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Macroporous polystyrene (MPS)-supported 1-mesitylimidazolium chloride resin was prepared by reacting macroporous chloromethyl polystyrene

with 1-mesitylimidazole as a supported  N-heterocyclic carbene (NHC) precursor for the immobilization of a palladium catalyst. This MPS-
supported NHC precursor readily formed a stable complex with Pd(OAc) 2, Which effectively catalyzed the Suzuki reaction of aryl iodide and
bromides at room temperature and even aryl chlorides at elevated temperatures (100 °C). This catalyst showed reusability in the Suzuki
reaction of aryl bromide.

The Suzuki reaction catalyzed by palladium is one of the Over the past few years, the Suzuki reaction of aryl
most powerful routes for the formation of C&pC(sp) chlorides were carried out successfully using homogeneous
bonds. This reaction has been used to make biaryl derivativescatalysts However, homogeneous catalysts have several
that are important intermediates in polymers, liquid crystals, problems, such as the need to separate and recycle the
pharmaceuticals, and herbicidesErom an industrial point  catalysts and the contamination from ligand residues in
of view, one of significant issue in the Suzuki reaction has products. Therefore, a heterogeneous catalyst for the Suzuki
focused on aryl chlorides because they are cheaper than aryfeaction of aryl chlorides is still needed for industrial
iodides and bromides and are readily available. applications. Recently, several types of heterogeneous cata-
t School of Chemical and Biological Engineering. lysts in the Suzuki reaction of aryl chlorides were reported
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catalyst polymer-incarcerated palladium catalystgply-
urea-encapsulated palladium catalysamd dendrimer-sup-
ported palladium cataly8tHowever, these systems catalyzed

As shown in Scheme 1, 1-(mesityl)imidazole was first
synthesized to prepare the MPS-supported bilkyetero-

the Suzuki reaction of activated aryl chlorides but failed to _

work for deactivated aryl chlorides.

In order to carry out the Suzuki reaction of activated and
deactivated aryl chloride, macroporous polystylene (MPS)
resin and bulkyN-heterocyclic carbenes (NHC)s were used
as a support and a ligand, respectively. MPS resin is an
efficient support with a large surface area and high porosity.
Therefore, MPS might solve the diffusion problem of
reagents and solvent$NHCs behave like typicad- donor
ligands in metal coordination chemistry. Moreover, NHCs
have excellent air and moisture stability and have higher
dissociation energies. Therefore, NHES3 can enhance the
reactivity and stability of palladium catalysts compared with
phosphines$#15In particular, when bulky NHCs are used in
the palladium catalyzed Suzuki reaction of aryl chlorides,
its catalytic activity is enhanced by their steric and electronic
effect1®

This paper reports that MPS-supported bulky NHC-
palladium is an effective catalyst for the Suzuki reaction of
both activated and deactivated aryl chlorides. This catalyst
also showed outstanding reusability in the Suzuki reaction
of aryl bromide.
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Scheme 1. Synthesis of Macroporous Polystyrene-Supported
Bulky NHC—Pd Complexd
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cyclic carbene palladium complex. In order to accomplish
this, an ammonium chloride solution was added to a
vigorously stirred solution of kD and 1,4-dioxane at 100
°C containing paraformaldehyde, mesitylammonium salt, and
glyoxal. This mixture was maintained at 10Q for 2 h’
After the reaction was complete, the resulting 1-(mesityl)-
imidazole (1) was obtained in 15% vyield. This ligand
precursor has a bulky group that can enhance the catalytic
activity in the Suzuki reaction. Next, a mixture of chlorom-
ethyl MPS resin Z) (0.7 mmol Cl/g) and compound (3
equiv) in DMF/THF (4:1) were stirred at 7UC for 2 days.
After being cooled to room temperature, the reaction mixture
was filtered, and the resin was washed thoroughly and dried
to afford the MPS-supported 1-mesitylimidazolium chloride
resin (3) with a 1-(mesityl)imidazolium loading of 0.32
mmol/g, as determined by the nitrogen content from elemen-
tary analysis. Based on the Cl contents, the reaction
proceeded to 52% conversion.

