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Abstract: A t h i o p h e n e ring w a s in troduced t o Ceo b y h e t e r o c y c l i c q u i n o d i m e t h a n e t y p e D i e l s - A l d e r c y c l i z a t i o n 

u s i n g 2 , 3 - d i d m e t h y l e n e - 2 , 3 - d i h y d r o t h i o p h e n e . 

S i n c e t h e d i s c o v e r y of t h e m a c r o s c o p i c - s c a l e f u l l e r e n e s s y n t h e s i s by K r a t s c h m e r e t al. (1) , m e t h o d s for t h e 

isolat ion a n d purification of t h e m o s t a b u n d a n t b u c k m i n s t e r f u l l e r e n e Ceo h a v e b e e n c o n t i n u o u s l y i m p r o v e d ( 2 - 1 2 ). 

T h u s , short ly af ter Ceo b e c o m e a v a i l a b l e in l a r g e q u a n t i e s , s y n t h e t i c c h e m i s t s d e v e l o p e d i n t e r e s t in i ts 

d e r i v a t i z a t i o n . T h e c y c l o a d d i t i o n r e a c t i o n i s o n e of t h e f a s c i n a t i n g m e t h o d s for t h i s a im ( 1 3 ) , b e c a u s e Ceo 

p o s s e s s e s low- ly ing L U M O orbi ta l s ( 1 4 ) . Whi le s o m e [ 4 + 2 ] c y c l o a d d i t i o n r e a c t i o n s of Ceo 3 S a d i e n o p h i l e w e r e 

s t u d i e d with s e l e c t e d d i e n e s (for e x a m p l e , c y c l o p e n t a d i e n e a n d a n t h r a c e n e ) ( 1 5 - 1 9 ) , it w a s d e m o n s t r a t e d that 

t h e y a r e fruitful in a c a s e that a c y c l o a d d u c t c a n a v o i d c y c l o r e v e r s i o n b y s tabi l i zat ion of t h e r e s u l t e d d o u b l e b o n d 

with intrinsic aromatic i ty . In fac t irrevers ible c y c l o a d d i t i o n s w e r e p e r f o r m e d in t h e r e a c t i o n with q u i n o d i m e t h a n e 

( 2 0 - 2 5 ) a n d t h e product o b t a i n e d there from w a s u s e d for t h e first X-ray a n a l y s i s of t h e Ceo -cycloadduct s t ruc ture 

(21) . W e a r e in tres ted in a h e t e r o c y c l i c der iva t ive of Ceo with its p h y s i c a l a n d b io log ica l potential i ty . R e c e n t l y , a 

var ie ty of h e t e r o c y c l i c a n a l o g s of q u i n o d i m e t h a n e h a v e b e e n d e v e l o p e d ( 2 6 ) a n d t h e s e d i e n e s s e e m t o b e 

promis ing to c o n s t r u c t t h e d e s i r e d ring s y s t e m . First of all, w e d e c i d e d t o u n d e r t a k e in troduct ion of a t h i o p h e n e 

ring to t h e Ceo s u r f a c e u s i n g 2 , 3 - d i m e t h y l e n e - 2 , 3 - d i h y d r o t h i o p h e n e 1 ( 2 7 ) . 
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T h e r e q u i r e d d i e n e l i s in situ p r e p a r e d from 1 , 4 - e l i m i n a t i o n of d i b r o m i d e 2 with Kl a c c o r d i n g t o t h e 

reported p r o c e d u r e (27 ) . In th i s c a s e a c r o w n e t h e r w a s u s e d to facil itate t h e react ion carried out in t o l u e n e . T h u s , 

Ceo ( 3 6 m g , 0 . 0 5 m m o l ) in t o l u e n e ( 2 0 ml) w a s h e a t e d to reflux for 2 h with 2 ( 2 0 . 3 m g , O . I S m m o l ) , Kl ( 2 5 . 1 m g , 

0 . 0 7 5 m m o l ) , a n d 1 8 - c r o w n - 6 ( 1 5 8 m g , 0 . 3 m m o l ) . T h e p r o d u c t s w e r e s e p a r a t e d by s i l ica g e l c h r o m a t o g r a p h y 

e l u t e d with h e x a n e a n d t h e n h e x a n e A o l u e n e ( 9 / 1 ) to g i v e 1:1 c y c l o a d d u c t 3 a s t h e s e c o n d fraction ( 8 . 9 m g , 3 6 % 

yield b a s e d o n c o n s u m e d Ceo) a ^ e r r e c o v e r y of Ceo ( 1 4 . 5 ^iQ) a s t h e first traction. T h e u s e of e q u i m o l a r 2 r a i s e d 

t h e y ie ld ( 6 3 % ) but start ing Ceo w a s large ly r e c o v e r e d . O n t h e o t h e r h a n d , t h e i n c r e a s e d ratio of Ceo to 2 ( e . g . 

