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m: The s y n t h e s i s  of 1-carboxy-2-aza-cricy1a[4.2.2.02'i]decaoe-3-one 1, a 

nove l  8-lactam c a r b o x y l a t e ,  From b i c y c l i c  amide ~ ~ ~ b ~ ~ y l a t e  4 v i a  an e f f i c i e n t  

t r i p l e t  s e n s i t i z e d  photochemical  d i a z o  i n s e r t i o n  r e a c t i o n  to produce 6-lacram 

12 h a s  been d e s c r i b e d .  - 

1 2 
With the  adven t  of nove l  %-lacram fe rmen ta t ion  p roduc t s  ( c l a v u l a n i c  a c i d  , thienamycin ) 

4  5 
h a s  come t he  des ign  and s y n t h e s i s  of agents l i k e  CP-45,899 and the penem a n t i b a c t e r i a l s  . 
m c s c  are  nove l  8-laceam structures of synthetic o r  semisyn thec ic  o r i g i n  wi th  e x c e l l e n t  

m e d i c i n a l  showing c o n s i d e r a b l e  promise For t h e  treatment  of i n c r e a s i n g l y  r e s i s t a n t  

b a c t e r i a l  i n f e c t i o n e .  Two major f e a t u r e s  d i s t i n g u i s h  t h e s e  compaunds s t r u c t u r a l l y  from the  

c l a s s i c a l  penicillin-cephalosparin a n t i b i o t i c s ;  t h e  absence  of a n  amido l i n k a g e  to the  8-laccam, 

and n u c l e a r  mod i f i cac iana .  ~ e v e r c h e l e s s ,  they i n t e r a c t  w i th  t h e  aame b i a i a g i c a l  enzyme systems 

6 
( p e n i c i l l i n  b i n d i n g  p r a c e i n e )  as the  c l a s s i c a l  8-laccam a n t i b i o t i c s  . Only a r e a c t i v e  8-laccam 

r ing connected through n i t rogen  to a carboxylace remains  structurally common t o  t h i s  e n t i r e  

class of b a c t e r i a l  enzyme i n h i b i t o r s .  

We wish h e r e  to  d e s c r i b e  the  s y n t h e s i s  of a nove l  8-lactam c o n t a i n i n g  nuc leus  p o s s e s s i n g  t h e s e  

Features i n  e unique s ~ r u c t u r a l  a r r a y .  Our t a r g e c  was chosen because o f  a c l o s e  i s o e t e r i c  

r e l a t i o n s h i p  with  the  c e p h a l o s p o r i n ,  penem, carbapenem group o f  a n t i b a c t e r i a l s ,  as judged by 

comparat ive  examina t ion  of molecu la r  models. Furthermore, we expec ted  the  t r i c y c l i c  system to 

ac t i va t e  t h e  8- lactam through i n c r e a s e d  r i n g  s t r a i n .  

Penem - 1 Carbapenem 

s y n t h e s i s  of 1 (scheme I )  i n i t i a t e d  by the  p r e p a r a t i o n  of known b i c y c l i c  amide c a r b o x y l a t e  

7 4 . Convers ion of 4 sodium e a l t  t o  c r y s t a l l i n e  benzy l  ester 1 wi th  benzy l  bromide i n  Dm pro- 

ceeded i n  65% y i e l d .  S e l e c t i v e  r e d u c t i o n  o f  the  amide moiety  r e q u i r e d  a two s t e p  procedure.8 



Treatment o f  1 w i i h  a s m a l l  e x c e s s  o f  p h o s g e n e  i n  d i c h l a r o m e i h a n e  i n  t h e  p r e s e n c e  o f  A m b e r l y s r  

A-21 r e s i n  p r o d u c e d  i m i n o  c h l o r i d e  6,  which  was n o t  i s o l a t e d .  A f t e r  removal  o f  t h e  b a s i c  r e s i n ,  

6  w a s  r e d u c e d  in d r y  r e f r e h y d r a f u r a n  w i r h  excess rerra -!-bury1 ammonium b o r o h y d r i d e  to g i v e ,  - 

a f t e r  an aqueous a c i d - b a s e  workup, a m i n e - b o r a n e  complex  1 1 6 8 % )  I I R  l n e a r 1 3 2 0 0 ,  2350, 1 7 3 0 c m ~ ~ l .  

