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A stable and efficient Pd(OAc)2/DABCO (triethylenediamine) catalytic system for Suzuki-Miyaura
cross-coupling reaction has been developed. In the presence of Pd(OAc)2 and DABCO, coupling of
aryl halides with arylboronic acids was carried out smoothly to afford good to excellent yields and
high turnover numbers (TONs) (the maximal TONs were up to 960 000 for the reaction of 1-iodo-
4-nitrobenzene with phenylboronic acid) using PEG-400 as the solvent. Moreover, the Pd(OAc)2/
DABCO/PEG-400 system could be recycled and reused five times without any loss of catalytic activity
for aryl iodides and bromides.

Introduction

The biaryl nucleus is found in many natural and
synthetic products that display a wide range of biological
activity.1 Consequently, considerable effort has been
directed to the development of efficient and selective
methods for the synthesis of biaryls.2-14 Besides the
Ullmann coupling reaction,2,3 the palladium-catalyzed
Suzuki-Miyaura cross-coupling reaction has become one
of the most widely useful tools for the synthesis of biaryls
in organic chemistry.2c,4-14 Generally, the phosphine
ligands are used to complex the palladium species,
resulting in excellent results for the palladium-catalyzed
Suzuki-Miyaura cross-coupling reaction.2c,4,5 However,
many phosphines are sensitive to air and moisture with
conversion to, for example, phosphine oxide species. In
such cases, reuse of these catalysts is difficult.15 There-

fore, the development of phosphine-free recycling cata-
lytic systems to overcome these difficulties is considered
to be one of the most challenging fields in organic
chemistry.5u,14 There are also significant economical and
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environmental reasons for developing recyclable catalytic
reactions from both academic and industrial perspectives.
To satisfy both recyclability and environmental concerns,
a more facile method is to immobilize the catalyst in a
liquid phase by dissolving it into a nonvolatile and
nonmixing liquid, such as PEG.16 Recently, we found that
DABCO was a highly efficient ligand for the palladium-
catalyzed Suzuki-Miyaura cross-coupling reaction, pro-
viding high turnover numbers (TONs) (up to 950 000
TONs for the reaction of PhI and p-chlorophenylboronic
acid) (eq 1).12c Thus, we expected to employ the palladium

complex to effect the Suzuki-Miyaura cross-coupling
reaction on a recyclable basis. Here, we report that Pd-
(OAc)2/DABCO, in combination with PEG-400 as the
solvent, is an extremely effective and reusable system
for the coupling of aryl halides with arylboronic acids.

Results and Discussion

As shown in Table 1, the catalytic activity of Pd(OAc)2/
DABCO for the Suzuki-Miyaura reaction between 1-iodo-

4-nitrobenzene (1a) and phenylboronic acid (2a) was first
evaluated. The results indicated that Pd(OAc)2/DABCO
as the catalytic systems is highly efficiently, proving high
TONs up to 910 000 for the reaction. In the presence of
0.1 mol % of Pd, 96% yield of the desired product 3 was
obtained for 6 h (entry 1). A high yield of 3 was still
isolated after prolonged heating when the loadings of Pd
were decreased to 0.0001 mol % (entry 2). Treatment of
1b and 1c bearing an electron-withdrawing group with
2a, respectively, also afforded high yields in the presence
of 0.0001 mol % of Pd (entries 3 and 4). For coupling of
aryl iodides bearing electron-neutral groups and electron-
donating groups, the Pd(OAc)2/DABCO catalytic system
is still highly efficient. For example, 1-iodo-4-methoxy-
benzene (1e) was treated with 2a and 0.001% Pd afforded
a 98% yield of the corresponding product 9 for 15 h (entry
10). The results showed that the reactions of iodobenzene
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TABLE 1. Efficient Suzuki-Miyaura Cross-Coupling
Reaction of Aryl Iodides and Bromides with Arylboronic
Acids in PEG-400a

a Unless otherwise indicated, the reaction conditions were as
follows: 1 (0.5 mmol), 2 (0.7 mmol), Pd(OAc)2/DABCO (1:2), and
K2CO3 (3 equiv) in PEG-400 (2 g) at 110 °C. b Isolated yield. c 1j
(0.25 mmol).
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(1d) with a number of arylboronic acid 2a-e, respec-
tively, gave excellent results in the presence of 0.1 mol
% of Pd (entries 5-9). However, the efficiency of Pd-
(OAc)2/DABCO was decreased to some extent for the
coupling of aryl bromides with arylboronic acids (entries
11-19). The results demonstrated that aryl bromides
were suitable substrates at the loadings of from 3 to 0.01
mol % Pd. It is noteworthy that the catalytic activity of
Pd(OAc)2/DABCO in PEG-400 is more active than those
of the previous report in MeCN.12c For example, in the
presence of 0.1 mol %, coupling of 1i with 2a afforded
100% yield of 9 for 20 h in PEG-400 (entry 18), whereas
only 42% yield was isolated after 48 h in MeCN.12c

Compared with our previous results in MeCN,12c the
scope of the Pd(OAc)2/DABCO catalytic system in PEG
could be further extended to the coupling reactions of aryl
chlorides 1k-o with arylboronic acids, and the results
are summarized in Table 2. The results showed that
TBAB17 was required to improve the Suzuki-Miyaura
cross-coupling reaction of aryl chlorides. Without TBAB,
only a 54% yield of 10 was isolated after 15 h from the
reaction of 1-(4-chlorophenyl)ethanone (1k) with 2a in

the presence of 3 mol % of Pd(OAc)2, 6 mol % of DABCO,
and 3 equiv of K2CO3, whereas 91% yield was obtained
when 0.1 equiv of TBAB was added (entries 1 and 2).
For coupling of aryl chlorides 1m-o, however, the
efficiency of the catalytic system was decreased to some
extent (entries 5-10). For example, treatment of chlo-
robenzene (1m) with 2a and 2e, respectively, afforded
the corresponding coupled products 10 and 9 in moderate
yields (entries 5 and 6). For coupling of deactivated aryl
chloride 1o, only 41% yield of 9 was isolated even in the
presence of 1 equiv of TBAB (entry 10).

