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Rbst rac t  - P e n i c i l l i n  and cepha lo spo r in  s u l f o x i d e s  are 

conveniently prepared by oxidation of the respective pen i c i l l i n  or 

cephalosporin i n  nethylene ch lor lde  using hydrogen peroxide and 

ace t i c  acid. Replacement of the  ace t i c  acid by Formic acid 

praduces M e  respective pen i c i l l i n  and cephalosporin sulfones i n  

high y ie lds .  

Considerable a t t en t i on  has been devoted, i n  recent  years, t o  a study of the  conversion of 

pen i c i l l i n s ,  1, and cephalosporins, 2, t o  the corresponding sulfoxidea.  2 and 4, and su l fanes ,  5 and 
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The pioneering research of Horin and cbvorkers i n  converting pen i c i l l i n  sulfoxides,  J, to the 

desacetoxycephaloaporiii, 2 lR2=H1, by chemical meansl, generated considerable i n t e r e s t  i n  the 

penicil l in sulfoxides.  Ihe use of the desacetoxrcephaloaporii sulfckides,  4 lR2=H1 as intermediates 

f o r  the f u n c t i o n a l i s a t i o n  l ~ ~ = h a l a g e n l  of  t h e s e  c o r n p o ~ n d s ~ , ~  and, t h e ' r e c e n t  d i s cove ry  t h a t  

cephalosporin-1 a-sulfoxides\ and even ce r t a in  cephalosporln-1 ,9-sulfoxidesS, and 

cephalosporin-1-sulfone~, f iS5  are hioactive,  has sparked i n t e r e s t  i n  these c lasses  of compounds. 

Penicillin-1-sulfones, 2, long known6, have only r e c ~ t l j  become of g r ea t  importance, with the 

discovery t h a t  p l a c t m a s e  inhib i tory  a c t i v i t y  i s  associated with t h in  c l a s s  of  onp pound'-^^. 

A nlnober of methods e x i s t  f o r  the synthesis of the sulfoxides of pen i c i l l i n s ,  1, and cephalosporins, 

4; and reagents such as sodium per iodate l l ,  ozone12, peracetic acid 140%) 1 3 ,  5-chloroperben~oic - 

acid1 '+ ,  and iodobenzene d i c h l o r i d e 1 5 ,  have been u t i l i s e d  as t h e  ox idan t .  The s v l f o n e s  of  

penic i l l ins ,  5, and cephalosporins, 5, can be obtained by using ~ c h l o r o p e r h e n z o i c  acid16, and i n  

the former case also by the use of potassiun pemanganate6. I h i s  reagent, potassium pmangana t e ,  

may not be useful f o r  the preparation of cephem sulfones, 5, due to possible concomitant oxidation 

of the double bond i n  the thiazine r ing .  

Hydmgen peroxide along with orqanic ac ids  has been used fo r  the oxidation of pen i c i l l i n s  and 

cephalosporins. The organic acid can function as reac tant  and solvent1'; or can he employed i n  

large excess18; o r  preferably i n  a four molar excess i n  dichloromethane as solvent19, for  the 

preparation of the sulfoxides of pen i c i l l i n s ,  3, or caphalosporinn, A. ~t is a l s o  reported t h a t  the 

use of l a rge  mounts of the organic acid r e s u l t  i n  law yie lds  of the eulfoxidea, due to cleavage of 

the sens i t ive  subs t ra tes  ( p e n i c i l l i n s  or cephalosporinsl6'18'19. Hangia f r w  hie  study of  t h i e  

reaction svggested t h a t  formic ac id  was generally preferred to ace t i c  ac id ,  and t h a t  three  to four 

equivalents of the acid m e  des i rable  fo r  the preparation of the sulfoxides of pen i c i l l i n s  and 

cephalosporins 19. 

1" our s tudies  on p1actan  an t ib io t i c s ,  we have had occssion to study t h i s  r e i c t i o n  i n  s m e  d e t a i l .  

