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A b s t r a c t  - Y a r i o u ~  h e t e r o c y c l i c  t h i o l s  have been used f o r  t r a p p i n g  t h e  - 

a z e t i d i n o n e  s u l f e n i c  ac ids  ob ta ined  by t h e  the rmo lys i s  o f  p e n i c i l l i n  

su l fox ides .  The e s t e r  f u n c t i o n  was found t o  be impor tan t  i n  

de te rm in ing  the  unsym-a re t i d inone  d i s u l f i d e  ( - , 6 -  o r  I?,Y-unsaturated) 

i s m e r  formed. A l l  e , i - isomers prepared reac ted  w i t h  c u p r i c  c h l o r i d e  

t o  g i v e  t h e  2-chloromethylpenams. 

There have been cons ide rab le  research e f f o r t s  d i r e c t e d  towards t h e  t r a p p i n g  o f  t h e  r e a c t i v e  

a z e t i d i n o n e  s u l f e n i c  ac ids,  2 ,  produced by t h e  t h e m o l y s i s  o f  p e n i c i l l i n  s u l f o x i d e s ,  1. A  

5 v a r i e t y  o f  reagents  which i n c l u d e  o l e f i n s  o r  acetylenes1-4, azo cmpounds , a r y l s u l f i n i c  

ac ids6,  t r i n e t h y l s i l y l  c h l o r i d e - h e x a m r t h y l d i s i l a z a n e 7  and imides8,  and t h i o m i d e s g ,  have been 

i n v e s t i g a t e d .  One o f  t h e  most e f f i c i e n t  and useful t r a p p i n g  methods i s  by t h e  n u c l e o p h i l i c  

s u b s t i t u t i o n  o f  t h e  s u l f e n i c  ac ids  by 2-mercaptobenzoth iazo le  t o  g i v e  t h e  9 - a z e t i d i n o n e  

d i s u l f i d e s ,  310,11. 

These in te rmed ia tes ,  3, l e n d  themselves t o  f u r t h e r  m a n i p u l a t i o n  t o  produce t h e  2 - s u b s t i t u t e d  

rnethy lpenams,  - 4 ,  t h e  3 - s u b s t i t u t e d  cephams, 5 ,  and  t h e  cephems, 5 ,  t h r o u g h  t h e  common 

episu l fon iurn i o n ,  - 7. I n  a d d i t i o n  the  compounds 3 have been s u c c e s s f u l l y  u t i l i z e d  f o r  t he  

s y n t h e s i s  o f  o t h e r  m o d i f i e d  B - l a c t a m  a n t i b i o t i c s  s u c h  as t h e  a z e t i d i n o n e  t h i o e r h e r s 1 2 ,  

s u l f e n y l a n i l i d e  13, penems14 , o x a p e n e m ~ ~ ~  , 3-exomethylenecephams 16, 3-hydroxycephemsl' , and 

3-methoxycephms 17 -18  I n  s p i t e  o f  t h e  cons ide rab le  s y n t h e t i c  importance o f  t hese  d i s u l f i d e s ,  

t h e r e  i s  s u r p r i s i n g l y  l i t t l e  data i n  the  l i t e r a t u r e  on t h i s  c l a s s  o f  compounds -- t h e  use be ing  

a lmost  e x c l u s i v e l y  r e s t r i c t e d  t o  t h e  2 -benzo th iazo le  d e r i v a t i v e ,  3 (R3=2-benro th iazo le ) .  

There a re  two i m p o r t a n t  f ea tu res  t h a t  make the  unsym-azet id inone d i s u l f i d e s ,  3, usefu l  and 

v e r s a t i l e  s y n t h e t i c  i n te rmed ia tes  f o r  c e r t a i n  subsequent r e a c t i o n s .  These are t h e  r e a c t i v i t y  



d =  P ~ O C H ~ N H  , PhCH,CONH . H 

RJx$..cH, R'=cH,, cHF13 . ~H,+No.,cHP~. 

R'= H e t e ~ o c y c l i c  (monocyc l ic  or  b i c y c l i c )  
H :COOR~ 

X = C I , e r , I  
I 

of the  d i s u l f i d e  bond t o  ha logena t ion  o r  oxygenat ion.  As we have shown, t h i s  r e a c t i v i t y  i s  

determined by  t h e  n a t u r e  o f  t h e  R3 group. When u3 i s  a l k y l  ( E - b u t y l )  o r  a r y l  ( p h e n y l ) ,  t h e  

d i s u l f i d e  i s  i n e r t  t o  reagents  such as c u p r i c  c h l o r i d e l g .  The second f a c t o r  i s  t he  l o c a t i o n  o f  

t h e  double bond, and t h i s  i s  i n  t u r n  i n f l u e n c e d  b y  t h e  n a t u r e  o f  t h e  e s t e r  group (RZ) ,  t he  

19 n a t u r e  o f  t he  s i d e  cha in  a t  C-6 ( R ' ) ~ ~ ,  and t h e  n a t u r e  o f  t he  t h i o l  used . 

