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A new air- and moisture-stable Pd(II) complex 3, which is a highly efficient catalyst for Suzuki reaction
with low Pd-catalyst loading (0.01%), has been synthesized and characterized by single-crystal X-ray
crystallography. The corresponding Suzuki coupling products were obtained in satisfactory to excellent
yields at room temperature in aqueous media under ambient atmosphere.
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Suzuki cross-coupling reaction has become one of the most
powerful methods to construct C–C bonds.1 The recent develop-
ment of C–C bond formation methods involving aryl halides have
largely focused on palladium catalysts containing electron-rich,
sterically bulky phosphanes. In particular, tri-tert-butylphosphane,
dialkyl(biphenyl)phosphanes, pentaarylferrocenylphosphane, and
(2,2,2-triferrocenylethyl)diphenylphosphane have proved to be
unique, highly efficient ligands for Suzuki cross-coupling reac-
tions.2 The extraordinary activity of these palladium catalysts in
Suzuki cross-coupling reactions has been explained by an in-
creased propensity of the more electron-rich catalyst to an oxida-
tive addition of the aryl halide and an easier decomplexation of
the catalytically active Pd(0)L species (L = phosphane).3 Conse-
quently, the development of structural diversity of electron-rich
and sterically bulky phosphanes is still of considerable impor-
tance.4 During our continuous research on Suzuki coupling reac-
tion,5 we have been interested in the development of new, high
activity, air-stable palladium catalysts that can be used in room
temperature Suzuki cross-coupling reaction in aqueous media un-
der ambient atmosphere, since such catalysts have potential appli-
cations in industry. Recently, for the first time, we synthesized the
palladium complex 3 with electron-rich, sterically bulky dibenzyl
diisopropylphosphoramidite ligand for palladium-catalyzed Suzuki
ll rights reserved.
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coupling reaction, and found that the cross-coupling reaction pro-
ceeded smoothly to provide the desired products in satisfactory to
excellent yields.

Dibenzyl diisopropylphosphoramidite 2, which contains one
P–N bond and two P–O bonds, has not been used as ligand in tran-
sition-metal-catalyzed Suzuki cross-coupling reaction. Since ligand
2 exists as liquid and is moisture-sensitive at room temperature, it
is not easy to handle. However, palladium complex 3, achieved by
Figure 1. Molecular structure of the complex 3 with the atomic numbering scheme.
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reacting Na2PdCl4 1 with 2 equiv of the ligand 2 in THF at room
temperature (Scheme 1), is insensitive to air and moisture. The
X-ray crystal structure of 3 is shown in Figure 1. Single-crystal
crystallographic analysis clearly shows that the unit cell of the
complex 3 is built up of mononuclear {[(PhCH2O)2P(CH3)2CHNCH
(CH3)2]2PdCl2} units.8 The Pd(II) ion has a square planar coordina-
tion geometry, which is coordinated by two chlorine atoms and
two phosphorus atoms from two ligands of dibenzyl dii-
sopropylphosphoramidite. Both chlorine atoms and both phospho-
rus atoms are in cis-position, with bond angles of Cl(2)–Pd(1)–Cl(1)
being 89.42(4)� and P(1)–Pd(1)–P(2) being 98.90(3)�. Regarding
the bond lengths of Pd(1)–Cl(1) [2.3659(9) Å] and Pd(1)–Cl(2)
[2.3374(10) Å], the former is slightly longer and the latter is
slightly shorter than those found in the similar structures, where
the Pd–Cl bond lengths are in the range of [2.341(2)–2.353(3) Å]6

and [2.339(2)–2.349(2) Å].7 Both the Pd–P bond distances
2.2515(9) Å and 2.2570(8) Å are longer than or in accordance with
those in the above-cited structures [2.193(2)–2.207(2) Å]6 and
[2.245(2)–2.257(2) Å].7 All the bond lengths and bond angles in
the ligand of dibenzyl diisopropylphosphoramidite are in the nor-
mal range.

Initial catalytic studies with 0.01 mol % of complex 3 were per-
formed on the Suzuki cross-coupling of 4-bromo anisole with
phenylboronic acid in acetone/water (1:1) as a model reaction at
room temperature in air and 2 equiv of various bases.9 As shown
in Table 1, the base additives strongly affected the coupling reac-
tion. The common and inexpensive inorganic bases, such as Na2CO3

and K2CO3 or an organic base, Et3 N, are more effective (entries 1–2
and 4), while Na3PO4 or Cs2CO3 (entries 3 and 9) gave slightly low-
er yields. In addition, the effect of solvents on the coupling reaction
was also examined. CH3COCH3/H2O (1:1) system afforded the
Table 1
Screening of solvents and bases for Suzuki cross-coupling of 4-bromo anisole with pheny

MeO Br + (HO)2B
0.01

ba

Entry Base

1 Na2CO3

2 K2CO3

3 Na3PO4�12H2O
4 NEt3

5 NaOAc�3H2O
6 NaOH
7 KOH
8 NaF
9 Cs2CO3

10 Na2CO3

11 Na2CO3

12 Na2CO3

13 Na2CO3

14 Na2CO3

a Reaction conditions: 4-bromo anisole (1.0 mmol), phenylboronic acid (1.2 mmol), b
highest yield (Table 1, entry 1) among the tested aqueous–organic
solvents.

