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Room-temperature Suzuki–Miyaura aryl–aryl cross-coupling
reactions have been achieved in high yields by using an eas-
ily accessible, air-stable NiII–(σ-aryl) complex as precatalyst
without either the pretreatment of organometallic reagents
or the presence of external reductants. The NiII complex, in

Introduction

Transition-metal-catalysed Suzuki–Miyaura cross-cou-
pling reactions have become a powerful and indispensable
tool in organic synthesis for the construction of biaryl/poly-
aryl motifs commonly found in biologically active mole-
cules and chemical materials. Palladium-based catalysts
have dominated these transformations over the past two
decades.[1] On the other hand, efforts to explore more eco-
nomic metal alternatives have been attracting considerable
interest. Since the pioneering work of Percec et al. in
1995,[2] remarkable advances have been made in the nickel-
catalysed version of Suzuki–Miyaura aryl–aryl cross-cou-
pling reactions.[3–7] The major advantages of nickel-based
systems over palladium lie mainly in their much lower cost
and high reactivity, without the need of very special ligands,
towards challenging substrates including deactivated aryl
chlorides[3a–3g,7d] and sulfonates[4,7a–7c,7e] and even carb-
oxylates,[5a,5b] carbamates,[5c–5f] methyl ether,[5g] nitriles[5h]

and sulfamates.[5c,5j,5k]

From a synthetic point of view, room-temperature trans-
formations are highly desirable processes. Indeed, several
protocols have been described for the room-temperature
nickel-catalysed Suzuki–Miyaura aryl–aryl cross-coupling
reactions.[7] Kobayashi and Mizojiri[7a] performed a cou-
pling reaction of electron-deficient aryl mesylates with lith-
ium arylborates that were generated in situ by the pretreat-
ment of arylboronates with nBuLi at room temperature in
the presence of [NiCl2(PPh3)2] as catalyst. The most suc-
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conjunction with monophosphane ligands such as
PCy3·HBF4 or PPh3, allowed the efficient cross-coupling of
aryl sulfonates (OTs, OMs) and/or halides (Cl, Br, I) with aryl-
boronic acids at room temperature in toluene/water in the
presence of K2CO3 as base.

cessful examples are found in the work of Hu and co-
workers[7b–7d] who demonstrated the room-temperature Su-
zuki–Miyaura reactions of aryl sulfonates/chlorides using
[Ni(cod)2] or a combination of [NiCl2(PPh3)2] and nBuLi
as the catalytically active nickel(0) source. Very recently,
Percec and co-workers[7e] also employed [Ni(cod)2] as a cat-
alyst precursor in the room-temperature coupling reactions
of aryl sulfonates/chlorides with arylboronates. In general,
all the systems mentioned above required either the use of
a Ni0 precursor or the pretreatment of NiII with organome-
tallic reagents.

Ni0 is generally regarded as the catalytically active spe-
cies in nickel catalysis. The direct use of Ni0 complexes such
as [Ni(cod)2] and [Ni(PPh3)4] as precatalysts is the simplest
method. Such nickel sources, however, are very inconve-
nient to handle and manipulate due to their high sensitivity
to air and moisture and high toxicity. Moreover, they are
costly (more expensive than normal Pd sources). In con-
trast, cheaper and easily handled nickel(II) compounds are
more preferred as catalyst precursors. In contrast to PdII,
NiII is not readily reduced to Ni0 by the base, solvent and/
or ligand in a reaction system. Solutions to this problem
have included the use of additional reductants such as
Zn[2,3d] and the pretreatment of the NiII with organometals
such as nBuLi[3a,3c,7d] to generate in situ Ni0. Afterwards it
was found that Ni0 can be formed in situ from NiII at ele-
vated temperatures (80–130 °C) in nickel(II)-catalysed Su-
zuki–Miyaura reactions by the initial homocoupling of the
organoboron reactants,[3b,3e,4a,4b] but this transformation
did not seem to occur at room temperature.

