Chinese Journal of

POLYMER SCIENCE

https://doi.org/10.1007/s10118-019-2211-6
Chinese J. Polym. Sci. 2019, 37,451-461

Boc-phenylalanine Grafted Poly(3,4-propylenedioxythiophene) Film for

Electrochemically Chiral Recognition of 3,4-Dihydroxyphenylalanine

Enantiomers

Jun-Long Niv?, Ke-Ke Chai?, Mei-Xing Zeng?, Tian-Tian Wang?, Chun-Yan Zhang?, Shuai Chen®",

Jing-Kun Xu®**, and Xue-Min Duan®*

2 Jiangxi Provincial Key Laboratory of Drug Design and Evaluation, School of Pharmacy, Jiangxi Science & Technology Normal University, Nanchang

330013, China

b School of Chemistry and Molecular Engineering, Qingdao University of Science and Technology, Qingdao 266042, China

Abstract To prepare chiral monomer with single chiral center and higher stereospecificity, a pair of amino-functionalized chiral 3,4-
propylenedioxythiophene (ProDOT) derivatives, chiral (3,4-dihydro-2H-thieno[3,4-b][1,4]dioxepin-3-yl)methyl 2-[(fert-butoxycarbonyl)
amino]-3-phenylpropanoate (ProDOT-Boc-Phe), were synthesized. Chiral poly[(3,4-dihydro-2H-thieno[3,4-b][1,4]dioxepin-3-yl)methyl
2-[(tert-butoxycarbonyl)amino]-3-phenylpropanoate] (PProDOT-Boc-Phe) modified electrodes were synthesized via potentiostatic
polymerization of chiral ProDOT-Boc-Phe. Chiral PProDOT-Boc-Phe films displayed good reversible redox activities. The enantio-
selective recognition between chiral PProDOT-Boc-Phe modified glassy carbon electrodes and DOPA enantiomers was achieved by
different electrochemical technologies, including cyclic voltammetry (CV), square wave voltammetry (SWV), and differential pulse
voltammetry (DPV). (D)-PProDOT-Boc-Phe and (L)-PProDOT-Boc-Phe showed higher peak current responses toward L-DOPA and D-

DOPA, respectively.
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INTRODUCTION

In human body, most biological molecules have chiral struc-
ture and show extreme stereospecificity to chiral drug enantio-
mers.['] Chiral drugs usually have at least one pair of optical
enantiomers. In many instances, only one enantiomer of
these chiral drugs is biochemically active, while the other
enantiomer is inactive or even toxic.!”! For example, L-dihy-
droxyphenylalanine (L-DOPA) has an evident treatment ef-
fect for Parkinson’s disease. However, D-dihydroxyphenyl-
alanine (D-DOPA) has no treatment effect on Parkinson’s
disease. D-DOPA will accumulate in human body and give
an unnecessary burden to patients.# Therefore, it is nece-
ssary to develop a convenient method for differentiating en-
antiomers.

Classically, a number of techniques have been used for
chiral recognition, which can be split into three categories:
spectroscopy, chromatography, and sensor methods.l57]
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Spectroscopy methods mainly include nuclear magnetic res-
onance (NMR)(! and circular dichroism spectroscopy
(CD).l?] Chromatography methods mainly include high per-
formance liquid chromatography (HPLC),l”! gas chromato-
graphy (GC),l! and capillary electrophoresis (CE).l'91 The
spectroscopy and chromatography methods have higher effi-
ciency and accuracy. However, they need to be equipped
with expensive instruments, and the operation is time-con-
suming and with much complexity. Compared with the
methods mentioned above, electrochemical chiral sensors
have lower cost, higher sensitivity, and can be operated and
maintained easily, thus attracting more and more atten-
tion.[11-12] Chiral electrode materials with unique properties
are very important to the chiral electrochemical sensors.
With unique 7 orbital structure, conducting polymers are
sensitive to the alterations of chain conformation.[!3] When
the chain conformation of conducting polymers is perturbed,
chiral conducting polymers can convert the perturbations to
fast and sensitive electrical signals.l'4] Moreover, the thick-
ness of the deposited conducting polymers layer can be con-
trolled. Thus, conducting polymers have been considered as
promising electrode materials for chiral electrochemical
sensors.[15] With outstanding stability, high conductivity, and
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excellent adhesive properties, 3,4-ethylenedioxythiophene
(EDOT) is considered as an ideal electrode material for elec-
trode surface modification.['®] Given that PEDOT does not
show chiral properties, some chiral substituents are required
to be introduced into the polymer side chain.