2 - M e ~ c a p t o b e n z ~ t h i a z o l e  and 2-mercaptobenzoxarole a r e  p a r t i c u l a r l y  w e l l  s u i t e d  f o r  t h i s  

purpose, and 2-mercaptobenzoth iazo le  has been u t i l i z e d  almost e x c l u s i v e l y  f o r  t h i s  purpose, 

p robab ly  because o f  i t s  ready a v a i l a b i l i t y  and l o w  c o s t .  However, v a r i o u s  o t h e r  h e t e r o a r m a t i c  

t h i o l s  a r e  e q u a l l y  e f f e c t i v e ,  as i s  t h e  nonaromatic 2 -mercap to th iazo l i ne .  Tab le  1 summarizes 

t h e  r e s u l t s  o f  s m e  o f  ou r  work i n  t h i s  area.  
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TABLE 1 - 
Conversion o f  P e n i c i l l i n  S u l f o x i d e s  t o  A r e t i d i n o n e  D i s u l f i d e s  

E X P ~ .  Rz R 3  Reaction Solvent 
Products r a t i o 3  

NO. Time ( h )  3a : 3b 

CHLCCl j 

C H ~ . C , H ~ . N O ~  

C H r C C 1 ?  

CH2.CCHU.NO2 

CH,CCl, 

CH3 

CH?CCI, 

CH 3 

CHzCCi3 

CH; 

to luene  

to1  uene 

to luene  

dioxaneb 

to lueneC 

to luene  

to luene  

t o 1  uene 

to iuene*  

d ioxane 

a .  Est imated from the  pmr spectrum of  t h e  crude p roduc t .  
b ,  I n  to luene,  some decomposi t ion products  were  ob ta ined .  
c .  S m a l l  amounts (% 5" o f  the i i so th iazo lone  was i s o l a t e d  a f t e r  column p u r i f i c a t i o n  
d .  The m i x t u r e  was n o t  homogeneous i n  r e f l u x i n g  to luene .  

The p roduc t  r a t i o  of t h e  h,v-isomer - 3a t o  t h e  a,@-isomer, 3b, v a r i e s  remarkably  depending on - 

t h e  cho ice  o f  t h e  carboxy l  p r o t e c t i n g  group, as w e l l  as t h e  r e a c t i o n  c o n d i t i o n s .  The carboxy l  

p r o t e c t i n g  group a f f e c t s  the  a c i d i t y  o f  t h e  C-3 p ro ton .  Thus, i n  t h e  methy l  e s t e r  s e r i e s  ( see  

experiments 6, 8 and 10 i n  t a b l e  1) t h i s  p ro ton ,  ad jacen t  t o  t h e  e s t e r  f u n c t i o n ,  has l o w  

a c i d i t y .  The a c i d i t y  o f  t h i s  p r o t o n  i n  t h e  c o r r e s p o n d i n g  t r i c h l o r o e t h y l  e s t e r s  ( s e e  

experiments 5 ,  7 and 9) i s  h i g h  and t h i s  r e s u l t s  i n  the  fo rma t ion  o f  t h e  a,G- ismer ,  3b. - 



However, t h i s  i s  n o t  t he  only f a c t o r  respons ib le  f o r  t h i s  i s o m e r i s a t i o n .  The na tu re  o f  t h e  R3 

mo ie ty  i s  a l s o  impor tan t .  Thus, i n  t h e  t r i c h l o r o e t h y l  e s t e r  s e r i e s ,  when R~ i s  t h i a z o l e  

(exper iment  1 )  o r  t e t r a z o l e  (exper imen t  3) t he  a,r- isomer i s  t h e  so le  p roduc t ;  whereas w i t h  the  

im idazo le  and benr im idazo le  (exper iments  5 and 9). t h e  i ~ , 4 - i s a n e r  i s  t h e  o n l y  product .  Thus 

w i t h  2-mercapto-1-methylimidarole and the  t r i c h l o r o e t h y l  e s t e r  o f  p e n i c i l l i n  V s u l f o x i d e ,  two 

hours r e f l u x  i n  to luene  g i v e  c a n p l e t e  convers ion  t o  t h e  u,B-isomer, 2, (exper imen t  51, whereas 

the  methyl e s t e r  under i d e n t i c a l  c o n d i t i o n s  g i v e s  80% of  2 and 20% o f  2 (exper imen t  6 ) .  

S i m i l a r  r e s u l t s  a r e  ob ta ined  w i t h  2 -mercap to th iazo l i ne  i exper imen ts  7 and 8 ) .  Wi th  

2 - m e r c d p t o b e n ~ i m i d m l e  100% o f  t h e  o,b-isomer, 2, was ob ta ined  w i t h  the  t r i c h l o r o e t h y l  e s t e r  

i n  to luene  a f t e r  2.0 h  r e f l u x ;  and 100% o f  t h e  a;,-isomer, 2, w i t h  t h e  methy l  e s t e r  i n  d ioxane 

over 4 h .  However i n  t h i s  l a t t e r  case bes ides the  change i n  e s t e r  t h e r e  i s  a l s o  a  change i n  

Solvent ,  which c o u l d  a l s o  a f f e c t  t h e  r e a c t i o n ,  p a r t i c u l a r l y  s ince  t h e  r e a c t i o n  m i x t u r e  i n  

to luene was n o t  homogeneous. 

