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Abstract - An asymmetric synthes~s for the synthetic intermediate 

to thlcnamycin was cxamined an isoxarol~ne derivatlve prepared 

by 1,3-dipolar cycloaddition between the nitrile oxide and menthyl 

crotonate. 3(R)-[1'(S)-llydraxyat11yl]-4(S)-(2',2'dimethoxyethyl)- 

2-azetidinonc (Qg) and its derivatlve (ZQ) showed a positlvc Cotton 
effect at 214 % 213 nm i n  thc cd spcctra, respectively. 

Rccently wc have developed thc efficient synthesis of thienamycin ( & ) I ,  a potent 

and broad spectral antibiotic, through an isoxazolinc derivative. 2-4 In continuation 

of this work, we furthcr investigated an asymmetric synthes~s of the antlblotic 

utillzing the isoxazoline strategy and wish to report here our interestlny flnd~ngs. 

1.3-Dipolar cycloaddltlon of the nitrllc oxlde ( )  generated sltu from 3-nitro- 

propanal d~inettlyl acetal ( 1 ,  and menthyl crotonate ($1' ~n benzene at ~ O C  for 6 

days produced a n  epimeric mlxture of trans-lsonarolines (24 and kg), - ~ 8 . 9 ~  

( c  = 0.76, bleOll), in 10.3 % yield along with thc corresponding e-isoxazolines in 

7.3 % yield and the regio isomers in 24.8 % y ~ e l d .  'There was n o  sign far separation 

of the two isomers (23 and ig) by silica gcl colunm and thin layer chromatographies 
using various solvent systems. The ratlo of thc two cpincrs was not estlrnatcd by 

nmr spectroscopy because no resolved signal based on diastereo~someric properties 

bras observed in the 100 Mtlr nmr spectrum (CDC13). 

The mixture of *-Isomers ($4 and 2Q) was converted into the enantlameric mixture 
25 3 of B-lactams ($4 a d  Q ) ,  cd[8IZlq + 2.357 x 10 (MrOH), in 26.9 % overall yield by the 

cstabllshed m e t h ~ d , ~  namely catalytic hydrogenation ulth Adzms catalyst, sllylation, 

cycliration with ethylmagnesium brornlde, and deprotectlon. 

The ratlo of enanthiomers ($4 and @ )  was dctcrm~nsd by thc transformation Into two 
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t y p e s  o f  d ~ a s t e r e o l s a m e r l c  e s t e r s  a s  f o l l o w s  by applying b i o s h e r ' s  nmr c a n f ~ g u r a t l a n -  

c o r r e l a t i o n  ~ e t h o d . ~  R e a c t i o n  o f  t h e  m l x t u r e  (G& a n d  ,@,) w i t h  ( S ) - ( + ) - L - m e t h y l -  

mande ly l  c h l a r l d e  i n  t h c  p r e s e n c e  o f  d ~ m e t h y l a m i n o p y r i d i n e  gave  t h c  d i a s t c r e o i s o m e r i c  

e s t e r s  ( 2 4  and  x@). The s i g n a l s  due t o  m e t h y l s  o f  t h e  h y d r o x y e t h y l  g r o u p s  r e s o n a t e d  

a t  1 . 2 7  and 1 . 4 1  ppm r n  t h e  r a t i o  o f  2 : 3  a s  d o u b l e t  w i t h  J = 6 . 4  Hz and  t h e  s i g n a l s  

due  t o  h y d r o g e n s  a t  C - p o s i t i o n  were o b s e r v e d  a t  2 .95 a n d  2 . 7 9  ppm i n  t h e  r a t i o  a t  3 

2  : 3  as  d o u b l c  d o u b l e t  w l t h  ,1 = 8 . 6  a n d  2 . 3 ,  and 3 = 9 . 3  a n d  2 . 3  i i z ,  r e s p e c t l v c l y .  

'The M o s h e r ' s  model p r e d i c t s  t h a t  t h e  s l g n a l  due  t o  t h c  m e t h y l  g roup  o f  ( 1 ' R j - ( S ) -  

i s o m e r  (24)  would a p p e a r  a t  h i g h e r  f i e l d  t h a n  t h a t  o f  ( 1 ' s ) - ( S ) - i s o m e r  (z@),  w h i l e  

t h e  h y d r o g e n  a t  C - p o s i t i o n  o f  24 would  r e s o n a t e  a t  l o w e r  f ~ e l d  t h a n  t h a t  a i  ZR. 3  

Thus t h e  above  o b s e r v a t i o n  indicated t h a t  t h e  p r o d u c t  was a h o u t  20 % e n n n t l a m c r i c  

excess  (ee )  o f  t h e  ( 1 ' s ) - i s o m e r  (kg ) .  Fur thc r rnorc  t h e  nmr s p e c t r u m  o i  t h c  i n i n t u r c  

o f  c s t c r s  (44 and  @ ) ,  which  was p r c p a r c d  by t h e  r e a c t L o n  w l t h  ( S j - ( - ) - a - t r i f l u o r o -  

methyl-a-methoxyphcnylacctyl chloride, s h o ~ e d  s i g n a l s  due  t o  t h e  m e t h y l  g r o u p s  a t  

1 . 4 2  a n d  1 . 5 2  ppm i n  t h e  r a t i o  o f  29 : 21 a s  d o u b l e t  w l t h  J = 6 . 4  H z ;  t h ~ s  r e s u l t  

a l s o  s u g g e s t e d  a b o u t  1.6 % ee o f  t h e  ( 1 ' 9 ) - i s o m ~ r .  

The c i r c u l a r  d l c h r o l s m  ( c d )  o f  ( 5 s ) - I - c a r b a p e n n m  ( )  exhibited a n e g a t l v c  C o t t o n  

7 
e f f e c t  a t  231 nm and  t h i s  a b s e r v a t l o n  was consistent w i t h  t h e  p r e d l c t i a n  by 

c a l c u l a t ~ o n  u s i n g  s e m r c m p ~ r i c a l  E x t e n d e d  Hhcke l  and  CNDO wave f u n c t i o n s . '  On t h c  

a t h c r  h a n d ,  t h e  m i x t u r e  ($4 and  Qx) e x h i b i t e d  n positive C o t t o n  e i f e c t  a t  214 nrn 

a s  shown a b o v e ,  which would be  a t t r i b u t e d  t o  t h e  chirality a t  t h e  C4 p o s l t i o n  o f  

t h e  ( I ' S ,  3K, 4 s ) - l s a n e r  (@).  since t h c  p-nltrobcnzyloxycarbonyl-protected 

compounds (24  a n d  x@)  d c r i v e d  f rom t h e  m l x t u r e  ($4 a n d  a x ) ,  showed a p o s i t l v c  C o t t o n  

2 5  
e f f e c t ,  [ e l z l 3  + 2 . 8 9 1  x ~ o ' ( M ~ o H ) .  I t  i s  n o t e w o r t h y  t h a t  m o n o c y c l i c  8 - l a c t a m s  

a l k y l a t e d  a t  C q  p o s i t i o n  h a v e  a r e v e r s e  C o t t o n  e f f e c t  i n  c o n s t r a s t  w l t h  t h c  1- 

ca rbapcnam.  
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