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AN ALTERNATIVE 'TOTAL SYN'I'IIESI S  O F  ( ? )  -'I'HIEN~\MYCIN 

' i ' e t s u j i  Kametani  , Shyh-Pyng Huang,  T a k a y a s u  N a g a h a r a ,  and  Masa taka  

I h a r a  

P h a r m a c e u t i c a l  Institute, l o h o k u  U n i v e r s i t y ,  Aobayama, Ser idai  $380, 

.Japan 

A b s t r a c t  ( i ) 4 B ( L  ' , 2 ' - D i m e t l i o x y c t I ~ y l ) 3 a -  ( l ' ~ * ) ~ - n i t r o -  

b e n z y 1 o x y c a r b o n y l o x ) c t h y l ) Z - a z c t i d i n o n e  ( )  was c o n v e r t e d  i n t o  

t h e  t h i e n a m y c i n  d e r i v a t i v e  (L) protected w i t h  E - n i t o b e n r y l  g r o u p ,  

utilizing t h e  c a r h e n e  i n s e r t i o n  reaction and suhscquer i t  i n t l - o d u c -  

t i o n  o f  t h e  c y s t e a m i n e  m o i e t y  developed by t h e  Elerck g r o u p .  

1 The h i g h l y  d e s i r a h l c  a n t i b i o t i c  a c t i v i t y  o f  t h i c n a m y c i n  (+,) , p o s s e s s i n g  n n o v e l  1- 

c a r b a p e n - 2 - e m  s t r u c t u r e ,  h a s  promotcd considerable synthetic e f f o r t s  which have  

r e s u l t e d  i n  i t s  t o t a l  s y n t h e s i s .  '-' We d e v e l o p e d  an  efficient synthesis o f  0 - l a c t a m  

d e r i v a t i v e s ,  2 i s a x a z a l i n c s  ( 2 )  l e a d i n g  t o  a f o r m a l  t o t a l  s y n t h c s i s  o f  t h i e n a -  

r n y ~ i n . " ~  Recently, t h c  Ht ' rck  r c s e a r c h  g r o u p  announced  a c h i r a l  t o t a l  s y n t h e s i s  o f  

t h e  a n t i b i o t i c 3  which i n v o l v e d  a n o v c l  and  u s e f u l  f o r m a t i o n  o f  t h e  [ 3 . 2 . 0 ] b i c y c l i c  

r i n g  s y s t e m  by c a r b e n e  i n s e r t i o n  r e a c t i o n ,  f a l l o w e d  by i n t r o d u c t i o n  o f  t h e  c y s t e a m i n c  

r n ~ i e t y . ~  S i n c c  o u r  s y n t h e t i c  intermediate (t) h a s  t h e  f o l l o w i n g  advantages; a 

h y d r o x y c t h y l  g r o u p  a t  t h e  C 3  p o s i t i o n  w i t h  t h e  c o r r e c t  s t e r e o c h e m i c a l  a r r a n g e m e n t ,  

and a  Z t , 2 ' - d i a e t l l o x y e t h y l  g r o u p  ;at t h e  C 4  p o s i t i o n  which i s  r c a d i l y  c o n v e r t i b l e ,  

v i a  t h c  a l d e h y d e ,  t o  t h c  c a r b a x y l i c  a c i d  g r o u p ,  wc u n d e r t o o k  i t s  c o n v e r s i o n  t o  t h e  

p - n i r r a h e n z y l - p r o t e c t e d  - t h i e n ; i : , i j c i n  derivative ($) '  e m p l a y l n g  t h e  hlcrck method .  Thus 

w e  w i s h  t o  r e p o r t  here an alternative t a t a l  s y n t h e s i s  o f  t h i c n a m y c i n  which was 

c a r r i c d  o u t  a l o n g  t h e s e  l i n e s .  

6 l l y d r o l y s i s  o f  $ w i t h  h o t  aqueous  a c c t i c  a c i d ,  f o l l o w e d  by J o n e s  o x i d a t i o n  o f  t h e  

r e s u l t i n g  a l d c h y d c  a t  U'C q u a n t i t a t i v e l y  gave t h e  a c i d  ( 2 ) .  A f t e r  t r e a t m e n t  o f  

w i t h  N,N8-carbonyldiin~idaroIc, t h e  i m i d a z o l i d c  fo rmed  was r e a c t e d  w i t h  t h c  magnesium 

s a l t 8  o f  t h e  m o n o - p - n i t r o b c n z y l  - c s t e v  o f  m a l o n i c  a c i d 3  t o  a f f o r d  t h e  8 - k e t a  e s r c r  

(4) vmax (CHC13) 3420 (Ni l ) ,  1 7 0 5 ,  l i 5 0 ,  1720 cm-' (C=O);  6 (CUC13) 1 . 4 2  (3H, d ,  



J = 6 . 5  H z ,  C1. -Me), 3 .57  (ZH, 5 ,  COCli2C02). The c a r b e n e  p r e c u r s o r  ( 2 1 ,  Vmax (CHC13j 

2130 cm-I  was p r e p a r e d  f rom 6 i n  96 % y i e l d  by d i a z o  e x c h a n g e  w i t h  p - t o l u e n e s u l f a n y l  

a z i d e  i n  t h e  p r e s e n c e  o f  t r i e t h y l a m i n e  i n  a c e t o n i t r i l e  a t  O'C t o  room t e m p e r a t u r e .  

D e c o m p o s i t i o n  o f  t h e  d i a z o  k e t o c i t e r  (;I) w a s  c a r r i e d  o u t  by r e f l u x i n g  i n  b e n z e n e  i n  

t h e  p r e s e n c e  o f  a  c a t a l y t i c  amount o f  rhodium a c e t a t e ,  l e a d i n g  to a  q u a n t i t a t i v e  

f o r m a t i o n  o f  t h e  ca rbapenam j ,  vmax (CHC13) 1770 and  1 7 4 8  cm-I  ( C O ) ;  6 (CDCI3) 

1 . 5 2  ( i H ,  d ,  J = 6 . 5  132, C1, -Me), 4 .77  ( l H ,  s ,  C3-11). On t r e a t m e n t  o f  g w i t h  d i -  

p h e n y l  c h l o r o p h o s p h a t k  i n  t h e  p r e s e n c e  o f  one  ma le  e q u i v a l e n t  o f  d i i s o p r a p y l e t h y l -  

m i n e  and a c a t a l y t i c  amount o f  4 - d i m e t h y l a m i n o p y r i d i n e  i n  a c e t o n i t r i l e 3  a t  O'C, 

f o l l o w e d  by a d d i t i o n  of d i i s o p r o p y l e t h y l a m i n e  and N-(p-nitrobenzyloxycarbonyl)- 

c y s t e a m i n e Z  and  s t i r r i n g  o v e r n i g h t  a t  - l j O c ,  t h e  p r o t e c t e d  t h i c n a m y c i n  d e r i v a t i v e  

( Q 2  was o b t a i n e d  i n  ? O  % y i e l d .  The s y n t h e t i c  p r o d u c t  (t) was i d e n t i c a l  t o  an  

a u t h e n t i c  sample  by c o m p a r i s o n  o f  t h e  i r  and  nmr s p e c t r a  and  t l c  b e h a v i o r s .  
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