Unusual cyclopropanol formation from a p-silyl aldehyde
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The hemiacetals 15 and 18 gave cyclopropanols 17 and 20
when treated with NaH in DMSO, showing that the silyl
group has enhanced electrofugal powers because of the
participation of the oxyanion.

The well known electrofugal power of asilyl group attached to
carbon is enhanced when a nucleophilic atom coordinatesto it.
This unexceptionable statement is supported by much circum-
stantial evidence (Scheme 1). A silyl group can be removed
more easily (1 — 2) by protodesilylation from avinyl, or even
an akyl, carbon when an oxyanion is poised five atoms away.*
More generaly, a variety of electrophiles can be made to react
with the incipient or actual carbanion nucleophile (3 — 4) if the
carbon carrying the silyl group has an anion-stabilising group
onit.2 Anoxyanion can also removeasilyl group in a5-endo-tet
sense to create a double bond (5 — 6).3 And an oxyanion can
push one of the other ligands off asilyl group in the sense (7 —
8) to make the R group into a carbon nucleophile.# We now
report a case where the presence of an oxyanion makes a silyl
group behave more like a stannyl group, in a reaction with
precedent only with a 1,2-Brook rearrangement from an «-
oxyanion rather than a y-oxyanion.>
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Scheme 1

B-Stannyl aldehydes and ketones® form cyclopropanols on
treatment with Lewis acids (9 — 10) (Scheme 2), but B-silyl
aldehydes and ketones are remarkably robust to acid and base,
often being carried through many steps before being used as
masked «,3-unsaturated carbonyl compounds,” or as masked [3-
hydroxy carbonyl compounds.8 When they do react with Lewis
or protic acids, they undergo rearrangements,® or intramolecular
transfer of ligand from the silicon to the carbonyl group,1© and
we know of only one example where a cyclopropanol-forming
pathway has been suggested.!! In parallel with these observa-
tions, cyclopropane formation (11 — 12) is norma with vy
stannyl carbocations and their precursors,’2 but is unusual with
the corresponding silyl compounds,13 for which rearrangement
(13 — 14) isthe normal pathway.14

The reaction we have now discovered occurred originaly
when we had been trying to carry out a Wittig reaction on the
racemic hemiacetal 15, prepared by DIBAL-H reduction of the
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corresponding lactone.’s When we treated the hemiacetal 15
with NaH in DM SO at room temperature for 3 h, with or without
methyltriphenylphosphonium iodide, we obtained only the
cyclopropanol 17 (Scheme 3). We see thistin-like behaviour as
having taken place because of the presence in the intermediate
adehyde of an oxyanion, which can coordinate to the silicon 16
(arrows), and make the pentacovalent silyl anion into a better
electrofugal group. We were not able to assign the stereo-
chemistry of the cyclopropanol 17 reliably from the 1H NMR
spectrum, it is assigned here by analogy, so we repeated the
reaction with a marginally more simple analogue 18, which
similarly gave the cyclopropanol 20 (Scheme 3). COSY and
NOE difference experiments on this compound allowed us to
confirm the stereochemistry, which corresponds to inversion of
configuration at the silicon-bearing carbon, exactly analogous
to the inversion seen in reactions of the type 11 — 12 in thetin
series. The stereochemistry at the C—OH carbon corresponds to
that expected if the carbonyl group more or less eclipses the
neighbouring hydrogen atom at the time of cyclopropane
formation, which seems reasonable.

If we left the hemiacetal 18 and NaH/DMSO at room
temperature for 10 h instead of 3 h, we obtained a mixture of
four hemiacetals, which gave a mixture of two lactones 21 and
22 on oxidation (Scheme 4). The hemiacetal precursor of the
lactone 21 looks as though the origina hemiacetal 18 had
merely undergone a somewhat implausible protodesilylation,
but the true pathway, by way of the cyclopropanol 20, is
revealed by the presence of the minor lactone 22.

Thisobservation may explain our failureto achieve cyclopro-
panol formation from the even more simple hemiacetal 23,
which gave only the product 24 of protodesilylation (Scheme5),
possibly directly in this case, but also possibly by way of a
cyclopropanolate, which can be expected to open regiose-
lectively by way of the benzyl anion.

The cyclopropanol formation is not ageneral reaction, for we
found that the 2-methyl and 2-allyl groupsin 15 and 18 appear
to be necessary, not only for the determination of the
stereochemistry of thereaction, but alsofor it to take placeat all.
The hemiacetal 25 gave no sign of a cyclopropanol, but gave
instead a diene 26, which we suggest has taken the course
illustrated in Scheme 6, with the possibility that the fina
elimination step is actually preceded by a Mislow rearrange-
ment.
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Scheme 3 Reagents and conditions: i, NaH, DMSO, rt, 3 h.
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Scheme 5 Reagents and conditions: i, NaH, DMSO, rt, 3 h.
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Scheme 6 Reagents and conditions: i, NaH, DMSO, rt, 3 h.

Perhaps most intriguing is the contrast between the reaction
described here, pushed forward by nucleophilic activation 16,
and the reaction on a closely similar system 27 pulled forward
by electrophilic activation.1° In both cases, our plans for a
synthesis of ebelactone-a were thwarted.
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