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Abs t rac t  The t i t l e  th iophene (4) showed b e t t e r  Die ls -Alder  r e a c t i v i t y  

than t h e  corresponding fu ran  (3) i n  t h e  mode and r e l a t i v e  r a t e  of t h e  

r e a c t i o n  wi th  a  d i e n o p h i l e ;  t h i s  i s  t h e  reverse  of t h e  well-known 

' enda -d iene '  r e a c t i v i t y .  

Conjugated double bonds, one o r  bo th  o f  which are  p a r t s  of an aromat ic  system, e n t e r  

i n t o  t h e  d i e n e  s y n t h e s i s .  In t h i s  case  t h e  bond c h a r a c t e r  (i.e., a r o m a t i c i t y )  i s  

be l i eved  t o  r e f l e c t  upon t h e  cyc loadd i t ion  r e a c t i v i t y .  For example, a s  f o r  an - 
' endo-diene '  system, t h e  l e s s  aromat ic  fu ran  undergoes [4+Z]cycloaddi t ion  r e a c t i o n  

wi th  e a s e ,  b u t  thiophene does wi th  d i f f i c u l t y . '  This  r e a c t i v i t y  t r e n d  i s  expected 

a l s o  i n  t h e  ' exo-d iene '  system, s i n c e  t h e  r i n g  double bond i s  s t i l l  a  c o n s t i t u e n t  

of a  4n system. In t h e  e a r l i e r  works, 2-vinyifuran (1) and - th iophene (2) were 

demonstrated t o  r e a c t  wi th  male ic  anhydride t o  g ive  t h e  'endo-diene '  cycldadducts .  3 

However, no  comparison i n  t h e  r e a c t i v i t y  between them is  made s o  f a r .  
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During t h e  course  of our  s t u d i e s  on t h e  cyc loadd i t ion  r e a c t i o n  us ing  a  s i l i c o n  

e lement ,  we found t h e  remarkable d i f f e r e n c e  i n  the  Die ls-Alder  r e a c t i o n s  of 

2-(1-trimethylsilyloxyviny1)furan (3) - and -thiophene ( 5 ) :  r e v e r s a l  of t h e  

r e a c t i v i t y  ( th iophene ( $ ) > f u r a n  ( 3 ) ) .  The r e s u l t s  a r e  summarized i n  Table 1. 

1 - 2 - 3 - 4 - 

H H 0SiMe3 0SiMe3. 
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While b o t h  t h e  furan (3) and th iophene (4)  showed t h e  common chemical behavior  w i t h  

a  t y p i c a l  d i enoph i l e  such a s  N-phenylmaleimide (5) t o  g ive  [4+2]cycloadducts  and 

10a r e s p e c t i v e l y  ( e n t r y  11,  t h e r e l a t i v e  r a t e  e s t ima ted  by h a l f - l i f e  measurement - 

with GLC i n d i c a t e d  t h a t  t h e  th iophene (4) r e a c t e d  wi th  5 6 t imes f a s t e r  than t h e  

furan (3). Moreover, t h e  sharp  c o n t r a s t  i n  t h e  mode of r e a c t i o n  was observed i n  

t h e i r  r e a c t i o n s  wi th  t r i e t h y l  e thy leneca rboxy la te  (5) and d i e t h y l  azod ica rboxy la te  

( L ) ;  t h e  thiophene (4) gave normal [4+Z]cycloadducts and a s  desc r ibed  

before ,  bu t  t h e  fu ran  (3)  gave open-chain adducts  and ( e n t r i e s  2 and 3 ) .  

The formation o f  t h e s e  products  i s  e l u c i d a t e d  e i t h e r  by o x i d a t i v e  r ea romat i za t ion  of 

4  t h e  primary cycloadduct 13 with  a i r  du r ing  work up o r  by a  s i l y l  group migra t ion  t o  

t h e  an ion ic  c e n t e r  (2.) i n  t h e  i w i t t e r i o n i c  in t e rmed ia te  14. 5 

Despite o f  l e s s  aromat ic  c h a r a c t e r  of t h e  f u r a n  r i n g  double bond, t h e  fu ran  (3) 

reacted  wi th  t h e s e  p o l a r i z e d  d ienoph i l e s  i n  a d i f f e r e n t  way from t h e  thiophene ( 5 ) ;  
t h e  r i n g  double band no more p a r t i c i p a t e d .  The n a t u r e  of a  p o l a r i z e d  d ienoph i l e  

tends t o  cause l o s s  of conce r t edness ,  and t h e r e b y ,  t h e  z w i t t e r i o n i c  in t e rmed ia te  

leading t o  t h e  open-chain adduct may became e n e r g e t i c a l l y  favored.  In  f a c t ,  

with a  more p o l a r i z e d  he te rod ienoph i l e  such a s  n i t rosobenzene ( L ) ,  hydroxylamines 

I l d  and a s  anopen-chain  adduct were ob ta ined  from bo th  t h e  fu ran  (3) and - 

thiophene (4) ( e n t r y  4) .  Never the le s s ,  a long t h e s e  r e a c t i o n s ,  it is  apparent  t h a t  

the  th iophene (4)  p rese rved  b e t t e r  Die ls -Alder  r e a c t i v i t y  than t h e  f u r a n  (31, and 

thus ,  t h e  prevalency of t h e  thiophene (4) w i t h  r ega rd  t o  ' e x o - d i m e '  r e a c t i v i t y  i s  

no longer  a t t r i b u t e d  t o  aromat ic  f a c t o r s .  I n s t e a d ,  one of t h e  p o s s i b l e  exp lana t ions  

f o r  t h e  observed r e v e r s a l  of r e a c t i v i t y  may be o f f e r e d  by t h e  f r o n t i e r  o r b i t a l  

theory;  cons ide r ing  t h e  major c o n t r i b u t i o n  of HOMO ( 3  o r  4)-LUMO (d ienoph i l e )  i n t e r -  

t h e  h ighe r  energy of t h e  HOMO and t h e  l a r g e r  s i z e  of t h e  HOMO c o e f f i c i e n t  

a t  the  end o f  t h e  s i l y l o x y v i n y l  group i n  t h e  thiophene (4) than i n  t h e  f u r a n  (3) i s  

i n  consonance wi th  t h e  exper imenta l  f a c t s  (Table 2 ) .  
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Table 1. Reactions of 3 and 4 with some dienophiles (Y=2). 

9 x=o - 

10 X=S - 

[4+2] cycloadduct 

11 x=o - 
12 x=s - 

open-chain adduct 

. . 
entry diene dienophile reaction conditionsi) type of adduct no. of product1') yield(%) mp('C) 

temp.('C) timernr) 

[4+21 

[4+21 

open-chain 

[4+21 

open-chain 

[4+21 

open-chain 

open-chain 

9a - 43 

10a 85 - 

llbiii) 48 
- 
lob 73 - 

llciii) 73 
- 
1oc 47 - 

lld - 76 

l2d - 70 

194-195 

168-171 

oil 

oil 

oil 

oil 

67-70 

oil 

i) The reaction was carried out under a nitrogen or argon atmosphere in an appropri- 

ate aromatic hydrocarbon except for 5 in CHC13. ii) All new compounds had satis- 

factory spectral and elemental data. iii) The yield and structure were determined 

as a desilylated product. 

Table 2. HOMO of - 3 and 4 [CNDO/Z]~) 
compound energy (eV) coefficient C-3 C-2 C-1' C-2' 

3 - -11.1 0.382 0.379 -0.281 -0.573 

4 -10.9 0.348 0.359 -0.299 -0.594 

i) Calculated data by Dr. T. Esaki (Nagoya University). 
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