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PENICILLIN SULPHOXIDE METABOLITE:
X-RAY STRUCTURE OF A NOVEL
1,4-DIHYDROTHIAZINE-CONTAINING
DERIVATIVE

Sir:

Penicillin V f-sulphoxide (1) was recently
reported to undergo degradation by extracellular
enzymes of bacteria and streptomycetes to an
unstable metabolite (PSM), which on sequential
treatment with acetyl chloride and CH,N,
yielded an ester, Cy,,H,,O,N,S, m.p. 174°C.?
This ester was assigned the 1,4-dihydrothiazine
structure (2), primarily on the basis of spectro-
scopic data, which led to the provisional struc-
ture (3) for PSM, requiring an intermolecular
reaction of two molecules of 1 with the hy-
drolysis of both penam N(4)-C(7) bonds and one
C(5)-C(6) bond.

In view of the key structural significance of
this ester it has been subjected to an X-ray
crystallographic analysis which confirmed the
structure (2) and established the conformation
shown in the figure.

Initial attempts at an X-ray solution were
hampered by the tendency of the ester to form
twinned crystals, and a suitable single crystal was
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only obtained after removal of the twinned com-
ponent by careful sectioning under the micro-
scope.

Crystals of 2 are triclinic, a=14.593(3), b=
11.476(2), ¢=8.916(2) A, «a=118.33(2), =
92.30(3), y=94.37(3)°, U=1306A%; space-group
Pi, Z=2, D,=1.35gcm™3. A total of 3292 re-
flections (2437 observed) were measured on a
diffractometer (0<55°) using CuK, radiation.
The structure (Fig. 1) was solved by direct
methods and refined to give R=0.052%*.

Symmetry-related molecules are linked to form
a continuous chain by intermolecular N-H---O
hydrogen bonds between the amide groups of
the phenoxyacetamido and phenoxyacetylglycyl
substituents (2.80, 2.90 A). Within each mole-
cule the close proximity of both amide nitrogens
to their adjacent phenoxy oxygens (2.60, 2.69 A),
is indicative of intramolecular bonding between
these two groups. This cis orientation of the
pairs of oxygen and nitrogen atoms contrasts
with the #rans arrangement observed in 4.
In the dihydrothiazine ring of 2, only the car-
bomethoxy-substituted carbon C(3) is appreci-
ably out of plane (0.6 A). The large torsional
twist (36°) about the bond linking the dihy-
drothiazine to its phenoxyacetamido substituent

Fig. 1.
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* The atomic coordinates for this work are available on request from the Director of the Cambridge Crys-
tallographic Data Centre, University Chemical Laboratory, Lensfield Road, Cambridge CB2 1EW, U.K. Any
request should be accompanied by the full literature citation for this communication.
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at C(6) reflects a loss of conjugation between the
ring double bond and this amide.

Formation of the phenoxyacetylglycyl sub-
stituent of 2 requires a double cleavage of the
parent S-lactam ring, analogous to that involved
in the slow conversion of penicillins G and V to
the corresponding acylglycines by their target
enzymes, which catalyse the crosslinking of the
bacterial cell wall peptidoglycan. However, the
extracellular bacterial enzymes which were ob-
served to rapidly degrade penicillin V sulphoxide
but not the corresponding cephalosporin sul-
phoxide?, have also been shown to readily hy-
drolyse the parent penicillin, indicative of normal
penicillinase (f-lactam amidohydrolase, E.C.
3.5.2.6.) activity. This is consistent with the
subsequent observation (LEONG and THOMAS, to
be published) that the sulphoxide (1) is metab-
olised by partially purified E. coli R46 [-
lactamase®* to a mixture of products apparently
including PSM, which could similarly be con-
verted to crystalline 2.

It follows that the p-lactamase can either
effect a C(5)-C(6) cleavage of the sulphoxide (1)
or alternatively convert it to a labile intermediate
in which this bond is susceptible to cleavage on
mild treatment with an acyl chloride and CH,N,,
as in the formation of 2. A suggested mech-
anism for the enzymic hydrolysis of this -lactam
bond invokes prior S(1)-C(5) cleavage of the
penam thiazolidine ring, leading to 3. This
could yield the 1,4-dihydrothiazine 2, following
cyclisation of an intermediate vinologous ure-
thane oxazolone sulphenate 5 corresponding to
the penicillenic acid 6, with loss of CO,.

H

A f-lactamase mediated S(1)-C(5) cleavage is
also implicit in the rapid irreversible inhibition
of the Bacillus cereus {-lactamase I by 6p-
bromopenicillanic acid, which forms a stable,
1,4-dihydrothiazine ester 7 involving the serine-
44 residue of this enzyme®. Its stability may
conceivably reflect the absence in the inhibitor
molecule of a 6-acylamido substituent capable
of displacing the serine via an oxazolinone.
This would be analogous to the proposed trans-
formation of 1 to 3V with intermediate conver-
sion of the j-lactam to a serine ester.

A further example of the enzymic C(5)-C(6)
cleavage of penicillin G to phenylacetylglycine
has recently been described, involving penicillin-
binding proteins which are apparently devoid of
pp-carboxypeptidase or transpeptidase activity®.
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