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SYNTHESIS OF 2-AROY L-4-CYANO-4-CARBETHOXY- 
1,3,5-TRI ARY LCY CLOHEXANOLS' 

* # #  
J .  L .  S o t o  , C .  Seoane ,  A .  M .  M a n s i l l a  a n d  M .  Q u i n t e i r o  

D e p a r t a m e n t o  d e  Q u i m i c a  O r g d n i c a .  F a c u l t a d  d e  Q u i m i c a .  

U n i v e r s i d a d  C o m p l u t e n s e .  M a d r i d - 3 .  S P A I N  

As r e p o r t e d  i n  p r e v i o u s  p a p e r s ,  1 -5  t h e  r e a c t i o n  o f  a , @ - u n -  

s a t u r a t e d  a r o m a t i c  k e t o n e s  b e a r i n g  a c y a n o  o r  c a r b e t h o x y g r o u p  

i n  t h e  a - p o s i t i o n  w i t h  a c t i v e  m e t h y l e n e  c o m p o u n d s ,  s u c h  a s  ma- 

l o n o n i t r i l e  o r  e t h y l  c y a n o a c e t a t e ,  a f f o r d s  6 - c y a n o k e t o n e s  w h i c h  

c y c l i z e  i n  t h e  b a s i c  m e d i u m  u s e d  f o r  t h e  a d d i t i o n  t o  g i v e  a 

2 - a m i n o - 4 H - p y r a n  w i t h  a c y a n o  o r  c a r b e t h o x y  g r o u p  a t  p o s i t i o n s  

3 a n d  5 .  

T h i s  p a p e r  r e p o r t s  t h e  r e s u l t s  o b t a i n e d  when c h a l c o n e s  a n d  

e t h y l  c y a n o a c e t a t e  a r e  u s e d  a s  r e a c t a n t s .  The  r e a c t i o n  proceeds 

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

p r e p a r a t i o n  o f  t h e  new 2-aroyl-4-cyano-4-carbethoxy-lY3,5-tria- 

r y l c y c l o h e x a n o l s  (111)  w h i c h  a r e  o b t a i n e d  i n  g o o d  y i e l d  a n d  

CN CO Et 

' T-l . I j  
I V  111 
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SOTO, SEOANE, MANSILLIA AND Q,UlNTEIRO 

are easily isolated in good purity. The ciclohexanols thus 

obtained are listed i n  Table 1 together with the microanaly- 

tical and physical data. 

The formation of cyclohexanols I 1 1  involves a double 

Michael addition of ethyl cyanoacetate (I) to two molecules of 

benzylideneacetophenone ( 1 1 )  to give the bis-adduct IV. This 

1,5-diketone undergoes a n  aldol intramolecular cyclization to 

the cyclohexanol I 1 1  which, unlike other cyclic aldols,6 does 

not dehydrates spontaneously. 

TABLE 1. Physical data of 2-Aroyl - 4 - c y a n o - 4 - c a r b e t h o x y - l , 3 , 5 -  
triarylcyclohexanols (III)a 

Cmpd. Ar Ar ' Yield mp El emental analysi s 

( % I  ("C) C H N c1 

IIIa 

I I I b  

IIIC 

IIId 

IIIe 

IIIf 

I I I g  

I I I h  

I I I i  

64 198-200 79.39 5.86 2.64 'gH5 'gH5 
(79.73)(5.78)(2.89) 

p-Cl C6H4 C6H5 49 204-206 70.23 4.85 2.34 11.3; 
( 6 9 . 8 1 ) ( 5 . 1 9 ) ( 2 . 3 6 ) ( 1 1 . 8 4 )  

p--ClC6H4 47b 211-213 70.23 4.85 2.34 11.87 
(70.02)(4.88)(2.17)(11.49) 

(79.91)(6.67)(2.49) 

(80.02)(6.25)(2.68) 

(75.39)(6.03)(2.43) 

