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Abstract: Chloromethylated polystyrene cross-linked with 5% divinylbenzene (PS5) has been successfully
functionalized with phenyldithiocarbazate ligand (PS5-PDC). The polymer was used as solid support for anchoring
the palladium metal (PS5-PDC-Pd). The properties of dark colored polymer, impregnated with palladium complex
was then characterized by various spectroscopic and analytical techniques namely Fourier Transform Infrared
(FTIR), elemental chemical analysis CHNS, Thermogravimetric analysis (TGA), BET surface area, powder X-ray
Diffraction (XRD), Inductively Coupled Plasma-Optical Emission Spectrometer (ICP-OES) and Scanning Electron
Microscopy/Energy Dispersive X-ray (SEM-EDX). Supported catalyst of PS5-PDC-Pd was then tested in the
Mizoroki-Heck reaction of 4-bromoacetophenone with methyl acrylate. The reaction was monitored by GC-FID.
Preliminary results showed that supported catalyst could be used in at least three consecutive Mizoroki-Heck
reactions with the same catalytic activity.
Key words: Polystyrene; Supported catalyst; Mizoroki-Heck reaction

1. Introduction

(Li et al., 2007; Ojwach et al., 2007). So, due to the
high cost of catalysts preparation and the toxicity of
the reaction residues make it necessary to develop
palladium catalysts which are eco-friendly recover
and that cycle without losing their catalytic
performance and activity (Rouhi, 2004).
In this regard, stable and reusable active
polystyrene supported palladium(II) complex has
been designed for Mizoroki-Heck reaction. Polymers
widely used as solid support due to ease of handling
and easy availability. Polystyrene is a popular
polymer support because having special properties
such as inert material, non-toxic, non-volatile,
mechanical robustness as well as facile
functionalization (Patel et al., 2010; Handa et al.,
2009). The characteristics of polystyrene may be
altered by varying the degrees of cross-linking
(Dalal, 2012) Bakherad and co-workers (2012b)
reported that polystyrene also can offer assorted
routes of interaction through covalent bonding,
hydrogen bonding or donor-acceptor interaction.
Inspired by the unique properties of supported
catalyst in numerous reports applications, thus, this
report we focus on the design and synthesis of
functionalized
polystyrene
with
phenyldithiocarbazate ligand and palladium metal
acting as heterogeneous catalyst for Mizoroki-Heck
reaction. As we expected, the catalyst exhibited
excellent performance in catalytic activity.
Furthermore, the catalyst can be easily recovered by
simple filtration and reused at least three
consecutive cycles in catalytic reaction.

*Palladium

catalyzed carbon-carbon bond
formations have been recognized as powerful
synthetic tools in organic transformations for fine
chemical production (Keles et al., 2008). Currently,
the designing of environmentally, simple and
efficient supported catalyst has become a goal for
many researchers due to its great potential in
catalyzing of organic transformations (Demel et al.,
2010). Ideally, the preparation of supported catalyst
is to enhance the thermal and chemical stabilities
and most significantly, the supported catalyst can be
reused for several times without any appreciable
loss of catalytic activity (Soh et al., 2014). Therefore,
the synthesizing of supported catalyst can give an
alternative solution to overcome the homogeneous
system (Bakherad et al., 2012a).
Clearly, most of homogeneous catalysts suffer
from a number of drawbacks which lie in the
removal, difficult regeneration to original catalytic
activity and contamination of product reaction
(Islam et al., 2011; He and Cai, 2011). As there is no
recovery of the catalyst, reusing it is out of
consideration. Palladium catalysts such as Pd2(dba)3,
Pd(PPh3)4 or Pd(PPh3)2Cl2 are expensive and
sometimes difficult to handle and recover
(Feuerstein et al., 2005; Hajipour et al., 2012).
Besides, the use of phosphine types ligand tend to be
moisture and air sensitive thus required an inert
atmosphere conditions to perform as an efficient
catalyst, and less useful for industrial applications
*

2. Experimental
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2.1. Materials, method and instruments

mL N, N-dimethylformamide (DMF) to form
supported catalyst PS5-PDC-Pd. The mixture was
stirred at 80 °C for 20 hours to generate the
corresponding polymer supported palladium(II)
complex. The catalyst obtained was filter off, washed
with acetonitrile and distilled water, then dried for
24 hours to afford the black supported catalyst.

