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Abstract: Rearrangement of silylated vinyloxiranes into highly
functionalized o-silylated-f,y-unsaturated adehydes occurs with
total chirality transfer and retention of double bond configuration
under Pd(0) catalysis. We show that this reaction is a versatile tool
inthefield of total stereoselective synthesis: enantiomerically pure
lactones are obtained. The pheromone 6-n-undecyltetrahydro-2-py-
rone 2 and massoilactone, 5-hydroxy-2-decenoic acid lactone 3, are
synthesized. We describe herein a novel highly diastereoselective
route to a,B-unsaturated-y-silylated-§-substituted-3-lactones 1.
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Enantiomerically pure 6-substituted-5,6-dihydro-2H-pyr-
an-2-ones (o,B-unsaturated-3-lactones) | are key structur-
al subunits of widely occurring natural products.** Their
saturated analogues |1 are important aroma compounds?
which are abundantly found in meat, dairy and fruit prod-
ucts. The 5-hydroxy derivatives 111 display diverse bio-
logical activities and appear as part of some antibiotic
structures® (Scheme 1).
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Herein, we describe an enanti osel ective method to synthe-
size 6-lactones of typel, Il and |11, based on the utiliza-
tion of  a,B-unsaturated-y-silylated-5-substituted-5-
lactones 1 as key intermediates. Thus, we synthesized
type |l 6-n-undecyltetrahydro-2-pyranone 2, the phero-
mone of the oriental hornet® called Vespa orientalis and
type | 6-n-pentyl-5,6-dihydro-2-pyrone 3, also known as
massoilactone which is the major constituent of the bark
oil of Cryptocaria massoia. Massoilactone 32 has also
been isolated from cane molasses as a flavor product and
from two species of ants as a defense substance. Type 11
d-lactones may be obtained after oxidation of the carbon-
silicon bond into a hydroxyl group to give the (+) Osmun-
dalactone 4%(R = CH,), (Scheme 2).
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We present here a short stereosel ective synthesis of com-
pounds 2° and 372 We recently reported'®!! that the silyl-
ated vinyloxiranes 5 rearrange into the o-silylated-f,y-
unsaturated aldehydes 6 with a complete transfer'® of
chirality and retention of the double bond configuration.t!
This stereosel ective palladium-catalyzed 1,2-silicon shift,
combined with the high diastereoselective akylation!213
of aldehydes 6 led usto propose a one-pot transformation
of the silylated vinylepoxides 5 into the é-lactones 1
(Scheme 3).
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Enantiomerically pure silylated vinyloxiranes 5 were pre-
pared using our previously described conditions'®® and
were submitted to a catalytic amount of zerovalent palla-
dium generated in situ from Pd(OAc), and P(OPh),. After
checking the completion of the rearrangement by TLC,
the organometallic reagent was added dropwise. The tem-
perature wasincreased to reach room temperature in order
to achieve complete cyclization. Grignard derivatives
give the best chemical yields of lactones 1 (Table 1), with
avery high degree of diastereosel ectivity for the anti dia-
stereomeric form of o,B-unsaturated-y-silylated-5-substi-
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Table Preparation of 5-Lactones 1a-g. Diastereomeric Ratio

R' Yield [%] Product d.e.[%)?
CH3 78 1aP 74
i-Pr 79 1bbe >96
t-Bu 90 1cd >96
Ci1H23 73 1dd >96
CsHi1 70 leb >96
Hc=Cc— 70 1P >96
AN 60 1g°® >96

a) Measured by *H NMR. b) Purified as awhite solid by recrystalli-
sation. ¢) ee = 93-99%. The enantiomeric excesses were measured
by chiral GC. They were checked to be equal to the starting vinylo-
xiranes' ees, proving that chirality istotally transferred through this
one-pot procedure. d) Purified by flash chromatography on silica
gel. e) Synthesized in aracemic form.

tuted-5-lactones 1a-g.* This selectivity can be explained
by aFelkin model 1?13

Other akylating agents have been added to aldehydes 6.
In the case of methyllithium and methylcerium dichloride
(Scheme 4), the §-lactone 1a and the homoallylic acohol
7 are isolated. The intermediate aldehyde 6 is a so recov-
ered. Alcohol 7 could be conveniently cyclized to lactone
la by Otera’s procedure® in 85% yield. Grignard reagents
led to higher yields of lactones probably due to magne-
sium-catalyzed transesterification.

Desilylation (Scheme 5) of lactones 1d and 1e was con-
ducted in dimethyl sulfoxide at room temperature with a
large excess of potassium fluoride. Lactone 1d leadsto the
desilylated product 8, which was directly hydrogenated to
the pheromone 2; whereas 1e was directly transformed
into the natural product 3. Partial racemization of 1d and
leduring the desilylation process, led to less optical activ-
ity for 2 (ap?° 9.47(c 0.95, THF)) and 3 (a,,?°-28.7 (c 1.02,
CHCl,)) than reported in litterature for 216 and 3.1 Isola-
tion of the acidic form of the intermediate conjugated car-
boxylate 9 gave an explanation for the loss of
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In summary, this paper shows a simple and efficient gen-
eral access to diastereomerically pure a,B-unsaturated-y-
silylated-5-lactones 1. The two natural lactones 2 and 3
could be synthesized in overall yields of 70-90%. These
results also suggest that the enantiopure a,3-unsaturated-
v-silylated-3-lactones are interesting building blocks for
further 1,4-addition reactions on the o, -unsaturated ester
moiety and electrophilic additions on the allylsilane skel-
eton.
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