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Summary

Heptakis(6-azido-6-deoxy) perphenylcarbamated B-cyclodextrin has been synthesized
and chemically immobilized on silica gel for use as a chiral stationary phase (PC-CSP)
for analytical separation of the enantiomers of chiral drugs. Separation of the enantio-
mers of tolperisone was studied by high-performance liquid chromatography under re-
versed-phase conditions. The chromatographic conditions were optimized by varying
mobile phase pH, composition, ionic strength, and velocity; 40:60 methanol-1% triethy-
lammonium acetate (TEAA) buffer, pH 5.5, was found to be the most suitable for this se-

paration.

Introduction

In recent years the direct separation of en-
antiomers by chiral chromatography has
been the target of intense research. The
suitability and availability of cyclodex-
trins, and good economic reasons, have
played a decisive role in the growing inter-
est in these compounds chiral stationary
phases in the pharmaceutical industry,
and the use of cyclodextrins has resulted
in the separation of a wide variety of
structural, positional, and optical iso-
mers. In this work derivatized cyclodex-
trins have been prepared and used effec-
tively as chiral stationary phases for the
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separation of enantiomers, because inclu-
sion-complex-formation both in solution
and/or with the solid phase improves the
aqueous solubility and physicochemical
stability of many drug molecules.
Tolperisone (2,4-dimethyl-3-piperidino-
propiophenone monohydrochloride; Fig-
ure 1) is a renowned chiral drug used as a
centrally acting muscle relaxant for symp-
tomatic treatment of spasticity and muscle
spasm. The enantiomers of tolperisone
have different biological effects. (+)-Tol-
perisone is a stronger muscle relaxant than
the (-) isomer whereas the latter has great-
er broncho and peripheral vasodilatory ac-
tivity than the dextrorotatory enantiomer.
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Several chromatographic methods
have been published for separation of the
enantiomers of tolperisone on different
chiral columns. The separation has been
achieved on protein columns [1-6] and on a
naphthylethylcarbamate-f-cyclodextrin
column [7], both by reversed-phase HPLC.

In our research a novel chiral station-
ary phase, PC-CSP, has been developed
by chemical immobilization of heptakis(6-
azido-6-deoxy) perphenylcarbamated f-
cyclodextrin on amino-functionalized sili-
ca gel [8]. It has been found to be effective
for both normal and reversed-phase se-
paration of enantiomers. In addition, be-
cause PC-CSP is covalently bonded to the
silica gel, it is compatible with all com-
monly used mobile phases and can be used
to prepare durable columns with excellent
preparative capacity. Reversed-phase se-
paration conditions have been especially
useful for the separation of pharmaceuti-
cal compounds [9, 10]. There are several
advantages to the use of reversed-phase
conditions, for example, good solubility
of polar compounds, easier sample pre-
paration, and use of less costly solvents.
Reversed-phase mobile phases are also ex-
tremely useful for preparative-scale se-
parations, because of the high solubility
of polar analytes in these mobile phases
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Figure 1. The chemical structure of tolperisone.
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Figure 2. Reaction scheme and conditions for synthesis of the chiral stationary phase. Reaction con-
ditions: (a) iodine, triphenylphosphine, dry dimethylformamide, 85°C, 12 h; (b) sodium azide, di-
methylformamide, 95 °C, 12 h; (¢) R = phenylisocyanate, dry pyridine, 90 °C, 12 h; (d) amino-func-
tionalized silica gel, carbon dioxide, triphenylphosphine, 20 h.

and the relative simplicity of their eva-
poration [4].

This paper reports the direct separa-
tion of the enantiomers of tolperisone un-
der optimized reversed-phase conditions
by use of a phenylcarbamate-derivatized
p-cyclodextrin (PC-CSP) column. The ef-
fect of mobile phase pH, ionic strength,
composition, and flow rate on retention
time, enantioselectivity, and resolution
were investigated. Room temperature
(22°C) was maintained throughout the
experiments. Eventually the derived opti-
mum conditions shall be used in a simu-
lated moving bed (SMB) for preparative-
scale operation.

Experimental

Chemicals, Reagents,
and Equipment

Tolperisone was purchased from Sigma
(Singapore). Methanol of HPLC grade
was obtained from Fisher Chemical (Sin-
gapore). Purified water was obtained
from a Milli-Q system. Chemicals such as
triethylamine (TEA) and glacial acetic
acid were of analytical-reagent grade and
were also procured from Sigma (Singa-
pore). A Hanna Instruments H1 9021 mi-
croprocessor pH meter was used for pH
readings.

