
Biaryls are an important class of compounds in organic syn-
thesis which are found in various types of natural products
showing unique biological activity. The synthesis of biaryls
via coupling reactions has been the subject of numerous past
and current investigations.1 There are many methods to syn-
thesise biaryls, for instance, the classical Ullmann-type reac-
tion;2,3 the transition metal-catalysed coupling reaction of aryl
halides with arylmetals;4 self-coupling reaction of arylmetal-
lic reagents with oxidants.5

Herein, we report that the coupling of aryl halides promoted
by NiCl2/PPh3 and metallic samarium. In this system NiCl2
was used in catalytic amount, PPh3 was used as ligand, samar-
ium was used as reductive metal. The reaction was shown as
follows (Scheme 1).

Metallic samarium, which is similar to magnesium
(E0

Mg
2+

/Mg
0 = –2.37V), is of strong reducing power

(E0
Sm

3+
/Sm

0 = –2.41V). More recently, there are some reports
on the direct use of samarium in organic synthesis.6 Since
metallic samarium in the reaction is of stronger reductivity
and higher chemoselectivity than Fe, Zn, Mn, Al, etc., we used
samarium as reductant and the result obtained is better than
that of Colon.7 Our experimental results are shown in Table 1. 

The experimental results indicated that aryl bromides and
aryl iodides can be coupled more quickly than aryl chlorides
and biaryls are obtained in high yields using samarium as
reductive metal in the same conditions. According to Colon’s
report, when the other metals are used as reductant, aryl chlo-
rides, aryl bromides and aryl iodides can be coupled effec-
tively. However, for aryl bromides and aryl iodides somewhat
more reduction to arenes was found and the overall reaction
times were longer than those for aryl chlorides under compa-
rable conditions. Use of samarium as reductive metal makes
the reaction milder and faster. The reaction occurs rapidly
under mild conditions, tolerates a variety of functional groups
and gives high yields. It is worth mentioning that aryl halides

containing nitro or hydroxyl group could not be coupled effec-
tively by this method.

Experimental

All reactions were conducted under a dinitrogen atomsphere. Melting
points are uncorrected. 1H NMR spectra were recorded on a Bruker
400 MHz instrument as CDCl3 and DMSO-d6 solutions using TMS as
internal standard. Chemical shifts (δ) are reported in ppm. IR spectra
were recorded using KBr disks with a Bruker Vector-22 infrared spec-
trometer. Metallic samarium was purchased from commercial
sources. DMF was redistilled and dried with molecular sieve for 48h
before use. NiCl2 was prepared with NiCl2·6H2O according to the lit-
erature.

General procedure for the coupling of various aryl halides by
NiCl2/PPh3 and samarium: Samarium power (0.30 g, 2 mmol), anhy-
drous NiCl2 (0.013 g, 0.1 mmol), and triphenylphosphine (0.20 g,
0.76 mmol) were added to a two-necked round-bottomed flask. The
flask was evacuated and filled with dinitrogen several times (vacuum
line). Anhydrous DMF (15 ml) was added via a syringe through the
rubber cap. The reaction flask was then placed in an oil bath at 30oC
and stirred magnetically under nitrogen. After the red-brown catalyst
had formed, an aryl halide (6 mmol) was added via a syringe to the
reaction mixture. The reaction was conducted at 30–100oC until com-
pletion (monitored by TLC). Water (20 ml) was added. The reaction
mixture was extracted with diethyl ether (3 × 20 ml), the mixed
organic layer washed with saturated Na2S2O3 solution (10 ml) and
water (10 ml), dried over anhydrous Na2SO4. After the solvent was
removed by evaporation under reduced pressure, the crude product
was purified by preparative TLC on silica gel (eluent: cyclohexane-
ethyl acetate)

Compound a: M.p. 69–72°C (lit.8 69–72°C) δH (ppm) 7.13–7.20
(m, 2H), 7.25–7.27 (d, 4H J = 7.60 Hz), 7.52–7.64 (m, 4H). νmax
(cm–1) 3033, 1579, 1568, 1479, 1343, 805.