As part of our ongoing effort we were interested in de-
veloping a new facile protocol for room-temperature nickel-
catalysed Suzuki–Miyaura aryl–aryl coupling reactions in
which both the use of hard-to-handle nickel(0) sources and
the troublesome pretreatment of organometallic reagents
would be obviated. For this purpose, we once again consid-
ered a special class of NiII complexes, trans-haloarylbis(tri-
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phenylphosphane)nickel(II), as catalyst precursors, which
have previously been used in some catalytic C–C or C–N
coupling reactions.[8,9] This class of NiII complexes can be
easily prepared from cheap starting materials and are insen-
sitive to air and moisture, making them highly preferred
catalyst precursors.[10]

A possible mechanism that has been accepted for the
nickel-catalysed Suzuki–Miyaura cross-coupling reaction
follows a catalytic cycle of the Ni0–NiII shuttle involving
sequential oxidative addition, transmetallation and re-
ductive elimination. Thus, the NiII–(σ-aryl) complex may
formally be assumed to be an intermediate (oxidative ad-
duct) in the catalytic cycle. In view of the fact that the Ni0-
catalysed room-temperature Suzuki–Miyaura reaction has
been established, the NiII–(σ-aryl) complex should be able
to generate in situ the Ni0 species at room temperature, if
the other conditions are provided properly, by transmetalla-
tion of the nucleophilic coupling partner and subsequent
reductive elimination prior to a normal catalytic cycle
(Scheme 1). Accordingly, we reasoned that it would be feas-
ible to use NiII–(σ-aryl) complexes as catalysts in room-
temperature Suzuki–Miyaura aryl–aryl coupling reactions
without the aid of any organometallic reagent or external
reductant.

Scheme 1. Possible pathway for the activation of the NiII–(σ-aryl)
complex.

Table 1. Screening of the reaction conditions for the Ni-catalysed coupling of m-tolyl tosylate and phenylboronic acid at room tempera-
ture.[a]

Entry [NiII][b] (quatity [mol-%]) Ligand (quatity [mol-%]) Base Solvent[c] (5 mL) Water [mL] Yield [%][d]

1 C-1 (5) None K2CO3 toluene 0.25 46
2 C-1 (5) PPh3 (10) K2CO3 toluene 0.25 48
3 C-1 (5) PCy3 (10) K2CO3 toluene 0.25 83
4 C-1 (5) PCy3·HBF4 (10) K2CO3 toluene 0.25 80
5 C-1 (5) PCy3·HBF4 (5) K2CO3 toluene 0.25 88
6 C-1 (5) PCy3·HBF4 (7.5) K2CO3 toluene 0.25 91
7 C-2 (5) PCy3·HBF4 (7.5) K2CO3 toluene 0.25 89
8 NiCl2·6H2O (5) PCy3·HBF4 (7.5) K2CO3 toluene 0.25 n.r.
9 Ni(acac)2 (5) PCy3·HBF4 (7.5) K2CO3 toluene 0.25 n.r.
10 [Ni(PPh3)2Cl2] (5) PCy3·HBF4 (7.5) K2CO3 toluene 0.25 n.r.
11 C-1 (5) PCy3·HBF4 (7.5) K2CO3 toluene 0 40
12 C-1 (5) PCy3·HBF4 (7.5) K2CO3 toluene 0.5 57
13 C-1 (5) IPr·HCl[e] (5) K2CO3 toluene 0.25 35
14 C-1 (5) Bipy[f] (5) K2CO3 toluene 0.25 �5
15 C-1 (5) Phena[g] (5) K2CO3 toluene 0.25 �5
16 C-1 (5) PCy3·HBF4 (7.5) K3PO4 toluene 0.25 89
17 C-1 (5) PCy3·HBF4 (7.5) Na2CO3 toluene 0.25 68
18 C-1 (5) PCy3·HBF4 (7.5) KOH toluene 0.25 trace
19 C-1 (5) PCy3·HBF4 (7.5) K2CO3 dioxane 0.25 49
20 C-1 (5) PCy3·HBF4 (7.5) K2CO3 THF 0.25 40
21 C-1 (3) PCy3·HBF4 (4.5) K2CO3 toluene 0.25 52

