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Abstract

Introduction: Since phenylglycine in “D” configuration is pharmaceutically used for the
synthesis of ampicillin and cephalexin, its enantiomeric purity needs to be confirmed prior to use.
This study aimed to develop a chiral separation method for phenylglycine instead of using expensive
chiral chromatographic columns. It was based on the use of a chiral mobile phase consisting of
copper(ll) and L-proline with a typical C18 column as a stationary phase. Methods: The optimal
conditions for the separation of D- and L-phenylglycine, i.e. the pH of the mobile phase,
concentration of copper(ll) and L-proline, and percentage of methanol as an organic modifier in the
mobile phase, were studied. The performance of the separation was evaluated by the resolution
between the peaks of D- and L-isomers as well as the characteristics of the chromatograms. A
standard curve was created to investigate the range and linearity. Results: D- and L-phenylglycine
best separated from each other with the retention time of about 5 and 11 min, respectively, when a
mixture containing 2.5:5 mM copper (Il):L-proline, 10% methanol, and with a pH of 6.0 was used as
the mobile phase. Under these optimal conditions, satisfactory linear relationships between the
concentration and peak area were obtained for both D- and L-phenylglycine with correlation
coefficients of 0.9997 and 0.9998 respectively. Conclusion: A copper(ll)/L-proline mixture at a
suitable concentration and pH in the presence of an appropriate amount of methanol could be
effectively used as a mobile phase together with a C18 column for the separation of phenylglycine
enantiomers. Thus, these optimal conditions can be used for the further development and validation

of a simple and inexpensive method for the quantitation of D- and L-phenylglycine.
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Introduction

Chirality is a major concermn in modemn
pharmaceutical industry (Lam et al., 1992) because
enantiomers  of have different

drugs may

pharmacological activities, toxicity as well as
pharmacokinetic and pharmacodynamic  effects
(Lam et al., 1992). By this reason, the separation of
enantiomeric compounds has become increasingly
important in both analytical and preparative aspect
(Hu et al., 2013, Wang et al., 2012 and Wang et al.,
2011). Among the analytical separation techniques,
high performance liquid chromatography (HPLC) is
the most convenient, reproducible and widely
applicable method for the separation of chiral
molecules such as drugs, amino acids and sugars.
(Davankov et al., 1983, Pirkle et al, 1989 and
Husain et al, 1994). The chiral resolution
mechanism is based on the transient formation of a
pair of diastereomers which have different chemical
properties and consequently different retentivities.
For this purpose, enantiomers are subjected to
chromatography either on a chiral stationary phase
(CSP) or in chiral mobile phase (CMP) i.e. chiral-
ligand exchange chromatography (CLEC). From last
two decades, CLEC has been applied to the
analysis of various compounds (Mericko et al., 2007
and Marchelii et al., 2007) by incorporating L-proline
as a chiral selector in the mobile phase (Yamazaki
et al, 1998, Sotgia S et al, 2008 and Wu et al,,
2014). This compounds combined with copper(ll)
salts i.e. copper(ll) suffate and mixtures of D,L-
to form diastereoisomeric

enantiomers ternary

complexes with the different retention ability the
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column of reversed phase liquid chromatography.
Phenylglycine (PHG) is an amino acid

which has one chiral carbon in its structure (Figure.

1).

property for use as a substrate for the synthesis of

D-phenylglycine (D-PHG) has a valuable

ampicilin and cephalexin (Victery et al., 1998)
while L-phenylglycine (L-PHG) is used as a chiral
selector in chiral column (Pirkle® column).
Nowadays, the enantiomers of PHG could be
Chirex 316 column

tris(3,5-

ie.

2014),

separated by CSP

(Sajewicz et al, cellulose
chlorophenylcarbamate) (Jin et al., 2008) or crown
ether column (Zokowski et al., 1991), however, the
high price of these types of columns limits their
practical use for many laboratories.

From the literature review, copper(ll)
reacts with L-proline at the molar ratio of 1:2
(Nazareth et al., 2002) to form the binary complex.
When the enantiomeric mixtures are submitted to
the analytical process, one molecule of L-proline
can be replaced by one molecule of D-PHG or L-
PHG to form the ternary complex composed of
copper (Il), L-proline and D-PHG or L-PHG. The
chromatographic separation occurs as the result of
the different properties of two ternary complexes
iie. complex stability and retention ability.
Therefore, the purpose of this study was to
investigate the facile and inexpensive method for
the separation of enantiomeric mixtures of PHG.
Various parameters such as the concentration of
the copper(ll) and L-proline, pH of mobile phase
and the concentration of organic modifier in mobile

phase i.e. methanol were optimized to achieve the
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optimal conditions, giving the satisfactory
separation performance as well as economical

feature.

NH>

NH;

OH OH

O @

D-phenylglycine L-phenylglycine

OH
NH

L-proline

Figure. 1 Chemical structures of D-PHG, L-PHG

and L-proline.

