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Abs t rac t  - A l l e n y l s i l a n e s  reac t  w i t h  n i t r oson ium t e t r a f l u o r o b o r a t e  i n  aceto- 

n i t r i l e  a t  -30°C t o  p rov ide  4 - t r i a l k y l s i l y l i s o x a z o l e  d e r i v a t i v e s ,  which 

undergo i n  s i t u  p r o t o d e s i l y l a t i o n  uoon a d d i t i o n  of  water and heat inq  t o  70'C. 

I n  r ecen t  years ,  i soxazo les  have emerged as one of the  most impor tan t  c lasses of heteroaromat ic 

compounds. A  number o f  i n t e r e s t i n g  isoxazoles occur  i n  na ture ,  and syn the t i c  d e r i v a t i v e s  have 

found ex tens ive  a p p l i c a t i o n  i n  medic ine and i n  a g r i c ~ l t u r e . ~ ' ~  Equa l ly  s i g n i f i c a n t  i s  t he  r o l e  

o f  i soxazo les  as reagents and in te rmedia tes  i n  a  v a r i e t y  o f  ingenious syn the t i c  methods, no tab le  

examples o f  which i n c l u d e  t he  bloodward pept ide-coup l inq  r e a ~ t i o n , ~  the  &h i  enone t r anspos i t i on ,  5 

Stevens' approach t o  t he  synthes is  of  v i tamin  B ,6 and t he  Stunk  h o x a z o E e  anfieeation (eq 1 ) .  7  
12 

Isoxazo les  can be prepared us ing  a  number of d i f f e r e n t  appro ache^;^'^ however, few of  these 

1, pyrrolidine 1. H,. Pd-C 
2. KOH, H20 

0 - 'N' - 0 

methods have proved t o  be general ,  and t he  synthes is  of  unsymmetrical 3 ,5 -d isubs t i tu ted  (and 

3 ,4 ,5 - t r i subs t i t u ted )  d e r i v a t i v e s  remains a  p a r t i c u l a r l y  vexing problem.8 I n  t h i s  Communication 

we r e p o r t  a  new, r e g i o c o n t r o l l e d  [3+21 annu la t i on  r o u t e  t o  isoxazo les  which should be app l i cab le  

t o  t he  p repa ra t i on  o f  a  v a r i e t y  o f  h i g h l y  s u b s t i t u t e d  d e r i v a t i v e s  d i f f i c u l t  t o  prepare employing 

prev ious  methodology. 

The r e a c t i o n  o f  a l l e n y l s i l a n e s  w i t h  e l e c t r o n - d e f i c i e n t  o l e f i n s  and acety lenes prov ides  a  powerful  

method f o r  t he  synthes is  of  five-membered ca rbocyc l i c   compound^.^ Recent ly we have shown t h a t  

aldehydes and N-acyl imine d e r i v a t i v e s  can p a r t i c i p a t e  as "he te roa l l enoph i l es "  i n  a  r e l a t e d  [3+21 

annu la t i on  rou te  t o  five-membered d ihyd tumoma t i c  heterocyc les .1°  I n  p r i n c i p l e  i t  should be 

poss ib l e  t o  extend t h i s  annu la t i on  s t r a tegy  t o  t he  synthes is  o f  hetehomomat ic  systems as w e l l ,  



t 
s i m p l y  by employing v a r i o u s  e l e c t r o p h i l i c  spec ies  o f  t h e  genera l  f o r m  XEY , where X=RC o r  N and 

Y=O, S, o r  NR. Here we d i s c l o s e  t h e  successfu l  imp lementa t ion  o f  t h i s  s t r a t e g y  i n  a  new r o u t e  t o  

s u b s t i t u t e d  i s o x a r o l e s  (Scheme 1 ) .  Thus, e l e c t r o p h i l i c  a d d i t i o n  o f  t h e  h e t e r o a l l e n o p h i l e  NZO+ 

Scheme 1 

( a s  n i t r o s o n i u m  t e t r a f l ~ o r o b o r a t e ) ~ ~  a t  C-3 o f  an a l l e n y l s i l a n e  produces a  v i n y l  c a t i o n  (1) 
s t a b i l i z e d  b y  h y p e r c o n j u g a t i v e  i n t e r a c t i o n  w i t h  t h e  a d j a c e n t  c a r b o n - s i l i c o n  o bond. A l , 2 - t r i -  

a l k y l s i l y l  s h i f t  then occurs  a f f o r d i n g  an i s o m e r i c  v i n y l  c a t i o n  ( L ) ,  which  i s  i n t e r c e p t e d  by t h e  

n u c l e o p h i l i c  n i t r o s o  group oxygen t o  genera te  3. D e p r o t o n a t i o n  f u r n i s h e s  t h e  a romat i c  i s o x a z o l e .  

