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Arylation reaction of aromatic aldehydes with arylboronic acids proceeded smoothly in the presence of a
base and catalytic amount of a nickel salt, Ni(ClO4)2�6H2O, in toluene/IPA = 5:1 or IPA to afford corre-
sponding diarylmethanols in good to excellent yields.

� 2008 Elsevier Ltd. All rights reserved.
Diarylmethanols are not only versatile intermediates in organic
synthesis,1 but are also important components in the construction
of some molecules with biological activities.2 Generally, diaryl-
methanols can be synthesized via the addition of aldehydes with
organometallic reagents such as organolithium, organomagne-
sium, and organozinc compounds. In contrast to these frequently
used organometallic reagents, organoboron reagents have been
shown to be nontoxic and remarkably stable toward heat, oxygen,
and moisture. Therefore, the use of organoboron reagents in the
carbon–carbon bond formation reaction has recently attracted
considerable attention.3 In 1998, Miyaura and his co-workers re-
ported the first example of a Rh(I)-catalyzed addition reaction of
arylboronic acids to aldehydes.4 Since then, several examples have
been reported by other research groups.5–7 A palladium-catalyzed
addition reaction of arylboronic acids to aldehydes has also been
studied.8,9 To the best of our knowledge, the Ni-catalyzed addition
reaction of arylboronic acids to aldehydes has not been reported so
far even though the Ni(cod)2-catalyzed addition reaction of
organoboronates, trialkylboranes, and arylboroxines to aldehydes
was reported by Shirakawa,10 Yorimitsu and Oshima,11 Kondo
and Aoyama,12 respectively. In the course of our study on the Ni-
catalyzed coupling of aryl chlorides with arylboronic acids,13 we
observed that treatment of 4-chlorobenzaldehyde with phenyl-
boronic acid in the presence of NiCl2�6H2O and K3PO4�H2O in
isopropanol (IPA) at 80 �C can bring about the addition of the
phenylboron reagent to the aldehyde to produce the corresponding
diarylmethanol in 45% yield along with 4-chlorobenzyl alcohol in
ll rights reserved.
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14% yield14 without any cross-coupling product (Eq. 1). This obser-
vation prompted us to develop a nickel salt-catalyzed addition of
arylboronic acids to aldehydes. Herein, our results are reported.
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We first screened Ni sources with K3PO4�H2O as a base in IPA as
shown in Table 1. Among the Ni sources screened, only Ni-
(ClO4)2�6H2O catalyzed this model addition reaction of benzalde-
hyde with phenylboronic acid to provide diphenylmethanol in sat-
isfactory yield (73%, entry 3). The effect of bases and solvents on
the nickel salt-catalyzed addition of arylboronic acids to aldehydes
was then examined, and the results are shown in Table 2, which
shows that K3PO4�H2O and toluene/IPA = 5:1 were the best base
and solvent, respectively (entry 12).

With Ni(ClO4)2�6H2O as the catalyst, toluene/IPA = 5:1 as the
solvent, and K3PO4�H2O as the base, a number of aldehydes and
arylboronic acids were examined, and the results are summarized
in Table 3.15 The reactions of benzaldehyde and 4-chlorobenzalde-
hyde with phenylboronic acid proceeded smoothly to give the
corresponding diarylmethanols in high yields (89% and 90%,
respectively, entries 1 and 2). Electron-rich aldehydes such
as 4-methylbenzaldehyde and 4-methoxybenzaldehyde gave



Table 2
Effect of bases and solventsa

Ni(ClO4)2·6H2O (5 mol%)
Base (1.5 mol equiv)
Solvent, 80 ºC, 7 h

PhCHO + PhB(OH)2 Ph Ph

OH

Entry Base Solvent Yieldb (%)

1 K3PO4�H2O IPA 73
2 KF IPA 0
3 NaOH IPA 0
4 K2CO3 IPA 8
5 K3PO4 IPA 5
6 K3PO4�3H2O IPA 7
7 K3PO4�H2O Toluene 54
8 K3PO4�H2O Dioxane 33
9 K3PO4�H2O CH3CN 0

10 K3PO4�H2O DME 0
11 K3PO4�H2O EtOH 0
12c K3PO4�H2O Toluene/IPA 89

a The reactions were performed using benzaldehyde (0.5 mmol), 5 mol % of
Ni(ClO4)2�6H2O, and 1.5 mol equiv of PhB(OH)2 and base in a solvent (3 mL) at 80 �C
for 7 h.

b Isolated yields.
c The ratio of toluene to IPA is 5:1.

