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ABSTRACT

Herein we report on the use of siletanes as substrates for the oxidation of carbon−silicon bonds. These tetraalkylsilanes are easy to handle
yet susceptible to rapid ring opening and oxidation upon exposure to aqueous fluoride and peroxide. This combination of stability and
reactivity presents many practical benefits, including compatibility with silicon protecting groups and electron-rich aromatic rings.

The Tamao oxidation of carbon-silicon bonds begat new
uses of silicon in organic chemistry.1 For this oxidation to
occur, the silane must be further substituted with an electron-
withdrawing heteroatom. Fleming showed that arylsilanes,
which are compatible with a broader range of reaction
conditions, serve as oxidation precursors via initial cleavage
of the aryl group (Scheme 1).2 The two-step Tamao-Fleming

protocol has seen widespread use in organic chemistry,3,4

particularly for the advantages inherent in employing silanes
as latent hydroxyl groups.

Herein we report new substrates for the oxidation of
carbon-silicon bonds that combine the high reactivity
associated with heteroatom-substituted silanes with the ease
of purification and handling of tetraalkylsilanes (Scheme 2).

We also demonstrate their application to the synthesis of
phenols and their orthogonality with silyl ether protecting
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Scheme 1. Tamao-Fleming Oxidation

Scheme 2. Preparation and Oxidation of
1-Methyl-1-phenethylsiletane
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groups, two traditional limitations of carbosilane oxidation
chemistry.

Siletanes (silacyclobutanes)5 and other strained silacycles6

have begun to receive more attention for their unique “strain-
release” Lewis acidic properties. Mukaiyama aldol reactions7

and aldehyde allylations,8,9 for example, proceed in the
absence of external catalysts when traditional silanes are
replaced with siletanes. In a series of reports, Denmark
revealed that siletanes also serve as precursors to silanols
for Hiyama-type cross-coupling reactions,5 and the ring strain
has also been exploited to effect insertions (ring expansions)
into siliranes10 and siletanes,11 respectively.

In our nascent research program aimed at identifying novel
applications of siletane chemistry, we have found that these
stable, easy-to-handle silanes can be oxidized under remark-
ably mild conditions,competitiVe with eVen the most reactiVe
heteroatom-substituted silanes(vide infra).

We prepared a series of siletanes as shown in Scheme 3.
Yields were uniformly high and refer to purified material
isolated following two independent experiments. Arenes with
varying steric and electronic properties are easily introduced
(9-13), as are alkyl (2,7-8) and alkenyl (5) groups. We
obtainedR-phenethylsiletane6 by hydrogenation of5.12

Table 1 summarizes the oxidation of the siletanes. Oxida-
tion occurs under the standard, mild conditions recommended
by Tamao1 for heteroatom-substituted silanes: aqueous
hydrogen peroxide is added to the reaction mixture, which
is stirred open to the air. In entries 1-4, siletane2 was
consumed shortly after addition of peroxide (but not im-
mediately), and the yield of phenethyl alcohol (3) maximized
within 6 h.14

In general, the alcohols were obtained in good yields.
Entries 4 and 6-8 demonstrate the preparation of aliphatic
alcohols. In entry 5, an alkenylsiletane (5) yields the
corresponding ketone product (acetophenone,14). Entries 8
and 13 illustrate a more economical variant in which
symmetrical siletanes provide two equivalents of the desired
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Scheme 3. Synthesis of Siletane Substratesa

a See Supporting Information for details. Unless otherwise noted,
substrates were prepared by treatment of 1.0 equiv of113 (0.5 equiv
of 413 for siletanes8 and13) with 1.0-1.3 equiv of Grignard reagent
and purified on silica gel.bPrepared by hydrogenation of5 with
diimide. cPrepared in THF at 40°C. d1.1 equiv of siletane1, t )
2 h; yield based on Grignard.eLiterature yield: 81%.13b

Table 1. Oxidation of Siletanes to the Corresponding
Alcoholsa

a See Supporting Information for details.b Isolated yield of at least 100
mg of sample from two independent experiments unless noted.c Small-
scale, exploratory experiments.d Obtained as keto tautomer (acetophenone).
e Exact yield not determined due to volatility of the product alcohol.f Overall
yield based on PhMgBr and siletane4.
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alcohols. Entries 9-13 cover the synthesis of phenols from
a range ofortho-, meta-, andpara-substituted arylsiletanes,
including electron-rich (entry 10) and electron-deficient
(entry 12) species.

Note that many of the more widely used Tamao-Fleming
substrates require initial arene protonolysis (or other cleavage,
e.g., with bromine) to set up the oxidation reaction.3 This
complicating factor must be addressed if one wishes to
oxidizean aryl group.15,16That the siletanes readily give way
to phenols with no evidence of arene protodesilylation17 is
a key feature of this chemistry. Indeed, phenol synthesis is
not a trivial process, and this siletane oxidation may
constitute an attractive option.

Entry 7 presents another key advantage of the siletane
reagents: oxidation of a carbon-silicon bond in the presence
of a silyl ether. To the best of our knowledge, such selectivity
is unique for a tetraalkylsilane oxidation with Tamao’s
standard conditions.18,19 In fact, although examples are
known,3 Tamao-Fleming protocols are rarely conducted in
the presence of silyl ethers.20 Furthermore, cleavage of the
silyl ether with mild acid leaves the siletane untouched

(Scheme 4). This selectivity would likely be impossible with
the more labile heteroatom-substituted silanes required for
the traditional Tamao oxidation.

This remarkableselectiVity inspired us to challenge the
siletanes against heteroatom-substituted silanes in terms of
reactiVity. For the sake of comparison, we conducted the
competition experiment outlined in Scheme 5. Phenethylsi-
letane2 and (4-methylphenethyl)silyl dichloride23 were
mixed in equimolar ratios and subjected to the reaction
conditions for 2 h.

Importantly, neither oxidation was complete within 2 h,
at which time we analyzed the crude mixture by1H NMR
spectroscopy. The observed ratio of product alcohols3 and
24 (1:1.2) indicates that the oxidation of the siletane is
virtually as fast as the analogous dichloride, despite being
much less prone to incidental hydrolysis.

In conclusion, we report our initial findings on the facile
oxidation of easy to handle siletanes. This chemistry, which
merges the mildness and efficiency of the standard Tamao
oxidation with the practicality of tetraalkylsilanes, capitalizes
on the unique reactivity of strained silacycles. We are
currently looking at a broader range of substrates, at
alternative means of their preparation, and at employing the
siletanes in multistep synthetic sequences. We will report
our findings in due course.
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Scheme 4. Divergent Chemoselectivity of
Silyloxyhexylsiletane7

Scheme 5. Competition between a Siletane and a
Dichlorosilane
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