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FREE RAOlCAL CYCLIZATION IN THE SYNTHESlS OF FUSED BlCYCLlC B-LACTAMS 

Viyyoor M. G i r i j a va l l abhan*  and Ash i t  K. Ganguly, 

Schering Research, 60 Orange S t ree t ,  Bloomfield, New Jersey 07003, USA 

Abst rac t  - Free r a d i c a l  c y c l i z a t i o n  i s  app l i ed  t o  cephalospor in synthesis.  

Fragmentation and deoxygenation r eac t i ons  are observed. 

3 4  W i t t i g  condensations1", carbene and carbanion c y c l i z a t i o n  r eac t i ons  f o r  t h e  

cons t ruc t i on  o f  fused b i c y c l i c  6- lactams a re  some of the  w e l l  documented Processes. 

But f o r  a  few recent  r a d i c a l  r eac t i ons  are seldom employed i n  8-lactam 

synthesis.  

Add i t l on  o f  r ad i ca l s  t o  an acety lene d i r e c t l y  at tached t o  a  s u l f u r  atom has been 

e l egan t l y  u t i l i z e d  i n  t h e  syn thes is  o f  b i ~ t i n s . ~  However, t h e  course of  r ad i ca l  

c y c l i z a t i o n  i s  no t  so obvious when t h e  subs t ra te  i s  a  four-membered c y c l i c  lactarn 

as i n  s t r u c t u r e  ( I ) ,  though i o n i c  c y c l i z a t i o n  i n  a  r e l a t e d  systems i s  repor ted  t o  

have generated a  4.5 fused r i n g  product. Whereas ex0 a d d i t i o n  i n  (11 would lead  t o  

a  penam (11). a " t h i o c l a v u l a n i c "  nucleus, t h e  consequence of an endo add i t i on  would 

be a  cephem system. 

The t h i osu l f ona te  S-es te rg  ( 2 ) .  f o l l ow ing  reac t i on  w i t h  diazomethaneln in perox ide  

f r e e  THF afforded t h e  d~a r t e reo rne r i c  adduct ( 3 )  ar a foamy amrphous powder i n  75% 

y i e l d .  Displacement a t  s u l f u r 9  w i t h  a  p ro tec ted  p ropa rgy l i c  carbanion c l ean l y  

y i e l d e d  substance ( 4 )  as an o i l y  residue, which was, w i t hou t  p u r i f i c a t i o n ,  reduced 

w i t h  z i nc  dust1' t o  g ive,  a f t e r  f i l t r a t i o n  through a  s i l i c a  ge l  column, the  

aze t id inone ( 5 )  (80%). It was then converted t o  t h e  c h l o r a  compound ( 7 )  by 

r eac t i ng  w i t h  t - b u t y l  g l y ~ x y l a t e , " ~  fo l lowed by mesyl c h l o r i d e  t reatment.  

Heat ing ( 7 )  w i t h  1.1 equ i va l en t  o f  t r i - n - b u t y l t i n  hydr ide  i n  d r y  to luene a t  9 0 ' ~  f o r  

0.5 h  i n  presence o f  c a t a l y t i c  amount o f  AIBN af forded,  a f t e r  m i l d  a c i d i c  (pH3) 

t reatment,  cephem ( 8 )  and t h e  fragmentation product  ( 9 )  [a 4 : l  r a t i o  o f  C 4  a and 8  

isomers] a long w i t h  t r aces  o f  reduced product  (101. No evidence o f  a  penamlpenem 

d e r i v a t i v e  was detected be fore  o r  a f t e r  t h e  a c i d i c  work up, suggest ing t h a t  an ex0 

a d d i t i o n  o f  t h e  r a d i c a l  i s  n o t  favored i n  t h i s  p a r t i c u l a r  system, presumably due t o  

r e l a t i v e  r i n g  s t r a i n  (415 versus 416 fused r i n g  system) cons idera t ions .  
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Formation o f  ( 9 )  could be rat ional ized1'  as a r e s u l t  o f  hydrogen abstraction (as 

shown i n  the  scheme) from t h e  'anomeric' pos i t i on  of the  pyranyl  ether by the  

t rans ien t  C2 cephem rad ica l .  The newly formed free rad ica l  (131 would then undergo 

fragmentation generating a s tab le  a l l y l i c  r ad i ca l  (141, which eventua l ly  gets 

quenched by the  t i n  hydr ide  t o  y i e l d  the  deoxygenated product ( 9 ) .  S u f f i c i e n t  

precedence e x i s t s  for  s i m i l a r  r ad i ca l  fragmentation react ions.  12.13 
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