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Abstract: An improved palladium-catalyzed Hiyama cross-cou-
pling reaction is reported. In the presence of PdCl2(MeCN)2, P(o-
tol)3 and TBAF, a number of ArX (X = I, Br, Cl) were coupled with
ArSi(OMe)3 efficiently to afford the desired cross-coupled products
in moderate to excellent yields. It is noteworthy that this protocol is
conducted under relatively low Pd loadings and solvent-free condi-
tions.

Key words: PdCl2(MeCN)2, Hiyama cross-coupling reaction, aryl
halide, arylsiloxane

The Hiyama cross-coupling reaction attracts much atten-
tion because its products, biaryls, are useful intermediates
in organic synthesis as well as a recurring functional
group in a wide range of natural products and other bio-
logically active compounds.1–8 Besides these, the silicon-
derived compounds as alternative reagents are easily
available and/or less toxic. Consequently, many efficient
and selective palladium catalytic systems for the reactions
have been described.4–8 However few efficient catalytic
systems have been developed for the palladium-catalyzed
Hiyama cross-coupling reaction. Generally, the Hiyama
reaction is carried out under both high Pd catalyst and
phosphine loadings, resulting in high yields for unactivat-
ed aryl halides.5 For example, 5 to 20 mol% of Pd cata-
lysts are usually required (often 10 mol% Pd) for the
coupling of aryl halides with arylsiloxanes when phos-
phines were used as the ligands. Thus, the development of
efficient Hiyama cross-coupling reaction is still signifi-
cant. Here, we wish to report that the combination of
PdCl2(MeCN)2/P(o-tol)3/TBAF is an efficient system for
the Hiyama cross-coupling reactions of aryl halides with
aryltrimethoxysilanes under solvent-free conditions
(Equation 1). 

As shown in Table 1, the PdCl2(MeCN)2/P(o-tol)3/TBAF
system was efficient for the palladium-catalyzed Hiyama
cross-coupling reaction of p-bromotoluene (1a) with
phenyltrimethoxysilane (2a). Compared with DeShong’s
results,5a the reaction performed under solvent-free condi-
tions was more effective than in DMF. Without the aid of
any ligands, the coupling of 1a with silane 2a gave a 67%
yield of the corresponding product 3 in the presence of 3
mol% of Pd(OAc)2 and 6 equivalents of TBAF, whereas
the yield of 3 was enhanced sharply when a phosphine
ligand [P(o-tol)3) or PPh3, 6 mol%] was added [(P(o-tol)3:
94% yield; PPh3: 90% yield] (entries 1–3). However, De-
Shong’s results5a showed that only 78% [P(o-tol)3)] or
82% [PPh3] yield of 3 was observed even in the presence
of 10 mol% of Pd(OAc)2, 20 mol% of the phosphine
ligand and 2 equivalents of TBAF when DMF was used as
the medium (entries 2 and 3). Other ligands such as Ph3PO
and DABCO9 were also investigated, and they were less
effective than either P(o-tol)3 or PPh3 (entries 2–5). A se-
ries of Pd catalysts including Pd(OAc)2, Pd(dba)2 and
PdCl2(MeCN)2 were then examined. PdCl2(MeCN)2

turned out to be the best catalyst in term of yields and re-
action rates using P(o-tol)3 as the ligand (entries 3, 6 and
7). In the presence of PdCl2(MeCN)2 (3 mol%), P(o-tol)3

(6 mol%) and TBAF (6 equiv), quantitative yield of 3 was
obtained in 40 minutes (entry 7). Identical results were ob-
served when the amount of TBAF was reduced to 3 equiv-
alents (entry 8). It is noteworthy that higher yields of 3 can
be achieved smoothly at a loading of 1 mol% Pd. Thus, in
the presence of 1 mol% of PdCl2(MeCN)2, 2 mol% of P(o-
tol)3 and 3 equivalents of TBAF, a high yield of 3 was still
isolated after 40 minutes (92% yield, entry 9).10 However,
further decreasing loadings of Pd to 0.1 mol% resulted in
a rather low yield (entry 10). The results also demonstrat-
ed that the reaction could be carried out at room tempera-

