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Abstract Vinylsilanes are versatile and efficient nucleophiles in cross-
coupling reactions. Herein is described the use of tetrabutylammonium
bifluoride as a mild, cheap and scalable activating agent in several cop-
per-catalyzed vinylsilane cross-couplings.

Key words vinylsilane, copper, cross-coupling, activating agent, catal-
ysis

Organosilicon compounds are ubiquitous building
blocks in organic chemistry.1 Their readily availability, low
cost, and low toxicity led to the early development of many
efficient transition-metal-catalyzed cross-coupling reac-
tions.2 Copper-catalyzed transformations started to arise
recently.3 Both aryl- and vinylsilanes are now efficiently
used as nucleophiles, whereas aryl, alkyl, and allyl halides
can be employed as electrophiles.4

Over the past few years, our group developed efficient
copper-catalyzed vinylsilane cross-coupling reactions. Vari-
ous cis-, trans-, and 1,1′-disubstituted vinylsiloxanes could
be efficiently coupled with allyl5 and benzyl6 bromides, as
well as bromoalkynes.7 The use of tetrabutylammonium di-
fluorotriphenylsilicate (TBAT) as an activating agent in
these reactions was the main limitation as it brought sever-
al drawbacks such as relatively high cost and poor atom-
economy.

Herein is described the use of commercially available
tetrabutylammonium bifluoride (TBAHF2) 8 as a mild,
cheap, and scalable activating agent for the copper-
catalyzed cross-coupling of vinylsilanes with brominated
electrophiles (Scheme 1).9

We started our experiment using model vinylsilane 1a
as a nucleophile and phenylethynyl bromide as an electro-
phile (Table 1). The formation of 2a was studied using a

large number of different activating agents,10 and showed
TBAHF2 as the most efficient. Both one equivalent (Table 1,
entry 1) and two equivalents (Table 1, entry 2) were not
sufficient to fully promote the desired reaction. It was
found that 2.5 equivalents were appropriate, resulting in an
excellent 94% yield (Table 1, entry 3). This result is similar to
the one obtained with TBAT (Table 1, entry 4), albeit with-
out any of its drawbacks.7 The need of five equivalents of
fluoride per silicon atom suggests that the reaction goes
through a penta- or hexa-coordinated silicate intermedi-
ate.11 A smooth transmetalation with copper(I) and then an
addition onto the electrophile leads to the formation of the
desired cross-coupling product. Surprisingly, the formation
of ethanol after fluorination of the triethoxysilane with
TBAHF2was not a problem and only traces of the proto-
desilylated compound were observed.12

With optimal conditions in hand, we evaluated the
functional-group compatibility (Scheme 2). In light of this,
various vinylsiloxanes and several brominated electrophiles
were used in this cross-coupling reaction.

The first few examples were obtained by using β-(E)-
vinylsilanes.13 Nitrogen-containing enyne 2b could be syn-
thesized in excellent yield. Once again, the results were as
good as previously described with TBAT as an activating
agent.7 Allylic bromides as electrophiles were perfectly tol-
erated, as shown with phthalimide 2c and no isomerization
of the 1,4-diene was observed. The presence of a leaving

Scheme 1  TBAHF2 as a mild and efficient activating agent in copper-
catalyzed transformations
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group on the nucleophilic precursor was allowed, as shown
with chlorine-containing 2d. Moderate yield was observed
with benzyl-protected 2e, although the deprotected alcohol
was not observed. Acrylic compound 2f could be easily syn-
thesized, no matter its instability. Once again, no isomeri-
zation of the desired product was observed, emphasizing
the very mild nature of this reaction. Complex enyne–ene
structures, present in several natural products,14 could be
obtained in good yields, as shown by 2g and 2h.

1,1′-Disubstituted vinylsilanes15 were synthesized and
employed as a mixture of α/β isomers, providing their cor-
responding cross-coupling products in moderate yields
with the same ratio of isomers. This is the result of the high
hindrance of such nucleophiles, lowering their reactivity. It
should, however, be noted that ester 2i and more specially
aldehyde 2j remained untouched during the reaction. Com-
pound 2k bearing an acidic hydrogen could also be synthe-
sized.

β-(Z)-Vinylsilanes16 could be efficiently synthesized and
engaged in this cross-coupling reaction as well. Full reten-
tion of stereochemistry was observed in all cases. 1,4-Diene
2l could be synthesized in almost quantitative yield. Very
challenging acrylic ester 2m could also be isolated in excel-
lent yield, no matter its instability and promptness to po-
lymerize.

This cross-coupling reaction could easily be scaled-up to
gram quantities (Scheme 3). An important decrease of the
initial temperature was required because of the exother-
micity of the reaction. The preparation of enyne 2a was

Scheme 2  Evaluation of the functional group compatibility; isolated 
yields are given in parentheses
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Table 1  Initial Experiments

Entry Activating agent (equiv) Yield (%)a

1 TBAHF2 (1) 32

2 TBAHF2 (2) 81

3 TBAHF2 (2.5) 94

4 TBA(Ph3SiF2) (2.5) 95
a Determined by 1H NMR spectroscopy vs. CHBr3 as an internal standard.
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Scheme 3  Gram-scale synthesis of enyne 2a
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carried out on several grams of the starting silane 1a with-
out any loss in isolated yield, emphasizing the user-friendly
character of this method.

In conclusion, an efficient, mild, cheap, and scalable
copper-catalyzed vinylsilane cross-coupling reaction was
presented. This methodology uses TBAHF2 as an activating
agent and allows the synthesis of many challenging trans-,
cis-, and 1,1′-disubstituted alkenes.
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