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Abstract—A new catalytic system based on P, O chelate palladium complexes for cross-coupling reactions is described. These cat-
alysts have all shown high activity and selectivity under mild reaction condition.
� 2005 Elsevier Ltd. All rights reserved.
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Palladium-catalyzed cross-coupling reaction between
aryl halides and aryl boronic acids, known as Suzuki
reaction, is very useful for the synthesis of symmetrical
and unsymmetrical biaryls,1–3 which can be pharmaceu-
ticals, polymers, materials, liquid crystals and so on.
Since Suzuki and co-workers reported the preparation
of biaryls in 1981,4 various catalytic systems have been
described, for example, the bulky electron-rich phos-
phine ligands,5 phosphites,6 N-heterocyclic carbenes.7

In the field of cross-coupling reactions, could focus their
attention on (i) easier coupling of the widely available
and inexpensive aryl chloride; (ii) enhance turnover
numbers; (iii) milder reaction conditions; (iv) the oppor-
tunity to substitute the expensive palladium catalysts for
cheaper nickel ones.8 Consequently, the development of
milder conditions (e.g., room temperature) for Suzuki
couplings of aryl halides would also be a significant
advance. In this letter, we describe some new efficient
chelate-stabilized alkoxo-palladium(II) catalysts, which
can catalyzed the Suzuki cross-coupling reactions of aryl-
boronic acids and aryl bromides at room temperature.

The alkoxo-palladium(II) complexes are often unstable
because they form easily hydrides or palladium(0) and
the isolable complexes are rare.9 Some of them are pos-
tulated intermediates of stoichiometric or catalytic reac-
tions, which Pd complexes take part in alcoholic
solvents.10,11 However, all alkoxo-palladium(II) com-
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plexes we describe here are remarkably stable in air,
water and thermal. Although they are well known in
transition metal chemistry, they have not been used in
cross-coupling reactions.

Alkoxo-palladium(II) complexes, [Pd(Ph2PCH2CH2O)2]
1 and [Pd(Ph2PCH2CH(CH3)O)2] 2, were prepared from
the corresponding alcohol containing a tertiary phos-
phino functional group, such as Ph2PCH2CHROH
(R@H, CH3). They are bidentate, chelating ligands
and can form stable complexes with palladium. The
coordinational reaction of ligand with natrium tetra-
chloropalladate in NaOH ethanol at 25 �C gives com-
plexes 1 and 2 (Scheme 1).12,13

The catalysis of the complex 2 for Suzuki coupling be-
tween 4-bromoanisole and phenyl boronic acid revealed
that the cross-coupling reaction took place smoothly in
2 R=CH3 (R)HC
O O CH(R)

Scheme 1. Synthesis of alkoxo-palladium complexes (1–2).
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Table 1. Base effect in Suzuki reactiona

OMe

Br

+ PhB(OH)2
base, THF

1mol% 2

OMe

Ph

Entry Base Reaction time (h) Yieldb,c (%)

1 K3PO4Æ3H2O 5 82
2 KFÆ2H2O 7 29
3 Na2CO3 5 67
4 KOH 7 44
5 NaAc 11 47
6 Et3N 5 75

a 4-Bromoanisole (1.0 mmol), phenyl boronic acid (1.5 mmol), base
(3.0 mmol, dissolved in 2 mL H2O), 2 (0.01 mmol), THF(2.0 mL), the
reaction was performed at room temperature.

b Isolated yield.
c Reaction time not optimized, bromoanisole was not completely
consumed.

Table 2. Suzuki reaction of aryl bromides catalyzed by 2

ArX  +  Ar'B(OH)2

  1mol% 2 / K3P

 THF, room t

Entry ArBr Ar0B(OH)2 P

1 BrH3COC B(OH)2 H

2 BrH3COC B(OH)2F H

3 BrH3COC B(OH)2H3C H

4 BrF B(OH)2 F

5 BrF B(OH)2F F

6 BrH3C B(OH)2 H

7 BrH3C B(OH)2F H

8 BrH3C B(OH)2H3C H

9
Br

CH3

B(OH)2

10
Br

CH3

B(OH)2F

11
Br

CH3

B(OH)2H3C
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THF, K3PO4 as a base at room temperature (Table 1,
entry 1). The catalyst 1 also showed good performance,
although 4-bromoanisole is electronically deactivated
and should resist oxidative addition and enter the cata-
lytic circle with difficulty.