[a] Reaction conditions: m-tolyl tosylate (1 mmol), phenylboronic acid (1.5 mmol), K2CO3 (3 mmol), room temperature (ca. 23 °C), 24 h.
[b] C-1: [Ni(PPh3)2(1-naphthyl)Cl]; C-2: [Ni(PPh3)2(1-naphthyl)Br]. [c] 5 mL of solvent. [d] Isolated yields. n.r.: No reaction. [e] IPr·HCl:
1,3-bis(2,6-diisopropylphenyl)imidazolium chloride. [f] Bipy: 2,2�-bipyridine. [g] Phena: 1,10-phenanthroline.
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Results and Discussion

Two NiII–(σ-aryl) complexes, [Ni(PPh3)2(1-naphthyl)Cl]
(C-1) and [Ni(PPh3)2(1-naphthyl)Br] (C-2), were used in
this study because they are very easily prepared from nickel-
(II) halide, triphenylphosphane, zinc dust, and the corre-
sponding haloarene in ethanol[10] (see the detailed pro-
cedures in the Exptl. Sect.). A model reaction of m-tolyl
tosylate and phenylboronic acid was chosen to screen the
reaction conditions and the results are summarized in
Table 1. The initial experiment showed that the room-tem-
perature Suzuki–Miyaura reaction can be mediated by
using C-1 as a precatalyst in toluene/H2O in the presence of
the base K2CO3, but the conversion level was low (Table 1,
entry 1). In this case, a rapid change in colour of the reac-
tion mixture from yellow to red-brown was observed, which
suggests that the NiII–(σ-aryl) complex is very readily acti-
vated. The use of an additional PPh3 ligand did not speed
up the reaction significantly (entry 2). Based on the work
of Hu and co-workers,[7b–7e] a combination of PCy3 as li-
gand and Ni0 is the most effective system for the room-
temperature Suzuki–Miyaura reaction of the tosylate sub-
strate. Thus, we used a system involving C-1 and PCy3; this
reaction showed promise (entry 3). PCy3·HBF4 was then
preferably selected as a ligand because the salt precursor of
PCy3 liberates PCy3 by deprotonation in the basic reaction
system and is more convenient to handle due to its stability
in air. Indeed, the PCy3·HBF4 ligand rendered a compar-
able result to PCy3 (entry 4). After some experimentation,
it was found that a 1:1–1.5 ratio of C-1 to PCy3·HBF4
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seemed to be suitable for gaining excellent yields of the de-
sired product (entries 5 and 6). Under the same conditions,
the C-2 complex was also effective for the reaction (entry 7).
The significance of the nickel(II) source in this reaction was
established by control experiments. Common NiII com-
plexes like NiCl2·6H2O, Ni(acac)2 and [Ni(PPh3)2Cl2] did
not mediate the reaction at all (entries 8–10), which indi-
cates that the active Ni0 was not produced from these NiII

precursors under the mild conditions. Small amounts of
water as additive accelerates the reaction probably because
the added water helps to activate K2CO3 towards phenyl-
boronic acid (entry 6 vs. 11), but excess water would disfavour
the reaction (entry 12 vs. 6). Several other commonly used
ligands were surveyed and the results suggest that IPr·HCl
(entry 13) is an ineffective ligand and 2,2�-bipyridine (en-
try 14) and 1,10-phenanthroline (entry 15) are detrimental
to the reaction. Among the bases screened, K3PO4, the
most commonly used in nickel-catalysed Suzuki–Miyaura
reactions,[2–5,7] worked as well as K2CO3 (entry 16), the
weaker base Na2CO3 (entry 17) gave a mediocre yield and
strongly basic KOH (entry 18) was far inferior to both
K2CO3 and K3PO4. Toluene appeared to be the solvent of
choice and was far superior to ether-type solvents like di-
oxane (entry 19) and THF (entry 20). Unfortunately, an
attempt to lower the loadings of the catalyst caused a sub-
stantially reduced yield (entry 21). Finally, our standard
reaction conditions were established as entry 6 of
Table 1.