'gH5 

p-MeC6H4 C6H5 59 164-166 79.71 6.28 2.51 

C6H5 L-MeC6H4 51 172-173 79.71 6.28 2.51 

p-MeOC6H4 C6H5 56 184-186 75.00 5.91 2.36 

p-MeOC6H4 49 162-164 75.00 5.91 2.36 

m-NO C H C H 50' 215-217 67.86 4.68 6.79 

'gH5 - 
(75.19)(5.88)(2.37) 

- 2 6 4  6 5  
(68.00)(4.74)(7.15) 

(68.06)(4.79)(7.14) 
E-N02C6H4 48' 218-219 67.86 4.68 6.79 'gH5 

a) Reaction time is 160 hrs unless otherwise stated. b) Reac- 

tion time: 30 h r s .  c) Reaction time: 20 hrs. 
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SYNTHESIS OF 2-AROYL-4-CYAN0-4-CARRRET€IOXY-1,3,5-TRIARYLCYCLOHEXA.NOLS 

The p r e s e n c e  o f  s t r o n g l y  a c t i v a t i n g  o r  d e a c t i v a t i n g  s u b s t 1  

t u e n t s  i n  t h e  a r o m a t i c  r i n g s  o f  t h e  s t a r t i n g  compounds  d o e s  

n o t  p r e v e n t  t h e  r e a c t i o n  a n d  t h e  s u b s t i t u e n t s  show l i t t l e  

i n f l u e n c e  o n  t h e  y i e l d .  H o w e v e r ,  t h e  r e a c t i o n  t i m e s  a r e s h o r t e r  

when t h e  a r o m a t i c  r i n g s  b e a r  a n  e l e c t r o n - w i t h d r a w i n g  s u b s t i t u e n t  

( T a b l e  l), p r o b a b l y  b e c a u s e  t h e  M i c h a e l  a d d i t i o n  i s  e a s i e r .  

The c a r b o n y l  s t r e t c h i n g  b a n d  o f  c y c l o h e x a n o l s  I 1 1  a p p e a r s  

a t  l o w  wave  number  ( a b o u t  1655 cm-') o w i n g  t o  t h e  f o r m a t i o n  o f  

a n  i n t r a m o l e c u l a r  h y d r o g e n  b o n d  w i t h  t h e  h y d r o x y l  g r o u p ,  

w h i c h  g i v e s  r i s e  t o  a b r o a d  b a n d  a t  3300-3500 ern-'. The f a c t  

t h a t  t h e  p o s i t i o n  o f  t h e  h y d r o x y l  a n d  c a r b o n y l  b a n d s  d o  n o t  

c h a n g e  w i t h  t h e  c o n c e n t r a t i o n  c o r r o b o r a t e s  t h i s  i n t r a m o l e c u l a r  

a s s o c i a t i o n .  The  1 3 C - N M R  s p e c t r u m  o f  I I I a  s h o w s ,  b e s i d e s  

c a r b e t h o x y  c a r b o n  a t  166.8 ppm a n d  t h e  s i x  a l i p h a t i c  c a r b o n s  

o f  t h e  c y c l o h e x a n e  r i n g ,  a c h a r a c t e r i s t i c  s i n g l e t  o f  t h e  c y a n o  

c a r b o n '  a t  116.97 ppm a n d  a c a r b o n y l  c a r b o n  a t  198.77 ppm, 

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

h y d r o g e n - b o n d e d  c a r b o n y l  o f  a n  a r o m a t i c  k e t o n e .  

