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AN ALTERNATIVE APPROACH TO THE SYNTHESIS OF THE CARBAPENAM RING SYSTEM.
ALLENES AS ACCEPTOR-DONOR REAGENTS IN 3 + 2 ANNELATIONS

Harold Mastalerz* and Vivianne Vinet

Bristol-Myers Pharmaceutical Group

Candiac, Quebec, Canada J5R 1J1

Abstract: 1,l-Dichloro~3-methylsulfonyl-3-methylthio-1,2~propadiene, generated in s4tu under
basic conditions, reacted with a 4-iodomethylazetidinone to give a carbapenam. Subsequent
efforts to convert this material to a A-2-carbapenem by rearrangement of an allylic sulfoxide
led instead to the formation of a novel A-l-carbapenem.

Recently several groups 122 pave described syntheses of the carbapenam ring system via
the base-promoted reaction of 4-iodomethylazetidinones ] with Michael acceptors 2 (equation
1). Although appealingly simple, this approach has not yet evolved into a general carbapen-
em synthesis. A major problem lies in the choice of functional groups to the included in the
Michael acceptor. These must impart the necessary reactivity to the double bond without
making it prone to side reactions such as polymerization, provide the required regiochemical
control in the addition-cyclization step, and then be open to any manipulations that may be
required to transform the cyclized adduct 3 to the carbapenem ﬁs. With acceptors already
containing an ester function (which becomes the C-3 carboxyl group in 3) it has been found!
that the cyclization proceeds in low yield. When this ester group is replaced by an ester
equivalent? which can later be oxidatively unmasked, the cyclization proceeds in high yield

but the subsequent transformation of 3 to 4 proves to be unusually troublesome.
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2 EWG - electronwithdrawing group
- "CO,R": ester or equivalent
L = leaving group
We would like to report the results of work undertaken to see if an allene such as 5

could be employed as an acceptor-donor reagent to prepare the carbapenam 6 (equation 2). It
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was thought that 6 could be transformed to the carbapenem 4 in a two step sequence involving

oxidation to give a sulfoxide which might subsequently be induced to undergo a 'self-immola-

tive' [2,3] sigmatropic arrangement“ in the presence of an alcohol and an acid scavenger.
R
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To prepare the allene 5, we examined the following route” (Scheme 1). The arnion of the

Ogura-Tsuchihashi reagent6 7 was allowed to react with ethyl Z,2-dichloroacetate to give the
ketone 8. Treatment of 8 with trifiic anhydride followed by base afforded the enol triflate’
9 as a single isomer. It was anticipated that treatment of 9 with an additional equivalent
of base would effect the elimination of triflic acid to give 5. Although this did lead to a
new compound (single isomer) whose elemental analysis and 'H n.m.r. spectrum [ (acetone dé) 8
2.60 (s) and 3.33 (s), integrating 1:1] were consistent with the structure 5 this material
did not exhibit the characteristic allene absorption in its i.r. spectrum. Evidently we had

obtained a dimer®

of 5 but it was not possible to assign a structure on the basis of our
spectral data.

Unable to obtain the free allene, we investigated the possibility of generating it
directly in the presence of the azetidinone? 10 to see if it could be trapped in the desired

manner before undergoing dimerization. This led to the observation that addition of powdered

SCHEME 1
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10 11 R=SMe 14
12 R=SOMe
13 R= © ,diastereomer

a) THF, n-BulLi (1.0 equiv.), -78° then ethyl 2,2-dichloroacetate (1.0 equiv), -78° » 0°, b)
CH,C1 -20°, Tf,0 (1.1 equiv.), then EtN(i-Pr), (1.l equiv.), -20° = R.T. c) DME, 9 (1.1
equiv. ), (n-Bu)4§Br (0.1 equiv.), powdered KOH %3 0 equiv.), 1.5 h, 0°, d) CH Cl., m—chloro-
perbenzoic acid (1.0 equiv.), -20° + R.T. e) CCl reflux, 12 with cyclohexene ({ 0 equiv),l.5
h, 60 +'70% yield; 12 with trimethylphosphite (l. b equiv.), I.5 h, 63% yield; 13 with cyclo-
hexene (1.0 equiv.), 1.5 h, 507% yield.
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potassium hydroxide to a stirred, ice-cooled solution of 10, the enol triflate §, and a phase

transfer catalystlo, gave the carbapenam7 11 as a single diastereomer in a 60% yield!!'. The

assignment of the configuration at C-2 remains tentative but it seems reasonable that cycliza-
tion to give a product with the bulky sulfone group in an ¢X¢ orientation would be energeti-
cally more favorable. The alternative structure 15 can be excluded from consideration in view
of the subsequent chemistry.

We proceeded to examine the proposed transformation (6 + 4) with 1l. Peracid oxidation

of 11 gave a 5:1 mixture of sulfoxide diastereomers’

12 and 13 which could be separated by
chromatography. However, upon being heated in carbon tetrachloride, it was found that both
sulfoxides under went a facile elimination'!? of methanesulfenic acid to give the diene’ 14
rather than products resulting from a [2,3] sigmatropic rearrangement. It is difficult to
account for this result in view of the diverse array of substituents attached to the allylic
system; molecular models do not reveal any unusual features which might prevent either sulfo-
xide diastereomer from adopting a conformation suitable for rearrangement. Possibly,
delocalization of the lone pair of electrons on the nitrogen atom into the allylic system raises
the energy required for rearrangement and thereby allows the competing elimination reaction to
predominate.

The diene 14 is similar to intermediates'®, (i.e., 16) which were converted to cyclobuta~
none analogs of carbapenems by hydrolysis of the heteroatom-substituted exocyclic double bond.

Similar efforts with 14 or 1l are being examined!",
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Due to the instability of 14 (significant decomposition at -20° after several days), we
have concentrated our efforts on converting the dichlorovinyl group in 11 to a carboxyl
function. Existing procedures for this type of transformation involve harsh conditions
(strong acid hydrolysis; C.A. Buehler, D.E. Pearson, 'Survey of Organic Synthesis' vol.l,
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Soc. Chim. Fr., 1976, 1941); photolysis with q:S)2 in benzene; treatment with Hg(O%CCF )2
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