1n an i n i t i a l  experiment, we found t h a t  oxidation of benzyl 6-phenaxyacstmidopenii i l l iatt  I the 

benzyl e s t e r  of pen i c i l l i n  Vl with hydrogen peroxide i n  nethylene chlor ide  with a four molar excess 

of formic ac id  gave a d i f f i c u l t l y  separable mixtvre of the sulfoxide. 2. lR=@XH, R ~ H $ ~ ; ~ O % I  and 

the sulfone, 5. Pvrther s tudies  revealed t h a t  t h i s  method is i n  f a c t  an  excel lent  method fo r  

preparing the sulfoxides, J and 4, or the eulfonee. and?. Ihus, oxidation with hydrogen peroxide 

i n  methylene chlor ide  with ace t i c  acid etopped a t  the sulfoxide,  3 and 4, s tage  - the presence of 

the aulfone was not detected. With formic acid,  and, an extended reaction time, high y ie lds  of the 

sulfones, 5 and 6,  resulted.  Table 1 sunmarises the da ta  obtained i n  these s tudies ,  the yield 

percentages being determined from the wr spectra of the  crude products. 
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When the p e n i c i l l i n ,  la (R=WCH2. R ' = C H ~ ~ I  was t rea ted  i n  methylene ch lor ide  with a mixture of 

hydrosen peroxide and forn ic  acid l1.2:41 compared to the subs t r a t e  l a  f o r  24 h ,  the product - 
consisted of 80% of the  sulfoxide.  2, and 20% of t h e  sulfone. 2. When t h i s  r a t i o  was ra i sed  t o  

2.4:8, the  prcduct  contained 60% eulfoxide,  2, and 406 sulfone, 2. Changing the  r a t i o  t o  1:12:40 

(substrate:HlO2:M'WH) afforded 35% sulfoxide,  3, and 65% eulfone, 5. mubiinq the  reaction t i n e  

fmm 24 h  t o  48 h  gave 16% sulfoxide,  3, and 848 sulfone. 5; end a f t e r  72 h  gave ,951 of the  

Bulfone, 4. - 

Simi l a r  s t u d i e s  were a l s o  r u n  on  e a t e r s  o f  p e n i c i l l i n  v u s i n g  a c e t i c  a c i d .  wi th  a r a t i o  o f  

suhstrate:H202:CHaCOOH (1:1.2:4) and a f t e r  24 h, 67% of the sulfaxide,  3, with s t a r t i n g  pen i c i l l i n ,  

I ,  resu l ted .  On increasing the  r a t i o  t o  1:2.4:8, 87% of the sulfoxide,  2, resu l ted  a f t e r  24 h  and - 
e s sen t i a l l y  quan t i t a t i ve  y ie lds  a f t e r  48 h. No evidence of sulfone fornation was evident  i n  the w r  

spec t ra  of the  crllde producte from these reac t ions ,  nor was there  evidence of much decomposition i n  

any of these reac t ions  with forn ic  acid or a c e t i c  ac id .  

Correspording r e s u l t s  were obtained with the cephalosporins. 2, as i s  evident  from the da ta  i n  ~ a h l e  - 
1. 



me reason for  t h i s  d i f fe rence  i n  the  oxidation products ueing ace t i c  acid and f o m i c  acid is not  

clear, b u t  could be a r e s u l t  of the  d i f fe rence  i n  ac id i ty .  However, a s i ng l e  experiment i n  which 

the benzyl e s t e r  of pen i c i l l i n  v was oxidized with hydrogen peroxide i n  presence of t r i f l vo roace r i c  

produced the sulfoxide with considerable mounts of  decmposit ion product. There was no 

evidence of svlfone fornation.  m r t h e r  s t ud i e s  i n  t h i s  area are underway and w i l l  be reported in  

la te r  publicat ions.  

GENERAL PROCmllRE FOR SYNTHESIS OF SULFOXIDE OR SULFONE OF PENICILLINS AND CEPHAWSPORINS 

A ~ u i r a b l e  mixture  of hydrogen pe rox ide  (30% w/w) and t h e  o rgan i c  a c i d  ( a c e t i c  ac id  f a r  t h e  

eulfoxide, f o m i c  acid f a r  the sulfone) i n  the  r a t i o  indicated i n  Table 1 i s  added slowly t o  a 

s t i r r ed  so lu t ion  of 2.5 m o l e  of the  subs t r a t e  ( p e n i c i l l i n  or cephalosporin) i n  35 m 1  of methylene 

chloride, kept a t  roo. temperature. After the appropriate time ( see  t a b l e ) ,  the  reac t ion  mixture is 

washed successively with water, aqueous sodium bicarbonate,  and br ine ,  and t he  organic phase dr ied  

( N ~ ~ s o ~ ) ,  f i l t e r e d  and concentrated t o  a whrte foam or s o l i d ,  pure enough fo r  fur ther  reactions.  I f  

necessary, fur ther  pur i f ica t ion  can be achieved by r ec ry s t a l l i s a t i on  or  column chroolatqraphy on 

s i l i c a .  
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