By attaching chiral functional groups to the backbone of
PEDOT, many chiral PEDOT derivatives have been synthes-
ized. Based on the transetherification of 3,4-dialkoxythio-
phenes and chiral 1,2-diols, Caras-Quintero and Béauerle re-
ported a variety of chiral disubstituted PEDOT derivati-
ves.[17] Akagi ef al. prepared a pair of copolymer-type chiral
PEDOT derivatives, which were made up of EDOT and chir-
al phenylene as spacer.['8] In our previous study, a series of
EDOT-based chiral conducting polymers were synthesized
by grafting chiral hydroxymethyl,[!°1 chloromethyl,20]
phenylpropionic acid,?!] methionine,[?2] leucine,[*3! and
phenylalanine.[?] The chemical structures of the chiral
EDOT derivatives are illustrated in Scheme 1. However,
when natural chiral molecules, namely amino acids, are in-
troduced into the PEDOT chains, PEDOT derivatives have
an extra chiral center in the ethylene bridge groups. It is dif-
ficult to obtain pure chiral enantiomers when monomer has
an extra chiral center. In addition, the extra chiral center is
detrimental to the formation of ordered structures, and could
affect the stereoselective interactions between chiral electro-
chemical sensors and enantiomers. In order to resolve this
problem, we have introduced hydroxymethyl[!°] and chloro-
methyl20] groups to the ethylene bridge segments to avoid
extra chiral center. However, the steric hindrance of hy-
droxymethyl and chloromethyl was lower. Generally, the
smaller steric effect the chiral center has, the lower stereo-
specificity the chiral conducting polymers perform. There-
fore, it is necessary to prepare monomer with single chiral
center and higher stercospecificity.
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Scheme 1 Chemical structures of the chiral PEDOT derivatives

When introducing chiral groups into the propylene bridge
groups of 3,4-propylenedioxythiophene (ProDOT), ProDOT
derivatives cannot generate extra chiral center. Hence, the
chiral ProDOT-based conducting polymer is considered as a
substitute for EDOT-based conducting polymer.[2526] Amino

acids have ordered structure, better biocompatibility, and
lower toxicity.[27] Furthermore, most amino acids are chiral,
and have higher stereospecificity. Therefore, amino acids are
ideal chiral functional groups to be introduced into the Pro-
DOT-based conducting polymer.

In this work, chiral Boc-phenylalanine, as the chiral func-
tional group, was introduced into ProDOT by covalent bond-
ing. A pair of chiral ProDOT derivatives, namely chiral (3,4-
dihydro-2H-thieno[3,4-b][1,4]dioxepin-3-yl)methyl 2-((tert-
butoxycarbonyl)amino)-3-phenylpropanoate (ProDOT-Boc-
Phe) were synthesized for the first time. Then, the polymers
were electrosynthesized in dichloromethane (DCM). Further,
the circular dichroism, spectroscopic properties, morpho-
logy, and electrochemical behavior of the chiral PProDOT-
Boc-Phe films were investigated. Finally, sensors based on
chiral PProDOT-Boc-Phe were used to recognize DOPA en-
antiomers.

EXPERIMENTAL

Materials

(3,4-Dihydro-2 H-thieno[3,4-b][ 1,4]dioxepin-3-yl)methanol
(ProDTM) and N-(tert-butoxycarbonyl)-D-/L-phenylalanine
(Boc-D-/L-Phe) were prepared according to the synthesis
route described in our previous work.[*#281 N, N'-dicyclo-
hexyl-carbodiimide (DCC, 99%) was purchased from Tianjin
Damao Chemical Reagent Factory (Tianjin, China). 4-
Dimethylaminopyridine (DMAP, 99%) was obtained from
J&K Scientific Co., Ltd. (Beijing, China). D-/L-3,4-dihydr-
oxyphenylalanine (D-/L-DOPA, 99%) and sulfuric acid
(H2S04, 98%) were provided by Aladdin Chemistry Co. Ltd.
(Shanghai, China). Tetrabutylammonium hexafluorphosp-
hate (BusNPF¢, 99%) was purchased from Alfa Aesar Co.,
Inc. (Tianjin, China). Dichloromethane (DCM, 99.8%) was
purchased from Xilong Scientific Co., Ltd. (Shantou, China).
Indium tin oxide (ITO) coated glass was obtained from
Kaivo Optoelectronic Technology Co., Ltd. (Zhuhai, China).
Chloroform-d (CDCl3, 99.8%) was obtained from Annoron
Biotechnology Co., Ltd. (Beijing, China).