We were gratified to observe that the Pd(OAc)2/DABCO/
PEG-400 system could be recycled and reused five times
without any loss of activity for the coupling reactions of
1e, 1f, and 1g with 2a or 2e, respectively (entries 1 and
3-5 in Table 3). Furthermore, the reaction was also
successful using lower catalyst loadings. To check the
reusability of the solvent as well as the catalyst, the
coupling reaction of 1-iodo-4-methoxybenzene (1e) with
2a was first examined in the presence of 0.1 mol % of
Pd. After initial experimentation, the reaction mixture
was extracted with dry diethyl ether, and the PEG and
Pd(OAc)2/DABCO were solidified and subjected to a
second run of the Suzuki-Miyaura reaction by charging
with the same substrates (1-iodo-4-methoxybenzene,
phenylboronic acid, and K2CO3). The results of five runs
showed that they were almost consistent in yields and
rates (93%, 91%, 94%, 95%, and 97%, respectively, for 4
h; entry 1). For the reaction of aryl bromide (1f) with 2a
even in the presence of 3 mol % Pd, however, the activity
of the system was decreased sharply in the second run
due to the generation of palladium black. It is noteworthy
that the presence of TBAB can rule out the generation
of palladium black to make the catalytic system stably.
The system for the reaction of aryl bromide (1f) with 2a
could be recycled and reused five times without any loss
of activity even in the presence of 0.01 mol % loading of
Pd when 0.1 equiv of TBAB was added (entries 3 and 4).
The suitable Pd loading for the recoverable and reusable
coupling of bromobenzene (1g), respectively, were 3 mol
% (entries 5-7). Although the Pd loadings could be
decreased to 0.1 mol %, only moderate yields were
obtained from the second through fourth runs. Unfortu-
nately, the catalyst system could not be reused for the
reaction of aryl chloride (1l) with 2a (entry 8).

Conclusion

In summary, a highly efficient and reusable Pd(OAc)2/
DABCO/PEG system for the Suzuki-Miyaura cross-
coupling reaction has been developed. In the presence of
Pd(OAc)2 and DABCO, a number of aryl halides, includ-
ing aryl iodides, bromides, and chlorides, were coupled
with arylboronic acids smoothly and efficiently to produce
good to excellent yields and high TONs (maximal TONs
up to 960 000). As in the earlier reports,17 TBAB was
required to improve the Suzuki-Miyaura cross-coupling
reaction. Furthermore, the Pd(OAc)2/DABCO/PEG-400
system could be recycled and reused five times without
any loss of catalytic activity for aryl iodides and bromides.
Currently, further efforts to extend the application of the
system in other palladium-catalyzed transformations are
underway in our laboratory.
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TABLE 2. TBAB-Promoted Suzuki-Miyaura
Cross-Coupling Reaction of Aryl Chlorides with
Arylboronic Acids in PEG-400a

a Unless otherwise indicated, the reaction conditions were as
follows: 1 (0.5 mmol), 2 (0.7 mmol), Pd(OAc)2 (3 mol %), DABCO
(6 mol %), TBAB (0.1 equiv), and K2CO3 (3 equiv) in PEG-400 (2
g) at 110 °C. b Isolated yield. c Without TBAB. d TBAB (1.0 equiv).
e KOH (3 equiv) instead of K2CO3.
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Experimental Section

Typical Experimental Procedure for the Palladium-
Catalyzed Suzuki-Miyaura Cross-Coupling Reaction in
PEG-400. A mixture of aryl halide 1 (0.5 mmol), arylboronic
acid 2 (0.7 mmol), Pd(OAc)2/DABCO (1:2; the identical amount
in Tables 1 and 2), K2CO3 (3 equiv), and PEG-400 (2 g) was
added to a sealed tube and stirred at 110 °C for the desired
time until complete consumption of the starting material as
judged by TLC. After the mixture was extracted with dry
diethyl ether (3 × 10 mL) and evaporated, the residue was
purified by flash column chromatography (hexane or hexane/
ethyl acetate) to afford the desired coupled products 3-14.

After extracting with diethyl ether, the mixture of Pd(OAc)2,
DABCO, and PEG-400 was solidified (cooled and then evapo-

rated under vacuo) and subjected to a second run of the
Suzuki-Miyaura cross-coupling reaction by charging with the
same substrates (aryl halide 1, arylboronic acid 2, and K2CO3).
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TABLE 3. Recovery and Reuse of the System for the Suzuki-Miyaura Cross-Coupling Reactiona

a Unless otherwise indicated, the reaction conditions were as follows: 1 (0.5 mmol), 2 (0.7 mmol), Pd(OAc)2/DABCO (1:2), TBAB (0.1
equiv), and K2CO3 (3 equiv) in PEG-400 (2 g) at 110 °C. b Without TBAB.
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