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A b s t r a c t - A  new s i m p l e  methodology is d e s c r i b e d  f o r  t h e  p r e p a r a t i o n  of 

o x a s t e r o i d a l  s k e l e t o n s  c o n t a i n i n g  a l a c t o n e  r i n g  via c y c l o a d d i t i o n  o f  

2 - t - b u t y l d i m e t h y l s i l o x y p y r y l i u m  t r i f l a t e  (-1 w i t h  s i l o x y d i e n e s  (2). 

The p r e p a r a t i o n  of  h e t e r o c y c l i c  s t e r o i d s  is  one o f  t h e  c u r r e n t  i n t e r e s t s  i n  

s y n t h e t i c  o r g a n i c  c h e m i s t r y  f o r  s e v e r a l  r e a s o n s .  P a r t i c u l a r l y ,  t h e i r  p r e p a r a t i o n  

i s  a s t i m u l a t i n g  c h a l l e n g e  t o  t h e  o r g a n i c  c h e m i s t s  and t h e i r  d e r i v a t i v e s  p l a y  an  
1 

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

R e c e n t l y ,  w e  have  d e s c r i b e d  an  e f f e c t i v e  approach t o  xan thone  d e r i v a t i v e s  based  

upon (4+2)  t y p e  c y c l o a d d i t i o n  of 4-t-butyldimethylsiloxy-1-benzopyrylium t r i f l a t e  

2  
w i t h  q & - u n s a t u r a t e d  ketones. I n  r e l a t i o n  t o  t h i s  s u b j e c t ,  we h e r e  d e s c r i b e  

( 4 + 2 )  t y p e  c y c l o a d d i t i o n  of coumarin and 6-methyl-2-pyrone w i t h  s i l o x y d i e n e s  

(3) m e d i a t e d  by 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 ,  whose r e a c t i o n  p r o c e e d s  t h r o u g h  

2 - t - b u t y l d i r n e t h y l ~ i l o x y p y r y l i u m  t r i f l a t e  ( 2 a , b )  (Scheme 1). T h i s  s i m p l e  method 

is q u i t e  e f f e c t i v e  f o r  t h e  p r e p a r a t i o n  of  o x a s t e r o i d a l  s k e l e t o n s  c o n t a i n i n g  a 

l a c t o n e  r i n g ,  which i s  v e r y  d i f f i c u l t  t o  p r e p a r e  u n t i l  now. 
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R e a c t i o n  o f  2-t-butyldimethylsiloxy-1-benzopyrylium s a l t  (a), which was p r e p a r e d  

f rom coumarin 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  (16Ooc, 1 5  h ,  w i t h o u t  s o l v e n t ) ,  

w i t h  s i l o x y d i e n e s  (3) i n  t h e  p r e s e n c e  o f  1 e q u i v .  of 2 , 6 - l u t i d i n e  i n  CH2C12 a t  

room t e m p e r a t u r e  f o r  30 min p roceeded  t o  g i v e  t h e  c y c l o a d d u c t s  4- i n  modera te  

y i e l d .  Almost t h e  s a m e  r e s u l t s  were  o b t a i n e d  i n  t h e  r e a c t i o n  o f  coumarin (la) 

w i t h  s i l o x y d i e n e s  (3)  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 1 e q u i v .  o f  2 , 6 - l u t i d i n e  i n  THF a t  room t e m p e r a t u r e  f o r  3-5 h o u r s .  

I n  c o n t r a s t  t o  t h e  s i m i l a r  r e a c t i o n  o f  xan thone ,  t h i s  r e a c t i o n  d i d  n o t  p r o c e e d  

w i t h  5 .6 -unsa tu ra ted  k e t o n e s  b u t  o n l y  w i t h  s i l o x y d i e n e s . 2  The r e s u l t s  by t h i s  

p r o c e s s  are summarized i n  T a b l e  1. I t  is assumed t h a t  t h e  c y c l o a d d i t i o n  between 

c o m a r i n  and s i l o x y d i e n e s  p roceeded  vA t h e  i n  s i t u  f o r m a t i o n  o f  2 - t -bu ty l -  

dimethylsiloxy-1-benzopyrylium s a l t  (@), which was i n  e q u i l i b r i u m  w i t h  coumarin.  

