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THE USE OF SOME ACTIVATED NITRILES I N  HETEROCYCLIC SYNTHESES 
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A b s t r a c t  - The r e c e n t l y  r e p o r t e d  s y n t h e s i s  o f  a  v a r i e t y  o f  4H- 

p y r a n s  f r o m  c i n n a m o n i t r i l e s  i s  r e i n v e s t i g a t e d  and r e v i s e d  s t r u c -  

t u r e s  a r e  g i v e n .  New r e a c t i o n  p r o d u c t s  a r e  a l s o  d e s c r i b e d .  

I n  a  p a p e r  r e c e n t l y  p u b l i s h e d  i n  t h i s  j o u r n a l , '  t h e  s y n t h e s i s  o f  s e v e r a l  4H-py rans  

was d e s c r i b e d .  S i g n i f i c a n t  d i s c r e p a n c i e s  w i t h  o u r  own e x t e n s i v e  w o r k  on  ' t he  s y n -  

t h e s i s  o f  4 ~ - ~ ~ r a n s ~ - ~  were a p p a r e n t  i n  t h l s  p a p e r ,  w h i c h  l e d  u s  t o  r e i n v e s t i g a t e  

1 
t h e  w o r k  r e p o r t e d  b y  I b r a h i m .  Our r e s u l t s  c o n f i r m  t h a t  some o f  h i s  p r o p o s e d  

s t r u c t u r e s  m u s t  be amended. 

The r e a c t i o n s  d e s c r i b e d  b e l o w  a r e  r e p o r t e d  i n  r e f e r e n c e  1. They have  a l l  been 

r e e x a m i n e d  b y  us and e a c h  i s  d i s c u s s e d  s e p a r a t e l y .  

R e a c t i o n  o f  a c e t y l a c e t o n e  w i t h  o - c y a n o c i n n a m o n i t r i l e s  

The f o l l o w i n g  r e a c t i o n  i s  r e p o r t e d  i n  r e f e r e n c e  1: 

When we C a r r i e d  o u t  t h i s  r e a c t i o n ,  ( A r = P h )  two  compounds were  o b t a i n e d ,  w h i c h  were 

i s o l a t e d  b y  f r a c t i o n a l  p r e c i p i t a t i o n .  The compound t h a t  p r e c i p i t a t e d  f i r s t  ( 2 0 % )  

showed mp 292-296'C (decamp.), w h i l e  t h e  second  p r o d u c t  ( 4 0 % )  m e l t e d  a t  158 -160PC.  

I b r a h i m  g i v e s  a n  i n t e r m e d i a t e  mp 210°C f o r  h i s  r e a c t i o n  p r o d u c t .  



The compound m e l t i n g  a t  292-296°C has  a n a l y t i c a l  a'nd mass s p e c t r a l  d a t a  ( M +  4 0 8 )  

w h i c h  i n d i c a t e  a  m o l e c u l a r  f o r m u l a  C25H20N402. On t h e  b a s i s  o f  t h e  d a t a  g i v e n  

b e l o w ,  a  s t r u c t u r e  o f  p y r a n o p y r i d i n e  ( I ) ,  r e s u l t i n g  f r o m  t w o  m o l e c u l e s  o f  u - c y a n o -  

c i n n a m o n i t r i l e  and  one  m o l e c u l e  o f  a c e t y l a c e t o n e ,  i s  a s s i g n e d  t o  t h i s  compound.  

The s e c o n d  p r o d u c t  (mp 158-160°C)  was i d e n t i f i e d  a s  t h e  2 - a m i n o - 4 H - p y r a n  I 1  b y  

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

1 
The H  nmr s p e c t r u m  (DMSO-d6, 300 MHz, 50°C) o f  I showed t h e  f o l l o w i n g  s i g n a l s :  6 

1 . 9 0  (3H, r ) ,  2 . 09  (3H,  d, J= 2 . 0  H z ) ,  4 . 48  ( l H ,  s ) ,  4 . 94  ( l H ,  g, 2; 2 . 0  H z ) ,  

7 . 1 -7 .4  (10H.  m) and  a  v e r y  b r o a d  s i g n a l  a t  a p p r o x .  6 8 . 0  ( Z H ) ,  w h i c h  d i s a p p e a r e d  

o n  t h e  a d d i t i o n  o f  a  t r a c e  o f  d e u t e r a t e d  t r i f l u o r o a c e t i c  a c i d .  A  d o u b l e  r e s o n a n c e  

e x p e r i m e n t  i n d i c a t e d  t h a t  t h e  p r o t o n  a t  6 4 .94  was c o u p l e d  t o  t h e  m e t h y l  g r o u p  a t  