Synthesis of (D)-/(L)-ProDOT-Boc-Phe

According to the synthetic route shown in Scheme 2, Boc-D-
Phe or Boc-L-Phe (2.54 g, 9.5 mmol) was dissolved in DCM
(10 mL) containing DCC (1.00 g, 4.8 mmol) and DMAP
(0.40 g, 3.2 mmol). ProDTM (1.08 g, 6.4 mmol) was
dissolved in DCM (10 mL) and added dropwisely under
stirring. After 10 h, the colorless precipitate was filtered off
and discarded. The solvent was removed under reduced
pressure. The crude product was purified by petroleum
ether:ethyl acetate system (5:1, V:V) gradient elution to yield
the final product (D)-ProDOT-Boc-Phe (yield: 79%) or (L)-
ProDOT-Boc-Phe (yield: 82%).

(D)-ProDOT-Boc-Phe: '"H-NMR (400 MHz, CDCl;, 0,
ppm): 7.26 (m, 5H), 6.51 (s, 2H), 4.99 (s, 1H), 4.59 (s, 1H),
4.29 (m, 2H), 3.99 (s, 4H), 3.09 (s, 2H), 2.35 (s, 1H), 1.42 (s,
9H).

(L)-ProDOT-Boc-Phe: 'H-NMR (400 MHz, CDCl;, 4,
ppm): 7.31 (m, 5H), 6.53 (s, 2H), 5.00 (s, 1H), 4.59 (s, 1H),
4.32 (m, 2H), 4.02 (s, 4H), 3.11 (s, 2H), 2.38 (s, 1H), 1.44 (s,
9H).
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Scheme 2 The synthesis route to ProDOT-Boc-Phe

Synthesis of (D)-/(L)-PProDOT-Boc-Phe

Electrochemical polymerization was carried out using
0.01 mol-L™" (D)-/(L)-ProDOT-Boc-Phe in DCM containing
0.1 mol-L™! BusNPFs with CHI 660D electrochemistry work-
station. A three-electrode system, including a glassy carbon
electrode (GCE) as a working electrode, an Ag/AgCl elec-
trode as the reference electrode, and a platinum wire elec-
trode as the counter electrode, was employed to polymerize
(D)-/(L)-PProDOT-Boc-Phe.

In addition, to obtain a sufficient weight of PProDOT-
Boc-Phe films for characterization, the ITO glasses with sur-
face area of 2 cm x 2.5 cm were served as working electrode
and counter electrode, and the Ag/AgCl electrode was em-
ployed as the reference electrode.

Furthermore, GCE as a working electrode, an saturated ca-
lomel electrode (SCE) as the reference electrode, and a plat-
inum wire electrode as the counter electrode, were em-
ployed to investigate the electrochemical stability, electro-
activity, and chiral recognition ability of PProDOT-Boc-Phe.

Characterization

The structures of ProDOT-Boc-Phe were identified by means
of a nuclear magnetic resonance spectrometer (NMR, Bruker
AV-400, Switzerland). To identify the polymer structures,
infrared spectra of the PProDOT-Boc-Phe were measured
with Fourier-transform infrared spectrometer (FTIR, Bruker
Vertex 70, Switzerland) with samples in KBr pellets from
400 cm™! to 4000 cm™'. Ultraviolet-visible (UV-Vis) spectra
were recorded on a UV-Vis-near-infrared spectrophotometer
(UV-Vis-NIR, Perkin-Elmer Lambda 900, USA). The
chiroptical properties of chiral PProDOT-Boc-Phe films
were measured with circular dichroism spectropolarimeter
(CD, JASCO J-720, Japan). The morphology of PProDOT-
Boc-Phe films was observed by scanning electron micro-
scopy (SEM, JSM-6701F, Japan).

RESULTS AND DISCUSSION

Electrochemical Polymerization of (D)-/(L)-ProDOT-
Boc-Phe

Because (D)-ProDOT-Boc-Phe and (L)-ProDOT-Boc-
Phe exhibit high solubility in DCM, DCM containing
0.1 mol-L™! BusNPFs was chosen as the electrolyte systems
for polymerization. The electropolymerization process of
monomer and the redox process of their polymers were
investigated by using successive cyclic voltammograms
(CVs). As can be seen from Fig. 1, during the first anodic
scan, the onset oxidation potentials (Eonset) of (D)-ProDOT-
Boc-Phe and (L)-ProDOT-Boc-Phe were initiated at 1.52 and

ProDOT-Boc-Phe

Current density (mA-cm™)

0.5 1.0
Potential (V versus Ag/AgCl)

Current density (mA-cm™)

0 0.5 1.0 1.5
Potential (V versus Ag/AgCl)

Fig. 1 Cyclic voltammograms of (a) (D)-ProDOT-Boc-Phe and
(b) (L)-ProDOT-Boc-Phe in DCM containing 0.1 mol-L™! BusNPFe
(The red line is the first sweep segment of cyclic voltammograms.)