7 

a 

10,ll 

The s t e r e o c h e m i c a l  c o n f i g u r a t i o n  o f  I I I a  c a n  b e  determined 
1 f r o m  a d e t a i l e d  s t u d y  o f  i t s  H - N M R  s p e c t r u m  i n  d e u t e r o c h l o r o -  

f o r m .  T h e  CH-CH2 m o i e t y  i s  a t h r e e  s p i n  A M X  s y s t e m  c o r r e s p o n -  

d i n g  t o  H b ,  Hc a n d  H d  a t  6 b  =2.25, 6c= 2.98 and Ad= 4.35 ppm(Jbc=  

13 Hz, J c d  = 14.5 Hz, Jbd = 3.5 Hz a n d  Jac = 2 H z ) ;  t h e  CH-CH 

m o i e t y  a p p e a r s  a s  a t w o  s p i n  A B  s y s t e m  d u e  t o  H e  a n d  H f  a t  

= 4.35 a n d  tif = 4.94 ppm ( J e f  = 1 2 . 5  H z ) .  The  c a r b e t h o x y  

g r o u p  g i v e s  r i s e  t o  a q u a r t e t  (3.70 ppm) a n d  a t r i p l e t  a t  0.67 

ppm ( J =  7.5 H z ) .  T h e  e q u a t o r i a l  p o s i t i o n  o f  t h e  c a r b e t h o x y  

g r o u p ,  s h i e l d e d  b y  t w o  p h e n y l  g r o u p s ,  s h o u l d  e x p l a i n  t h i s  
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SOT0 , SEOANE, MANSILLaA AND Q,UINTEIRO 

u n u s u a l l y  l o w  c h e m i c a l  s h i f t .  The h y d r o x y l  g r o u p  a p p e a r s  a s  a 

d o u b l e t  a t  5 . 3  ppm ( J a c =  2 H z ) .  The  i n t r a m o l e c u l a r  h y d r o g e n  

b o n d i n g  i s  r e s p o n s i b l e  f o r  t h e  r i g i d  W g e o m e t r y  b e t w e e n  H a  a n d  

H c  w h i c h  makes p o s s i b l e  t h e  l o n g  r a n g e  c o u p l i n g  o b s e r v e d  b e t -  

ween t h e s e  h y d r o g e n  a t o m s .  On a d d i t i o n  o f  TFA t h e  h y d r o x y l  

s i g n a l  d i s a p p e a r s  f r o m  t h e  s p e c t r u m  a n d  t h e  H a  - H c  c o u p l i n g  

d i s a p p e a r s  f r o m  t h e  m u l t i p l e t  a t  2 . 9 8  ppm. C o m p u t e r  s p i n  s i m u -  

l a t i o n  o f  t h e  'H-NMR s p e c t r u m  o f  a r e l a t e d  s t r u c t u r e  c o n f i r m s  

t h i s  l o n g  r a n g e  c o u p l i n g  b e t w e e n  a n  a x i a l  h y d r o x y l  h y d r o g e n  a n d  
12  a c o n t i g u o u s  a x i a l  h y d r o g e n ,  w i t h  a c o u p l i n g  c o n s t a n t  o f 2  H z .  

When I I I a  i s  t r e a t e d  w i t h  t h i o n y l  c h l o r i d e  i n  p y r i d i n e ,  

d e h y d r a t i o n  t a k e s  p l a c e .  The c a r b o n y l  b a n d  o f  t h e  r e s u l t i n g  

c y c l o h e x e n e  ( V )  ( v i n y l i c  h y d r o g e n  a t  6 . 0  ppm i n  t h e  ' H - N M R  

s p e c t r u m ) i n  w h i c h  no h y d r o g e n  b o n d  e x i s t s ,  s h i f t e d  1 6 7 0  cm-' .  

-Ph 

HC 

IIIa v 

The u n u s u a l  d e h y d r a t i o n  o f  I I I a  t o  a B , Y - u n s a t u r a t e d  

k e t o n e  r a t h e r  t h a n  a n  a , ~ - u n s a t u r a t e d  k e t o n e  c o u l d  be  accounted 

f o r  b y  s t e r i c  f a c t o r s .  I n  t h e  a , B - u n s a t u r a t e d  k e t o n e ,  a s  c a n  

b e  s e e n  i n  t h e  D r e i d i n g  m o d e l ,  t h e  s t e r i c  h i n d r a n c e  b e t w e e n  

