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Condensation of f l -benzoyl-  and f l - toluylaeryl ic  acids with indole and its derivative gave 
P-benzoy l -  and f l - to luyl-a-(3- indolyl )propiontc  acids and their  derivatives.  

Indole and its derivatives r eac t  with unsaturated compounds in which the double bond is activated by 
conjugation with one or severa l  e lec t ron-accep tor  groups.  The react ion with some monosubstttuted and 
a ,f i-disubstituted ethylenes,  for example,  with n i t ros tyrene  and ehalcone, proceeds at the C (3) a tom of the 
indole r ing in the presence  of acid catalysts  [1-5]. Attempts to obtain adducts of [ndole with cinnamic acid 
and some other a , f i -d isubst i tu ted olefins under the same conditions were unsuccessful  [6]. Consequently, 
the success  of the react ion depends on the nature of the substituting groups that promote  e lectron depletion 
of the ethylene bond. 

The a im of our investigation was to study the nncleophilic addition of indole and its derivatives to the 
a ,f l-disubstituted double bond o f /~ -a roy lae ry l i c  acids. 

The r e s e a r c h  of a number of invest igators has shown that in the case of olefins with unsymmetr ica l  
s t ruc tures  the orientation of nucleophilic attack is determined by the relat ive stabili ty of the intermediately 
formed earbantons,  and an unambiguous direction of at tack of a nucleophilic agent to give a earbanion of the 
aeetophenone type [7] has been established for a roy lac ry l i c  acids. 

In the react ion of indole and its derivatives with f i -a roy lacry l tc  acids one might s imi la r ly  expect the 
intermediate formation of a zwttterton cr complex that is subsequently stabil ized to the corresponding fi- 
a r o y l - a  - (3-tndolyl)propionic acid. 

I 
R' 

When benzoylacryl ic  and p- to luylacryl ic  acids a re  refluxed in benzene, in the absence of cata lys ts ,  
with indole and its der ivat ives ,  f l - a roy l -a - indo lyprop ion ic  acids are  formed in sa t i s fac tory  yields (Table 1). 
The LR spec t ra  of the la t ter  contain absorption bands charac te r i s t i c  for an acid carbonyl group at 1700 
em -t  and for a carbonyl group conjugated with an a romat ic  r ing  at 1670-1680 cm -t. 

The UV spec t ra  of f i -benzoy l -a - subs t i tu ted  propionic acids (A max 280 nm, ~ rain 265 nm) differ sub- 
stanttal ly f rom the spec t ra  of f i - t o h y l - a - s u b s t i t u t e d  proptonic acids (~. max 255 am, ~ rain 235 nm). 
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T A B L E  1. a - R ' - f l - A r o y l p r o p i o n i c  Ac ids  RCCH~C~(R')COOClt3 
II 

