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Abstract—We synthesized amphiphilic polymer-supported N-heterocyclic carbene (NHC) precursor resins by loading polyethylene
glycol (PEG) containing imidazolium groups on Merrifield resin. These PS-PEG-NHC precursor resins were compatible with water
and readily formed a stable complex with palladium. These PS-PEG-NHC-Pd catalysts showed excellent catalytic activity for
Suzuki cross-coupling reactions of various aryl iodides and bromides with phenylboronic acid in water than the previously described
polystyrene based catalysts. In addition, the PSSPEG-NHC-Pd catalysts continued to provide excellent catalytic activity in Suzuki

cross-coupling reactions after five consecutive recycles.
© 2006 Elsevier Ltd. All rights reserved.

N-Heterocyclic carbenes (NHCs) have attracted a great
deal of interest as transition metal ligands in the area of
organic and inorganic chemistry ever since they were
first discovered by Ofele and Wanzlick! in the late
1960s. These NHCs have the same o-donor and exhibit
low m-acceptor ability as phosphine in terms of their me-
tal coordination chemistry.> Recently, the NHC ligands
have also shown to have excellent air and moisture sta-
bility and higher dissociation energies than those of
other ligands quantified by theoretical calculations for
different metals.® Therefore, they have been applied to
many organic reactions that use the transition metal cat-
alysts as efficient ligands. There have been many success-
ful demonstrations of homogeneous catalysis using
NHCs as ligands for transition metals.* These homoge-
neous catalyst systems, however, have basic problems in
terms of the separation and recycling of the catalysts. In
addition, these systems induced contamination of the
ligand residue in the products. Therefore, the develop-
ment of a polymer-supported and insoluble transition
metal catalyst has attracted a great deal of attention in
organic chemistry. The heterogeneous catalysis system
have several advantages, such as fast recovery and sim-
ple recycling of the catalysts by filtration (a process that
prevents the contamination of the ligand and decreases

Keywords: N-Heterocyclic carbene (NHC); Suzuki reaction; Aqueous

phase reaction; Palladium; Heterogeneous catalyst.

* Corresponding author. Tel.: +82 2 880 7080; fax: +82 2 876 9625;
e-mail: yslee@snu.ac.kr

0040-4039/$ - see front matter © 2006 Elsevier Ltd. All rights reserved.

doi:10.1016/j.tetlet.2006.04.105

environmental pollution caused by residual metals in
the wastes).> Several kinds of polymer-supported
NHC-transition metal complexes have been designed
so far.®’

In addition, organic reactions conducted in an aqueous
phase have drawn much attention recently because of
the advantages as an eco-friendly and economic process
using water as a non-toxic solvent.® Uozumi’s group has
done a thorough investigation amphiphilic ArgoGel
(polystyrene—g-polyethylene glycol resin)-supported
phosphine—palladium complex for aqueous phase or-
ganic reaction.” We have previously reported regarding
the polystyrene-based NHC-Pd catalysts which exhib-
ited excellent catalytic activity for Suzuki reactions in
a mixture of organic solvents and water. However, the
polystyrene-based NHC-Pd catalysts yielded poor re-
sults for the Suzuki reactions only conducted in water.’

Therefore, in this letter, we report on the use of amphi-
philic  polystyrene—g-polyethylene  glycol-NHC(PS—
PEG-NHC) precursor resins that were prepared from
Merrifield resin and the subsequent application of the
PS-PEG-NHC-Pd complex to a heterogeneous Suzuki
cross-coupling reaction in water.

As detailed in Scheme 1, we first synthesized two types
of imidazoliums using different units of PEG (PEG
200, PEG 600) as NHC precursors. The PEGs were
mono-tosylated in 45% and 47% yield following which
the mono-tosylated PEGs were reacted with 1-methyl


mailto:yslee@snu.ac.kr

4746 J-W. Kim et al. | Tetrahedron Letters 47 (2006) 4745-4748

0
ot > %Fon + m—#«@
0

n= 3, 11

()

|
N

CHCly
40°C 45, 47%

~ Q0

o
ok os ()
o

A
D
\

[

=0

]
»

O

-

Do-

ot ™ OJ\rl/\N

©

o Yo

PS-PEG-NHC precursor resin (2)

Scheme 1. Synthesis of PS-PEG-NHC precursor resins.

imidazole for 24 h at 70°C. The final imidazolium
(PEG-NHC) precursors (1) were obtained in excellent
yields (PEG 200-NHC; 99%, PEG 600-NHC; 98%).
We obtained the PS-PEG-NHC precursor resins (2)
by loading the PEG-NHC precursors on Merrifield re-
sin, as shown in Scheme 1. The loading levels of imi-
dazolium depended on the molecular weight of the
PEG (PS-PEG 200-NHC precursor resin; 0.87 mmol/
g, PS-PEG 600-NHC precursor resin; 0.54 mmol/g).
The conversion of functional groups on the Merrifield
resins was estimated to be 80% based on the weight
increase of the resin.