Amine 8 w a s  l i b e r a t e d  f r o m  complex 1 b y  e x p o s u r e  t o  HC1 g a s  i n  a c h l o r o f o r m  b e n z y l  a l c o h o l  s a l -  

u r i a n .   he H C ~  s a l t  ( 7 5 % ,  mp 190'1 w a s  c o l l e c t e d  a f t e r  t r i c u r a r i o n  w i r h  e r h e r .  E x t r a c t i o n  from 

aqueous  b a s e  g a v e  8 which  was t r a n s f o r m e d  t o  kero-amide  9. by c o n d e n s a t i o n  w i f h  d i k e f e n e  i n  CH C1 
2  2 '  

t h e  r e s u l t i n g  s o l u r i o n  w a s  t r e a t e d  & w i f h  a n  excess o f  p - i o l u e n e s u l f o n y l a z i d e  a n d  t r i e t h y l -  

m i n e  a t  r e f l u n  i n  CH2C12.9 Chromatography o f  t h e  p r o d u c t  m i x t u r e  a f t e r  e v a p o r a t i o n  o f  

s o l v e n r  g a v e  d i a z o  compound 10 ( 7 2 % ) .  D i a z o  amide g was o b t a i n e d  by t r e a t m e n t  o f  10 w i r h  t h e  

l i t h i u m  s a l t  o f  b e n z y l  a l c o h o l  ( p r e p a r e d  by a d d i t i o n  of ~ - b ~ t y l  l i t h i u m  Lo b e n z y l  a l c o h o l  i n  

THF a t  -301 a t  -78' and  a l l o w i n g  to w a r m  co -50' f o r  3  h r . 1 °  A f t e r  q u e n c h i n g  w i t h  a c e t i c  a c i d ,  

c h r o m a t o g r a p h y  on s i l i c a  g e l  g a v e  the d e s i r e d  - 11 i n  51% y i e l d .  ~ h ~ t ~ ~ ~ ~ ~ i ~ ~ r i ~ ~  of was 

b e s t  a c c o m p l i s h e d  by i r r a d i t i o n  i n  b e n z e n e  a t  3 5 0  nm ( R a y o n e i  Reactor) i n  t h e  p r e s e n c e  o f  a 

3 f o l d  e x c e s s  of benzophenone  as s e n s i t i z e r .  A f t e r  6 . 5  h r ,  I R  and  TLC i n d i c a r e d  t h a t  g had 

b e e n  consumed. E v a p o r a t i o n  o f  s o l v e n t  a n d  c h r o m a t o g r a p h y  a n  s i l i c a  g e l  g a v e  t h e  d e s i r e d  0 - l a c t a m  

1 2  i n  60% y i e l d .  I I R  (neat )  1 7 6 0 ,  1740 1 0 0  M I L  NMR (CDC13) 6 7 . 3 5  C s ,  51,  5 . 1 9  (s, 2 1 ,  - 

3 . 6 1  (X, IH, J =>Ha, J =5Hz) ,  3 . 1  CAB, 2H, J =16 Hz, J =2Hz, J =5Hz, V =2.95 ,  V =3 2 1 1 ,  
ax bn a b  ax b x  b '  

2 . 4  Irn, I H I ,  1 . 8  (rn, 8H);  m a s s  s p e c t r u m  m/e 285.1358 ( 2 8 5 . 1 3 6 5  c a l c d .  f o r  C17H19N0311. We 

h a v e  found t h e  p r e s e n c e  o f  b e n r a p h e n a n e  i n  t h e  i r r a d i a t i o n  mixture r o  be e x t r e m e l y  u s e f u l  f o r  

p h o t o c h e m i c a l  f o r m a t i o n  o f  G-laccam r i n g s  f rom d i a z o  p r e c u r s o r s .  A p p l i c a t i o n  o f  f r i p l e r  

s e n s i t i z a t i o n  a p p e a r s  to h a v e  b e e n  l i t t l e  e x p l o i t e d  a s  a t e c h n i q u e  i n  s u c h  s y n r h e s e s  o f  

i . - lacrams.12  ~ r e s u m a b ~ y ,  t h e  l o w e r  e n e r g y  t r i p l e t  s t a t e ,  w h i l e  b e i n g  v e r y  e f f e c t i v e  i n  

h y d r o g e n  i t o m  a b s t r a c t i o n  a n d  r i n g  c l o s u r e ,  i s  much l e s s  p r o n e  to t h e  o c h e r  d e c o m p o s i t i o n  

pa thways  a v a i l a b l e  co s i n g l e t  c a r b e n e s .  

H y d r a g e n o l y s i s  of t h e  b e n z y l  e s t e r  12 w i t h  Pd on  CaCO i n  50% wafer-THF g a v e ,  a f r e r  e v a p o r a t i o n  3 

o f  THF a n d  l y o p h i l i z a r i o n ,  a 91% y i e l d  o f  t h e  c a l c i u m  s a l t  o f  I .  Examination o f  c h i s  p r o d u c l  

i n  a s s a y s  d e s i g n e d  r o  show a b i l i t y  to i n h i b i t  0 - l a c f a m a s e  enzymes or  i n h i b i t  b a c t e r i a l  g r o w t h  

i n  v i t r o ,  showed no  o u t s t a n d i n g  a c r l v i c y .  -- 
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