t h e  b e n z o y l  a n d  t h e  c o n t i g u o u s  p h e n y l  g r o u p s  p r e v e n t s  t h e  
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SYNTHESIS OF 2-AR@YL-4-CYANO-4-CARRETHOXY-l,3,5-TRIARYLCYCLOHEXANOLS 

c o n j u g a t i o n  o f  t h e  e t h y l e n i c  d o u b l e  b o n d  w i t h  e i t h e r  t h e  p h e n y l  

g r o u p  o r  t h e  b e n z o y l  g r o u p .  H o w e v e r ,  c o n j u g a t i o n  o f  t h e  d o u b l e  

b o n d  w i t h  t h e  p h e n y l  g r o u p  i s  l e s s  h i n d e r e d  i n  t h e  a c t u a l l y  

o b t a i n e d  6 , ~ - u n s a t u r a t e d  compound ,  s i n c e  t h e  b e n z o y l  g r o u p  i s  

now n o t  c o m p e l l e d  t o  a n y  d e g r e e  o f  c o n j u g a t i o n .  

EXPERIMENTAL 

M e l t i n g  p o i n t s  w e r e  d e t e r m i n e d  w i t h  a B u c h i  a p p a r a t u s  i n  
c a p i l l a r y  t u b e s  a n d  a r e  u n c o r r e c t e d .  The  I R  s p e c t r a  w e r e  r e -  
c o r d e d  o n  a P e r k i n - E l m e r  257  a n d  P e r k i n - E l m e r  580 s p e c t r o -  
p h o t o m e t e r s .  The I H - N M R  s p e c t r a  w e r e  m e a s u r e d  w i t h  a V a r i a n  
T-60A a n d  t h e  13C-NMR s p e c t r a  w e r e  o b t a i n e d  i n  a V a r i a n  FT-80 .  
A V a r i a n  MAT-711 was u s e d  f o r  t h e  mass  s p e c t r a .  M i c r o a n a l y s i s  
w e r e  p e r f o r m e d  b y  C e n t r o  N a c i o n a l  d e  Q u i m i c a  O r g d n i c a  d e  Ma- 
d r i d .  The  r e a c t i o n s  w e r e  m o n i t o r e d  b y  TLC, p e r f o r m e d  o n  s i l i c a  
g e l  p l a t e s  w i t h  b e n z e n e / e t h y l  a c e t a t e  a s  t h e  e l u e n t .  E t h y l  
c y a n o a c e t a t e  was o b t a i n e d  f r o m  F l u k a  a n d  u s e d  w i t h o u t  f u r t h e r  
p u r i f i c a t i o n .  B e n z y l i d e n e a c e t o p h e n o n e  ( I I a )  was u r c h a s e d  f r o m  
M e r c k ,  I I b  was p r e p a r e d  a s  d e s c r i b e d  b y  
w e r e  p r e p a r e d  a s  r e p o r t e d  i n  r e f e r e n c e . l l  4 - N i  t r o b e n z y l  i d e n e -  
a c e t o p h e n o n e  (IIi) was o b t a i n e d  a s  d s c r i b e d  b y  Weygand .15  The  
p r o c e d u r e s  o f  S t a u d i n g e r l 6  a n d  Sorge!7 w e r e  e m p l o y e d  f o r  t h e  
p r e p a r a t i o n  o f  I I g  a n d  I f h .  

2-Aroyl-4-cyano-4-carbethoxy-ly3,5-triarylcyclohexanols ( 1 1 1 ) .  