Under the optimized reaction conditions, a series of aryl bro-
mides were coupled with phenylboronic acid with 0.01 mol % of
catalyst, Na2CO3 as the base additive at room temperature in aque-
ous media under ambient atmosphere. As shown in Table 2, the
cross-coupling reaction displayed remarkable tolerance toward
the electronic properties of the substrates. For examples, elec-
tron-rich, as well as electron-deficient, aryl bromides coupled effi-
ciently with phenylboronic acids to provide the desired products in
satisfactory to excellent yields (entries 1–4). No significant differ-
ence was observed in yield or in the reaction time when the effect
of various aryl boronic acids were investigated (entries 7–8 and
12). In particular, aryl bromides with sterically encumbering sub-
stituents such as o-methyl, 2,6-dimethyl also coupled effectively
with phenylboronic acids to give the desired sterically demanding
biaryl products in moderate to good yields (entries 5–6). We sub-
sequently investigated the application of this catalytic system in
the coupling reaction between hetero-aryl bromides and aryl boro-
nic acids, but the results were disappointing (entries 15–16). It
could be that hetero-aryl halides are less reactive in Suzuki
cross-coupling reactions.10 In addition, the coupling reaction of
the relatively unactivated aryl chlorides with phenylboronic acid
was also tested. Only moderate yields of 37–50% were achieved
(entries 17–18).

In summary, we have synthesized and characterized an easily
accessible palladium complex 3 for Suzuki cross-coupling of aryl
halides in low Pd-catalyst loading (0.01 mol %). The advantages of-
fered by this catalytic system are mild conditions, fast reactions at
room temperature in aqueous media under ambient atmosphere,
and excellent yields of products.
lboronic acid using catalyst 3

mol% cat. 3

se, solvent
OMe

Solvent (1:1) Isolated yielda (%)

CH3COCH3/H2O 99
CH3COCH3/H2O 99
CH3COCH3/H2O 79
CH3COCH3/H2O 98
CH3COCH3/H2O Trace
CH3COCH3/H2O 35
CH3COCH3/H2O 52
CH3COCH3/H2O Trace
CH3COCH3/H2O 73
THF/H2O 54
DMF/H2O 71
EtOH/H2O 94
PhMe/H2O 44
CH3OH/H2O 91

ase (2 equiv), solvent (4 ml), room temperature, 4 h.



Table 2
Complex 3 catalyzed Suzuki cross-coupling of aryl halides and phenylboronic acida

ArBr + B(OH)2

R 0.01 mol% Cat. 3
Na2CO3, CH3COCH3/H2O

rt.

Ar
R

Entry ArBr
B(OH)2

R Product Time (h) Isolated yield (%)

1 COCH3Br B(OH)2 COCH3 2 99

2 CH3Br B(OH)2 CH3 2.5 99

3 OCH3Br B(OH)2 OCH3 4 99

4 Br B(OH)2 3 99

5
Br

CH3

B(OH)2

CH3

4 89

6

CH3

CH3

Br B(OH)2

CH3

CH3

4 72

7 COCH3Br B(OH)2H3CO COCH3H3CO 2 92

8 COCH3Br B(OH)2H3C COCH3H3C 2 95

9
Br

CH3

B(OH)2H3C
CH3

CH3
4 90

10 OCH3Br H3 2CO B(OH) H3CO OCH3 4 93

11

Br

B(OH)2 4 95

12 COCH3Br
B(OH)2

F

F

F

F COCH3
4 92

13

O

Br

B(OH)2

O

4 87

14 Br COOH B(OH)2 COOH 4 92

15
S Br B(OH)2 S 8 Trace

16
N Br

B(OH)2 N
8 Trace

17b CI B(OH)2H3CO OCH3 16 37

18b CIH3COC B(OH)2 COCH3 16 50

a Reaction conditions:1.0 mmol of aryl bromide, 1.2 mmol of aryl boronic acid, 2.0 mmol of Na2CO3, complex 3 (0.0001 mmol), CH3COCH3 + H2O = 4 ml (1:1).
b Reaction conditions:1.0 mmol of aryl chloride, 1.2 mmol of aryl boronic acid, 2.0 mmol of Na2CO3, complex 3 (0.01 mmol), CH3COCH3 + H2O = 4 ml (1:1), 50 �C.
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