1.50 V versus Ag/AgCl, respectively, which were higher
than Eonset of EDOT-Boc-Phe (1.4 V versus Ag/AgCl).[>4
This phenomenon means that a high potential over 1.50 V
versus Ag/AgCl was required to prepare chiral PProDOT-
Boc-Phe films. The Eonsets of (D)-ProDOT-Boc-Phe and (L)-
ProDOT-Boc-Phe have subtle difference, which might result
from the different steric hindrance of chiral function group.
As shown in Fig. 1, the increase of redox currents implied
that the conductive PProDOT-Boc-Phe polymer was
gradually formed on the surface of glassy carbon electrode
(GCE). The potential shift of current peaks indicated that
increased potential was needed to overcome the increased
electrical resistance of PProDOT-Boc-Phe films. In addition,
the redox peaks were caused by the oxidation/re-reduction
(p-doping/dedoping) processes of ProDOT-Boc-Phe films.
Potentiostatic method was chosen to prepare PProDOT-
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https://doi.org/10.1007/s10118-019-2211-6

454 Niu, J. L. et al. | Chinese J. Polym. Sci. 2019, 37, 451-461

Boc-Phe films, and the applied potentials were optimized. As
shown in Fig. 2, the current density was nearly zero when the
potential was lower than £, ... When the potential was high-
er than E ., the current density increased with the increas-
ing potential. When the potential was too high, the current
density decreased. This phenomenon occurred because of the
positive correlation between the polymerization rate and the
potential. Initially, the current density increased with the in-
creased potential, but when the potential was too high, the
polymerization proceeded very rapidly, and the electroactive
material could not transfer to the glassy carbon electrode in
time.[2] The concentration of the electroactive material
around the working electrode decreased, and the monomer
transformed into oligomers. After considering the factors
that would influence the quality of the PProDOT-Boc-Phe
films, such as the polymerization rate, morphology of poly-
mer, and adhesive strength, an applied potential of 1.65 V
versus Ag/AgCl was selected to electropolymerize ProDOT-
Boc-Phe.
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Fig. 2 Chronoamperometric curves of (a) 0.01 mol-L™! (D)-
ProDOT-Boc-Phe and (b) 0.01 mol-L™! (L)-ProDOT-Boc-Phe on
GCE at different potentials in DCM with 0.1 mol-L™' BusNPFs for
200 s

Structural Spectroscopic Characterization and Surface
Morphology of (D)-/(L)-ProDOT-Boc-Phe

FTIR spectra of ProDOT-Boc-Phe and PProDOT-Boc-
Phe are given in Fig. 3. The band of (D)-ProDOT-Boc-Phe
at 3104 cm™' and the band of (L)-ProDOT-Boc-Phe at
3108 cm™! corresponded to the C—H vibration of 2- and 5-
positions in the thiophene ring. However, these bands

Dedoped (D)-PProDOT-Boc-Phe

Transmittance

(D)-ProDOT-Boc-Phe

400 3200 2400 1600 800
Wavenumber (cm™)

Dedoped (L)-PProDOT-Boc-Phe

Transmittance

(L)-ProDOT-Boc-Phe

4000 3200 2400 1600 800
Wavenumber (cm™)

Fig. 3  FTIR spectra of (a) (D)-ProDOT-Boc-Phe and (b) (L)-
ProDOT-Boc-Phe

disappeared in the polymer spectrum. These spectral changes
demonstrated the electrochemical polymerization occurred at
the 2- and 5-positions in the thiophene ring.

The characteristic bands of ProDOT-Boc-Phe, for ex-
ample, the skeletal vibration of the benzene ring at around
1560—1450 cm™!, the asymmetrical stretching vibration and
symmetrical stretching vibration of —CH; groups at 2930
and 2870 ¢cm™!, and the stretching vibration of C=0 of the
ester group at 1735 cm™1, still existed in the PProDOT-Boc-
Phe spectrum. This evidence proved that the ester group was
stable and the chiral function group was not changed. It is
worth mentioning that the absorption bands in PProDOT-
Boc-Phe spectra were broader than those in ProDOT-Boc-
Phe spectra. One reason for this phenomenon is that the
PProDOT-Boc-Phe films have different chain lengths. The
vibrational modes of PProDOT-Boc-Phe films with different
chain lengths exhibit different IR shifts. The bands of PPro-
DOT-Boc-Phe films overlap one another, and lead to broad-
er absorption bands in the IR spectra. The detailed band as-
signments and the comparison of ProDOT-Boc-Phe and
PProDOT-Boc-Phe are summarized in Table 1.

