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New Chitosan-Glyoxal Beads Supported Pd(ll) Catalyst:
Synthesis, Characterization and Application in Suzuki
Coupling Reactions

Yeni Kitosan-Glioksal Klre Destekli Pd(ll) Katalizdru: Sentezi,
Karakterizasyonu ve Suzuki Kenetlenme Reaksiyonlarindaki
Uygulamasi
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ABSTRACT

n this paper, a new chitosan bead supported Pd(ll) catalyst was prepared and its structure was characteri-

zed with FTIR, XRD, TGA, SEM/EDAX and ICP-OES analyses for Suzuki coupling reactions. The catalytic and
recyclable performances of the catalyst were explored in the synthesis of biaryl compounds under microwave
heating and free solvent media. The catalyst provided good conversion reaction yields and high TON and TOF
values with a simple and quick microwave heating procedure. In addition, the recycle tests indicated that the
catalyst could be used for up to seven runs under optimum reaction conditions.
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6ZET

u calismada, Suzuki capraz kenetlenme tepkimeleri icin yeni bir kitosan boncuk destekli Pd(ll) katalizéri

hazirlandi ve yapisi FTIR, XRD, TGA, SEM/EDAX ve ICP-OES analizleri ile karakterize edildi. Katalizorin,
katalitik ve tekrar kullanilabilirlik performanslari mikrodalga isitma altinda ve ¢06zlcisiz ortamda biaril
bilesiklerinin sentezinde arastirildi. Katalizér basit ve hizli bir mikrodalga isitma yéntemiileiyi dontsim tepkime
verimlerive yliksek TON ve TOF dederleri sagladi. Ayrica optimum kosullar altinda tekrar kullanilabilirlik testleri
katalizérin bes ¢evrime kadar kullanilabileceg@ini gosterdi.
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INTRODUCTION
Biaryl compounds are important organic
compounds due to their unigue chemical
and biological properties, and thus they are
utilized in pharmacology, medicine and cosmetics
[1]. Palladium complexes as catalysts for the
synthesis of biaryls have been used widely in
homogeneous and heterogeneous systems
[2,3]. So far, most of the homogenous palladium
catalysts were tested in Suzuki coupling reactions.
However, the removal of the homogenous
catalysts from the reaction media is not easy and
usually affects the recyclable performance of the
catalyst [4]. To overcome this problem, natural
polymer supported heterogeneous catalysts
have been used in recent years [5,6]. As a support
material, chitosan which is natural polymer, has
superior properties, such as biodegradability,
biocompatibility and high metal binding capacity,
low cost and environmental friendly material [7,8].
In addition, chitosan has reactive hydroxyl and
amino groups, and these groups on the chitosan
enable chemical modifications to improve its
mechanical strength, solubility, chemical stability
and to control hydrophobic, cationic and anionic
properties [9,10].

Schiff basesarethemostwidely usedligandsin
the field of metal-organic coordination chemistry
due to their excellent metal binding ability [11].
Schiff base forms of chitosan are easily produced
from the condensation reaction of the free amino
group of chitosan with reactive carbonyl groups
of ketone or aldehyde [12]. Dialdehyde glyoxal is
a cross-linking agent and can react with amine
groups of chitosan by forming Schiff bases. Thus
this modification increases the metal binding

capacity of the chitosan, and so glyoxal cross-

linked chitosan Schiff base can provide a better
macromolecular ligand for metal ion coordination
in catalysts systems.

In this study, a new glyoxal cross-linked
chitosan Schiff base and its Pd(ll) catalyst
(chitosan bead supported Pd(ll) catalyst) were
synthesized, and their chemical structures were
characterized by FTIR, SEM-EDAX,TG/DTG, XRD
and ICP-OES analyses. Then the catalytic activity
of the chitosan bead supported Pd(ll) catalyst was
investigated in the synthesis of biaryl compounds

in solvent free media under microwave heating via
Suzuki coupling reactions. The glyoxal-chitosan
based Pd(ll) catalyst indicated good catalytic
performance towards Suzuki cross coupling in a
short reaction time (5 min). In addition, high TON
and TOF values were obtained with 0.025% mol
catalyst. The reusability of the glyoxal-chitosan
based Pd(ll) catalyst was also tested. The test
indicated that the catalyst was still active after
five cycles. In addition, the biaryl compounds
were characterized using GC-MS (Supplementary
data).

