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Abstract - - -  S t e r e o c o n t r o l l e d  s y n t h e s e s  of two 

~+1-3-(l-~-butyldimethylsilyloxyethyl)-4-acetoxy-2-azetidinanes ( c i s - 1 0  - 

and t r a n s - = ) ,  which a r e  key i n t e r m e d i a t e s  f o r  t h e  penems and  t h e  

carbapenems,  f r o n  t r a n s - c r o t o n i c  a c i d  a r e  r e p o r t e d .  

S i n c e  t h e  d i s c o v e r y  of t h i e n a m y c i n ,  v a r i o u s  a n a l o g u e s  o f  1-carbapenem a n t i b i o t i c s  

have been  found, '  a n d  f a s c i n a t e d  many o r g a n i c  chemis t s  t o  s y n t h e s i z e  t h e s e  
* 

compounds. R e c e n t l y ,  it h a s  become r e c o e n i z e d  t h a t  [3R-[3a(R ) , L I B ] ] -  

3-(l-hydroxyethyl)-4-acetoxy-2-azetidino i s  a key i n t e r m e d i a t e  f o r  t h e  s y n t h e s i s  

o f  t h e  n a v e l  carbapenem n u c l e u s . '  I n  our p r e v i o u s  we d e s c r i b e d  t h e  

s t e r e o s e l e c t i v e  s y n t h e s i s  of c h i r a l  c i s - a c e t y l a z e t i d i n o n e  ( c i s - G I  v i a  t h e  

b i c y c l i c  l a c t o n e  ( I ) ,  and  a l s o  t h e  s y n t h e s i s  o f  t r a n s - g  v i a  t h e  

hydroxyazetidinone-4-carboxylic a c i d  (15) as  a minor  by-product  f rom D - m -  

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

d e c a r b o x y l a t i o n  r e s u l t i n g  i n  t h e  l o s s  o f  s t e r e a s p e c i f i c i t y .  I n  t h i s  p a p e r ,  we wish  

t o  r e p o r t  b o t h  s t e r e o s p e c i f i c  s y n t h e s i s  of r a c e m i c  c i s - l O  v i a  1 and 

s t e r e o s e l e c t i v e  s y n t h e s i s  o f  t r a n s - =  t h r o u g h  t h e  same i n t e r m e d i a t e  

( h y d r o x y d i c a r b o x y l i c  a c i d ,  21 o b t a i n e d  f rom t r a n s - c r o t o n i c  a c i d .  

4 The r a c e m i c  compound (1) o b t a i n e d  i n  s e v e r a l  s t e p s  v ia  (5 ) -e ry th ro -2 -b romo-  

3 - a c e t o x y b u t y r y l  c h l o r i d e  f rom c r o t o n i c  a c i d  was s a p o n i f i e d  w i t h  3  e q u i v  o f  IN 

5  N a O H  i n  p y r i d i n e  t o  g i v e  a h y d r o x y d i c a r b a x y l i c  a c i d  ( 2 )  a s  a c r y s t a l l i n e  s o l i d  i n  

61% y i e l d .  L a c t o n i z a t i a n  o f  2 w i t h  conc H C 1  i n  THF gave a b i c y c l i c  l a c t o n e -  

c a r b o x y l i c  a c i d  (z), mp 162-165OC, q u a n t i t a t i v e l y ,  which was c o n v e r t e d  t o  t h e  

c o r r e s p o n d i n g  m e t h y l  e s t e r  ( k )  w i t h  d i a z o x e t h a n e .  Treatment  o f  j! w i t h  NaBH,, i n  

MeOH a t  -50•‹C f o r  2  h r  gave a 1 : 3  m i x t u r e  o f  d i a s t e r e o m e r i c  h e m i a c e t a l s  (2,  mp 

113-117•‹C) as a c r y s t a l l i n e  m i x t u r e  (accompanied by 1 1 . b %  r e c o v e r y  o f  5)  i n  59% 

y i e l d ,  which was f u r t h e r  t r e a t e d  w i t h  1,8-diazablcycla[5.4.0lundec-7-ene (DBU) i n  

THF-H70 ( 4 : l I  a t  r e f l u x  t e m p e r a t u r e  f o r  2 h r  t o  g i v e  a d e c a r b o n e t h o x y l a t e d  



h e m i a c e t a l  ( 6 )  as  a s i n g l e  i s o m e r  i n  96% y i e l d .  The r e l a t i v e  c o n f i g u r a t i o n  o f  6 
was d e t e r m i n e d  as b e i n g  d e p i c t e d  i n  t h e  scheme by t h e  d a t a  o f  'H NMR o f  6.6 T h e r e  

a r e  no c o u p l i n g s  e i t h e r  be tween  t h e  C-1 b r i d g e  head  p r o t o n  (Ha) and  t h e  C-2 

h e m i a c e t a l  c o n s t r u c t i n g  p r o t o n  (Hb) o r  between t h a t  o f  t h e  C-5 b r i d g e  head  (Hd) 

and t h e  C-4 p r o t o n  (Hc) .  T h i s  f a c t  r e v e a l s  t h a t  e a c h  o f  t h e  d i h e d r a l  a n g l e s  o f  t h e  

two p a i r s  i s  n e a r  90•‹ ,  and  t h e  r e l a t i v e  c o n f i g u r a t i o n  d e p i c t e d  i n  t h e  scheme i s  

c o r r e c t .  T rea tmen t  o f  6 w i t h  J o n e s  r e a g e n t  i n  a c e t o n e  gave a l a c t o n e  (1) i n  62% 

y i e l d .  

