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A b s t r a c t  - 4,6-Diphenylthieno[3,4-c][l,2,5]oxadiazole c o n t a i n i n g  t e t r a -  

v a l e n t  s u l f u r  r e a c t e d  w i t h  norbornene t o  g i v e  f o u r  s te reo isomer i c  1:2 adducts,  

~soxarolinyltetrahydrothiophene d e r i v a t i v e s .  The r e a c t ~ o n  proceeds v i a  i n -  

i t i a l  f o r m a t i o n  o f  b o t h  t h e  *-% and =-% cycloadduc ts  across t h e  t h i o -  

ca rbony l  y l i d e  d i p o l e .  Subsequent r i n g  c leavage o f  t h e  o x a d i a r o l e  r i n g  o f  i n -  

i t i a l  s t r a i n e d  cyc loadduc ts  generates t h e  n i t r i l e  o x i d e  i n t e r m e d i a t e s  capable 

of undergoing c y c l o a d d i t i o n  t o  norbornene t o  a f f o r d  t h e  1:2 adducts.  

S ince tetraphenylthieno[3,4-clthiophene was f i r s t  prepared as an i s o l a b l e  n o n c l a s s i c a l  condensed 

th iophene2,  syntheses o f  s e v e r a l  s t a b l e ,  n o n c l a s s i c a l  10" -e lec t ron  condensed th iophenes have been 

r e p o ~ t e d .  These compounds c o n t a i n i n g  t e t r a v a l e n t  s u l f u r  a r e  o f  cons ide rab le  p r a c t i c a l  and theo-  

3 r e t i c a l  i n t e r e s t  . P r e v i o u s l y ,  we have r e p o r t e d  on t h e  p r e p a r a t i o n  o f  4.6-diphenylthieno[3,4-cl- 

[I ,2,5]oxadiaro le (,l) c o n t a i n i n g  t e t r a v a l e n t  s u l f u r ,  and i t s  c y c l o a d d i t i o n  t o  s imp le  o l e f i n s  lead-  

i n g  t o  s t r a i n e d  o x a d i a l o l e b  o f  t h e  th ianorbornane  system4. It has a l s o  been found t h a t  b o t h  t h e  

endo- and E-cycloadducts o b t a i n e d  f r o m  1 and N-phenylmaleimide undergo thermal  c leavage o f  t h e  

oxad iazo le  r i n g  t o  n i t r i l e  and n i t r i l e  o x i d e  m o i e t i e s  which can be cap tu red  as 1,3-cyc loadducts by 

o l e f i n s  and  acetylene^^'^. 
i n  t h i s  regard ,  we have i n v e s t i g a t e d  t h e  c y c l o a d d i t i o n  r e a c t i o n  o f  1 w i t h  norbornene ( 2 ) .  expec t ing  

t h e  f o r m a t i o n  o f  t h e  h i g h l y  s t r a i n e d  c y c l o a d d u c t ( s ) ,  o x a d i a z o l e ( s )  o f  t h e  h i g h l y  s t r a i n e d  t h i a -  

te t racyc lododecane  r i n g  system. 

When 1 was a l l owed  t o  r e a c t  w i t h  an equimolar  amount o f 2  i n  r e f l u x i n g  benzene, under n i t r o g e n ,  f o r  

12 h, fou r  products ,  3, 9, 2, and 6, were o b t a i n e d  i n  low y i e l d s ,  t o g e t h e r  w i t h  recovery  of 1. A l -  

though t h e  s t r u c t u r e s  o f  t h e  p roduc ts ,  2 - 6 ,  w i l l  be desc r ibed  below, t h e  mo lecu la r  fo rmu las  of 

a l l  p roduc ts  agreed w i t h  t h a t  of a  1:2 adduct  of L t o  2. Even when excess o f  L w a s  employed, no 

1 : l  a d d u c t ( s )  were formed, whereas t h e  r e a c t i o n  employ ing excess o f  2 r e s u l t e d  i n  an i n c r e a s e  i n  



y i e l d s  of $ -  5 (Table I ) .  

Table I 

!L? Yie ld ,  % Recovery 
Condi t ions 

mol Imol  3  - 4 - 5 - 6 - O f  1, % 
~~ ~- 

1/1 i n  r e f l u x i n g  benzene, 12 h  2 t r a c e  2  t r a c e  79 

2/1 i n  r e f l u x i n g  benzene, 12 h  2  t r a c e  4  t r a c e  85 

115 i n  r e f l u x i n g  to luene ,  12 h  15 6  22 5  23 

On the  bas is  of s p e c t r a l  data (Tab le  11) as w e l l  as the  mode of format ion,  t h e  1  :2 adducts, 2 - 5, 
were considered t o  be s te reo isomer ic  i s o x a z o l i n e  d e r i v a t i v e s  a r i s i n g  from a  1 ,3 -cyc loadd i t i on  o f  2 

t o  n i t r i l e  ox ide  in te rmed ia tes  generated f rom i n i t i a l  1 : l  cyc loadducts.  The IR spec t ra  of a l l  1 :2 

adducts showed a  weak band a s c r i b a b l e  t o  vCFN absorp t ion  as observed i n  t h e  1:2 adducts o f  L t o  
7 acety lenes . 

Table I 1  

~ d d u c t ~  Mp., OC Appearance 'czNb ' H  NMR (CDCl3), 6' M+ 

cm-l mle 

3  - 202-203 p a l e  y e l l o w  2220 

needles 

4  - 290-291 c o l o r l e s s  2220 

prisms 

5  - 247-248 p a l e y e l l o w  2220 

needles 

6  
? 

