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Total Synthesis of Clavulanic Acid Analogues from 7-Oxo0-3-vinyl-4-
oxa-1-azabicyclo[3.2.0]heptanes

By PeETER H. BENTLEY* and Eric HUNT

(Beecham Pharmaceuticals Research Division, Chemothevapeutic Research Centve, Brockham Park, Betchworth, Survey
RH3 7AJ)

Summary A 3-vinyl group has been incorporated into the
7-ox0-4-oxa-1-azabicyclo{3.2.0]heptane ring system by
way of the selenoxide elimination process, or by utilising
a novel 3-vinylserine derivative, and its transformation to
an alkoxyethylidene group demonstrated.

TxE novel fused B-lactam, clavulanic acid (1),! contains the
7-ox0-4-oxa-1-azabicyclo[3.2.0]heptane ring system, a sim-
ple synthesis of which has recently been described from
these laboratories.? As part of a programme aimed at the
total synthesis® of analogues of (1), we have prepared and
investigated the transformation of the fused B-lactams (2),
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carrying a vinyl group at C-2, into the desired 2-alkylidene
derivatives. In one process we envisaged allylic bromina-
tion of (2), followed by reaction of the product (3), Z = Br,
with nucleophiles to generate (4), Z = OR, SR etc.
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The required vinyl derivatives (2a) and (2b) were
obtained from the racemic bicycloheptanes (5a)f and (5b)
respectively. (5a) was hydrogenolysed, tosylated (tosyl
chloride, pyridine, dichloromethane) to (5¢), and treated
with sodium o-nitrophenyl selenide? in dimethylformamide-
1,2-dimethoxyethane (1:2) to provide the selenide (5d)
(53%).§ Brief exposure to aqueous hydrogen peroxide
(10 equiv.; 3h) in 1,2-dimethoxyethane smoothly trans-
formed (5d) into (2a) in 709, yield. Similarly (5b) ¥ wastrans-
formed to (2b) via the selenide (5e) in an overall yield of
589%. (2a) showed inter alia: vpax. (CHCL;): 1790 and 1745
cm™1; § (CDCl,; Me,Si): 4-20 (1H, d, 3-H), 5-2—5'5 (3H, m
and d, 5-H and vinyl CH,), and 5-89 (1H, ddd, vinyl CH).
(2b) displayed inter alia: vmax (CHCL): 1780 cm™1; §(CDCly;
Me,Si) 3-05—3-55 (3H, m, 3-H? and 6-H), 5-1—5-4 (3H, m,
5-H and vinyl CH,), and 5-80 (1H, ddd, vinyl CH).

The 6,6-dibromo analogue (2¢) was also constructed by a
longer route,® in which the racemic fhreo-amino ester
derivative (6)¢ was converted into (7a) (dibromoacetyl
bromide, triethylamine in benzene) in 419, yield. (7a) was
chlorinolysed and hydrolysed to (7b) and cyclisation with
silver tetrafluoroborate and silver oxide in dichloromethane
provided a 13%, yield of a single bicyclic compound assigned
structure (2c) on the basis of the chemical shift of the C-3
proton in the H n.m.r. spectrum [this shift differentiates
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(2¢) from (4-)-5-epi-(2¢), the other possible product] and the
relative stereochemistry of the starting material (6). (2c)
displayed inter alia: vyax (CHCLy): 1810 and 1755 cm™1;
8 (CDCl,; Me,Si): 4-34 (1H, d, 3-H), 5-28 and 5-42 (each 1H,
d, vinyl CH,), 5-44 (1H, s, 5-H), and 5-89 (1H, ddd, vinyl
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When (2¢) was treated with 1,3-dibromo-5,5-dimethyl-
hydantoin in refluxing carbon tetrachloride it was smoothly
converted into a mixture containing (3a) (1 part) and (4a)
(4 parts). A solution of this mixture in propan-2-ol was
stirred with silver oxide for 1-5h. Chromatography
provided, first, two separable ethers (3b) (7% each) and
then the desired racemic clavulanates (4b) (149 yield),
isolated as a mixture of Z- and E-isomers in the ratio of 5: 1.
[If methanol is used, the ratio of (3c) to (4c) becomes
ca. 6:1 (total yield 399)]. However when either (2a) or
(2b) was treated with the same brominating agent, followed
immediately by either sodium benzenethiolate or a mixture
of propan-2-ol and silver oxide, products corresponding to
(3) or (4) (X = H, Z = Br, SPh, or OPrl) were not detected.

In the 'H n.m.r. spectra (CDCl,; Me,Si), the C-3 proton in
the less polar isomer of (3b) appears at & 4-42, while in the
more polar isomer it appears at 6 4:67. The former is
assigned structure (3b), wherein the alkoxy group is trans
to the C-3 proton, while the latter has the opposite con-
figuration at C-2.7 The vinyl proton chemical shift serves

1 Numbering follows that used in penicillins, indicated in (1), rather than that based on the bicycloheptane system.

1 (5a) and (5b) were obtained by extensions of the general route (ref. 2) from (4)-methyl erythro-5-benzyloxy-2-bromo-3-hydroxy-

pentanoate, and (4-)-1,4-dibromobutan-2-ol respectively.
process {ref. 2) could not be synthesised. Similarly (4
induced cyclisation to (2b).

The required bromohydrin for the direct synthesis of (2a)
)-4-{1-(bromomethyl)-prop-2-enyloxy Jazetidin-2-one did not undergo base-

by the general

§ The spectral properties of all new compounds were in agreement with the proposed structures.

9 {5b) was admixed with its diastereoisomer, from which it was inseparable.

chromatography.

The diastereoisomers of {2b) were separated by
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to differentiate® Z-(4b) (8 4-96) from E-(4b) (8 5-26). The We thank Mr. P. D. Berry for his skilled technical
relative stereochemistry at C-3 and C-5 in (3b) and (4b), assistance.

which was not expected to be altered during these trans-

formations, reflects that in the starting material (2c). (Recetved, 27Tth February 1978; Com. 207.)
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