
Communications

Vinyl C-H Activation Reactions of Vinyl Esters
Mediated by B(C6F5)3

Aswini K. Dash and Richard F. Jordan*

Department of Chemistry, 5735 South Ellis Avenue, The University of Chicago,
Chicago, Illinois 60637

Received June 14, 2001

Summary: B(C6F5)3 reacts with simple vinyl esters by
electrophilic addition to the CdC bond and subsequent
proton transfer and elimination of C6F5H to yield the
chelated vinylborane products (C6F5)2B{κ2-CHdCHOC-
(dO)R} (R ) Me, Ph).

Tris(perfluorophenyl)borane, B(C6F5)3,1 has been used
extensively as an activator for metallocene and other
single-site olefin polymerization catalysts.2 In this ap-
plication, B(C6F5)3 abstracts a hydrocarbyl group from
an LnMR2 precursor to form an active [LnMR][RB-
(C6F5)3] ion pair. B(C6F5)3 has also been used as a Lewis
acid catalyst for the hydrosilation of carbonyl com-
pounds,3 silation and reduction of alcohols and cleavage
of ethers with silanes,4 addition of silyl enol ethers to
carbonyl compounds and other electrophiles,5 hydrostan-
nation of allenes,6 and a variety of other reactions.7 The
Lewis acidity of B(C6F5)3 is comparable to that of BF3,1b

and XB(C6F5)3
- anions are generally more resistant to

degradation by X- transfer than are XBF3
- anions.8

Here we describe an unusual reaction in which electro-
philic addition of B(C6F5)3 to the CdC bond of vinyl
esters and subsequent B-C6F5 bond cleavage results
in net vinylic C-H activation and the formation of
vinylborane products.

The new chemistry is summarized in Scheme 1.9 At
23 °C in benzene-d6, B(C6F5)3 reacts immediately with
vinyl acetate to form the carbonyl adduct CH2dCHOC-
{dOB(C6F5)3}Me (1a). Complex 1a was characterized
by multinuclear NMR but was not isolated. Key NMR
parameters for 1a include a low-field 13C carbonyl
resonance at δ 179.9 (vs 167.0 for free vinyl acetate),
19F NMR resonances at δ -133.1, -151.6, -161.9, and
an 11B NMR resonance at δ 15.6 characteristic of a four-
coordinate B(C6F5)3L species.10 These data are very
similar to the data for the ethyl benzoate adduct EtOC-
{dOB(C6F5)3}Ph (δC, 173.5; δB, 19.2) reported by Piers
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et al.10a Adduct 1a is stable at room temperature in
benzene-d6 for at least 48 h. However, heating a
benzene-d6 solution of 1a at 60 °C for 12 h yields a 1/1
mixture of C6F5H (2) and the chelated vinylborane
(C6F5)2B{κ2-CHdCHOC(dO)Me} (3a) with a conversion
of 93%. Compounds 2 and 3a were characterized by
multinuclear NMR and GC-MS and, for 3a, elemental
analysis. Key NMR parameters for 3a include (i) a 13C
carbonyl resonance at δ 196.0, characteristic of carbonyl
oxygen coordination to a Lewis acid, (ii) two doublets
for the cis-vinyl CH groups (J ) 4.0 Hz) in the 1H
spectrum, and (iii) 19F resonances at δ -136.2, -155.5
and -163.4 and a 11B resonance at δ 5.2, consistent with
a four-coordinate RB(C6F5)2L species. Very similar NMR
data (19F, δ -134.5, -158.1, -163.8; 11B, δ 6.8) were
reported for (C6F5)2B{κ2-CH2(CH2)3C(dO)OEt}, in which
the ester carbonyl group is coordinated to boron.11

A plausible mechanism for this reaction is shown in
Scheme 1. The key steps leading to 2 and 3a are
electrophilic attack of B(C6F5)3 at the CdC bond to
generate the zwitterionic intermediate 4a, proton trans-

fer to the carbonyl oxygen to generate the carbonyl-
protonated species 5a, and protonolysis of a B-C6F5
bond.