245.5-246.5 p a l e  y e l l o w  2220 

prisms 

2.84, 2.94 (each l H ,  d, J=10.0 Hz, H', Hz) ,  466 

3.60 ( lH ,  d, 5.8.0 Hz, H3),  4.50 ( l H ,  d, 

5.8.0 Hz, H4) 

2.80 ( lH,  d, 5 ~ 8 . 0  Hz, H 3 ) ,  3.14 (2H, s, 466 

HI, H Z ) ,  4.56 ( l H ,  d, 5 ~ 8 . 0  Hz, H') 

3.03, 3.91 (each lH, d, 5=8.0 Hz, H1, Hz) ,  466 

3.81 ( IH ,  d, J=8.0 Hz, H 3 ) ,  4.68 ( l H ,  d, 

5-8.0 Hz, H') 

2.40 ( lH,  d, J.8.0 Hz, Ha) ,  3.15, 3.76 466 

(each IH ,  d, J=8.0 Hz, H', H Z ) ,  4.45 ( l H ,  

d, J=8.0 Hz, H* )  

a A l l  adducts gave s a t i s f a c t o r y  elemental analyses. b ~ e a s u r e d  i n  K8r d isks .  C ~ o r b o r n a n e  r i n g  

protons are as fo l l ows .  3: 6 0.7-1.7 (11H. m),  1.96 ( l H ,  s ) ,  2.1-2.5 (3H, m), 3.16 ( l H ,  s ) .  

4: 6 0.7-1.9 (12H, m), 2.32 ( l H ,  s ) ,  2.50 ( l H ,  d, 5-4.0 Hz), 2.70 ( l H ,  s ) ,  3.00 ( lH,  d, 5 ~ 4 . 0  - 
Hz). 5: 6 0.6-1.6 (14H. m), 2.12 ( lH ,  d, J=10.0 Hz), 2.48 ( l H ,  d, J=4.0 Hz). 6: 6 0.5-1.6 

(12H, m), 1.90, 2.13 (each l H ,  d, J-10.0 Hz), 2.58, 2.90 (each lH, 5-4.0 Hz) .  

1  Baed on t h e  s i m i l a r l i t i e s  of H  NMR s p e c t r a l  data w i t h  the  r e p o r t e d  1 : l  adducts, 2 - a6, which 

were ob ta ined  from t h e  r e a c t i o n  o f  o l e f i n s  w i t h  the  @- and E-cycloadducts of L t o  N-phneyl- 

maleimide, c o n f i g u r a t i o n s  o f  the  te t rahydro th iophene  and i s o x a z o l i n e  m o i e t i e s  i n  2 - 5 were as- 
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Scheme 1 



signed as shown i n  Scheme 1. The methine p r o t o n  H3 i n  4 o r  5 appeared a t  a h i g h e r  f i e l d  than t h a t  

i n  3 o r  2 ,  because o f  a n i s o t r o p y  e f fec t  of t h e  r e s p e c t i v e  phenyl group a t  t h e  3 - p o s i t i o n  o f  t e t r a -  

1 
hydrothiophene r i n g .  S i m i l a r  phenomena were observed i n  t h e  H NMR spec t ra  b e t w e e n 2  o r  10 and 1 

o r  I?. The d i f ferences of value5 i n  chemical s h i f t s  o f  meth ine p ro tons ,  A6(H1- Hz) and AS(H~-H'), 

i n  3 - 1 2  are summarized i n  TaDle 111. Thus, i t  i s  e v i d e n t  t h a t  c o n f i g u r a t i o n s  o f  the  t e t r a h y d r o -  

th iophene r i n g  i n  3 or f! a n d 5  o r  5 correspond t o  $, i n  2 and 2 ,  and @, i n  B a n d  12, whereas t h e  

i s o x a z o l i n e  r i n g s  i n 3  o r 2  a n d 4  o r  5 have c o n f i g u r a t i o n s  s i m i l a r  t o  those i n ?  o r  10 a n d 7  or!, 

r e s p e c t i v e l y .  

Table I 1 1  

d6(n1- H ~ )  0.1 0 0.88 0.61 0 -0.41 0.69 -0 .78  0 -0.29 0.52-0.64 

A6(H3-H') 0.9 1.76 0.87 2.05 0 .74-1 .14  0.84-0.89 1 . 2 6 - 1 . 5 6  1 . 5 3 - 1 . 9 0  

It i s  w e l l  known t h a t  o n l y  =-protons o f  b i cyc lohep tane  system couple w i t h  br idgehead p ro tons ,  b u t  

8 endo-protons do n o t  couple . The p ro tons ,  HI, HZ and H% HH', i n  a l l  adducts appeared as sharp - 
s i g n a l s  r e s p e c t i v e l y ,  i n d i c a t i n g  t h a t  a l l  hydrogens H' -H4  a r e  l o c a t e d  a t  t h e  *-posi t ions i n  

the  r e s p e c t i v e  b icyc lohepane r i n g s .  

Based on t h e  s te reochemis t ry  o f  A -  j, the  r e a c t i o n  pathways are i l l u s t r a t e d  i n  Scheme 1. The r e -  

a c t i o n  proceeds v i a  f a v o r a b l e  f o r m a t i o n  o f  two adducts,  endo-exo L a n d  exo-exo 8, among p o s s i b l e  

four  s tereoisomers R, A'.!, and j'. Subsequent r i n g  cleavage of t h e  oxad iazo le  r i n g  o f h o r j  

generates t h e  n i t r i l e  o x i d e  i n t e r m e d i a t e  L o r  capable of undergoing c y c l o a d d i t i o n  t o  norbornene 

t o  g i v e  t h e  f i n a l  p r o d u c t s L a n d  5 o r ?  and?, r e s p e c t i v e l y .  
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