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The transformation of penicillin sulfoxides to cephalosporin derivatives 

and methyl-substituted penicillins 

containing substances which are in 

ester substances l_, its a-S double 

is often accompanied by three non-S lactam- 

the case of penicillin V sulfoxide methyl 

It.2 bona isomer and 2 . Isothiazolone 1, whicl 

is most conveniently prepared by the reaction of Penicillin V sulfoxide methyl 

ester with a trace 

transformed into 1 

hours. compound 2 

I 
COOCH3 

H COOCH3 

1 2 

of acid in refluxing xylene containing triethylformate, is 

by heating in dimethylacetamide solution at 140' for 18 

can also be obtained by heating 1 in DMF at reflux tempera- 

ture but the principal product is 2 3'4 [nmr (CDC13) 8 1.94 (s, 3H), 4.59 (s, 

3H). 5.28 (m, 3H), 7.24 (m, SH), 8.18 (s, lH), 8.69 (br.s, lH):VFCH" 3350, 

2980, 1665, 1600, 1520 cm-';hrEt 320 mu (E 7800); m.p. 157-159': [o]i5 = 0.00 

c = 1.0 CHC13]. A co-occurring uncharacterized product in the latter case, is 

an unstable adduct which contains elements of the solvent. The isothiazolone 1 

is stable in xylene solution at reflux temperature but is converted into 2 by 

the subsequent addition of a non-nucleophilic5 base. 
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A plausible explanation for this rearrangement is a base catalyzed forma- 

tion from 1 of the acylimine &which is then trapped by the neighboring thiol 

2 a. R = CCOCH3 

b.R=H 

function. In the transformation in DMF the free acid must be formed which 

undergoes decarboxylation instead of a loss of the a-valyl proton in forming 

the acylimine, (4b). - 

Substance 2 is not formed from 1. in the penicillin sulfoxide dehydrative- 

rearrangement, since under the conditions of the latter reaction 1 does not 

give 2. An adequate explanation for the formation of 2 from the sulfenic acid 

derivative 5, which has been implicated as an important intermediate in the 

penicillin sulfoxide transformations, is the fragmentation reaction, 5 + 6 + 4 -) 

26 . This mechanism7 emphasizes the similarity to the presently described 

rearrangement and the importance of acylimines in these transformations. 

P@CH2 

-2 1 
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Since isothiazolones are readily formed from cysteinyl peptides by oxida- 

tion', this rearrangement might provide a means of selectively oxidizing, via 

the intermediacy of an acylimine 
9 the amino acid residue adjacent to cysteine 

10 

towards the C-terminal end of a peptide chain. Unfortunately the isothiazolones 

7a or 7b8 do not undergo this rearrangement under conditions utilized for the -- 

earlier transformation 
10 

. +parently in this case the double bona in the valine 

CCOCH3 

1 a. R = @CCH2- 

b. R = @HZ+ 

portion is needed to stabilize an anion or free radical generated in the a posi- 

tion. Similarly, 3 compound g [nmr (CDC13) 8 0.90 (d, 3H. J = 7 Hz), 1.08 (d, 

3H. J = 7 Hz), 2.65 (m, lH), 3.61 (s, 3H)r 4.41 (d, 1/2H, J = 10). 4.71 (d, 1/2H, 

J = 9 Hz), 5.22 (s, 2H), 7.39 (s, 5H). 7.68 Ibr.s, 1H). 8.05 03r.s. 1/2H), 8.15 

(br.s, 1/2H); VzHz13 3380, 2950, 1745, 1710, 1640, 1510 cm-l; M+ 380; hpz 

280 rnb (6 3100), 230 rnw (E 6600)], formed from 7b by a controlled peracid oxida- - 

tion is stable to acid and base at elevated temperatures. Substance z3, [nmr 

(CDC13) 8 0.96 (d, 3H, J = 7 Hz), 1.11 (d, 3H, 7 Hz), 2.80 (m, 1H). 3.71 (s, 3H), 

4.28 (d, lH, J = 10 Hz), 5.26 (s, 2H), 7.30 (s, lH), 7.40 (s, 5H); yE13 3380, 

2950. 1739 br., 1650, 1510; M+ 396; m.p. 82-84: [a]: I -25', c = 3.1 CHC13; 

x r$ 237 rnb (E:17,000), 2761 (E 4500)], formed by oxidation of 7b or 8 likewise - 

was stable. Compound a is a mixture of two isomers both of which can be oxidized 

to 2. Substance 2 was surprisingly non-polar relative to other mono oxidized 

sulfur derivatives, particularly in comparison to the similar derivative of the 

isothiazolidone". 
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Isothiazolidones might represent "masked" sulfenic acids, the expected 
primary oxidation products of the easily oxidizable sulfhydryl groups of 
cysteinyl residues, and therefore would be of greater interest in this 
rearrangement. Experience has shown that derivatives of peptide iso- 
thiasolidones are considerably more reactive than the corresponding 
isothiazolones. Further of interest, is the fact that the analogous pep- 
tide isoxazolidone also undergoes this base catalyzed rearrangement, 
unpublished results, R. B. Morin and B. M. Gordon. 