With the optimal conditions in hand, we next examined
the room-temperature Suzuki–Miyaura reactions of aryl to-
sylates as electrophilic coupling partners. A wide range of
aryl tosylates were tested with several representative aryl-
boronic acids (Table 2). In general, activated (entries 1, 3
and 5–8), nonactivated (entries 9–11, 13, 15 and 17) and
deactivated (entries 2, 14, 16 and 19) aryl tosylates
smoothly underwent the coupling reaction to afford high
yields of the desired products; ortho substituents on the tos-
ylate did not produce a substantial influence on the reaction
(entries 4, 10 and 18) unless the substituent was particularly
large (entry 12). The reaction was also insensitive to the
electron-donating (entries 13–16) and steric effects (en-
tries 17–19) of arylboronic acids. Furthermore, the mild re-
action conditions tolerated some sensitive functional groups
such as ester (entry 5), carbonyl (entry 7) and enolizable
carbonyl (entry 6), cyano (entry 8) and acetal (entry 12)
functionalities. The phenylene-ditosylate underwent a
double cross-coupling reaction, but needed to be ac-
celerated by appropriate heating (entry 20).

To examine the catalytic efficacy of the NiII–(1-naphthyl)
complex/PCy3·HBF4 system, we applied this protocol to
other types of electrophilic substrates involving aryl mesyl-
ates, chlorides, bromides and iodides. The results are shown
in Table 3. The electrophiles, whether activated (entries 2, 6
and 11) or deactivated (entries 1, 3–5, 7, 9, 10, 12, 14 and
15), gave good-to-excellent yields of the desired products
except for the special case of o-dichlorobenzene (entry 8).
In particular, with aryl halides as electrophiles, quantitative
yields were obtained in most cases (entries 5–7 and 9–15).
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Table 2. Room-temperature Ni-catalysed Suzuki–Miyaura cross-
coupling reactions of aryl tosylates with arylboronic acids.[a]

[a] Reagents: aryl tosylate (1 mmol), arylboronic acid (1.5 mmol),
C-1 (0.05 mmol), PCy3·HBF4 (0.075 mmol), K2CO3 (3 mmol), tol-
uene/H2O (5 mL/0.25 mL). [b] Isolated yields. [c] At 60 °C, 12 h.
[d] Phenylboronic acids (3 mmol).

In view of the fact that the NiII–(σ-aryl)-based catalyst
possesses high activity and that aryl halides differ from aryl
sulfonates (i.e., the Caryl–halogen bond is weaker than the
Caryl–oxygen bond), we continued our investigations into
the room-temperature Suzuki–Miyaura coupling of haloar-
enes by replacing PCy3·HBF4 with the much cheaper PPh3

as ligand (Table 4). The PPh3/C-1 system was found to cata-
lyse the coupling of deactivated aryl bromides and iodides
with phenylboronic acid at room temperature to give almost
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Table 3. Room-temperature Ni-catalysed Suzuki–Miyaura cross-
coupling reactions of aryl mesylates/halides as electrophilic sub-
strates.[a]

[a] Reagents: aryl mesylate/halide (1 mmol), phenylboronic acid
(1.5 mmol), C-1 (0.05 mmol), PCy3·HBF4 (0.075 mmol), K2CO3

(3 mmol), toluene/H2O (5 mL/0.25 mL). [b] Isolated yields. [c]
Phenylboronic acids (3.0 mmol). [d] At 60 °C, 12 h.

quantitative yields (Table 4, entries 2–5). The reaction of the
deactivated chloride was slightly slower but still gave a satis-
factory yield (Table 4, entry 1).

