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B-LACTAMS FROM TETRAHYDRO-1,2-OXAZINE-3,6-DIONES
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SUMMARY: The photolysis and thermolysis of (4) and the photolysis of (5) result in the
formation of the B-lactams (6) and (7); a mechanism which involves 1,4-diradicals
18 proposed and the possible relationship of this process to the biosynthesis of
the B-lactam ring of isopenicillin N is discussed.

It has been suggested that the enzymic conversion of the tripeptide (1) into

1,2,3 and this has led to the development of an in

isopenicillin N (2) might involve radicals
vitro model system for the oxidative cyclisation of a simple amide to a B—lactam.2 We were
interested in the possibility that an enzyme-bound 1,4-diradical such as (3) could be a
plausible intermediate on the biosynthetic pathway to isopenicillin N.4 In this

communication we describe the preparation of two simple B-lactams using a reaction based on

this speculation, and outline a scheme for the biosynthesis of isopenicillin N which involves
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only radical intermediates.
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We reasoned that the thermolysis or photolysis of N-substituted tetrahydro-1,2-oxazine-
3,6-diones such as (4) should cause homolytic cleavage of the weak N-O bond followed by rapid
decarboxylation.5 The collapse of the resulting l,4-diradical to a B-lactam6 would serve as
a simple chemical model for the suggested intermediacy of such radicals in the biosynthesis
of isopenicillin N.

The precursors (4) and (5) were prepared by the reaction of the appropriate hydroxyl-
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amine with succinic anhydride followed by dehydration with dicyclohexylcarbodiimide.7s8 The
precursor (4) was thermolysed under nitrogen by placing it in a flask and immersing this for

? The B-lactam (6), whose structure was confirmed

one minute in a bath preheated to 190°.
both by spectroscopic techniques and by correlation with an authentic sample,10 was isolated
in ca. 16% yield after chromatography. A higher yield (20%) of this B~lactam was obtained on
photolysis of (4) in benzene (40 mins., 450W medium pressure Hg lamp), in both the photo-
lysis and the thermolysis of (4) the B-lactam was the only discrete product isolated. In a
similar manner the photolysis of (5) (220hr., C6H6’ 4W low pressure Hg lamp, 21%) gave the

corresponding B-~lactam (7). This shows that direct conjugation of the nitrogen atom with an

aromatic ring is not a pre-requisite for the formation of B-lactams using this reaction.
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a) (i) RNHOH; (ii) DCC (43-55%): b) hv or 190° (see text for yields).

The possibility that the B-lactams were formed via the intermediacy of the corresponding
acrylic amides was ruled out since neither the photolysis nor the thermolysis of these
compounds gave B-lactams under the conditions used for the reactioms of (4) and (5).

We propose that these results are best accounted for in terms of 1,4~diradicals as
outlined above, and that .this explanation is consistent with the suggested involvement of
such species in the biosynthesis of isopenicillin N. We suggest a scheme for the enzymic
conversion of the tripeptide (1) (Scheme 1) into isopenicillin N which incorporates this

speculation into the scheme which has recently been proposed by Baldwin, based on model
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reactions and extensive enzymic investigations.
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Scheme 1. Hypothetical Scheme for Riosynthesis of Isopenicillin N.
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(i) Covalent binding of (1) to penicillin synthetase (= HSEZ ) via disulphide link.
(ii) Stereospecific removal of H* by oxidation.

(iii) TFormation of 4-membered ring with retention of configuration about the new bond by
rapid collapse of the 1,4-diradical.l3

(iv) A detailed mechanism for this conversion has been proposed recently by Baldwin.11

We thank Professor J.E. Baldwin and Dr. A.H. Davidson for discussions relating to this

work, and the S.E.R.C. for a postgraduate assistantship (to J.N.).
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All new compounds were characterised by microanalysis, n.m.r., i.r. and m.s. measure-
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