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Synthesis of water-soluble poly(o-methoxyaniline) by enzyme HRP
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Abstract: The poly(o-methoxyaniline) was synthesized by enzymatically oxidative polymerization of
o-methoxyaniline using poly(sodium 4-styrene sulphonate) (SPS) as a template. The enzyme horseradish
peroxidase(HRP) was used as a catalyst with a stoichiometric amount of monomer and hydrogen peroxide
as an oxidant at pH 4.3 in 0.01 M sodium phosphate buffer solution medium. The formation of water-soluble
poly(o-methoxyaniline) was characterized by UV—vis. The conducting structure of synthesized poly(o-me-
thoxyaniline) complex with SPS was confirmed by FT-IR spectroscopy.This biomimetic approach offered

an unsurpassed easiness in the synthesis, processability, stability and environmental compatibility.
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INTRODUCTION

Polyaniline (PANI) is an intrinsically
conducting polymer (ICP) that has become
an appealing target of research because of its
facile synthesis, having a low cost monomer
and good environmental stability [1]. The main
disadvantage that restricts the industrial scale
application of PANI is its lack of processability,
which is associated with its insolubility
and infusibility, especially in its conducting
form [2]. For this reason, homopolymers of
substituted anilines, or aniline derivatives,
such as methoxyaniline [3], ethoxyaniline [4],
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and methylaniline [5] are explored. Among
the substituted polyaniline derivatives, Poly(o-
methoxyaniline) can be easily synthesized
either chemically or electro-chemically, with
higher processability and solubility compared
to PANI [6]. In the recent years, electrochemical
polymerization of poly(o-methoxyaniline) on
various substrates such as stainless steel [7],
copper [8], a-iron oxide [9] and brass [10],
have been investigated, mostly with the target
application of a corrosion resistor. However
electrochemical polymerization has some
restrictions such that poly(o-methoxyaniline)
layers cannot be obtained on insulating surfaces
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and is less industrially favorable compared with
chemical polymerization [11].

However, enzymatic polymerization provides
an alternative method of a “green process”,
which is usually carried out at room temperature,
in aqueous organic solvents around neutral pH
[12].

The enzyme horseradish peroxidase (HRP), as
shown in Figure 1, in the presence of hydrogen
peroxide catalyzes the polymerization of phenol
and aromatic amines[13]. Peroxidase-catalyzed
synthesis of polyphenol and polyaromatics
involves a reaction mechanism that results in
a direct ring-to-ring coupling of phenol and
aniline monomers [14].Dordick and coworkers
reported the enzymatic synthesis of polyphenols
using horseradish peroxidase (HRP) for the first
time [15].The aniline monomers have been
enzymatically polymerized to yield a wide
range of soluble polyanilines [16].

Figurel. The structure of active site of HRP

Since then, a variety of modified enzymatic
reactions have been investigated to optimize
these reactions for polyphenol and polyaromatic
synthesis [17-19].
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The conductivity of polyaniline is related with
the backbone structure of polyaniline [20]. The
branched structure lowered the conductivity
[21], while a linear structure with the help
of a template like SPS led to the conducting
materials [22].

This  paper describes an  enzymatic
polymerization of o-methoxyaniline in presence
of an anionic polyelectrolyte, SPS as a template.
The reaction was carried out in mild condition
pH 4.3 buffer aqueous solution. The final product
was a water-soluble poly(o-methoxyaniline)/
SPS complex. The details of the synthesis and
characterization of this simple, cost-effective
and environmentally compatible method are
presented.

MATERIALS AND METHODS
Materials

Poly(sodium 4-styrene sulphonate) (MW of
70000), used in this study was purchased from
Aldrich Chemical Co. (Milwaukee, WI) and
used without any further purification. HRP
(EC 1.11.1.7) (about 170 units/mg), hydrogen
peroxide (H,0,) (30 wt%), o-methoxyanilinewas
obtained from Merck.

Polymer Synthesis

A procedure for the preparation of the poly(o-
methoxyaniline) is as follows:

Typically, in 1:1 molar ratio of o-methoxyaniline
(0.023 mmol and SPS (0.023 mmol) (based
on monomer repeat unit) were added to 7.5
mL 0.01 M sodium phosphate buffer solution
(pH 4.3) at room temperature under constant
stirring. The mixing was followed by the
addition of a catalytic amount of the enzyme
(1 mg HRP). To initiate the reaction, 2.3 mL of
diluted hydrogenperoxide (0.02 M) was added
dropwise under vigorous stirring over a period
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of 1 h and immediately after the first few drops,
the reaction solution turned bluish-violet. The
reaction was then left to stir 24 h at the ambient
temperature. The resulting dark violet solution
was transferred to a cellulose tube and dialyzed
(cut off molecular 3000) overnight to remove
any unreacted monomers and oligomers.