O 

CsHs 
C~H~ 
C6H~ 

C~Hs 

C~Hs 

p-CHaC~H4 
p-CHsC6H~ 
p-CHzCaH4 

p-CH3CsH4 
p-CHzC~H~ 

3 -Indolyl 66 
1-Methyl-3-indoly] 
1-'(~-Cyanoethyl)- 6 

3 -indolyl 
2- Methyl-3-indoly] 0,2 

1,2-D imethyl- 5 - 0,2 
methoxy-34nd olyll 

3-Indolyl ! 12 
1-Meth~)l-3-indolyl112 
1-(~-Cyanoethyr}-! 12 

8 -indolyl I 
2,-Methyl-3-indolyl! 0,2 
1,2-Dimethyl-5- '0,2 
methoxy-34ndolyl I 

150 
137 
170 

145-- I 
--147 

180 

260 
185 
178 

190 
123 

Empirical 
formula 

CIsHIsNO3 
C19HITNO3 
C21HI8N~O3 

CIgHIrNO3 

C21H2tNO4 

C~gHtTNO3 
C2oH~gNO~ 
C22H2oN203 

C2oHlgNO3 
C2~H23NO4 

Found, % Calc., % 

C H i N  C [ H  [ N 

i i ' ] i i , 74,1 4,8 4,6173,7 J5,2 4,8 
74,0 5 515,0 74,2 !s,6 4,6 

72,8 8,1 73,1 ] 5,5 7,9 ! 15,2 

73,9 !5,7 i4,7174,2 5,6 !4,5 

71,6 [57 142 , 71,8 ! 6,0 4,0 

74,1 i 5,9 J 4,9 ' 74,2 ! 5,6 ; 4,6 
74,9 5,6 ~ 4,4 174,8 i 5,9 ~ 4,6 
72,9 1 5,3 : 7,7,73,3 5,6 7,8 

74,8 !63 i4,5 ]74,7 5,9 4,3 
I ' I 72,6,6,5 3,5'72,3 6,3,3,8 
I ' i 

t ' i I 

@- 

41 
55 
42 

55 

80 

98 
99 
99 

81 
87 

In o r d e r  to d e t e r m i n e  the  s i t e  of  a d d i t i o n  of  tndole  we c a r r i e d  out  the  d e c a r b o x y l a t i o n  o f / 3 - b e n z o y l -  
a - ( 3 - i n d o l y l ) p r o p i o n i c  a c i d  to the  ke tone ,  the  s t r u c t u r e  of  wh ich  could  be  r e p r e s e n t e d  b y  the fo l lowing  f o r -  
mulas ,  depending on the s t r u c t u r e  of  the s t a r t i n g  ac id :  

( /  \ ) - -c- -ef t - -El l  3 

t i  

I I I  

The f o r m a t i o n  of  II  is nega ted  by  the PMR s p e c t r a  (the absence  of  a CH 3 group).  Thus ,  tndole adds to the 
a - c a r b o n  a t o m  of f i - b e n z o y l a c r y l i c  ac id  in a c c o r d a n c e  with the s c h e m e  p r e s e n t e d  above.  

The methy l  e s t e r s  w e r e  obta ined f r o m  the s y n t h e s i z e d  ac ids .  I n a s m u c h  as the p robab i l i t y  of  the f o r -  
mut ton of a d imer  and t r t m e r  of  indole under  the influence of f i - a r o y l a c r y l i c  ac ids  is not  excluded,  we r e a l -  
ized the syn thes i s  of  methyl  f i - b e n z o y l - a - ( 3 - [ n d o l y l ) p r o p i o n a t e  f r o m  methyl  f i - b e n z o y l a c r y l a t e  and [ndole: 

It 

The f o r m a t i o n  of the methyl  e s t e r s  was  c o n f i r m e d  by m a s s - s p e c t r a l  de t e rmina t i on  of the mo lecu l a r  
weights .  The IR s p e c t r a  of  the e s t e r s  contain  abso rp t ion  bands c h a r a c t e r i s t i c  fo r  a conjugated  ca rbony l  
g roup  at 1720-1730 c m  -1 and for  a ca rbony l  g roup  conjugated  with an a r o m a t i c  r i ng  at 1670-1680 c m  -1 [8]. 

Condensa t ion  of  a - k e t o  ac ids  with h y d r a z i n e  hyd ra t e  gave 6 -pheny l -  and 6 - ( p - t o l y l ) - 4 - s u b s t i t u t e d  
2 , 3 , 4 , 5 - t e t r a h y d r o - 3 - p y r t d a z i n o n e s ,  the IR s p e c t r a  of which conta in  abso rp t i on  bands c h a r a c t e r i s t i c  for  a 
ca rbony l  g roup  in a py r idaz ine  s y s t e m  (1600-1680 cm- i ) .  

N--NH 
R C ~ i l t 4 - - U = O  

R , . t ~  fR"' I 
R" 

A c c o r d i n g  to the r e s u l t s  of p r e l i m i n a r y  t e s t s ,  the sod ium sa l t s  of  the s y n t h e s i z e d  ac ids  have g i b b e r -  
e l l in - l tke  ac t iv i ty  in doses  of  0.1 m g / m l .  They  do not have aux in- l ike  ac t iv i ty .  