T a b l e  1. ( 4 + 2 )  Type C y c l o a d d i t i a n  o f  2 -S i loxypyry l ium S a l t s  (2Q) 

t o  S i l o x y d i e n e s  (3) 

E n t r y  R1 R2 R~ FI4 H5 p r o d u c t  y i e l d  ( 2 )  

1 c H Ph H %? 48 

2 M e  Me H 4b 47 

3  H  -(CH2I3- 4" 52  

4  H -(CH2I4- 4d 6 8  

5  H M e  H -(CH2)3- %? 35 

6  H  M e  H -(CH2)4- 4  f  - 6 0  

7  H M e  H Ph H 49 30 

Under t h e  l a t t e r  r e a c t i o n  c o n d i t i o n s ,  6-methyl-2-pyrane (u) r e a c t e d  w i t h  

S i l o x y d i e n e s  ( 3 )  - t o  g i v e  c y c l o a d d u c t s  i n  f a i r  y i e l d s  e x c e p t  4f. These  lower 

y i e l d s  were p r o b a b l y  due  t o  t h e  d e c o m p o s i t i o n  o f  t h e  c y c l o a d d u c t s  by a t m o s p h e r i c  

m o i s t u r e  o r  on s i l i c a  g e l  d u r i n g  s e p a r a t i o n .  

The s t r u c t u r e  of t h e  c y c l o a d d u c t s  was conf i rmed  by s p e c t r a l  and e l e m e n t a l  

a n a l y s e s  a l o n g  w i t h  chemica l  b e h a v i o r s .  The r e l a t i v e  s t e r e o c h e ~ s t r y  of t h e  

c y c l o a d d u c t s  was a s s i g n e d  by mr. I n  t h e  case o f  &, t h e  s t e r e o c h e m i s t r y  

between H4, and HIOb was a s s i g n e d  c i s  geometry due  t o  t h e  s m a l l  c o u p l i n g  c o n s t a n t  

(JH4a-H10b=4.8 H z ) ( F i g u r e .  1). I 

A S  a l l  t h e  o t h e r  a d d u c t s  a l s o  showed a s m a l l  c o u p l i n g  c o n s t a n t  (4-5 Hz) between 

t h e  two meth ine  p r o t o n s ,  t h e  r i n g  f u s i o n  is c o n s i d e r e d  t o  be t h e  s ame  c i s  

geomet ry  as t h a t  o f  &. 
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D e s i l y l a t i o n  o f  w i t h  TBAF gave a 32% y i e l d  o f  k e t o n e  (3, u p ;  1 3 8 - 1 4 0 ~ ~ ) .  

According t o  'H nmr s p e c t r a l  a n a l y s i s  o f  3, t h e  s t e r e o c h e m i s t r y  between t h e  C  and 

D  r i n g s  was a s s i g n e d  t o  be  t r a n s  geometry (JH4a-H12a=11.5 H z )  as shown i n  F i g u r e  

2. Among t h e  c y c l o a d d u c t s ,  4c-d can be r e g a r d e d  as p r e c u r s o r  f o r  o x a s t e r o i d a l  

 compound^.^ F o r  example,  r e a c t i o n  of  & w i t h  Me1 i n  t h e  p r e s e n c e  o f  TBAF 

a f f o r d e d  t h e  c o r r e s p o n d i n g  k e t o n e  (10) i n  30% y i e l d .  Dehydrogena t ion  of  

w i t h  DDQ a f f o r d e d *  ( 8 0 2 ,  mp:158-160 C) a n d ?  ( 4 0 % ,  mp:141-142 C ) ,  r e s p e c t i v e l y .  

Compound 6 may be  a u s e f u l  s y n t h a n  f o r  o t h e r  ag lycon  d e r i v a t i v e s  a n d l  may be a n  

e f f e c t i v e  p r e c u r s o r  for ~ a n t h o m e g n i n e . ~ ' ~  Reduc t ion  o f  4f w i t h  DIBAL-H f o l l o w e d  

by c y c l i z a t i o n  w i t h  DBU gave  p e r h y d r o p h e n a n t h r e n e  d e r i v a t i v e  (8) i n  25% y i e l d  

(Scheme 2 ) .  
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