MATERIALS and METHODS

Synthesis of glyoxal cross-linked chitosan
Schiff base

1 g of chitosan was dissolved in an acetic acid
solution (50 mL, 2%, w:w). Then the chitosan
solution was dropped intoa mixture of ethanol (60
mL), water (40 mL) and NaOH (12 g) to obtained
chitosan beads. Subsequently the chitosan
beads were filtered out and washed with water
to neutrality. To obtain the glyoxal cross-linked
beads, the chitosan beads were transferred into
a glyoxal-metanol solution (ImL of 40% glyoxal
solution and 40 mL metanol) and refluxed for 12 h.
Following the reaction time, chitosan beads were
filtered and washed with hot metanol to remove
the unreacted glyoxal solution and then dried at
room temperature.

Synthesis of chitosan bead supported Pd(ll)
catalyst

For this, 0.3 g of glyoxal cross-linked chitosan
beads were swelled in 30 mL of water and 0.45
g of Na,PdCl, was added to reaction media and
stirred at 50°C for 6h. The brownish chitosan bead
supported Pd(ll) catalyst was filtered out, rinsed
with water and left to dry at room temperature.

General procedure for synthesis of biaryl
compounds

The mixture of phenyl boronic acid (1.87 mmol),
aril halide (112 mmol), potassium carbonate
(3.75 mmol) and chitosan bead supported Pd(ll)
catalyst (0.025 mol %) was added to a Schlenk
tube and heated under microwave irradiation at
50°C for 5 min. At the end of the reaction time,
the mixture was cooled at room temperature and
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Scheme 2. Synthesis pathway for chitosan bead supported Pd(ll) catalyst.
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Scheme 3. Synthesis of biarlys compounds.

extracted with a toluene-water solution (2:1) for
three times. Then organic phase was dried with
MgSO, to remove water and the biaryl compound
was obtained.

RESULTS and DISCUSSION

FTIR analysis

The FTIR spectra of chitosan, glyoxal cross-
linked chitosan Schiff base and Pd(ll) catalyst are
present Figure 1. The FTIR spectra of chitosan has
two characteristics peaks at 1650 and 1590 cm™,

0.025 mol % catalyst
5 min., K2CO3
free solvent

respectively, for the stretching of the carbonyl
groups of the amide | band and NH, bending of

the amide Il (Figure 1a) [13]. Following the cross-

linking procedure (Schiff base formation), the
NH, bending of chitosan disappeared and a new
absorbance band was clearly observed at 1635
cm”, which was attributed to the stretching of
the imine groups (-CH=N) (Figure 1b) [14]. This
new peak proved the condensation of chitosan
with glyoxal. In addition, other important bands
were observed as follows: 3350 (stretching of
N-H and OH), 2935 (stretching of C-H) and 1375
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Figure 1. FTIR spectra of a) chitosan b) glyoxal cross-linked chitosan Schiff base c) chitosan bead supported Pd(ll) catalyst.

cm? (stretching of C-N). On the other hand, the
stretching of the imine group of the chitosan
bead supported Pd(ll) catalyst was shifted to a
lower frequency compared to its free ligand (1610
cm™) (Figure 1c). This case can be explained by the
coordination of the nitrogen atoms of the glyoxal
cross-linked chitosan Schiff base to the palladium
ion [15].These findings were in accordance with
other chitosan based metal complexes in the
literatures [16, 17].

X-Ray Diffraction

In the powder XRD spectra of glyoxal cross-
linked chitosan Schiff base and Pd(ll) catalyst are
present Figure2. It was reported that chitosan has
two characteristic sharp peaks at ~10 and 20° [17].
In the diagram of the glyoxal cross-linked chitosan
Schiff base, the intensity of these characteristic
peaks were weakened and the crystallinity value
of chitosan was decreased after the cross-linking
procedure (Figure 2a). This important chance
can be described by a decrease in the number of
-NH, groups on the polymer chain of the chitosan
following the Schiff base modification [18]. In
addition, the Pd (Il) catalyst was examined with
a XRD analysis (Figure 2b). As seen from Figure
2b, the catalyst was more amorphous in nature
than its free ligand and chitosan. This amorphous
nature showed the coordination of the palladium

ion to the chitosan beads [19]. In addition, to
determine the crystallinity value of the chitosan,
the glyoxal cross-linked chitosan Schiff base and
thePd(ll) catalyst, the following equation was
used [20]:

M

Crystallineindex (%) = [(I 1x100

10" ham o
where | denotes the maximum intensity at ~ 20°
and lam is the intensity of amorphous diffraction
at 16°.