On t h e  o t h e r  h a n d ,  t h e  b a s e - c a t a l i z e d  d e c a r b o x y l a t i o n  of 3 t o  1 was d i s a p p o i n t i n g ,  

and a n o t h e r  s t e r e o s p e c i f i c  method was a t t e m p t e d .  T r e a t m e n t  o f  3 w i t h  o x a l y l  

c h l o r i d e  i n  THF a t  r e f l u x  t e m p e r a t u r e  gave a c o r r e s p o n d i n g  a c i d  c h l o r i d e  (g), 
q u a n t i t a t i v e l y .  T r e a t m e n t  of 9 w l t h  t - b u t y l  h y d r o p e r o x i d e  a n d  p y r i d i n e  i n  C H 2 C 1 2  

a t  O D C  gave a p e r o x y c a r b ~ x y l a t e , ~  and  t h e n  w i t h o u t  p u r i f i c a t i o n  a s o l u t i o n  o f  2 i n  

e t h y l  p h e n y l a c e t a t e  was h e a t e d  a t  140•‹C f o r  10 min u n d e r  n i t r o g e n  t o  g i v e  l a c t o n e  

7 (31% y i e l d  f rom 3 ) .  The o b t a i n e d  1 t h r o u g h  t h e  two d i f f e r e n t  r o u t e s  was t h e  same - 

i n  a l l  r e s p e c t s ,  and c o n v e r t e d  t o  c i s - =  a c c o r d i n g  t o  t h e  p r e v i o u s  r e p o r t e d  

m e t h ~ d . ~  Thus c i s - =  was o b t a i n e d  s t e r e o s p e c i f i c a l l y  f rom t r a n s - c r o t o n i c  a c i d .  

A f t e r  t r i m e t h y l s i l y l a t i o n  o f  c i s -= ,  t h e  r e a c t i o n  w i t h  t r i m e t h y l s i l y l  e n 0 1  e t h e r  

o f  benzy l  a c e t a t e  a c c o r d i n g  t o  B a r r e t t ' s  methodza gave a t r a n s - b e n z y l  e s t e r  (11) 3  

i n  58% y i e l d ,  which was a l s o  an  i n t e r m e d i a t e  t o  t h i e n a m y c i n .  T h e r e f o r e ,  t h i s  f a c t  

r e v e a l s  t h a t  c i s - =  i s  a l s o  a key i n t e r m e d i a t e  f o r  t h e  s y n t h e s i s  o f  t h e  

carbapenems.  

I n s t e a d  o f  c i s -= ,  we d e v i s e d  a s t e r e a s e l e c t i v e  method t o  o b t a i n  t r a n s  i s o m e r  f rom 

t h e  common i n t e r m e d i a t e  2. T r e a t m e n t  o f  h y d r o x y d i c a r b o x y l i c  a c i d  ( 2 )  w i t h  2  e q u i v  

o f  o x a l y l  c h l o r i d e  i n  THF, and  s u c c e s s i v e  t r e a t m e n t  o f  a c i d  c h l o r i d e  w i t h  e x c e s s  

t - b u t a n o l  and p y r i d i n e  i n  THF a t  r e f l u x  t e m p e r a t u r e  gave a m i x t u r e  of t r ans -= ,  - 

c i s - g  (mp 125-127'C), and  13 i n  40, 5 ,  and 3% y i e l d s ,  r e s p e c t i v e l y .  

S a p o n i f i c a t i o n  o f  t r a n s - =  i n  THF-H20 ( 2 : l )  by use  o f  DBU as  a b a s e  gave 2 i n  94% 

y i e l d .  T r e a t m e n t  of w l t h  CF COOH i n  CH2C12 a t  room t e m p e r a t u r e  gave a 3 
c o r r e s p o n d i n g  c a r b o x y l i c  a c i d  (15, 77% y i e l d )  c h a r a c t e r i z e d  as i t s  m e t h y l  e s t e r ,  

and 2 had a l r e a d y  been  c o n v e r t e d  t o  t r a n s - = . 3  Thus t r ans -= ,  which had been  a 

minor P r o d u c t  i n  t h e  p r e v i o u s  r e p o r t , 3  was o b t a i n e d  s t e r e o s e l e c t i v e l y  f rom 

t r a n s - c r o t o n i c  a c i d ,  and i t  had a l r e a d y  been  c o r r e l a t e d  t o  t h i e n a r n y ~ i n . ~ ~  These 

compounds ( c i s - g  and t r a n s - g )  are key i n t e r m e d i a t e s  f o r  t h e  s y n t h e s e s  of t h e  

penems8 a n d  t h e  ca rbapenems .  A s  a c h i r a l  s t a r t i n g  m a t e r i a l ,  t h e  u s e  o f  
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(2R,3R)-2-bromo-3-acetoxybutyryl c h l o r i d e  o b t a i n e d  from D - m - t h r e o n i n e  i n s t e a d  

o f  (+)-erythro-2-bramo-3-acetoxybutyryl c h l o r i d e  o b t a i n e d  f rom t r a n s - c r a t o n i c  a c i d  

g i v e s  s t e r e o - s p e c i f i c a l l y  o r  - s e l e c t i v e l y  c h i r a l  i n t e r m e d i a t e s  ( c i s - l O  o r  

t r a n s - = ) ,  and c o n s e q u e n t l y  D-&-threonlne i s  a  u s e f u l  s y n t h e t i c  s o u r c e  f o r  t h e  

c h i r a l  t h i e n a m y c i n  s k e l e t o n  
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