Preparation of Chiral Stationary
Phase

Native f-cyclodextrin (Figure 2, 1), used
as the starting material for the synthesis,
was converted to heptakis(6-iodo-6-
deoxy)-f-cyclodextrin (2) by treatment
with iodine and triphenylphosphine in
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DMF. The heptakis(6-iodo-6-deoxy)-p-
cyclodextrin was then reacted with so-
dium azide in DMF (95 °C, overnight) to
give heptakis(6-azido-6-deoxy)-fi-cyclo-
dextrin (3) which was further perphenyl-
carbamated by treatment with phenyl iso-
cyanate in pyridine (90 °C, overnight) to
afford heptakis(6-azido-6-deoxy) perphe-
nylcarbamated f-cyclodextrin (4). This
product was purified by column chroma-
tography on silica gel with hexane-chloro-
form, 1:4, as mobile phase.

Chemical immobilization of heptakis
(6-azido-6-deoxy) perphenylcarbamated
p-cyclodextrin (4) on amino-functiona-
lized porous spherical 5-pm silica gel (Hy-
persil 300) was achieved by reaction in the
presence of CO, and triphenylphosphine
for 20 h. The chiral stationary phase ob-
tained, PC-CSP, was packed into an ana-
lytical column (25 cm x 4.6 cm), at
7500 psi, by means of a packing machine
(Alltech, US). This column was condi-
tioned with the mobile phase used for the
enantiomer separations.

Chromatography

HPLC was performed with a Perkin-El-
mer Series 200 autosampler equipped with
20-uL injection loop, series 200 LC pump,
785A UV-visible detector, and Supelco
mobile-phase-degassing system. The de-
tector output was monitored and re-
corded by means of a Hewlett-Packard
PC.

Separation of the enantiomers of tol-
perisone was performed at room tempera-
ture (22°C). The UV detector was oper-
ated at 220 nm. Drug sample concentra-
tions were in the range 0.02-0.03 mg
mL~!. The void volume (¥;) was deter-
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mined by injecting mobile phase of differ-
ent composition. The column was precon-
ditioned by flushing overnight with 60%
methanol at a flow rate of 0.1 mL min—!.
The volume of sample solution injected
was typically 20 pL. Each run was re-
peated at least three times to confirm the
experimental results obtained.

Preparation of Mobile Phases

A mixture of methanol and triethylammo-
nium acetate (TEAA) buffer solution was
used as mobile phase for enantiomer se-
parations. The 1% triethylamine solution
was prepared by dissolving 55.10 mg TEA
in 4000 mL deionized water. The range of
buffer pH used for the analysis was varied
between 4 and 6.5. Buffer pH was ad-
justed by adding glacial acetic acid to the
1% TEA solution.

Results and Discussion

Systemic analysis of tolperisone on the
heptakis(6-azido-6-deoxy) perphenylcar-
bamated f-cyclodextrin (PC-CSP) col-
umn with aqueous buffer solutions as mo-
bile phase was performed to investigate
the effect of mobile phase conditions such
as pH, composition, ionic strength, and
flow rate on chromatographic properties
such as retention time, resolution, and se-
lectivity.

The time between sample injection and
the sample peak reaching the detector at
the end of the column is termed the reten-
tion time (¢fg) and the time taken for the
mobile phase to pass through the column
is called fy;. A term known as the reten-
tion factor (also called as capacity factor),
k', is used to describe the rate of migration
of the sample through the column. The re-
tention factor for a compound A is de-
fined as:

k'a=(tr—tm)tm

tr and ry; are easily obtained from the
chromatogram. A quantity called the se-
lectivity factor, a, which describes the se-
paration of two species, A and B, on the
column is defined as:

oa=k'glk's

The retention times of the enantiomers de-
pend on their retention behavior on the
column. The selectivity expresses the se-
parating power of the adsorbent for the
enantiomers but although it describes the
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Figure 3. Effect of mobile-phase methanol content on resolution and

selectivity.

separation of the band centers, it does not
take peak widths into account. Another
measure of how well species have been se-
parated is provided by measurement of
the resolution, which depends on both re-
tention times and peak broadening.. The
resolution of two species, A and B, is de-
fined as:

Rs =2[(tr)p — (1r)AV(Wa + Wp)

where (fr)g — (fr)a is the difference be-
tween the retention times of the two peaks
and W, and Wy are the widths of the
peaks.

From this study the optimum condi-
tions were derived for the best enantio-
meric separation.

Effect of Mobile-Phase
Composition

The methanol-to-buffer ratio was varied
from 40:60 to 90:10 to study the effect of
mobile-phase composition on retention
time, resolution, and selectivity. The re-
tention time increased as the amount of
methanol was increased. As the amount
of methanol was increased the resolution
improved until the composition was
60:40. Selectivity and resolution then de-
creased as the mobile-phase methanol
content was increased further (Figure 3).
Methanol-buffer in the ratio 60:40, i.e.
that at which selectivity and resolution
were highest, was therefore used through-
out the experiments.

