
HETEROCYCLES, Vof 26, No 3, 1987 

1.3-DIPOLAR CYCLOADDITION OF !-OXIDE W I T H  2-METHYLENE-1,3- 

DITHIANE 

* 
M a k o t o  Yamamoto , T s u y o s h i  S u e n a g a ,  Kazuya S u r u k i ,  K i y o s h i  N a r u c h i ,  

a n d  K a z u t o s h i  Yamada 

D e p a r t m e n t  of I n d u s t r i a l  C h e m i s t r y ,  F a c u l t y  of E n g i n e e r i n g ,  C h i b a  

U n i v e r s i t y ,  1 - 3 3  Y a y o i c h a ,  C h i b a  2 6 0 ,  J a p a n  

A b s t r a c t - 1 , 3 - D i p o l a r  c y c l o a d d i t i o n  of n i t r i l e  o x i d e s  a n d  

n i t r o n e s  w i t h  2 - m e t h y l e n e - 1 . 3 - d i t h i a n e  g a v e  5 - s u b s t i t u t e d  i s o x a z o l  

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

c h l o r i d e  or NBS i s o x a z o l i d i n e  ( 1 2 )  was c o n v e r t e d  t o  c o r r e s p o n d i n g  

l a c t o n e  ( 1 3 )  w h i c h  was a p r e c u r s o r  of / 3 - a m i n o  a c i d .  

Houk a n d  c o - w o r k e r s  r e p o r t e d  i n  t h e i r  a p p l i c a t i o n  o f  p e r t u r b a t i o n  t h e o r y  t o  1 . 3 -  

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

1 d e f f i c i e n t  d i p o l a r o p h i l e s  t o  g i v e  m o s t l y  5 - s u b s t i t u t e d  i a o x a r o l i n e s  . 
I n  t h e  c a s e  of n i t r o n e s  w i t h  d i p o l a r o p h i l e s  t h e  p r o d u c t s  g a v e  a  m i x t u r e  of 4 -  a n d  

2  5 - s u b s t i t u t e d  i s o x a z o l i d i n e s  . 
On t h e  o t h e r  h a n d  t h e  r e a c t i o n  of 2 - m e t h y l e n e - 1 , 3 - d i t h i a n e  ( 1 )  w i t h  a n u c l e o p h i l e  

showed  t h e  r e g i a s e l e c t i v i t y  w h i c h  was a t t a c k e d  by an e l e c t r o p h i l e  on t h e  c a r b o n  

3 
P - 

a t o m  t o  g i v e  O( - c a r b a n i o n  i n t e r m e d i a t e  . 
I n  t h e  course of our s e e k i n g  n o v e l  s y n t h e t i c  method u s i n g  a h e t e r o c y c l e ,  we h a v e  

d e s i r e d  t o  f o r m  a n  i s o x a r o l i n -  or i s o x a r o l i d i n - 5 - o n e s .  

The  a d d i t i o n  of b e n r o n i t r i l e  o x i d e  ( 2 ) 4  w i t h  ( 1 )  was c a r r i e d  o u t  i n  THF a t  - 7 0 ' ~  

f o r  1 h  t o  g i v e  s p i r o  compound ( 3 )  i n  95% y i e l d .  The  o t h e r  i s o m e r  ( 4 )  c o u l d  n o t  

b e  d e t e c t e d  i n  t h i s  r e a c t i o n .  A d d i t i o n  of a c e t o n i t t i l e  o x i d e  ( 5 ) 5  w i t h  ( 1 )  a l s o  

g a v e  a s o l e  5 - s p i r o  p r o d u c t  ( 6 )  i n  87% y i e l d .  

6  The  a d d i t i o n  of n i t r o n e  ( 7 )  t o  ( 1 )  i n  ref l u x i n g  THF f o r  5 h  g a v e  a s o l e  5 - s p i r o  

compound ( 8 ) ( 9 6 % )  whose  a t t a c k i n g  p o s i t i o n  was e x c l u s i v e l y  a t  d - c a r b o n  a t o m  of ( 1 ) .  

7  T h i s  s e l e c t i v i t y  was r e v e a l e d  i n  t h e  a d d i t i o n  o f  ( 1 )  w i t h  n i t r a n e s  ( 9 )  a n d  ( 1 1 )  . 
T h e  5 - s p i r o  i s o x a z o l i d i n e s  ( 1 0 )  a n d  ( 1 2 )  were o b t a i n e d  r e g i o s e l e c t i v e l y  i n  8 0  a n d  



y i e l d s  

of  i t s  

r e s p e c t i v e l y .  The  s t r u c t u r e s  of t h e  p r o d u c t s  w e r e  d e t e r m i n e d  by compa-  

8  
s p e c t r a l  d a t a  w i t h  t h o s e  of s i m i l a r  compounds  . 

The r e g i o s e l e c t i v i t y  of t h e  c y c l o a d d i t i o n  of a n i t r a n e  w i t h  a n  o l e f  i n  is known t h a t  

d i p o l e  L U M O - d i p o l a r o p h i l e  HOMO i n t e r a c t i o n  f a v o r s  f o r m a t i o n  of 5 - s u b s t i t u t e d  a d d u c t .  

