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A series of a - ,  t~-substituted l~-(3-indolyl) ketones was obtained by 
the react ion of  indote  with a ,  l~-unsamrated ketones in the presence 

of perchloric acid. 

A s tudy  of the r e a c t i o n s  of indole  with a ,  f i - u n s a t -  
u r a t e d  ke tones  (I) was  u n d e r t a k e n  with the a i m  of 
de ve l op ing  a p r o c e d u r e  for  obta in ing  f i - (3 - indo ly l )  
ke tones  s u b s t i t u t e d  in the  a -  a n d / 3 - p o s i t i o n s  with 
r e s p e c t  to the c a r b o n y l  g roup .  

The  l i t e r a t u r e  r e p o r t s  a s e r i e s  of i n v e s t i g a t i o n s  of 
the M i c h a e l  add i t ion  of indol ic  compounds  to an a c t i -  
va t ed  double  bond.  The  i n t e r a c t i o n s  of indole  wi th  
me thy l  v iny l  ke tone  [1, 2] and with v a r i o u s  a c r y l i c  a c id  
derivatives [3-5] were described. In most cases the 

reaction proceeded in an acetic acid solution in the 

presence of acetic anhydride. The addition of indole 

to mesityl oxide under the influence of hydrogen chlo- 

ride [6] has been reported, although the yield of the 

addition product was very low. 

It is known that substitution at the double bond 

significantly decreases the activity of the acceptor in 

the Michael reaction. Therefore we expected that the 

substitution of ketones (1) would require more rigorous 

conditions than those employed in the previously men- 

tioned publications. In fact, none of the ketones studied 

did react with indole under the influence of a mixture 

of a c e t i c  ac id  and a c e t i c  a nhyd r ide .  I t  might  have been  
expec t ed  that  s t r o n g  a c i d s  would i n c r e a s e s  the " e n -  
a m i n e  ac t iv i t y"  [7, 8] of the indole  nuc leus ,  with a 
consequen t  i n c r e a s e  in i ts  c a p a c i t y  to r e a c t  with an 
e l e c t r o p h i l i c  double  bond.  And in fac t ,  when a m i x t u r e  
of a - e t h y l e n e  ke tones  and indole  w e r e  t r e a t e d  with 
s t r o n g  m i n e r a l  a c id s ,  an add i t ion  r e a c t i o n  took p l ace  
with the f o r m a t i o n  of the expec t ed  adducts  (H- IX) .  
The  y i e ld  of t he se  adduc t s  i n c r e a s e d  p a r a l l e l  to the 
i n c r e a s e  in the s t r e n g t h  of the acid,  and r e a c h e d  a 
m a x i m u m  when HC1Q was  e m p l o y e d .  

By p r e s e n t i n g  e igh t  e x a m p l e s ,  this  p a p e r  wi l l  show 
the above r e a c t i o n  to be a p r a c t i c a l  me thod  fo r  obta ining 
a - / 3 - m o n o s u b s t i t u t e d ,  a s  we l l  as  a ,  fl and /3 , / 3 -d i sub -  
s t i t ued  f i - (3 - indo ly l )  ke tones .  T h e s e  compounds  w e r e  
s y n t h e s i z e d  by  the ac t ion  of a c a t a l y t i c  quant i ty  of 70% 
HC104 on a so lu t ion  of indole  in a s m a l l  e x c e s s  of an 
a - e t h y l e n e  ke tone .  S ince  the u n s a t u r a t e d  compounds  
used  v a r i e d  g r e a t l y  in t he i r  r e a c t i v i t y  to indole,  i t  
was n e c e s s a r y  to use  d i f f e r e n t  r e a c t i o n  condi t ions  to 
find those  m o s t  s u i t a b l e  for  each  ind iv idua l  c a s e .  
M o s t  of the indoIe ke tones  ob ta ined  w e r e  amorphous  
s u b s t a n c e s .  T h e y  w e r e  pu r i f i ed  by c h r o m a t o g r a p h y  on 
a l u m i n u m  oxide,  and then c o n v e r t e d  to c r y s t a l l i n e  
oximes. It was not p o s s i b l e  to obtain crystals of the 
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o x i m e  of 3 - m e t h y l - 4 - ( 3 ' - i n d o l y l ) p e n t a n e - 2 - o n e  (VII) ;  

i t  w a s  i d e n t i f i e d  i n s t e a d  b y  i t s  O - a c e t y l  d e r i v a t i v e ,  

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

in p y r i d i n e .  

