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The Heck reaction was found to proceed markedly more efficiently in the ionic liquid
1-butyl-3-methylimidazolium bromide ([bmim][Br]) than in the analogous tetrafluoroborate
salt ([bmim][BF4]). In relation to this observation, 1-butyl-3-methylimidazol-2-ylidene (bmiy)
complexes of palladium [PdBr(µ-Br)(bmiy)]2 (1) and [PdBr2(bmiy)2] (2) have been isolated
in [bmim][Br] but not in [bmim][BF4] under conditions similar to those employed for the
Heck reaction. In both the ionic liquid [bmim][Br] and molecular solvents, complex 2 was
formed via the intermediate 1. 2 has been shown to be active in the Heck reaction in [bmim]-
[Br] but much less so in [bmim][BF4] due to transformation by the latter into less active
species.

Introduction

Ionic liquids are attractive alternatives to volatile
organic solvents for catalytic reactions and separation
processes.1-4 Among various ionic liquids used as reac-
tion media, those based on dialkylimidazolium salts
have attracted particular attention, as they possess wide

liquid range and are easy to prepare and handle.1 A
number of transition metal catalyzed reactions have
been performed in these and related ionic liquids.2

Interesting examples include nickel- and palladium-
catalyzed olefin dimerization and oligomerization,2e,h,l,o

rhodium- and ruthenium-catalyzed hydrogenation and
hydroformylation,2d,g,j,k,m,p and palladium-catalyzed Heck
and allylation reactions.2a-c,f,n While it is clear from
these studies that the ionic liquid anion and cation can
exert marked effects on the rate of a reaction, the
mechanistic details of the effects are far from clear. In
the hydrogenation of 1-alkenes catalyzed by rhodium
complexes in dialkylimidazolium ionic liquids, the dif-
ference in hydrogenation rates was attributed to the
coordinating ability of the ionic liquid anion to cationic
rhodium species2g and to halide impurities difficult to
remove in some of the ionic liquids.2p The imidazolium
cation is usually presumed to be a simple inert compo-
nent of a solvent system, and its possible involvement
in a catalytic cycle has rarely been an issue. There
appears to be only one case where the imidazolium ring
was found to undergo dealkylation during a hydrodimer-
ization reaction catalyzed by palladium.2h

We have now found that the ionic liquid [bmim][Br],
when used as a solvent for the Heck reaction, reacts
readily with Pd(OAc)2 to give N-heterocyclic carbene
complexes of palladium. In contrast, no carbene species
were observed with Pd(OAc)2 in [bmim][BF4]. We de-
scribe herein our results on the first isolation of the
N-heterocyclic carbene complexes under conditions simi-
lar to those used for the Heck reaction and discuss the
implications of the findings to catalysis by metal com-
plexes in imidazolium ionic liquids. The Heck reaction
in related ionic liquids has recently been reported by
other research groups while this study was in progress,
and in particular, Seddon has suggested the possible
involvement of N-heterocyclic carbenes in the reaction.2a,f
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Results and Discussion

Heck Reaction in Ionic Liquids. The palladium-
catalyzed Heck reaction is one of the most powerful tools
for the coupling of olefins with aryl and vinyl halides.5
The reaction is usually carried out in polar solvents such
as DMF and MeCN. For the less reactive bromides and
chlorides, phosphine ligands are normally required to
stabilize catalytically active palladium species. Salt
additives such as ammonium and phosphonium chlo-
rides and bromides have been found to stabilize, prob-
ably via formation of zerovalent palladium halide
species, the palladium catalysts and accelerate the
olefination reaction with or without phosphines.5,6 With
a view toward stabilizing and immobilizing palladium
compounds for efficient C-C bond forming reactions,
we carried out the olefination of aryl halides in [bmim]-
[Br] and [bmim][BF4], which themselves are ammonium
salts. A typical procedure consisted of heating a mixture
of 5.0 mmol of an aryl halide, 1.4 equiv of an acrylate
or styrene, 1.1 equiv of NaOAc, and 1 mol % Pd(OAc)2
in 5.0 mL of an ionic liquid for 24 h; the resultant trans-
cinnamate or trans-stilbene was solvent-extracted and
characterized by GC and NMR and by comparison with
authentic samples. With both ionic liquids, a homoge-
neous yellow solution was formed during the reaction.
But in the case of [bmim][BF4], palladium black slowly
precipitated, indicating decomposition of active pal-
ladium species. The results are summarized in Tables
1 and 2. Our results corroborate those published re-
cently; that is, the Heck reaction can be performed
without additive phosphine ligands in ionic liquids.2a,f,n

