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S u n z ~ ~ ~ a ~ y  The intermediate sulphenic acids produced 
thermally from penicillin sulphoxides can be trapped 
either intramolecularly, as in the rearrangement of the 
3@-acetosyniethyl derivatives into the 2a-acetoxyniethyl 
isomers, or intermolecularly with norbornadiene or 
ili hydropyran. 

Tr*T.: suggested existence of sulphenic acid intermediates on 
heating penicillin sulphosidesl has recently been confirmed 
both by deuterium trapping2 and reductive  method^.^ In 
particular, it was noted that the (R)-sulphoxide (1) re- 
arranged into the (S)-sulphoside (2) on Since 

[a12 + 151' (c 1, CHCl,), with iodobenzene dichloricle in 
aqueous pyridine5 gave both the (R)-sulphoxicle (5a), 
[a12 + 137 (c 1, CHCl,) and its (S)-isomer (6),t [a]:* 
+ 284" (c 1, CHC1,) as shown by lH n.m.r. spectroscopy 
(see Table) . 6  Heating the (R)-sulphoxide (5a) in toluene 
rapidly gave an isomeric sulphoxide different from the 
(S)-sulphoxide ( 6 ) .  This was shown by its IH n.ii1.r. 
properties (see Table) to be the new (Sf-sulphoside (7a), 
[a12 + 181" (c 1, CHCl,). These reactions could also be 
repeated in the p-nitrobenzyl ester series, the sulphoxide 
(5b), [KJ;' + 95" (c 1, tetrahydrofuran) giving the (S) -  
sulphoxide (7b), [a]: + 118" (c 1, tetrahydrofuran). 

'H N.tn.v. values 

Group (4) (54  (6) (74 mb 
Me 84s S.62 8.73 s.30 s.51 
AcOCH,~ 5*67,6*32( 12) 5-40 5+26,5.52( 12) 5*x<,6*02( 12.5) 5*88,5-94( 13) 
3-13 5.25 5-35 5.18 5-20 5-52 
5-H 441(4) 5-21(4) 5.05(4) 4-98(4) 4( 52 (4.5) 
6-H 4.3414, 11) -4.8214, 11) 3*99(4,9) 3*94(4,9) 4-37 (4-5, 10) 

a Recorded as T d u e s  on a Varian A60 instrument in CTX1, with Me,Si as internal reference. 

C Alf quartets : where split, midpoints of signals talcen without correction. 
A fi-nitrobenzyl eciter; all others as trichloroethyl esters. 

opening of the thiazolidine ring occurs stereospecifically by Reduction of the latter sulphoxide with phosphorus tri- 
a cis-type sigmntropic reaction and recyclisation occurs bromide in NN-dimethylforniamide at  0" for 10 min7 gave 
towards the /%face of the molccule (e.g. 3) rotation about the the 2a-acetoxymethylpenam (8) as a foam. Direct hydro- 
C-2-C-3 bond must occur during isomerisation. This was genolysis* of this product gave the corresponding acid, 
cicmonstrated in the acetosy-substituted series. Oxidation isolated as its sodium salt trihlydrate, [a]: 4- 218O (c 1, H,O) 
of the 26-acetoxyniethylpenani (4), m.p. 118-119", Vmax (Xujol) 1770 (p-lactam), 1735 (acetate), 1666, 1535 

t All new compounds gave satisfactory microanalyses. 
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(amide), 1615 (C02-) cm-l, a member of a new family of 
substituted penicillins, 1 

PhCH2CONH 

0 

( 1 1  R1 = 
15al R1 = 
(5b) R'  = 

0 

PhCHtCONH 

Because the observed rotation about the C-2-C-3 bond 
during the above isomerisation requires a relatively long- 
lived sulphenic acid intermediate, more standard trapping 
experiments were attempted.9 Heating the penicillin (S ) -  
sulphoxide (2) in benzene containing norbornadiene gave 
one major, non-crystalline, unstable adduct, isomerised by 

triethylamine into a crystalline ru,P-unsaturated ester, m.p. 

Ph 
NHCOCH2 Ph 

(12) 

147-151°, -+ 89.5" (c 1, CHC1,). The presence of the 
p-lactani moiety was inferred from its i.r. absorption, vmax 
1780 (lactam) cm-l and characteristic lH n.ni.r. pattern 
with substituent protons at r 4-85 (d, lH, J 4 Hz) and 4-15 
(dd, lH, J 4 Hz).l* The crystalline adduct was therefore 
assigned structure (11) and its unstable precursor as the 
Py-isomer (10). Reduction of (11) with phosphorus 
tribroniide in dimethylformamide gave the corresponding 
sulphide (12), m.p. 135O, [a];* - 1 0 ~ 9 ~  (c 1, CHCl,). 

An alternative trapping experiment on the trichloroethyl 
ester (2); Rl = CH,CCl,, R2 = H) using dihydropyran 
(preferably with aluminium tribromide as catalyst), 
followed by treatment with triethylamine, afforded one 
crystalline product, m.p. 116-117*, [x]E + 59" (c 1, 
CHCl,) , analysed as a 1 : 1 adduct with loss of the elements 
of water. The product readily afforded two sulphosides 
by oxidation with sodium periodate ([a]: + 161" and 
[a)? + 8' both at c 1, tetrahydrofuran), and its lH n.ni.r. 
spectrum was consistent with the vinyl sulphide (13). 
This sulphide must be formed by electrophilic attack by 
the sulphenic acid intermediate on to the double bond of 
dihydropyran. The product was unaffected by treatment 
with methanolic hydrochloric acid or by mercuric chloride.ll 
Oxidation with bromine in methanol gave the expected 
dimethoxy-derivative (14). 

(Received, October 27th, 1970; Corn. 1869.) 

The sodium salt of the acid (9) had a minimum inhibitory concentration against StaphyEococcz~s a w e a s  663 of 0-16 mcglml. 
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