The r e a c t i o n s  were mon i to red  f a r  completeness o f  r e a c t i o n  by t h i n  l a y e r  chromatography, and by 

removing a l i q u o t s  from t h e  r e a c t i o n  m i x t u r e  p e r i o d i c a l l y ,  and a f t e r  work-up, ana lys ing  t h e  

crude p roduc t  by  i t s  'H nmr spectrum. The gem-dimethyl d o u b l e t  o f  compounds 1, t h e  s i n g l e t  o f  

t he  $cY3 p ro tons  of 3, and t h e  d o u b l e t  o f  the&'3 group o f  were s u f f i c i e n t l y  separated 
CH3 

t o  o b t a i n  c l e a r l y  separated i n t e g r a t i o n s  f o r  t h e  ana lys i s .  

I n  genera l ,  t o l u e n e  appears t o  b? t h e  s o l v e n t  o f  cho ice  ( e x c e p t  as f o r  exper iment  9  where 

s o l u t i o n  was n o t  complete) .  The r e a c t i o n s  i n  dioxane appeared t o  be somewhat s lower .  The 

reason i s  n o t  c l e a r  b u t  c o u l d  be because o f  t h e  h i g h  s o l u b i l i t y  o f  t h e  water  ( fo rmed  i n  t h e  

r e a c t i o n )  i n  d i o x a n e ,  and p o s s i b l e  s t a b i l i z a t i o n  o f  t h e  r e a c t i v e  s u l f e n i c  a c i d ,  1, by  

c m p l e x i n g  w i t h  t h e  d ioxane.  

The products  from experiments 1 t o  4  and 6  t o  8 ( i n  Table 1 )  reac ted  smoothly w i t h  c u p r i c  

c h l o r i d e  i n  methy lene c h l o r i d e  t o  g i v e  t h e  co r respond ing  2-chlaromethylpenams, Q. I n  t h e  case 

of  t he  p roduc t  from exper iment  10, i t  was n o t  s o l u b l e  i n  methylene c h l o r i d e  a r  ch lo ro fo rm.  

GENERAL PROCEDURE FOR THE PREPARATION OF THE m - A Z E T I D I N O N E  DISULFIDES 

An equimolar amount o f  t h e  p e n i c i l l i n  s u l f o x i d e  1, and t h e  r e s p e c t i v e  t h i o l  was heated t o  

r e f l u x  i n  to luene  us ing  a  Dean-Stark t r a p ;  o r  i n  d ioxane us ing  a  Soxh le t  packed w i t h  mo lecu la r  

s ieves ( a n ) ,  f o r  2-4 h  ( s e e  Table 1). The r e a c t i o n  m i x t u r e  was concen t ra ted  t o  dryness under 

reduced pressure.  The c rude  p roduc t  was d i s s o l v e d  i n  d ich loromethane and p r e c i p i t a t e d  w i t h  

hexane w i t h  c o o l i n g .  The r e s i d u a l  v iscous l i q u i d  c o u l d  be t r e a t e d  w i t h  charcoal  i f  necessary, 

f i l t e ~ e d  and concen t ra ted  t o  a  w h i t e  o r  l i g h t - y e l l o w  foam, pu re  enough f o r  f u r t h e r  r e a c t i o n s .  
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GENERAL PROCEDURE FOR THE PREPARATION OF 2-CHLOROMETHYLPENAMS. 

The a r e t i d i n o n e  d i s u l f i d e ,  3, was d i s s o l v e d  i n  d i ch l o rome thane .  To t h i s  s o l u t i o n  was added 

anhydrous powdered c u p r i c  c h l o r i d e  (10% excess) and t h e  m i x t u r e  s t i r r e d  f o r  4-5 h a t  roam temp. 

The m i x t u r e  became y e l l o w i s h  g reen  t o  d a r k  green wh i ch  i n d i c a t e d  t h e  p r o g r e s s  o f  t h e  r e a c t i o n .  

Comp le t i on  o f  t h e  r e a c t i o n  was d e t e r m i n e d  by  t h i n  l a y e r  chromatography.  The s o l i d  was f i l t e r e d  

t h r o u g h  a c e l i t e  pad.  The f i l t r a t e  was c o n c e n t r a t e d  unde r  reduced p r e s s u r e ,  and f i l t e r e d  

r a p i d l y  t h r o u g h  a sma l l  bed o f  s i l i c a  g e l ,  and t h e  f i l t r a t e  c o n c e n t r a t e d  t o  g i v e  an o f f - w h i t e  

foam o f  t h e  2 5  - ch l o rome thy lpenam,  used a s  such i n  f u r t h e r  r e a c t i o n s .  
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