A s  t h e  c a s e  of e n 0 1  e t h e r s 7  a n d  t h i o  e n 0 1  e t h e r s 8  t h e  r e g i o s e l e c t i v i t y  of ( 8 ) .  ( 1 0 )  

and  ( 1 2 )  mus t  b e  c o n t r o l l e d  by  t h i s  i n t e r a c t i o n .  

We a l s o  t r i e d  t o  h y d r o l y z e  t h e  s p i r o  compounds  ( 3 )  a n d  ( 1 2 )  w i t h  v a r i o u s  m e t h o d s  

s u c h  a s  NBS', mercuric c h l o r i d e l o ,  s i l v e r  n i t r a t e 1 ' ,  s o d i u m  m e t a p e r i a d a t e 1 2 ,  a n d  

c h l o r a m i n e  A l t h o u g h  t h e  compound ( 3 )  g a v e  o n l y  d e c o m p o s e d  p r o d u c t s ,  ( 1 2 )  g a v e  

t h e  d e s i r e d  l a c t o n e  ( 1 3 )  by  t r e a t m e n t  w i t h  NBS or m e r c u r i c  c h l o r i d e .  T h e s e  r e s u l t s  

s u g g e s t  t h a t  t h i s  me thod  c a n  a p p l y  f o r  t h e  s y n t h e s i s  of v a r i o u s  / ? - a m i n o  a c i d s .  

EXPERIMENTAL 

S y n t h e s i s  of ( 3 ) :  T o  a s o l u t i o n  of b e n r h y d r o x a m o y l  c h l o r i d e  ( 3 6 0  mg, 2 . 7 3  mmol) i n  

2 0  m l  o f  d r y  THF, 1 . 3  m l  of  n - B u L i  (1.6M s o l u t i o n  i n  h e x a n e )  w a s  a d d e d  a n d  t h e  mix-  

t u r e  w a s  s t i r r e d  a t  - 7 0 ' ~  f o r  1 h .  The  r e s u l t i n g  b e n r o n i t r i l e  o x i d e  ( 2 )  w a s  a d d e d  

325 rng(2 .09  mmol) of ( 1 )  i n  1 0  m l  of d r y  THF a n d  t h e  m i x t u r e  was s t i r r e d  a t  - 7 0 ' ~  

f o r  a d d i t i o n a l  3  h  u n d e r  n i t r o g e n .  A f t e r  q u e n c h i n g  w i t h  10%-NH4C1 aqueous s o l u t i o n  

t h e  r e a c t i o n  m i x t u r e  was w o r k e d  u p  a s  u s u a l  t o  g i v e  a c r u d e  p r o d u c t  w h i c h  w a s  re- 
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T a b l e :  P h y s i c a l  D a t a  of t h e  S p i r o  Compounds  

( 1 0 )  o i l  

( 1 2 )  o i l  

E l e m e n t a l  A n a l y s i s ( % )  

C: 5 7 . 0 3 ,  H :  5 . 1 5 ,  N :  5 . 6 ~ ~  

C a l c d  f o r  C12H13NOS2 

c :  5 7 . 3 4 ,  H :  5 . 2 1 .  N: 5 . 5 7  f  

C :  6 5 . 3 5 ,  H :  5 . 7 9 ,  N :  4.2CIe 

C a l c d  f o r  C18H19NOS2 

C: 6 5 . 6 2 ,  H :  5 . 8 1 ,  N :  4 . 25 f  

MS(m/z)  M': 2 3 1 . 3 7 2 e e  

C a l c d  f o r  C10H17NOS2 

M :  2 3 1 . 3 7 0 4 ~  

a :  C 4 - H ,  b :  N - C H 3 .  c :  C3-H a n d  c o u p l i n g  c o n s t a n t  i n  p a r e n t h e s i s ,  d :  C  -H a n d  3  

C , - H ,  e :  o b s e r v e d  d a t a ,  f :  c a l c u l a t e d  d a t a  

c r y s t a l l i z e d  f r o m  C C 1 4  t o  g i v e  4 9 8  m g ( 9 5 % )  of ( 3 ) ,  mp 1 5 4 - 1 5 5 % .  

S y n t h e s i s  of ( 6 ) :  The  s o l u t i o n  of 5 6 1  mg(6  mmol) of a c e t o h y d r o x a m o y l  c h l o r i d e  i n  

2 0  m l  of d r y  THF was t r e a t e d  w i t h  3 . 7 5  m l  of n - B u L i .  T o  t h e  r e s u l t i n g  a c e t o n i t r i l e  

o x i d e  s o l u t i o n  was a d d e d  792  mg(6  mmol) of ( 1 )  i n  5  m l  of d r y  THF a t  - 7 0 ' ~ .  A f t e r  

4  h  s t i r r i n g  t h e  r e a c t i o n  m i x t u r e  was w o r k e d  up a s  t h e  c a s e  of ( 3 ) ,  t h e  c r u d e  p r o d -  

u c t  was c r y s t a l l i z e d  f r o m  n - h e x a n e - b e n z e n e  t o  g i v e  9 9 1  m g ( 8 7 % )  of ( 6 ) ,  mp 9 2 - 9 3 ' ~ .  