All reagents were obtained commercially and
directly used without further purification.
Merrifield’s polymer, chloromethyl poly(styrenedivinyl benzol) 5% (PS5) was supplied by SigmaAldrich. Bis(benzonitrile)dichloropalladium(II) and
other reagents were purchased from Merck. FTIR
spectra were recorded as potassium bromide (KBr)
disc on a Perkin Elmer Spectrum 100 FTIR
spectrometer in the range of 400 to 4000 cm−1.
Microanalytical data (C, H and N) were analysed
using a Flash EA1112. The thermal stability of
sample was carried out using a Perkin Elmer Pyris 1
DSC. Surface morphology of the PS and PS5-Pd were
analyzed using a scanning electron microscope JOEL
JSM 6360 equipped with Energy Dispersive X-Ray
facility (SEM-EDX). X-ray powder diffraction (XRD)
patterns were measured using a Rigaku Miniflex II Xray Diffractometer and was obtained in the range 370°, with 2θ scale and counting time of 1 sec/step.
BET surface area was calculated by using Thermo
Finnigan Qsurf Surface Analyzer. Inductively coupled
plasma-optical emission spectroscopy (ICP-OES) was
performed using Vista-Pro Varian ICP-OES. Gas
chromatography (GC) analysis were carried out on a
2010 Shimadzu gas chromatograph equipped with a
30 m × 250 m × 0.25 m nominal capillary column
(BP-1, 100% dimethylpolysiloxane) and Flame
Ionization Detector (FID). The microliter samples are
injected at 50 ˚C. The temperature increment is at 15
˚C per minute and the final temperature was 300 °C.

CS2 , PhNHNH 2 , KOH
DMF, 90 ᴼC
PS5

PS5‐PDC

PdCl2 (PhCN)2
DMF, 80 ᴼC

PS5‐PDC‐Pd

Fig. 1: Synthesis of the PS supported Pd(II) complex

2.4. General experimental
Mizoroki‐Heck reaction

procedure

for

In a typical experiment, a reaction mixture of aryl
bromide (1.0 mmol), methyl acrylate (1.5 mmol),
base (2.0 mmol), N, N-dimethylacetamide (5 mL) and
the catalyst (1 mmol %) were introduced into a
Radley’s carousel tube whilst purging with nitrogen
(Fig. 2). The reaction carousel was then heated to
120 °C with temperature carefully control by a
contact thermometer (± 1 °C) for 15, 30, 60 and 180
minutes. The percentage conversion of reactants was
monitored by GC-FID. At the end of the reaction the
catalyst was separated by simple filtration. The
filtrate was acidified with 2% hydrochloric acid
solution and cooled at 0°C (Zhao et al., 2004). The
purified product was confirmed by NMR and FTIR
spectroscopies.

2.2. Preparation of polystyrene supported
phenyldithiocarbazate ligand (PS5‐PDC)
The preparation of such catalyst is simple and
visual observation at each stage can confirm the
successful synthesis. Firstly, the polymer was
functionalized using a carousel tube that equipped
with magnetic stirrer bar. Chloromethylated
polystyrene (1.5 g) was swelled in 15 mL N,Ndimethylformamide (DMF) for 30 minutes while
stirring. Then, 2.5 mL of phenylhydrazine
(PhNHNH2), 2.5 mmol of potassium hydroxide
(KOH), and 2.5 mmol of carbon disulphide (CS2)
were added and heated at 90 °C for 36 hours under
nitrogen atmosphere. The color of the beads changed
from white to light yellow. The beads were filtered
off, washed with DMF and air-dried. Then the
completed incorporation of the ligand to the
polystyrene was determined by elemental analyses.