6 2.09  ( J =  2 . 0  H z ) .  The 1 3 c  nmr s p e c t r u m  o f  I c o n f i r m e d  t h e  p r o p o s e d  p y r a n o p y r i -  

d i n e  s t r u c t u r e .  I t  showed t h e  f o l l o w i n g  s i g n a l s  (SFORD m u l t i p l i c i t i e s ) :  617 .2  

(9). 2 9 . 7  (q), 4 8 . 1  ( 2 ,  5 0 . 1  ( 4 ) .  5 0 . 8  ( d l ,  5 2 . 1  ( 2 )  1 1 6 . 0  ( 2 ) .  1 1 7 . 8  ( x ) ,  

1 2 8 . 4  ( 4 ,  2C) ,  128 .5  ( 4 ,  PC) ,  129 .4  ( 4 , 5 C ) ,  1 2 9 . 6  ( d ) ,  1 3 0 . 6  ( x ) ,  1 3 4 . 6  ( 2 ) .  

1 3 5 . 2  (L), 1 3 9 . 5  (2). 163 .5  ( s ) ,  168 .3  ( 2 )  and  201.6  ( 1 ) .  

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

c y a n o c i n n a m o n i t r i l e  c o u l d  i n v o l v e  t h e  2 - a m i n o - 4 H - p y r a n  I 1  a s  an  i n t e r m e d i a t e .  To 

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

a - c y a n o c i n n a m o n i t r i l e .  As e x p e c t e d ,  t h e  same p y r a n o p y r i d i n e  I was o b t a i n e d  a s  

t h e  r e a c t i o n  p r o d u c t  ( 6 0 %  y i e l d ) .  
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R e a c t i o n  o f  a c e t y l a c e t o n e  w i t h  a-benzoylcinnamonitriles 

A l t h o u g h  l i t t l e  s t r u c t u r a l  d i s c u s s i o n  was e n t e r e d  i n t o ,  t h e  a u t h o r  i n  r e f e r e n c e  1  

p r o p o s e d  two  d i f f e r e n t  r o u t e s  f o r  t h i s  r e a c t i o n ,  d e p e n d i n g  upon t h e  a r y l  g r o u p :  

f o r m a t i o n  o f  ( a )  a  2 - p h e n y l - 4 H - p y r a n ,  when A r =  p-MeO-C6H4, o r  ( b )  a  2-amino-4H-  

p y r a n ,  when Ar -Ph.  The f i r s t  r e a c t i o n  i n v o l v e s  c y c l i z a t i o n  w i t h  t w o  c a r b o n y l  

g r o u p s 9  and  t h e  second  c y c l i z a t f o n  w i t h  one c a r h o n y l  g r o u p  and  t h e  c y a n 0  g r o u p .  

As r e g a r d s  r e a c t i o n  ( a ) ,  we c a r r i e d  i t  o u t  u s i n g  t h e  same c o n d i t i o n s  as  r e p o r t e d ,  

and  o b t a i n e d  a  c r y s t a l l i n e  s o l i d  ( 3 0 % )  w i t h  mp 207-20g°C.  I t s  s p e c t r o s c o p i c  d a t a  

do n o t  a g r e e  w i t h  a  4 H - p y r a n  s t r u c t u r e .  The a n a l y t i c a l  and  mass s p e c t r a l  d a t a  

(M'  363)  i n d i c a t e  t h e  m o l e c u l a r  f o r m u l a  C22H21N04. The i r  s p e c t r u m  ( K B r )  shows a n  

OH band a t  3330 c m - l ,  a  CN band  a t  2240 cm-' ( v e r y  weak, as  e x p e c t e d  f o r  an 

u n c o n j u g a t e d  n i t r i l e l o )  and  two  C=O bands a t  1720  and 1 7 0 0  c m - l .  The 'H nmr 

s p e c t r u m  (OMSO-d6)11 shows two  s h a r p  s i n g l e t s  a t  6 1 . 9 7  (CH3) and  3 . 6 0  (CH30).  a  

s i n g l e t  a t  6 6 .40 ( I H ,  OH; i t  d i s a p p e a r s  on  t h e  a d d i t i o n  o f  TFA),  a r o m a t i c  p r o t o n s  

a t  6 6 .6 -7 .0  ( 9 H )  and a l i p h a t i c  r i n g  p r o t o n s  a t  6 2.4 (CH2) and  3 .05 -4 .3  (3H ,  m). 

On t h e  b a s i s  o f  t h e s e  d a t a ,  a  s t r u c t u r e  o f  3 - h y d r o x y c y c l o h e x a n o n e  r e s u l t i n g  f r o m  

i n t r a m o l e c u l a r  a l d o l  c o n d e n s a t i o n  s h o u l d  be a s s i g n e d  t o  t h i s  compound. 



