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The sulfur-containing bicyclic â-lactams,1 the naturally-
occuring penams and the penems, a group of synthetic
variants first described by Woodward,2 have attracted a
very substantial level of interest both for their potential
as antibiotics and, more recently, as inhibitors of serine
proteases.3 Variation of both the structure and pattern
of substitution associated with the five-membered ring
plays an important role in defining biological profile, and
penams 1, together with penems 2 and thiaclavams 3 (the
exocyclic penem isomer), are important target systems.

In this paper, we present concise and flexible routes
to all three subgroups 1-3 of bicyclic sulfur-based
â-lactams. The central feature of the chemistry described
revolves around application of a versatile range of thio-
carbonyl derivatives as 1,3-dipolarophiles4 toward â-lac-
tam-based azomethine ylides, which allows the penam/
penem skeleton to be assembled in a single step.
The readily available oxazolidinone 45 provides a

convenient source of reactivity that is, in essence, equiva-
lent to the stabilized azomethine ylide 5.6 Thermolysis
of 4 (MeCN, 80 °C, 80 h) in the presence of the appropri-
ate thioketone provided the 2,2-dialkyl and 2,2-diaryl
penams 6a and 6b directly. Using dimethyl trithiocar-
bonate and dithiocarboxylates as the dipolarophile com-

ponent gave, under similar reaction conditions (48-72
h), cycloadducts 7a-d (Scheme 1). The range of products
available, which are all racemic, are presented in Table
1, and in all cases, only the regioisomer shown was
detected.7
Conversion of the more highly functionalized cycload-

ducts 7a-d, each carrying a potential leaving group at
C(2), to the corresponding penem was straightforward
(Scheme 2). Oxidation of 7a gave a diastereomeric
mixture of sulfoxides that underwent facile elimination
on warming to room temperature to give the 2-(meth-
ylthio) penem 8a.8 Under similar conditions, cycload-
ducts 7b-d provided the 2-phenyl,2b 2-methy,l2bc,9 and
2-ethyl10 penems 8b-d, respectively. However, in these
latter cases a base (Et3N) was required to complete a two-
step elimination sequence, the overall yields of which
have not yet been optimized.
With the 2-alkyl variants 7c and 7d, the elimination

process has a regiochemical option that can be exercised
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Scheme 1

Table 1

All products shown are racemic. a Isolated as a 4:1 mixture of
diastereoisomers.
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(Scheme 3).11 Oxidation of 7c and 7d (m-CPBA) followed
by thermolysis (MeCN, 80 °C) of the resulting mixture
of diastereomeric sulfoxides gave the thiaclavams 9c and
9d, respectively; in the case of 9d only the (Z)-isomer was
observed.12 In addition, isomerization (Et3N, CH2Cl2) of
the exo-isomer 9c to the thermodynamically more stable
penem 8c has also been accomplished in 95% yield.13,14
Penems incorporating the (R)-R-hydroxyethyl substitu-

ent at C(6) are also important targets,3 and thermolysis

(MeCN, 110 °C, sealed tube, 24 h) of the enantiomerically
pure oxazolidinone 106 in the presence of dimethyl
trithiocarbonate gave cycloadduct 11 in 20% isolated
yield (Scheme 4); the presence of a bulky residue at C(6)
does reduce the efficiency of the cycloaddition step, and
this problem is being addressed. However, it is impor-
tant to recognize that the C(6) substituent present in 10
serves not only to deliver enantiomeric integrity to adduct
11 but also controls facial selectivity in the cycloaddition
step.
In summary, the azomethine ylide strategy for as-

sembling bicyclic â-lactams constitutes a simple, versa-
tile, and above all, direct synthesis of penams and
penems. This chemistry permits access to a range of
targets, some of which are difficult to prepare by con-
ventional methods, and we are currently exploring ways
of increasing the efficiency and diversity associated with
the processes outlined in this paper.
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Scheme 2a

a Key: 7a, (a)m-CPBA, CH2Cl2, 0 °C to rt; 7b-d, (b) (i)m-CPBA,
CH2Cl2, 0 °C to rt, (ii) Et3N, CH2Cl2, reflux.

Scheme 3a

a Key: (a) m-CPBA, CH2Cl2, 0 °C to rt; (b) MeCN, 80 °C.
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