Pd cat, DMA

+
Base

Fig. 2: Synthetic approach for the Mizoroki-Heck reaction

2.4. Recovery and reuse of the catalyst
The recyclability of PS5-PDC-Pd was further
investigated because the recyclability of the
heterogeneous catalyst is important issues in the
coupling reactions. The reusability of the catalyst
was tested using 4-broomoacetophenone and methyl
acrylate as model reaction. After the completion the
reaction, the catalyst was recovered by simple
filtration, followed by washing with acetonitrile and
distilled water. The recovered catalyst was dried
under vacuum. Then, the catalyst was reused directly

2.3. Preparation of polystyrene supported
phenyldithiocarbazate ligand (PS5‐PDC‐Pd)
The functionalized polymer (PS5-PDC) was then
treated with palladium metal. The synthetic
procedure of polymer supported palladium complex
is illustrated in Fig. 1. The resulting bright yellow
PS5-PDC (1.0 g) subsequently reacted with
bis(benzonitrile)dichloro palladium(II) (1.0 g) in 15
25
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for the nexxt reaction. The
T
conversiion of produ
ucts
remains alm
most identicall to the fresh catalyst.

ystalline nature. It has been reportted that thee
cry
bro
oad peaks att 2θ values bbetween 10° and 30° aree
claassically attrib
buted to the pperiodicity parallel
p
to thee
am
morphous polymer chain (Tamami and Ghasemi,,
2011). Meanwh
hile, the funcctionalize ligands remain
n
hanged andd represent the samee
virrtually unch
patterns. A sha
arp peak at the range of
o 40°-42° in
n
ndicated the presence of
o palladium
m
PS5-PDC-Pd in
a et al., 2011;;
meetal in the supported cataalyst (Ohtaka
Fei et al., 2012;; Zhou et al., 2013). This propose thatt
d
thee macroporous structure is not largelly unaffected
by the surface modifications
m
s (Demel et al., 2010).

