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CARBOCYCLIC ANALOGUES OF P E N I C I L L I N S  

A n d r e w  Cotter,  Una N i  Ghogain and Mary J. Meegan, Department of Pharmaceut ical  
Chemistry, T r i n i t y  C o l l e g e ,  18 Shrewsbury Road, Dublin 4 ,  I r e l a n d .  

The role of B-lactamase i n h i b i t o r s  such as c l a v u l a n i c  a c i d  t o  d e a l  wi th  micro- 
organisms r e s i s t a n t  t o  p e n i c i l l i n s  h a s  d r a m a t i c a l l y  improved b o t h  t h e  range and 
unders tanding  o f  p e n i c i l l i n  a c t i o n .  Furthermore t h e  s e a r c h  f o r  new i n h i b i t o r s  
amongst p e n i c i l l i n  r e l a t e d  s t r u c t u r e s  has  grown s i g n i f i c a n t l y .  W e  envisaged t h a t  
replacement  o f  t h e  heteroatoms o f  t h e  p e n i c i l l i n  r i n g  system by carbon f u n c t i o n s  
would l e a d  t o  p o t e n t i a l  8-lactamase i n h i b i t o r s  (Lowe 1985) .  
T h i s  communication d e s c r i b e s  t h e  s y n t h e s i s  of  a s e l e c t i o n  o f  c a r b o c y c l i c  analog-  
u e s  o f  p e n i c i l l i n  by c y c l o a d d i t i o n  o f  ke tenes  t o  cyc lopentadiene  t o  g ive  7-mOnO 
and 7 , 7 - d i s u b s t i t u t e d  bicyclo~3.2.0lhept-2-en-6-ones (1) (Rey 1970) .  Trea t -  
ment wi th  N-bromacetamide gave the 2 - ~ - b r o m - 3 - e n d o - m e t h o x y  (or benzyloxy) 
7 - s u b s t i t u t e d  b i c y c l o  [3.2 -01 heptan-6-ones (2) (Schemel) . A novel  2-5x0-brow- 
7 , 7 - d i s u b s t i t u t e d  bicyclo[3.2.0]heptan-3,6-dione g r z d u c t ( 3 ,  R1=Me, E t  I; = Me,  
C l )  w a s  also i s o l a t e d  i n  t h i s  r e a c t i o n  {3 ,  R1 = R Me, V(c=o) 1735, 1785 c m  '1. 
Subsequent n i t r i l e  mediated rearrangement  o f  t h e  7 , 7 - d i s u b s t i t u t e d  b i c y c l o  [3.2 -01 
heptan-6-ones ( 2 ,  R1, R2=C1 ,  M e ,  E t ,  Ph, Bz, R=Me, Bz) a f f o r d e d  6 - z - b e n z y l o x y -  
4-cyano-3,3-disubstituted bicyclo[3.2.0lheptan-3-ones ( 4 ,  R1, R2=C1,Me,  E t ,  Ph 
B z ,  R=Me, Bz) (Meth-Cohn, 1982) {For (4) R=Me, R1=C1, R2=CH3,  V(c=o) 1780 cm . 
6((3DC13) 4.20 ( s ,  H - Z ) ,  4.03 ( m ,  H-3), 3.42 ( m ,  H-5), 3.25 (m, H - l ) ,  3.15 ( s ,  
OCH ) ,  2.10 - 2.35 ( m ,  H-4), 1.58 ( s ,  -CH ) ,  y i e l d  = 88%). 
W e  aave i n v e s t i g a t e d  t h e  i n f l u e n c e  o f  t h e  s u b s t i t u e n t s  R1 and R2 on t h e  
ment s t e p  and have observed t h e  formation of a 7 - 
product  I 5  R=M-., Bz, R2=H,  R1=Me, C 1 ,  Ph, Bz, E t )  from 2 - ~ - b r o m o - 3 - e - m e t h o x y  
(or benzyloxy) -7-monosubstituted b i c y c l o  13.2 . O 1  heptan-6-ones ( 2 ,  p=Me, Rz ~ R ~ = H ,  

R1=Me, E t ,  C 1 ,  Ph, Bz  { f o r  (5) R=Me, R 1 = E t ,  R 2 f H ,  U(c=o)  1730 cm- . 

- 

-f  

3 rear range-  
s - c y a n o n o r b o r n a n - 2 - o n e  type  

&(CDC13)4.19 ( m ,  H-5) 3.65 ( S ,  OCH3) 3.67 ( m ,  H-4), 3.57 ( S ,  OCHR , 3.35 ( m ,  H-7)  
3.12 tm, H-1) ,2.40 ( m ,  H-6 E) t2.20 ( m ,  H-3 e), 1.30 ( m ,  H-6 *), 1.35 - 0.80 
( m ,  CHzCH3) 1 .  
S i m i l a r  r e s u l t s  w e r e  o b t a i n e d  f o r  t h e  rearrangement  o f  2-=-bromo-3-e-  
methoxy-7-mono and 7 , 7 - d i s u b s t i t u t e d  bicyclo[3.2.0]heptan-6-ones (2) with  
methoxide as n u c l e o p h i l e .  
heptan-<-one i n t e r m e d i a t e  (6 R=Me, R1= E t )  i n  t h i s  rearrangement  w a s  achieved 
by t r e a t m e n t  of t h e  2 ex5-bromo-3-~-methoxy-7-ethylbicyclo[3.2.O]heptan- 
6-one ( 2 ,  R=Me, R 2 = H ,  r = E t )  w i t h  t h e  s t r o n g  base  n-butyl  l i t h i u m .  

I s o l a t i o n  of t h e  proposed t r i c y c l o [ 3 . 2 . 0 ]  
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Scheme 1: R1=C1, M e ,  H ;  R2=Me,  E t ,  Ph, Bz; R=Bz, M e .  
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