G e n e r a l  p r o c e d u r e . -  E t h y l  c y a n o a c e t a t e  (I) ( 0 . 0 0 5  m o l e )  a n d  

t h e  a p p r o p r i a t e  b e n z y l i d e n e a c e t o p h e n o n e  I 1  ( 0 . 0 0 5  m o l e )  a r e  
d i s s o l v e d  i n  30 m l  o f  d r y  e t h a n o l .  A f e w  d r o p s  o f  p i p e r i d i n e  

a r e  a d d e d  a n d  t h e  m i x t u r e  i s  h e a t e d  t o  r e f l u x .  A f e w  d r o p s  o f  
p i p e r i d i n e  a r e  a d d e d  a n d  t h e  m i x t u r e  i s  h e a t e d  t o  r e f l u x .  When 

TLC shows t h a t  t h e  s t a r t i n g  m a t e r i a l s  a r e  e x h a u s t e d  ( 2 0 - 1 6 0  

h r s ) ,  t h e  r e a c t i o n  m i x t u r e  i s  a l l o w e d  t o  c o o l  t o  r o o m  t e m p e -  

r a t u r e .  The c y c l o h e x a n o l s  I 1 1  p r e c i p i t a t e  a s  c o l o r l e s s  c r y s t a l s  

i n  g o o d  p u r i t y  a n d  a r e  c o l l e c t e d  b y  s u c t i o n  f i l t r a t i o n .  F u r t h e r  
p u r i f i c a t i o n  i s  a c h i e v e d  b y  r e c r y s t a l l i z a t i o n  i n  e t h a n o l .  I n  

some c a s e s  t h e  p r e c i p i t a t i o n  b e g i n s  d u r i n g  t h e  r e f l u x .  T h e  

p h y s i c a l ,  a n a l y t i c a l  a n d  s p e c t r a l  d a t a  o f  t h e s e  compounds  a r e  

s u m m a r i z e d  i n  T a b l e s  1 a n d  2 .  

a l t h e r , y 3  I I c - I I f  

6-Benzoyl-4-cyano-4-carbethoxy-ly3,5-triphenylcyclohexene ( V ) .  

I n  a t w o  n e c k e d  f l a s k  e q u i p p e d  w i t h  a r e f l u x  c o n d e n s e r  i s  p l a -  

c e d  a s o l u t i o n  o f  0 .001  m o l e  o f  I I I a  i n  t h e  m i n i m a l  a m o u n t  o f  
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SOTO, SEOANE, MANSILtZtA AND QUINTELRO 

TABLE 2 .  S p e c t r o s c o p i c  d a t a  o f  2 - A r o y l - 4 - c y a n o - 4 - c a r b e t h o x y -  

1 ,3,5-triarylcyclohexanols ( 1 1 1 ) .  

P I M R ~  I R b  

~~ ~~ ~~~ 

III~ 6.80-7.80 5.30 4.94 4.35 3.70 2.98 2.25 0.67 1655 2 m e  

I I I b  6.80-7.50 5.60 4.55 4.05 3.90 3.00 2.00 0.90 1655 2230 

IIIC 6.90-7.50 5.70 4.50 4.05 3.90 3.00 2.00 0.85 1660 2240 

I I I d  6.80-7.50 5.40 4.50 4.05 3.80 3.05 2.05 0.90 1655 2230 

I I I e  6.65-7.40 5.40 4.45 4.10 3.75 3.00 2.05 0.80 1660 2250 

IIIf 6.45-7.50 5.45 4.50 4.15 3.85 3.05 2.00 0.90 1645 2220 

I I I g  6.40-7.40 5.40 4.50 4.15 3.80 3.00 2.00 0.85 1655 2250 

I I I h  6.80-8.15 5.75 4.60 4.15 3.90 3.10 2.05 0.90 1645 2230 

IIIi 7.00-7.90 6.15 4.60 4.15 3.90 3.10 2.05 0.90 1670 2200 

a )  O b t a i n e d  i n  DMSO-d6 u n l e s s  o t h e r w i s e  s t a t e d  a n d  r e p o r t e d  i n  

6 v a l u e s  a g a i n s t  TMS a s  t h e  i n t e r n a l  s t a n d a r d .  I f  t h e  NMR 

s p e c t r a  a r e  r e c o r d e d  i n  c r u d e  compounds ,  c o n t a m i n a t i o n  w i t h  

s e v e r a l  s t e r e o i s o m e r s  c a n  b e  s e e n  i n  t h e  s p e c t r a .  

