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Ring by Incorporation of Two 2C Units of Glycolic Acid.
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Abstract: Short syntheses of Ritipenem Acoxyl 1a and Ritipenem 1b are reported. The syntheses start from (R)-4-acetoxy~(S)-
3-[(R)-1-(t-butyldimethylsilyloxy)ethyl]azetidin-2-one 3 and are based on the incorporation of two 2C units obtained by
manipulation of glicolyc acid 4.

The discovery of the penem antibiotics' fostered a great deal of research world-wide directed to the
development of their synthesis.? The commercial availability (R)-4-acetoxy~(S)-3-[(R)-1-(t-butyldimethylsilyl-
oxy)ethylJazetidin-2-one 3° prompted several research groups to define total syntheses of these non classical
B-lactams.!

Herein, we report our studies on the synthesis of the Farmitalia's Ritipenem Acoxyl (FCE 22891) 1a and
Ritipenem (FCE 22101) 1.° The main goal of this work was the development of a practical synthetic approach
that minimised the use of protective groups.
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We identified as possible starting materials, by disconnection of the C,-C, of 1, azetidinone 3 and
glycolic acid 4 (Scheme 1). Starting from a single compound 4, we planned the synthesis of the two highly
functionalized 2C moieties that bear the sensitive acetoxymethyl and carbamoyl functions (Scheme 2). Glycolic
acid 4 was reacted with chlorosulfonylisocyanate (CSI),* and then transformed into the corresponding thioacid
K salt 6 in 66% overall yield. A five steps synthesis of 9 starting from oxalic acid has been reported,” however
in contrast, esterification of 4 with bromomethylacetate, followed by Jones oxidation, and chlarination with
oxalyl chloride gave 9 in three steps in 62% overall yield. The development of the straightforward approach
to 1a described in Scheme 2 was prevented by the use of standard conditions® (protic solvents in the presence
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of a base) for the reaction between 3 and 6. In fact, both 6 and 10 were found to be unstable under these
conditions. In contrast, we found that the coupling, when carried out in dioxane, afforded 10 in 52% yield with
an high diasteroselectivity (>97%). The reaction conversion was 65%, and 32% of 3 was recovered and
recycled. One pot selective acylation of the azetidinone nitrogen of 10 and carbonyl-carbonyl coupling afforded
1c in high yield. Deprotection of the TBDMS group gave Ritipenem Acoxyl 1a in 28% overall yield from 3.
Subsequent enzymatic hydrolysis of the ester group of 1a afforded Ritipenem 1b.
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it CSI, 85%; ii: CICOOEY, CH,CL, H,S then KOMe, 77%; iii: dioxane, 40°C, 50%; iv: CH,COOCH,Br, CH,CN, 50°C, 85%; v:
CrOy/H,S0,, CH,COCH,, 1, 79%; vi: (COCD,, 4,0, 1t, 92%; vii: BN, tolucne, 0°C, then P(OED),, reflux, 71%; viii: n-Bu,NF,

CH,COOH, THF, rt, 76%; ix: PLE, phosphate buffer, pH 7, quantitative.

The mechanism of the critical step of this approach, the nucleophilic attack of 6 at C-4 of azetidinone 3,

is currently under investigation.
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