The reaction of vinyl acetate with B(C6F5)3 to produce
2 and 3a is much faster in CD2Cl2 than in benzene-d6,
and in this case intermediate 5a can be detected by
NMR. Monitoring the reaction in CD2Cl2 by NMR at 23
°C revealed the initial formation of carbonyl adduct 1a,
subsequent conversion to 5a, and ultimate formation
of 2 and 3a. The 1a/5a/3a ratio was 1.0/0.72/0.27 after
5 h, and the conversion to 2 and 3a (1/1 ratio) was
complete after 30 h. Key NMR parameters for 5a
include (i) a 1H resonance at δ 12.87 and a 13C carbonyl
resonance at δ 199.1, which are correlated in the 2D-
HMBC spectrum and are assigned to the protonated
carbonyl group,12 (ii) two coupled doublets (J ) 4.4 Hz)
in the 1H spectrum, which are correlated in the COSY
spectrum and are assigned to the cis-vinyl CH groups,
and (iii) 19F resonances at δ -134.6, -156.7, and -163.8
and a 11B resonance at δ 2.15, for the (vinyl)B(C6F5)3

-

unit. The close proximity of the protonated carbonyl
group and the methyl group was established by a 1H-
1H NOESY spectrum, which exhibited a strong cross-
peak between the O-H (δ 12.87) and the Me (δ 2.47)
resonances. The acceleration of the reaction in CD2Cl2
versus benzene-d6 is ascribed to stabilization of the
zwitterionic intermediates 4a and 5a by the more polar
solvent.

Similarly, vinyl benzoate reacts with B(C6F5)3 in CD2-
Cl2 at room temperature to generate 5b in 50% yield
after 15 min along with 50% of unreacted starting
materials (Scheme 1). After 12 h, 93% conversion to a
1/1 mixture of 2 and 3b was observed.13 The NMR data
for 3b and 5b are similar to the data for 3a and 5a.9 To
corroborate the structure of intermediates 5a,b and in
particular to confirm the presence of a protonated
carbonyl group in these species, the 1/1/1 mixture of 5b,
vinyl benzoate, and B(C6F5)3 generated at 50% conver-
sion was treated with Proton Sponge (1,8-bis(dimethyl-
amino)naphthalene, PS). An immediate reaction oc-
curred to produce [PS-H][{cis-(C6F5)3BCHdCHOC{d
OB(C6F5)3}Ph}] ([PS-H][6b]) quantitatively (along with
unreacted vinyl benzoate). The unreacted B(C6F5)3
present in the solution reacts with deprotonated 5b to
form 6b-. Key NMR parameters for 6b- include (i) a
low-field 13C carbonyl resonance at δ 196.4, (ii) two sets
of 19F signals for the two four-coordinate -B(C6F5)3
groups, and (iii) a broad 11B signal centered at δ -1.5
for the two B centers. The 1H NMR spectrum of [PS-
H][6b] contains a signal at δ 19.49 for the PS-H+

bridging proton which is correlated with the NMe2
resonance at δ 3.14 in the COSY spectrum.14

Vinyl esters are not generally susceptible to electro-
philic attack at the vinyl group, due to the weak ability
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of the -OC(dO)R group to stabilize the carbocation
intermediate. Thus, while vinyl ethers undergo facile
cationic polymerization, vinyl esters do not.15 Neverthe-
less, electrophilic attack at the CdC bond of vinyl esters
has been established in several cases. For example,
Noyce and Pollack showed by kinetic, substituent effect,
and solvent isotope effect studies that acid hydrolysis
of vinyl esters proceeds by two competing mechanisms:
(i) initial protonation at the carbonyl oxygen followed
by H2O attack and collapse to products (AAC2 mecha-
nism), analogous to the mechanism for saturated esters,
or (ii) initial protonation at the CdC bond followed by
H2O attack and collapse to products (ASE2 mechanism),
analogous to the normal mechanism for vinyl ethers.16

The latter process is important under highly acidic
conditions and when the carbocation resulting from
protonation at carbon is strongly stabilized by substit-
uents (e.g. R-acetoxy styrenes). Landgrebe showed by
NMR H/D exchange studies that isopropenyl acetate
undergoes fast reversible protonation at the CdC bond
in concentrated H2SO4/D2SO4 solution.17-19 In the present
case, the kinetic product of the reaction of B(C6F5)3 with
vinyl acetate is the carbonyl adduct, but formation of

the vinylborane product derived from CdC attack is
driven by the irreversible protonolysis of the B-C6F5
bond.

The formation of 5a,b from B(C6F5)3 and the ap-
propriate vinyl ester is a net electrophilic substitution
of a vinyl hydrogen by a B(C6F5)3 group. This reaction
bears some similarity to the reaction of metal cyclopen-
tadienyl complexes with electrophilic boranes to yield
M{C5H4B-X3} products.20 For example, the reaction of
the zirconacyclopentadiene complex Cp2Zr(C4Me4) with
B(C6F5)3 yields Cp{η5-C5H4B-(C6F5)3}Zr+(σ-CMedCMe-
CMedCHMe), presumably via electrophilic attack of
B(C6F5)3 at a Cp ligand to generate Cp{(1-exo-B-(C6F5)3-
cyclopentadiene)Zr+(C4Me4) followed by protonolysis of
a Zr-C σ bond by the endo C-H group.20b
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