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AN ENANTIOSELECTIVE SYNTHESIS OF THE KEY INTERMEDIATE FOR THE 

PREPARATION OF 1U-HETHYLCARBAPENEH ANTIBIOTICS 
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A b s t r a c t -  An e n a n t i o s e l i c t i v e  s y n t h e s i s  of  t h e  k e y  i n t e r m e d i a t e  f o r  

t h e  p r e p a r a t i o n  o f  1 6 - n e t h y l c a r S a p c n e n  h a s  b e e n  a c h i e v e d  by e m p l o y i n g  

t h e  c y c l o p e n t a n e  d e r i v a t i v e  ( a ) ,  a s  a c h i r a l  a o u r c e ,  r e a d i l y  d e r i v e d  

from ( - ) - c a r u o n e .  

1 0 - M e t h y l c a r b a p e n e n  ( I ) , '  a s y n t h e t i c  a n a l o g u e  of  t l i i e n a m y c i n  (Z), h a s  r e c e n t l y  

r e c e i v e d  c o n s i d e r a b l e  attentions o w i n g  t o  i t s  b r o a d  s p e c t r u n  a n d  p o t e n t  a n t i h a c t c -  

r i a l  a c t i v i t y  i n  e d d i t i o n  t o  r e m a r k a b l e  m e t a b o l i c  s t a b i l i t y  a g a i n s t  r e n a l  d e h y d r o -  

p e p t i d e s e - I ,  t h e r e f o r e  a number  o f  s y n t h e t i c  m e t h o d s  a n d  s t r a t e g i e s  f o r  l B - m e t h y l -  

c a r h a p e n e m  o r  i t s  k e y  i n t e r m e d i a t e ,  (3S.4S)-3-[(R)-1-hydroxyet!~yl]-4-[(X)-1- 

( m e t h o x y c a r b o n y 1 ) e t h y i l - 2 - a z c r i d i n o n e  (19b). h i v e  b e e n  d e v e l o p e d  t o  d a t e . '  A n o n i  

t h e n ,  much d i f f i c u l t i e s  were  u s u a l l y  e n c o u n t e r e d  i n  t l > e  c o n s t r u c t i o n  o f  c o n t i g u o u s  

f o u r  c h i r a l  c e n t e r s  p r e s e n t e d  i n  t h i s  c l a s s  of a n t i b i o t i c s .  We h e r e  r e p o r t  a n o v e l  

c h i r a l  s y n t h e s i s  o f  t h e  b e y  i n t e r m e d i . ~ t e  ( 1 9 b )  f o r  t h e  p r e p a r a t i o n  o f  1 B - m e t h y l -  

c a r h a p e n o r n s .  

R e c e n t l y  we h a v e  s u c c e e d e d  i n  t h e  c h i r a l  s y n t h e s i s  o f  k f e l i l l o ' s  l a c t o n e  ( 4 ) .  a k e y  

i n t e r m e d i a t e  f o r  t % i e n n m y c i o ,  e m p l o y i n g  t h e  c y c l o p e n t a n e  d e r i v a t i v e  ( 3 ) ,  a s  a 

s t a r t i n g  m a t e r i a l ,  e a s i l y  p r e p a r e d  f r o m  ( - ) - c a r v o n e  a s  show? i n  S c h e m e  1 . 3  

A l t h o u g h  t h e  same s t r a t e g y  u s i n g  t h e  c o n p o u n d  ( 5 ) ,  d e r i v e d  by m e t h y l a t i o n  o f  3 ,  

was f i r s t  a t t e m p t e d  t~ s y n t h e s i z e  t h e  k e y  i n t e r m e d i a t e  f o r  1 0 - m e t h y l c a r b e p e n e m ,  

n o n e  o f  t h e  d e s i r e d  p r o d u c t  ( 7 )  c o u l d  be  i s o l a t e d ,  b e c a u s e  t h e  c o n p o u n d  ( 6 )  

s t u b b o r n l y  r e s i s t e d  t h e  E a r y e r - V i l l i g c r  o x i d a t i o n ,  

T h u s ,  r h e  m o d i f i e d  p r o c e d u r e  was i n v e s t i g a t e d  u s  f o l l o w s .  T h e  a l c o h o l  

p r e p a r e d  f r o m  3 by k e r a l i r a t i o n  w i t h  e t h y l e n e  g l y c o l  f o l l o w e d  by r e d u c t i o n  of t h e  



Scheme 1 

resulting ethylene ketal derivative with lithium aluminum hydride, was benzylated 

in a usual manner(PhCli2Br. Na9 in DMF,  at room temperature) to give the benzyl 

ether (9) in 89.6 % yield. Deketalization of 9 with ptoluenesulfonic acid in 

acetone and subsequent oxidation with m-chloroperbenzoic acid (5 eq.) in 

dichloromethane afforded the epoxy-lactone (11) in 92.7 L yield from 9. Reduction 

of the epoxy group of 11 using the combination of zinc dust, sodium iodide, and 

sodium acetate in acetic acid regenerated the isopropenyl group to provide 12 in 

60.2 % yield. Methylation of 1 2  with lithium isopropylcyclohexylamide and methyl 

iodide proceeded stereoselectively to afford the mono-methylated compound (13) 

as a sole product in 31.5 % yield together with the recovery of starting material 

in 64.9 % yield (89.7 X yield based o n  the consumed starting material). The 

recovered starting material could be subjected to this methylation to give the 

desired product in more than 65 % total yield. 