1 /4) e x p e n s e d m o s t of Ceo but r e s u l t e d in t h e m a j o r f o r m a t i o n of mul t iadd i t ion p r o d u c t s {i.e. 1:2 a n d 1 : 3 

c y c l o a d d u c t s ) . 

1 

t o l u e n e 
reflux, 2 h 

2 
K I / 1 8 - c r o w n - 6 

T h e s t r u c u r e of t h e c y c l o a d d u c t 3 w a s e l u c i d a t e d by t h e s p e c t r a l i n s p e c t i o n s . T h e F A B - M S ind ica ted t h e 

m o l e c u l a r ion p e a k at m / z 8 3 0 , c o r r e s p o n d i n g to t h e e x p e c t e d 1:1 add i t i on product . T h e IR a n d UV s p e c t r a 

s h o w e d a b s o r p t i o n s at 5 2 7 c m ' ^ a n d at 4 3 3 nm ( log E = 2 . 9 4 ) , r e s p e c t i v e l y , e a c h d i a g o n o s t i c for t h e 1:1 

c y c l o a d d u c t of Ceo ( 28 ) . In the l j - i -NMR s p e c t r u m , t o g e t h e r with AB quarte t ( J = 5 . 5 Hz) at 6 7.40 a n d 7 . 4 7 d u e to a 

t h i o p h e n e ring, t w o s i n g l e t s i g n a l s w e r e o b s e r v e d at 6 4.63 a n d 4 . 7 5 . T h e y a r e a s s i g n e d to s i x - m e m b e r e d ring 

m e t h y l e n e p r o t o n s a n d i n d i c a t e d that t h e ring flipping o c c u r r e d free ly at a m b i e n t t e m p e r a t u r e . T h e e q u i v a l e n c y of 

t h e m e t h y l e n e proton s u p p o r t e d t h e f u s i o n a c r o s s 6 ,6 -r ing junct ion. F u r t h e r m o r e , t h e ^^C-NMR conf i rmed t h e Cg 

s y m m e t r y e x p e c t e d from t h i s fu s ion , w h i c h w a s i n d i c a t e d by t h e p r e s e n c e of 3 2 l i n e s at 6 1 3 5 . 7 6 , 1 3 5 . 9 3 , 1 3 6 . 1 3 , 

1 3 8 . 8 3 , 1 4 0 . 3 8 , 1 4 0 . 3 9 , 1 4 1 . 8 4 , 1 4 1 . 8 6 , 1 4 2 . 3 3 , 1 4 2 . 4 9 , 1 4 2 . 5 6 , 1 4 2 . 8 4 , 1 4 3 . 3 1 , 1 4 3 . 3 6 , 1 4 4 . 9 3 , 1 4 4 . 9 5 , 
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1 4 5 . 4 9 , 1 4 5 . 5 5 , 1 4 5 . 6 2 , 1 4 5 . 6 9 , 1 4 5 . 7 1 , 1 4 5 . 7 3 , 1 4 5 . 7 7 , 1 4 6 . 0 1 , 1 4 6 . 4 8 , 1 4 6 . 5 2 , 1 4 6 . 7 4 , 1 4 7 . 7 6 , 1 4 7 . 9 3 , 

1 4 7 . 9 4 , 1 5 6 . 7 7 , a n d 1 5 7 1 9 ( s p 2 c a r b o n s ) , a n d 2 l i n e s at 6 6 6 . 9 0 a n d 6 7 . 2 5 ( s p 3 c a r b o n s ) , all attributed to C e o 

f ramework e x c e p t 2 l i n e s b e l o n g i n g t o t h i o p h e n e s p 2 c a r b o n s ; a l s o o b s e r v e d w e r e s i g n a l s at 6 1 2 3 . 6 9 a n d 1 2 7 . 2 2 

( t h i o p h e n e ring c a r b o n s ) a n d at 6 4 1 . 1 6 a n d 4 1 . 8 9 ( m e t h y l e n e c a r b o n s ) . 

T h u s o b t a i n e d t h i o p h e n e - c o n t a i n i n g C e o der iva t ive m a y b e u s e f u l for further c o n v e r s i o n s t h r o u g h F r i e d e l -

Crafts t y p e f u n c t i o n a l i z a t i o n s a n d v a r i o u s n n g t r a n s f o r m a t i o n s . T h e [ 4 + 2 ] c y c l o a d d i t i o n r e a c t i o n s utilizing o t h e r 

he terocy l i c q u i n o d i m e t h a n e s a r e in p r o g r e s s in our laboratory. 
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