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TOTAL SYNTHESIS OF THIA ANALOGUES OF CLAVULANIC ACID

»*
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Non-classical B-lactam structures continue to draw the attention of numerous research groups,
As a part of a continuing investigation into the synthesis of novel B-lactam compounds which
might be either potential f-lactamase inhibitors or antibiotics, we wish to report the total syn~
thesis of (1) thia—azabicycloheptanel 1 and (+) thia-azabicycloheptenes (penem) 2, formerly re-
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lated to Beecham's clavulanic acid 222& and its analogues 3b-d & and:le ©
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The synthetic route planned for the thiaclavulanoid 1 is presente in the Scherve, The reac-
tion between the versatile 4 +—acetox;qzetidinone3 and diethyl thioacetonedicarboxylate4 (NaHCO),

H20-Me €0, RT) led to the oily adduct i 7 yield after ‘iltra+ion on silica gel) which was

condensed with a suitable glyoxylate CHOCOOR (Ft N, THF, RT or refluxing C 7) to give the
diastereoisomeric carbinols §? in 70-80 7 yield after purification, depend1ng on the nature of
R3. Subsequent chlorination of 6 (30012, pyridine, THF, -3n-0°C) afforded the chlorides 19 =
-85 ¢ yield after column chromatcography) which were transformed inte the ylid 8 (PPh%, pvridine,
TH®, 25=50°C) in rather mood yi#]de. Ozono1y°isxo of purified £ (CH _C1_, CF COOH, -éO°C) fole
o 7,10

lowed by basic aqueous work up produced guantitatively the thiocester 9 which was oyclised

into the thiaclavulanoid ] (ref]ux1np c H ,H 2-3 brs, 75-82 9 after vurification),
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The relative stereochemistry at C-3 and C-5 was assigned as identical to the one in natural
penicillins on the basis of the low field ( 5 5¢53=5.55) chemical shift of the C-3 proton, ac-
cording to NMR correlation studies performed by other authors12 on similar systems, The geometry
around the double bond in 1 was assumed as E on the basis of the very low chemical shift (‘5 6414

1
22,132 and on the basis of the greater thermodynamic stability of this

~6,18) of the vinyl proton
configuration with respect to the cross conjugated Z assembly as reported2a in the case of 3c
and of the unstable 34 and as exemplified by the case of the E/Z 2-tetrahydrofurylidene and 2-
=thiolanylidene acetates13a’b. 130 NMR correlation studies are under investigation and will be
reported in the future,

Interestingly, but not surprisingly, the oxidation of 1 (m~CPBA, CH 012, RT) afforded the

novel penem sulfoxide 1914, in a way reminescent of the AZ-A3 isomerisation in the cephem series,
In a rather similar way, the penem 16, related to Woodward's peneml5, was synthesised from
4~acetoxyazetidinone and the ethyl ester of the 3-thio-5-hydroxy pentanocic acid16 which were
coupled as described before to give the adduct 1117. After acetylation of the alcoholic moiety
N, CH 012, RT), the resulting synthon 12 was transformed into the carbonylamides 13 18

3
and the chlorides 14, from which the ylid 15 was easily prepared, Cyclisation into penem 16

(80,0, Et

was accomplished in 65 % yield after purification by preparative TLC,
The synthesis of chiral 1 and 2, starting from penicillin, and their in vitro activities

will be reported elsewhere21.
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