Materials and Methods
Materials

L-PHG (as white crystal powders), D-
PHG (as white powders), L-proline (as white
powder) and copper(ll) sulfate (analytical reagent
grade) were purchased from Sigma (St. Louis,
Missouri, USA). Methanol (HPLC grade) and
acetonitrile (HPLC grade) were obtained from
Honeywell® (Morris Plains, New Jersey, USA). All
other chemicals were of analytical grade from
Merck (Darmstadt, Germany). Deionized water
was used to prepare all solutions.
HPLC Instrumentation

The HPLC assays for the content of
D-PHG and L-PHG were carried out by using
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the system consisting of an Agilent 1100 Series
equipped with a diode array detector and
Reprosil-Pur® Basic C18 column (150 mm x
4.6 mm, I.D.; 5 ym particle size). The flow rate
was 1 mL/min. The column temperature was
maintained at 25 °C. UV detection was set at
210 nm and the injection volume was 20 pl.
Preparation of standard solution

To prepare the standard stock solutions,
D-PHG and L-PHG were prepared as a mixture
solution containing 5 mM D-PHG and 5 mM L-
PHG by dissolving 0.0075 g D-PHG and 0.0075 g
L-PHG in 10 mL of deionized water.
Optimization of the analytical procedure

The experimental parameters  which
affected the enantioseparation were studied. These
parameters included the concentraton of the
copper(ll) and L-proline (1:2, 2.5:5 and 5:10 mM), pH
of the mobile phase (4, 5, 6, 7 and 8) and the
concentration of methanol in the mobile phase (5, 10,
15 and 20% v/v). A standard solution containing 0.5
mM D-PHG and 0.5 mM L-PHG was used as a
sample for the injection in this study. The
performance of chromatogram was evaluated by
resolution and retention time (RT).
Study of linearity and range

After the optimal conditions were
established, standard curves of D-PHG and L-
PHG were constructed. Different amounts (20,
50, 100, 150, 200, 250, 300, 350, 400, 450 and
500 pL) of 5 mM stock standard solution were
accurately transferred into a series of 1.5 mL

microcentrifuge tubes by the use of micropipettes.
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Water in different volumes was precisely added
into each tube to bring the total volume to 1 mL.
This resulted in a set of standard D-PHG and L-
PHG solutions with the concentration of 0.25,
0.50, 0.75, 1.00, 1.25, 1.50, 1.75, 2.00, 2.25 and
2.50 mM. All samples were filtered with 0.45 pm

membrane filter prior analysis by HPLC.

Results
Effect of the concentration of the copper(ll) and
L-proline at a specific copper(ll)-L-proline ratio
To investigate the effect of copper(ll) and
L-proline concentrations, the concentrations were
varied by fixing at the constant ratio (1:2, 2.5:5 and
5:10 mM) The pH or of the mobile phase and
percent of organic modifier were fixed at 6 and 5%
methanol, respectively. As shown in Figure. 2(c),
the separation of enantiomeric mixtures could not
appear when the concentration of copper(ll) and L-
proline was 5:10 mM. Besides, the background
color of mobile phase at this copper(ll) to L-proline
ratio was very intense, thus interfering the sample
signals and lowering the sensitivity. The use of 2.5
mM copper(ll) and 5 mM L-proline gave a good
characteristic of chromatogram with satisfactory
resolution (Figure. 2(b)). Although, the enantiomeric
mixtures could be separated at the ratio of 1:2 mM,
the peak of L-proline was close to the unknown
negative peak at about 15 min (Figure. 2(a)). So,
the copper(ll) to L-proline ratio at 2.5:5 mM was

used for subsequent studies.
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Figure. 2 Effect of the concentration of copper(ll)
and L-proline on enantioseparation, 1:2 mM
(a), 2.5:5 mM (b) and 5:10 mM (c).
Effect of pH
The pH influence on the formation of the temary
complex was studied by adjusting the pH of mobile phase
to various pH (4-8) by fixing the percent organic modifier at
5% and the concentration of copper(ll) to L-proline at 2.5:5
mM. It was found that the separation conducted at pH 6
gave the short time of analysis, approximately 20 min, with
satisfactory characteristics of chromatograms  including
resoluion and taiing factor (Figure. 3). Hence, it was
chosen as the optimal pH.
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pH 5 (b), pH 6 (c), pH 7 (d) and pH 8 (e).

Figure. 3 Effect of pH on enantioseparation, pH 4 (a),
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enantioseparation, 5% (a), 10% (b),

15% (c) and 20% (d).
Linearity and range

After the optimal

established, the standard curves of D-PHG and L-

protocols  were
PHG were constructed to verify the performance.
An excellent linear response of peak area in
relation to the concentration of D-PHG and L-PHG
was observed over the range of 0.10-2.00 mM with
the regression coefficient of 0.9997 and 0.9998 for
D-PHG and L-PHG,
regression equations were A=5295.5C+260.31 for
D-PHG and A=6074.3C+291.06 for L-PHG, when
A is peak area (mAU) and C is concentration (mM)
(Figure. 5).

respectively. The linear
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Figure. 5 Standard curves of D-PHG (a) and

L-PHG (b) from the optimal protocol.
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Discussions and Conclusion

Copper(ll) complexes with L-proline can
be successfully used as the chiral selectors for
enantioseparation and determination of D-PHG
and L-PHG by HPLC. This method, based on
ligand-exchange chromatography, is facile, rapid
and requires no expensive chiral columns. Due to
the acceptable linearity and resolution, the optimal
conditions investigated in this study can be further
used for the development and validation of a
quantitation method for D-PHG and L-PHG.
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