Table 3
Nickel salt-catalyzed arylation of aromatic aldehydes with arylboronic acidsa

Ni(ClO4)2·6H2O (5 mol%)
K3PO4·H2O (1.5 mol equiv)
Toluene/IPA = 5:1
80 ºC, 7-14 h

ArCHO + Ar'B(OH)2 Ar Ar'

OH

Entry ArCHO Ar0B(OH)2 Yieldb (%)

1 CHO B(OH)2 89

2 CHOCl B(OH)2 90

3 CHO B(OH)2 35 (74)c

4 CHOMeO B(OH)2 62 (72)c

5 CHO B(OH)2 61 (89)c,d

6
CHO

B(OH)2 54 (75)c,d

7
CHO

OMe
B(OH)2 88

8 CHONC B(OH)2 NRe

9 CHOO2N B(OH)2 NRe

10 CHO B(OH)2 80

11 CHO B(OH)2MeO 72

12 CHO B(OH)2F 92

13 CHO
B(OH)2F

F
91

a The reactions were performed using aldehyde (0.5 mmol), 5 mol % of
Ni(ClO4)2�6H2O, and 1.5 mol equiv of Ar0B(OH)2 and K3PO4�H2O in toluene/IPA (5:1,
3 mL) at 80 �C for 7–14 h.

b Isolated yields.
c The reactions were carried out in IPA.
d 2 Mol equiv of PhB(OH)2 was used.
e No reaction occurred.

Table 1
Screening of Ni sourcea

Ni source (5 mol%)
K3PO4·H2O (1.5 mol equiv)
IPA, 80 ºC, 7 h

PhCHO + PhB(OH)2 Ph Ph

OH

Entry Ni source Yieldb (%)

1 NiCl2�6H2O 43
2 Ni(OAc)2�4H2O 58
3 Ni(ClO4)2�6H2O 73
4 Ni(acac)2�2H2O 0
5 NiSO4�6H2O 0

a The reactions were performed using benzaldehyde (0.5 mmol), 5 mol % of Ni
source, and 1.5 mol equiv of PhB(OH)2 and K3PO4�H2O in IPA (3 mL) at 80 �C for 7 h.

b Isolated yields.
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diarylmethanols in lower yields (35% and 62%, respectively, entries
3 and 4), but the yields were increased to 74% and 72% by using IPA
as a solvent instead of the mixed solvent (toluene/IPA = 5:1). When
two equivalents of phenyboronic acid were used in IPA, the addi-
tion products of 4-phenylbenzaldehyde and 1-naphthaldehyde
were obtained in 89% and 75% yields (entries 5 and 6, respectively).
Interestingly, the arylation of 2-methoxybenzaldehyde with phen-
ylboronic acid proceeded smoothly in toluene/IPA = 5:1 to furnish
the desired product in good yield (88%, entry 7). On the other hand,
electron-deficient aldehydes such as 4-cyanobenzaldehyde and 4-
nitrobenzaldehyde resulted in no reaction both in toluene/
IPA = 5:1 and in IPA (entries 8 and 9). The electronic effect in aryl-
boronic acids also showed a remarkable influence on the reaction;
electron-rich arylboronic acids such as 4-methylphenylboronic
acid and 4-methoxyphenylboronic acid gave moderate to good
yields (80% and 72%, respectively, entries 10 and 11), but excellent
yields were obtained from the reactions of electron-deficient
arylboronic acids such as 4-fluorophenylboronic acid and 3,4-dif-
luorophenylboronic acid with benzaldehyde (92% and 91%, respec-
tively, entries 12 and 13).

In conclusion, we have found the first example of nucleophilic
addition of arylboronic acids to aromatic aldehydes promoted by
nickel catalyst. The reaction mechanism has not yet been clarified
at present. However, it seems that the nickel salt, Ni(ClO4)2�6H2O,
plays a role of Lewis acid catalyst.
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