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Abstract - Certain effect of a silyl group on the regio- and 

stereoselectivity in 1,3-dipolar cycloaddition has been demonstrated 

by cycloaddition of the thiocarbonyl ylide with n silyl group at the 

termini to unsymmetrical dipolarophiles. 

Application of organosiliian compounds in pericyclic reactions2 has grown durlng 

the last ten years. Especially, a silyl group has been utilized in 1.3-dipolar 

cycloadditions3 as an excellent leaving group to generate the dipole species. 

However, the effect of a silyl group on the r e g i o  and stereoselectivity, which 

is great importance for further synthetic application, has been unexplored. 

We now wish to report the first demonstration of the effect of a silyl group on 

the selectivity in 1,3-dipolar cycloadditions. 

In preceding communication4, we discribed the convenient generation of a new 

thiocarbonyl ylide (1) from bromo(trimethylsilyl)merhyltrimethylsilylmethylsilane 

(2a). The dipole species 1 with a trirnethylsilyl graup at the termini is well 

suited for Lhe investigation on the effect of a silyl group. 5 

110°C + - - t 
Me3SiCHSCH2SiMe - [ Me3SiCH=S-CH , - Me SiCH-S=CH2 ] 

in DMF 3 

B r  2a I 

Our results of the cycloadditions of 1 to several unsymmetrical dipolarophiles are 

sumrnerized in Table 1. 

The reaction was generally carried out as  follow^: A solution of 2a (3 mmol) and 

e dipolarophile (2 mrnol) in N,N-dimethylformamide (DMF)(lO ml) was heated at llO0C 

for 2 h with stirring. After the usual workup, the product was isolated by 

column chromatography (silica gel, diisapropyl etherlhexane = 1/20 as an eluent). 

Entry 1 (Table 1) shows the obvious regioselection due to the substitution of a 



Table 1. Regio- a n d  Stereoselectivity in 1,3-Dipolar Cycloaddition 

via Thiocarbonyl Flide 

Entry Reagent Dipolarophile Product T o t a l  yield 
No. (Ratio of isomers) (%I 

a) Mixture of t w o  possible stereoisomers 
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t r i m e t h y l s i l y l  g r o u p .  Fo r  t h e  s t r u c t u r e  e l u c i d a t i o n ,  3 a  a n d  3 b  were d e s u l f u r i z c d  

q u a n t i t a t i v e l y  w i t h  R~~~~ N I  t o  2 - ( m e t h o x y c a r b o n y l ) b u r y l t r i i i t h y l s i l a n e  ( 9 a )  a n d  

i t s  3 - i s o m e r  ( 9 b ) ,  r e s p e c t i v e l y .  T h e i r  ' H - N M R  s p e c t r a 6  c l e a r l y  e s t a b l i s h e d  

t h e i r  s t r u c t u r e s .  

H2C=CHC02Me Raney  N i  
Za ( 3 e t 3 b )  - 

1 1 0 ° C  i n  DMF 

9 a  9 b  
3 : l  

The r a t i o  o f  3 a  t o  3 b  w a s  d e t e r m i n e d  o n  t h e  b a s i s  o f  t h e  g a s  i h r a m a t o g r v m  (20X SE- 

30  o n  Chrom.  W ,  8 0 - 1 0 0  m e s h )  o f  t h e  m i x t u r e  o f  9 a  a n d  9 b  o b t a i n e d  f r o m  t h e  c r u d e  

c y c l o a d d u c L .  T h e  s t r u c t u r e s  a n d  t h e  r a t i o s  of i s o m e r s  i n  e n t r i e s  2  a n d  3  were 

d e t e r m i n e d  by a m e t h o d  s i m i l a r  t o  t h a t  d e s c r i b e d  a b o v e .  T h e  r e g i o s e l e c t i v i t y  

o b s e r v e d  i n  e n t r y  3  i s  n e v e r  n e g l i g i b l e  i n  v i e w  o f  t h e  f a c t  t h a t  2 , 2 , 3 - t r i s u b s t i -  

t u t e d  c y c l o a d d u c t  was p r o d u c e d  i n  a s l i g h t  excess i n  s p i t e  o f  t h e  l a r g e  s t e r i c  

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

I n  o r d e r  t o  c l a r i f y  t h e  ~ L e r e o s e l e c t i v i t y  we d e s i g n e d  a new d i p o l e  g e n e r a t i n g  

7 
a g e n t  ( 2 c )  . Compound 2 c  r e a c t e d  w i t h  m e t h y l  a c r y l a t e  t o  g i v e  t h e  c o r r e s p o n d i n g  

t e t r a h y d r o t h i a p h e n e s  (6a a n d  6 b ) ,  w h e r e  t h e  p r o d u c t  was i s o l a t e d  a s  a s i n g l e  

r e g i o i s o m e r  b u t  a m i x t u r e  o f  t w o  s t e r e o i s o m e r s .  T h e  ' H - N M R  ( i n  CDC13) s p e c t r a  
8 

show t w o  c h a r a c t e r i s t i c  s i g n a l s :  6 a ,  3 . 6 3  ppm ( I H ,  d d ,  J= 4 . 4 ,  5 . 6  H z ,  % c H ) ,  3 . 7 5  

p p m  ( 3 H ,  s ,  0CH3):  6b, 3 . 5 2  ppm ( I H ,  t ,  J =  6 . 4  H z , ~ c H ) ,  3 . 4 9  p p m  ( 3 H ,  s ,  0CH3) .  

S h i f t  o f  t h e  s i g n a l  d u e  t o  e s t e r  m e t h y l  o f  6 b  t o  h i g h e r  f i e l d  i n d i c a t e s 9  t h a t  t h e  

m e t h o x y c a r b o n y l  g r o u p  a t  t h e  3 - p o s i t i o n  i s  c i s  t o  t h e  p h e n y l  g r o u p  a t  t h e  2 - p o s i -  

t i o n .  

We r e p o r t e d 1 '  p r e v i o u s l y  t h a t  t h e  p h e n y l  g r o u p  a t  d i p o l e  t e r m i n i  a f f e c t e d  t h e  

s t e r e o s e l e c t i v i t y  a s  w e l l  a s  t h e  r e g i o s e l e c t i v i t y  i n  t h e  1 , 3 - d i p o l a r  c y c l o a d d i t i o n  

o f  a r o r n e t h i n e  y l i d e .  T h e r e f o r e ,  h i g h  r e g i o s e l e c t i v i t y  i n  e n t r i e s  4  a n d  5  seems 

t o  b e  m o s t l y  o w i n g  t o  t h e  e f f e c t  o f  p h e n y l  g r o u p .  T h e  s t e r e o s e l e c t i v i t y  i n  

e n t r i e s  4 - 6 ,  h o w e v e r ,  s u g g e s t s  t h a t  i t  may b e  a t t r i b u t e d  t o  t h e  e f f e c t  o f  s i l y l  

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

f u t u r e .  R e c e n t l y ,  t h e  r e g i o s e l e c t i v i t y  i n  p e r i c y c l i c  r e a c t i o n s  i n c l u d i n g  1 . 3 -  

1 1  d i p o l a r  c y c l o a d d i t i o n s  h a s  b e e n  w e l l  e l u c i d a t e d  by m o l e c u l a r  o r b i t a l  t h e o r y  . 

A d o p t i o n  o f  MO t h e o r y  i n  t h i s  a r e a  i s  u n d e r  i n v e s t i g a t i o n .  
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