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Abstract: In this paper we report examples of the Heck reaction in the new moisture stable
ambient temperature ionic liquid 1-butyl-3-methylimidazolium hexafluorophosphate
([bmim]PF6). We have found that the yield of product is comparable with Heck reactions carried out in DMF, the conventional solvent for this reaction, and that the ionic liquid/catalyst
mixture can be recycled several times.
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Introduction
In the early 1970s both Mizoroki [1] and Heck [2] reported the palladium-catalysed arylation of
alkenes using aryl bromides and iodides. Since then the reaction has been studied in depth [3] and has
been refined to create a useful synthetic method.
The ionic liquids [emim]PF6 and [emim]BF4, where [emim]+ is the 1-ethyl-3-methyl-imidazolium cation, were first discovered in 1994 and 1992 respectively [4]. The analogous [bmim]PF6 and [bmim]BF4
ionic liquids followed shortly after [5]. These liquids have several very interesting properties: they can
solvate a wide range of organic and inorganic materials, they are highly polar yet non-coordinating, they
are immiscible with a wide range of organic solvents, and they have a nonvolatile nature. It is also possible to vary their immiscibility with water by varying the counter ion, allowing for the possibility of biphasic reactions. Thus, for example, [bmim]PF6 is water immiscible and [bmim]BF4 is water miscible.

© 2000 by MDPI (http://www.mdpi.org). Reproduction is permitted for noncommercial purposes.

Molecules 2000, 5

852

One of the prime concerns of industry and academia is the search for replacements to the environmentally damaging solvents used on a large scale, especially those that are volatile and difficult to contain. Moisture stable ionic liquids, with their unique properties, provide the promise of a credible alternative. As such a rapid growth in the investigation of the [bmim]PF6 and [bmim]BF4 type ionic liquids
as substitutes for classical solvents is underway.
To date the reactions that have been carried out and investigated in [bmim]PF6 and [bmim]BF4 are a
simple Diels-Alder reaction between cyclopentadiene and methyl methacrylate [6], N-alkylation of indole and O-alkylation of 2-napthol [7], hydrogenations [8], hydroformylation [9], and dimerization of
olefins [10]. The Heck reaction has been carried out in tetraalkylammonium and phosphonium bromide
molten salts [11] with good yields, and with the catalyst being used again for at least two more runs.
However the use of this type of molten salt as a replacement for common solvents is unlikely to come
about. We report here the results of the first [12] Heck reactions to be carried out in the new and versatile solvent [bmim]PF6, a further example of the general application of this type of solvent.
Results and Discussion
We have investigated the simple Heck reaction, Scheme 1 (R = OMe, NO2, CHO or Cl, X = Br or I),
between a number of aryl halides and methyl acrylate, using Pd(OAc)2/PPh3 as the catalyst and NaOAc
as the base, entries 1-5 in Table 1. We have carried out a comparative study of the reactions in the classical solvent DMF, and the new ionic liquid [bmim]PF6 at 140oC for 17h. The results for these reactions
after addition of water and extraction of the products with diethyl ether from the solvent/water layers
are given in Table 1. The products formed in these reactions were exclusively the E-isomers. The factors controlling the stereochemistry of the Heck reaction have been previously discussed [13,14]. The
reaction did not proceed in the ionic liquid if the temperature was not greater than 130oC.
We found that for entries 1, 2, 3, and 5 we could distill the products under high vacuum directly
from the reaction mixture, when [bmim]PF6 was used as the solvent, and after it had been separated
from the aqueous layer. This negates the use of an extraction solvent. Yields for the direct distillation of
products are given in brackets, Table 1. Each of the reactions, entries 1-5, involving [bmim]PF6 were
repeated six times using the same ionic liquid/catalyst. We observed that the yield of product for each of
these subsequent reactions only varied by a maximum of 4% loss compared to the first run. The yield of
product produced in a given reaction when [bmim]PF6 is used as the solvent tends to be less than when
DMF is used. This could be because the reaction conditions have not been optimised, or that the product is reasonable soluble in [bmim]PF6. There appeared to be negligible leaching of the catalyst from the
ionic liquid into the diethyl ether. This was tested by extracting the catalyst containing [bmim]PF6 six
times, after addition of water, with diethyl ether. The six extractions were combined and dried. No evidence for the leaching of the catalyst was found after removal of the solvent. The six aqueous layers
were also combined and again no evidence for leaching of the catalyst was found after removal of the
water.
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Scheme 1.
Table 1.
Entry

Product

Aryl

Solvent

Yield

Br

DMF

35

[bmim]PF6

29 (26)

DMF

76

[bmim]PF6

61 (57)

DMF

95

[bmim]PF6

83 (71)

DMF

70

MeO

1

CO2Me
OMe
I

2

CO2Me

Br

O2N

3

CO2Me
NO2
Br

OHC

4

CO2Me

[bmim]PF6

62

CHO
Br

DMF

70

[bmim]PF6

95 (92)

Cl

5

CO2Me
Cl
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Conclusion
We have shown that the new solvent [bmim]PF6 can replace DMF in the Heck coupling reaction
shown in Scheme 1. Not only are the yields for the reaction in [bmim]PF6 comparable, but the solvent
and catalyst are reusable several times. This has positive environmental and cost implications.
Experimental
General
1

H and 13C NMR spectra were obtained using a Bruker Avance 400 NMR and were recorded at 400
and 100 MHz respectively. All reagents and chemicals were obtained from Aldrich Chemical Company
(UK) and were used as received unless otherwise noted. The Heck reactions in DMF were carried out
in accordance with the procedure laid out by Spencer [15], and the ionic liquid [bmim]PF6 was synthesised as in reference [5]. The ionic liquid [bmim]PF6 was dried under high vacuum at 40oC for 48h, and
degassed with dry nitrogen for 1h.
General experimental procedure for the Heck reaction in [bmim]PF6; 4-bromoanisole (Table 1, entry 1)
To a solution of palladium acetate (0.05 mmol, 0.011g, 0.10%) and triphenylphosphine (0.10 mmol,
0.026g, 0.20%) dissolved in anhydrous and degassed [bmim]PF6 (20 mL), 4-bromoanisole (5 mmol,
0.990g), methyl acrylate (5 mmol, 0.431g), and sodium acetate (6.25 mmol, 0.450g) were added with
stirring under argon. The reaction mixture was heated to 140oC for 17h to ensure that the reaction had
gone to completion. It was then cooled and poured into water (50 mL). The mixture was (1) extracted
with diethyl ether (3 x 70 mL), the combined extracts were dried (MgSO4), filtered and the solvent was
removed in vacuo, to yield the crude product. After flash chromatography (Rf 0.6, silica, CH2Cl2) the
product (entry 1) was obtained; or (2) the water and ionic liquid were separated and the ionic liquid was
heated under vacuum (0.8 mmHg) and the product was distilled at 46-48oC.
Distillation of Heck reaction products directly from the ionic liquid was observed for entry 2 at 0.05
mmHg, 52-54oC; for entry 3 at 0.06 mmHg, 65-67oC and for entry 5, at 0.05 mmHg, 70-72oC.
Spectral Data
All spectral data for the compounds synthesised in DMF or [bmim]PF6 was in agreement with that
given in reference [15].
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