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ABSTRACT

An unusual tandem reaction sequence to form oxasilacyclopentenes from carbonyls and alkynylsilanes in the presence of a catalytic amount
of nucleophilic initiator has been discovered. The reaction proceeds readily at room temperature and is applicable to a wide variety of carbonyl
substrates. While the reaction scope tolerates variable substitutions on the alkynylsilane, phenylacetylene-derived silane variants consistently
achieved the best yield.

Organosilanes, such as silyl ethers and vinylsilanes, play an
important and diverse role in organic chemistry.1 The silyl
ether functionality is widely employed as a protecting group2

and also serves as a temporary tether to adapt intermolecular
reactions to more favorable intramolecular processes.3 Ad-
ditionally, vinylsilanes can be employed for a variety of
purposes4 including palladium-catalyzed cross-coupling reac-
tions.5 For these reasons, we have been interested in
developing a new and efficient methodology to synthesize
these versatile building blocks based on catalytic activation
of silane starting materials.6

An extensive variety of metal complexes have been
reported to activate hydridosilanes during the dehydrogena-
tive condensation with alcohols6b,c,7 and the hydrosilylation
of carbonyls6c,8 and alkynes.6a,9Additionally, the Lewis base
activation of silanes to form pentacoordinate hydrosilicates
is a well-established method to activate the silicon-hydrogen
bond toward the reduction of carbonyls with concomitant
silylation of the resultant alkoxide yielding the corresponding
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silyl ether.10,11 Efforts in this area have mainly included
electron deficient silanes such as trimethoxy- and triethoxy-
silane for the synthesis of silyl ethers, and the use of
relatively simple alkyl- and arylsilanes is limited.

As an extension of our efforts to develop efficient routes
to silyl ethers possessing alkynyl substituents in the products,
we examined the reactivity of dialkyl- and diarylalkynylsi-
lanes. We envisioned that the employment of an alkynyl
hydridosilane of type1 could result in either of the two silyl
ethers,2 or 3, depending on the migratory aptitude of the
more basic hydride versus the less basic acetylide (Scheme
1).

Although previous reports have shown that the Lewis base
activation of an alkynylsilane promotes the alkynylation of
carbonyls and imines as well as alkyl halides,12 the relative
migratory aptitude between a hydride and an acetylide anion
has not been examined. A simple basicity measure of these
two migrating species indicates that the acetylide should
migrate preferentially to give3; however, the second pathway
involving hydride migration cannot be excluded because
additional parameters, such as sterics and stereoelectronics,
may affect the outcome. For example, transition metal
catalysts normally activate the stronger (76 kcal/mol), yet
less hindered Si-H bond over the weaker (72 kcal/mol),
more hindered Si-C bond to provide2 exclusively.6b

With these considerations in mind, we initiated our studies
with commerically available dimethyl(phenylethynyl)silane
4a and acetophenone in the presence of a catalytic amount
of potassiumtert-butoxide (eq 1). Although no products
resulting from hydride migration to the carbonyl were
observed, we isolated two products resulting from alkynyl
transfer from the silane to the substrate. While the minor
product corresponded to hydridosilyl ether5, the major
product was identified as oxasilacyclopentene6, seemingly

arising from alkynylation of the ketone followed by an
intramolecular endo mode,trans-hydrosilylation of the triple
bond by the intermediate hydridosilyl ether.13

In contrast to well-established examples ofcis-hydrosi-
lylation, trans-hydrosilylation is less documented,14 and only
a single example of a non-transition metal-mediatedtrans-
hydrosilylation has been reported.15 Herein, we report our
investigation of an unusual tandem reaction sequence to
generate oxasilacyclopentenes from carbonyls and alkynyl-
silanes through a formal intramoleculartrans-hydrosilylation.

Employing cyclohexanone and silane4a as our representa-
tive carbonyl and silane compounds, we screened a variety
of metal alkoxide and fluoride sources for efficacy of
promoting both the alkynylation of the carbonyl as well as
the subsequent hydrosilylation of the alkyne (Table 1).

Among the nucleophiles tried, only potassiumtert-butoxide
gave complete conversion of the ketone resulting in the
highest yield of oxasilacyclopentene7a (86%) and the
smallest amount of tertiary propargylic alcohol8 (10%),
presumably derived from hydrolysis of the labile hydridosilyl
ether during silica gel chromatography. Less coordinating
cations promoted greater alkynylation of the carbonyl, and
bulkier alkoxides increased oxasilacyclopentene formation.
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Scheme 1. Nucleophilic Activation of Hydrido Alkynylsilanes

Table 1. Screen of Nucleophilic Initiatorsa

a 1 equiv of cyclohexanone, 1.2 equiv of silane, THF, room temperature.
b Isolated yield.
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The steric and stereoelectronic influences exerted by the
groups at the silicon atom were also investigated (Table 2).

Replacing methyl groups (4a) with phenyl groups (4b)
resulted in a good yield of the oxasilacyclopentene7b (67%)
with a small amount of the alkynyl silyl ether10b (10%)
resulting from hydride transfer to the carbonyl carbon.
Although alkynylation proceeded readily in the presence of
isopropyl substituents (4c), only a trace amount of oxasila-
cyclopentene7cwas observed, and tertiary propargyl alcohol
8c and hydridosilyl ether9c were isolated in 22% and 61%
yield, respectively.