3. Results a
and discussio
on
3.1. Synth
hesis and characteriz
zation of tthe
polystyrene
e supported palladium
m(II) comp
plex
(PS5‐PDC‐P
Pd)
Polystyreene supportted palladiu
um(II) comp
plex
was successsfully synthessized by heating a mixturee of
polystyrene
with
c
carbon
dissulphide
aand
oduce PS5-P
PDC which w
was
phenylhydraazine to pro
then reacted with bis
b
(benzoniitrile) dichl oro
ding supporrted
palladium(III) to yield correspond
catalyst PSS5-PDC-Pd. The cataly
yst was w
well
characterizeed using an
nalytical and
d spectroscoopic
techniques.
functtionalized
ligand
w
was
Polystyreene
characterizeed by CHNSS elemental analysis. T
The
nitrogen and sulfur conttents are 8.3
38% and 4.65
5%,
respectivelyy. According these valuess, the degreee of
phenyldithio
ocarbazate in
ntroduced to the polystyreene
were 2.99 m
mmol/g and 0.73
0
mmol/g
g of the supp ort.
These confirrmed that th
he complete incorporation
n of
both speciies in PS5-PDC. The
e reaction of
polystyrene-bound ph
henyldithioca
arbazate w
with
PdCl2(PhCN)2 in DMF under refflux conditioons
nt attachmen
nt of palladiium
resulted in the covalen
onto functio
onalized polym
mer.
The surfaace area observed for PS5 and PS5-PD
DCPd were 10
0.41 m2/g an
nd 9.85 m2/g,
/ respectivvely.
PS5-PDC-Pd
d slightly deecreased of specific
s
surfface
area than parent poly
ystyrene (PS5) due to the
blocking po
ores and steric hindrancce effect durring
complexatio
on reaction (D
Dalal, 2012; Bakherad et al.,
2010; Anton
ny et al., 2003
3). The amou
unt of palladiium
incorporated into thee polystyre
ene was aalso
wed a valuee of
determined by ICP-OESS which show
atalyst.
0.49 mmol/gg of the heterrogeneous ca
The FTIR spectrum of PS5-PDC-Pd has beeen
n the expecteed frequency
y region of the
analyzed in
ν(N-H), ν(C--N), ν(C=C) and
a
ν(C=S). According
A
too IR
spectrum ffor PS5, thee vibration for ν(N-H) is
assigned 34
425 cm-1. Ho
owever for PS5-PDC-Pd,
P
the
vibration signal has shiifted for ν(N
N-H), 3430 cm
m-1
ween the ligaand
suggesting fformation of bonding betw
and the metal (Gupta et al., 2009). Meanwhile, the
d at 1384 cm-1 is assigned
d to
presence of strong band
n ν(C-N) and the absorpttion
the stretching vibration
98 cm-1, attrributed to th
he C=C bond
d of
band at 159
phenyldithio
ocarbazate-fu
unctionalized
d polystyreene.
The ν(C=S) stretching absorption band
b
showed
d a
wer
decrease in peak intensity and shifted to the low
frequency aat 1065 cm-1. This indiicated that the
sulfur atom is probably involved in th
he attachmen
nt of
he central pa
alladium (II) ion
functionalize ligand to th
nd Othman, 2013).
(Ameram an
XRD analysis was perrformed in order
o
to iden
ntify
S5 and PS5-PD
DCthe differentt phases pressent in the PS
Pd. As show
wn in Fig. 3, th
he diffractogrram of PS5-PD
DCPd showed
d dramatic changes compare to P
PS5
structure. X
XRD pattern of PS5 sugg
gested its n
non-

Fig. 3: XR
RD patterns of PPS5 and PS5-P
PDC-Pd

ological channges and size of PS5-PDC-The morpho
Pd
d were also performed bby SEM-EDX analyses. A
cleear change in
n the morphoology was ob
bserved with
h
thee spherical shape of the particles is more visiblee
thrroughout the specimen (FFig. 4).

Fig.
F 4: SEM miccrograph for PSS5 (A) and PS5
5-PDC-Pd (B)

d
The surfacce of PS5--PDC-Pd is roughened
sug
ggested the loading
l
of Pdd metal on th
he surface off
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polymer (Islam et al., 20
010). EDX an
nalysis was u sed
ne chemical composition
n of supporrted
to determin
catalyst. In the EDX spectrum of catalyst (Fig. 5),
a
Pd were observed. E
EDX
peaks relateed to N, S and
data also ssupports thee metal attachment on the
surface of po
olymer matriix.

The resultss are shownn in Table 1. Catalyticc
ept to 1.0 m
mmol% so as to give an
n
loaading was ke
exp
pected TON 100
1 if 100% cconversion was
w achieved.
Table
T
1: Effect of different typpe of bases on the catalytic
perform
mance
En
ntry
Basse
Timee(min)
Con
nversionb (%)
1
NaOAc
115
100 (100)
2
NaOAc
330
100 (100)
3
NaOAc
660
100 (100)
4
NaOAc
1180
100(100)
5
Na2CO
C 3
115
36 (36)
6
Na2CO
C 3
330
48 (48)
7
Na2CO
C 3
660
87 (87)
8
Na2CO
C 3
1180
100 (100)
9
NaHC
CO3
115
56 (56)
10
1
NaHC
CO3
330
80 (80)
11
1
NaHC
CO3
660
87 (87)
12
1
NaHC
CO3
1180
100 (100)
a Reaction were performed at 120 °C with catalyst
c
(1.0
mol), methyl
mmol%), 4-brromoacetopheenone (1.0 mm
acrylate (1.5 mm
mol), base (2.0 mmol), DMA (5.0
(
mL), in N2
atmosphhere.
bDetermine b
by GC-FID.
Values in pare
enthesis is turnnover numberr (TON): moless
of
o substrate converted per m
mole of metal in
n the catalyst