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

The s y n t h e s i z e d  ac ids  w e r e  c h r o m a t o g r a p h e d  on S[lufol in a c e t o n e - c h l o r o f o r m  (1 :2) .  The I:R s p e c -  
t r a  of mine ra l  oil suspens ions  w e r e  r e c o r d e d  with a UR-10  s p e c t r o m e t e r .  The UV s p e c t r a  w e r e  obta ined 
with an S F - 4  s p e c t r o p h o t o m e t e r .  The PM:R s p e c t r a  w e r e  r e c o r d e d  with a Var ian  s p e c t r o m e t e r  (60 MHz). 
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T A B L E  2. Methy l  a - R ' - f i - A r o y l p r o p i o n a t e s  

i / i I l * -  Em irical ~ Found, % Calc., % / R' %P' / P formula - - T - -  I o 

r 

.3-Indolyl 115 CIoHt;NOa 74,615.0 4,8 742 5,6 4,6 77 
:l-Methyl-3-indolyl 103 C..oH,~NOa 72,3,58 4,! 72,8 6,0 -t4 83 
':l-(l~-Cyanoethyl)-a-indolyl 109 C~2H~0N~Oa 73,7 5,8 7,4 73,3 5,6 7,8 75 
2-Methyl-3-indolyl 50 C~oH~gNOa 74,8,5,9 4,4 74,8 5,9 4,4 43 
1,2-Dimethyl..5-methoxy- 128 C22H~aNO4 72,4,6,3 3,8 72,3 6,3 3,8 44 

' 3-indolyl 
3-Indolyl 139 C~0H19NOa 74,5 5,9 4,3 73,8 6,0 4,4 86 
]l-Methyl-3-indolyl 117 C~H~NOa 75,1 5,9 4,2 75,2 6,3 4,2 89 

II -(B-Cyanoethyl)-34ndolyl III C~aHs=N=Oa 73,9 5,67,2 73,8 5,9 7,5 90 
3-Methyl-3-indolyl 81 C21H~:NOa 75,5 6,7'4,5 75,2 6,3 4,2 50 

,1,2-Dimethyl-5-methoxy- 154 CeaHesNO4 72,5 6,63,9 72,8 6,6:3,7 48 
i 3-indolyl 

C6H5 
C6H~ 
C~H~ 
C6H~ 
C~H~ 

p-CH~C~H~ 
p-CHaC6H~ 
p-CHaC6H4 
p-CHaC6H4 
p-CHsC6H~ 

T A B L E  3. 6 - . R - 4 - R ' - 2 , 3 , 4 , 5 - T e t r a h y d r o - 3 - p y r [ d a z i n o n e s  
N--NH 

tg, 
I 

C6Hs 13-Indolyl 1 202 
C6H5 { 1-Methyl-3-indolyl 1216 
C~H~ i 1-(~-Cyanoethyl)-34ndolyl 1208 
C6H5 ,2-Methyl-3-indolyl ! 174 C6H5 i 1,2-Dimethyl4-methoxy- { 196 

i 3-indolvl i 
p-CH3C6H4 ',3-Indoly'l . , 1250 
p-CHaC6H4 [ 1-Methyl-3-inamyl 245 
p-CHaC6H4 1-(5-Cyanoethyl)-34ndolyl 237 
p-CHaC6H4 / 2-Methyl-3-indolyl 1256 
p-CHaC6H4 il,2-Dimethyl-5-methoxy-: 216 

(3-indolyl ! 

