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Letters
Pd/C-catalyzed Heck reaction in ionic liquid accelerated by
microwave heating
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Abstract—Pd/C-catalyzed Heck reaction was conducted in ionic liquid 1-octanyl-3-methylimidazolium tetrafluoroborate
([OMIm]BF4) in absence of phosphine ligand, which was promoted by microwave irradiation. The ionic liquid containing catalyst
system can be used five times with a little loss of activity.
� 2003 Elsevier Ltd. All rights reserved.
One of the prime principles of green chemistry is to
develop an alternative reaction medium, which is the
basis for the development of many cleaner chemical
technologies. Particularly, ionic liquids have recently
gained recognition as possible environmentally safe
alternatives to volatile organic solvents.1 Due to the
unique property of ionic liquids that they have essen-
tially no vapor pressure, they are the optimal reaction
media in laboratories and factories. And ionic liquids,
especially those derived from the combination of qua-
ternary ammonium salts and weakly coordinating anion
have been demonstrated to be ideal immobilizing agents
for various �classical� transition-metal catalyst precur-
sors in reactions to enhance the reaction rate and
selectivity.2 In addition, the ionic liquids with the cata-
lyst can be easily recovered and recycled without the loss
of activity for several times. So currently much attention
is focused on organic reactions promoted by ionic
liquid.3 The Pd catalyzed C–C coupling reactions of
aromatic and vinylic systems (Heck reaction4) is one of
the popular points. Some exciting results about Heck
reaction in ionic liquids have been demonstrated. All of
them showed a competitive and potential foreground.5

However, they all needed a long reaction time and it was
difficult to recycle the catalyst. These disadvantages
limited their application.

Microwave is known to accelerate many organic reac-
tions in polar solvents such as DMF, water, etc.6 A few
microwave-assisted Heck reaction have been reported
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and only the aryl iodides and the active aryl bromide
had been tested.7 Since ionic liquid can be considered as
a very high polar solvent, it can absorb the power of
microwave effectively. At the same time, ionic liquid can
immobilize Pd catalyst and maybe prolong its life.8

Recently, Larhed and Choudary reported remarkable
results about microwave irradiation promoting Heck
reaction in ionic liquid.9 But they used phosphine
ligands9a or Mg–Al layered double hydroxides (LDH)9b

to activate the catalyst, and were all performed in sealed
vials. When we used the ionic liquid 1-octanyl-3-
methylimidazolium tetrafluoroborate [OMIm]BF4

10 as
reaction medium and the reaction was conducted in an
open system with 5% Pd/C as catalyst, modest to good
yields were obtained in a shorter time (Scheme 1).

The catalyst system was applied to the Heck olefination
of different aryl halides with butyl acrylate at first
(Scheme 2). The reaction was carried out simply by
treatment of a solution of aryl halides, butyl acrylate, (n-
Bu)3N, and 3mol% Pd/C in ionic liquid [OMIm]BF4

with microwave irradiation. After the reaction, the
product was extracted by diethyl ether and purified by
column chromatography on silica gel as usual. The
results were summarized in Table 1. Iodobenzene (entry
a) proceeded in 86% yield. o-Iodo-methyl-benzoic acid
(entry b) yielded in 35% probably due to the steric effect
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of O-ester group. Aryl bromides proceeded in moderate
to satisfactory yields (entries c–h). The reactant having
an electronic-withdrawing group (entries d, e) reacted
better and gained higher yield than those having an
electronic-donating group (entries f, g). However, the
most inactive p-bromoanisole (entry f) proceeded in 56%
yield when we increase the power of microwave irradi-
ation to 375W. Unfortunately, aryl chloride did not
react well even at 375W microwave irradiation except
p-nitrochlorobenzene (entry j). We increase the power of
microwave irradiation and prolong the irradiation time,
but still no reaction occurred to entries i and k. All of
the reactions were clean and the (E)-butyl cinnamates
were the only products.
Table 1. The olefination of different aryl halides

Entrya Ar–X Time (min) Isolate yieldb (%)

a I 1.5 86

b I

COOMe

1.5 35

c Br 1.5 80

d BrO2N 1.5 89

e BrO 1.5 61

f BrMeO 1.5 30 (56)c

g Br 1.5 33

h Br 1.5 79

i Cl 2.0 0c

j ClO2N 2.0 27 (42c)

k ClOHC 2.0 0c

aAll the experiments were done according to Ref. 11.
bAll the products were identified by 300M 1H NMR and mass spec-

trometry.
c Entries f, i, j, k were irradiated by 375W microwave.
To extend the reaction scope, the arylation of several
olefins with iodobenzene was investigated (Scheme 3).
As exhibited in Table 2, 2-methyl-butyl acrylate (Table
2, entry 2) yielded in 79%. The ratio of E/Z is 6.5/1.
Styrene (Table 2, entry 3) proceeded in 70% yield and
trans-stilbene was the only product. When 1,2-disubsti-
tuted olefin, methyl-cinnamate (Table 2, entry 4) was
tested, the yield was only 27%. From above results, we
can see that the steric effect of olefins played role in
Heck reaction.

Since Pd/C remained completely in ionic liquid after the
reaction, the catalyst system can be reused. Iodobenzene
and butyl acrylate was chosen as reactants. After
extraction of the product of the first-time reaction, the
catalyst system was irradiated by 225W microwave for
0.5min. Then another partial of iodobenzene, butyl
acrylate, and (n-Bu)3N were added. The procedure was
repeated four times and the catalyst system proceeded
well with a little loss of activity (Table 3, entry 1, runs
1–4). When the catalyst system was washed with water
Table 2. The arylation of different olefins with iodobenzene

Entry Olefins Time (min) Isolated yielda

(%)

1
OBu

O
1.5 86

2 OBu

O

1.5 79b

3 1.5 70

4 OMe

O

1.5 27

aAll the products were identified by 300M 1H NMR and mass spec-

trometry.
b The ratio of E/Z is 6.5/1.

Table 3. Recycle of the catalyst system

Entry Isolated yield (%)

Run 1 Run 2 Run 3 Run 4 Run 5

1 86 80 72 67 71b

2a 81 76 71 70c 64c

a In entry 2, 1.5mol% Pd/C was used.
b Catalyst system was washed with water before reuse.
c The irradiation time was increased to 2min.
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before reuse,5a the yield increased than its former recycle
(entry 1, run 5). Especially, when we decreased the
amount of Pd/C to 1.5mol%, the reaction still pro-
ceeded well and high yields were obtained in the fol-
lowing four runs (Table 3, entry 2).

In summary, we developed a facile methodology to
accelerate Pd/C-catalyzed Heck reaction in ionic liquid
by using microwave irradiation. One major advantage
of our protocol is the catalyst system can be recycled
and the green character of ionic liquids. And this way
can shorten the reaction time with high yield due to the
high efficiency of microwave irradiation.
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