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ABSTRACT

The PdCl2(PPh3)2-catalyzed Sonogashira coupling reaction, in good to high yields, was performed in an ionic liquid ([BMIm][PF6]) in the absence
of a copper salt. The use of an ionic liquid allows for the facile separation and recycling of the catalyst. The application of the above reaction
in a microflow system in conjunction with an IMM micromixer was also successful.

Of the variety of transition-metal catalyzed coupling reac-
tions, Sonogashira coupling,1 a palladium-copper catalyzed
reaction of aryl halides and terminal alkyl or arylacetylenes,
provides a useful tool for the preparation of alkyl, aryl-, and
diaryl-substituted acetylenes (eq 1). The Sonogashira cou-

pling reaction is frequently utilized as a key step in natural
product synthesis.2 Recent applications of this reaction
include the synthesis of oligomeric, polymeric, and dendritic

acetylene compounds, which are potentially useful in optical
and electronic applications.3 The Sonogashira coupling
reaction is typically carried out in organic solvents, such as
toluene, THF, and DMF, and a stoichiometric amount of base
is required to trap the HX produced in the reaction. If the
Sonogashira coupling could be carried out in ionic liquids,4

the reaction would have a great advantage in terms of catalyst
recycling, since the organic products could be readily
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separated from the transition metal catalysts dissolved in the
ionic liquids by simple extraction with a conventional organic
solvent.5

We report herein on the Sonogashira coupling reaction in
an ionic liquid, namely, 1-butyl-3-methylimidazolium hexaflu-
orophosphate (1, [BMIm][PF6]).6 Interestingly, using PdCl2-

(PPh3)2 as catalyst and diisopropylamine or piperidine as
base, the Sonogashira coupling reaction proceeded efficiently
without using a copper cocatalyst. We also report on the
successful execution of the Sonogashira reaction in a
microflow reaction system, which demonstrates the first
example of a homogeneous metal catalyzed reaction being
conducted in a microreactor.7

Thus, when the reaction of iodobenzene (2a) with phe-
nylacetylene (3a) was carried out in the presence of a
catalytic amount of Pd(PPh3)4/CuI (5 mol %) and diisopro-
pylamine (3.6 equiv) in1 as a solvent at 60°C for 2 h, the
coupling product, diphenylacetylene (4a), was formed in 91%
yield (Table 1, entry 1). The reaction, when conducted with
Pd(PPh3)4 alone, resulted in the dramatic decrease in the yield
of 4a (entry 2). Interestingly, however, when PdCl2(PPh3)2

was used as a catalyst, the coupling reaction occurred
smoothly even in the absence of a copper cocatalyst, giving
4a in 95% yield (entry 3).8,9 For comparison, we tested a
similar reaction with PdCl2(PPh3)2 in organic solvents, but

the results were less satisfactory (yield of4a: toluene (48%),
THF (55%), and DMF (81%)10). A combination of palladium
acetate and triphenylphosphine also gave good results (entry
5). A reaction using palladium catalysts which contain no
phosphine ligands gave the coupling product in modest yields
(entries 6-9).11 Some other ionic liquids, such as 1-butyl-
3-methylimidazolium tetrafluoroborate ([BMIm][BF4]) and
1-ethyl-3-methylimidazolium tetrafluoroborate ([EMIm]-
[BF4]), also worked well, but the yields of4a were slightly
inferior (entries 10 and 11).

The coupling of several aryl halides and terminal acety-
lenes was carried out in the presence of the PdCl2(PPh3)2

catalyst (Table 2). All coupling products were easily
separated from the catalyst and solvent by extraction with
hexane or ether. The coupling reaction proceeded smoothly,
irrespective of whether the substituents of the aryl iodides
were electron-donating or electron-withdrawing, to give the
corresponding disubstituted acetylenes in high yields (entries
1-4). Heteroaromatic compound such as 2-iodothiophene
(2f) also reacted with3a to give phenyletynylthiophene (4f)
in 85% yield (entry 5). The coupling reaction of vinyl
bromide2g with 3a gave the anticipated enyne4g in 86%
yield (entry 6). When aliphatic acetylenes, such as 1-octyne
(3b), were used, the reaction was sluggish without the use
of copper cocatalysts. However, the use of piperidine as a
base in place of diisopropylamine was found to be particu-
larly useful in creating a copper-free reaction system (entry

(5) For examples of transition-metal catalyzed reactions using ionic
liquids, see: (a) Calò, V.; Nacci, A.; Lopez, L. Mannarini, N.Tetrahedron
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repeated four additional times. After evaporation, the residue was purified
by flash chromatography on silica gel using hexane as the eluant (Rf )
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(10) The result with DMF appeared reasonable as a copper-free process.
However, the reaction with aliphatic acetylenes gave low yields of the
coupling products.

(11) Nevertheless, these results obtained using1 are noteworthy, since
a similar reaction with Pd(OAc)2 conducted in toluene gave a poor result
(15%). For an example of a phosphine-free Sonogashira reaction, see ref
9d.

