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C2-ALKYLAMINOPENEM SYNTHESIS
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Abstract - A simple synthesis of C2-dialkylaminopenems is described.
Azetidinone glyoxylate has been cyclized to C2-aminopenem, vig an

intramolecular sulfide-contraction reaction.

With carbapenem antibiotics, it is known that incorporation of an amino functionality in the C2 position
generally leads to dehydropeptidase-1 resistance and strong biological activity against Pseudomonas
aeruginosa.’ These activities are enhanced when the amino group is close to the carbapenem nucleus.
This general rule stimulated us to synthesize penem antibiotics bearing alkylamino groups directly
connected at the C2 position.

While there are many methodologies for assembling the penem skeleton,? synthesis of C2-aminopenems
is not straightforward. The classical intramolecular Wittig reaction is limited only to azole derivatives’
and no intramolecular Wittig cyclization approach has been successfully employed for the preparation of
2-alkylaminopenems.® * For the synthesis of 2-alkylaminopenems, two strategies have been used.*”
One* involves the intramolecular cyclization of monoalkyliminoazetidinones, and another’ involves
displacement of a leaving group at C2 of the penem framework. The former is limited to
monoalkylaminopenems while the latter requires the preparation of C2 activated penems. We describe
herein a simple synthetic approach for the synthesis of C2-alkylaminopenems (Scheme 1).

We focused our attention on the intramolecular sulfide-contraction approach®’ involving 4 taking
advantage of the electron donating capability. The thiocarbonate should accelerate nucleophilic
displacement of the chloride leaving group in 4.

The compound (2a), which was obtained from azetidinone (1) upon sodium morpholine dithiocarbamate
treatment, was allowed to react with benzyl glyoxylate methanol hemiacetal (reflux, 3 days) to give

glyoxylate (3a) as an oil. Treatment of 3a with methanesulfonyl chloride and N, N-diisopropylethylamine
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(DIPEA) in acetonitrile for 3 h at rt provided crude chloride (4a). Addition of triethyl phosphite and
sodium iodide to an acetonitrile solution containing chloride provided after 2 h the penem nucleus.
Crystals appeared during the concentration of the hexane extract containing crude product. The structure
of the colorless crystalline product (5a) (16 % yield from 2a, mp 108°C) was corroborated by IR, NMR,
and elemental analysis.®

Encouraged by this result, we prepared various C2-amino analogs (Table 1).
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* : One-pot reaction

** . Sulfosalicylate salt was used for isolation.

Table 1
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Since the products are unstable and hard to crystallize, several products were isolated as their
sulfosalicylate salts for purification, then converted to free base (5) by neutralization with DIPEA in

ether (Scheme 2).
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A one pot conversion of 2—35 is possible.” Penem (5c), (Se), (5j). and (51) were produced via the one pot
reaction. The conversion of 4—5 proceeds with trialkyl phosphite or triphenylphosphine, and most
likely involves an intramolecular cyclization of 4 to yield A and transannular cyclization to B followed
by suifur exclusion by phosphite gives C2-aminopenem (5). Various attempt to remove protecting

groups in the esters failed, probably due to instability of the resulting acid.
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mmol) and methanesulfonyl chloride (0.22 mL, 2.78 mmol) were successively added at 3~5°C, and
the resulting mixture was stirred for 3.5 h at the same temperature. To the reaction mixture were
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concentrated to afford an additional Se (0.10 g, 11%).
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