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Abstract: Upon dihydroxvlation, carbapenems with an exocyclic viny! st fnne at -2 woro foun,
Agilraci; Upon QinyaroXyiation, caroapenems WiRn an exolyCidC viny: Suiong al «-& 7C 10UNG

to rearrange to 2-keto-3-hydroxy carbacephams. These products could then be conve
the corresponding carbacephems. © 1998 Elsevier Science Ltd. All rights reserved.
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Cephalosporins 2 are unquestionably among the most important therapeutic antibacterial agents on the
market. Amazingly, even with three to four generations of cephalosporins in use, research in this area
continues. Over the past few years, the literature has indicated a growing interest in a closely related area -

the preparation and bioiogical evaiuation of the structuraily analogous carba-cephaiosporins {carbacephems)
3.' While this structural type has not yet been isolated from natural sources, certain variants have
demonstrated quite respectable antibacterial profiles. One carbacephem in particular, loracarbef 5, has
made its way from discovery to marketplace.?
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Figure 1
The methods used to assembie the carbacephem rmg system are iargely anaiogous to those used for the
construction of carbapenems 1: most invoive appending a aux-merbe red ring onto a p-:actam The ring-
forming reactions employed vary and include; carbene insertions,® Dieckmann reactions,* aldol® and
tricarbony! condensations,® and Wittig reactions
In connection with a carbapenem program, we er«,Led the conversion of readily available aryl sulfone
bearing carbapenems 6a/b,? into well-known B-keto es rbaoenem intermediate 7a/b (Scheme 1).
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Attempts to oxidatively cleave the exocyclic double-bond under a variety of conditions gave mainly
decomposition. Eventually, osmium tetroxide, known for its ability to form stable osmate esters of electron
deficient olefins, was brought to bear on this problem.

Osmylation of phenyl sulfone substrate 6a in pyridine gave a single brown spot by thin layer
chromatography; an observation consistent with the formation of an osmate ester-pyridine complex such as
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8a. While initiaily encouraged, subsequent reaction with hydrogen suifide in t
a compound that was neither diol 9a nor hydroxy aldehyde 10a.
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The only isolable product proved to be the ring expanded a-hydroxy ketone 11a: a compound considered
even more m_terestmg than the sgunht-aﬂ r 2- ke_gcarbnper\_em The formation of this prndu(_:t_ can be

explained by rearrangement of the initially formed diol 9a to o-hydroxy aldehyde -10a followed by ring-
expansion to 11a (Scheme 2). Spectroscopic data suggested that only one stereoisomer formed at C-3.
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Scheme 2
The stereochemical relationship between the groups at C-3 and C-4 was deduced as frans from the
established stereochemistry®® at C-4 and the large coupling constant {J34 = 9.5 Hz) between protons at each
of these centers. Mechanistic deconstruction of the product allows for confirmation that the oxidation took
place from the anticipated, less hindered, a-face of the bicyclic ring-system (Scheme 3).
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This result constitutes the first example of a carbapenem being transformed into a carbacepham.
Further, the a-hydroxy ketone substitution that arises in this sequence has potential as a starting point for the
elaboration of novel structural variants.

The osmylation induced rearrangement was also attempted on p-fluorophenyl sulfone bearing
carbapenem 6b (possessing the more practical p-nitrobenzyl carboxyl protecting group). The desired
rearrangement occurred as anticipated to afford 11b. Reaction condition refinements made it possible to
improve the initially observed yield of carbacepham 11b from 28% to 52%.°
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Scheme 3

11b

140 upon reduction with two equivalents of K-selectride®. Confirmation of the structure was achieved via

Transformations on 3-hydroxy-2-keto-carbacephams

overall yield (Scheme 4):
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With the diacetate of 14 in hand, it was of interest to determine whether the 3-acetoxy group could be
eliminated directly to provide the 3,4 double-bond. Elimination proved to be facile as did the two step
deprotection sequence used to convert compound 15" into sodium salt 16.
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us, dmycroxylanon of vmyl suifone Deanng caroapenems provides access to the carbacepham rlng-
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ystem. Further, the functionaiity that err ierges is useful for double-bond ( \(,dmd(.,epnum) 1ormduaon.
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THF/CHCIl/hexanes. Yields: 0.824 g off-white crystais (52%). 'H NMR (CDCi3) 6 8.24 (d, 2H), 7.6 (d, 2H
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