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Mizoroki–Heck reaction is carried out in a novel hydrophobic fluorous ionic liquid which was catalyzed
by Pd-nanoparticles formed in situ from Pd(OAc)2 used in the reaction. This reaction is operable under
mild, aerobic, and ligand-free conditions in excellent yields. Aryl iodides, bromides as well as chlorides
can be used showing its versatility. The key feature of the system is that catalyst along with ionic liquid
can be reused at least five times with superior activity.

� 2012 Elsevier Ltd. All rights reserved.
The recent Nobel Prize in Chemistry for the year 2010 dedicated
to Heck, Suzuki, and Negishi highlights the importance of C–C bond
forming reactions. Pd-catalyzed coupling reactions constitute the
important tool to generate carbon–carbon and carbon–hetero
atom bonds1 and find applications in pharmaceuticals,1 agrochem-
icals,1 natural products,2 etc. Due to these multifarious applica-
tions, many efforts have been devoted to the development of
new combination of Pd-catalysts and solvent (either homogeneous
or heterogeneous phase)3 which could be operated under mild
conditions and a simple operating process. Ionic liquid [IL] in com-
bination with palladium catalyst has been used in nearly all cross
coupling reactions with replacement of organic solvents by ILs as
green alternatives.4,5 Ionic liquids have gained increasing attention
as green, multi-use reaction media, and solvents for a variety of
applications due to the fact that they posses negligibly small vapor
pressure, high thermal as well as chemical and electrochemical
stability with widely tunable properties with regard to polarity,
hydrophobicity, solvent miscibility, etc.6 These outstanding prop-
erties attract the attention of synthetic chemists to synthesize
new ILs and apply them in coupling reactions.7

Among the various coupling reactions, the Mizoroki–Heck reac-
tion is one of the most powerful method for C–C bond formation
and generally carried out in polar solvents such as DMF, N,N-
DMAC, and CH3CN, etc. In this reaction for less reactive bromides
and chlorides, phosphine ligands8 are normally required to
ll rights reserved.
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stabilize catalytically active palladium species. This can also be
achieved by employing salt additives such as ammonium and
phosphonium chlorides and bromides, probably via formation of
zero valent palladium halide species and accelerates the olefin-
ation reaction.9 Therefore, to overcome these drawbacks and in
view of industrial and pharmaceutical needs, reports of ligand-free
heck arylations are clearly on the rise. Continuous efforts are being
taken by scientists working in this field.10 In light of this, develop-
ing a new green solvent system operable under ligand-free condi-
tion for the Heck reaction is highly desirable.

We have been interested in the development of synthetic meth-
odologies employing principles of ‘Green Chemistry’.11 In continu-
ation of our interest, in the present manuscript, we report a simple,
efficient, and green approach for the ligand-free Heck reaction.

Seddon et al.12 explored the hydrophobic ionic liquid viz. 1-
butyl-3-methylimidazolium hexafluorophosphate [bmim]PF6 first
time for Heck reaction of aryl halides with alkenes using homoge-
neous palladium complex catalysts along with phosphine ligand.
The hydrophobic ionic liquid attracted the attention of synthetic
chemists, as they can be separated from the products by simple
decantation of the organic solvent and water, respectively.

Initial attempts were directed toward the synthesis of novel
hydrophobic ionic liquid for ligand-free Heck reaction. ILs based
on dialkylimidazolium salts have attracted particular attention,
as they are easy to prepare and handle, having good solubility for
many substrates and molecular catalyst.4,5,13

The synthesis of hydrophobic IL viz. 1-octyl-3-methylimidazo-
lium nonafluorobutanesulfonate was achieved by following
reaction sequence as shown in Scheme 1. The reaction of 1-methyl-
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Scheme 1. Synthesis of novel hydrophobic IL (5).
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Figure 1. 19F NMR spectrum of 5.
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Scheme 2. Mizoroki–Heck reaction of electron deficient olefins.

Table 1
Screening of base for Mizoroki–Heck reaction

Sr. no. Base Yield (%)

1 — 20
2 Na2CO3 40
3 NaOAc 45
4 K3PO4 60
5 Triethyl amine 92

Reaction conditions: bromobenzene (6a, 1 mmol), styrene (7a, 1.1 mmol), Pd(OAc)2

(2 mol %), base (2 mmol), IL 5 (2 mL), temp: 100 �C.

Table 2
Effect of different palladium catalysts on Mizoroki–Heck reaction

Sr. no. Palladium source Cat. mol % Yield (%)

1 Pd/C 2 20
2 Pd2(dba)3 2 35
3 Pd(PPh)4 2 55
4 PdCl2 2 80
5 Pd(OAc)2 2 92
6 Pd(OAc)2 2.5 92
7 Pd(OAc)2 1.5 83
8 Pd(OAc)2 1 69

Reaction conditions: bromobenzene (6a, 1 mmol), styrene (7a, 1.1 mmol), catalyst
(2 mol %), base (2 mmol), IL 5 (2 mL), temp:100 �C.
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Figure 2. UV–vis spectra of reaction mixture.
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imidazole (1) with 1-bromooctane (2) in toluene at 80 �C has
afforded 1-octyl-3-methylimidazolium bromide (3). Subsequent
reaction of 3 with potassium 1,1,2,2,3,3,4,4,4-nonafluorobutane-1-
sulfonate (4) in acetone at room temperature for 48 h afforded



Figure 3. TEM images of in situ formed Pd-NPs.

