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ON THE RING CLEAVAGE OF ISOXAZOLES: A NOTE 

* 
J u a n  A n t o n i o  C i l l e r ,  C a r l o s  Seoane and J o s e  L u i s  S o t o  

D e p a r t a m e n t o  de Q u i m i c a  O r g d n i c a ,  F a c u l t a d  de Q u i m i c a ,  U n i v e r s i -  

dad  C o m p l u t e n s e ,  M a d r i d - 3 ,  S p a i n  

A b s t r a c t -  A new h e t e r o c y c l i c  compound i s  o b t a i n e d  f r o m  t h e  b a -  

s i c  c l e a v a g e  o f  an i s o x a z o l e  r i n g  i n  the  p r e s e n c e  o f  an a l d e h y -  

d e .  

1 
The c l e a v a g e  o f  a n  i s o x a z o l e  r i n g  by  a  b a s i c  r e a g e n t  i s  a  w e l l  known r e a c t i o n  . The 

r i n g  o p e n i n g  i s  s p e c i a l l y  f a c i l e  i n  5 - s u b s t i t u t e d  d e r i v a t i v e s  w i t h  no s u b s t i t u e n t  

a t  p o s i t i o n  3', where  a b s t r a c t i o n  o f  t h e  p r o t o n  a t  p o s i t i o n  3  p r o m p t s  t h e  N-0 bond  

c l e a v a g e .  

If t h e  r e s u l t i n g  B - k e t o n i t r i l e  i s  a n  s t a b l e  compound i t  c a n  b e  p r e p a r e d  i n  

e x c e l l e n t  y i e l d s  u s i n g  t h i s  r e a c t i o n .  I t  has  been u t i l i z e d  as  a  c o n v e n i e n t  means 

o f  c h a n g i n g  a  k e t o n e  i n t o  an a - c y a n o k e t o n e  v i a  an i s o x a z o l e ,  e v e n  i n  t h e  s y n t h e s i s  

3 
o f  some n a t u r a l  p r o d u c t s  s u c h  as e q u i l e n i n  . 

When 5 - a l k y l - s u b s t i t u t e d  i s o x a z o l e s  a r e  u s e d ,  t h e  r e s u l t i n g ,  e a s i l y  p o l i m e r i z a b l e  

k e t o n i t r i l e  i s  u s u a l l y  t o o  u n s t a b l e  t o  be i s o l a t e d  and  c o m p l e x  m i x t u r e s  a r e  o b t a i -  

5  
n e d 4 ' = .  Howeve r ,  E u g s t e r  e t  a l .  have  r e p o r t e d  t h a t  when t h e  r i n g  c l e a v a g e  o f  

5 - m e t h y l i s o x a z o l e  i s  c a r r i e d  o u t  i n  t h e  p r e s e n c e  o f  b e n z a l d e h y d e ,  t h e  u n s t a b l e  

k e t o n i t r i l e  i s  i s o l a t e d  i n  t h e  f o r m  o f  b e n r y l i d e n e c y a n o a c e t o n e  (Ia) and t h e  d o u b l e  

c o n d e n s a t i o n  p r o d u c t  ( 1 1 )  (Scheme 1 ) .  These compounds were  o f  i n t e r e s t  t o  u s  i n  

c o n n e c t i o n  w i t h  t h e  s y n t h e s i s  o f  some f u r a n  compounds6 and we p r e p a r e d  them u s i n g  

t h e  above  m e n t i o n e d  r e a c t i o n .  



SCHEME I 

We f o u n d  t h a t ,  t o g e t h e r  w i t h  t h e  r e p o r t e d  compounds, a n o t h e r  p r o d u c t  i s  a l s o  

o b t a i n e d  f r o m  t h e  r e a c t i o n .  T i p y c a l l y ,  5 - m e t h y l i s o x a z o l e  ( 1 6 . 6  g )  a n d  b e n z a l d e h y d e  

(21.2  q )  were a l l o w e d  t o  r e a c t  w i t h  s o d i u m  e t h o x i d e  i n  d r y  e t h a n o l  f o r  24  h o u r s  a t  

room t e m p e r a t u r e  f o l l o w e d  b y  a c i d  t r e a t m e n t .  Compound I V a i s  o b t a i n e d  u p o n  vacuum 

d i s t i l l a t i o n  ( 1 6 0 - 1 7 0 ' C / 0 . 0 1  mm Hg)  a s  a n  o i l  w h i c h  s o l i d i f i e s  a f t e r  a  few h o u r s  

and i s  r e c r y s t a l l i z e d  t w i c e  f r o m  m e t h a n o l  ( 0 . 9  g; m.p. 137 -138°C) .  

