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Alkynes in combination with a catalytic amount of a nickel
complex were found to catalyze the conjugate addition of aryl-
boron reagents to �,�-unsaturated carbonyl compounds, where
use of an optically active alkyne induces the asymmetric addition.

Transition metal-catalyzed addition of organoboron re-
agents to electron-deficient olefins has recently attracted much
attention due mainly to high chemoselectivity and low toxicity
of organoboron reagents. In particular, a vast number of reports
on the rhodium-catalyzed asymmetric reaction have been pub-
lished for a decade.1 Although palladium complexes also are
found to be effective as catalysts,2 there has been no report on
the reaction catalyzed by nickel, a group 10 metal as same as
palladium. On the other hand, we have previously reported a
nickel–alkyne catalyst system for the addition of arylboronates
to aldehydes, where the addition does not take place at all in the
absence of an alkyne.3 Here, we report that the nickel–alkyne
catalyst system is applicable also to the conjugate addition of
arylboronates to �,�-unsaturated carbonyl compounds. To the
best of our knowledge, this is the first example of the nickel-
catalyzed conjugate addition of organoboron reagents.

We first examined 4-octyne (1a), the most effective co-cat-
alyst tested for the addition of a p-tolylboronate to benzalde-
hyde,3 as a co-catalyst in the nickel-catalyzed reaction of 2-
phenyl-1,3,2-dioxaborinane (2a) with 3-buten-2-one (3a) (eq
1). Thus, the treatment of 2a (1.2 equiv.) and 3a (1.0 equiv.) with
bis(1,5-cyclooctadiene)nickel (Ni(cod)2: 5mol%) and H2O (1.0
equiv.) in 1,4-dioxane at 60 �C for 24 h gave 4-phenyl-2-buta-
none (4a) in 22% yield. Use of diphenylacetylene (1b) instead
of 1a as an additive was much more effective to increase the
yield to 65%. Besides alkynes, 1,2- and 1,3-dienes such as 1,3-
diphenyl-1,2-propadiene (1c) and 2,3-dimethyl-1,3-butadiene
(1d) also showed some catalytic activity.4–6 In contrast, the reac-
tion without any additive or with a conventional phosphine
ligand like PPh3 gave 4a only in 1 or 8% yield, respectively.
Use of Ni(acac)2 as a catalyst precursor was totally ineffective.
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The Ni–PhC�CPh catalyst was applied to other combina-
tions of substrates (Table 1).7 In addition to phenylboronate 2a
(Entry 1), those having an electron-withdrawing or -donating

group underwent the reaction with 3a (Entries 2 and 3). Other
arylboron reagents such as triphenylborane (2d) and 9-phenyl-
9-borabicyclo[3.3.1]nonane (2e) also added to 3a (Entries 4
and 5), whereas the reaction did not take place at all with phenyl-
boronic acid. Ethyl acrylate (3b) also accepted the addition of 2a
(Entry 6).

�-Substituted enones including a cyclic one also reacted with
phenylboronate 2a in the presence of the Ni–1b catalyst (eq 2).8

Here again, the reaction of 3-nonen-2-one (3c) in the absence of
an alkyne resulted in a poor yield (<1%). Necessity of an alkyne
functionality was confirmed also by the result that enone 3f hav-
ing an alkyne moiety at an appropriate position underwent the
conjugate addition with 2a in the absence of an extra alkyne such
as 1b to give �-phenylated ketone 4f (eq 3).9,10 If alkynes play a
critical role in the carbon–carbon bond-forming step, namely the
enantioface-differentiating step, use of an optically active alkyne
should induce the asymmetric addition. Actually, the reaction of
2awith 2-cyclopentenone (3e) in the presence of (S)-4-methoxy-
1,4-diphenyl-1-butyne (1e)11 gave (R)-3-phenylcyclopentanone
(4e) albeit in a low enantioselectivity (eq 4).
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Table 1. Addition of arylboron reagents to �,�-unsaturated
carbonyl compoundsa

BR1
2Ar

O
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Ni(cod)2 (5 mol %)
PhC≡CPh (1b: 20 mol %)
H2O (1.0 equiv.)

1,4-dioxane, 24 h

O
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Entry 2 R2 in 3 Yield/%b

1 PhB[O(CH2)3O] (2a) Me (3a) 65
2 4-CF3C6H4B[O(CH2)3O] (2b) Me (3a) 51
3 4-MeOC6H4B[O(CH2)3O] (2c) Me (3a) 41
4 Ph3B (2d) Me (3a) 65
5 B-Ph-9BBN (2e) Me (3a) 41
6c PhB[O(CH2)3O] (2a) OEt (3b) 67

aThe reaction was carried out in 1,4-dioxane (0.45mL) at 60 �C
for 24 h under a nitrogen atmosphere using an arylboron reagent
(0.36mmol) and an �,�-unsaturated carbonyl compound (0.30
mmol) in the presence of Ni(cod)2 (15 mmol), diphenylacetylene
(60 mmol), and H2O (0.30mmol). bIsolated yield based on the
�,�-unsaturated carbonyl compound. cTemperature = 80 �C.
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In conclusion, the nickel-catalyzed conjugate addition of
arylboron reagents to �,�-unsaturated carbonyl compounds
was accomplished for the first time by use of alkynes as co-
catalysts. The catalyst system features the first asymmetric
synthesis induced by a catalytic amount of an optically active
alkyne, showing the promising possibility of optically active
alkynes as chiral sources.
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