Short Communication

ity.

Effect of lonic Strength

The solvent strength of the organic modi-
fier will influence the solvophobic effect. It
is common to add a buffer to the mobile
phase to ensure that the solutes are un-
charged during the separation, i.e. to
avoid possible ionic interactions that
might affect the separation. Because it is
important to control the ionic behavior of
solute, the effect of ionic strength on the se-
paration of the enantiomers of tolperisone
was studied by varying the ionic strength
from 0.2% to 2%. Selectivity was not sub-
stantially affected but resolution increased
as the ionic strength was increased to 1.4%
(Figure 4) then decreased, possibly be-
cause of suppression of direct interaction
between the CSP and the solute at higher
ionic strengths. To obtain better chroma-
tographic separation 1% TEAA buffer
was used in subsequent experiments.

Effect of Buffer pH

pH is of fundamental importance in the
optimization of separations on chiral -
cyclodextrin stationary phases. In this
work glacial acetic acid was used to adjust
the pH to suppress ionization of the sila-
nol groups on the silica-based support.
The effect of pH on the enantiomeric se-
paration was investigated by varying the
pH of the aqueous component of the mo-
bile phase from 4 to 6.8. Increasing the pH
above 5.5 increased the retention of the
enantiomers and resulted in peak broad-
ening. Resolution and selectivity were
maximum at pH 5.5, and then decreased.
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Figure 4. Effect of mobile-phase TEA content on resolution and selectiv-

Reducing the pH resulted in retention as a
result of weak ionic binding. It is apparent
from Figure 5 that pH 5 was the optimum
for this separation.

Effect of Mobile-Phase Flow Rate

The effect of mobile phase flow rate on
the enantiomeric separation was also ex-
amined. When the flow rate was varied
from 0.1 to I mL min ! resolution and en-
antioselectivity were found to be maxi-
mum at a flow rate of 0.5 mL min~! and
this was selected as the optimum for se-
paration of the enantiomers.

Optimization of chromatographic pro-
cesses includes optimization of running
conditions to yield the best economically
feasible separation. After examining the li-
quid-chromatographic separation and re-
tention behavior of the enantiomers of tol-
perisone on a column containing heptakis
(6-azido-6-deoxy) perphenylcarbamated
p-cyclodextrin immobilized on silica gel,
and its dependence on mobile phase com-
position, ionic strength, pH, and flow rate,
the optimized isocratic conditions for the
efficient, economical, and time-saving se-
paration were: 60:40 (%, v/v) methanol-
buffer, with the pH 5 buffer containing 1%
TEAA, at a flow rate of 0.5mL min—!. A
typical separation obtained under these
conditions, with UV detection at 220 nm,
isillustrated in Figure 6.
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Figure 6. Chromatographic separation of the enantiomers of tolperisone.

Conclusions

It has been shown that heptakis(6-azido-
6-deoxy) perphenylcarbamated f-cyclo-
dextrin stationary phase (PC-CSP) chemi-
cally bonded via urea linkages can have
significant advantages in chiral HPLC se-
parations. The key advantages of the PC-
CSP can be summarized as:

— first, high selectivity (¢ > 1.55) under re-
versed-phase conditions, partly attributa-
ble to the partitioning and binding of
many hydrophobic, amphiphilic, and hy-
drophobic organic molecules in the p-cy-
clodextrin cavity;

— second, the use of this novel phenylcar-
bamated CSP eliminates most of the solu-
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bility problems typically associated with
the use of organic solvents under re-
versed-phase conditions. Problems nor-
mally arise when solutes are added to con-
trol or vary experimental conditions such
as pH, ionic strength, and buffer capacity.
Because the chiral selector of this CSP is
covalently bonded to silica gel, it can be
used with a variety of mobile phases with-
out significant deterioration of its chiral
recognition properties.

The enantiomer separation can be af-
fected by changing the pH, the concentra-
tion of ions in the mobile phase, and the
flow rate. Reducing the pH of the mobile
phase reduces the influence of ionic bond-
ing. The chromatographic behaviour of
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the basic drug tolperisone was highly de-
pendent on pH and the best separation
was obtained by use of a pH between 4
and 5.5.

Low retention means it is not necessary
to add modifier to the mobile phase to
elute the enantiomers within a reasonable
time. If the concentration of modifier in
the mobile phase is low, higher enantios-
electivity is obtained and this results in
high resolution. Under the optimized con-
ditions very good separation of the tolper-
isone enantiomers was obtained on PC-
CSP, with the advantages of low cost and
simple and rapid analysis. This (PC-CSP)
column will be useful for application of
continuous chromatography, which re-
quires CSP materials of high efficiency
and reproducibility.
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