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Abstract—The coupling reaction of aryl chlorides with arylboronic acids was successfully performed in isopropanol (IPA) by using
[NiCl(Ph,PCH,CH,OH),(H,0)]CI (5), a cationic Ni(II)-complex, as a precatalyst in the absence of a reducing agent. The coupling
reaction proceeded smoothly under mild conditions to provide biaryls in satisfactory to excellent yields, and formation of the unde-

sired dechlorination products of aryl chlorides was completely prevented.

© 2007 Elsevier Ltd. All rights reserved.

Suzuki cross-coupling reaction has become one of the
most useful methods for the construction of C—C bonds.!
During the past decade, Pd catalysts have been used
commonly for the cross-coupling of organoboron com-
pounds with organic halides or pseudo-halides, such as
aryl bromide,! iodides,! and triflates®> as well as sulfo-
nates.’ However, the more easily accessible aryl chlorides
have been rarely employed as coupling partners in palla-
dium-catalyzed Suzuki coupling because the oxidative
addition of C-Cl bond to Pd(0) species is usually diffi-
cult.* In 1996, Miyaura and co-workers reported the first
example of Ni(0)-catalyzed cross-coupling of aryl chlo-
rides with arylboronic acids. Since then, several exam-
ples have been reported by other research groups.®
However, the use of Ni(II) complexes as precatalysts
often needs to combine an activating agent such as Zn
or BuLi to generate Ni(0) species in situ to achieve high
efficiency of the catalysts.>%* More recently, Fu and co-
worker reported an impressive result that the coupling
reaction of unactivated alkyl halides with arylboronic
acids could be performed by using Nil,-NaHDMS cata-
lyst system in isopropanol (IPA).” IPA has recently
attracted considerable interest as a solvent in this type
of coupling reaction because it is readily available and
inexpensive with low toxicity.> During our continuous
research on Suzuki coupling reaction,” we attempted to
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Table 1. Ligand effect in the Ni(Il)-catalyzed cross-coupling of
4-chloroacetophenone (1a) with phenylboronic acid (2a)*
0}

1a 2a

NiCl,*6H,0, ligand
IPA, K3POy, 80 °C

o] 0

Dl
3a 4

Yield (%) of 4°

Entry Ligand Yield (%) of 3a®

1 PPh; 14 46
2 P(OPh); 43 41
3 O=PPh; 19 12
4 PCy, 0 97
5 NPh; 16 16
6 Pyridine 36 7
7 [(LL ] 0 0
N N
8 DPPF 0 0
9 DPPF 6 58
10 Ph,PCH,CH,0OH 99 0
11 Ph,PCH,CH; 40 56
- Q @ ;
13 ~ /\ /\/OH 22
\:/

#Reaction conditions: 4-chloroacetophenone (0.5 mmol), phenyl-
boronic acid (1.5 equiv), K3PO4 (2.0 equiv), NiCl,:6H,0 (3 mol %),
ligand (12 mol % for monodentate ligand; 6 mol % for bidentate
ligand), IPA (2 mL), 80 °C, 12 h.

®GC yield based on 4-chloroacetophenone.
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use IPA as a solvent for Ni(II)-catalyzed coupling reac- desired products in satisfactory to excellent yields. Here-
tion of aryl chlorides with arylboronic acids in the in our results are reported.

absence of a reducing agent, and found that the cross-

coupling reaction proceeded smoothly in the presence The influence of various ligands in a model reaction of

of [NiCl(Ph,PCH,CH,0OH),(H,0)]CI (5) to provide the 4-chloroacetophenone (1a) with phenylboronic acid

Table 2. Ni(II)-catalyzed cross-coupling of aryl chlorides (1) with arylboronic acids (2)*

Entry Aryl chloride (1) Ar-B(OH), (2) Product (3) Time (h) Yield (%)°
(0] (0]
(1a) (2a) (3a)
e o o ) : »
(1b) (3b)
3 OHC—QCl (2a) OHC 4 91
(1c) (3¢)
(2b) (3d)
5 (Ic) F@B(OH)Z OHCF 6 93
(2¢) (3e)
CHO CHO
(1d) (39
/ /
(1e) (3g)
(1) (3h)
r e e OO v e
(1g) (3i)
e O~
10 (2a) 24 58
" O
(1) (3i)
X
A |
1 | (2a) NG 6 70
oo 0
(1j) (3k)
12¢ (15) (2a) (3Kk) 4 96
A
»
N

13¢ 1j) 2¢) O O 4 92
F ( F

% All reactions were carried out under nitrogen at 80 °C for the period indicated in the table using aryl chloride (0.5 mmol), arylboronic acid
(1.5 equiv), K;POy ( 2.0 equiv), IPA (2.0 mL) and Ni-complex 5 (3 mol %), unless otherwise noted. The reaction progress was monitored by TLC.

®Isolated yields.

©3.0 equiv of 2a or 2¢ was used.

94.5 equiv of 2a was used.

