
HETEROCYCLES, Yo1 29, No 1, 1989 

(412)TYPE CYCLOADDITION OF CHROMONES WITH Q,b-UNSATURATED KETONES 

MEDIATED BY t-BUTYLDIMETHYLSILYL TRIFLATE: ONE-POT PREPARATION OF 

XANTHONE DERIVATIVES 

Yong-gyun L e e ,  Hideharu  I w a s a k i ,  Yohsuke Yamamoto, 
* 

Katsuo  O h k a t a ,  and Kin-ya Akiba 

Department o f  Chemis t ry ,  F a c u l t y  of S c i e n c e ,  Hiroshima U n i v e r s i t y  

Higashisenda-machi ,  Naka-ku, Hiroshima 730, Japan  

A b s t r a c t  - 4-t-Butyldimethylsiloxy-1-benzopyrylium s a l t  (2_a,b) r e a c t e d  

w i t h  v a r i o u s  w,&-unsaturated k e t o n e s  (La-g) i n  t h e  P r e s e n c e  of  

t-BuMe2SiOTf and 2 , 6 - l u t i d i n e  t o  a f f o r d  t h e  c o r r e s p o n d i n g  (4+2) type  

c y c l o a d d u c t s  (5-i) i n  h i g h  y i e l d .  The r i n g  f u s i o n  o f  t h e  adduct  was 

de te rmined  t o  be c i s  geometry a n  t h e  b a s i s  o f  t h e  'H nmr s p e c t r a l  

f e a t u r e s .  

In a p r e c e d i n g  communication, '  we r e p o r t e d  i n t r o d u c t i o n  of  a n  o x o a l k y l  group i n t o  

chromone ( l _ a )  u s i n g  en01 s i l y l  e t h e r  or  a c t i v e  m e t h y l e n e  compounds v i a  

4-si loxybenzopyryl ium s a l t .  Although chromones c o n t a i n  d , B - u n s a t u r a t e d  k e t o n e  

p a r t ,  t h e i r  u s e  a s  Zncomponent  i n  ( 4 + 2 ) t y p e  c y c l o a d d i t i o n  i s  rare. Very 

r e c e n t l y ,  Wallace e t  a l .  showed t h e  c y c l o a d d i t i o n  of  a c t i v a t e d  benzopyran-4-ones 

( c h r m o n e s )  t o  2,3-dimethyl-1.3-butadiene by u s i n g  c a t a l y t i c  amount o f  

t i t a n i u m ( 1 V )  c h l o r i d e  and t o  D a n i s h e f s k y ' s  e l e c t r o n  r i c h  d i e n e s  i n  t h e  absence of 

a n y  Lewis a c i d  c a t a l y s t s . '  We now d e s c r i b e  t h a t  ( 4 + 2 ) t y p e  c y c l o a d d i t i a n  o f  

chromones (12,b_) w i t h  U,@-unsa tura ted  k e t o n e s  cou ld  be media ted  w i t h  t - b u t y l -  

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

p o t  p r o c e s s .  4-t-Butyldimethylsiloxy-1-benzopyrylium t r i f l a t e  (Z_a,b) was 

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

(2 eq) as r e p o r t e d  a l r e a d y . '  R e a c t i o n  of 2 w i t h  N.8-unsa tura ted  k e t o n e s  (z-5) 
i n  t h e  p r e s e n c e  of  2  e q u i v .  of 2 , 6 - l u t i d i n e  i n  CHZCIZ s o l u t i o n  proceeded  smoothly 

t o  g i v e  t h e  c y c l o a d d u c t s  a -  i n  h i g h  y i e l d .  3 ' 4  The r e s u l t s  are suormarized i n  

scheme 1 and T a b l e  1. 



Table 1. (4c2)Type Cycloaddition of Chromones (l_a,b) 
to Various d,p-Unsaturated Ketones (32-g) 

.- 

entry X H1 H2 FL3 H4 product yield (I) 

Under the same reaction conditions, chromone (12) reacted with 4-methoxy- 
5 

3-buten-2-one to give 2,4'-disil~x~beneophenone (5) in fair yield (24%). 

Although the corresponding pyrylim salt of 2-rnethylchrmone was prepared, the 

salt did not undergo such a (4+2)type cycloaddition with any U.8-unsaturated 

ketones in the presence of 1 equiv. of 2,6-lutidine but dimeriaed to give 6 
5 

almost quantitatively (scheme 2). 