In addition, as is usually observed in molecular solvents,
the Heck reaction proceeded more efficiently with aryl

iodides and activated aryl bromides in the ionic liquids.
With the less reactive bromobenzene, conversion was
low at the chosen conditions. Chlorobenzene was not
activated even at 140 °C in either ionic liquid. However,
the most interesting conclusion that can be drawn from
Tables 1 and 2 is that the coupling reactions are
markedly more efficient in [bmim][Br] than in [bmim]-
[BF4] under otherwise identical reaction conditions, as
can be judged by the higher conversion of halides and
better selectivity to the trans products with the former.
Consider as an example the coupling of iodobenzene
with styrene. A 100% conversion of the halide was
reached with 99% selectivity to trans-stilbene when the
reaction was conducted in [bmim][Br]. By way of
contrast, a much lower conversion of 21% and lower
selectivity of 92% were observed with [bmim][BF4].
While the effects of ionic liquids on the activity of metal
catalysts have been noted in several recent studies, no
explanations with experimental support have been put
forward.2 We therefore decided to take a closer look at
the reaction in an attempt to determine if the catalyti-
cally active palladium species in the Heck reaction
might be different in the two ionic liquids.

Isolation of Carbene Complexes of Palladium.
The C2-H proton of the imidazolium ring is acidic and
can be deprotonated to form carbenes by basic ligands
of a metal compound.7 A number of dialkylimidazol-2-
ylidene complexes of transition metals have been pre-
pared on the basis of this reaction in solvents such as
THF, and of particular relevance, the palladium carbene
complexes have been shown to be active catalysts for
the Heck and related C-C bond forming reactions in
molecular solvents.7,8a,b When Pd(OAc)2 (45 mg) was
heated in [bmim][Br] (5 mL) in the absence of an olefin

(5) (a) Bräse, S.; de Meijere, A. In Metal-catalyzed Cross-coupling
Reactions; Diederich, F., Stang, P. J., Eds.; Wiley-VCH: Chichester,
1998. (b) Tsuji, J. Palladium Reagents and Catalysts-Innovations in
Organic Synthesis; Wiley: Chichester, 1995.

(6) (a) Jeffery, T. Tetrahedron Lett. 1985, 26, 2667. (b) Amatore, C.;
Azzabi, M.; Jutand, A. J. Am. Chem. Soc. 1991, 113, 8375.

(7) (a) Herrmann, W. A.; Köcher, C. Angew. Chem., Int. Ed. Engl.
1997, 36, 2163. (b) Arduengo, A. J., III; Harlow, R. L.; Kline, M. J.
Am. Chem. Soc. 1991, 113, 361. (c) Öfele, K. J. Organomet. Chem. 1968,
12, 42. (d) Wanzlick, H.-W.; Schönherr, H.-J. Angew. Chem., Int. Ed.
Engl. 1968, 7, 141.

