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ABSTRACT

A nickel catalyst system for â-boration of r,â-unsaturated esters and amides with bis(pinacolato)diboron has been developed. The catalyst
system enables the boration of di-, tri-, and tetrasubstituted substrates in good yields.

Organoboron compounds are ubiquitous in organic synthesis1

and can also display biological activity.2 Transition-metal-
catalyzed boration of unsaturated C-C bonds with diboron
reagents is one of the most attractive methods for synthesis
of organoboron derivatives. Since the pioneering work
reported by Miyaura and Suzuki,3 a variety of catalysts for
boration of various unsaturated molecules involving asym-
metric variants have been explored.4 In the course of the

development of this chemistry,â-boration ofR,â-unsaturated
carbonyl compounds with diborons ranks as the most
important procedure for the preparation of organoborons
having carbonyl functionalities at theâ position. So far,
platinum,5 rhodium,6 and copper7 complexes are known to
catalyze theâ-boration of R,â-unsaturated aldehydes and
ketones effectively. Although some catalyst systems men-
tioned above achieved the boration of disubstitutedR,â-
unsaturated esters,5a,b,6,7b,cthe type of transformation withR,â-
unsaturated esters and amides has still been challenging.
Moreover, the reaction of sterically demanding multisubsti-
tuted esters and amides is not trivial. During our studies on
the catalytic activity of nickel complexes, we have found
nickel-catalyzed additions of trialkylboranes to carbonyl
compounds.8 Herein, we wish to reportâ-boration ofR,â-
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unsaturated esters and amides with bis(pinacolato)diboron
under nickel catalysis.9 The catalyst system enables the
â-boration of di-, tri-, and tetrasubstituted substrates.

Our initial attempt onâ-boration of crotonate ester1awith
1.2 equiv of bis(pinacolato)diboron (2) using 5 mol % of
Ni(cod)2/2P(c-C6H11)3 as a catalyst in toluene at room
temperature resulted in no conversion, and the starting
materials were recovered intact (Table 1, entry 1). On the

basis of our previous observation,8 the effect of base as an
activator of diboron2 was examined. To our delight, an
addition of cesium hydroxide monohydrate led to the
formation of the desired product3aalthough the results were
not reproducible, and the yields varied from 2-40% (entry
2). After some optimizations, a toluene/MeOH cosolvent
system was found to be essential for good reproducibility
(entry 3). This is probably because MeOH could be a good
proton source to boryl enolate formed in the catalytic cycle
(vide infra). The combination of cesium carbonate and water
instead of cesium hydroxide monohydrate improved the yield
to 64% (entry 4). The boration of bulkiertert-butyl (E)-
crotonate (1b) provided a better result (entry 5). Finally, with
1.5 equiv of diboron2, the borylated product3b was obtained
in 77% yield (entry 6).10

Subsequently, theâ-boration was conducted with a range
of substrates under the optimized conditions (Table 2). The
reactions of phenylethyl- and cyclohexyl-substituted acrylates
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Table 1. Optimization Studiesa

entry 1 additives solvent 3, yield (%)b

1 1a none toluene 3a, 0
2 1a CsOH•OH2 toluene 3a, 2-40c

3 1a CsOH•OH2 toluene /MeOH 3a, 52
4 1a Cs2CO3+H2O toluene /MeOH 3a, 64
5 1b Cs2CO3+H2O toluene /MeOH 3b, 70
6d 1b Cs2CO3+H2O toluene /MeOH 3b, 77

a A mixture of 1 (0.5 mmol), 2 (1.2 equiv), Ni(cod)2 (5 mol %),
P(c-C6H11)3 (10 mol %), and additives (1.2 equiv) was stirred in toluene (5
mL) or toluene (5 mL)/MeOH (0.25 mL) at 10-12 h at room temperature.
b Isolated yield.c About half of unreacted1a was detected in the crude
mixtures.d With 1.5 equiv of2, Cs2CO3, and H2O.

Table 2. Nickel-Catalyzedâ-Boration ofR,â-Unsaturated
Esters and Amides with Bis(pinacolato)diborona

a A mixture of 1 (0.5 mmol),2 (1.5 equiv), Cs2CO3 (1.5 equiv), H2O
(1.5 equiv), Ni(cod)2 (5 mol %), and P(c-C6H11)3 (10 mol %) was stirred
in toluene (5 mL)/MeOH (0.25 mL) at room temperature.b Isolated yield.
c The borylated product was unstable so that the correspondingâ-hydroxy
ester was isolated after oxidation (see Supporting Information for the
procedure).d With 2.0 equiv of2, Cs2CO3, and H2O. e A 1:1 mixture of
diastereomers. The stereochemistry of each isomer was not determined.
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1c and 1d gave 3c and 3d in 56% and 63% yields,
respectively (entries 2 and 3). However, cinnamate ester1e
was converted to the desired product in low yield and a large
amount of1e remained untouched (entry 4). Interestingly,
the substitutions of methoxy and fluoro groups on the
benzene ring improved the yield (entries 5 and 6).11

Heterocyclic compound1h took part in the reaction albeit
the yield was moderate (entry 7). Fortunately,R-substituted
substrate, methacrylate ester1i, also underwent the boration
smoothly (entry 8). It should be noted that the borations of
â,â-disubstituted esters1j and 1k proceeded to furnish3j
and3k without any difficulties (entries 9 and 10). Moreover,
tri- and tetrasubstituted substrates1l and1m participated in
the reaction despite their steric hindrance (entries 11 and 12).
The â-boration ofR,â-unsaturated amides as well as esters
was possible, which is unprecedented to the best of our
knowledge. Various substitution patterns were tolerant
toward the conjugate boration as observed in the case of the
boration of esters (entries 13-16). Notably, amides reacted
with diboron 2 much faster than the corresponding esters.
For instance, the boration of crotonamide1n was completed
within 3 h to afford3n in 75% yield.

We are tempted to assume the mechanism of the reaction
as follows (Scheme 1). A nickel(0) species4 initially reacts

with 1 to generateη2-coordinated complex5. The coordina-
tion of the carbonyl moiety of5 to diboron 2 gives the
intermediate6.12 The Lewis acidity of the boron promotes
the formation ofη3-coordinated nickel complex7 followed
by transmetalation of the boryl group to furnish the boryl-
nickel species8.13,14 Finally, reductive elimination from8
affords9 along with the starting nickel complex to complete

the catalytic cycle. Protonolysis of boryl enolate9 with
MeOH would provide3. The exact roles of cesium base are
not clear at this stage. It can enhance the transmetalation
step through its coordination to the boron center of7.15

Moreover, MeOH also can accelerate the transmetalation.
In summary, we have developed an effective nickel

catalyst system for theâ-boration ofR,â-unsaturated esters
and amides with bis(pinacolato)diboron. The catalytic reac-
tion provides a facile route to primary, secondary, and tertiary
alkylboronates bearing esters and amides functionalities at
the â position.
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(15) Although the mechanism involving the oxidative addition of B-B
bond of bis(pinacolato)diboron (2) to the nickel complex could not be
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of Ni(cod)2/2P(c-C6H11)3 followed by quench with H2O resulted in 93%
recovery of2 (see eq 2). Nevertheless, in the catalytic reaction, we added
cesium carbonate and methanol to the reaction mixture. These additives
could change the reactivity of2 or nickel complexes.

Scheme 1
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