
HETEROCYCLES, Vol 24, No. 6, 1986 

HIGHLY STEREOSELECTIVE SYNTHESIS OF CIS- AND TRANS-4-BENZOYL-2- 
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and J o a q u i n  P l u m e t  

U n i v e r s i d a d  Cornp lu tense,  F a c u l t a d  de Q u i m i c a s ,  D p t o .  de Q u i m i c a  

O r g i n i c a ,  C i u d a d  U n i v e r s i t a r i a ,  2 8 0 4 0 - M a d r i d ,  S p a i n  

A b s t r a c t  - The r e a c t i o n  o f  t h e  s y s t e m  a c i d  c h l o r i d e - t r i e t h y l -  

arnine w i t h  1 . 2 - i m i n o k e t o n e s  y i e l d s  e x c l u s i v e l y  e - 6 - l a c t a m s ,  

w h i c h  may be i s o m e r i z e d  t o  t h e  c o r r e s p o n d i n g  trans i s o m e r s  i n  a  

s t r a i g h t f o r w a r d  manner .  

M o n o c y c l i c  0 - l a c t a m  a n t i b i o t i c s  c o n s t i t u t e  an i m p o r t a n t  g r o u p  o f  compounds o f  

c l i n i c a l  use1. Among t h e s e  s y s t e m s ,  monobactams2 a r e  0 - l a c t a m s  s u b s t i t u t e d  on t h e  

C-3 and  C-4 p o s i t i o n s .  The s t e r e o c h e m i s t r y  o f  t h e  s u b s t i t u e n t s  on t h e s e  p o s i t i o n s  

& o r  i s  i m p o r t a n t  f o r  t h e i r  b i o l o g i c a l  a c t i v i t y .  Thus,  a z t r e o n a m 3  p r e s e n t s  

trans s t e r e o c h e m i s t r y ,  w h i l e  o t h e r  sys tems  s u c h  as carumonan4 p r e s e n t &  subst i tu t ion .  

The i n t r o d u c t i o n  o f  an a c y l  g r o u p  on t h e  C-4 o f  t h e  6 - l a c t a m  r i n g  has  a l l o w e d  f o r  

t h e  p r e p a r a t i o n  o f  a  new t y p e  o f  p r e c u r s o r s  o f  p o t e n t i a l l y  i n t e r e s t i n g  s y s t e m s .  I n  

5  a  p r e v i o u s  p a p e r  we have  r e p o r t e d  a  s i m p l e  r o u t e  f o r  t h e  p r e p a r a t i o n  o f  4 - a c y l - B -  

l a c t a m s  b y  t h e  c y c l o a d d i t i o n  o f  k e t e n e s  o r  k e t e n e  p r e c u r s o r s  t o  1 , Z - i m i n o k e t o n e s  

2  2. 3. d e r i v e d  f r o m  b e n z y l  (R = R ~ =  C6H5) o r  b i a c e t y l  ( R  - R - CH3) (Scheme) .  

" 
Scheme 

3  I n  t h e  case  o f  1 , 2 - i m i n o k e t o n e s  d e r i v e d  f rom p h e n y l g l y o x a 1 6  (R'= C6H5, R = H) t h e  

c o r r e s p o n d i n g  c y c l o a d d i t i o n  p r o c e s s  y i e l d s  a c y l - 0 - l a c t a m s  w i t h  a s t e r e o c h e m i s t r y  

on c a r b o n s  C-3 and C-4 (Scheme) .  The a s s i g n m e n t  o f  a  s t e r e o c h e m i s t r y  t o  t h e s e  

compounds i s  e v i d e n t  b y  j u s t  e x a m i n i n g  t h e  v a l u e s  o f  t h e  c o u p l i n g  c o n s t a n t  J  
3,4 '  

7 l a r g e r  t h a n  5.0 Hz i n  a l l  c a s e s  . T a b l e  1 shows t h e  y i e l d s  and s p e c t r a l  and  

p h y s i c a l  d a t a  f o r  t h e  compounds d e s c r i b e d  i n  t h i s  r e p o r t .  



T a b l e  1 

~ - 4 - B e n z o y l - 8 - l a c t a m s  

a  A l l  p r o d u c t s  we re  c r y s t a l l i z e d  f rom EtOH - 

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

c  I n  KBr p e l l e t .  - 

d  S p e c t r a  r e g i s t e r e d  i n  CDC13 o r  DMSO-d6 s o l u t i o n s  a t  60 MHz. The c o u p l i n g  - 
c o n s t a n t s  J3 ,4  were  d e t e r m i n e d  on  a p p r o p r i a t e l y  expanded  s p e c t r a .  O n l y  t h e  

m o s t  i n d i c a t i v e  s i g n a l s  a r e  r e p o r t e d .  

e  These compounds were p r e p a r e d  f rom L and 2 b y  r e a c t i o n  w i t h  c e r i u m  ammonium - 
8 n i t r a t e ,  a c c o r d i n g  t o  t h e  m e t h o d  o f  K r o n e n t h a l ,  Han and T a y l o r  . 

uNH 3270-3300 c m - I .  
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I n  t h e  f o r m a t i o n  o f  8 - l a c t a m s  b y  r e a c t i o n  o f  t h e  s y s t e m  a c i d  c h l o r i d e -  t r i e t hy l am ine  

w i t h  S c h i f f  b a s e s ,  o r  trans i s o m e r s  a r e  o b t a i n e d  d e p e n d i n g  upon  t h e  s t r u c t u r a l  