Conversion of isopropenyl group into acetamido group was achieved by adopting 

the previously developed p r ~ c e d u r e . ~  Reaction of the compound (13) with a 

catalytic amount of osmium tetroxide and  an e x c e s s  of sodium metaperiodate 

furnished the ketone (14), in 64.9 % yield, which on treatment with hydroxylamine 

hydrochloride in the presence of pyridine g a v e  the corresponding anti- (15a) and 

syn-oximes (15b) in 59.2 % and 26.6 X yields, respectively. These orimes were 

easily separated by silica gel column chromatography and undesired syn-oxime could 
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b e  e q u i l i b r a t e d  i n t o  a m i x t u r e  o f  s y n -  a n d  a n t i - o x i m e s  i n  a r a t i o  o f  2 : 7  i n  9 7 . 3  % 

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

m e n t  o f  1 5 a  was a c c o m p l i s h e d  o n  t r e a t m e n t  w i t h  p h o s p h o r y l  c h l o r i d e  i n  p y r i d i n e  t o  

g i v e  t h e  a m i d e  ( 1 6 ) ~  i n  8 2 . 1  % y i e l d .  

S i n c e  t h e  i n t r o d u c t i o n  o f  a n  a m i n o  f u n c t i o n  a t  t h e  d e s i r e d  p o s i t i o n  was  

a c c o m p l i s h e d ,  we t u r n e d  o u r  a t t e n t i o n  t o  t h e  c o n v e r s i o n  o f  16 i n t o  t h e  known 

0 - l a c t a m  ( 1 9 ) .  D e b e n z y l a t i o n  of t h e  amide  ( 1 6 )  by  h y d r o g e n a t i o n  o v e r  p a l l a d i u m  o n  

c a r b o n  a f f o r d e d  t h e  a l c o h o l  ( 1 7 ) ~  q u a n t i t a t i v e l y ,  w h i c h  o n  o x i d a t i o n  w i t h  

p y r i d i n i u m  d i c h r o m a t e  i n  d i m e t h ~ l f o r m a m i d e  g a v e  t h e  a c i d  ( l a ) , '  h a v i n g  t h e  d e s i r e d  

f o u r  c h i r a l  c e n t e r s ,  i n  7 3 . 5  % y i e l d .  T h e  c o n v e r s i o n  o f  18' i n t o  t h e  B - l a c t e m  ( 1 9 )  

was c a r r i e d  o u t  a c c o r d i n g  t o  H a t a n a k a ' s  p r o c e d u r e 9 [ 1 ) 1 0  N HC1, r e f l u x ;  2 )  MeOH; 

3 )  DCC, propene o x i d e ,  MeOH]  t o  y i e l d  t h e  d e s i r e d  B - l s c t a m  ( 1 9 b )  a n d  t h e  e p i m e r  

( 1 9 e )  i n  a r a t i o  o f  1 : l  i n  4 0 . 4  % y i e l d .  

T h e  s t r u c t u r e s  o f  t h e s e  c o m p o u n d s  were c o n f i r m e d  by t h e i r  c o n v e r s i o n  i n t o  t h e  

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

i n c l u d i n g  t h e  o p t i c a l  r o t s t i a n  o f  1 9 b  were i d e n t i c a l  w i t h  t h o s e  r e p ~ r t e d . ~  

(12) R=H, X=CH, 
(13) &Me. X=CH, 
(14) R=Me, X=O 
(1%) R=Me, X=NOH (anti) 
(15b) R=Me, X=NOH (syn) 

AcHN 

Scheme 2 



T h u s ,  w e  c o u l d  a c h i e v e  t h e  e n a n t i o s e l e c t i v e  s y n t h e s i s  o f  t h e  k e y  i n t e m e d i a t e  f o r  

t h e  p r e p a r a t i o n  o f  1 6 - m e t h y l c a r h i p e n e r a s  s t a r t i n g  f r o m  t h e  o p t i c a l l y  a c t i v e  

c y c l o p e n t a n e  d e r i v a t i v e  a n d  t h e  a l t e r n a t i v e  way from 1 8  t o  1 9 b  w i t h o u t  e p i m e r i -  

z a t i o n  i s  u n d e r  i n v e s t i g a t i o n .  
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