As the length of PEG chain on the resins increased, their
swelling volumes increased in polar solvents such as
water and MeOH and decreased in non-polar solvents
such as MC and THF (Fig. 1). In contrast to the con-
ventional polystyrene-based polymeric supports, PS—
PEG-NHC precursor resins were water-compatible.
Palladium was then immobilized on the PS-PEG-
NHC precursor resins using potassium tertiary butoxide

BuOK
DMA
70°C

99, 98%

PEG-NHC precursor (1)

as a base for the in situ deprotonation of imidazolium
salts (Scheme 2).!1%!! When the quantity of the base in-
creased, the loading level of palladium also increased
(shown in Table 1). We confirmed that palladium was
immobilized specifically at the C2 position of the imi-
dazolium on the bead using IR spectroscopy. Before
the immobilization of palladium, we could observe a
strong band of quaternary imidazolium on the bead at
1157 cm ™" in the IR spectrum.'? However, it decreased,
and the band of alkene at 1665 cm™' became stronger
after the immobilization of palladium.

Both the PS-PEG 200-NHC-Pd and PS-PEG 600-
NHC-Pd catalysts were investigated for the Suzuki
reaction in water in order to confirm the effects of PEG
length. As shown in Table 2, PS-PEG 600-NHC-Pd
provided an excellent yield (91%), indicating that PEG
600 would be suitable for rendering the water-compati-
bility to a polystyrene-based resin. For any potential
industrial applications of a heterogeneous Suzuki
cross-coupling reaction, the lifetime of the PS-PEG
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Figure 1. Swelling properties of PS-PEG-NHC precursor resins.
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Scheme 2. Immobilization of palladium on PS-PEG-NHC precursor resins.
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Table 1. Immobilization of palladium on the NHC precursor resin®

MW of ‘BuOK  Loading level of Loading level of
PEG (mmol)  imidazolium (mmol/g)  Pd (mmol/g)*
200 0.52 0.87 0.012

200 1.04 0.87 0.11

600 0.65 0.54 0.05

# Analyzed by ICP-AES (inductively coupled plasma-atomic emission
spectrometry).
®1 g of PS~PEG-NHC precursor resins was used.

Table 2. Suzuki reaction of iodobenzene with Ph-B(OH), in water®

@/I Pd catalyst (2 mol%) O

Ph-B(OH), O
Cs,CO04
Entry MW of PEG

H,0
50°C,12 h

Loading level of  Isolated yield (%)°

in Pd catalyst Pd (mmol/g)
1 200 0.11 57
2 600 0.05 91

% All of the reactions were carried out with the mole ratio of Ph-I:Ph—
B(OH),:Cs,CO3:Pd = 1:1.3:5.0:0.02.

®Isolation yields were calculated from the mass of the biphenyl
product after separation using column chromatography.

600-NHC-Pd catalyst and its reusability would be the
most important factors. Therefore, the catalyst
(2 mol % Pd) was repeatedly used five times in the reac-
tion of iodobenzene and phenylboronic acid in water
for 12 h at 50 °C (shown in Table 3). In this exercise,
the PS-PEG 600-NHC-Pd catalyst continued to provide
excellent catalytic activity.

To extend the scope of the heterogeneous reaction, the
Suzuki cross-coupling reaction of various aryl iodides
and bromides with phenylboronic acid was examined
under very mild conditions as detailed in Table 4.!3

Table 3. Reusability test of the PS-PEG 600-NHC-Pd complex®
The number of recycle Ist 2nd 3rd 4th Sth
Isolated yield (%)® 91 88 87 84 82

% All of the reactions were carried out with the mole ratio of Ph-I:Ph—
B(OH),:Cs,CO;:Pd = 1:1.3:5.0:0.02. 12 h, 50 °C.

®Isolation yields were calculated from the mass of the biphenyl
product after separation using column chromatography.

Table 4. Suzuki reactions of various aryl halides and phenylboronic
acid with the PS-PEG 600-NHC-Pd complex in water®

X PS-PEG600-NHC-Pd (2 mol%) O
R/O/ Ph-B(OH),, Cs,CO; H,0 O

50°C,12h R
Entry R X Isolated yield (%)¢
1 H 1 91
2° OH 1 99
3b OMe I 76
4° COCHj; 1 99
50 NO, I 90
6° H Br 97
7¢ CHO Br 99

#All of the reactions were carried out with the mole ratio of RPh—
X:Ph-B(OH),:Cs,CO;:Pd = 1:1.3:5.0:0.02.

®2 v/v % DMF was used for solving the substrate.

¢5 v/v % DMF was used for solving the substrate.

dIsolation yields were calculated from the mass of the biphenyl
product after separation using column chromatography.

All of the aryliodides and arylbromides were converted
to the corresponding biaryls with excellent yields within
12 h at 50 °C, regardless of the substituents. As men-
tioned above, the PS-PEG 600-NHC-Pd catalyst was
so effective that all of the aryl iodides and bromides were
converted very rapidly to the corresponding products in
water and under mild reaction conditions.

In conclusion, we have prepared amphiphilic PS-PEG—
NHC precursor resins by loading PEG containing imid-
azolium group on Merrifield resin. These PS-PEG-
NHC precursor resins readily formed a stable complex
with palladium and the resulting PS-PEG-NHC-Pd
catalysts showed excellent catalytic activity for the Suzu-
ki reaction in water. This polymer-supported catalyst
demonstrated outstanding reusability for the Suzuki
cross-coupling reaction.
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