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ABSTRACT

Ketone-, ester-, and amide-containing potassium trifluoroboratohomoenolates were prepared in good to excellent yields from the corresponding
unsaturated carbonyl compounds. They were shown to be effective coupling partners in the Suzuki-Miyaura reaction with a variety of electrophiles
including electron-rich and electron-poor aryl bromides and -chlorides.

Homoenolates1 or their equivalents are important synthetic
reagents, and when employed as nucleophiles in synthetic
schemes they exhibit “umpolung” reactivity.2 Previous
methods to generate homoenolates have relied most heavily
on the Lewis acid-mediated cleavage of 1-alkoxy-1-siloxy-
cyclopropanes, generating the air- and moisture-sensitive
titanium3 and zinc4 homoenolates. These useful organome-
tallic compounds have been shown to participate in aldol-
type reactions,3a copper-mediated conjugate additions,4 and
palladium-catalyzed cross-coupling reactions.4

One limitation of commonly used homoenolates is that
primarily �-metallo esters have been employed; the corre-
sponding �-metallo ketones often react irreversibly to form
metallocyclopropanoxides.5 The limited examples of carbon-
carbon bond-forming reactions involving ketone homoeno-
lates include the palladium-catalyzed cross-coupling of zinc
homoenolates with acid chlorides6 and the coupling of in

situ generated palladium homoenolates with aryl triflates.7

Although �-stannyl ketones have been prepared,8 to the best
of our knowledge there are no examples of their use in a
Migita-Stille cross-coupling.

Organoboron reagents are versatile synthetic reagents that
participate in many selective carbon-carbon bond-forming
reactions.9 They are known for their functional group
tolerance and exhibit minimal toxicity. Potassium organo-
trifluoroborates have recently been shown to exhibit increased
chemical and physical stability compared to other organo-
metallic species.10 In some cases, they have demonstrated
enhanced reactivity compared to other organoborons.11
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Boron homoenolates can be prepared by a number of
methods, including alkylation of a halomethyl boronate
species12 as well as the 1,4-addition of diboron species to
unsaturated ketones and esters (Scheme 1).13 Although these
species can be utilized in a number of synthetic applica-
tions,14 their use in the Suzuki-Miyaura cross-coupling15 is
limited to a single example.16

As part of a research program in functionalized organoboron
reagents10b,d we prepared several potassium trifluoroborato-
homoenolates via the conjugate addition of bis(pinacolato)-
diboron to unsaturated carbonyl compounds according to the
conditions of Yun and co-workers.13c Conversion to the
potassium organotrifluoroborate salt was accomplished using
KHF2 (Table 1). The trifluoroboratohomoenolates thus pre-

pared were all nonhygroscopic, free-flowing powders or crystal-
line solids that were indefinitely stable to the atmosphere.

The tert-butyl ester substituted trifluoroborate 5 was also
prepared via alkylation of the lithium enolate of tert-butyl acetate
with iodomethylpinacol boronate.12a The resulting pinacolbo-
ronate was converted to the potassium trifluoroborate through
treatment with KHF2 to give 5 in moderate yield (eq 1).

We utilized trifluoroboratohomoenolate 2 in conjunction
with p-bromobenzonitrile to determine optimal conditions
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Scheme 1. Preparation of Boron Homoenolates

Table 1. Preparation of Trifluoroboratohomoenolatesa

a Conditions: (1) 3% CuCl, 3% DPEPhos, 9% NaOt-Bu, THF/MeOH,
3 h; (2) KHF2, MeCN, 0 °C, 3 h.

Table 2. Cross-Coupling of Electron-Poor Bromidesa

a Conditions: 2.5% Pd(OAc)2, 5% RuPhos, K2CO3 (3 equiv), toluene/
water, 85 °C, 18 h.
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for cross-coupling. Screening several common catalyst/ligand
combinations, we found that the combination of 2.5 mol %
Pd(OAc)2/5 mol % RuPhos (2-dicyclohexylphosphino-2′,6′-
diisopropoxy-l,l′-biphenyl) in the presence of three equiva-
lents of K2CO3 in toluene/H2O led to an 88% isolated yield
of coupled product 7 after heating at 85 °C for 18 h (Table
2, entry 1). To the best of our knowledge, this is the first
example of a cross-coupling reaction of a ketone homoeno-
late with an aryl halide.

Interestingly, there was little to no formation of the corre-
sponding unsaturated products. These could result from �-hy-
dride elimination of the presumed palladium(II) homoenolate
intermediate to form an alkyl vinyl ketone, which could then
undergo a Heck reaction. This elimination is a known reaction
pathway for palladium homoenolates (eq 2).17

The conditions developed were shown to be general for a
variety of electron-poor aryl bromides, providing the coupled

products in good to excellent yield (Table 2). Many common
functional groups were tolerated in the reaction mixture
including an aldehyde, an ester, ketones, and nitriles. A nitro
substituent, which is often reduced by alkyl organoboron
compounds,18 was also tolerated, giving the coupled product
10 in excellent yield.

Electrophiles containing an electron-donating group are
often difficult coupling partners in the Suzuki-Miyaura
reaction. Potassium trifluoroboratoketone 2 was shown to
cross-couple to several electron-rich aryl bromides in good
yield (Table 3). In addition, a sterically hindered aryl bromide
(entry 5) also underwent the cross-coupling reaction ef-
fectively.

To demonstrate the scope of the cross-coupling reaction,
other common electrophiles were investigated (Table 4). Both
an electron-poor (entry 1) and an electron-rich (entry 2) aryl
chloride were shown to take part in the cross-coupling
reaction. A heteroaromatic bromide (entry 3) and an aryl
triflate (entry 4) also gave a good yield of the cross-coupled
products. Additionally, an alkenyl bromide (entry 5) par-
ticipated in this reaction.

We then chose to examine the behavior of other potassium
trifluoroboratohomoenolates. The ester homoenolate 5 de-
rived from tert-butyl acrylate underwent cross-coupling to
provide the product 21 in 70% yield (eq 3). Preliminary
results indicate that the corresponding methyl and ethyl esters
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Table 3. Cross-Coupling of Electron-Rich Aryl Bromidesa

a Conditions: 2.5% Pd(OAc)2, 5% RuPhos, K2CO3 (3 equiv), toluene/
water, 85 °C, 24 h.

Table 4. Cross-Coupling of Other Electrophilesa

a Conditions: 2.5% Pd(OAc)2, 5% RuPhos, K2CO3 (3 equiv), toluene/
water, 85 °C, 18 -24 h.
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are not effective partners in this process, perhaps owing to
competitive ester hydrolysis during the course of the reaction.
Pleasingly, the amide-containing homoenolate 6, derived
from dimethyl acrylamide, also participated in the Suzuki-
Miyaura cross-coupling reaction under the general conditions
to provide 22 in moderate yield. As is the case with ketone
homoenolate coupling, this amide homoenolate cross-
coupling is unprecedented, and its scope is currently being
investigated.

In conclusion, we have prepared a variety of potassium
trifluoroboratohomoenolates and shown that they are effective
coupling partners in the Suzuki-Miyaura reaction. These
novel coupling reagents are easily synthesized from the
conjugate addition of bis(pinacolato)diboron to unsaturated

carbonyl compounds, and they represent the most versatile
metallohomoenolates for cross-coupling yet introduced. As
examples, the methods developed allow the cross-coupling
of ketone and amide homoenolates, both previously unreal-
ized cross-coupling partners. Efforts toward the preparation
of more complex potassium trifluoroboratohomoenolates and
their use in other synthetically important reactions are
currently underway.
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