The crystallinity values of the chitosan, the
glyoxal cross-linked chitosan Schiff base and the
Pd(ll) catalyst were found to be 82, 52 and 18%,
respectively. As expected, the chitosan bead
supported Pd(ll) catalyst has a lower crystallinity
index compared with the chitosan and glyoxal
cross-linked chitosan Schiff base.

TG/DTG

The decomposition temperatures and thermal
stabilities of the glyoxal cross-linked chitosan
Schiff base and the Pd(ll) catalyst were
investigated with TG/DTG measurements and the
results are given Figure 3. As shown in Figure
3, the maximum decomposition temperatures
(DTG max) of chitosan, glyoxal cross-linked
chitosan Schiff base and Pd(ll) catalyst were
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Figure 2. XRD diagram of spectra of a) glyoxal cross-linked chitosan Schiff base b) chitosan bead supported Pd(ll) catalyst.
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Figure 3. TG/DTG spectra of a) glyoxal cross-linked chitosan Schiff base b) chitosan bead supported Pd(ll) catalyst.

determined as 302, 271 and 206°C, respectively.

As expected, a lower thermal stability was
recorded for the glyoxal cross-linked chitosan
Schiff base compared to the chitosan because
of the cross linking procedure leading to the

deformation of strong hydrogen bonds of the
chitosan [21]. In addition, three decomposition
steps were observed in the TG/DTG spectrum of
the glyoxal cross-linked chitosan Schiff base. The
first step was attributed to the removal of water
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Figure 4. SEM pictures of glyoxal cross-linked chitosan Schiff base (a-c), chitosan bead supported Pd(ll) catalyst (d-f).
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Figure 5. EDAX spectrum of chitosan bead supported Pd(ll) catalyst.

molecules, the second step corresponded to the
free chitosan unit and the last step belonged to
the decomposition of the cross linked chitosan
Schiff base unit. On the other hand, the DTGmax
of the Pd(ll) catalyst was measured to be 206°C,
and a loss of mass in three steps was recorded.
The first, second and last steps were caused by
the evaporation of water molecules, degradation
of free chitosan chain and coordination bonds with
palladium ion and condensing of Schiff base units
[12]. As a result of the TG/DTG analysis, the order
of the thermal stability was determined as glyoxal
cross-linked chitosan Schiff base >Pd(ll) catalyst.

SEM-EDAX and ICP-OES

The surface properties of the chitosan, the glyoxal
cross-linked chitosan Schiff base and the Pd(l)
catalyst wereinvestigated with SEManalysis (Figure
4). As seen from Figure 4, the glyoxal cross-linked
chitosan Schiff base and the Pd(ll) catalyst have
spherical formations. This figure demonstrates
that chitosan beads were obtained. In addition,

SEM images at different magnifications for all
compounds are shown in Figure 4. The surface
morphologies of the glyoxal cross-linked chitosan
Schiff base were completely changed following
the chemical modification, while the chitosan
had a smooth surface. This significant change
was ascribed to the condensation of chitosan
with glyoxal [21]. The SEM picture of the chitosan
bead supported Pd(ll) catalyst clearly shows that
the catalyst has a more regular structure than its
ligand. This can be explained by thecoordination
of the palladium ion with the glyoxal cross-linked
chitosan Schiff base [22].

To detect thepresence of the palladium ion, the
EDAX spectrum was recorded andis givenin Figure
5. The EDAX spectrum confirmed the formation
of the Pd(ll) catalyst. In addition, to determine
the palladium ion content of the chitosan bead
supported Pd(l) catalyst, ICP-OES analysis was
performed, and the palladium ion content was
determined to be 18.5%.
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Table 1. Effect of chitosan bead supported Pd(ll) catalyst on Suzuki cross-coupling reaction.

