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ABSTRACT

Cycloaddition between γ,δ-unsaturated â-enamino ester 9 and camphor-derived oxazoline N-oxide 8 afforded a single adduct, 14. Dipolarophile
9 proved to be very reactive despite the substitution on the double bond. Stereoselective sodium cyanoborohydride reduction of the imminium
intermediate 14a gave rise stereoselectively to â-amino ester derivative 15a. Oxidative acidic hydrolysis, oxidation of the resulting aldehyde
18, deprotection, and cyclization afforded the â-lactam 23, a direct precursor of (+)-carpetimycin A.

Carpetimycins A and B (1 and 2) are isolated from
fermentation broth ofStreptomycessp. KC-6643; they exhibit
a strong activity against Gram-positive and Gram-negative
bacteria and show a good resistance toâ-lactamase-producing
strains.1 These antibiotics belong to the class of carbapenem
antibiotics and are structurally related to thienamycin3.2

However, carpetimycins A and B (1 and2) are characterized
by a cis relationship between C5-H and C6-H and by the
presence of a tertiary alcohol or its sulfated ester on the C6
side chain (Figure 1).

Despite its powerful biological activity, carpetimycin A
(1) has been the subject of only a few diastereo- or
enantioselective syntheses.3 We report in the present paper
a novel formal stereoselective synthesis of this antibiotic.

Our strategy is based on the use of a new asymmetric [2+
3] cycloaddition4 and is presented in the retrosynthetic
Scheme 1.

In the original planed strategy (path a), cycloaddition
between oxazolineN-oxide8 and 3-methyl-2-butenenitrile† Laboratoire de Synthèse des Substances Naturelles.
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(11) would lead to adduct10. A Blaise condensation between
10 and the Reformatsky reagent12 should give rise to
enamino ester7. Stereoselective reduction of the enamino
ester double bond in7 affording 6 should allow the
introduction of the additional stereogenic center. However,
this approach was thwarted by the poor reactivity of
dipolarophile11 and the lack of stereoselectivity in this
particular cycloaddition.5,6 This drawback has been overcome
by the use of a more reactive dipolarophile, cyanomethyl-
enecyclopropane, in which the cyclopropyl surrogate is a
precursor of thegem-dimethyl group.5 The possibility of an
alternate pathway, b, in which the Blaise condensation is
performed before and not after cycloaddition as in the
original path a, and the unexpected reactivity of dipolarophile
9 led us to develop the more convergent strategy which is
presented below.

The requisite dipolarophile9 was prepared in 62% yield
by condensation between the Reformatsky reagent12 and
nitrile 11 in refluxing THF, according to the modified Blaise
reaction conditions.7,8 Following the previously described

procedure,4 dipole 8 was obtained by condensation of
hydroxylamino isoborneol hydrochloride13 with trimethyl
orthoformate9 and was used without isolation. Cycloaddition
between9 and8 proceeded smoothly at 40°C and afforded
after 2 h the single adduct14 in 52% yield (Scheme 2).

The high reactivity of dipolarophile9 in which a trisub-
stituted double bond is engaged in cycloaddition is worthy
of note. Since hydroxylamino isoborneol13 was used as its
hydrochloride, a possible equilibrium between this salt and
dipolarophile9 could lead to the more reactive imminium
9a. Indirect proof of this possible Brönsted acidic activation
was given in the following observation: when 1 equiv of
triethylamine was added to the reaction medium, cyclo-
addition was almost suppressed. Theexoselectivity of this
cycloaddition10 was established by X-ray analysis, after
reduction of the enamino ester double bond in14 and
sulfonation to give the crystalline compound18 (Scheme 3,
vide infra).