As illustrated in Fig. 4, the spectra of chiral ProDOT-Boc-
Phe have no characteristic absorption band at 300—1100 nm.
However, dedoped PProDOT-Boc-Phe shows wide maxim-
um absorption band at 553 nm, which is a result of the z-7"
absorption transition.3% Tt is generally accepted that the
wavelength in UV-Vis spectra positively correlates with the
conjugation length of the polymer. The difference between

https://doi.org/10.1007/s10118-019-2211-6
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Table 1 Assignment of FTIR spectra of (D)-ProDOT-Boc-Phe, (L)-ProDOT-Boc-Phe, (D)-PProDOT-Boc-Phe, and (L)-PProDOT-Boc-Phe

Band (cm™")

(D)-ProDOT-Boc-Phe (D)-PProDOT-Boc-Phe  (L)-ProDOT-Boc-Phe  (L)-PProDOT-Boc-Phe Assignment
3104 3108 =C—H
2975 2967 2974 2973 CH3 vas
2860 2870 2867 2870 CH3 vs
1708 1710 1712 1710 C=0v
1654 1630 1615 1628 C=Cv
1597, 1521, 1489, 1454 1474 1601, 1491, 1454 1487 benzene ring v
751, 704 739 782,701 701 y benzene ring
1367 1323 1369 1363 C—C v thiophene ring
1187 1186 1168 1185 C—H out-of-plane bending
vibrations
1154 1059 1064 1024 C—0—Cv
1007, 849 922, 839 1020, 866 838 C—Sv
a _ _
L=40093 L=62.23
1.2+ a=21.29 a=0.26
Ib—23.81 Ib—17.51
09k Dedoped Doped

Absorbance (a.u.)
o
N
I
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1
\
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Fig. 4 UV-Vis spectra of (a) (D)-ProDOT-Boc-Phe and (b) (L)-
ProDOT-Boc-Phe films

ProDOT-Boc-Phe and PProDOT-Boc-Phe indicated that the
polymerization of ProDOT-Boc-Phe has occurred. The wide
maximum absorption band in UV-Vis spectra is consistent
with the broader absorption bands in IR spectra, which con-
firmed that PProDOT-Boc-Phe films had broad chain length
distribution.3!1 In addition, the color of chiral PProDOT-
Boc-Phe changed from light-blue to black-blue when chan-
ging from a doped to a dedoped state.

In order to measure the chiroptical properties of the PPro-
DOT-Boc-Phe films, circular dichroism (CD) spectra of (D)-
/(L)-PProDOT-Boc-Phe were investigated. As can be seen
from Fig. 5, CD spectra of (D)-/(L)-PProDOT-Boc-Phe show

Ellipticity (mdeg)

H ——(D)-PProDOT-Boc-Phe
" - - - (L)-PProDOT-Boc-Phe

250 300 350 400
Wavelength (nm)
Fig.5 CD spectra of PProDOT-Boc-Phe

mirror symmetry, which suggests that they were a pair of en-
antiomers. This phenomenon enabled chiral PProDOT-Boc-
Phe to be used for electrochemically chiral sensor.

The morphologies of (D)-PProDOT-Boc-Phe (Fig. 6a) and
(L)-PProDOT-Boc-Phe (Fig. 6b) films were investigated by
SEM. (D)-PProDOT-Boc-Phe and (L)-PProDOT-Boc-Phe
films were deposited on ITO glass. In the process of poly-
merization, the thickness of the polymer film was controlled
by the total charge. As shown in Fig. 6, (D)-PProDOT-Boc-
Phe and (L)-PProDOT-Boc-Phe had similar surface morpho-
logy. The porous structure of PProDOT-Boc-Phe was uni-
formly distributed and had similar size. Porous structures
provide larger specific surface areas and stronger adsorption
ability, which is quite important for chiral electrochemical
sensors.[20] The electrochemically effective surface area of
PProDOT-Boc-Phe was determined by chronocoulometry
using 0.1 mmol-L™! K;[Fe(CN),] containing 1 mol-L™! KCl
as a model complex, based on the Anson equation:32]