Table 3
Effect of substrates on ligand-free Mizoroki–Heck reaction

Entry no. Aryl halide (6) Olefin (7) Product (8/9) Time (h) Yield* (%)

a
Br

3 92

b
Br

O

O
5 85

c

BrNC

NC

4 85

d

IH2N

H2N
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e
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O2N
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O

O O

O
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O

O O

O
O
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O
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(continued on next page)
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Table 3 (continued)

Entry no. Aryl halide (6) Olefin (7) Product (8/9) Time (h) Yield* (%)

l

I

O

O

O

O
5 85

m
Cl

O CN CN

O 12 58

n Cl
CN CN

12 64

o
Br

O

O

O O

O
O

5 78

p
I

O

O O

O 5 82

q
BrNC

O

O O

O

NC

4 77

r
I

O

O O

O 3 87

s
BrO

O

O O

O

O

3 79

t
IO

O

O

O

4 86a

u
I O O

4 83a

* Reaction conditions: aryl halide (1 mmol), styrene/acrylate/acrylonitrile (1.1 mmol), Pd(OAc)2 (2 mol %), triethyl amine (2 mmol), IL 5 (2 mL), temp: 100 �C.
a 100% regioselectivity (isolated yields).
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5.16 The structure of 5 was confirmed by 1H, 13C, 19F NMR, and MS(E-
SI) spectroscopy.17

In 19FNMR (Fig. 1) (400 MHz, DMSO-d6) four signals at d �81.04
(s, CF3), �115.13 (s, CF2), �121.69 (s, CF2), �126.14 (s, CF2) con-
firmed the formation of 5.

In an initial study, we have carried out a screening of base first
for a standard Mizoroki–Heck reaction of bromobenzene (6a),
styrene (7a) (Scheme 2), employing the conditions mentioned in
Table 1. In the course of this study, it was found that triethyl amine
is the most effective base in terms of the yield (92%) of 8a. Com-
pared with an organic base, the yield of 8a decreased with the
use of an inorganic base viz. K3PO4, NaOAc, and Na2CO3 in 60%,
45%, and 40%, respectively (Table 1). The acid formed in the
reaction gets neutralized with triethyl amine forming a highly
hydrophobic quaternary salt and this step is essential for breaking
the activated complex, leading to product formation which gener-
ates again the catalytic species for fresh reactant.

We next investigated, the effect of palladium source on the
Heck reaction (Table 2) and found that simple palladium inorganic
salts viz. Pd(OAc)2 and PdCl2 proved to be the best choice (92% and
80% yields, respectively) while Pd/C, Pd2(dba)3, Pd(PPh3)4 were
found to be inferior.

Among the several variations tested to optimize the condition,
the condition involving Pd(OAc)2 (2 mol %) with triethylamine
(2 mmol) was found to be the best and yielded product 8a in 92%.

After the completion of reaction, we have extracted the reaction
mixture by ethylacetate–petether [3:97] which have been analyzed
by recording UV–vis spectrum in ethanol medium and compared
the same with that of Pd(OAc)2 and ionic liquid (Fig. 2). The absorp-
tion at 405 nm due to Pd(OAc)2 disappeared from the reaction
mixture due to the formation of Pd-nanoparticles. These Pd-nano-
particles with variable size in the range of 20–100 nm are confirmed
by TEM analysis (Fig. 3). Pd nanoparticles with high catalytic activ-
ity are efficiently stabilized by the IL used for the reaction.

With the optimized conditions in hand, we evaluated the scope
of Pd-NPs/IL(5) system for coupling of a variety of olefins possess-
ing electron withdrawing substituents with aryl halides.14 It is
clear from Table 3 that aryl bromides and iodides containing
electron donating, electron withdrawing, or electron neutral sub-
stituents are coupled in excellent yields (Table 3, entries a–h, k, l,
o–s). However, aryl chloride coupled with olefins in moderate
yields (Table 3, entries i, j, m, n).

We then focused our attention on Heck arylation of ethyl vinyl
ether with aryl halides and carried out reactions (Table 3, entries t,
u) under optimized reaction conditions (Scheme 3).15 After hydro-
lysis we observed the formation of corresponding arylmethylke-
tones with 100% a-regioselectivity.

Reusability of Pd-nanoparticles along with ionic liquid was
investigated by carrying out reaction of 6a with 7a under opti-
mized reaction conditions. The product formed was isolated by
extraction with 3% ethyl acetate. The solvent was evaporated un-
der vacuum and Pd-nanoparticles along with ionic liquid were re-
used for subsequent runs, at least for five times resulted 92%, 91%,
89%, 88%, and 85% yields, respectively (Fig. 4).
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Scheme 3. Heck arylation of ethylvinylether with aryl halides.
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Figure 4. Recycle study of the Pd-NPs/IL 5 for the Heck reaction.
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In summary, we have developed an ecofriendly cost-effective
method for Heck reaction catalyzed by in situ formed Pd-nanopar-
ticles in hydrophobic IL under ligand-free conditions. The reaction
of olefins with iodoarenes, bromoarenes, and chloroarenes gener-
ated the corresponding coupling product in good to excellent yields.
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