Table 4. Room-temperature Suzuki–Miyaura cross-coupling reac-
tions of aryl halides catalysed by the NiII/PPh3 system.[a]

[a] Reagents: aryl halide (1 mmol), phenylboronic acid (1.5 mmol),
C-1 (0.05 mmol), PPh3 (0.1 mmol), K2CO3 (3 mmol), toluene/H2O
(5 mL/0.25 mL). [b] Isolated yields.
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Conclusions
We have developed a new protocol for room-temperature

Ni-catalysed Suzuki–Miyaura aryl–aryl cross-coupling re-
actions employing a NiII–(σ-aryl) complex as precatalyst.
The key advantages of the method lie in both avoiding the
use of hard-to-handle expensive nickel(0) sources and not
requiring the presence of additional reducing agents.
Furthermore, the reaction offers a broad scope, being suit-
able for aryl halides (I, Br, Cl) and sulfonates (OTs, OMs)
as well as activated and deactivated electrophilic substrates.
To the best of our knowledge, this reaction performed with
NiII precatalysts without the aid of any organometallic rea-
gent or external reductant has not yet been reported. This
facile, mild and general protocol represents, to a certain ex-
tent, a new advance in Suzuki–Miyaura cross-coupling re-
actions.

Experimental Section
Synthesis of NiII–(σ-Aryl) Complexes[10]

[Ni(PPh3)2(1-naphthyl)Cl] (C-1): A stirred mixture of NiCl2·6H2O
(4.8 g, 0.02 mol), triphenylphosphane (11.53 g, 0.044 mol) and 95%
ethanol (90 mL) was heated until gentle boiling at reflux started.
1-Chloronaphthalene (6.5 g, 0.04 mol, excess) was then added, fol-
lowed by zinc dust (1.3 g, 0.02 mol) over 5 min. The dark-green
mixture very soon turned yellow. After stirring and heating at re-
flux for 1.5 h (under nitrogen), the mixture was cooled to room
temperature. Four 2 mL portions of 30% aqueous hydrochloric
acid were added over 15 min. After stirring for 1.5 h, the solid was
filtered off on a sintered-glass funnel and successively washed with
ethanol (20 mL), 1 m aqueous hydrochloric acid (2�20 mL), etha-
nol (2�20 mL) and petroleum (30–60 °C; 20 mL). The yellow solid
was dried in vacuo at a bath temperature of not higher than 45 °C.
The yield was above 80%.

[Ni(PPh3)2(1-naphthyl)Br] (C-2): Orange, air-stable powder. Pre-
pared by a procedure similar to the synthesis of the NiII complex
C-1 from NiBr2·3H2O, PPh3 and 1-bromonaphthalene.

General Procedure for the NiII–(σ-Aryl)-Catalysed Room-Tempera-
ture Reaction of Aryl Sulfonates/Halides with Arylboronic Acids: An
oven-dried 25-mL three-necked flask was charged with K2CO3

(3 mmol), [Ni(PPh3)2(1-naphthyl)Cl] (0.05 mmol) and PCy3·HBF4

(0.075 mmol). Then the aryl sulfonates/halides (1 mmol) (if solid)
and arylboronic acid (1.5 mmol) were added. The flask was evacu-
ated and back-filled with nitrogen, with the operation being re-
peated twice. The halides (if liquid), dried toluene (5 mL) and de-
gassed water (0.25 mL) were added through a syringe at this time.
The reaction mixture was stirred at room temperature for 24 h and
filtered through a pad of silica gel that was washed with ethyl acet-
ate. The combined organic phases were evaporated under reduced
pressure and the residue purified by silica gel column chromatog-
raphy to give the desired products.[11]

Supporting Information (see footnote on the first page of this arti-
cle): General considerations and characterization data for all com-
pounds prepared.

Acknowledgments

The authors thank the National Natural Science Foundation of
China (NSFC) (project number 20872142) for the financial support
of this work.



