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ABSTRACT

Ruthenium-catalyzed alkyne hydrosilylation or silyl-alkyne Alder ene reactions provide entry into benzyldimethylsilyl (BDMS)-substituted alkenes.
The BDMS-vinylsilanes are further elaborated through mild palladium-catalyzed cross coupling and show significant stability to intervening
synthetic operations, including silyl ether deprotection.

In the course of several recent studies into the synthesis of
variously substituted vinylsilane products by simple addition
reactions in the presence of a ruthenium catalyst,1,2 we are
investigating the synthetic elaboration of the vinylsilane
products. Palladium-catalyzed cross-coupling reactions of
vinylsilanes have been increasingly investigated in recent
years and are an important synthetic application of these
products.3-5 Typically, silanes with heteroatom substituents
are necessary for efficient reactivity,6 and hydrosilylation
with alkoxysilanes followed by cross-coupling can be an

efficient process.2,7 However, in the context of Alder ene
reactions,1 extension to alkoxy silanes proved to be prob-
lematic, as the alkoxy-alkynylsilane reagents are much less
stable than their alkoxy-vinylsilane counterparts and are
subject to hydrolysis and/or decomposition even under the
mild Lewis acid conditions of the ruthenium catalyst.

In addition to these challenges specific to our investiga-
tions, alkoxy-vinylsilanes in general suffer from a number
of drawbacks. The sterically undemanding silanes that give
the best results in cross-coupling reactions are sensitive to
acidic or basic hydrolysis. This problem becomes much
worse when molecules contain neighboring functionality such
as hydroxyl groups, since the vinylsilane then cyclizes to
give an even less stable silacycle, necessitating the use of
hydroxyl protecting groups. Finally, such alkoxy-vinylsilanes
are generally incompatible with silicon-based protecting
groups, and in our view the incompatibility with silicon-
based protecting groups represents a substantial obstacle to
the use of silicon-based cross-coupling reactions in synthesis.4
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We set out to find a more stable, all-carbon-substituted silicon
group that would still function in cross-coupling. Although
some groups have utilized all-carbon silicon species in cross-
coupling reactions,8 the previously reported methods have
not been demonstrated to possess the desired attributes
described above.9 Phenyldimethylsilyl is an extremely stable
cross-coupling precursor but requires harsh activation
conditions.8c,d Thiophenyl9 and pyridyl8e groups provide
efficient coupling; however, their stability has not been well
demonstrated. Also, thiophenyl and pyridyl groups are
themselves reactive moieties that might interfere with
intervening chemistry. Efforts with the benzyldimethylsilyl
(BDMS) group in oxidation chemistry led us to consider the
use of this group for cross coupling.10 The BDMS group is
surprisingly stable to acid and buffered fluoride conditions,
as well as to strong base. However, it undergoes debenzy-
lation virtually instantaneously at 0°C with TBAF in THF
as the first step in the oxidation of such species, presumably
to an Si-X intermediate,8b which then is oxidized by the
addition of peroxide. The ease of this transformation under
conditions identical to those commonly employed in cross-
coupling reactions led us to postulate that debenzylation in
the presence of an appropriate coupling partner, followed
by the addition of a palladium catalyst, would lead to cross-
coupled products in a simple operation.

Initially, we investigated the ruthenium-catalyzed synthesis
of various benzyldimethylvinylsilanes through hydrosilylation
(Table 1) and alkyne-alkene coupling reactions (Table 2).
Both pathways produce highly functionalized, geometrically

defined di- or trisubstituted olefins (Table 1).11 Whereas the
more reactive and labile alkoxy or strained cycloalkyl silanes
are not compatible with the alkene-alkyne coupling reaction,
the benzyldimethyl silyl group cleanly affords the 1,4-diene
products in good yields. Importantly, the BDMS group is
stable to chromatography and does not undergo silacycle
formation with the pendant free hydroxyl (Table 1, entry
3).

With access to the benzyldimethylvinylsilanes in hand, we
turned to the cross-coupling reaction. Treatment of 1,1-
disubstituted vinylsilanes and the desired electrophilic partner
with TBAF at 0 °C, followed by addition of 2.5% Pd2dba3‚
CHCl3 and stirring at ambient temperature, affords the 1,1-
disubstituted products.12 The mild reaction conditions lead
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(0.3 M) under Ar was cooled to 0°C. Tetrabuylammonium fluoride (2.2
equiv, 1 M in THF) was added dropwise, and the resulting solution was
stirred for 10 min. Solid Pd2dba3‚CHCl3 (2.5 0.025 equiv) was added, and
the reaction was allowed to warm to room temperature. Reactions were
generally complete within 4 h, whereupon the dark solution was flushed
through a plug of silica with ether, concentrated in vacuo, and purified via
silica chromatography.