Fig. 5: EDX im
mage of polysty
yrene supported Pd (II) cata lyst

Thermo gravimetricc analysis of supporrted
catalyst reveeals that its quiet
q
stable up to 280 °C. T
The
degradation
n occurred ab
bove 300 °C may be duee to
the dissociaation of anch
hored ligand or breakingg of
polymeric cchain (Patell et al., 201
10). It can be
concluded that the prresent analy
ysis shows the
supported ccatalyst can be safely ussed in stand ard
Mizoroki-Heeck with reaaction temperature arou
und
120 °C.

Among the
e selected bases, sodiium acetatee
(NaOAc) was found to bee most effecctive one ass
ghest produccts conversioon was obtained after 15
5
hig
miinutes (entry
y 1). The reesult shows that NaOAcc
performed effectively givingg 100% conv
version of 4-omoacetophe
enone with T
TON of 100 to
o produce 3-bro
(4--acetyl-pheny
yl)-acrylic aacid methyll ester. In
n
con
ntrast, the lo
owest converrsion was obtained when
n
Naa2CO3 (entry 5) probably due to the in
nsolubility off
thaat base in organic solvvent. It was noted thatt
NaaHCO3 was less
l
effectivee and afford
ds moderatee
con
nversion of coupled produuct (entry 9).

oki‐Heck re
eaction usin
ng polystyreene
3.2. Mizoro
supported p
palladium(II) complex, PS5‐PDC‐Pd
d
The main
n aim to desiggn supported
d metal comp
plex
on polystyrrene is to en
nhance the life
l
of resultting
catalyst, en
nsure easy separation from reacttion
mixture, mo
ore feasible for recyclability of catallyst
and hence increase its overall efficacy. T
The
or the stand ard
synthesized catalyst was screened fo
minary test w
was
reaction of Mizoroki-Heeck. A prelim
oacetophenon
ne with metthyl
carried out of 4-bromo
r
The
e reaction w
was
acrylate as a model reaction.
m
Conttrol
monitored ffor 15, 30, 60 and 180 minutes.
experimentss show that there
t
is no efffective reacttion
in the absen
nce of catalystt.
The supported catallyst, PS5-PDC
C-Pd was qu
uite
d the percen
ntage of conv
version obtain
ned
effective and
in good yieeld with resspectable turrnover num
mber
(TON) for tthe reactionss. Our initiall exploration
n of
reaction co
ondition focu
used on th
he influence of
different bases. Base plaays a crucial role in the rrate
and producct distributiion of the Mizoroki-H eck
reaction. Baase is also needed to neutralize aand
remove hyd
drogen halidee (HX) from the intermediiate
palladium co
omplex (Nadri et al., 2009
9).

3.3
3. Reusabilitty of the cataalyst
In heteroge
eneous catalyytic system, the catalystt
waas recycled in
n order to teest its activitty as well ass
staability. The re
ecovered cataalyst was emp
ployed in thee
next run underr the similar conditions (F
Fig. 4) givingg
9
converssion of the products (Fig..
100, 100 and 95%
6)..

100

Conversion (%)

80
60
40
20
0
1

2

3

Cyclee

Fig. 6: Recyccling study of tthe catalyst PS5-PDC-Pd
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the range of δC 128.1-138.7 ppm. The carbonyl(C=O)
group ketone and ester clearly observed at
downfield in δC 197.3 ppm and δC 166.9 ppm,
respectively. Table 2 shows the 1H and 13C NMR data
for acid methyl ester product.