Table 1. Palladium-Catalyzed Coupling Reaction of
Iodobenzene and Phenylacetylene in [BMIm][PF6]a

entry catalyst yieldb (%)

1 Pd(PPh3)4/CuI (5 mol %) 91
2 Pd(PPh3)4 13
3 PdCl2(PPh3)2 96 (95)c

4d PdCl2(PPh3)2 96
5 Pd(OAc)2/PPh3 (10 mol %) 83
6 Pd(OAc)2 61
7 PdCl2 57
8 PdCl2(NCPh)2 63
9 PdCl2(NCMe)2 56

10e PdCl2(PPh3)2 83c

11f PdCl2(PPh3)2 80c

a Reactions were carried out using 1 mmol of2a, 1.2 equiv of3a, 3.6
equiv of iPr2NH, and 5 mol % of palladium catalyst in 3 mL of1 at 60°C
for 2 h. b GC yields.c Isolated yield. See footnote 8.d Reaction was
conducted with 1 mol % of PdCl2(PPh3)2 at 80°C for 2 h. e Reaction was
conducted in 1-butyl-3-methylimidazolium tetrafluoroborate.f Reaction was
conducted in 1-ethyl-3-methylimidazolium tetrafluoroborate.
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7). Similarly, the reaction of2a with propargyl alcohol (3c)
in the presence of piperidine gave the coupling product in
88% yield (entry 8). 1-Iodonaphthalene (2h) and 4-iodoani-
sole (2c) coupled with 2-methyl-3-butyn-2-ol (3d) and
1-ethynylcyclohexene (3e) respectively to afford the corre-
sponding coupling products4j and4k in high yields (entries
9 and 10).

Catalyst recycling studies were also carried out. After
extraction with hexane to separate the products from the
catalyst, the resulting ionic liquid layer was washed with

water to remove ammonium salts. The resulting ionic liquid
containing the Pd catalyst could be reused successfully
several times with only a slight loss in its activity (Table 3).

Recently microreaction technology has attracted consider-
able attention in terms of achieving high thermal efficiency,
high-speed mixing, and high surface/volume ratios.7 Ap-
plications of microreactors to heterogeneous catalytic reac-
tions constitute a topic of interest.12 However, we believed
that a high-speed micromixing system might also be useful
in the case of a homogeneous catalyst system which does
not use conventional organic solvents. This led us to examine
the present reaction in a microflow system,13 using a
micromixer having 2× 15 interdigitated channels (40µm
width and 200µm depth) which is commercially available
from IMM. If such reactions could be conducted under these
conditions, it would permit the development of a new catalyst
recycling system to ensure the continuous production of
acetylenic compounds. Thus, a mixture of2a,3a, andnBu2-
NH (syringe A) was introduced at one inlet of the micromixer
and Pd catalyst14 in [BMIm][PF6] (syringe B) was introduced
at the other inlet, by means of a syringe pump (flow rate,
0.1 mL/h; bath temperature, 110°C) (Scheme 1). The

reagents were mixed in the micromixer, and the reaction
mixture was continuously removed from the outlet with ca.
10 min of the resident time in the mixer. The coupling
product 4a was formed and was easily isolated from the
mixture by extraction with hexane/water (93% GC yield).15

Table 2. Coupling Reaction of Aryl Halides2 and Acetylenes
3 Catalyzed by PdCl2(PPh3)2

a

a The reaction was carried out using 1 mmol of an aryl halide, 1.2 equiv
of an acetylene, 3.6 equiv ofiPr2NH, and 5 mol % of PdCl2(PPh3)2 in 3
mL of [BMIm][PF6] at 60 °C for 2 h. b Yields isolated by flash chroma-
tography on SiO2. c Ratio was determined by1H NMR. d Piperidine was
used as a base.e Reaction was carried out at 80°C.

Table 3. Recycling Studies for the Coupling Reaction of2a
with 3aa

number of cycles yieldb (%)

1 96
2 80
3 78
4 63 (75)c

a Reactions were carried out using 1 mmol of2a, 1.2 equiv of3a, 3.6
equiv of iPr2NH, and 5 mol % of PdCl2(PPh3)2 in 3 mL of 1 at 60°C for
2 h. b GC yields.c Reaction was carried out for 3 h.

Scheme 1. Sonogashira Reaction in a Microflow System
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In the second run, with the recovered catalyst solution,4a
was obtained in 83% yield. We are currently in the process
of constructing an automated recycling system for the catalyst
for the continuous production of coupling products.

In conclusion, the Sonogashira coupling reaction of aryl
iodides with terminal acetylenes, irrespective of being

aromatic or aliphatic, proceeds efficiently in an ionic liquid,
[BMIm][PF6], using PdCl2(PPh3)2 as the catalyst in the
absence of a copper salt. The use of an ionic liquid permitted
the product to be easily separated from the catalyst. The
recovered catalyst could then be reused, and the execution
of the coupling reaction using a microflow system was also
successful.
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(14) A recycled palladium catalyst was used for this study using
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1694 Org. Lett., Vol. 4, No. 10, 2002


