Tetrahedron Letters,Vol.24,No.25,pp 2559-2562,1983 0040-4039/83 $3.00 + .00
Printed in Great Britain ©1983 Pergamon Press Ltd.

A SHORT SYNTHESIS OF (!) 7-0X0-3-0XA-1-AZABICYCLO[3.2.0]
HEPTANE-2-CARBOXYLIC ACID.

Dieter Hibich*, Paul Naab and Karl Metzger

Chemisch-wissenschaftliches Labor Pharma der BAYER AG
Postfach 10 17 09, 5600 Wuppertal 1, Fed. Rep. of Germany

A short 4-step synthesis of the title compound 3 , an inhibitor of B-lactamases,
is presented. The essential step utilizes the palladium(O)-catalyzed deprotection
of an allyl ester.

A major problem in the treatment of bacterial infections with B-lactam
antibiotics is the rapid breakdown of sensitive compounds by the B-lactamase

enzymes of "resistant" bacteria. This situation initiated an intensive search
for natural or synthetic inhibitors of B~lactamases, resulting in the discovery

of, for example, clavulanic acid 1l and sulbactam 22.
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A new, structurally related compound, 7-oxo-3-oxa-l-azabicyclo[3.2.0]heptane-2-
carboxylic acid 3 could also be of interest in this respect.

Stoodley et al.3 have reported the synthesis of esters thereof via a
lengthy route, the key step being the closure of the 3-4 bond. Just et al.4
adopted another strategy for the construction of the isooxapenam ring, closing
the 2-3 bond as key step. By its very nature, this route only provides access
to the chemotherapeutically less interesting 2,2-disubstituted derivatives. All
attempts to cleave the ester function on the highly strained isooxapenam ring

system have so far resulted in destruction of the B8-lactam ring5.
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We report the successful solution of this problem by use of palladium(O)-
catalyzed deprotection of the corresponding allyl ester 6a. In addition we
present a short 4-step synthesis of sodium-7-oxo-3-oxa-l-azabicyclo[3.2.0]
heptane-2-carboxylate (f) 3a analogous to the later steps of Stoodley’s
approach3.

Thus 4-iodomethylazetidin-2-one 4 , prepared according to Tanaka et al.6,
reacted with allyl glyoxylate7 in the presence of 411 molecular sieve (0.15 m in
toluene: DMF 4:1, 20 h, r.t.) to give the alcohol 5 8 (84% after chromato-
graphy) as a mixture of diastereomers. Intramolecular O-alkylation of 5 (0.2 m
in THF, HMPA-2 equiv., n-BuLi-1l equiv., -78°— 0°C) yielded, in contrast to
Stoodley’s cyclization method3, a mixture of the allyl esters 6 (58%) which
could be separated by SiO, chromatography to afford the diastereomers 6a (30%)
and 6b (18%)9'10.
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o
reagents: a: (HO),CHCO,CH,CH=CH, 2 equiv., mol. sieves 4A, DMF, 20 h r.t.
b: n-BulLi, THF, HMPA-2 equiv., -78°C —= 0°C.

The unambigious assignment of structure to the two isomers was possible by
NMR spectroscopy. The chemical shifts of the H-3 protons (penicillin numbering
system) in6a (¢ = 5.65 ppm) and 6b (& = 4.86 ppm) differ by 8d = 0.79 ppm.

They therefore correspond very well to the general rule that in penicillins
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and clavulanic acids and esters the H-3 proton anti to H-5 is deshielded by

about 0.5 ppm relative to the H-3 syn to H-Sll.

Furthermore, the major isomer
6a has the thermodynamically favored stereochemistry12 which in turn is the
configuration bearing biological activity in the corresponding free acids.
Finally, of the palladium(O)-catalyzed deprotection methods examined,
McCombie’s procedurel3 gave the best results, affording the hygroscopic sodium

salt 3a /14715 i1 823 yield.

NaOOC/</\/ H
64 cat. Pd(PPh3); / PPh, - I \O

—N
82% o/ ~

3a

3a is an inhibitor of various clinically relevant B-lactamases and is itself

almost devoid of antibacterial activity.
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In a parallel series of experiments (%)3a was also obtained via a longer
route starting from 4-vinyl-azetidin-2-one 7 . In the course of this work the
(1,2-dimethylpropyl)dimethylsilyl group turned out to be a valuable N-
protecting group easily cleaved at room temperature by THF containing 5% TFA.
Thus N-protection (Cl1-SiR; 1.02-equiv., NEt; 1.1 equiv., DMF, 0°C-r.t.) to
yield 8 followed by reductive ozonization (a. O; CH,Cl,:MeOH 1l:1, Me,S,
-78°C — -25°¢; b. NaBH, 5 equiv. -25°C —= 0°C) gave the alcohol 9 ,
which was successively converted into the mesylate 10 and deprotected (0.4 m
in THF, 5% TFA, 1 h r.t.) affording the azetidinone 11 (overall 25% from
7); Anal.calcd.: C 33.5 H 5.1 N 7.8, found: C 33.7 H 5.1 N 7.6).
Condensation of 11 with allylglyoxylate (as described above for the
preparation of 5 ) gave the alcohol 12 (82%) which was cyclized to the allyl

ester 6 (50%) as a mixture of diasteromers 2:1.
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/ / 1
= ?.\r)\ 10: R = Si\H\ , R' = S0,CH,

11: R=H , R =SO0,CH,

12: R = CH(OH)CO,CH,CHCH, ,R=SO0,CH,

Note added in proof: R.J. Stoodley et al., J.Chem.Soc., Perkin Trans. 1, 649

(1983), have also succeeded in synthesizing (i) 3a.
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