Figure 1.

Table 1. Alkyne Hydrosilylation with Benzyldimethylsilanea

a All reactions employed 1.0 equiv of alkyne and 1.2 equiv of BDMS-H
in acetone (x M) at room temperature and were complete within 20 min.
b Isolated as a 14:1 regioisomeric mixture.

Table 2. Alder Ene Reactions of Benzyldimethylsilyl-alkynesa

a All reactions employed 1.0 equiv of alkyne and 5.0 equiv of alkene in
acetone (0.2 M) at room temperature and were complete within 4 h.b Yields
in parentheses represent yield based on recovered starting alkyne.
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to a general process that is tolerant of many functional
groups, including esters and free alcohols. A variety of
electrophilic partners (Table 3) can be successfully employed,

including sterically hinderedortho-iodotoluene and hetero-
aromatics such as 3-iodopyridine. Furthermore, under the
same conditions,trans-iodoacrylate is coupled to afford a
synthetically useful 1,4-diene.

Sterically encumbered vinylmetal species have consistently
been difficult coupling partners in classic cross-coupling
reactions such as the Stille reaction.13 Generally, these
substrates require extra additives, heat, and long reaction
times. However, the cross coupling of sterically hindered
trisubstituted benzyldimethylsilanes proceeds well under the
aformentioned conditions (Table 4).3a,c Sterically hindered
electrophiles (ortho-iodotoluene) still afford products in good
yield. Electron-rich aryl iodides (3-iodoanisole) also couple
in moderate yields. More striking is the coupling of activated
aryl bromides at room temperature in good yields. This mild
protocol performs better than those previously reported that
require higher temperatures and more forcing reaction
conditions.5

The ubiquity of silicon-based hydroxyl protecting groups
in synthesis puts serious constraints on cross-coupling

methodologies that are incompatible with such protecting
groups. Unfortunately, most activated vinyl silanes used for
cross-coupling are not stable to the mild protocols for
removal of silyl ether protecting groups. However, the BDMS
group is stable to many conditions typically employed to
remove silyl ethers. For example, an alcohol protected with
the robust TBDPS group (eq 2) can be cleanly liberated in
the presence of buffered fluoride, i.e., TBAF and AcOH, in
aqueous DMF without affecting the vinyl BDMS. To our
knowledge, this is the first demonstration of a silicon cross-
coupling precursor stable to silyl ether deprotection. Fur-
thermore, treatment of vinyl BDMS with mild acid or strong
base (3 M NaOH/MeOH) returns the vinyl silane unscathed.
We believe that the results presented here offer more
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Table 3. Palladium-Catalyzed Cross-Coupling of
1,1-Disubstituted Vinylsilanesa

a All reactions employed 1.0 equiv of vinyl BDMS and 1.5 equiv of
R-X in THF (0.3 M) at 0°C. TBAF (2.2 equiv) was added, and the mixture
was stirred for 10 min followed by addition of 2.5% Pd2dba3‚CHCl3. The
mixture was then stirred at room temperature. Reactions were complete
within ca. 4 h.b Isolated as a 14:1 regioisomeric mixture from the
hydrosilylation step.c Reaction was performed at 50°C.

Table 4. Palladium-Catalyzed Cross-Coupling of Trisubstituted
Vinylsilanesa

a All reactions employed 1.0 equiv of vinyl BDMS and 1.5 equiv of
R-X in THF (0.3 M) at 0°C. TBAF (2.2 equiv) was added, and the mixture
was stirred for 10 min followed by addition of 2.5% Pd2dba3‚CHCl3. The
mixture was then stirred at room temperature. Reactions were complete
within ca. 4h.b Isolated as a 14:1 mixture of olefin regioisomers from the
hydrosilylation step.c Reaction performed at 50°C.
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flexibility in timing the installation of a vinylmetal species,
allowing it now to be done at an early stage in chemical
synthesis. It is also possible to carry such groups through a
wide variety of intervening chemistry rather than being
required to install vinylmetal groups immediately prior to
their use. The stability of the BDMS group to silyl ether
deprotection is an important step toward an orthogonal
silicon-based cross-coupling method, though it is important
to note that the alternative, cross-coupling in the presence

of silyl ethers,14 likely removes a silyl ether during the
TBAF-mediated cross-coupling of the BDMS-substituted
olefin.
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(14) Fluoride-free coupling of silyl groups bearing an Si-OH have been
shown to be compatible with silyl ethers. See ref 4.

Figure 2.
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