Table 1. Heck Olefination Reactions of Aryl Halides with Acrylatesa

substrate ionic liquidb T/°C conversionc (%) selectivityd (%)

iodobenzene [bmim][Br] 90 100 99
[bmim][Br] 90 71 99e

[bmim][BF4] 90 43 68
4-bromobenzaldehyde [bmim][Br] 100 88 97

[bmim][BF4] 100 26 82
4-bromoacetophenone [bmim][Br] 110 90 98

[bmim][BF4] 110 36 88
bromobenzene [bmim][Br] 125 6 90

[bmim][BF4] 125 <1
a All reactions were carried out with 5.0 mmol of a substrate, 1.4 equiv of n-butyl acrylate except with iodobenzene, where ethyl acrylate

was used, 1.1 equiv of NaOAc, and 1 mol % Pd(OAc)2 in 5.0 mL of ionic liquid for 24 h. b bmim ) 1-butyl-3-methylimidazolium. c Of the
halide. Determined by GC using octadecane as internal standard. d To trans-cinnamate. e 1 × 10-2 mol % Pd(OAc)2, 90 h.

Table 2. Heck Olefination Reactions of Aryl Halides with Styrenea

substrate ionic liquid T/°C conversionb (%) selectivityc (%)

iodobenzene [bmim][Br] 100 100 99
[bmim][BF4] 100 21 92

4-bromobenzaldehyde [bmim][Br] 100 100 90
[bmim][BF4] 100 45 71

1-bromo-4-fluorobenzene [bmim][Br] 100 100 90
[bmim][BF4] 100 <1

4-bromoacetophenone [bmim][Br] 110 79 88
[bmim][BF4] 110 <1

a The reaction conditions were the same as those given in Table 1, except that 1.4 equiv of styrene was used. b Of the halide. c To
trans-stilbene.
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and aryl halide under conditions otherwise similar to
those used for the Heck reaction, a color change from
dark brown to red and then to yellow was observed in
a few minutes. The NMR spectrum of the compounds
extracted from the yellow solution suggests the forma-
tion of a mixture of palladium bmiy complexes, as
indicated by the characteristic chemical shifts of the
olefinic protons of the ylidene ligands at ca. δ 7 and
those of the carbene carbons at ca. δ 160-170 in the 1H
and 13C NMR spectrum, respectively.7,8 In sharp con-
trast, heating Pd(OAc)2 in [bmim][BF4] under the same
conditions yielded no such carbene species that were
detectable in the 1H NMR spectrum. Because N-het-
erocyclic carbene complexes of palladium, including
those isolated from [bmim][Br], are catalytically active
for C-C bond forming reactions (vide infra), and be-
cause the Pd-C bonds of the carbene complexes are
known to be strong,7 the easy formation of the carbene
species in [bmim][Br] but not in [bmim][BF4] explains
at least partly the different activity and stability of
palladium in the Heck reaction in the two ionic liquids.

The mixture formed by heating Pd(OAc)2 in [bmim]-
[Br] under conditions close to those used in the Heck
reaction contains the dimeric and monomeric carbene
complexes [PdBr(µ-Br)(bmiy)]2 (1) and [PdBr2(bmiy)2]
(2) (Scheme 1). Further reaction resulted in rapid
transformation of 1 into 2. Both 1 and 2 were also
observed as the major species along with new, unidenti-
fied species under the true Heck reaction conditions,
that is, in the presence of an acrylate and aryl halide,
when the reaction of Pd(OAc)2 with [bmim][Br] was
stopped within a short period of reaction time. Longer
reaction time led to the disappearance of 1 and only
traces of 2 observable in the 1H NMR spectrum, which
is consistent with 2 being the immediate catalyst
precursor. The unidentified species may result from the
reaction of reduced 2 with the substrates. For the Heck
reaction in molecular solvents using palladium carbene

complexes as catalysts, the likely active catalytic species
is a zerovalent biscarbene complex generated by in situ
reduction of divalent palladium biscarbene complexes
such as 2.8f,9 The same active species may also be
involved in the Heck reaction in [bmim][Br].

