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Abstract - Reaction of 4-acetoxy-2-azetidinone (,l) with various 
organolithiums gave the corresponding C-4 substituted compounds 

) ( 1 ,  and ( 1 .  Treatment of ,l with bromoacetaldehyde diethyl 

acetal in the presence of magnesium afforded 4-ethoxy-2-azetidinone 

) as the only product. 

2 Since carbapenem type antibiotics, such as thienamyclnl and olivanic acid are 

currently very important compounds from the biological point of view, we have been 

investigating the synthesis of these compounds by the condensation of 4-acetaxy-Z- 

3 azetid~none w ~ t h  active methylene compounds . Wlth regard to C-4 substitution of 

5-lactams, a few papers have been published4" in which the carbenoid reaction to 

sulfur was used. Moreover, the reaction of a cuprate reagent with 4-chloro-Z- 
6 azetidinone derivative has recently been described . We report here a new carbon- 

carbon bond formation reaction at the C-4 position of a 6-lactam which should be 

very useful in the synthesis of carbapenem and carbacephem type antibiotics. 

Treatment of the 6-lactam7 (,l) with 1 eqlv. of n-butyllithium in tetrahydrofuran 

8 at -78'~ for 15 min afforded the 4-butyl-2-azetidinone (&) in 12 4 yield . The 

spectroscopic data for all substituted 8-lactams prepared are summarlzed in Taole. 

Reaction of the @-lactam (,&) with the lithium salt of dimethyl malonate, prepared 

from n-butyllithium and hexamethyldisilazane in tetrahydrofuran, gave the corre- 

8 sponding C-4 substituted ~roduct (2) in 20 % yield , together with the cleaved 

compound ( t) ;  mp 152'~; vma, (CHC13) 1740 (C=O) cm-l; 6(CDC13) 2.68 (ZH, d, J = 

6 Hz, 2 ~-Cg(co~Me)~), 3.33 (IN, m, :CljCH2 - ) ,  3.78 (lZH, s, 4 x 0Ct13). and 6.03 br 

( Z H ,  5, NF2); m/e 334 (M' + 1). Introduction of an alkaxycarbonyl group to the 



T a b l e  

'q 'rn Compd. I R  ~ r n a x ( ~ ~ ~ ~ 3 )  

3400  (NH) 
2  

175O[C=O) 

I 3425 [NH) 

I 1 7 6 0 ( C = O )  

1730[C=O)  

3  

NMR S(CDC13) ppm 

3 4 2 5  (NH) 

1 7 4 0  (C=O) 

1715[C=O)  

3 . 3 5 - 3 . 8 0 [ 1 H ,  m ,  C4-l j)  

7 . 1 0 7 . 6 0 [ 1 H , b r  s ,  NH) 

2 . 8 5 [ 2 H ,  d ,  J = l O H z ,  -CF12CO) 

3 . 3 0 ( 1 H ,  m, Cq- l j )  

3 . 5 5 ( 1 H ,  d ,  J = 6 H z ,  -Clj[COZMej2) 

3 . 8 3 ( 6 H ,  s, 2  x 0CH3) 

8 . 6 6 ( 1 H ,  b r s ,  Nlj) 

1 . 3 1 [ 3 H ,  t ,  J = 7 H r ,  -CH2CH3) 

2 . 4 7 - 2 . 8 7 ( 1 H ,  m, C3-H) 

2 . 6 7 [ 2 H ,  d ,  J = 6 H z ,  -CH2C02) 

3 . 2 0 ( 1 H ,  ddd, J = 2 ,  5  a n d  l S H z ,  C3-E: 

3 . 6 5 - 4 . 1 0 [ 1 H ,  m ,  C4-X) 

4 .  3 0 ( 2 H ,  q ,  J = 7 H z ,  -Clj2CH3) 

7 . 6 7 [ 1 H ,  b r s ,  NH) 

1 . 2 7 [ 3 H ,  t ,  J = 7 H z ,  C H 2 C t i 3 )  

2 . 8 3 ( 1 H ,  d d ,  J=Z a n d  1 5  H z ,  C3-H) 

3 . 5 8 ( 2 H ,  q ,  J = 7 H z ,  -Ct12CA3) 

S . l O ( l H ,  d d ,  J = 2  a n d  3  H Z ,  Cq-l j)  

7 . 4 0 ( 1 H ,  b r s ,  NH) 

t NMR s p e c t r a l  d a t a  a r e  o b t a i n e d  b y  JNM-PAIX 6 0  i n  CDC13 

5 7 6 -  
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C-4 p o s i t i o n  was t h e n  c a r r i e d  o u t  a s  f o l l o w s .  The 6 - l a c t a m  (&,) was t r e a t e d  w i t h  t h e  

l i t h i u m  s a l t  o f  e t h y l  a c e t a t e  i n  t e t r a h y d r a f u r a n  a t  - 7 8  t o  - 3 0 ' ~  f o r  3 h  t o  g l v e  

8  t h e  d e s i r e d  compound ( 2 )  i n  1 5  % y i e l d  . However, a t t e m p t e d  i n t r o d u c t i o n  o f  an 

a c e t a l d e h y d e  u n l t  by t r e a t m e n t  of  b romoace ta ldehyde  d i e t h y l  a c e t a l  w i t h  magnesium 

t u r n i n g  a f f o r d e d  none o f  t h e  d e s i r e d  p r o d u c t ,  b u t  p r o d u c e d  4 - e t h o x y - 2 - a i e t l d i n o n e  

8  (&) I n  24 % y i e l d  . 

I n  o r d e r  t o  c o n f i r m  i t s  s t r u c t u r e ,  compound ( 2 )  was p r e p a r e d  by a n  a l t e r n a t i v e  

r d u t e .  S i l y l a t i o n  o f  d i e t h y l  a m i n a g l u t a c o n a t e g  ( 2 )  u s i n g  t r i m e t h y l c h l o r o s i l a n e  

a n d  t r i e t h y l a m i n e  a n d  t r e a t m e n t  o f  t h e  p r o d u c t  w i t h  e thy lmagnes ium bromide i n  

t d t r a h y d r o f u r a n  y l e l d e d  a  compound which  was identical t o  t h e  above p r o d u c t  ( h ) .  

Scheme 

Thus ,  a  new c a r b o n - c a r b o n  bond f o r m a t i o n  r e a c t i o n  a t  t h e  C-4 p o s i t i o n  o f  a 6 - l a c t a m  

h a s  been  a c h i e v e d ,  a n d  i t s  u t i l i z a t i o n  is  e x p e c t e d  t o  p r o v i d e  a u s e f u l  s y n t h e t i c  

pathway t o  carbapenem a n d  carbacephem t y p e  antibiotics. 
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