EXPERIMENTAL 

2-Methyl-2-(a'-indolyl)pentan-4-one (II). To a solution of 11.7 
g (0.1 mole) of indole in 14.7 g (0.15 mole) of mesityl oxide, well 
stirred and heated to 80-85 ~ 1.2 g of 70~ HC104 was added at a rate 
such that the temperature remained below 95 ~ . This operation required 
30 rain. After cooling, water and ether were added to the red solution. 
The ethereal layer was separated and washed with a sodium bicarbonate 
solution. The residue left after distilling off the ether was chromato- 
graphed on aluminum oxide (activity grade III). The substance ob- 
tained by elntion with a mixture of petroleum ether and chloroform 
(1 : 1) was crystallized twice (carbon tetrachloride), mp 87-88~ the 
literature reports 86-88 = [6]. Found, %: C 78.9, 78.7; H 6.9, 7.1; 
N 6.9, 6,8. Calculated for C14HlsNO, %: C 78.9; H 7.0; N 6.6. 

2-Methyl-l-(a'-Indolyl)butan-a-one (VIII) was obtained similarly 
to (II) from indole and methyl isopropenyl ketone, mp 88-90 ~ (ben- 
zene-hexane). Found, %: C 77.5, 77.3; H 7.2, 7.3; N 7.0, 7.2. Cal- 
culated for C13H~sNO, %: C 77.6; H 7.5; N 7.0. 

9-Methyl-l-phenyl-l-(8 '- iadolyl)butan-a-one (IX). Obtained 
similarly to (II) from 7 g (0.06 mole) of indole and 13.6 g (0.09 mole) 
of 2-methyl- l -phenyl- t -butene-3-one-3,  mp 129-130 ~ (ethanol). 
Found, ~ C 82.2, 82.2; H 6.9, 6.7; N 5.1, 5.0. Calculated for 
CIsHzsNO, %: C 82.3; H 8.9; N 5.1. 

1,3-Diphenyl-a-(g'-indolyl)propan-l-one (V), To a well-stirred 
mixture of i0 g (0.048 mole) of benzylidene acetophenone and 3.8 g 
(0.033 mole) of indole at 80 =, 0.4 g of 70% HCIO4 was added. After 
15 minutes, the mixture was heated to 95 ~ To the hot solution, I0 ml 
benzene and I0 ml of a saturated sodium bicarbonate solution were 
added. The crystals which precipitated after cooling, were filtered 

off and carefully washed with benzene, mp 136-137 ~ (benzene). 

Found, %: C 85.1, 85.2; H 6.1, 6.1; N 3.9, 4.0. Calculated for 

CssHlgNO, %: C 84.9; H 5.9; N 4.3. 

Oxtmes of B-(3-indolyl) ketones, The remaining ketones were 
amorphous compounds, and were synthesized similarly to (II). The 
substances obtained after chromatographing the reaction mixture on 
aluminum oxide (1 : 1) were dissolved in a tenfold quantity of pyridine 
and ethanol, treated with the calculated quantity of hydroxylamine 
hydrochloride, and allowed to stand for 40-50 hm. The solution was 
then poured into water, and the oximes extracted with ether or ethyl 
acetate. Pyridine was removed from the organic layer by washing 
with 5% hydrochloric acid. After evaporation, the residue was crys- 
tallized from suitable solvent. The table summarizes the conditions 
for the synthesis, the yield of oximes, and the constants of the 
oximes. 
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