S t r u c t u r e  I V a i s  c o n f i r m e d  by  t h e  f o l l o w i n g  d a t a :  t h e  m o l e c u l a r  f o r m u l a  C15H12NZ0 

i s  i n f e r r e d  f o r  t h i s  compound f rom t h e  a n a l y t i c a l  (C, 76.41%; H, 5 .35%;  N, 1 2 . 2 0 % )  

and mass s p e c t r a l  d a t a  (M+, 2 3 6 ) .  The c y a n o  g r o u p  ( 2 2 2 0  cm' l )  a n d  t h e  C=C d o u b l e  

bond ( 1 6 7 0  ~ m " ) ~  g i v e  r i s e  t o  t h e  a p p r o p r i a t e  bands  i n  t h e  PR s p e c t r u m .  The f i v e  
1 

a r o m a t i c  p r o t o n s  a p p e a r  a s  a  m u l t i p l e t  a t  7 . 2 - 7 . 4  ppm i n  t h e  H-NMR s p e c t r u m  

(C13CD) and  t h e  m e t h y l  g r o u p  a p p e a r  a t  2 . 2  ppm. The h y d r o g e n  l o c a t e d  a t  p o s i t i o n  
8 

4 of t h e  r i n g  i s  r e s p o n s i b l e  f o r  t h e ' p e a k  a t  4 . 1  ppm . The v a l u e s  o f  t h e  c h e m i c a l  

s h i f t s  i n  t h e  1 3 ~ - ~ ~ ~  s p e c t r u m  (DMSO-d ) a r e  a l s o  i n  a g r e e m e n t  w i t h  t h e  c a l c u l a t e d  6  
9 v a l u e s  . The y c a r b o n  o f  t h e  h e t e r o c y c l i c  r i n g  a p p e a r s  a t  38 .52 ppm, t h e  u c a r b o n s  

SCHEME I 1  
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peaks  a p p e a r  a t  159 .79  ppm a n d  t h e  8 c a r b o n s  a t  8 9 . 1 5  ppm. A p e a k  a t  116.57 ppm 

due t o  t h e  c y a n 0  c a r b o n  and  a  peak a t  1 8 . 3 1  ppm f o r  t h e  m e t h y l  g r o u p s  a r e  a l s o  i n  

t h e  s p e c t r u m ,  t o g e t h e r  w i t h  t h e  a r o m a t i c  c a r b o n s .  

Scheme I 1  summar i zes  a  l i k e l y  mechan ism f o r  t h e  f o r m a t i o n  o f  I V .  I t  i n v o l v e s  t h e  

r i n g  o p e n i n g  o f  i s o x a z o l e  t o  g i v e  c y a n o a c e t o n e ,  w h i c h  i s  c o n v e r t e d  b y  t h e  a l d e h y d e  

i n t o  b e n z y l i d e n e c y a n o a c e t o n e  ( la ) .  A d d i t i o n  o f  a n o t h e r  u n i t  o f  c y a n o a c e t o n e  t o  I 

a f f o r d s  d i k e t o n e  I 1 1  w h i c h ,  upon  c y c l i z a t i o n  b y  n u c l e o p h i l i c  a t t a c k  o f  a n  o x y g e n  

t o  a  c a r b o n y l  g r o u p ,  g i v e s  r i s e  t o  I V a .  

If no d i s t i l l a t i o n  i s  i n v o l v e d ,  compound V, r e s u l t i n g  f r o m  a  d o u b l e  c o n d e n s a t i o n  

o f  a l d e h y d e .  i s  o b t a i n e d  i n s t e a d  o f  p y r a n  I V .  F u r t h e r m o r e ,  a t t e m p t s  t o  o b t a i n  

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

Thus ,  when p - m e t h y l b e n z a l d e h y d e  was used ,  compound I b  (Ar -p-CH3-C6H4)  was t h e  

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

As a  c o n f i r m a t i o n  f o r  t h e  p r o p o s e d  mechan i sm,  t h e  s o d i u m  s a l t  o f  c y a n o a c e t o n e  was 

o b t a i n e d ,  as  a  s t a b l e  s o l i d ,  b y  r i n g  c l e a v a g e  o f  5 - m e t h y l i s o x a z o l e :  

EtONa 

H3C ,OH "X" 0 CH3 

T r e a t m e n t  o f  I a , o b t a i n e d  f r o m  5 - m e t h y l i s o x a z o l e .  w i t h  t h e  s o d i u m  s a l t  o f  c y a n o a c e -  

t o n e  f o l l o w e d  b y  a c i d  t r e a t m e n t  and  d i s t i l l a t i o n ,  l e a d s  t o  p y r a n  I V a .  (Scheme 1 1 1 )  

SCHEME Ill 

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

b e n z a l d e h y d e  a n d  5-methylisoxazole-3-carboxilyc acid' ' ,  i n  t h e  a b s c e n c e  o f  a n y  

s o l v e n t ,  a t  200°C. 



la . 
The acid treatment is responsible for the heterocyclization between the two 

carbonyl groups. Cyclization of similar intermediates in basic medium involves the 

11 reaction between a carbonyl and a cyan0 group, leading to 2-amino-4H-pyran , 

It must be pointed out that the formation of pyran I V  is an unusual reaction, 

because cyclization o f  an alkyl substituted 1,5-diketone to a pyran ring is 

usually prevented by the occurrence of an intramolecular aldol cyclization to a 

cyclohexanone ring1'. The pyran ring is only obtained when it is somehow 

13 stabilized . 
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