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ABSTRACT

Two chiral additives, §-cyclodextrin and (2,3,6-tri-O-methyl)-f-cyclodextrin, were applied to improve the enantioselectivity of re-
versed-phase high-performance liquid chromatography for methylphenobarbital, glutethimide, mephenytoin and morsuximide. It was
found that the joint use of these two additives leads to an improved enantioselectivity, except for mephenytoin.

INTRODUCTION

For a long time chiral discrimination has received
close attention in organic chemistry, biology, phar-
macology and other natural sciences and the prob-
lem of how biological chiral receptors operate is still
under discussion. In consequence, the development
and extension of methods for enantioselective syn-
thesis and chiral separations have become an im-
portant issue.

During the last decade, chromatography has
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proved to be a major technique for the resolution of
stereoisomers, including enantiomers [1-7]. The ba-
sic rule, which is generally accepted, states that two
enantiomeric species can be recognized exclusively
by their interactions with a chiral resolving agent,
and a variety of optically active separating agents
have been applied in this respect. For chromato-
graphic enantioselectivity the “three-point attach-
ment” concept was proposed by Dalgliesh [8] in the
carly 1950s. Depending on the localization of the
discriminating agent in the chromatographic sys-
tem, chiral stationary, coated and mobile phases
could be distinguished.

Unfortunately, the basic thermodynamic differ-
entiation of enantiomers in many chiral systems is
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usually poor, i.e, the enantioselectivity (x) reaches
values very close to 1.00. Hence, the requirements
for column efficiency are severe, frequently making
the separation unrealizable because of technical
limitations. To enhance enantioselectivity, various
approaches have been reported, mainly via deriv-
atization of chiral stationary phases, of chiral addi-
tives or of the solute molecules themselves [1-7].
Recently, a new idea for a combined method was
proposed, using simultaneously a chiral stationary
phase and a chiral additive in the mobile phase solu-
tion [9]. This method permitted the enhanced reso-
lution of acidic compounds.

In this paper we report an analogous idea for the
simultaneous use of the two chiral selectors, but in a
different manner. We propose the use of two chiral
additives able to form molecular inclusion com-
pounds in a reversed-phase high-performance
liquid chromatographic (RP-HPLC) system. These
two selectors are f-cyclodextrin (f-CD) and (2,3,6-
tri-O-methyl)-B-cyclodextrin (TM-g-CD).

EXPERIMENTAL

Reagents

B-CD and TM-S-CD were supplied by Chinoin
(Budapest, Hungary). All other reagents and sol-
vents were of analytical-reagent grade and were
used as received.

The model compounds tested, which included
well known therapeutic drugs, were methylpheno-
barbital, glutethimide, mephenytoin and morsuxi-
mide (Fig. 1).

Apparatus and procedures

Chromatographic experiments were performed
on a Type 310 HPLC unit (Institute of Physical
Chemistry, Polish Academy of Sciences, Warsaw,
Poland) equipped with a 0.5-ul injector and a UV
detector (254 nm) containing a 1-ul flow cell. The
columns (250 X 1 mm I.D.) were packed with 5-um
LiChrosorb RP-18 by the viscosity method. The
mobile phases were aqueous ethanolic solutions
containing various amounts of the appropriate CD;
a pH of 2 was maintained with phosphoric acid so-
lution. Experiments were carried out on the col-
umns equilibrated with the mobile phase solutions
at 20 £ 1°C. Experimental data were collected and
processed using the Chromblues software package
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Fig. 1. Structural formulae of the compounds investigated.

(Insitute of Physical Chemistry, Polish Academy of
Sciences).

RESULTS AND DISCUSSION

Experimental examinations

The values of the capacity factors (k") and enan-
tioselectivity factors (&) for the four compounds in-
vestigated are given in Table I; they were deter-
mined with $-CD and TM-$-CD used separately
and as a mixture.

For all the compounds except mephenytoin an
improvement in enantioselectivity followed the
joint use of the two chiral additives. These overall
effects may be more or less distinct, depending on
the solute under investigation and the starting val-
ues of the selectivity factor [«] found for the two
additives separately. The enantioselectivity of 8-CD
complexation, undetectable under the conditions of
the experiment with glutethimide, really exists and
is revealed when B-CD is used together with TM-§-
CD.
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CAPACITY FACTORS (k') AND SELECTIVITIES («) AS A FUNCTION OF THE ELUENT COMPOSITION

Compound kL B-CD? TM-B-CD* TM-B-CD + B-CD?
K, Kk, o K, ok, o« K, kK,
Methylphenobarbital 18.0 6.5 7.1 1.09 13.3 16.0 1.20 4.2 5.4 1.30
Glutethimide 230 34 34 1.00 20.7 224 1.08 1.8 2.1 .12
Mephenytoin 16.0 9.1 10.2 1.13 7.4 7.4 1.00 4.5 5.0 1.13
Morsuximide 6.1 2.2 2.2 1.00 4.2 4.6 1.08 1.2 1.4 1.16

¢ 20% ethanol; pH 2.
b 20% ethanol; 1.5 - 1072 M B-CD; pH 2.
¢ 20% ethanol; 5 - 10™* M TM-B-CD; pH 2.