Equation 1

X + Si(OMe)3

PdCl2(MeCN)2

R R' R R'

(o-tol)3P

TBAF⋅3H2O, 80 °C

X = I, Br, Cl
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ture, and a moderate yield of 3 was obtained after
prolonged reaction time (54% yield, entry 11). It is inter-
esting to note that excellent yield of 3 is still obtained in
120 min when 5 mol of 1a was treated with 10 mol of 2a,
1 mol% of PdCl2(MeCN)2, 2 mol% of P(o-tol)3 and 3
equiv of TBAF (entry 12). Attempts to use KF or CsF in
place of TBAF gave rather low yields (entries 13 and 14). 

The Hiyama reactions of various aryl halides 1a–l with si-
lanes 2a–c were carried out smoothly to afford moderate
to excellent yields of the corresponding biaryls 4–14 in
the presence of PdCl2(MeCN)2, P(o-tol)3 and TBAF, and
the results are summarized in Table 2. The results showed
that the palladium-catalyzed Hiyama reactions tolerated a
variety of functional groups, and the yields and rates were
based on the substrates. Treatment of aromatic iodides 1b
and 1c with silane 2a, respectively, afforded quantitative

yields of the corresponding coupled products 4 and 5 in
the presence of 1 mol% of PdCl2(MeCN)2, 2 mol% of P(o-
tol)3 and 3 equivalents of TBAF (entries 1 and 2). The re-
action of 1c with silane 2a performed at room temperature
was also tested, and a moderate yield was still isolated
(49% yield after 180 min, entry 3). Under the same reac-
tion conditions, the couplings of aryl bromides 1a and 1d–
f with silanes 2a–d were also proceeded efficiently to give
the corresponding cross-coupled products in good to ex-
cellent yields (entries 4–10). The efficiency of the
PdCl2(MeCN)2/P(o-tol)3/TBAF system for the reactions
of the deactivated aryl bromides 1g–j were decreased to
some extent, and 3 mol% Pd was required to produce high
yields (entries 11–16). It is noteworthy that the couplings
of activated aryl chlorides 1k and 1l with silanes, respec-
tively, proceed smoothly in the presence 1 to 3 mol%

Table 1 Palladium-Catalyzed Hiyama Cross-Coupling Reaction of p-Bromotoluene (1a) with Phenyltrimethoxysilane (2a)a

Entry [Pd] Ligand Present work DeShong’s workc

Time (min) Yield (%)b Yield (%)b

1 Pd(OAc)2 – 540 67 –

2 Pd(OAc)2 PPh3 240 90 82

3 Pd(OAc)2 P(o-tol)3 240 94 78

4 Pd(OAc)2 Ph3PO 240 85 –

5 Pd(OAc)2 DABCO 90 41 –

6 Pd(dba)2 P(o-tol)3 30 95 –

7 PdCl2(MeCN)2 P(o-tol)3 40 >99 –

8d PdCl2(MeCN)2 P(o-tol)3 40 >99 –

9d,e PdCl2(MeCN)2 P(o-tol)3 40 92 –

10d,f PdCl2(MeCN)2 P(o-tol)3 40 12 –

11d,g PdCl2(MeCN)2 P(o-tol)3 720 54 –

12d,h PdCl2(MeCN)2 P(o-tol)3 120 98 –

13d,i PdCl2(MeCN)2 P(o-tol)3 120 13 –

14d,j PdCl2(MeCN)2 P(o-tol)3 120 18 –

a Unless otherwise indicated, the reaction conditions were as follows: 1a (1 mmol), 2a (2 mmol), Pd (3.0 mol%), ligand (6.0 mol%), and 
TBAF·3H2O (6 equiv) at 80 °C under N2.
b Isolated yield.
c DeShong’s reaction conditions: 1a (5.425 mmol), 2a (10.983 mmol), Pd (10 mol%), ligand (20 mol%), TBAF·3H2O (2 equiv), and DMF (40 
mL) at 85 °C under N2 for 1–5 h.
d TBAF·3H2O (3 equiv).
e PdCl2(MeCN)2 (1 mol%).
f PdCl2(MeCN)2 (0.1 mol%).
g At room temperature.
h 1a (5 mmol) and 2a (10 mmol).
i KF (3 equiv) instead of TBAF for 6 h.
j CsF (3 equiv) instead of TBAF for 6 h.

