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Carbapenems and carbapenams comprise a structurally di-
verse and clinically important class ofâ-lactam antibiotics that
have been the focus of a sustained synthetic effort over the past
20 years.1 While a variety of substitution patterns are known,
for example at C(1), C(2), and C(6), the carbapenem skeleton
1 constitutes a modified pyrroline moiety fused to aâ-lactam
nucleus. As a consequence, synthesis of the carbapenem
framework should be suited to a strategy based on 1,3-dipolar
cycloaddition chemistry which would offer a direct method for
assembling this strained and reactive bicycle. Such an approach
does, however, require access to a stabilized azomethine ylide
2 (eq 1), and generating a species of this type represents a
significant challenge.2

In this communication we disclose a method that expresses,
for the first time, the reactivity of azomethine ylides that are
equivalent to2. We also describe the synthesis of a representa-
tive series of carbapenams and carbapenems to exemplify the
potential offered by the 1,3-dipolar cycloaddition strategy
outlined in eq 1.
We have found that the requisite azomethine ylide reactivity3

is available in a reaction involving decarboxylation4 of a
â-lactam-based oxazolidinone,3. Both thep-nitrobenzyl (PNB)

and benzyl (Bn) esters3a and3b, respectively, are prepared
from lithium clavulanate using an established two-step proce-
dure5 (Scheme 1).
Cycloaddition reactions were achieved by thermolysis of

either3a or 3b in acetonitrile (at reflux or in a sealed tube at
100 °C) in the presence of a dipolarophile: alkenyl dipolaro-
philes gave carbapenams4a-f, and alkynes produced the
corresponding∆1-carbapenems5a-d directly. These products,
which are racemic, are shown in Tables 1 and 2 with examples
chosen to highlight the key features of this versatile cyclo-
addition process.
Several aspects merit specific comment. In the alkenyl series

(Table 1),endocycloadducts predominate and the cycloaddition
step, which exhibits a high degree of regioselectivity for
unsymmetrical 1,3-dipolarophiles, is also stereospecific.6 Cy-
cloalkenones provide access to the basic trinem7 skeleton, as
present in4d,8 and use of benzoquinone gave the tricyclic adduct
4ewhich has aromatized after cycloaddition.9 A variety of other
substitution patterns are tolerated, including heteroatoms (see
4f and 4g) to provide an important and effective level of
functionality at C(2).10 In the alkynyl series (Table 2), good
regioselectivity was again observed and cycloaddition to sulfur-
substituted dipolarophiles allows access to 2-(arylthio)- and
2-(alkylthio)-∆1-carbapenems5c and5d, respectively.
Base-mediated isomerization of∆1-carbapenems to the

biologically more relevant∆2-carbapenem isomer, though
achievable, is inefficient,11 and we have sought to harness the
1,3-dipolar cycloaddition strategy to provide a direct entry to
∆2-carbapenems. Thermolysis of3a (1,2-dichlorobenzene,
reflux, 5 min) in the presence of phenyl vinyl selenide gave
theendoadduct4gwhich, on oxidation (H2O2, -20 °C), gave
the (()-∆2-carbapenem612 in 45% overall yield (Scheme 2).
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Scheme 1a

aReagents: (a) PNBBr or BnBr, then O3; (b) MeCN, 80-100 °C,
1,3-dipolarophile (Tables 1 and 2).
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Substituents at C(6) play a critical role in defining the
biological profile of carbapenems.13 Of these, the (R)-R-
hydroxyethyl unit (as in thienamycin) is important, and the

requisite azomethine ylide precursor, oxazolidinone7, is avail-
able in enantiomerically pure form.14 Exposure of 7 to
N-phenylmaleimide (MeCN, 100°C) gave theendo-cycloadduct
8 in 25% yield, but unlike cycloadducts derived from3a/b,
adduct8 is produced in enantiomerically pure form; the C(6)
substituent serves both to maintain enantiomeric purity and to
control facial selectivity in the cycloaddition step (Scheme 3).
We have, however, observed that reactions involving7 are less
efficient than those based on3a/b which is attributed to the
sterically demanding silyl ether moiety.

In summary, we have realized a new strategy for the synthesis
of carbapenams and carbapenems founded on the generation
and exploitation of novel azomethine ylide reactivity.16 This
provides bicyclicâ-lactams in a direct and convergent manner,
with the dipolar reactivity also offering potential in the
construction of other classes ofâ-lactam antibiotics. New
opportunities for exploiting this methodology to provide efficient
chemical and structural diversity are also now under evaluation.
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Table 1. Carbapenam Cycloadducts Derived from Alkenes

aDetermined by X-ray crystallographic analysis.b exo-Adduct pre-
dominates.8

Table 2. ∆1-Carbapenem Cycloadducts Derived from Alkynes

a Plus 10% of the regioisomer.b Plus 14% of the regioisomer.

Scheme 2

Scheme 3
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