In order to immobilize Pd on resi®, a mixture of resir8
and Pd(OAc) was stirred in DMSO at 50C for 4 h. The
temperature was then increased to 100 and the reaction
was then allowed to proceed for a further 30 min at 100
which led to the formation of a MPS-supported bulky NHC
Pd catalyst (4}8

After immobilizing the palladium, catalygtwas analyzed
by inductively coupled plasmaatomic emission spectrom-
etry (ICP—AES) and energy dispersive X-ray (EDX) to
determine the amount of palladium bound to the ligand. The
EDX spectra showed that palladium was only present in
catalyst4 with none detected in resi. According to the
loading levels of 1-(mesityl)imidazole on res3r{0.32 mmol
IM/g) and Pd on catalyst (0.33 mmol Pd/g), we indirectly

(17) Gardiner, M. G.; Herrmann, W. A.; Reisinger, C.; Schwarz, J.;
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concluded that MPS-supported bulky NHC-palladium cata-
lyst 4 was mostly a monodentic complex, as shown in
Scheme 1. X-ray photoelectron spectroscopy (XPS) of
catalyst4 showed 336.5 eV (Pd 8pas the major peak and
337.7 eV as a minor peak, which corresponds to Pd(Il) and
PdC} respectively® Therefore, MPS-supported bulky NHC

Pd catalyst contained only Pd(ll) with no Pd(0). It was
concluded that the palladium was immobilized specifically
to the imidazolium ligand in the forms of PA(NHC)OAcCI
(4, major) and Pd(NHC)GI(minor).

Field emission scanning electron microscopy (FE-SEM)
showed that there were no morphological changes in MPS
(2), MPS—NHC (3), and MPS—NHC—Pd (4), which con-
firms that the shape of the MPS resins had remained intact.
Therefore, MPS—NHC—Pd is a rigid and stable complex.
In addition, the surface area and porosity of compouhds
3 and4 were analyzed by BET. Although a series of reactions
were performed on the MPS resins, the surface area{130
190 n¥/g) and porosity (9.411.0 nm) of each resin were
maintained.

The catalytic activity of catalyst was examined for its
ability to catalyze the Suzuki reaction of aryl chlorides with
phenylboronic acid. In order to optimize the reaction
conditions, the coupling of 4-chloroanisole (0.5 mmol) and
phenylboroic acid (0.6 mmol) as a model reaction was carried
out using catalyst (2 mol %). Different bases were used to
confirm the effect of the base in the Suzuki reaction of
deactivated aryl chloride. As shown in Table L3O as a

Table 1. Effect of Bases on the Suzuki Reaction of
4-Chloroanisole and Phenylboronic Atid

cl MPS-NHC-Pd (4 ~ [

L5+ oy mwenn L

HeCO DMF / water §2:1)
base (5equiv) HaCO

entry base time (h) T (°C) yield® (%)

1 Cs2CO3 24 100 50

2 KsPOy4 24 100 46

3 KyCOg 24 100 76

4 NaOH 24 100 30

5 t-BuOK 24 100 41

6 NayCOs3 24 100 51

a4-Chloroanisole (0.5 mmol), phenylboronic acid (0.6 mmol), MPS
NHC—Pd (2 mol %), base (2.5 mmol), and DMF/water (2:1, viMsolated
yield by column chromatography.

base gave the highest yield (76%) in the reaction of
4-chloroanisole with phenylboronic acid. The use of other
bases resulted in lower yields due to their low activity.
The effect of various solvents was next investigated.
According to the results shown in Table 2, a solution of
DMF/water (2:1) gave an excellent yield (76%) in the

(19) (a) Kumar, G.; Blackburn, J. R.; Albridge, R. G.; Moddeman, W.
E.; Jones, M. Mlnorg. Chem.1972,11, 296. (b) Kim, K. S.; Gossmann,
A. F.; Winogard, NAnal. Chem1974 46, 197. (c) Nyholm, R.; Martensson,
N. J. Phys. C1980,13, L279.
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Table 2. Effect of the Solvents on the Suzuki Reaction of

4-Chloroanisole and Phenylboronic Agid
H3CO

MPS-NHC-Pd (4)

Cl
7 o

K.CO; (5 equiv)

HsCO solvent (2:1)
entry solvent time (h) T (°C) yield® (%)
1 DMF/water 24 100 76
2 DMA/water 24 100 40
3 dioxane/water 24 100 41
4 toluene/water 24 100 none
water 24 100 1

a4-Chloroanisole (0.5mmol), phenylboronic acid (0.6 mmol), MPS
NHC—Pd (2 mo 1%), KCOs (2.5 mmol), and solvent (2:1, v/iv}.Isolated
yield by column chlomatography.

reaction of 4-chloroanisole with phenylboronic acid for 24
h at 100°C. A reaction also occurred using only water.
However, there was poor yield due to the poor solubility of
4-chloroanisole in water and the decrease in the water
compatibility of the MPS-supported bulky NH{Pd catalyst

4.

