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The ketones 1 and 4 are oxidized to y-lactones 2 and 5 with low enantioselectivity by both Acinetobacter sp. NCIB
9871 and Pseudomonas sp. NCIB 9872; in contrast the ketones 7 and 10 are biotransformed to products 8/9 and 11

respectively of very high optical purity.

There is considerable current interest in the oxidation of cyclic
ketones to lactones using monooxygenase enzymes as cata-
lysts.! The enzymes can be used as (partially) purified protein,
in which case cofactor recycling must be organized, or as part
of a whole cell system.2 Recently Furstoss reported that the
racemic ketone 1 is oxidized by the bacterium TD63 to give
equimolar quantities of the lactones 2 and 3 in states of high
optical purity.3 In this paper we show that the readily available
organisms Pseudomonas sp. NCIB 9872 and Acinetobacter sp.
NCIB 9871 promote oxidation of the ketone 1 and also
selected derivatives of compound 1 with quite different
results.

Oxidation of the ketone 1 using the Pseudomonas sp. gave
the (15,5R)-lactone 2 of low optical purity {23% enantiomeric
excess (e.e.); the assessments of the ratio of enantiomers, in
this case and in the other instances that are quoted below,
were made by NMR spectroscopy using the shift reagent
tris-[3-(heptafluoropropylhydroxymethylene)-(+)-camphor-
ato]europium(m)} in 75% yield; the lactone 2 was contami-
nated with a small amount (5%) of the lactone 3. Similarly
oxidation of the ketone 1 with the Acinetobacter sp. gave the
lactones 2 and 3, in the ratio 9: 1, in a modest yield (41% ). The
regioselectivity of these enzyme-catalysed oxidation reactions
is very similar to that observed for the peracetic acid oxidation
of the ketone 1 which furnishes the lactones 2 and 3 in the ratio
13:1.

7,7-Dimethylbicyclo[3.2.0]hept-2-en-6-one 44 is oxidized by
peracetic acid and by the Acinetobacter sp. to give exclusively
the lactone 5. The enantioselectivity of the enzyme-catalysed
oxidation was low, the (1R,55)-productt being obtained in
63% vyield (29% e.e.). The Pseudomonas sp. catalysed
oxidation of the ketone 4 gave the lactones 5 and 6 in the ratio
20:1 (41% yield). More interestingly oxidation of 6-endo-
methylbicycloheptenone 75 using either the Pseudomonas sp.
or the Acinetobacter sp. produced optically pure (e.e. >96%)
lactones 8 and 9 in equal quantities (combined yields
50-55%). The absolute configurations of the compounds 8
and 9 were determined by correlation with compounds of
known structure (Scheme 1).

Despite the partial purification of only a single chromo-
somal DNA-coded Baeyer-Villiger type monooxygenase
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T The absolute configuration of the lactone § was determined by
oxidation of the (1R,55)-ketone 4* using peracetic acid.

from both Pseudomonas sp. NCIB 98726 and Acinetobacter
sp. NCIB 9871,7-8 these results suggest that there might be two
active monooxygenase enzymes in both the whole cell
systems, one with a proclivity to produce the 2-oxabicyclooc-
ten-3-one and the second protein which produces the 3-oxa-
bicycloocten-2-one. The first enzyme preferentially biotrans-
forms the (55)-ketone while the second enzyme accepts the
(5SR)-ketone as the preferred substrate. Neither enzyme is
strictly enantioselective and if the two modes of ring expansion
are not energetically equivalent then both enantiomers of the
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Scheme 1 Reagents and conditions: i, (MesSi),NLi, tetrahydrofuran
(THF), ~65°C, 0.5 h then Mel, —65to —20°C, 1.5 h; ii, (MesSi),NLi,
THF, —65°C, 0.5 h then MeOH, —65 to —20°C, 1.5 h; iii, LiAIH,,
ether, 0.5 h; iv, H,O,, HOAc, 0°C, 48 h; v, Ph,Bu'SiCl, imidazole,
CH,Cl,, 0.5 h; vi, MeLi, Et,0, 0.5 h; vii, Swern oxidation
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ketone are carried through by one of the proteins to provide
an enantiomerically enriched mixture of a single lactone.
Further evidence to support this suggestion is currently being
sought.

It is not surprising that better enantioselectivity in this
system can be achieved by appending additional substituents
to the bicyclic system. For example the racemic bromohydrin
10° is converted by the Acinetobacter sp. over 7 h into equal
quantities of the (1R,55)-ketone 10 (e.e. 85% ) and the lactone
11 (>98% e.e.) in 61% yield. It seems the enzyme producing
the 3-oxabicycloalkan-2-one is unable to accommodate the
less-favoured (55)-ketone in this case.

Obviously biotransformations leading to homochiral com-
pounds of the types 8, 9 and 11 possessing three or four
contiguous asymmetric carbon centres has important implica-
tions in synthetic organic chemistry. The simple experimental
procedure required to perform these biotransformations is
also noteworthy. Thus, 6 | of the appropriate basal medium®
was innoculated with Pseudomonas NCIB 9872 or Acineto-
bacter NCIB 9871. The microorganism was grown until the
suspension had an optical density of 0.95; the cells were then
harvested by centrifugation (3800 rpm at 30 °C for 10 min) and
resuspended in phosphate buffer (350 ml, pH 7.2). The
substrate (ca. 200 mg) was added to the cell suspension (350
ml) with shaking. After complete disappearance of the
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starting material (GC analysis using 1 ml aliquots of solution
after centrifugation), the cells were spun down by centrifuga-
tion (3800 rpm for 30 min) and the supernatant liquid was
extracted with dichloromethane or ethyl acetate. After
drying, evaporation of the solvent yielded the product.
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