The results show the catalytic activity did not
decrease considerably after three consecutive in the
Mizoroki-Heck reaction, indicating that the
synthesized supported catalyst is stable and can be
regenerated for repeated use. The conversion of 4bromoacetophenone can also be maintained. It was
notable that PS5-PDC-Pd showed consistent catalytic
activity without significant loss active species after
being reused so many times.

Table 2: The summary data for 1H and 13C NMR for acid
methyl ester product
1H NMR / δH (ppm)
(s, 3H, CH3), 2.63
(s, 3H, O-CH3), 3.83
(d, 1H, C=CH), 6.52-6.56
(d, 1H, C6H4), 7.61-7.63
(d, 1H, C=CH), 7.70-7.74
(d, 1H, C6H4), 7.97-7.99
13C NMR δC (ppm)
(C-CH3), 26.67
(O-CH3), 51.90
(C=CH), 120.3, 143.3
(C6H4), 128.1, 128.9, 138.1, 138.7
(O-C=O), 166.9
(C-C=O), 197.3

3.4. Isolation of Mizoroki‐Heck reaction product
The
Mizoroki-Heck
reaction
of
4bromoacetophenone with methyl acrylate using PS5PDC-Pd gave 3-(4-acetyl-phenyl)-acrylic acid methyl
ester as pale yellow powder. A structure of 3-(4acetyl phenyl)-acrylic acid methyl ester is shown in
Fig. 7. This product was isolated and
spectroscopically characterized by FTIR and NMR
spectroscopy. CHN elemental analysis: Experimental:
C, 70.63%; H, 5.99%. Calculated for C12H12O3
requires: C, 70.57%; H, 5.92%.

4. Conclusion
In the present work, polystyrene supported
palladium(II)
complex
(PS5-PDC-Pd)
was
successfully synthesized and characterized. This
supported catalyst was found to be very effective
catalyst for Mizoroki-Heck reaction of 4brooacetophenone and methyl acrylate. The catalyst
exhibits high activity and stable towards air. The
ease of separation and recovery make such
supported catalyst an interesting alternative to
overcome the drawbacks of homogeneous system.

O
12

H3C

7
11

8

6
3

5

9

2
10

4

O

1

CH3

O

Fig. 7: Structure of acid methyl ester

The FTIR spectrum recorded as KBr disc showed
two important sharp peaks at 1708 and 1682 cm-1
which are assigned to the C=O ester and C=O ketone
stretching modes, respectively. Meanwhile, the
presence of the strong band at 1267 cm-1 is assign to
the C-O ester stretching vibration. The C=C alkene
stretching modes which are adjacent to the carbonyl
group ester appeared at 1641 cm-1. Two absorption
bands of C=C aromatics stretching modes appeared
at 1432 cm-1 and 1361 cm-1. These bands indicated
the formation of 3-(4-acetyl phenyl)-acrylic acid
methyl ester.
The 1H and 13C NMR were used to resolve the
chemical structure of the product. As observed in the
1H NMR spectrum, the upfield chemical shift at δ
H
2.63 ppm is assigned to methyl –CH3 protons
resonance while at δH 3.84 ppm is due to methy ester
O-CH3 group. The doublet resonance at δH 6.52-6.56
ppm (JHH=16.0 Hz) is assigned to one alkene proton
=CH3 while the doublet resonance at δH 7.70-7.74
ppm (JHH=16.0 Hz) appeared for another alkene
proton. The signal from aromatic protons could be
observed as two separated doublet resonances at δH
7.61-7.63 ppm and δH 7.97-7.99 ppm.
The 13C NMR spectrum for the catalytic product
shows two different carbons with two quaternary
carbons in agreement with the product structure
(Fig. 7). The signal at δC 51.90 ppm is assigned to the
O-CH3 and –CH3 signal observed at δC 26.67 ppm.
Furthermore, the C=C alkenes carbon signals are
observed at δC 120.3 ppm and 143.3 ppm. The
signals from five aromatic carbons are observed in
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