Br +Me Si(OMe)3

[Pd]
Me

1a 2a 3
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PdCl2(MeCN)2. For example, the reaction of chloride 1k
with silane 2a or 2b afforded the corresponding biaryls 4
and 15 in 90% and 98% yields, respectively, at a loading
of 1 mol% Pd (entries 17 and 19). Unfortunately, the cou-
plings of the deactivated aryl chlorides 1m and 1n gave
low yields in the presence of 3 mol% Pd (entries 21 and
23). Moderate yields were obtained when the loadings of
Pd were increased to 10 mol% (entries 22 and 24). As in-

dicated in the earlier report,6 CuI might be another better
promoter for the Hiyama reaction. However, the yield of
5 was decreased to 10% in the presence of PdCl2(MeCN)2

(10 mol%), P(o-tol)3 (20 mol%), CuI (0.5 equiv) and
TBAF (3 equiv) (entry 25).

Table 2 Palladium-Catalyzed Hiyama Cross-Coupling Reactions in the Presence of PdCl2(MeCN)2 and P(o-tol)3
a

Entry Aryl halide R¢Si(OMe)3 Pd (mol%) Time (min) Productb Yield (%)c

1

1b 2a

1 45 4 >99 

2

1c

2a 1 45 5 >99 

3d 1c 2a 1 180 5 49 

4

1a 2b

1 40 6 79 

5 1a

2c

1 60 7 81 

6 1a

2d

1 60 8 90 

7

1d

2a 3 45 4 90 

8 1d 2a 1 120 4 91 

9

1e

2a 1 45 9 88 

10

1f

2a 1 50 10 >99 

11

1g

2b 1 120 11 85 

12

1h

2a 3 35 12 98 

13

1i

2a 3 45 13 88 

14

1j

2a 3 35 5 96 

15 1j 2b 3 45 7 83 

16 1j 2c 3 60 14 80 

IO2N Si(OMe)3

IMeO

BrMe Si(OMe)3Me

Si(OMe)3MeO

Si(OMe)3O2N

BrO2N

Br
O

Br

Br
Me

Br

Me

Me

Br

Me

Me

BrMeO

D
ow

nl
oa

de
d 

by
: Q

ue
en

's
 U

ni
ve

rs
ity

. C
op

yr
ig

ht
ed

 m
at

er
ia

l.



972 J.-H. Li et al. PAPER

Synthesis 2006, No. 6, 969–974 © Thieme Stuttgart · New York

In summary, an improved procedure for the palladium-
catalyzed Hiyama cross-coupling reaction has been devel-
oped. In the presence of 1 to 3 mol% of PdCl2(MeCN)2, 2
to 6 mol% of P(o-tol)3, and 3 equivalents of TBAF, the
couplings of a variety of aryl halides with aryltrimethoxy-
silanes were carried out smoothly to afford moderate to
excellent yields of the corresponding biaryls. Compared
with the previous results,5 several interesting features are
apparent for the present results: First, the reaction is effi-
cient for the deactivated chlorides (entries 14–17, 19 and
20, Table 2). Second, the reaction works well aryl halides
bearing different substitutions. Third, the protocol is gen-
eral because it not only can be conducted under a relative-
ly low palladium catalyst loading (1 to 3 mol% Pd) for
aryl iodides, bromides and activated chlorides, but also
can be extended to the coupling of deactivated aryl chlo-
rides despite the requirement of high Pd loadings. Finally,
no harmful organic solvents such as DMF as the media
were required. Further efforts to extend the application of
the system to other coupling transformations are under-
way in our laboratory.