4 20% ethanol; 1.5 - 1072 M -CD, 5 - 10™* M TM--CD; pH 2.

Typical data concerning changes in the resolution
(Ry) and the analysis time for methylphenobarbital
presented in Table II, and the chromatograms
shown in Fig. 2, demonstrate the beneficial role of
the use of two chiral additives under appropriate
conditions.

It has been found previously {7,10] that additions
of B-CD to a solution are always accompanied by a
decrease in the efficiency of the column. This phe-
nomenon may explain why the R, value remains
approximately constant for methylphenobarbital
(Table II) in spite of the improved enantioselectiv-
ity. Generation of enantioselectivity by p-CD al-
ways proceeds at the expense of the number of theo-
retical plates. This problem, which is difficult to fol-
low experimentally when inclusion compounds are
involved, has not yet been explored sufficiently.
Nevertheless, the present data indicate that by using
two additives together one may obtain a suitable
resolution in a much shorter time. The latter effect

TABLE 11

RESOLUTION (R) AND TIME OF RESOLUTION ()
ACHIEVED FOR METHYLPHENOBARBITAL DEPEND-
ING ON THE ELUENT COMPOSITION

Chiral additive R, t (min)
§-CDb 0.9 36.3
TM-B-CD* 2.1 76.6
p-CD + TM--CD? 2.0 28.5

bed Conditions as in Table 1.

seems to be unachievable using simple organic sol-
vent additions.
The exceptional behaviour of mephenytoin can
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Fig. 2. Chromatograms obtained on a column (250 x ! mm
1.D.) filled with 5-um LiChrosorb RP-18. Systems b, ¢ and d: for
conditions, see footnotes b, ¢ and d in Table 1.
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be explained by its unusual mechanism ol separa-
tion that occurs on an ODS column in the presence
of B-CD [10]. In such a system two different phe-
nomena may initiate enantioselectivity: a differen-
tiation of stability constants of complexes formed in
the bulk mobile phase solution and a differentiation
of capacity factors of these complexes on the ODS
phase. Most frequently the first phenomenon pre-
dominates, but mephenytoin represents a rare ex-
ample of where the second factor plays the major
role and the separation of enantiomeric mepheny-
toins is due to the difference in adsorption of f-CD
diastereoisomeric complexes on the ODS phase.
In conclusion, it has been shown that the simulta-
neous use of two chiral additives, §-CD and TM-§-
CD, may offer under appropriate conditions better
enantioselectivity and better resolution in a shorter
time of analysis. Moreover, in contrast to the previ-
ously described method [9], which is useful for acid-
ic compounds, the present method using CDs
should be more universal, i.e., applicable to com-
pounds of various nature, acidic, basic and neutral.
The questions of when and why these synergistic
effects occur are under study and a theoretical treat-
ment will be presented in the near future [11].

D. Sybilska et al. | J. Chromatogr. 625 (1992) 349-352
ACKNOWLEDGEMENT

This work was supported by grant 202429101
from the State Committee for Scientific Research.

REFERENCES

1 V. A. Davankov, Adv. Chromatogr., 18 (1980) 139.

2 R. W. Souter, Chromatographic Separations of Stereoiso-
mers, CRC Press, Boca Raton, FL, 1985.

3 S. Hara and J. Cazes (Editors), Optical Resolution by Liquid
Chromatography, J. Liq. Chromatogr., 9 (1986).

4 D. Stevenson and 1. D. Wilson (Editors), Chiral Separations,
Plenum Press, New York, 1988.

5 S. G. Allenmark, Chromatographic Enantioseparation: Meth-
ods and Applications, Ellis Horwood, Chichester, 1988.

6 M. Zief and L. J. Crane (Editors), Chromatographic Chiral
Separations, Marcel Dekker, New York, 1988.

7 A. M. Krstulovic (Editor), Chiral Separations by HPLC. Ap-
plications to Pharmaceutical Compounds, Ellis Horwood,
Chichester, 1989.

8 C. E. Dalgliesh, J. Chem. Soc., (1952) 3940.

9 C. Pettersson and C. Gioeli, J. Chromatogr., 435 (1988) 225.

10 D. Sybilska, J. Zukowski and J. Bojarski, J. Lig. Chroma-
togr., 9 (1986) 591.

11 R. Nowakowski, D. Sybilska and A. Bielejewska, in prep-
aration.