Complexes 1 and 2 could more easily be isolated in
normal solvents such as THF. Thus, treating Pd(OAc)2
with 2 equiv of [bmim][Br] in THF at 45 °C for 1-2 h
resulted in a red solution, from which complex 1 was
isolated as red crystals in 50% yield. Prolonged heating
converted the complex 1 into 2, accompanied with a
color change from red to yellow. The latter could more
quickly be obtained at a higher temperature. Evidently,
the binuclear complex 1 is an intermediate species in
the formation of 2 in both the ionic liquid and THF.
Analogous intermediate binuclear species have recently
been isolated in the preparation of related carbene
complexes of palladium and mercury.10,11 Binuclear
carbene complexes of palladium can also be prepared
by reacting Pd(OAc)2 with imidazolium salts in the
presence of NaI and KOtBu.12

The characterization of the complexes 1 and 2 has
been accomplished by NMR, MS, and microanalysis. For
complex 2, 1H NMR spectrum indicates the existence
of four isomers, described as trans-syn-, trans-anti-, cis-
syn-, and cis-anti-2 on the basis of the relative arrange-
ment of the bmiy ligands and their N-substituents. The
trans and cis isomers can easily be separated by
chromatography as yellow and white crystalline solids,13

but attempted separation of their rotation isomers has
not been successful. Assignment of the NMR spectrum
to an individual rotamer was thus tentative and was
only based on its relative stability (vide infra). While
the 1H NMR spectra of 1 and trans-2 are similar and
straightforward to interpret, that of cis-2 is more
complicated. The geminal N-CH2 protons of cis-syn-
and cis-anti-2 are no longer identical; geminal and
vicinal proton-proton couplings are clearly exhibited,
indicating that rotation about the N-C bond is re-
stricted. In the 13C NMR spectrum, the two rotamers
of trans-2 show only one singlet for the carbene carbons
(δ 169), and the same is also observed with the two
rotamers of its cis counterpart (δ 161). The carbene
carbon of 1 comes into resonance at a significantly
higher field (δ 145).

The interconversion between isomers of 2 was studied
by NMR. The 1H NMR spectrum revealed that the trans
isomer was first formed from the dimeric 1 and subse-
quently isomerized into the cis isomer in the ionic liquid
[bmim][Br]. The isomerization occurred in solution at
both high and ambient temperatures. The reverse
reaction appeared to be much slower, however. Thus,
while 50% of trans-2 isomerized into cis-2 when the
former was left in CDCl3 for 2 days at ambient temper-

(8) For some recent publications on N-heterocyclic carbene com-
plexes, see: (a) Herrmann, W. A.; Böhm, V. P. W.; Reisinger, C. J.
Organomet. Chem. 1999, 576, 23. (b) Zhang, C.; Huang, J.; Trudell,
M. L.; Nolan, S. P. J. Org. Chem. 1999, 64, 3804. (c) Scholl, M.; Trnka,
T. M.; Morgan, J. P.; Grubbs, R. H. Tetrahedron Lett. 1999, 40, 2247.
(d) Weskamp, T.; Kohl, F. J.; Hieringer, W.; Gleich, D.; Herrmann, W.
A. Angew. Chem., Int. Ed. Engl. 1999, 38, 2416. (e) Huang, J.; Stevens,
E. D.; Nolan, S. P.; Petersen, J. L. J. Am. Chem. Soc. 1999, 121, 2674.
(f) McGuinness, D. S.; Cavell, K. J.; Skelton, B. W.; White, A. H.
Organometallics 1999, 18, 1596. (g) Arduengo, A. J., III; Tamm, M.;
Calabrese, J. C.; Davidson, F.; Marshall, W. J. Chem. Lett. 1999, 1021.
(h) Gardiner, M. G.; Herrmann, W. A.; Reisinger, C.; Schwarz, J.;
Spiegler, M. J. Organomet. Chem. 1999, 572, 239. (i) Huang, J.; Grasa,
G.; Nolan, S. P. Org. Lett. 1999, 1, 1307.

(9) Herrmann, W. A.; Elison, M.; Fischer, J.; Köcher, C.; Artus, G.
R. J. Angew. Chem., Int. Ed. Engl. 1995, 34, 2371.