O(1) = 2nFAcD' 12 /2! + Qui + Quas (1
where n is the electron transfer number, F is the Faraday
constant, A4 is the electrochemically effective surface area,
c is the concentration of the K3[Fe(CN)e], Qads and Qar are
the Faradic charge and the double-layer charge, respectively.
Other symbols have their usual meanings. As shown in
Fig. 6(c), the linear regression equations of Q- curves
on bare GCE, (D)-PProDOT-Boc-Phe, and (L)-PProDOT-
Boc-Phe were Q(uC) = 7.871 + 86.269¢'> (R?> = 0.999),

https://doi.org/10.1007/s10118-019-2211-6
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Fig. 6 SEM images of (a) (D)-PProDOT-Boc-Phe and (b) (L)-PProDOT-Boc-Phe films deposited electrochemically on ITO glasses (Magni-
fication: 1000x, inset: 10000x); (c) Plot of O-f curves of bare GCE, (D)-PProDOT-Boc-Phe, and (L)-PProDOT-Boc-Phe in 1 mmol-L™!
K3[Fe(CN)s] containing 0.1 mol-L~! KCI. Inset: plot of O-#'" curves of bare GCE, (D)-PProDOT-Boc-Phe, and (L)-PProDOT-Boc-Phe

O(uC) = -310.337 + 1606.656¢"2 (R? = 0.999), and Q (uC) =
—-219.612 + 1679.010t"2 (R?> = 0.999), respectively. Accor-
ding to the slopes of the linear relationship between Q and
12, electrochemically effective surface area was calculated
to be 0.288 cm? for bare GCE, 5.358 cm? for (D)-PProDOT-
Boc-Phe, and 5.598 cm? for (L)-PProDOT-Boc-Phe. The
electrochemically effective surface areas of PProDOT-Boc-
Phe were 18 times larger than that of bare GCE. These
results proved that the PProDOT-Boc-Phe with porous
structure possessed a large surface area, which could enhance
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the electrochemical response.

Electrochemistry Properties of (D)-/(L)-PProDOT-Boc-
Phe

Through a series of CVs in DCM containing 0.1 mol-L™!
BusNPFs at different scan rates, the electrochemical stability
and electroactivity of (D)-PProDOT-Boc-Phe and (L)-
PProDOT-Boc-Phe films were investigated. As shown in
Fig. 7, the anodic and cathodic current densities of PPro-
DOT-Boc-Phe were linearly dependent on the scanning rates,

b
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Fig. 7 CVs of (a) (D)-PProDOT-Boc-Phe and (c) (L)-PProDOT-Boc-Phe films at different potential scan rates, and
redox peak current of (b) (D)-PProDOT-Boc-Phe and (d) (L)-PProDOT-Boc-Phe versus potential scan rates. The
potential range is —0.2—0.7 V. jp.a and jp.c denote the anodic and cathodic peak current densities, respectively.
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which indicated that the redox process of chiral PProDOT-
Boc-Phe was non-diffusional.[**] In addition, the peak poten-
tial of the PProDOT-Boc-Phe films had an obvious shift,
which might be caused by the slow heterogeneous electron
transfer, effects of local rearrangements of polymer chains,
and slow mutual transformations of various electronic spe-
cies. The electrochemical parameters of (D)-PProDOT-Boc-
Phe and (L)-PProDOT-Boc-Phe films are listed in Table 2.

The electrochemical stability of PProDOT-Boc-Phe was
researched in 0.25 mol-L™! H,SO, using a long-time CV
method. As shown in Fig. 8, the electrochemical activities of
(D)-PProDOT-Boc-Phe and (L)-PProDOT-Boc-Phe were
preserved at rates of 95% and 98% after 100 cycles, respect-
ively. In addition, the electrochemical activities of (D)-PPro-
DOT-Boc-Phe and (L)-PProDOT-Boc-Phe retained 94% and
95% of the exchange charge after 500 cycles, respectively.
Overall, both (D)-PProDOT-Boc-Phe and (L)-PProDOT-
Boc-Phe experienced relatively high electrochemical stabili-
ties, which is an important basis for chiral recognition.