Empirical 
formula 

C~sHIsN30 
CIgHITNaO 
C21HIsN40 
C[gHIrN30 
C~lH21N302 

Found, 

ciH 
ii I 

74,9' 5,2 
74,115,9 
74,515,2 
75,1! 5,4 

,73,0 5,9 

ClgHIrN~O 75,3;' 6,1 
C2oH~gNaO i75,4 6,0 
C22H2oN40 73,815,7 
C20HLgN~O 175,7' 6.4 
CnH23,N302 173,5! 6,5 

/ t 

14,4' 74,9 '5.2! 14,5'82 
14,21 75,2' 5:6 ': 13,9 98 
16,6i 74,7 , 5,3 116,5 88 
13,7, 75,2 ! 5,6 i 13,8 81 
11,7 72,6 ,6,1 ~12,1 61 

1 3 , 9 ; 7 5 , 2 i 5 , 6  13,9i97 
13,2i 75,7 ' 6,0 13,2~ 35 
15,7 74,1 ,5,7 15,7,90 
13,4 75,7 6,l 13,2157 
11,8'73,1 6,4 11,6; 6 

fl-Aroyl-a-(.3-indoly!)propionic Acid_ A mixture of 1.17 g (0.01 mole) of [ndole and 0.01 mole of 
aroylacrylic acid in i0 ml of dry benzene was heated on a water bath for 0.5-12 h. The resulting precip- 
itate was removed by filtration and dissolved in 5% sodium hydroxide solution. The sodium hydroxide solu- 
tion was then filtered to remove impurities, and the filtrate was treated with dilute HC1 to precipitate the 
product, which was washed with hot benzene. 

The products of condensation with substituted [ndoles were similarly obtained and purified by reerys- 

tallization from benzene (Table I). 

Decarboxylation of/3-Benzoyl-a-(3-indolyl)propionic Acid. A 2.93-g (0.01 mole) sample of/3-ben- 
zoyl-a-(3-[ndolyl)propionic acid was added to 20 ml of glycerol heated to 140 ~ The mixture was then 
heated at 150-160 ~ for 10-15 min to complete the decarboxylation. A transparent solution formed during 
the heating period. Water (70 ml) was added to it, and the following day the resulting phenyl /3-(3-[ndolyl)- 
ethyl ketone was removed by filtration to give 2.3 g (79%) of a product with mp 121-122 ~ (benzene) and R/ 
0.42. LR spectrum: 1674 cm -i (C =O). The doublet of a methyl group was not detected in the PMR spec- 
trum (pyridine). Found: C 81.5; H 6.1; N 5.3%. CI7HIsNO. Calculated: C 81.9; H 6.11; N 5.6~. The ox[me 
was obtained as cream-colored crystals with mp 172 ~ Found: N 10.4%. CnHI6N20. Calculated: N I0.6%. 

Methyl fl-Aroyl-.(3-indolyl)propionates. A) A 10-ml sample of a 0.5% solution of hydrogen chloride 
in methanol was added to 0.05 mole of the appropriate /3-aroyl-a-(3-indolyl)propionic acid, and the mixture 
was a/lowed to stand at room temperature for a few days. It was then heated on a water bath for 1 h, after 
which it was cooled and poured into water. The resulting precipitate was removed by filtration, dried, and 
recrystallized from ethanol, or the methanol was evaporated, and the residue was recrystallized from dilute 

ethanol (Table 2). 

B) A 0.58-g (0.005 mole) sample of indole and 10 ml of benzene were added to 0.005 mole of the 
methyl ester of the appropriate fl-aroylacrylic acid, and the mixture was refluxed for 6 h. The resulting 
precipitate was removed by filtration, washed with dry ether, and recrystallized from dilute ethanol. 
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. 6 -Ary l -4 -R ' -2 ,3 ,4 ,5 - t e t r ahyd ro -3 -py r [daz inones .  A mixture  of 0.005 mole of the appropr ia t e  
f l - a roy l - a - (3 - indo ly l )p rop ion [c  acid and 4 ml of 80~ hydrazine  hydrate  was heated on a wa te r  bath for 2-4 
h. The resu l t ing  p rec ip i t a te  was washed with hot alcohol or  r e c r y s t a l l [ z e d  f r o m  alcohol (Table 3). 
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