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NEW SHORT STEP SYNTHESIS OF 3-HYDROXYETHYL-4-CYANOAZETIDIN-2-ONE 

DERIVATIVE: A POTENTIAL PRECURSOR OF THE PENEMS AND THE CARBAPENEMS 

Masao Sh iozak i "  H i r o s h i  Maruyama and Noboru I s h i d a  

Chemical  Resea rch  L a b o r a t o r i e s ,  Sankyo Co.,  L td .  

Hiromachi 1-2-58, Shinagawa-ku, Tokyo 140,  J a p a n  

A b s t r a c t  - 3-Hydroxyethyl-4-cyanoazetidin-2-one d e r i v a t i v e  was 

s y n t h e s i z e d  from (2R,3R)-2,3-epoxybutyric a c i d  i n  two s t e p s .  

For  t h e  p a s t  few y e a r s ,  we have  been i n v e s t i g a t i n g  t h e  s y n t h e t i c  o p p o r t u n i t i e s  f o r  

a n a l o g u e s  of th i enamyc in . '  3 - e - B u t y l d i m e t h y l s i l y l o x y e t h y l - 4 - c y a n o a z e t i d i n -  

2-one (6) i s  a p o t e n t i a l  p r e c u r s o r  o f  t h e  penems and t h e  carbapenems.  The 

s y n t h e s i s  o f  t h i s  compound from p e n i c i l l i n  and i t s  f u r t h e r  c o n v e r s i o n  t o  i sopenam 

d e r i v a t i v e  had a l r e a d y  been  r e p o r t e d . 2  S i n c e  t h e  s y n t h e s i s  o f  t h i s  compound f rom 

p e n i c i l l i n  needed  numerous s t e p s ,  we a t t e m p t e d  a  s h o r t  s t e p  s y n t h e s i s  o f  t h i s  

compound, and h e r e  we w i s h  t o  r e p o r t  o u r  s u c c e s s f u l  r e s u l t s .  

Condensat ion of (2~,3~)-2,3-epoxybutyric a c i d  ( 1 ) 3  and e-methoxybenzylaminoaceto- 

4 n i t r i l e  ( 2 )  by u s e  o f  d icyc lohexy lca rbod i imide  a s  a condens ing  r e a g e n t  gave a n  

epoxyamide (3 )  i n  51% y i e l d  i n  a d d i t i o n  t o  t h e  s t a r t i n g  amine ( 3 4 % ) .  T rea tmen t  o f  

3  w i t h  1.1 e q u i v a l e n t s  of l i t h i u m  h e x a m e t h y l d i s i l a z i d e  i n  t e t r a h y d r o f u r a n  a t  - 
10-20°C f o r  1 min a f t e r  d ropwise  a d d i t i o n  d u r i n g  a p e r i o d  o f  10 min gave t h e  trans 
a z e t i d i n - 2 - o n e 5  (5, 51% y i e l d )  a s  a  c r y s t a l l i n e  s o l i d :  mp 80-82OC: [ctlDZ4 -29.5' 

(c.1.93, EtOH), and cis-isomer6 (4', 22% y i e l d )  a s  a c r y s t a l l i n e  s o l i d :  mp 

86-88°C. P r o t e c t i o n  of t h e  hydroxy group o f  ? w i t h  t h e  t ~ u ~ e 2 ~ i  group gave 5 i n  

69% y i e l d  a s  an  o i l .  D e p r o t e c t i o n  of t h e  methoxybenzyl g roup  o f  5 by 

K2S208-K2HP04 ( 2  : 1 )  i n  a c e t o n i t r i l e - w a t e r  ( 1 :  1) under  a rgon7  gave a c o r r e s p o n d i n g  

a z e t i d i n - 2 - o n e  ( 6 ,  53% y i e l d )  a s  a  c r y s t a l l i n e  s o l i d :  mp 140-14Z°C: -26.4O 

( c =  2 .04 ,  CHC13). 

Thus, we c o u l d  o b t a i n  3-hydroxyethyl-4-cyanoazetidin-2-one d e r i v a t i v e  w i t h  t h e  

d e s i r e d  s t e r e o c h e m i s t r y  i n  few s t e p s .  
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