T h e  r e a c t i o n  was a l s o  c a r r i e d  a u t  a t  4 0 ' ~  f o r  1 h  ( 7 8 %  y i e l d ) .  

S y n t h e s i s  of ( 8 ) :  T o  a s o l u t i o n  of 7 0 0  mg(3 .55  mmol) o f  ( 7 )  i n  2 0  r n l  of d r y  THF 

was a d d e d  5 0 0  m g ( 3 . 7 9  rnmol) of ( 1 )  i n  1 0  m l  of d r y  THF a n d  t h e  r e a c t i o n  m i x t u r e  was 

r e f  l u x e d  f o r  5  h .  A f t e r  w o r k i n g  u p  a s  u s u a l  t h e  c r u d e  p r o d u c t  was c r y s t a l l i z e d  

f r o m  CHC13-MeOH t o  g i v e  1 . 1 6  g ( 9 6 X )  of ( a ) ,  mp 1 3 8 - 1 3 9 ' ~ .  

S y n t h e s i s  of ( 1 0 ) :  T h i s  compound was o b t a i n e d  by t h e  s i m i l a r  p r o c e d u r e  a s  ( 8 )  f r o m  

5 3 4  mg(3 .96  mmol) of ( 9 )  a n d  5 7 3  mg(4 .34  mmol) of ( 1 ) .  P u r i f i c a t i o n  w a s  c a r r i e d  

o u t  by s i l i c a  g e l  c o l u m n  c h r o m a t o g r a p h y  w i t h  benzene.  Y i e l d  8 8 6  m g ( 8 0 % ) .  

S y n t h e s i s  of ( 1 2 ) :  T o  a s o l u t i o n  of 1 . 7 4  g ( 1 7 . 5  mmol) of p i p e r i d i n e - N - o x i d e  ( 1 1 )  

i n  1 0  m l  of d r y  THF was a d d e d  2 .78  g ( 2 1  mmol) of  ( 1 )  i n  2 0  m l  of d r y  THF. The  mix-  

t u r e  was s t i r r e d  a t  r t  f o r  6 0  h .  A f t e r  w o r k i n g  u p  a s  u s u a l  t r e a t m e n t  t h e  o b t a i n e d  



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

( 4  : 1 )  t o  g i v e  3 . 9 5  g ( 8 8 X )  of ( 1 2 )  a s  c o l o r l e s s  a i l .  

S y n t h e s i s  o f  ( 1 3 ) :  The  m i x t u r e  af 4 . 2  g ( 1 8 . 2  mmol) of ( 1 2 ) ,  1 0 . 9  g ( 4 0  mmol) of 

m e r c u r i c  c h l o r i d e ,  4 . 0  g ( 4 0  rnrnol) of c a l c i i m  c a r b o n a t e  i n  2 7 0  m l  of 80% aqueous 

a c e t o n i t r i l e  was h e a t e d  t o  r e f  l u x  f o r  7  h.  A f t e r  w a s h i n g  w i t h  5M-aqueous  ammonium 

a c e t a t e  s o l u t i o n  ( 3  4 0  m l )  t h e  o r g a n i c  l a y e r  was d r i e d  o v e r  a n h y d r o u s  magnes ium 

s u l f a t e ,  c o n c e n t r a t e d  t o  g i v e  p u r e  ( 1 3 ) ( 1 . 0 9  g ,  4 3 % ) ( o n e  s p o t  on TLC: s o l v e n t ;  

b e n z e n e - e t h y l  a c e t a t e  = 4  : 1 ) .  I R ( n e a t ) :  1 7 8 5  a n d  1 3 1 0  ern-l. NMR(in CDC13): 1 .10 -  

Z.ZO(rn, 6 H ) ,  2 . 4 5 - 3 . 0 0 ( m ,  4H) a n d  3 . 5 6  ppm(rn, 1 H ) .  

D e s u l f u r i r a t i o n  was a l s o  c a r r i e d  o u t  a s  f a l l o w s :  t h e  m i x t u r e  o f  1 . 3 9  g ( 6 . 0  rnrncl) 

of ( I ? ) ,  6 . 4  g ( 3 6  mmol) of NES i n  6 0  m l  of SO% aqueous a c e t o n i t r i l e  was r e a c t e d  a t  

- 10% f o r  3 0  m i " .  The  r e a c t i o n  m i x t u r e  was q u e n c h e d  w i t h  3 0 0  m l  of O.1M-Na2S03 

~ o l ~ t i o n ,  t h e n  e x t r a c t e d  w i t h  b e n z e n e - e t h y l  a c e t a t e  mixed  s o l v e n t  ( 1  : 1 ) .  The  

o r g a n i c  l a y e r  was t r e a t e d  a s  u s u a l  a n d  1 2 3  mg(14 .5%)  of ( 1 3 )  was  o b t a i n e d .  
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