Compound b: M.p. 118–120°C (lit.8 118–120°C) δH (ppm)
7.22–7.24 (d, 4H J = 8.12 Hz), 7.46–7.48 (d, 4H J = 8.12 Hz), 2.38
(s, 6H). νmax (cm–1) 3022, 2916, 2849, 1517, 1501, 803.

Compound c: M.p. 179–180°C (lit.8 179–180°C) δH (ppm)
6.94–6.96 (d, 4H J = 8.0Hz), 7.46–7.48 (d, 4H J = 8.0 Hz), 3.84 (s,
6H). νmax (cm–1) 3037, 2957, 2839, 1606, 1500, 1439, 1249.
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Scheme 1



Compound d: M.p. 59–61°C (lit.9 60.5°C) δH (ppm) 7.32–7.36 (m,
2H), 7.42–7.46 (m, 4H), 7.58–7.60 (m, 2H). νmax (cm–1) 3042, 1590,
1504, 1384, 803.

Compound e: Oil. (lit.9 18°C) δH (ppm) 7.22–7.25 (m, 4H),
7.30–7.38 (m, 2H), 7.38–7.39 (d, 2H J = 6.84 Hz), 2.26 (s, 6H). νmax
(cm–1) 3020, 2954, 1457, 1438, 1072, 1009, 804.

Compound f: M.p. 155–158°C (lit.9 159°C) δH (ppm) 7.25–7.40
(m, 3H), 7.45–7.50 (m, 6H), 7.57–7.61 (m, 2H), 7.93–7.96 (m, 3H).
νmax (cm–1) 3031, 2959, 2925, 2849, 1635, 1462, 1286, 1125.

Compound h: M.p. 147–148°C (lit.9 149–150°C) δH (ppm)
7.61–7.59 (d, 4H J = 8.0 Hz), 7.40–7.38 (d, 4H J = 8.0Hz), 2.65 (s,
6H). νmax (cm–1) 3034, 1640, 1590, 1470, 1450, 1390, 1300, 1240,
850.

Compound i: M.p. 192–193°C (lit.8 193–195°C) δH (ppm)
7.71–7.73 (d, 4H J = 8.19), 8.05–8.07 (d, 4H J = 8.19). νmax (cm–1)
3043, 2920, 1680, 1605, 1553, 1419, 1395, 1274.

Compound j: M.p. 127–129° (lit.9 128°C) δH (ppm) 4.43 (s, 4H),
6.64–6.63 (d, 4H J = 7.6 Hz), 7.24–7.23 (d, 4H J = 7.6),(DMSO-d6).
νmax (cm–1) 3400, 3310, 3200, 3030, 1600, 1500, 1320, 820, 700.

Compound k: M.p.113–115°C (lit.9 112°C) δH (ppm) 1.39 (t, 6H),
4.41 (q, 4H), 7.68–7.70 (d, 4H J = 8.1), 8.13–8.11 (d, 4H J = 8.1).
νmax (cm–1) 3028, 2988, 2860, 1725, 1635, 1588, 1400, 1211, 867.
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Table 1 The results in coupling of various aryl halides

Entry Substrate t/ha T/°Cb Product Yield/%c

1 p-NO2C6H4Cl 24 100 0

2 C6H5Cl 2 35 99

3 C6H5Br 1.5 25 95

4 C6H5I 1 25 88

5 p-CH3C6H4Cl 1.5 40 98

6 p-CH3OC6H4Cl 1 25 84

7 o-ClC6H4Cl 5 70 67

8 o-CH3C6H4Cl 3 40 90

9 α-chloronaphane 8 70 78

10 p-HOC6H4Cl 12 70 Trace

11 p-ClC6H4Cl 12 25 76

12 p-CH3COC6H4Cl 6 70 98

13 p-NH2C6H4Cl 3 40 60

14 p-EtO2CC6H4Cl 8 70 74

aReaction time. bReaction tempeture. cIsolated yield.