Enamide reduction in compound14 was performed with
sodium cyanoborohydride in an acidic medium.11,12 Diaste-
reoselectivity is highly dependent on both solvent and

(4) (a) For a recent application toâ-lactone synthesis, see: Dirat, O.;
Kouklovsky, C.; Langlois, Y.J. Org. Chem.1998, 63, 6634-6642 and
references therein. (b) Dirat, O.; Kouklovsky, C.; Langlois, Y.Org. Lett.
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temperature. The best result was obtained in a mixture of
dichloromethane-methanol-2 N HCl at-80 °C. Under this
condition, a mixture ofâ-amino esters15a,b was isolated
in a diastereomeric excess of 80% as estimated by1H NMR.
Chromatographic purification was performed following
nitrogen protection as its benzyl carbamate. Following these
two steps, the major carbamate derivative16awas isolated
in 78% yield and the minor isomer16b in 7% yield (Scheme
3). Hydrogenolysis of compound16afollowed by treatment
with TsCl afforded after purification compound17. X-ray
analysis of a single crystal of17 secured the configurations
of the two asymmetric centers obtained sequentially after
cycloaddition and reduction (Figure 2).13

The diastereoselectivity of the reduction step can be
explained by a preferred conformation in imminium14a in
which the side chain could be oriented by hydrogen bonding
between the imminium hydrogen and the oxygen of the
oxazolidino ring system. The presence of agem-dimethyl
unit disfavors hydride attack on thesi face of the imminium
intermediate14aand led to the preferential formation of15a
(Scheme 3).

Oxidative hydrolysis of compound16awas performed in
a two-step sequence without isolation of the nitrone inter-
mediate18.4 After aqueous acidic hydrolysis,â-aminoalde-
hyde 19 and ketol2014 were isolated, both in 64% yield.
The aldehyde group in compound19 was in turn oxidized
into â-urethane acid derivative21.15,16 Deprotection of the
benzyloxycarbonyl group required an excess of palladium
on charcoal (1.9 equiv). Final cyclization affording the
â-lactam derivative22 was performed with dicyclohexyl-
carbodiimide in acetonitrile (Scheme 4).15 The coupling

constant between C3-H and C4-H (J ) 5.3 Hz) inâ-lactam
22 is characteristic of acis relationship between these two
protons.

(12) Attempted catalytic hydrogenation of the enamino ester double bond
in 14 (H2, Pd-C, MeOH) induced isomerization fromZ to E without any
reduction.

Scheme 3
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Moreover, compound22has been identified withâ-lactam
24, a synthetic precursor of carpetimycin A (1).3c Accord-
ingly, treatment of22 with trimethylsilyl chloride afforded
a mixture of mono- and diprotectedâ-lactams23aand23b
(Scheme 4). Saponification of the ester group in23a gave
rise after careful acidification to compound24, which proved
to be identical in all respects with the compound described
by Ohno3c except for the sign of the optical rotation.

The synthesis of an enantiomeric precursor of natural (-)-
carpetimycine A (1) is due to the unexpectedexoselectivity

in [2 + 3] cycloadditions. As both enantiomeric camphor-
derived oxazolineN-oxides8 are available, the natural series
can be obviously obtained by a similar strategy starting from
(+)-camphor as the chiral auxiliary.

This synthesis shows a new aspect of the usefulness of
camphor-derived oxazolineN-oxide and discloses the par-
ticular reactivity ofγ,δ-unsaturated enamino esters in this
[2 + 3] cycloaddition. The diastereoselective introduction
of a new asymmetric center on a side chain is also of interest.
Further applications of this strategy in the synthesis of a more
complicated carbapenem such asâ-methylthienamycin are
in progress in our laboratory.
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(13) (a) Crystal data: C26 H38 N2 O6 S, Mw ) 506.64, colorless crystal
of 0.4× 0.3× 0.2 mm, monoclinic, space groupP21, Z ) 4, a ) 14.861-
(4) Å, b ) 10.511(2) Å,c ) 18.714(6) Å,â ) 111.88(2)°,V ) 2712.6-
(12), dcalc ) 1.241 g cm-3, F(000)) 1088,λ ) 0.71070 Å (Mo KR),µ )
0.161 mm-1, Nonius kappa CCD diffractometer,θ range 2.20-27.43°,
48020 collected reflections, 12241 unique (Rint ) 0.052), 9549 observed
(I > 2σ(I), full-matrix least-squares (SHELXL9313b,c), R) 0.0613 for 9549
observed reflections, wR2 ) 0.1153 for 12241 unique reflections, goodness
of fit ) 1.089, residual electron density between-0.248 and 0.258 e Å-3.
Absolute configuration established by examination of Bijvoet pairs.
Hydrogen atoms fitted at theoretical positions. (b) Sheldrick, G. M.
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