Kinetic Interaction of (D)-/(L)-PProDOT-Boc-Phe

The kinetic interaction of PProDOT-Boc-Phe was investi-
gated. The corresponding CVs of (D)-PProDOT-Boc-Phe
and (L)-PProDOT-Boc-Phe are shown in Figs. 9(a) and 9(b).
The peak potential separations increased with the scan rates,
indicating the limitation arising from charge transfer kine-
tics.[*3] As shown in Figs. 9(c) and 9(d), the anodic peak
currents of (D)-PProDOT-Boc-Phe and (L)-PProDOT-Boc-
Phe were proportional to the scan rates over the range of
25-300 mV-s~! with linear regression equations:

15, =35.420+0.821v, R2 =0.996, (D)-PProDOT-Boc-Phe
152 =70.067 +0.990v, R? =0.994, (L)-PProDOT-Boc-Phe

These phenomena indicated the oxidations of DOPA were
adsorption-controlled processes at those scan rates. As

shown in Figs. 9(e) and 9(f), the anodic peak potentials of
(D)-PProDOT-Boc-Phe and (L)-PProDOT-Boc-Phe were
proportional to the natural logarithm scan rates with linear
regression equations:

Ep,=0.597+0.0321nv, R? =0.990, (D)-PProDOT-Boc-Phe
Ep,=0.670+0.0311nv, R? =0.992, (L)-PProDOT-Boc-Phe

Based on Laviron’s Eq. (2),34 the charge transfer coeffi-
cient (a) can be determined by measuring the slopes of £,
versus natural logarithm scan rate:

RT (RTkS ) RT

Epa=E’+—1In +——Invy )

onF ankF

where a is charge transfer coefficient, F is the Faraday const-
ant (96485 C-mol ™), R is molar gas constant (8.314 J-mol™!-
K™, T is temperature (298 K). Considering two electrons
transferred for DOPA, o of (D)-PProDOT-Boc-Phe and (L)-
PProDOT-Boc-Phe were obtained. Charge transfer coeffi-
cients of (D)-PProDOT-Boc-Phe and (L)-PProDOT-Boc-Phe
were 0.401 and 0.414, respectively. Substituting the a values
and the scan rate of 100 mV-s™! into the following Eq. (3):1%°!
o(1 —a)nFAE,

lgks = alg(1—a)+(1 —a)lga—lg% - W 3)
the electron transfer rate constants (ks) of (D)-PProDOT-
Boc-Phe and (L)-PProDOT-Boc-Phe were calculated to be
0.860 and 0.834 57!, respectively.

Chiral Recognition Properties of (D)-/(L)-PProDOT-Boc-
Phe

Referring to other publications,*% 0.25 mol-L~! H2SO4 (pH =
0.6) was selected as electrolyte and was used for the recog-
nition of DOPA enantiomers. The electrochemical parame-
ters of (D)-PProDOT-Boc-Phe and (L)-PProDOT-Boc-Phe
used for the chiral recognition of DOPA enantiomers are

Table 2 Electrochemical parameters of (D)-PProDOT-Boc-Phe and (L)-PProDOT-Boc-Phe films

Redox peak potentials Redox stability ?
Sample 10 mV-s~! 300 mV-s~!
100t 1000t
Eox (V) Eted (V) Eox (V) Ered (V)
(D)-PProDOT-Boc-Phe 0.33 0.30 0.34 0.31 98.5% 97.6%
(L)-PProDOT-Boc-Phe 0.35 0.27 0.50 0.28 96.7% 96.5%
a Scan rate: 150 mV-s ™.
a 0.6-b
0.6 -
& &
5 03t s 03r
< <
£ £
2 of 2 of
5 5
o o
5 03r 503}
=3 =3
&) O
—0.6 +
706 L

0 0.2 0.4 0.6 0.8
Potential (V versus SCE)

0 0.2 0.4 0.6 0.8
Potential (V versus SCE)

Fig. 8 CVs of (a) (D)-PProDOT-Boc-Phe and (b) (L)-PProDOT-Boc-Phe upon repeated cycling in monomer-free
H2S04 (0.25 mol-L™!) at room temperature. Scan rate: 150 mV-s™!
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Fig. 9 Cyclic voltammogram of (a) (D)-PProDOT-Boc-Phe and (b) (L)-PProDOT-Boc-Phe in 0.25 mol-L™! H2SO4
containing 0.5 mmol-L™! DOPA (racemate) at different scan rates; Redox peak current of (c) (D)-PProDOT-Boc-Phe
and (d) (L)-PProDOT-Boc-Phe versus potential scan rates; Anodic and cathodic peak potentials of (e) (D)-PProDOT-
Boc-Phe and (f) (L)-PProDOT-Boc-Phe versus natural logarithm scan rates

Table 3  Electrochemical parameters of (D)-PProDOT-Boc-Phe and (L)-PProDOT-Boc-Phe used for the chiral recognition of DOPA
enantiomers