Nickel-Catalysed Suzuki–Miyaura Reactions

[1] For selected reviews on Pd-catalysed Suzuki–Miyaura reac-
tions, see: a) N. Miyaura, A. Suzuki, Chem. Rev. 1995, 95,
2457–2483; b) S. P. Stanforth, Tetrahedron 1998, 54, 263–304;
c) A. Suzuki, J. Organomet. Chem. 1999, 576, 147–168; d) S.
Kotha, K. Lahiri, D. Kashinath, Tetrahedron 2002, 58, 9633–
9695; e) N. Miyaura, Top. Curr. Chem. 2002, 219, 11–59; f) F.
Bellina, A. Carpita, R. Rossi, Synthesis 2004, 15, 2419–2440;
g) R. Martin, S. L. Buchwald, Acc. Chem. Res. 2008, 41, 1461–
1473.

[2] V. Percec, J.-Y. Bae, D. H. Hill, J. Org. Chem. 1995, 60, 1060–
1065.

[3] For Ni-catalysed Suzuki–Miyaura aryl–aryl coupling reactions
of haloarenes using the chloride, see: a) S. Saito, M. Sakai,
N. Miyaura, Tetrahedron Lett. 1996, 37, 2993–2996; b) A. F.
Indolese, Tetrahedron Lett. 1997, 38, 3513–3516; c) S. Saito, S.
Oh-tani, N. Miyaura, J. Org. Chem. 1997, 62, 8024–8030; d) J.-
C. Galland, M. Savignac, J.-P. Genêt, Tetrahedron Lett. 1999,
40, 2323–2326; e) K. Inada, N. Miyaura, Tetrahedron 2000, 56,
8657–8660; f) C. Chen, L.-M. Yang, Tetrahedron Lett. 2007,
48, 2427–2430; g) L. Zhou, Q. Miao, R. He, X. Feng, M. Bao,
Tetrahedron Lett. 2007, 48, 7899–7902; using the bromide/io-
dide, see: h) N. E. Leadbeater, S. M. Resouly, Tetrahedron 1999,
55, 11889–11894; i) D. Zim, A. L. Monteiro, Tetrahedron Lett.
2002, 43, 4009–4011; j) C. S. Cho, N. T. Tran, Catal. Commun.
2009, 11, 191–195.

[4] For Ni-catalysed Suzuki–Miyaura aryl–aryl coupling reactions
of aryl sulfonates (OTs, OBs, OMs), see: a) D. Zim, V. R.
Lando, J. Dupont, A. L. Monterio, Org. Lett. 2001, 3, 3049–
3051; b) V. Percec, G. M. Golding, J. Smidrkal, O. Weichold,
J. Org. Chem. 2004, 69, 3447–3452; c) J. Kuroda, K. Inamoto,
K. Hiroya, T. Doi, Eur. J. Org. Chem. 2009, 2251–2261; d) X.-
H. Fan, L.-M. Yang, Eur. J. Org. Chem. 2010, 2457–2460.

[5] For Ni-catalysed Suzuki–Miyaura aryl–aryl coupling reactions
of other electrophiles containing unusual leaving groups using
aryl carboxylates, see: a) B.-T. Guan, Y. Wang, B.-J. Li, D.-G.
Yu, Z.-J. Shi, J. Am. Chem. Soc. 2008, 130, 14468–14470; b)
K. W. Quasdorf, X. Tian, N. K. Garg, J. Am. Chem. Soc. 2008,
130, 14422–14423; using aryl carbamates, see: c) K. W. Quas-
dorf, M. Riener, K. V. Petrova, N. K. Garg, J. Am. Chem. Soc.
2009, 131, 17748–17749; d) A. Antoft-Finch, T. Blackburn, V.
Snieckus, J. Am. Chem. Soc. 2009, 131, 17750–17752; e) L. Xu,
B.-J. Li, Z.-H. Wu, X.-Y. Lu, B.-T. Guan, B.-Q. Wang, K.-Q.
Zhao, Z.-J. Shi, Org. Lett. 2010, 12, 884–887; f) L. J. Gooßen,
K. Gooßen, C. Stanciu, Angew. Chem. 2009, 121, 3621; Angew.
Chem. Int. Ed. 2009, 48, 3569–3571; using aryl methyl ether,
see: g) M. Tobisu, T. Shimasaki, N. Chatani, Angew. Chem.
2008, 120, 4944; Angew. Chem. Int. Ed. 2008, 47, 4866–4869;

