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The reaction of the dianion of methyl (R)-3-hydroxybutanoate with
the N-silylimine generated from trimethylsilylpropynal afforded (3R,
48)-3-[(R) -1-hydroxyethyl]-4-trimethylsilylethynyl-2-azetidinone as
the major product, of which the stereochemistry was assigned through
its stereospecific conversion to the (+)-4-acetoxy derivative.

Thienamycin (1) has attracted increasing interest as the synthetic target,
and hence several synthetic routes to (+)-1 and its chiral precursors have been

1)

developed. As part of a program aimed at the

OH

development of a new route to (+)-1, we have now
investigated the feasibility of the condensation

of the dianion of the (R)-3-hydroxybutanoate (2)

with the N-silylimine generated in situ from the g%"_' )y
)

silylpropynal (4) according to Hart's procedure2 (4) -1
~

(Eq. 1). Of particular interest and importance
in this specific enolate—imine condensation is its stereochemical outcome which
is associated with both the internal and relative asymmetric induction over the

3)

three contiguous chiral centers. Disclosed here are preliminary results of our

studies, including the stereochemical outcomes.
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Initial experiments were carried out on the racemic ester (i)-g (R=CH3, CZHS)
to optimize conditions and examine the relative stereochemistry on the g-lactam
rings formed (Eqg. 2). Thus, a solution of N-silylimine 5 in tetrahydrofuran (THF),
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prepared in situ from aldehyde 4 and lithium hexamethyldisilylamide (LHDS) accord-
ing to the reported method,z) was added at -75-— -65 °C to a solution of enolate 3
generated from (+)-2 with LHDS or lithium diisopropylamide (LDA) in either THF or
23 vol% hexamethylphosphoramide (HMPA)-THF. After stirring at -~70 °C for 1.5 h,
the mixture was allowed to warm to room temperature, and further stirred for 1.5
h. The resulting mixture was poured into a mixture of 10% hydrochloric acid and
ethyl acetate. The organic layer was separated, washed with brine, dried, and
concentrated. The residual brown o0il was chromatographed (silica gel, 30%

4)

ethyl acetate in hexane) to give the pure (%)-(3,4)-cis-g-lactam §g and a

mixture consisting mainly of (i)-gg.s) The cis and trans assignments were made
OH . .
SiMe ASiMe
H H ' 3 3
. 42?
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COR — 3 4 + (2)

7 NH

A
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from the magnitude of the coupling constants (J3 4): 6.0 Hz for 6¢ and ca. 2.0 Hz
for 6t. Although the relative configuration at C-1' and C-3 in each product was
not assignable at this stage, NMR analyses clearly indicate that (i)-6c is a

6) as revealed by only cne doublet due to the 1'-methyl,

7)

single stereoisomer
whereas (£)-6t is a 1 : 1 mixture of (1',3)-syn and -anti isomer as indicated
by the two methyl-doublets with nearly equal integration. Table 1 summarizes the
representative results thus obtained.

Several trends are evident from the data in Table 1. (1) The present
condensation provides a moderate degree of diastereoselection over C-3 and C-4.

(2) The enolization in THF leading to the chelated (Z)-enolate 8)

”~

as depicted in

9)

Eq. 1 resulted in the preferential formation of the cis-B-lactam (6é¢), whereas
the enolization in HMPA-THF led to a reversal in diastereoselection, along with
lower yields. (3) In terms of the product yields, the methyl ester 2a (R=CH3)
is superior to the ethyl ester as the ester partner, and LHDS is superior to LDA
as the base for the enolization.

With the reaction conditions optimized and the relative stereochemistry of
the lactam ring established, our effort was next directed to the establishment
of the overall stereochemistry over the three contiguous chiral centers of the
cis-g-lactam (és) using an optically active ester (-)-(R)-2a (R=CH3). Thus, the
condensation of commercially available (R)-2a of 70% optical purity with imine 3
was carried out under the optimal conditions (entry 3, Table 1) to afford (-)-6¢
([a]ll)6 -11.8° (¢ 1.12, EtOH) as the major product.lo)
of (-)-6c was assigned to (1'R, 3R, 4S) as indicated in the next page through its
100 1D (16120 422,40

(c 0.90, EtOH), of which the absolute configuration was assignable to (1'R, 3§,

The absolute stereochemistry
stereospecific conversion to the (+)-4-acetoxy derivative 7g¢

4R) because the (+)-product was apparently different from the (-)-{1'R, 3R, 45)-

isomer (ZS') previously prepared from D—allo—threonine.lz) The conversion of
3)

(~)—§g to (+)-7c was carried out by a three-step sequence,l i.e., O-silylation
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Table 1. The Condensation of Enolate (i)ﬁé with Imine g

Starting Base for Solvent for Cis : trans Combined
Entry ester (#)-2 enolization enolization for (i)—~?) yield/ %b)
1 R=C 2H 5 LDA THF 3:1 50
2 LHDS THF 3 :1 66
3 R=CH 3 LHDS THF 3 :1 75
4 LDA HMPA-THF 1 : 1.3 52
5 R=C 2H 5 LDA HMPA-THF 1: 1.7 49

a) Determined by NMR analysis after column chromatography. Note that (&)-6¢
is a single stereoisomer, while (4)-6t is a mixture of the two stereoisomers

(see the text). b)Based on the product isolated by column chromatography.
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derivative

Sicl, imidazole, N,N-dimethylformamide), hydration to the (-)-4-acetyl
1o, l4)(conc. H,80, (trace), Hgso, (cat.)/(NH4)ZSO4, ag. MeOH), and the
Baeyer-Villiger oxidation (m-chloroperbenzoic acid, AcOEt). Thus, the established
stereochemistry of (-)-6¢ reveals that the present condensation leading to the
cis-g-lactam exhibits a high anti(threo)-selection over C-1' and C-3; this sense
of stereoselection is in accord with similar stereoselections reported for the
reactions of the chiral enolate (R)-3 with various electrophiles.s' 15)
In conclusion, the stereochemical results of this work establish the sense
and degree of both the internal and relative asymmetric induction involved in the

16) Although the overall stereochemistry of

present enolate—imine condensation.
(-)-6c is, unfortunately, not fully consistent with that of the framework of
thienamycin (1) ({.e., opposite in configuration at C-3), we still believe that
(-)-6c is a potentially useful intermediate for the synthesis of (+)-1 and related
carbapenems in view of the easy accessiblity and the naturally occurring (S)-
configuration at C-4, coupled with the ethynyl functionality at C-4 equipped for
further synthetic elaborations. We are now investigating the stereocontrolled
transformation of (-)-6¢ to a well-established key precursor to (+)-1. The results
will be reported shortly.

The authors are grateful to Dr. T. Takaya, Central Research Laboratories,
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