(10) Bildstein, B.; Malaun, M.; Kopacka, H.; Ongania, K. H.; Wurst,
K. J. Organomet. Chem. 1998, 552, 45

(11) Xu, L.; Chen, W.; Bickley, J. F.; Steiner, A.; Xiao, J. J.
Organomet. Chem., accepted for publication.

(12) Enders, D.; Gielen, H.; Raabe, G.; Runsink, J.; Teles, J. H.
Chem. Ber. 1996, 129, 1483.

(13) A single-crystal X-ray diffraction study of the white crystals
revealed the compound to be cis-2, with cis-syn and cis-anti arrange-
ment of the bmiy ligands around palladium, but the poor quality of
the crystals precluded satisfactory refinement. We thank Dr A. Steiner
and J. F. Bickley for the data collection and analysis.

Scheme 1
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ature, refluxing cis-2 in CDCl3 overnight led to only a
trace of trans-2, with the rest remained unchanged. For
trans-2, the ratio of its rotation isomers varied in
solution, becoming in favor of one rotamer with time.
For example, a 1:1 solution of trans-anti- and trans-
syn-2 turned into 5:1 after standing for 24 h in CDCl3
at ambient temperature. On the contrary, a CHCl3
solution of cis-2 with an anti/syn ratio of 1:1.6 changed
only slightly after refluxing for 12 h, reflecting the
greater rotation barrier of the carbene ligands in the
case of the cis isomers. By comparison with previous
studies where the trans-anti and cis-syn rotamers of
related carbene complexes were found to be the more
stable isomers,11,12 the thermodynamically favored rota-
mer of trans-2 may tentatively be assigned to the anti
isomer, while the dominant rotamer of cis-2 may be
assigned to the syn one. The existence of the syn and
anti rotation isomers for 2 is due to the sterically
demanding N-alkyl substituents. With less bulky sub-
stituents, rotation about the Pd-C bond is free.7 Similar
rotation and cis-trans isomerization have been ob-
served with other asymmetrically substituted carbene
complexes of palladium.12,14

Heck Reaction with Isolated Carbene Com-
plexes. As closely related 1,3-dimethylimidazol-2-
ylidene complexes of palladium have been demonstrated
to be active catalysts for the Heck reaction,7,8a it is not
surprising that complex 2 catalyzes the olefination
reactions of aryl halides (Table 3). Thus, under condi-
tions similar to those used for Pd(OAc)2, the olefination
of iodobenzene and 4-bromobenzaldehyde by acrylates
in the presence of trans-2 in [bmim][Br] completed with
94 and 71% conversions, respectively; the selectivity to
the expected trans product was 99 and 90%. The
olefination by styrene with trans-2 proceeded similarly
well in the same ionic liquid. Clearly, the carbene
complex of palladium formed between Pd(OAc)2 and the
solvent [bmim][Br] is catalytically active for the C-C
bond formation reaction in the ionic liquid. The lower
yields observed with 2 compared with using Pd(OAc)2
in [bmim][Br] is probably due to the presence of other
active palladium species in the ionic liquid.

Surprisingly, however, the complex 2 showed very low
activity in the Heck reaction in [bmim][BF4], as can be
seen in Table 3. As it is known that related dihalobis-
carbene complexes of palladium can be converted into
tetrakiscarbene species in molecular solvents in the
presence of an imidazolium salt and NaOAc, which
functions as a base and generates in situ the ylidene
ligands from the imidazolium ion,15 the possible trans-

formation of trans-2 in [bmim][BF4] was investigated.
The yellowish 2, when heated at 100 °C in the ionic
liquid in the presence of NaOAc, turned rapidly into a
white solid, reminiscent of the formation of tetrakiscar-
benes reported before.15 The 1H NMR spectrum showed
the solid to be a mixture containing palladium carbene
species, but attempted separation met with failure. As
expected, the solid displayed very low catalytic activity
in the Heck reaction in [bmim][BF4]. Evidently, the
lower activity of 2 in [bmim][BF4] results from its
transformation into less active species by the solvent.
Similar transformation in [bmim][Br] of the biscarbene
2 into an inactive tetrakiscarbene is less likely; the
complex is expected to be stabilized by the bromide ions.
One remaining puzzle is the observed activity of Pd-
(OAc)2 in [bmim][BF4]. Clearly, it is not due to some
carbene species of palladium. One possible explanation
may be that the activity stems from the decomposed
palladium, which could form colloidal palladium par-
ticles active for the Heck reaction.16

