Tetrahedron Letters,Vol.29,No.23,pp 2779-2782,1988 0040-4039/88 $3.00 + .00
Printed in Great Britain Pergamon Press plc

AN EFFICIENT SYNTHESIS OF 4-BENZOYLOXYAZETIDINONE:
AN IMPORTANT CARBAPENEM INTERMEDIATE

D.M. Tschaen,* L.M. Fuentes, J,.E. Lynch, W.L. Laswell
R.P. Volante and I. Shinkai

Merck Sharp and Dohme Research Laboratories
Division of Merck & Co., Inc.
P.O. Box 2000
Rahway, New Jersey 07065

Summary: A short, stereoselective synthesis of the key carbapenem
intermediate (3R, 4R)-3-~[(1R)-1-hydroxyethyl]-4-benzoyloxyazetidin-2-one
is described.

Recently there has been considerable interest in the development of
new synthetic approaches to f-lactam antibiotics.l'2 In searching for an
efficient and versatile route to thienamycin3 and related B-methyl
carbapenems4 we have explored the use of B-hydroxybutyric acid as a
readily available, chiral starting material. This reagent has
previously been used in enolate condensations with imines to generate
f-lactam intermediates; however, these approaches typically provide
modest yields of condensation products and require extensive functional
group manipulation in order to 1liberate the desired -4 acetoxy
azetidinone species.2 Our strategy has focused on the hydroxybutyrate
derived ketene-imine cycloaddition for direct generation of the useful
C-4 keto-substituted azetidinone. Although ketene-imine cycloadditions
have been widely used for the formation of B-lactams, these reactions
usually provide moderate yields of azetidinones which lack the
functionality necessary for rapid conversion to useful carbapenems.5

We wish to report here an efficient, diastereoselective conversion
of methyl 3(S)-hydroxybutyrate to (3S,48)-3-[(1S)~-1-hydroxyethyl]-4-
benzoylazetidin-2-one (8) and its subsequent transformation to the
versatile carbapenem precurser 11.

3(S)-Triisopropylsilyloxybutyric acid (2) was treated with oxalyl
chloride at room temperature to produce acid chloride 3 in quantitative
yield. Ketene 4 was generated in situ using diisopropylethylamine6 and

reacted with imine 57 (Ar=p-methoxyphenyl) to afford a 7:1 mixture8 of

cis B-lactams 6 and 7 in 90% overall yield.g’10
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It is important to note that the major isomer 6 posseses the C-3
11 Also, the use of the
keto-imine 5 is crucial as it provides direct access to a useful C-4
keto-substituted B—lactam12
standard enolate chemistry.2 Treatment of 6 with tetrabutylammonium

stereochemistry required for thienamycin.
which is not readily available via

fluoride in THF led to desilylation as well as epimerization of C-4 to
form trans B-lactam 8 in 78% yield. Under the standard Mitsunobu
conditions,13 (SYhydroxylethyl 8 was inverted to the desired
(R) hydroxyethyl B-lactam 9 in 74% yield.
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Removal of the p-methoxyphenyl group was achieved by cerric
ammonium nitrate oxidation to provide unprotected f-lactam 10 in 67%
yield.14 Baeyer-Villiger oxidation with m~chloroperoxybenzoic acid12 at
room temperature led to benzoyloxy azetidinone 11 which was subsequently

chain extended under the conditions of Reider and Grabowski15 to form

the known carbapenem intermediate ;g.le
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12 PNB = p - nitrobenzyl

It is also interesting to note that an intermediate such as 11 has been
utilized for the stereoselective synthesis of l-B-Me-carbapenems.17

Thus we have demonstrated a short and efficient synthesis of
important carbapenem intermediates using the B-hydroxybutyrate derived

ketene-imine cycloaddition.
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