Palladium-Catalyzed Hiyama Cross-Coupling Reaction; Gen-
eral Procedure
A mixture of aryl halide 1 (1 mmol), aryltrimethoxysilane 2 (2
mmol) PdCl2(MeCN)2 (the indicated amount, Table 2), P(o-tol)3

(the indicated amount, Table 2), and TBAF (3 equiv) was stirred un-
der N2 at 80 °C for desired time until complete consumption of

starting material as monitored by TLC analysis. After the mixture
was diluted with brine, it was extracted with Et2O. The Et2O extract
was dried (Na2SO4) and evaporated. The residue was purified by
flash column chromatography (hexane or hexane–EtOAc) to afford
the desired coupled products 3–14.4–6,11

4-Methylbiphenyl (3)5

1H NMR (400 MHz, CDCl3): d = 7.58 (t, J = 7.6 Hz, 2 H), 7.49 (d,
J = 8.0 Hz, 2 H), 7.42 (t, J = 7.6 Hz, 2 H), 7.31 (t, J = 7.6 Hz, 1 H),
7.24 (d, J = 8.0 Hz, 2 H), 2.38 (s, 3 H).
13C NMR (100 MHz, CDCl3): d = 141.1, 138.3, 137.0, 129.5, 128.7,
127.3, 127.2, 127.0, 21.1.

4-Nitrobiphenyl (4)5 
1H NMR (400 MHz, CDCl3): d = 8.30 (d, J = 8.8 Hz, 2 H), 7.74 (d,
J = 8.8 Hz, 2 H), 7.64 (d, J = 6.9 Hz, 2 H), 7.52–7.44 (m, 3 H).
13C NMR (100 MHz, CDCl3): d = 147.6, 147.2, 138.8, 129.2, 128.9,
127.8, 127.4, 124.1.

4-Methoxybiphenyl (5)5

1H NMR (300 MHz, CDCl3): d = 7.54 (t, J = 8.4 Hz, 4 H), 7.41 (t,
J = 7.2 Hz, 2 H), 7.31 (t, J = 7.2, 1 H), 6.98 (d, J = 6.7, 2 H), 3.85
(s, 3 H).
13C NMR (100 MHz, CDCl3): d = 159.1, 140.8, 133.7, 128.7, 128.1,
126.7, 126.6, 114.2, 55.3. 

4,4¢-Dimethylbiphenyl (6)5

1H NMR: (400 MHz, CDCl3): d = 7.46 (d, J = 8.0 Hz, 4 H), 7.22 (d,
J = 7.6 Hz, 4 H), 2.37 (s, 6 H).
13C NMR (100 MHz, CDCl3): d = 138.3, 136.7, 129.4, 126.8, 21.0.

17

1k

2a 1 90 4 90 

18 1k 2a 0.1 420 4 trace 

19 1k 2b 1 40 15 98 

20

1l

2a 3 90 8 72 

21

1m

2a 3 120 3 19 

22 1m 2a 10 1320 3 51 

23

1n

2a 3 1320 5 trace 

24 1n 2a 10 1320 5 40 

25e 1n 2a 10 1320 5 10 

a Unless otherwise indicated, the reaction conditions were as follows: 1 (1 mmol), 2 (2 mmol), PdCl2(MeCN)2/P(o-tol)3 (1:2), and TBAF·3H2O 
(3 equiv) at 80 °C under N2.
b Products are described in the experimental section.
c Isolated yield.
d At room temperature.
e CuI (0.5 equiv).

Table 2 Palladium-Catalyzed Hiyama Cross-Coupling Reactions in the Presence of PdCl2(MeCN)2 and P(o-tol)3
a (continued)

Entry Aryl halide R¢Si(OMe)3 Pd (mol%) Time (min) Productb Yield (%)c

ClO2N

Cl
O

ClMe

ClMeO
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4-Methyl-4¢-methoxybiphenyl (7)5,6

1H NMR (400 MHz, CDCl3): d = 7.50 (d, J = 8.8 Hz, 2 H), 7.44 (d,
J = 8.4 Hz, 2 H), 7.22 (d, J = 8.0 Hz, 2 H), 6.95 (d, J = 8.8 Hz, 2
H), 3.83 (s, 3 H), 2.37 (s, 3 H).
13C NMR (100 MHz, CDCl3): d = 158.9, 137.9, 136.3, 133.7, 129.4,
127.9, 126.5, 114.1, 55.3, 21.0.

