ion  of organic  acids  with alcohols  in the p r e sence  of acid  ca ta lys t s  (for ex-  
ample ,  see  [2, 3]). However ,  in the p r e s e n c e  of m i n e r a l  acids  indolylalkanoic ac ids  undergo a number  of 
t r a n s f o r m a t i o n s ,  as a consequence of which the yields  fall .  Thus,  in the  e s t e r i f i ca t ion  of 3- indolylacet ic ,  
f l - (3- indolyl)propionic ,  and 7- (3 - indo ly l )bu tyr ic  acids  in the p r e sence  of sulfur ic  acid the yields  of e s t e r s  
b a s e d  on the crude  products  a re  80-90%, but they fall  sha rp ly  to 55-60% as a r e su l t  of purif icat ion.  The 
reac t ion  does not take place in the p re sence  of neut ra l  ca ta lys t s  or  meta l  halides [4]. 

Our expe r imen t s  have shown that  indolylacetic acid  r e ac t s  with ethanol in the p r e s e n c e  of KU-2 to 
give the e s t e r  in quant i ta t ive yield. It is appa ren t  f r o m  Fig.  t that  when the KU-2 ca t a lys t  is used b e t t e r  
r e s u l t s  a r e  achieved when 3 g of the ca ta lys t  pe r  0.02 mole  of the acid is used (curve 3). Moreover ,  equi- 
l ib r ium is r e a c h e d a f t e r  3 h with 99.8% convers ion  of the acid.  Be t te r  r e su l t s  a r e  not obtained when the 
amount: of ca t a lys t  is inc reased  to 4 g (curve 4) because  of a cce l e r a t i on  not only of the fo rward  but a l so  of 
the r e v e r s e  reac t ion .  Equi l ib r ium is es tab l i shed  in only 6 h when a s m a l l e r  amount  of the ca ta lys t  (2 g) is 
used (curve 2). The op t imum amount  of KU-2 ca ta lys t  for  the p repa ra t ion  of indolylacet ic  acid e s t e r  e s -  
tab l i shed  in this  way was a lso  applied to the KU-36-ca ta lyzed  synthes is  of e s t e r s  of f l -(3-indolyl)propionic 
and Y-(3- indoly l )butyr ic  ac ids ,  inasmuch as  the exchange capac i t i e s  of the two r e s ins  differ  only slightly.  
Alcohols  of no rma l  s t ruc tu re  undergo reac t ion  with indolylalkanoic acids m o r e  rap id ly than  alcohols  with 
iso s t r u c t u r e s .  Although the r e s i n s  have approx ima te ly  equal exchange capac i t i es  (KU-2 E = 3.5, KU-36 
E = 3.0) the ac t iv i ty  of KU-36 proved  to be cons ide rab ly  weake r  than KU-2. The yie lds  of the e s t e r s  did not 
i nc rea se  even when the reac t ion  was c a r r i e d  out with s imul taneous  r e m o v a l  of the wa t e r  by dist i l lat ion.  
In addition, KU-36 has inc reased  r e s i s t a n c e  to t e m p e r a t u r e  but is not s table  with r e s p e c t  to organic  sol-  
vents  such as toluene.  Thus when the e s t e r i f i ca t ion  was c a r r i e d  out with benzyl  alcohol at  the boiling point 
of the r eac t ion  mix ture ,  the exchange capaci ty  and s t r u c t u r e  of the ca ta lys t  did not undergo signif icant  
changes  (E = 3.0 p r i o r  to the reac t ion ,  and E = 2.55 a f t e r  the react ion) .  However,  when the r e a c t i o n w a s  
c a r r i e d  out in the p re sence  of toluene as an a z e o t r o p e - f o r m i n g  solvent ,  the s t ruc tu re  of KU-36 changed 
marked ly .  The ca t a lys t  was conver t ed  to a fine powder,  and the exchange capaci ty  was reduced  to 0.925; 
this  indicates  des t ruc t ion  of the KU-36 ca ta lys t .  When the e s t e r i f i ca t ion  with lower  alcohols  was c a r r i e d  
out 10 t imes ,  the ca t a lys t  did not lose i t s  activity;  this  indicates  the poss ib i l i ty  of its r epea ted  use, w h e re -  
as  the aggrega te  s ta te  and the m ode ra t e  degree  of swelling of the ca ta lys t  in this s y s t e m  indicate r e a l i z a -  
t ion of the reac t ion  under  both per iodic  and continuous technological  conditions.  