10  
c h a r a c t e r i s t i c s  o f  t h e  s t a r t i n g  i m i n e 9  o r  t h e  o r d e r  o f  a d d i t i o n  o f  t h e  r e a g e n t s  . 
I n  o u r  c a s e s  and  u n d e r  t h e  e x p e r i m e n t a l  c o n d i t i o n s  u t i l i z e d 1 ' ,  i s o m e r s  we re  

f o r m e d  e x c l u s i v e l y .  Howeve r ,  i n  t h e  p r e s e n c e  o f  b a s e s ,  i t  i s  p o s s i b l e  t o  e f f e c t  

t h e i r  i s o m e r i z a t i o n  t o  t h e  c o r r e s p o n d i n g  trans i s o m e r s 1 2 ,  e x c e p t  f o r  3 - a l k y l  

d e r i v a t i v e s ,  when n - B u L i  was u s e d  as b a s i c  r e a g e n t .  The d i f f e r e n c e s  w i t h  3 - p h e n y l  

s u b s t i t u t e d  compounds m i g h t  be due t o  t h e  i n c r e a s e  o f  a c i d i t y  o f  t h e  l a t t e r .  Work 

i s  now i n  p r o g r e s s  i n  o r d e r  t o  d e t e r m i n e  t h e  r e l a t i v e  a c i d i t y  o f  t h e  3 -  and  4 -  

h y d r o g e n s .  T a b l e  2  shows t h e  e x p e r i m e n t a l  c o n d i t i o n s  f o r  t h e  i s o m e r i z a t i o n  and 

T a b l e  3  shows t h e  p h y s i c a l  a n d  s p e c t r o s c o p i c  d a t a  f o r  t h e  c o r r e s p o n d i n g  trans- 
6 -1  a c t a m s .  

Entry 

1 

2 

3  

4  

5 4  

6  

7  

9 

104 

11 

12 

13  

14  

1 5 4  

16 
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T a b l e  2  ( c o n t . )  

1 a  D e t e r m i n e d  b y  H-NMR f r o m  t h e  s i g n a l s  c o r r e s p o n d i n g  t o  p r o t o n s  a t t a c h e d  t o  - 
c a r b o n s  C-3 a n d  C - 4 ( s e e  T a b l e s  1 and  3 )  on s u f f i c i e n t l y  e x p a n d e d  s p e c t r a  o f  

t h e  m i x t u r e s .  The y i e l d  o f  t h e  i s o m e r i z a t i o n  was q u a n t i t a t i v e  e x c e p t  i n  

t h o s e  cases  e x p r e s s l y  i n d i c a t e d .  

b  C o n d i t i o n s  n ~ ~ ~ i / ~ ~ ~ :  0 . 6 4  mmol o f  ' B U L ~  and  0 . 3 2  mmol o f  G - 6 - l a c t a m  i n  - 
20 m l  o f  a n h y d r o u s  THF. 

C o n d i t i o n s  NaOH/CH3CN-H20: M o l a r  r a t i o ,  N a 0 H : B - l a c t a m =  2 : I ;  t h e  8 - l a c t a m  

i s  d i s s o l v e d  i n  t h e  m i n i m u n  amount  o f  a c e t o n i t r i l e  and  t h e n  NaOH, d i s s o l v e d  

i n  t h e  m i n i m u n  amoun t  o f  w a t e r ,  i s  a d d e d .  

c  The y i e l d  i n  t h e s e  c a s e s  was 80.85%. No o t h e r  p r o d u c t  c o u l d  be charac ter ized .  - 

T a b l e  3  

a  
P h y s i c a l  a n d  s p e c t r o s c o p i c  d a t a  f o r  t r a n s - a - l a c t a m s -  

PhCO 
C6HL0 Me-p 

H - 

I R ( C ~ - ' ) ~  l ~ - ~ ~ ~ ( a , p p m ) C  

R Entry -- .c=o .Nc-a H-3 H-4 ' l3 ,4(Hz) 

1 'sH5 1 6 6 - 8  1 6 8 0  1 7 5 0  4 .25  5 . 3 3  3 . 0  

2  CH3 3 . 3 0  5 . 1 5  3 . 0  

3  C2H5 3 . 5 0  5 . 0 0  2 .4  

4  C ~ H ~  1 1 8 - 9  1685  1725  3 . 0 0  5 . 1 0  2 .0  

a 6 - L a c t a m s  c o r r e s p o n d i n g  t o  e n t r i e s  1 and  4  w e r e  i s o l a t e d  as p u r e  p r o d u c t s .  - 
F o r  e n t r i e s  2  and  3  t h e  ' H - N M R  d a t a  w e r e  o b t a i n e d  f r o m  t h e  s p e c t r a  o f  

m i x t u r e s  e n r i c h e d  i n  t h e  trans i s o m e r  ( s e e  T a b l e  2 ) .  

b  I n  KBr  p e l l e t .  - 

c  I n  CDC13 s o l u t i o n .  - 

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

p r e p a r a t i o n  o f  cis- o r  trans-4-benzoyl-6-lactams. The f u n c t i o n a l i z a t i o n  o f  t h e  

c a r b o n y l  g r o u p  f o r  t h e  s y n t h e s i s  o f  @ - l a c t a m  s y s t e m s  o f  p o t e n t i a l  i n t e r e s t  a s  

w e l l  as s y n t h e t i c  a p p l i c a t i o n s  o f  t h e  i s o m e r i z a t i o n  p r o c e s s  a r e  c u r r e n t l y  u n d e r  

a c t i v e  i n v e s t i g a t i o n .  
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