4-Methyl-4¢-nitrobiphenyl (8)5,6

1H NMR (400 MHz, CDCl3): d = 8.27 (d, J = 8.8 Hz, 2 H), 7.71 (d,
J = 8.8 Hz, 2 H), 7.53 (d, J = 8.4 Hz, 2 H), 7.30 (d, J = 7.8 Hz, 2 H),
2.42 (s, 3 H).
13C NMR (100 MHz, CDCl3): d = 147.5, 146.7, 139.0, 135.7, 129.8,
127.4, 127.1, 124.0, 21.2.

1-Biphenyl-4-ylethanone (9)5,6

1H NMR (300 MHz, CDCl3): d = 8.04 (d, J = 8.4 Hz, 2 H), 7.69 (d,
J = 8.4 Hz, 2 H), 7.64 (d, J = 7.6 Hz, 2 H), 7.50–7.40 (m, 3 H), 2.64
(m, 3 H).
13C NMR (75 MHz, CDCl3): d = 197.8, 145.8, 139.9, 135.8, 128.9,
128.9, 128.2, 127.3, 127.2, 26.7.

Biphenyl (10)5

1H NMR (300 MHz, CDCl3): d = 7.59 (d, J = 8.4 Hz, 4 H), 7.43 (t,
J = 7.2 Hz, 4 H), 7.36 (t, J = 7.8 Hz, 2 H).
13C NMR (75 MHz, CDCl3): d = 141.6, 129.1, 127.6, 127.5.

2-Methyl-4¢-methoxybiphenyl (11)5,6

1H NMR (400 MHz, CDCl3): d = 7.26–7.22 (m, 6 H), 6.95 (d,
J = 8.4 Hz, 2 H), 3.85 (s, 3 H), 2.28 (s, 3 H).
13C NMR (100 MHz, CDCl3): d = 158.5, 141.5, 135.5, 134.3, 130.3,
130.2, 129.9, 127.0, 125.8, 113.5, 55.3, 20.6.

3,5-Dimethylbiphenyl (12)11

1H NMR (400 MHz, CDCl3): d = 7.59 (d, J = 8.4 Hz, 2 H), 7.44–
7.40 (m, 2 H), 7.31–7.28 (m, 1 H), 7.19 (d, J = 8.4 Hz, 2 H), 6.98
(d, J = 9.2 Hz, 1 H), 2.35 (d, J = 8.6 Hz, 6 H).
13C NMR (100 MHz, CDCl3): d = 141.5, 138.1, 128.9, 128.7, 127.9,
127.2, 127.1, 125.1, 21.4.

2,6-Dimethylbiphenyl (13)11

1H NMR (400 MHz, CDCl3): d = 7.43 (t, J = 7.6 Hz, 2 H), 7.36–7.30
(m, 1 H), 7.15–7.11 (m, 5 H), 2.03 (s, 6 H). 
13C NMR (100 MHz, CDCl3): d = 141.1, 136.1, 129.0, 128.8, 128.4,
127.3, 127.0, 126.6, 20.9.

4,4¢-Dimethoxybiphenyl (14)5,6

1H NMR (400 MHz, CDCl3): d = 7.46 (d, J = 8.8 Hz, 4 H), 6.94 (d,
J = 8.8 Hz, 4 H), 3.83 (s, 6 H).
13C NMR (100 MHz, CDCl3): d = 158.7, 133.5, 127.7, 114.1, 59.3.

4-Methyl-4¢-nitrobiphenyl (15)5,6

1H NMR (400 MHz, CDCl3): d = 8.27 (d, J = 8.8 Hz, 2 H), 7.71 (d,
J = 8.8 Hz, 2 H), 7.53 (d, J = 8.4 Hz, 2 H), 7.30 (d, J = 7.8 Hz, 2 H),
2.42 (s, 3 H).
13C NMR (100 MHz, CDCl3): d = 147.5, 146.7, 139.0, 135.7, 129.8,
127.4, 127.1, 124.0, 21.2.
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