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CLEAVAGE REACTIONS OF PENICILLIN NUCLEI WITH SEYFERTH REAGENTS 
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AbSfract - Var ious  penams were  converted t o  t h e  cor respond ing  4 - d i h a l w e t h y l t h i o -  

a z e t i d i n o n e s  by PhHgCX 
3' 

During t h e  course of o u r  a t t e m p t s  t o  c l e a v e  t h i a z o l i d i n e  r i n g  of penws w i t h  carbon n u c l e a p h i l e  

w i t h  a i d  of t h i a p h i l e s ,  S e y f e r t h  r e a g e n t s 2 ,  PhHgCX3, were  examined as shown i n  t h e  Scheme I. 

Scheme I 

However, upon h e a t i n g  o f  a m i x t u r e  of t h e  penam (!; R=H) w i t h  PhHgCCl i n  t o l u e n e ,  a 6,y-unsaturated 3 

e s t e r  6_(R=H) was formed, which was i s o l a t e d  i n  48 Z y i e l d  as an a , & u n s a t u r a t e d  ester 7 a f t e r  - 
i s o m e r i z a t i o n  w i t h  Et N a t  room t empera tu re .  

3 



To see t h e  g e n e r a l i t y  of t h e  r e a c t i o n ,  v a r i o u s  penam compounds 8 were i n d i v i d u a l l y  t r e a t e d  w i t h  

PhHgCC13 i n  r e f l u x i n g  t o l u e n e  as shown i n  Table 1. A f t e r  d i sappearance  of t h e  s t a r t i n g  m a t e r i a l ,  

Et N was added a t  2 3 ' ~  t a  e f f e c t  i s o m e r i z a t i o n .  A f t e r  aqueous work-up and chromatography, t h e  
3 

corresponding a ,8 -unsa tu ra ted  e s t e r s 9  were i s o l a t e d  i n  moderate  y i e l d s  (Tab le  1 ) .  - 

Table  1 .  Reac t ions  of Penams w i t h  PhHgCCl 
3 ' 

Ring c leavagea  I s o m e r i e a t i o n  b 

S u b s t r a t e  Product  ( y i e l d , % l c  
PhHgCC13(eq.) Solvent  h  Et3N(eq.) h  

%a 3.0 f o l d  3.0 0 .5  1 .0  95 (94%) 

a? 2 . 5  t o l d  2.5 0 .5  1.0 9_b (79%) 

8: 2.0 f o l d  1.0 0 .5  1 .0  9c  (58%) - 
td 6.0 t o l d  3.0 1.0 1.0 9p (49%) 

8: 3.0 t o l d  1.0 0 .5  1.0 9: (49%) 

8: 2.5 t o l d  1.0 0 .5  1.0 9_i (48%) 

8.! 4.0 t o l d  6.0 0 .5  1 .0  9g (41%) 

3.0 F ' ~ H ~  24.0 0.5 1 .0  9 p  (45%) 

a Reac t ion  i n  r e f l u x i n g  s o l v e n t .  At 23 '~.  I s o l a t e d  pure canpound. 

Toluene. Benzene. 
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A s  can be  seen i n  T a b l e  1, penams of v a r i o u s  t y p e  cou ld  b e  s u b j e c t e d  to  t h e  p r e s e n t  r e a c t i o n s ,  b u t  

w i t h  two excep t ions  having relatively a c i d i c  p r o t o n s .  Thus, methy l  e s t e r s  of P e n i c i l l i n  G a n d  V ,  

8h and 8 i ,  gave complex mix tu res .  

S ince  PhHgCBr g i v e s  :CBr under  m i l d e r  c o n d i t i o n 2 ,  r e a c t i o n s  w i t h  PhHgCBr were  i n v e s t i g a r e d .  As 
3 2 3  

a n t i c i p a t e d ,  r i n g  c leavage  cou ld  be e f f e c t e d  under  mi ld  condi t ions to g i v e  t h e  cor respond ing  dibromo- 

methy l  compounds 10 (Tab le  2). 

  ow ever, t h e  dibromopenam 8d gave  t h e  cor respond ing  a , % - u n s a t u r a t e d  compound even w i t h o u t  base 

t r e a t m e n t ,  for  which t h e  reasons are n o t  clear at t h i s  moment. 

Table 2. R e a c t i o n s  of Penams w i t h  PhHgCBr3 

Ring Cleavage 
S u b s t r a t e  Product  (Yie ld ,%)a  

PhHgCBr,(eq.) So lven t  (Temp) h 

a For p u r e  p roduc t .  Toluene.  Benzene. Based on t h e  unrecovered 

s t a r t i n g  m a t e r i a l .  Normal y i e l d  was 64%. 



Considering the results obtained so far, the mechanism should involve free carbenes, which undergo 

addition to the sulfur atom in penams !. But without intervention of mercury electrophiles, the 

resulting sulfur ylide Z undergoes 1,2-bond cleavage to farm a 6,y-unsaturated ester 12 (Scheme 11). 
Precedents to this reaction exist in a number of cases, where penams were treated with diazoalkanes 

in the presence of a catalyst such as rhodium acetate.' However, introduction of a,a-difunctional 

methyl groups in the products, 1_2 and 13, offer many opportunities for further elaboration. Details 

will be reported in the forthcoming publications. 

Scheme 1 
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