Summary

Ionic liquids have attracted a great deal of attention
as alternative solvents for catalysis in the past few
years. A number of reactions catalyzed by transition
metal complexes have successfully been demonstrated
in the imidazolium ionic liquids.1,2 While it is true that
in most cases the imidazolium cation is inert and not
directly involved in a catalytic cycle, our study shows
for the first time that the imidazolium ion can react with
a catalyst precursor to form N-heterocylic carbene
complexes via deprotonation in the imidazolium-based
ionic liquids under catalytic conditions and the carbene
complexes so generated are active for C-C bond cou-
pling reactions. The higher activity and stability of
palladium in the Heck reaction in [bmim][Br] than in
[bmim][BF4] can be explained at least partly in terms
of the easy formation of stable palladium carbene
complexes in the former. Perhaps more intriguingly, the
activity of the carbene complexes toward Heck coupling
varies with the choice of an ionic liquid; they are active
in [bmim][Br] but much less so in the analogous [bmim]-
[BF4] due to reaction with the latter. The lesson to be
learned is that imidazolium ionic liquids not only
function as solvating media but can also act as reactive

(14) Herrmann, W. A.; Fischer, J.; Öfele, K.; Artus, G. R. J. J.
Organomet. Chem. 1997, 530, 259.

(15) (a) Herrmann, W. A.; Schwarz, J.; Gardiner, M. G.; Spiegler,
M. J. Organomet. Chem. 1999, 575, 80. (b) Fehlhammer, W. P.; Bliss,
T.; Kernbach, U.; Brüdgam, I. J. Organomet. Chem. 1995, 490, 149.

(16) Beller, M.; Fischer, H.; Kühlein, K.; Reisinger, C.-P.; Herrmann,
W. A. J. Organomet. Chem. 1996, 520, 257.

Table 3. Heck Reaction Catalyzed by Isolated Carbene Complex 2a

substrate ionic liquid T/°C conversionb (%) selectivityc (%)

iodobenzened [bmim][Br] 90 94 99
4-bromobenzaldehydee [bmim][Br] 100 71 90
iodobenzenef [bmim][Br] 100 93 98
4-bromobenzaldehydef [bmim][Br] 100 64 93
iodobenzened [bmim][BF4] 90 35 56
4-bromobenzaldehydee [bmim][BF4] 100 3
iodobenzenef [bmim][BF4] 100 11 93
4-bromobenzaldehydef [bmim][BF4] 100 <1

a The reaction conditions were the same as those given in Tables 1 and 2, except that 1 mol % trans-2 was used. b Of the halide. c To
trans cinnamate or stilbene. d Reaction with ethyl acrylate. e Reaction with n-butyl acrylate. f Reaction with styrene.

1126 Organometallics, Vol. 19, No. 6, 2000 Xu et al.

D
ow

nl
oa

de
d 

by
 C

A
R

L
I 

C
O

N
SO

R
T

IU
M

 o
n 

Ju
ne

 2
9,

 2
00

9
Pu

bl
is

he
d 

on
 F

eb
ru

ar
y 

17
, 2

00
0 

on
 h

ttp
://

pu
bs

.a
cs

.o
rg

 | 
do

i: 
10

.1
02

1/
om

99
09

56
m



reagents, and so a catalyst in an ionic liquid may
completely differ from its established form in molecular
solvents.