Eur. J. Org. Chem. 2011, 1467–1471 © 2011 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.eurjoc.org 1471

using aryl nitriles, see: h) D.-G. Yu, M. Yu, B.-T. Guan, B.-J.
Li, Y. Zheng, Z.-H. Wu, Z.-J. Shi, Org. Lett. 2009, 11, 3374–
3377; using aryltrimethylammonium salts, see: i) S. B. Blakey,
D. W. C. MacMillan, J. Am. Chem. Soc. 2003, 125, 6046–6047;
using aryl sulfamates, see: j) T. K. Macklin, V. Snieckus, Org.
Lett. 2005, 7, 2519–2522; k) P. M. Wehn, J. D. Bois, Org. Lett.
2005, 7, 4685–4688.

[6] For selected Ni heterogeneously catalysed Suzuki–Miyaura
aryl–aryl coupling reactions, see: a) B. H. Lipshutz, J. A.
Sclafani, P. A. Blomgren, Tetrahedron 2000, 56, 2139–2144; b)
B. H. Lipshutz, T. Butler, E. Swift, Org. Lett. 2008, 10, 697–
700.

[7] For room-temperature Suzuki–Miyaura aryl–aryl coupling re-
actions catalysed by nickel catalysts, see: a) Y. Kobayashi, R.
Mizojiri, Tetrahedron Lett. 1996, 37, 8531–8534; b) Z.-Y. Tang,
Q.-S. Hu, J. Am. Chem. Soc. 2004, 126, 3058–3059; c) Z.-Y.
Tang, S. Spinella, Q.-S. Hu, Tetrahedron Lett. 2006, 47, 2427–
2430; d) Z.-Y. Tang, Q.-S. Hu, J. Org. Chem. 2006, 71, 2167–
2169; e) D. A. Wilson, C. J. Wilson, B. M. Rosen, V. Percec,
Org. Lett. 2008, 10, 4879–4882.

[8] Prior to our reports, there was only one report of the successful
use of NiII–(σ-aryl) complexes as catalysts in the cyanation of
bromothiophenes, see: J. V. Soolinger, H. D. Verkruijsse, M. A.
Keegstra, L. Brandsma, Synth. Commun. 1990, 20, 3153–3156.

[9] a) Ref.[3f,4d]; b) C. Chen, L.-M. Yang, J. Org. Chem. 2007, 72,
6324–6327; c) C.-Y. Gao, L.-M. Yang, J. Org. Chem. 2008, 73,
1624–1627; d) C.-Y. Gao, X. Cao, L.-M. Yang, Org. Biomol.
Chem. 2009, 7, 3922–3925.

[10] For the preparation of trans-haloarylbis(triphenylphosphane)
nickel(II), see: a) L. Cassar, S. Ferrara, M. Foá, in: Advances
in Chemistry (Eds.: D. Forster, J. F. Roth), American Chemiscal
Society, Washington, DC, 1974, vol. 132, p. 252; b) L.
Brandsma, S. F. Vasilevsky, H. D. Verkruijsse, Application of
Transition Metal Catalysts in Organic Synthesis, Springer, New
York, 1998, pp. 3–4.

[11] Note: In all experiments there always exists a small amount of
the 1-arylnaphthalene byproduct generated from the precata-
lyst NiII–(1-naphthyl) complex. In most cases, the byproduct
does not cause any difficulty in the separation of the desired
products due to pronounced differences in their Rf values in
chromatography. In a few cases, the byproduct may be removed
easily by recrystallization because of its low content. In the
case of the 1-naphthyl substrate, the yield reported was deter-
mined after subtracting the contribution from the NiII–(1-
naphthyl) complex used, based on an estimate that [(1-naphth-
yl)Ni(PPh3)2Cl] would be completely converted.

Received: November 11, 2010
Published Online: January 26, 2011


