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Abstract—Much improved catalytic carbon–carbon bond-forming reactions between aryl chlorides and Grignard reagents has been
achieved using nickel(II) ion on nanoporous carbon.
� 2005 Elsevier Ltd. All rights reserved.
Carbon–carbon bond-forming reactions involving aryl
halides have been considered as one of the most impor-
tant synthetic transformations in synthetic organic
chemistry.1 Since the Grignard cross-coupling reaction
(reaction (1)), catalyzed by Group 10 metal-containing
species, was discovered by Kumada and co-workers2

as well as Corriu and Masse3 in 1972, it has been widely
used in modern synthetic organic chemistry.1a,4
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This process has been proved as one of the most versa-
tile and powerful approaches for constructing a variety
of biaryl compounds.5 Recent promising catalytic sys-
tems spurred much attention to the new and efficient
catalysts for using both more readily available and less
expensive aryl chlorides as starting material. Many Ni
and Pd complexes have been employed with great suc-
cess in a wide variety of coupling reactions and well
reviewed.6 Even though many homogeneous systems
containing mainly Ni or Pd complexes have been tested,
new heterogeneous ones such as polymer-supported
039/$ - see front matter � 2005 Elsevier Ltd. All rights reserved.
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ones7 have continuously been adopted for the applica-
tion in industry. Recently, Lipshutz reported the effi-
ciency of nickel on charcoal (Ni/C) as a catalyst for
Negishi,8 Kumada couplings,5f Suzuki couplings,9 amin-
ations,10 and reductive dechlorinations.11 He summa-
rized his efforts for the development of this new type
of catalyst in his recent review.12 Even though an exten-
sive study has strongly implicated solution-based cataly-
sis within the pores of the charcoal, it is claimed that Ni/
C still can be considered as a heterogeneous catalyst in
that essentially complete recovery of the nickel in solu-
tion is achieved on the supporter after filtration.13

Since nanostructured carbon materials such as carbon
nanotubes have recently attracted much attention due
to many possible applications, much effort has been
devoted to develop new material. In this regard, new,
nanoporous carbon with hexagonally ordered meso-
structure developed by Ryoo and co-workers14 can be
an alternative for charcoal as a catalyst supporter.

In this contribution, we now report that Ni/nanoporous
carbon (nano C) can be a much improved and active
heterogenized catalyst for Kumada couplings.

The Ni catalyst on the nanoporous carbon material is
prepared by using CMK-3.15 Kumada coupling reac-
tions have been carried out using appropriate aryl chlo-
rides and Grignard reagents in the presence of Ni/nano
C catalyst (5 mg).16

As shown in Table 1, much improved catalytic activi-
ties of Ni/nano C towards Kumada coupling reactions
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Table 1. Results of the Kumada reaction catalyzed by Ni/Mesoporous C

No. Aryl chloride Grignard reagent Product Ni catalyst Reaction

time (min)

Crosscoupling versus

homo-coupling

Isolated

yield (%)

Conversion (%) Reaction time

yield in Ref. 5f

1

Cl

F

MgCl

MeO

F

OMe
Ni/nano C 10 Cross 95 99 9 h, 76%

2

OCH3

Cl

MgCl

MeO OMeMeO

Ni/nano C 10 Cross 83 96 9 h, 83%

Ni(NO3)2; 1 mg 10 1:1 40 45

Ni(NO3)2; 3 mg 10 1:1 41 47

Ni(NO3)2; 5 mg 10 1:1 42 49

3

Cl

OCH3
MgCl

MeO OMe

MeO
Ni/nano C 10 Cross 88 98

4

Cl
OCH3

MgCl

MeO
OMe

OMe

Ni/nano C 10 Cross 85 94

5

Cl

MgCl

MeO OMe
Ni/nano C 10 Cross 82 93 9 h, 81%

6

Cl

MgCl

MeO OMe
Ni/nano C 10 Cross 85 99

7

Cl

MgCl

MeO
OMe

Ni/nano C 10 Cross 84 92

8

Cl

MgCl

MeO OMe
Ni/nano C 10 Cross 88 99 16 h, 93%
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are clearly observed than those of Ni/charcoal.5f Lip-
shutz already pointed out the advantages of Ni/C
such as simplicity of use and low price but his cata-
lytic system requires 40–70% excess Grignard reagents
or reduction with n-BuLi for the in situ formation
of Ni(0). It is reported that n-BuLi in the presence of
PPh3 is the most efficient reagent for the reduction
of Ni(II) on charcoal12 but later excess of Grignard
reagent can accomplish the same results.17 Even though
only 20% excess Grignard reagents are used and no
reduction was carried out before use in this study, much
faster reaction rates have been observed (run nos. 1, 2, 5
in Table 1).

Nickel contents in Ni/nano C before and after the reac-
tion were analyzed by atomic absorption (AA) spectros-
copy to be 6.28 and 3.04 wt %, respectively. This
indicates that maximum 0.2 mg of Ni is leached out
from the catalysts during the reaction. Even though this
value before the reaction is roughly two times as large as
that in the Lipshutz�s catalyst (3.82%), the amount of
catalyst is much less (5–50 mg) and so is the active spe-
cies in the reaction system. Therefore, much faster reac-
tion rates cannot be attributed to the amount of active
species.

In order to check the possibility of homogeneous cataly-
sis by bleeding Ni species, catalysis by Ni(NO3)2 has
been tested (entry 2). To our surprise, even 1 mg of
Ni(NO3)2 is enough to complete the reaction in
10 min. However, a distinct difference between homoge-
neous and heterogenized catalysts has been found in the
selectivity of the product; in the homogeneous catalysis,
1:1 mixture of homo and cross-coupling products was
detected, while only cross-coupling products were
monitored in the reaction with heterogenized catalyst.
The ratio of homo and cross-coupling products in the
homogeneous catalysis does not change with the
amount of Ni(NO3)2.

As reported by Lipshutz, the Kumada reactions with
alkyl Grignard reagents proceed much more slowly than
those with aryl ones.5f In this study, the result became
worse; n-BuMgCl failed to produce coupling products
up to 10 h under the same conditions.

It is also interesting that coupling reactions proceed very
rapidly despite of the nature of substituents onto the
arene ring even though only limited substituents are
tested. Much improved tolerance towards various func-
tional groups shown in this system is quite different from
the results reported by Lipshutz, where the extent of
functional group tolerance is governed by the reactivity
of the Grignards. In general, an electrophilic center pres-
ent in the educt or RMgX is not tolerated.5f The nature
of carbon supporter seems to greatly affect the efficiency
of Kumada coupling reaction, even though the reasons
of difference cannot be proposed yet.

It appears that the selectivity of the reaction product de-
pends on the nature of substituents. Generally, the pres-
ence of electron donating group (Me or MeO) in the
aromatic ring induces the clean cross-coupling but
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electron withdrawing groups (F, NO2, CN) induce mix-
ture of homo- and cross-coupling products.

No positional effect of the substituents on the reaction
rate was observed (runs 2, 3, 4 and 5, 6, 7). This repre-
sents that no size discrimination can be done by this sys-
tem and this may be due to solution-based catalysis of
this system.

Further study is on progress to understand the unusual
nature of this catalytic system.
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