Experimental Section

All reactions were carried out in oven-dried glassware under
argon. Solvents were degassed and dried before use. The ionic
liquids were prepared according to published procedures and
vacuum-dried and stored under argon.17 Reagents were used
as received. NMR spectra were recorded on a Gemini 300
spectrometer at 300.10 (1H) and 75.46 MHz (13C) in ppm with
reference to TMS internal standard in CDCl3. Abbreviations
for NMR spectral multiplicities: s ) singlet, d ) doublet, t )
triplet, q ) quartet, m ) multiplet, and br ) broad. Elemental
analyses were performed by the Microanalysis Laboratory,
Department of Chemistry, the University of Liverpool. Mass
spectra were recorded on a VG7070E mass spectrometer.

General Procedures for Heck Reaction in Ionic Liq-
uids. In a 50 mL two-necked flask fitted with a septum and
reflux condenser were placed an ionic liquid (5 mL), aryl halide
(5.0 mmol), anhydrous sodium acetate (451 mg, 5.5 mmol), and
palladium acetate (1 mol % of the aryl halide). After repeated
degassing under oil pump vacuum and flushing with argon,
an acrylate or styrene (7.0 mmol) was injected through the
septum, and the mixture heated to the reaction temperature.
After 24 h reaction time, the mixture was cooled to room
temperature and diluted with water. The product was then
extracted with ethyl acetate. The combined organics were
washed with water and brine, dried over MgSO4, and analyzed
by NMR and GC (internal standard: octadecane).

[PdBr(µ-Br)(bmiy)]2 (1). Pd(OAc)2 (50 mg, 0.22 mmol) and
[bmim][Br] (102 mg, 0.47 mmol) were dissolved in THF (15
mL) in a two-necked flask. After heating at 45 °C for 2 h and
cooling to room temperature, the mixture was filtered through
a pad of silica gel. Crystallization from hexane/CHCl3 afforded
1 as red crystals (45 mg, 50%). 1H NMR: 6.94 (m, 4H, NCH),
4.53 (br, 4H, NCH2), 4.15 (s, 6H, CH3), 2.06 (m, 4H, CH2), 1.47
(m, 4H, CH2), 1.06 (t, 3JHH ) 7.2 Hz, 6H, CH3). 13C{1H} NMR:
144.6 (N2CH), 123.6 (NCH), 122.2 (NCH), 51.1 (NCH3), 38.6
(NCH2), 32.3 (CH2), 19.9 (CH2), 13.7 (CH3). MS (FAB): m/z
729 ([M+ - Br], 2.5). Anal. Calcd for C16H28N4Br4Pd2: C, 23.76;
H, 3.49; N, 6.93. Found: C, 23.79; H, 3.49; N, 6.75.

[PdBr2(bmiy)2] (2). Pd(OAc)2 (201 mg, 0.90 mmol) and
[bmim][[Br] (413 mg, 1.88 mmol) were dissolved in 30 mL of
THF in a two-necked flask. After refluxing for 2 h under argon
and cooling to room temperature, the mixture was filtered
through a pad of silica gel. The solvent was removed under
vacuo to give a yellow solid. The product was separated by
column chromatography (silica gel, EtOAc/hexane, 1:1) as
white crystals (cis-2, 90 mg, 19%) and yellow crystalline solids
(trans-2, 265 mg, 55%).

1H NMR (trans-anti-2): 6.84 (m, 4H, NCH), 4.46 (t, 3JHH )
7.5 Hz, 4H, NCH2), 4.09 (s, 6H, NCH3), 2.06 (m, 4H, CH2), 1.48