* See [i] for communica t ion  CII. 
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TABLE i. ~ ( c . ~ . , ~ o o R  

H 

bp, ~C (ram) Empirical 
formula 

C2Hs 170--174 (9,3.10 -3) 
C2H5 188--195 (1.10 -2) 
C2Hs 215--B22 ( 1.10 -2) 
C~HT-n 1'85--206 (9,3-I0 -z) 
C3Hz-i i 190--215 (2,6:10 -3) 
C4H9 ~ 195--205 (0,2- I0 -2) 
C4Hg~te~ 200--215 (2,0.10 -3) 
CsHu-i 210--235 (I,02.10 -2) 
CH2C6H5 ! mp 133 ~ 

CI~Ht30~N 
CmHIsO~N 
C14H17OsN 
C,sHI902N 
CIsH190~N 
CmH~tO~N 
CmH~zO~N 
CtTH2~O~N 
CmHIgO~N 

* Data for  KU-2 a re  given in parentheses .  

fotlrl N'd % Yield, % based on 
I calc. KU-36* 

[ 
6,8 6,9 / 79,8 (97,5) 
6,5 6,4 ! 73,1 (98,2) 
6,1 6,0 88,0 (96,9} 
5,5 5,7 52,7 
5,6 5 ,7  ~,0 
5,2 5,4 ~,8 
5,6 5,4 35,4 
4,7 5,1 40,0 
4,8 4,8 27,7 
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Fig. i. 
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Time, h 
Relative act ivi ty  of KU-2 

as a function of the amount used 
in the es ter i f ica t ion of indolylace-  
tic acid with ethanol: 1) 1 g; 2) 
2 g ;  3) 3 g ;  4) 4 g .  

EXPERIMENTAL 

The IR spect ra  of minera l  oil suspensions of the compounds 
were  recorded  with a UR-20 spec t romete r .  

P repara t ion  of the Catalyst .  Commerc ia l  KU-2 and KU-36 in 
the salt  fo rm were  placed in an E r l enmeye r  f lask and covered with 
6% hydrochlor ic  acid solution. The mixtures  were allowed to stand 
for  24 h, af ter  which the acid form (H +) of the cat ion-exchange res in  
was sucked dry  with a Biichner funnel and washed with distilled 
water  until chloride ions were  no longer present  in the washings (as 
shown by tes ts  with a s i lver  ni trate solution). It was then washed 
with s e v e r a l  port ions of ethanol and dried on the funnel under 
vacuum; the product in this form was used as the catalyst .  

Es t e r s  of to-(3-Indolyl)alkanoic Acids {Table 1). A round- 
bottom flask equipped with a reflux condenser  was charged with 0.02 
mole of co-(3-indolyl)atkanoic acid, 35 ml of alcohol, and 3 g of 
KU-2 or  KU-36 catalyst .  

The mixture  was refluxed for  3 h, a f ter  which it was cooled to room tempera ture ,  and the cata lyst  
was removed  by fi l trat ion.  The es te r  was isolated f rom the f i l t rate  by the usual methods with allowance 
for  the nature and proper t ies  of the alcohol used in the reaction.  Lower  alcohols,  which a re  wa te r -  
soluble, were  removed  with water ,  while higher alcohols were  removed  by vacuum distillation. Benzyl 
T-(3- indolyl)butyrate  was isolated by dissolving the residue f rom tim react ion mixture,  af ter  removing 
the unchanged acid, in benzene (30 ml), and the benzyl e s t e r  was precipi tated f rom the result ing solution 
by the addition of pet roleum ether  (200 ml). Absorpt ion bands at 3340-3420 era-!  (pyrrole ring NH) and 
1720-1730 cm -I (ester  C=O) appear  in the IR spec t ra  of the e s t e r s  obtained. 
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