In a t y p i c a l  r e a c t i o n  t h e  a l l e n y l s i l a n e  g 3  was added i n  one p o r t i o n  t o  a  suspension o f  1 . 0  e q u i v  

o f  NOBF4 i n  a c e t o n i t r i l e  a t  -30°C. The r e s u l t i n g  c o l o r l e s s  s o l u t i o n  was s t i r r e d  a t  t h i s  tempera- 

t u r e  f o r  30 min and t h e n  poured i n t o  a m i x t u r e  o f  e t h e r  and s a t u r a t e d  aqueous sodium b i c a r b o n a t e  

s o l u t i o n .  E t h e r  e x t r a c t i o n  f o l l o w e d  by e v a p o r a t i v e  d i s t i l l a t i o n  p r o v i d e d  t h e  expected i s o x a z o l e  

6 l 4 , l 5  i n  87% y i e l d .  - 

The s y n t h e s i s  o f  4 - s i l y l i s o x a r o l e s  i s  b e s t  ach ieved  as d e s c r i b e d  above u s i n g  It-bir*gLdimethyL- 

oZyPJaMem5. I n  c o n t r a s t ,  t h e  r e a c t i o n s  o f  [ ~ r n e t h y ~ Z q ~ ] ~ e ~ t e h  w i t h  NOBF4 produce t h e  

d e s i r e d  i s o x a z o l e s  accompanied by 15.50% o f  t h e  co r respond ing  denZyh ted  d e r i v a t i v e s .  The 
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( t r i m e t h y l s i l y l ) a l l e n e s  do f i n d  use, however, i n  a  v a r i a n t  o f  o u r  [3+2] a n n u l a t i o n  p r o c e d u r e  

t h a t  l e a d s  i n  one s i m p l e  o p e r a t i o n  t o  5 - s u b s t i t u t e d  and 3 , 5 - d i s u b s t i t u t e d  i s o x a z o l e s  l a c k i n g  

t h e  4 - s i l y l  s u b s t i t u e n t  ( e q  3 ) .  R e a c t i o n  o f  t h e  a l l e n y l s i l a n e s  w i t h  NOBF4 i n  a c e t o n i t r i l e  

(-3O0C, 30 m i n ) .  a d d i t i o n  o f  c?. 10 e q u i v  o f  w a t e r  ( a f t e r  warming t o  room t e m p e r a t u r e ) ,  and 

f u r t h e r  r e a c t i o n  a t  65-70°C f o r  10-44 h  ( t o  comp le te  d e s i l y l a t i o n )  t h u s  f u r n i s h e d  t h e  s u b s t i t u t e d  

i s o x a z o l e s  8a-c i n  59.66% o v e r a l l  y i e l d .  1 8  

I n  these  a n n u l a t i o n s  NOBF4 i s  d i s t i n c t l y  s u p e r i o r  t o  o t h e r  n i t r o s a t i n g  agen ts  such as NOCl and 

NOHS04. I t  s h o u l d  a l s o  be n o t e d  t h a t  t h e  use o f  a c e t o n i t r i l e  as s o l v e n t  appears t o  be c r u c i a l  

t o  t h e  success of t h e  r e a c t i o n .  Fo r  example, i n  c h l o r o f o r m  t h e  a l l e n y l s i l a n e  2 r e a c t e d  w i t h  NOBF4 

t o  p roduce  t h e  d e s i r e d  i s o x a z o l e  i n  o n l y  33% y i e l d  as one component o f  a  complex m i x t u r e  o f  

p r o d u c t s .  

As i n  e a r l i e r  v e r s i o n s  o f  o u r  [3+2] t h e  new a n n u l a t i o n  method does n o t  p roceed  

e f f i c i e n t l y  when a p p l i e d  t o  a l l e n y l s i l a n e s  l a c k i n g  s u b s t i t u e n t s  a t  C - I ,  and c o n s e q u e n t l y  t h e  

r e a c t i o n  can o n l y  be employed f o r  t h e  s y n t h e s i s  o f  i s o x a z o l e s  s u b s t i t u t e d  a t  t h e  C-5 p o s i t i o n  of 

t h e  h e t e r o c y c l i c  r i n g .  None the less ,  t h i s  new a n n u l a t i o n  s t r a t e g y  shou ld  c o n s t i t u t e  a  v a l u a b l e  

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

unsymmetrical,disubstituted d e r i v a t i v e s .  Moreover ,  i t  s h o u l d  be n o t e d  t h a t  t h e  t r i a l k y l s i l y l  

s u b s t i t u e n t  i n  a n n u l a t i o n  p r o d u c t s  such as 6 has t h e  c a p a c i t y  t o  f a c i l i t a t e  e l e c t r o p h i l i c  

s u b s t i t u t i o n  r e a c t i o n s  a t  C-4 o f  t h e  i s o x a z o l e  r i n g .  F o r  example, s e q u e n t i a l  t r e a t m e n t  ( i n  one 

f l a s k )  o f  t h e  a l l e n y l s i l a n e  922 w i t h  NOBF4 (CH3CN, -30 + 25°C) and t h e n  b romine  (25-C, 24 h )  

p r o v i d e d  t h e  b romo isoxazo le  10 i n  72% y i e l d  a f t e r  ch romatograph ic  p u r i f i c a t i o n .  



Fur ther  s tud ies  a re  underway i n  our l abo ra to ry  t o  extend t h i s  general 13121 annu la t i on  s t ra tegy  

t o  the  synthes is  o f  o ther  c lasses of heteroaromat ic compounds. 
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