RESULT AND DISCUSSION

After the addition of the first drop of hydrogen
peroxide, thereactionmediaof o-methoxyaniline
developed a violet colour within several
seconds indicating a very fast o-methoxyaniline
oxidation without induction period.The poly(o-
methoxyaniline) in complex with SPS exhibits
nominal structure that is shown in Figure 2.
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Figure 2. The structure of poly(o-
methoxyaniline)/SPS complex.

OCH3

Catalytic mechanism of HRP

HRP is classified as an oxidoreductase due to
the cyclic reduction and oxidation of the heme
group which gives rise to its enzymatic activity.
In brief, HRP reduces hydrogen peroxide to
form a complex which can oxidize a variety of
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organic and inorganic substrates [23].

HRP catalyzedthe oxidation reaction of
o-methoxyanilinewith H, O, in phosphate
buffer solution. The processes of the enzyme-
catalyzed reaction can be expressed as Figure
3 [24]. The catalytic mechanism of HRP can
be seen as two one-electron reduction steps
that generate radical species. The generation
of radical species creates a complex profile
of reaction o-methoxyaniline, resulting in the
o-methoxyaniline cation radical. This cation
radical attacks other cation radicals of the
monomer to form a dimmer, with elimination of
two protons [25,26].Primary dimer can also act
as peroxidase substrates which in turn produce
additional radical species that take part in further
coupling reactions. As a result, the oxidation of
o-methoxyaniline by HRP produces poly(o-
methoxyaniline) [27].

HRP + H,0, —= HRP-I+ H,0

+ +
NH; e NH,
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Figure 3.The catalytical cycle of HRP in
reaction with o-methoxyaniline. HRP-I and
HRP-II are the intermediates of HRP.

UV-vis Spectroscopy

UV—vis spectrum of the poly
(o-methoxyaniline)/ SPS  complex were
obtained in 0.IM sodium phosphate buffer
at pH4.3 is shown in Figure 4. The peak at
320 nm is due to the m—m* transition of the
benzenoid rings of poly(o-methoxyaniline)[28].
The characteristic peaks at 580 and 760 nm
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were assigned to polaron bands and confirmed
the presence of a conductive form of poly(o-
methoxyaniline). Because of SPS contained
an electron-withdrawing sulfonic group in the
complex, the polaron band appeared below 800
nm [29]. As it is shown in this figure, the UV-vis
spectrum of polyaniline is exactly the same as
previous reports [30].
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Figure 4.UV-Vis spectra of enzymatically
synthesized poly(o-methoxyaniline)

FT-IR Spectroscopy

The FT-IR spectra of poly(o-methoxyaniline)/
SPS complexes are presented in Figure 5. The
characteristic peaks of poly(o-methoxyaniline)
at 1590 and 1510 cm™ are assigned to C=C
stretching vibrations of the quinoid and benzoid
rings, respectively [31]. The peak at 1284cm™
is assigned to the C—N" stretching in the polaron
structure of poly(o-methoxyaniline) [32]. The
peak at 1214 cm™ is assigned to secondary
aromatic amine stretching [33]. Two other
peaks at 835 and 758 cm! are related to the CH
out-of-plane bending of 1, 2, 4-trisubstituted
benzene ring [34]. Also, the peaks observed
at 1005 and 1035 cm’, corresponding to
symmetric and asymmetric S=O stretching,
confirm the presence of SPS in the complex
[35]. These observations indicate that poly(o-
methoxyaniline)/SPS  complexes consisting
mainly head-to-tail coupling.
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Figure 5. FTIR spectrum of the poly(o-
methoxyaniline)/SPS complex synthesized
with the HRP catalyst.

CONCLUSION

The o-methoxyaniline was polymerized in the
ambient condition at pH 4.3 by enzyme HRP as
a catalyst in the presence of SPS as a template.
UV-vis and FT-IR indicated that the conducting
form of poly(o-methoxyaniline) was synthesized
with HRP. This method is simple and economic
for the preparation of water-soluble conducting
poly(o-methoxyaniline).
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