Entry Boronic acid Substrate Product Yield (%) TON TOF
1 HsCQO HsCO
B(OH),
Br O O 96 3840 48000
2 OCHj; OCHj3
B(OH),
Q O 93 3720 46500
Br
3
B(OH), Br OCH;3 OCHj3 97 3880 48500
4 NO; NO;,
QB(OH)Z
< ; . ‘ 88 3520 44000
Br
5
B(OH), I OCHj3 OCH3 73 2920 36500
6 NO, NO,
B(OH),
7
QB(OH)Z m—@ocm ocH3 48 1920 24000
8 02 02
B(OH),
52 2080 26000

<y

2,

Reaction conditions: 112 mmol aryl halide, 1.87 mmol phenyl boronic acid, 3.75 mmol K,CO,, 0.025% mol chitosan bead

supported Pd(ll) catalyst, 50°C, 5 min under MW.
TON: (turnover number, yield of product/ per mol of Pd).
TOF: (turn over frequency, TON/time of reaction)

Catalytic performance in Suzuki coupling reaction
It has been reported that anumber of reaction
factors, such as amount of the catalyst loading,
base system, reaction temperature and reaction
time, are essential to the catalytic performance
of the catalysts for Suzuki cross coupling [23].
Therefore, the coupling reaction of phenyl boronic
acid with 4-bromoanisole was chosen as a model
reaction, and to determine the optimum reaction
conditions, preliminary studies were conducted
under microwave heating at 400 W without any
organic solvent. The optimum reaction conditions
were determined to be catalyst loading: 0.025%
mol; base system: K,CO,; reaction time: 5 min;
and reaction temperature: 50°C under solvent-
free conditions. Then, with the optimum reaction
parameters, the catalytic performance of the
heterogeneous catalyst was examined in C-C

reactions between different aryl halides and
phenyl boronic acid. As seen from Table 1, all
the C-C reactions in the presence of the aryl
bromide gave high conversion yields. In addition,
aryl halides containing a methoxy group (-OCH,)
and electron-donating groups (-NO,) gave
good reaction yields. On the other hand, the
cross coupling reaction bearing aryl chlorides
produced lower reaction yields due to its poor
activity [24]. In addition, the TON and TOF values
were calculated and are presented in Table 1. As
shown from Table 1, exceptionally high TON and
TOF values were obtained with lower amounts of
catalyst. Considering all the coupling reactions,
the chitosan bead supported Pd(ll) complex is a
good palladium source and it is suitable for use as
acatalyst for Suzuki coupling reactions.
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Table 2. Reusability performance of chitosan bead supported Pd(ll) catalyst.

Suzuki C-C reaction

The number of cycle Yield (%) TON TOF
1st 97 3880 48500
2nd 82 3280 41000
3rd 73 2920 36500
4 th 58 2320 29000
5 th 45 1800 22500

Reaction conditions: 1.12 mmol 4-bromoanisole, 1.87 mmol phenyl boronic acid, 3.75 mmol base, 0.025% mol chitosan

bead supported Pd(ll) catalyst, 50°C, 5 min under MW.

Reusability potential of chitosan bead
supported Pd(ll) catalyst

The reusability test of the chitosan bead supported
Pddl) catalyst was studied with a model coupling
reaction under optimum reaction parameters, and
the results are summarized in Table 2. After the
C-C coupling reaction (first run), the catalyst was
filtered and washed with hot water and methanol to
reactive the catalyst [25] and the same process was
carried out for each run. At the end of the recycle
tests, the chitosan bead supported Pd(ll) catalyst
had been used for five runs. The reusability test
showed the long life time potential of the catalyst,
so it is suitable for different industrial operations.

CONCLUSION

In this paper, firstly, a new glyoxal cross-linked
chitosan Schiff base was prepared as a support
material for palladium catalyzed Suzuki cross
coupling reactions. Then a chitosan bead supported
Pd(l) complex was synthesized and characterized
by FTIR, XRD, TGA, SEM/EDAX and ICP-OES analysis
techniques. The catalytic performance of the
catalyst was explored for the synthesis of biaryls
using a fast, safe and simple microwave heating
method without solvent. The catalyst showed high
catalytic activity in different coupling reactions and
it is capable of being reused for up to five cycles.
In summary, the significant advantages of the
chitosan bead supported Pd(ll) catalyst are high
thermal stability, high selectivity, long life time and
easy removal of the reaction media compared to
other natural polymer supported catalysts. These
outstanding properties show that the chitosan bead
supported Pd(Il) complex is a suitable catalyst for
different catalytic systems.
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