The base usually is important in cross-coupling reaction
and different kind of bases were screened. The results are
summarized in Table 1. K3PO4Æ3H2O, Na2CO3 and
Et3N were better among these bases in the cross-cou-
pling reaction (Table 1, entries 1, 3, 6), and K3PO4Æ3H2O
was the best one.

The cross-coupling reactions of both electron-rich and
-poor aryl bromides and arylboronic acids have been
investigated and representative results are summarized
in Table 2. The electron-poor aryl bromide, such as 4-
bromoacetophenone, reacted with different aryl boronic
acids to give excellent yield at room temperature for 6–
8 h (Table 2, entries 1–3). The electron-rich aryl bromide,
O4.3H2O(3eq.)

emperature
Ar Ar'

roducta Timeb (h) Yieldc (%)

3COC 6 99

3COC F 8 99

3COC CH3 6 99

9 98

F 9 99

3C 12 98

3C F 6 83

3C CH3 5 99

CH3

9 68

F

CH3

5 85

CH3

CH3

5 80



Table 2 (continued)

Entry ArBr Ar0B(OH)2 Producta Timeb Yieldc(%)

12 BrH3CO B(OH)2 H3CO 15 96

13 BrH3CO B(OH)2F H3CO F 9 98

14 BrH3CO B(OH)2H3C H3CO CH3 8 96

15 ClH3C B(OH)2H3C H3C CH3 12.5 21d

16 BrC3H7
F(HO)2B

F

C3H7

F

F
5 96

17 BrC3H7 F(HO)2B C3H7 F 5 95

a Reaction conditions: 1.0 mmol of aryl bromide, 1.5 mmol of aryl boronic acid, 3.0 mmol of K3PO4Æ3H2O (dissolved in 2.0 mL H2O), 2 (0.01 mmol),
THF (2.0 mL).

b Reaction time not optimized.
c Isolated yield.
d The reaction was performed in DMF at 100 �C.
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such as 4-bromoanisole, also gave good yield at the
same temperature for 8–15 h14 (Table 2, entries 12–14).
The bromide containing ortho substituent also reacted
effectively to prepare the desired sterically demanding
biaryl products at room temperature for 5–9 h in moder-
ate to good yields (Table 2, entries 9–11). The incon-
spicuousness difference was observed in yield and the
reaction time, while the varying aryl boronic acids were
used in the Suzuki cross-coupling reactions. In addi-
tion, liquid crystal compounds with the construction
of C2

SP–C
2
SP bonds, for example, 4-fluoro-(4 0-propyl-

cyclohexyl) biphenyl and 3,4-difluoro-(4 0-propyl-
cyclohexyl) biphenyl, can be synthesized by this
reaction to give excellent yield at room temperature
for 5 h (Table 2, entries 16–17). However, if these proce-
dures were catalyzed by triarylphosphane-based sys-
tems, it will require elevated reaction temperatures
(usually 50–100 �C).5c Only with reactions involving aryl
chloride are low conversions achieved even at higher
reaction temperature, giving biaryls in 21% yield after
12.5 h in DMF at 100 �C (Table 2, entry 15).

In conclusion, we demonstrated that alkoxo-palla-
dium(II) complexes, [Pd(Ph2PCH2CH2O)2] 1 and
[Pd(Ph2PCH2CH(CH3)O)2] 2, are excellent air-stable
catalysts for general Suzuki cross-coupling reactions of
arylboronic acids and aryl bromides. All reactions
process in short times and at mild temperatures. These
complexes are ideal catalysts for the coupling of deacti-
vated and sterically hindered aryl bromides as they are
comparatively inexpensive, very easily synthesized and
can be used to give high conversions at low temperature.
To our knowledge, there have been only a few reports
on efficient Suzuki cross-coupling reactions of aryl bro-
mides at room temperature.5c,b,6b,15 Further investiga-
tions focusing on mechanistic aspects in related cross-
coupling reactions are ongoing in our laboratories.
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