Scheme 2 
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A t y p i c s l  e x p e r i m e n t a l  p rocedure  was a s  f o l l o w s :  a m i x t u r e  o f  chromone (12 .  450.8 

mg, 3.09 mmol) and t - b u t y l d i m e t h y l s i l y l  t r i f l a t e  ( 1 . 4 2  m l ,  2  e q )  was h e a t e d  t o  80 

'C w i t h  s t i r r i n g  f o r  1 h.  A f t e r  t h e  m i x t u r e  was cooled  t o  roan t e m p e r a t u r e  

2 , 6 - l u t i d i n e  ( 0 . 6 7  m l ,  2 e q )  i n  5  m l  o f  CHZC12 was added ,  f o l l o w e d  by t h e  

a d d i t i o n  of  b e n z a l a c e t o n e  (s, 550 mg, 1 . 7  e q )  i n  2  m l  o f  CH2ClZ t h e  m i x t u r e  was 

r e f l u x e d  f o r  3  h  under  n i t r o g e v  atmosphere.  A f t e r  c o o l i n g ,  t h e  m i x t u r e  was 

poured  i n t o  s a t u r a t e d  aqueous sodium b i c a r b o n a t e  (50  m l ) .  The produc t  was 

e x t r a c t e d  i n t o  CH2C12 ( 3 0  m l  x  3 )  and t h e  s o l v e n t  was e v a p o r a t e d  i n  vacuo  a f t e r  

be ing  d r i e d  o v e r  anhydrous magnesium s u l f a t e .  The c r u d e  p r o d u c t  was p u r i f i e d  by 

f l a s h  column chroka tography  ( S i 0 2 )  w i t h  hexane and e t h y l  a c e t a t e  (10  : 1 )  a s  

e l u e n t  t o  a f f o r d  42 (866 mg, 96%) as a ye l low o i l .  

I n  t h e  p r e s e n c e  o f  1 e q u i v .  o f  t - b u t y l d i m e t h y l s i l y l  t r i f l a t e  and 2 , 6 - l u t i d i n e ,  

r e a c t i o n  of  12 w i t h  en01  t - b u t y l d i m e t h y l s i l y l  e t h e r  o f  32 a l s o  a f f o r d e d  4_c i n  95% 

y i e l d .  

1 
S t r u c t u r a l  ass ignment  is based  on H nmr s p e c t r a l  d a t a  and chemical  b e h a v i o r s .  

I n  'H nmr spec t rum of  4_c, t h e  v i n y l  p r o t o n  a p p e a r s  a t 6  5.13 a s  a  d o u b l e t  ( J  = 5.0 

Hz) and t h e  s i g n a l s  due  t o  H-4a and H-9a a r e  s e e n  a t  6 4.80 ( d d ,  J = 3 . 1  and 6 . 4  

Hz) and 6 2.99 ( d d ,  J = 3 . 1  and 8 .7  H z ) ,  r e s p e c t i v e l y .  The s m a l l  c o u p l i n g  

c o n s t a n t  (J = 3 .1  Hz) between H-4a and H-9a i n d i c a t e s  t h a t  t h e  r e l a t i v e  

S t e r e o c h e m i s t r y  o f  t h e  two meth ine  p r o t o n s  is e q u a t o r i a l - a x i a l .  The H-9a 

hydrogen is  c o n s i s t e n t  w i t h  l , 2 - d i a x i a l  r e l a t i o n s h i p  w i t h  t h e  a d j a c e n t  m e t h i n e  

hydrogen H-1 a s  judged from t h e  l a r g e r  c o u p l i n g  c o n s t a n t  (J = 8 . 7  H z ) .  On t h e  

b a s i s  o f  t h e s e  s p e c t r a l  f e a t u r e s ,  t h e  phenyl  g roup  i s  o r i e n t e d  a t  t h e  e q u a t o r i a l  

p o s i t i o n  i n  h a l f - c h a i r  conformer of c y c l o h e x e n y l  r i n g  i n  4 2  as  i n d i c a t e d  i n  [ 4 ~ ] .  

A S  a l l  t h e  o t h e r  a d d u c t s  a l s o  show a s m a l l  c o u p l i n g  c o n s t a n t  (J = 2-5 Hz) between 

H-4a and H-9a, t h e  r i n g  f u s i o n  a t  C-4a and C-9a i s  c o n s i d e r e d  t o  be t h e  same c i s  

geometry a s  t h a t  o f  42. However, t h e  r e l a t i v e  s t e r e o c h e m i s t r y  o f  a l k y l  g roup  a t  



C-4 i n  %f,g and &i r e m a i n s  o b s c u r e  b e c a u s e  of  t h e  medium s i z e  of v i c i n a l  c o u p l i n g  

c o n s t a n t  ( J  = 5-6 Hz). 
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