S i m i l a r l y ,  r e p e t i t i o n  o f  r e a c t i o n  ( b )  a f f o r d e d  a  compound i n  c l e a r  d i s a g r e e m e n t  

w i t h  t h e  p r o p o s e d  2 -amtno -4H-py ran .  A compound w i t h  mp 204-206'C and m o l e c u l a r  

f o r m u l a  C21H19N03 was o b t a l n e d  ( 2 1 % ) .  The s p e c t r a l  d a t a  a r e  i n  e v e r y  way a n a l o g o u s  

1 t o  t h o s e  o f  t h e  compound w i t h  a e-MeO-C6H4 g roup .  ( i r :  3340,  2240, 1720,  1700 cm- . 
'H nmrll: 6 1 . 9 7  ( 2 ,  CH3), 6.45 ( l H ,  O H ) ,  2.5 (CH*), 3 .3 -4 .5  (m, 3H) and 7.0-7.6 

( 1 0  H ) .  T h e r e  r e s u l t s  l e a d  t o  t h e  e x p e c t e d  c o n c l u s i o n  t h a t  t h e  r e a c t i o n  c o u r s e  i s  

t h e  same w h e t h e r  t h e r e  i s  a  p h e n y l  o r  a e - m e t h o x y p h e n y l  g r o u p  i n  t h e  s t a r t i n g  

m a t e r i a l ,  a  3 - h y d r o x y c y c l o h e x a n o n e  b e i n g  o b t a i n e d  i n  b o t h  cases .  

R e a c t i o n  o f  e t h y l  a c e t o a c e t a t e  w i t h  a-benzoylcinnamonitriles 

I n  r e f e r e n c e  1, c y c l i z a t i o n  i n v o l v i n g  t h e  a c e t y l  and t h e  cyano  g r o u p s ,  l e a d i n g  t o  

a  2 -am ino -4H-py ran  s t r u c t u r e s  i s  p roposed :  

Ar -Ph;  p-MeO-C6H4 

T h i s  r e a c t i o n  has r e c e n t l y  been  r e p o r t e d  b y  o t h e r  a u t h o r s ( ~ r = p h )  as  g i v i n g  t h e  open 

c h a i n  M i c h a e l  adduct ' ' .  Our own r e s u l t s  i n  t h i s  r e a c t i o n  h a v e , l e d  u s  t o  t h e  con -  

c l u s i o n  t h a t  t h e  c y c l i z a t i o n  o f  t h e  M i c h a e l  a d d u c t  t a k e s  p l a c e  t h r o u g h  i n t r a m o l e -  

c u l a r  a l d o l  c y c l i z a t i o n ,  a f f o r d i n g  a  3 - h y d r o x y c y c l o h e x a n o n e  r i n g 6 ,  t h e  s t r u c t u r e  

o f  w h i c h  i s  d i s c u s s e d  i n  r e f e r e n c e  1 3 :  

R e a c t i o n  o f  a - c y a n o c i n n a m o n i t r i l e  w i t h  e t h y l  a c e t o a c e t a t e  

A s t r u c t u r e  o f  2 -am ino -4H-py ran  i s  p r o p o s e d  i n  r e f e r e n c e  1 f o r  t h e  p r o d u c t  r e s u l -  

t i n g  f r o m  t h i s  r e a c t i o n .  R e i n v e s t i g a t i o n  o f  t h i s  compound ( A r = P h )  p r o v e d  t h e  s t r u c -  

t u r e  t o  b e  c o r r e c t ,  t h e  r e a c t i o n  p r o d u c t  b e i n g  t h e  same compound we o b t a i n e d  b y  
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u s i n g  e i t h e r  p i p e r i d i n e l e t h a n o l  o r  t r i e t h y l a m i n e l e t h a n o l  i n  t h e  r e a c t i o n  o f  

m a l o n o n i t r i l e  w i t h  e t h y l  a - a c e t y l c l n n a m a t e s 6 :  

EtOH C02Et 
NC 

"3% Me 

Ar=Ph; p-MeO-C6H4 

However,  t h e  a s s i g n e m e n t  o f  t h e  13c nmr s i g n a l s  o f  t h e  compound (A r -Ph)  made i n  

r e f e r e n c e  1 i s  wrong.  As d i s c u s s e d  i n  o u r  g e n e r a l  s t u d y  o f  13c  nmr s p e c t r a  o f  

2 - a m i n o - 4 ~ - p y r a n s 1 4 ,  C-3 a c t u a l l y  r e s o n a t e s  a t  a  v e r y  h i g h  f i e l d  ( 6  57 .4 ) ,  C-4 

appears  a t  6 38.8  and C-5 a t  6 107.3. The CH2 i n  t h e  s u b s t i t u e n t  a t  C-5 appears  

a t  6 60 .1  because i t  i s  an e t h o x y c a r b o n y l  g r o u p  and n o t  a  p r o p i o n y l  g r o u p  as 

m i s t a k e n l y  drawn i n  c h a r t  1 o f  r e f e r e h c e  1. 
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