Table 3. Suzuki Reaction of Aryl Halide, Including Aryl

Chloride, with Phenylboronic Acid
=
©Q
=~

X

MPS-NHC-Pd (4)

R

DMF/water (2:1)
KoCO3 (5 equiv)

entry R X time (h) T (°C) yield? (%)

1 p-COCHj3 I 0.5 50 95
2 p-OCH3 1 0.5 (6) 50 (25) 99 (99)
3 p-COCHj3 Br 1 50 94
4 p-OCH3 Br 1(12) 50 (25) 97 (88)
5 0-OCHj3 Br 1 50 85
6¢ p-COCHj3 Cl 24 100 83
7¢ p-CN Cl 24 100 71
8d p-NOo Cl 24 100 82
9  p-OCH; Cl 24 100 76

10¢ p-CHs Cl 24 100 70

11¢ 0-OCHj3 Cl 24 100 58

12¢ p-OCHj3 Cl 24 100 31

2 Aryl halide (0.5 mmol), phenylboronic acid (0.6 mmol), MPRHC—
Pd (1 mol %), KCOz (2.5 mmol), and DMF/water (2:1, v/v¥.Isolated
yield by column chromatography Phenylboronic acid (0.8 mmol), MPS
NHC—Pd (2 mol %).¢ Phenylboronic acid (0.8 mmol), MPSNHC—Pd
(2 mol %), DMF/water (14:1, v/v)¢ 1-Methylimidazole was used as a ligand
instead of 1-mesitylimidazole.

As shown in Table 3, the Suzuki reaction of various aryl
halides, even aryl chloride, was examined under optimal
reaction conditions to show the high catalytic activity of
MPS-supported bulky NHEPd catalyst 4). The Suzuki
reactions of deactivated aryl chloride including 4-chloroani-
sole and 4-chlorotoluene proceeded with high yields of 76%
and 70%, respectively, at 100 (Table 3, entries 9 and
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10). However, the Suzuki reaction of 2-chloroanisole, which

may experience some steric effect, gave a somewhat IowerTable 4. Reusability of Macroporous Polystyrene-Supported

yield of 58% (Table 3, entry 11). To the best of our pyky NHC—Pd Complex4) for the Suzuki Reactioh
knowledge, none of the known heteogenous catalyts pro-

duced such high yields shown in the above Suzuki reaction QBF - o) _MPSNHCPI®
of deacivated aryl chlorides. The Suzuki reaction of activated k,coc If(’z“"czfzeg Om) HaCOC
aryl chlorides with different substituents also gave good 50°C, 1 h
yields. (Table 3, entries 6—8). 4-Aminobiphenyl was ob-
tained as a side product in the Suzuki reaction of 1-chloro- recycle first second third fourth fifth
4-nitrobenzene in DMF/water (2:1) system. As the ratio of et (%) 94 94 94 89 94
water was reduced to DMF/water (14:1), the side reaction o
. . . . a4-Bromoacetophenone (0.5 mmol), phenylboronic acid (0.6 mmol),

was suppressed, and 4-nitrobiphenyl was obtained in 82%yps—NHC—Pd (1 mol %), KCOs (2.5 mmal), DMF/HO (2:1, vAv), 50
yield (Table 3, entry 8). In addition, the Suzuki reaction of °C, and 1 hPIsolated yield by column chromatography.
aryl iodides and bromides produced excellent yields, regard
less of the presence of activated, deactivated and steric
substituents (Table 3, entries-5), even at room temperature  ethyl polystyrene with 1-(mesityl)imidazole as a supported
(Table 3, entries 2 and 4). _ NHC precursor for the immobilization of a palladium

In order to examine the effect of the bulkiness of the catalyst. The supported NHC precursor readily formed a

!lgtan((jj, 1;jnletrt1r3]/|'m'dt"’lz|°|? an? 1—me?|tyllrg|dazole v;/_erel stable complex with Pd(OAgand showed excellent catalytic
introduced to the catalyst system as figands, respective y'activity in the Suzuki reactions of various aryl chlorides,

When bulky 1-mesitylimidazole was used, a high yield was . - . . .
obtained compared with 1-methylimidazole. (Table 3, entries bromides and iodides. Aryl chlorlldes with electr.on-.olona.tmg
groups were also converted to biaryl products in high yield.

9 and 12). Hence, the bulkiness of the ligand is an important £
factor for increasing the catalytic activity in the Suzuki 1hiS MPS-supported bulky NHEPd catalyst showed reus-

reaction of aryl chlorides. Therefore, the MPS-supported ability up to five times in the Suzuki reaction of aryl bromide.
bulky NHC—Pd catalyst4) was confirmed to be an excellent
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