Sample DOPA cv SWV DPV
Anodic peak (nA) Cathodic peak (LA) Forward scan (LA) Reverse scan (LA)  Peak current (LA)
(D)-PProDOT-Boc-Phe D-DOPA 76.79 —69.99 205.4 —226.7 81.3
L-DOPA 97.05 -73.12 264.9 -301.7 150.1
(L)-PProDOT-Boc-Phe D-DOPA 167.20 —158.6 647.3 -616.8 348.6
L-DOPA 145.80 —135.5 551.8 -560.9 328.2

listed in Table 3. As shown in Figs. 10(a) and 10(b), D- carbon electrode (PProDOT-Boc-Phe/GCE). That could be
DOPA and L-DOPA showed significant redox peaks at caused by the two-electron-two-proton oxidation and
around 0.3 V with the PProDOT-Boc-Phe modified glassy reduction of DOPA and dopaquinone. The SWV curves of
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(a, b) CVs, (¢, d) SWVs, and (e, f) DPVs of (a, ¢, and ¢) (D)-PProDOT-Boc-Phe and (b, d, and f) (L)-

ProDOT-Boc-Phe modified electrodes in 0.25 mol- L™! H2SO4 containing 0.5 mmol- L' DOPA

DOPA are shown in Figs. 10(c) and 10(d), and different peak
currents of D-DOPA and L-DOPA can also be seen. These
phenomena indicated that (D)-PProDOT-Boc-Phe and (L)-
PProDOT-Boc-Phe exhibited chiral recognition ability for
DOPA in the SWV. The recognition efficiency can be
estimated from the peak current ratio of enantiomers (/p-popa/
ILpora or IL.popa/Ip-popa). As shown in Figs. 10(c) and
10(d), the recognition efficiencies of (D)-PProDOT-Boc-
Phe and (L)-PProDOT-Boc-Phe using SWV were 1.28 and
1.17, respectively. According to our previous work,?* the
recognition efficiency of PEDOT-Boc-Phe measured by
SWV was 1.16. These results implied that chiral PProDOT-
Boc-Phe had better chiral recognition ability than PEDOT-

Boc-Phe did for the recognition of DOPA. Monomer with
single chiral center was propitious to enhance the
stereoselective interactions of chiral conducting polymer-
based electrochemical sensors and enantiomers. In addition,
the current responses of DOPA enantiomers were studied by
DPV, and obvious differences were obtained for (D)-
PProDOT-Boc-Phe and (L)-PProDOT-Boc-Phe. As shown in
Figs. 10(e) and 10(f), the recognition results of DPVs were
consistent with the previous results from CVs and SWVs,
which demonstrated that (D)-PProDOT-Boc-Phe had a
higher response to L-DOPA, while (L)-PProDOT-Boc-Phe
had a higher response to D-DOPA. The recognition effi-
ciencies of (D)-PProDOT-Boc-Phe and (L)-PProDOT-Boc-
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Phe measured by DPV were 1.85 and 1.06, respectively.
These results demonstrated that chiral PProDOT-Boc-Phe
had chiral recognition ability for the recognition of DOPA.
Compared with spectroscopic and chromatographic methods,
chiral PProDOT-Boc-Phe-based electrochemical sensors
were rapid and simple, and required no complicated pre-
treatment for enantioselective recognition of DOPA enan-
tiomers.[%7] In addition, with higher stereospecificity func-
tional group, chiral PProDOT-Boc-Phe showed higher re-
cognition efficiency than PEDOT-Boc-Phe did by using
electrochemical methods.[>*] Moreover, the chiral PProDOT-
Boc-Phe provided a potential for practical application in
chiral discrimination.

CONCLUSIONS

In this study, a pair of amino-functionalized chiral EDOT
derivatives, ProDOT-Boc-Phe, were synthesized. PProDOT-
Boc-Phe modified glassy carbon electrode was utilized for
the chiral recognition of DOPA enantiomers. The chiral
PProDOT-Boc-Phe prepared via electrochemical polyme-
rization showed good redox activity and stability. In addition,
the chiral PProDOT-Boc-Phe modified electrodes could
identify DOPA enantiomers rapidly and efficiently. (D)-
PProDOT-Boc-Phe had a higher response to L-DOPA, while
(L)-PProDOT-Boc-Phe had a higher response to D-DOPA.
The recognition efficiency of (D)-PProDOT-Boc-Phe and
(L)-PProDOT-Boc-Phe using SWV were 1.28 and 1.17,
respectively. The results indicated that, for chiral conducting
polymers, avoiding extra chiral center and increasing steric
hindrance of chiral center are important to realize chiral
recognition.
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