Using our optimized conditions employing4aand 10 mol
% potasssiumtert-butoxide, we examined the scope of the
reaction toward a wide variety of ketones and aldehydes
(Table 3). All reactions were extremely facile giving
complete conversion within 20 min at room temperature.
Aromatic as well asR,â-unsaturated aldehydes yielded
oxasilacyclopentenes11a-c in moderate to high yields
(entries 1-3). A variety of cyclic, acyclic, aromatic, and
aliphatic ketones proved to be good substrates as well,
providing the expected oxasilacyclopentenes11d-f in good
yields (entries 4-8).

We next investigated the effect of the group occupying
the alkyne terminus. Additional alknylsilanes bearing various
groups including furyl, pyridyl, trimethylsilyl, alkyl, sulfonyl,
and cyclohexenyl were prepared and tested.16 Upon subjec-
tion to the reaction conditions, none of these alkynylsilanes
were as efficient participants in the tandem alkynylation-
hydrosilylation sequence as4a, which possesses a terminal
phenyl substituent.

We also examined the electronic and steric effects exerted
by the substituents on the aryl ring (Table 4). The presence
of a strongly electron donating substituent in12a proved
detrimental to the alkynylation of the carbonyl, presumably
by retarding the silicon-carbon bond cleavage (entry 1).
Although alkynylation proceeded well with12b, no forma-

tion of the corresponding oxasilacyclopentene13bwas noted,
likely due to steric hindrance around the triple bond presented
by theo-methyl group on the arylsilane. In contrast, arylsi-
lanes bearingp-methyl (12c), p-fluoro (12d), andp-trifluoro-
methyl substituents (12e) resulted in the formation of oxasila-
cyclopentenes13c-ein good to high yields (entries 3-5).

(16) See the Supporting Information for reaction details.

Table 2. Effect of Substituents at Silicona

a 1 equiv of cyclohexanone, 1.2 equiv of silane, THF, room temperature.
b Isolated yield.c At 0 °C, the yields of7 and 8 were 29% and 42%,
respectively.

Table 4. Effect of Substituent on Phenylacetylenea

a 1 equiv of cyclohexanone, 1.2 equiv of silane, THF, room temperature.
b Isolated yield.

Table 3. Synthesis of Oxasilacyclopentenesa

a 1 equiv of carbonyl, 1.2 equiv of silane, THF, room temperature.
b Isolated yield.
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Although the mechanistic picture of oxasilacyclopentene
formation is unclear, we propose a plausible scenario shown
in Scheme 2. Following the formation of pentacoordinate

silicate intermediate by the addition oftert-butoxide to silane
4aand transfer of the alkyne to the carbonyl to form activated
hydridosilyl ether15, subsequent hydride transfer from the
silicon to the nearby alkyne would provide oxasilacyclopen-
tene16.

To validate the intermediacy of a hydridosilyl ether of type
3 (and also 5 and 15) leading to oxasilacyclopentene
formation, the corresponding silyl ether was synthesized from
tertiary propargyl alcohol8 and tetramethyldisilazane.17

Treatment of the preformed hydridosilyl ether with 20 mol
% of potassiumtert-butoxide resulted in clean formation of
the expected oxasilacyclopentene7a in 76% yield (eq 2).

To ascertain whether the alkynyl transfer occurs via an
organized transition state, a crossover experiment was carried
out between cyclohexanone and two similar alkynylsilanes,
4a and17 (Scheme 3). The observation of all four possible

oxasilacyclopentenes (7a,7b, 12c, and18) by1H NMR and
mass spectroscopy indicates that the reaction proceeds via a
naked alkynyl anion rather than a tightly organized, chelated
delivery of the alkynyl group from the pentacoordinate
silicate.18

Oxasilacyclopentenes are versatile synthetic intermediates
and undergo a variety of transfomations (Scheme 4).19 Tamao

oxidation of7a yielded theâ-hydroxy ketone19 efficiently
(77%).20 This transformation is notable as19 formally results
from an aldol reaction, which is known to encounter
difficulties with ketone electrophiles.21 Expoxidation of7a
with dimethyldioxirane gave epoxide20 in 70% yield based
on recovered starting material. In particular, the trisubstituted
vinylsilane moiety in7a is noteworthy since it is not easily
accessed by conventional hydrosilylation of internal triple
bonds due to issues of regioselectivity.13b By using the
chemistry developed by Takeda and co-workers,22 oxasila-
cyclopentene7a could also be transformed into 1,4-diene
21 in high yield.

In summary, the chemistry described above represents a
novel tandem and mild base-promoted alkynylation of
carbonyl substrates followed by in situtrans-hydrosilylation
of the alkynyl moiety to generate oxasilacyclopentenes. This
protocol avoids the use of highly basic metal alkynyl species
while achieving two consecutive transformations by a
substoichiometric amount of alkoxide initiator.
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Scheme 2. Mechanistic Proposal for the Tandem
Alkynylation-Hydrosilylation Sequence

Scheme 3. Crossover Experiment

Scheme 4. Synthetic Elaboration of Oxasilacylcopentene7a
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