b )  P e r f o r m e d  a s  p o t a s s i u m  b r o m i d e  p e l l e t s .  

c )  T h i s  b a n d  i s  v e r y  weak ,  a s  e x p e c t e d  f o r  a n  u n c o n j u g a t e d  n i -  

t r i l e  ( s e e  r e f .  8) a n d  becomes m o r e  i n t e n s e  i n  c o n c e n t r a t e d  

c h l o r o f o r m  s o l u t i o n .  

d )  T h i s  s p e c t r u m  was o b t a i n e d  i n  d e u t e r o c h l o r o f o r m  s o l u t i o n .  

e )  M a s s  s p e c t r u m  o f  compound I I I a :  530(Mt, 3), 529(8), 321(2), 

320(2) , zio(i8) , 209(100) , i3i(io) , 105(29) , io3(4). 

p y r i d i n e  ( ~ 3 m l ) .  T h r o u g h  t h e  s e c o n d  n e c k ,  3 m l  o f  t h i o n y l  c h l o -  

r i d e  a r e  a d d e d  d r o p w i s e  a n d  w i t h  s t i r r i n g .  The  r e a c t i o n  m i x t u -  
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SYNTHESIS OF 2-ARCIYL-4-CYANO-4-CARBETHOXY-1,3,5-TRIARYLCYCLOHEXANOLS 

r e  i s  h e a t e d  t o  r e f l u x  f o r  o n e  h o u r  a n d  t h e  c o o l e d  s o l u t i o n  i s  

p o u r e d  i n t o  w a t e r .  The  s o l i d  t h a t  p r e c i p i t a t e s  i s  c o l l e c t e d  b y  

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

r e c r y s t a l l i z e d  f r o m  e t h a n o l .  M.p.  1 7 5 - 1 7 6  " C .  

A n a l .  C a l c d .  f o r  C35H29N03: C ,  8 2 . 1 9 ;  H ,  5 . 6 7 ;  N, 2 . 7 4 .  F o u n d :  

c ,  8 2 . 1 4 ;  H, 5 . 5 8 ;  N ,  2 . 8 7 .  

I R  ( p o t a s s i u m  b r o m i d e  p e l l e t ) :  3 0 4 0 ,  3 0 2 0 ,  3 0 1 0 ,  2 9 8 0 ,  2 2 5 0 ,  

1 7 3 0 ,  1 6 7 0 ,  1 5 9 5 ,  1 5 8 0 ,  1 4 9 5  cm- . N M R  ( d e u t e r o c h l o r o f o r m ) :  

6 6 . 8 0 - 7 . 6 0  ( m y  20 H a r o m . ) ,  6 . 0  ( m y  1 H ) ,  5 . 5 0  (m, 1 H ) ,  4 . 6 5  

( m ,  1 H I ,  4 . 0 5  ( m y  1 H ) ,  3 . 7 0  ( 9 ,  2 H ,  CH2) ,  0 . 7 5  ( t ,  3 H ,  CH3). 

1 

A c k n o w l e d g e m e n t s . -  One o f  t h e  a u t h o r s  ( A .  M .  M . )  w o u l d  l i k e  t o  
t h a n k  t h e  I n s t i t u t o  d e  A s i s t e n c i a  y P r o m o c i d n  d e l  e s t u d i a n t e  
f o r  a f e l l o w s h i p .  S u p p o r t  o f  t h i s  w o r k  b y  a g r a n t  f r o m  t h e  C o -  
m i s i 6 n  A s e s o r a  d e  I n v e s t i g a c i 6 n  C i e n t i f i c a  y T E c n i c a  d e  l a  
P r e s i d e n c i a  d e l  G o b i e r n o  o f  S p a i n  i s  g r a t e f u l l y  a c k n o w l e d g e d .  
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