3l
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(2a) using IPA as a solvent was examined, and the
results are shown in Table 1. When PPh;'® was used
as a ligand, the desired coupling product 4-phenylaceto-
phenone (3a) was obtained only in 14% yield, and a
large amount (46%) of dechlorination product acetophe-
none (4), was afforded (Table 1, entry 1). The use of
P(OPh); and O=PPh; gave coupling product 3a in
43% and 19% yield, along with dechlorination product
4 in 41% and 12% yield, respectively (entries 2 and 3).
When the reaction was performed in the presence of
an electron-rich ligand PCys,!! the undesired compound
4 was obtained as the sole product in 97% yield (entry
4). The employment of nitrogen-containing ligands such
as triphenylamine, pyridine, and 2,2’-bipyridine,'? also
failed to give the desired coupling product 3a in high
yield, and the starting materials were recovered in large
amounts (entries 5-7). Although the P-containing biden-
tate ligands, bis(diphenylphosphino)ethane (DPPE)'3
and 1,1’-bis(diphenylphosphino)ferrocene (DPPF),!*
were also investigated, the results were not satisfactory
(entries 8 and 9). Interestingly, when the ligand
Ph,PCH,CH,OH® was utilized, the desired biaryl 3a
was obtained in almost quantitative yield (99%, entry
10). However, an attempt to use Ph,PCH,CHj3; in place
of Ph,PCH,CH,OH in the coupling reaction resulted in
failure, giving the desired product 3a only in 40% yield
(entry 11). Finally, we examined electron-rich N-hetero-
cyclic carbene ligands,'> but the reaction did not pro-
ceed or gave trace amounts of the desired product 3a
even when the N-heterocyclic carbene ligand bearing
hydroxyethyl moiety was used (entries 12 and 13). The
above results indicated that among the ligands screened,
Ph,PCH,CH,OH was the most effective ligand to pro-
mote this coupling in IPA, suggesting that both the elec-
tron-richness and the hydroxyethyl moiety of this ligand
play important roles in the catalyst system. Therefore,
we chose Ph,PCH,CH,OH as a ligand to carry out
the coupling reaction of other aryl chloride substrates
with arylboronic acids in IPA by using nickel catalyst.

Because the ligand Ph,PCH,CH,OH exists as liquid at
room temperature, it is not easy to handle it in a
small scale. Therefore, Ni(Il)-complex containing
Ph,PCH,CH,OH was prepared and used for the cross-
coupling reaction (Table 2), and the X-ray crystal struc-
ture of Ni(II)-complex is shown in Figure 1. It clearly
shows a cationic structure of [NiCl(Ph,PCH,CH,OH),-
(H,0)]CI (5).!¢ In the molecular structure of complex 5,
two Ph,PCH,CH,OH ligands chelate to nickel and one
chlorine anion as well as one water molecule coordinate
to the same nickel atom, and another Cl™ is located as a
counter ion.

The coupling reaction of aryl chlorides (1a—c) bearing an
electron-withdrawing group, such as 4-COCHj3;, 4-CN,
and 2- or 4-CHO, with phenylboronic acid gave biaryls
in excellent yields ranging from 88% to 99% (Table 2,
entries 1-3 and 6). The coupling reaction of lc¢ with
4-methylphenylboronic acid (2b) or 4-fluorophenylbo-
ronic acid (2¢) also afforded the corresponding biaryls
in excellent yields (3d: 91%, entry 4; 3e: 93%, entry 5).
4-Chloroanisole (le) and chlorobenzene (1f) reacted
with 2a to give the coupling products 3g and 3h in

Cl2

Figure 1. Crystal structure of complex 5.

moderate yields (63% and 54%, respectively, entries 7
and 8). The results were in accordance with the common
understanding that an electron-withdrawing group in
aromatic ring accelerates the process of metal (Pd or
Ni) insertion into the C-Cl bond. When the coupling
reaction of 1,4-dichlorobenzene (1g) with 3 equiv of 2a
was performed, the bis-coupled product 3i was afforded
in 60% yield (entry 9), accompanied with mono-coupled
product, 4-chlorobiphenyl, in 12% yield. The further
attempt by using 1,2,4-trichlorobenzene (1i) revealed
that tri-coupling product 3j was obtained as the major
product (58%, entry 10) along with mono- and di-cou-
pling products in total 15% yield. Interestingly, when
2,6-dichloropyridine (1j) was treated with 1.5 equiv of
2a, bis-coupled product, 2,6-diphenylpyridine (3k), was
obtained as the sole product in 70% yield (entry 11).
This result was consistent with that of the literature.!”
The coupling reaction of 1j with 3.0 equiv of 2a gave
3k in a high yield (96%, entry 12). Furthermore, the
coupling reaction of 1j with 3.0 equiv of 2¢ gave the
desired bis-coupled product 3l also in a high yield
(92%, entry 13).18

When the Ni-catalyzed cross-coupling reaction of aryl
chlorides with arylboronic acids was performed in
IPA, the major impediment was the intervention of a
facile dechlorination pathway, which competed with
the desired cross-coupling. In our procedure developed,
Ni(IT)-Ph,PCH,CH,OH complex can be utilized as a
precatalyst without use of any reducing agent to provide
biaryls in satisfactory to excellent yields, and the unde-
sired dechlorination reaction was completely prevented.
The reason why Ph,PCH,CH,OH, a simple ligand, pro-
moted the Ni-catalyzed coupling of aryl chlorides with
arylboronic acids in IPA exclusively has not yet been
clarified at present. However, it seems that the OH
group of Ph,PCH,CH,OH in the intermediate,
ArNi(Ph,PCH,CH,OH),Cl, coordinates to boron atom
of arylboronic acid to facilitate intramolecular trans-
metalation between boron and chlorine.!”
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