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We recently reported a biogenetic-type synthesis of penam- and cephem- 

derivatives from an acyclic precursor. 1,2 Related to this synthesis, we 

studied selective transformation of the B-la&am thiazofine sulfoxide 2 

into penicillin sulfoxide 2. This communication reports that such trans- 

formation can efficiently be effected by a radical chain process. 

Cooper first reported3 that the @-la&am thiazoline ,&, a degradation 

product of penicillin, 4 yielded a mixture of penicillin sulfoxide ,je, 

deacetoxycephalosporin sulfoxide & and other substances on m-chloroperbenzoic 

acid oxidation in the presence of trifluoroacetic acid. This procedure 

was applied to our synthesis of penam- and cephem-derivatives.i However, 

the results were not completely satisfactory in our case because of its 

poor selectivity and low overall yields and also because of lack of infor- 

mation about its intermediate(s) and reaction mechanism. Concerning the 

reaction mechanism, Cooper suggested that the reaction would proceed via 

sulfenic acid intermediate 2c3, but the sulfur atom in ,& is very inert 

to oxidants such as m-chloroperbenzoic acid in t&e absence of trifluoro- 

acetic acid and therefore, it was impossible to examine the reaction in 

a stepwise manner. This difficulty was overcome as follows; namely, when 

the substituent Rl In the B-lactam thiazoline system is modified, 5 the 

sulfur atom is readily oxidized to the corresponding sulfoxide. Thus, 
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the sulfoxides 2Q6 (mp 102-30), 2~~ (mp 112-40), 

G6 (mp 113-5°) were synthesized in 8040% yield 

B-la&am thiazolines J.m' by m-chloroperbenzoic 

No. 8 

$Q6 (mp 169-172O), and 

from the corresponding 

acid in methylene chloride. 
5 

The peracid oxidation took place stereospecifically to yield a simple sul- 

foxiae. The a-configuration was tentatively assigned to the sulfoxides 

/m for steric reasons. 

c : Rl=CH20C6H5, R2=CH2CC13 
$ : R1*C6H40CR3-p, R2=CR3 

E : R1=C6H5, R2=CH3 

d : 1 R =C6H4N02-p, 2 
% R =CH3 

t : R1=C(CH3j3, R2=CIi3 

The sul.foxides gt;~ were stable under a wide variety of acidic conditions 

such as formic, acetic, benzoic, trifluoroacetic, and p-toluenesulfonic acids 

in wet toluene at 115O. However, the sulfoxides ~,Is;,~J were found to be smoothly 

converted to their corresponding penicillin B-sulfoxides ,$k6 (mp 158-1600), 

,3e6 (mp 157-9'1, $d6 (mp 172-3'), and 2~~ (mp 145-7O), respectively, in 

60-90% yield by a treatment with a small amount (0.05-0.1 eq.) of a radical 

initiator in wet toluene at lL5O. For instance, the sulfoxide $e (100 mgf 
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was heated in 10 ml of wet toluene containing a 5 mg of a,a'-azobisisobutyro- 

nitrile at 115O for 40 minutes. Preparative tic separation, crystallization 

and recrystallization gave the penicillin B-sulfoxide Je6 (mp 145-7O) 

in 70% yield in addition to 25% of recovered starting material 2e (mp 113-5O). 
8 

?I% 

a,u '-Azobisisobutyronitrile could be efficiently replaced with benzoyl 

peroxide, t-butyl hydroperoxide, or m-chloroperbenzoic acid. Photolysis 

was also effective, although the yield of the penicillin sulfoxide was low. 

Addition of radical scavenger such as 4,4'-thiobis-(6-t-butyl-3-methylphenol) 
9 

to the reaction solution containing a radical initiator caused the reaction 

to be completely quenched. These results clearly indicate that the trans- 

formation of the sulfoxides @;E into the penicillin B-sulfoxides ,$)?ce in- 

volves a radical chain process. One of the possibilities would be as shown in 

Figure 1. Deuterium exchange experiments suggests that the electrocyclization 

process lo"' of the sulfenic acids @;E is involved; namely, when the re- 

action was run in the presence of D20, deuterium incorporation was observed 

exclusively on the ZB-methyl group of the penicillin sulfoxide. 
12,13 

Figure 1 
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