(m, 4H, CH2), 1.02 (t, 3JHH ) 7.2 Hz, 6H, CH3,). 13C{1H}
NMR: 169.3 (N2CH), 122.0 (NCH), 120.8 (NCH), 50.7 (NCH3),
37.9 (NCH2), 32.8 (CH2), 20.1 (CH2), 13.7 (CH3). The 1H NMR
spectrum of the trans-syn isomer overlaps that of the trans-
anti isomer except at 4.44 (t, 3JHH ) 7.2 Hz, 4H, NCH2), 4.06
(s, 6H, NCH3), and 1.01 (t, 3JHH ) 7.2 Hz, 6H, CH3). No
difference was observed in the 13C NMR spectrum for the two
rotamers. The trans-anti/trans-syn ratio was 1:1, but it varied
with time in solution with the trans-anti rotamer gaining
intensity as shown by the 1H NMR spectrum. The anti and
syn assignment was only tentative for both trans- and cis-2.
Attempted separation of the rotamers was not successful. MS
(FAB) (trans-2): m/z 463 ([M+ - Br], 2.5). Anal. Calcd for
C16H28N4Br2Pd: C, 35.41; H, 5.20; N, 10.32. Found: C, 35.28;
H, 5.19; N, 10.28.

1H NMR (cis-syn-2): 7.00, 6.90 (AB q, 3JHH ) 1.8 Hz, 4H,
NCH), 4.16 (s, 6H, NCH3), 4.01 (m, 2H, NCHH), 3.96 (m, 2H,
NCHH), 1.76 (m, 2H, CHH), 1.42 (m, 2H, CHH), 1.33 (m, 4H,
CH2), 0.94 (t, 3JHH ) 7.2 Hz, 6H, CH3). 13C{1H} NMR: 161.4
(N2CH), 123.2 (NCH), 50.7 (NCH3), 39.5 (NCH2), 32.5 (CH2),
20.0 (CH2), 13.7 (CH3). 1H NMR (cis-anti-2): 6.96, 6.94 (AB q,
3JHH ) 1.8 Hz, 4H, NCH), 4.60 (ddd, 2JHH ) -13.2 Hz, 3JHH )
10.2, 5.4 Hz, 2H, NCHH), 4.15 (m, 2H, NCHH), 1.96 (m, 2H,
CHH), 1.55 (m, 2H, CHH), 1.42 (m, 4H, CH2), 0.98 (t, 3JHH )
7.3 Hz, 6H, CH3). 13C{1H} NMR: 161.4 (N2CH), 121.1 (NCH),
120.8 (NCH), 51.1 (NCH3), 38.8 (NCH2), 32.3 (CH2), 19.9 (CH2),
13.7 (CH3). The cis-anti/cis-syn ratio was 1:1.2 in solution.
Anal. Calcd for C16H28N4Br2Pd: C, 35.41; H, 5.20; N, 10.32.
Found: C, 35.83; H, 5.23; N, 10.22.

Isolation of 2 in Ionic Liquid. A mixture of Pd(OAc)2 (45
mg, 0.20 mmol), NaOAc (1.641 g, 20.0 mmol), and [bmim][Br]
(5 mL) was stirred at 100 °C for 4 h. After cooling to ambient
temperature, water (60 mL) and CH2Cl2 (30 mL) were added.
The organic layer was separated, washed with water (3 × 50
mL) and brine (30 mL), dried with MgSO4, and evaporated
under reduced pressure to give 2 as a mixture of cis and trans
isomers (68 mg, 63%, cis/trans ) 6:1, cis-anti/cis-syn ) 1:1.7,
trans-anti/trans-syn ) 1.5:1). When the above reaction was
stopped in 3 min reaction time and quenched immediately with
water, the only carbene complexes observed in the 1H NMR
spectrum were 1, trans-anti-2, and trans-syn-2 and in a 50:1:
50 ratio. The same complexes were also observed, when the
reaction was stopped in a few minutes, in the presence of
iodobenzene and ethyl acrylate under the Heck reaction
conditions, along with new, unidentified species.

Acknowledgment. We are indebted to the Univer-
sity of Liverpool Graduates Association (Hong Kong)
and the EPSRC for postdoctoral research fellowships
(L.X. and W.C.). Support from the industrial partners
(ICI, Johnson Matthey, Catalytica, Eastman Chemicals,
Air Products) of the Leverhulme Centre for Innovative
Catalysis is also acknowledged. We thank Professor Ken
Seddon for his encouragement and for sending us a copy
of ref 2a before its publication.

OM990956M
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