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Abstract

The control of enantiomer migration order in capillary electrophoresis (CE) by use of sulfobutyl ether beta-
cyclodextrin (SBE-F-CD) was investigated. At high pH, electroosmotic flow (EOF) dominated and the enantiomer
most strongly associated with the anionic cyclodextrin was detected last. At low pH (and reversed polarity), EOF was
minimal and SBE-£-CD functioned as a carrier. Under such conditions, the enantiomer migration order for a neutral
chiral compound was reversed. Factors involved in optimization (cyclodextrin and organic modifier concentration)
were studied. The impact of migration order on quantitation of low levels (below 1%) of one enantiomer in the
presence of the other was also investigated. The precision of peak area ratios (minor/major enantiomer) was evaluated
for samples of both enantiomers run by each method. The migration of minor before major enantiomer yielded better
quantitation precision in each case.
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1. Introduction

In the pharmaceutical development of chiral
compounds, analytical methods for measuring
enantiomeric purity are necessary. High perfor-
mance liquid chromatography (HPLC) is often
used to separate and quantitate enantiomeric im-
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purities. However, method development is time-
consuming, chiral HPLC columns are often ex-
pensive, and resolution is not always adequate.
Therefore, a complementary technique such as
capillary electrophoresis (CE) is of interest. While
not always superior to HPLC, CE has proved to
be quite useful for chiral separations [1-4].
Chiral CE typically makes use of one or more
of a wide variety of run buffer additives to
provide chiral selectivity. By utilizing soluble chi-
ral selectors in the run buffer in combination with
simple (and inexpensive) silica capillaries, chiral
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CE offers a great deal of flexibility in method
development. Because of the small volumes in-
volved, only small quantities of a chiral selector
are required. In addition, CE provides high
efficiencies which can result in adequate resolution
even with very low separation factors (« values).

The most common chiral additives in CE are
cyclodextrins. Native cyclodextrins are unchanged
and therefore inadequate when used alone for
separations of neutral compounds. In some cases,
native cyclodextrins have been used in combina-
tion with micelles (e.g. sodium dodecyl sulfate
(SDS)) for such separations [5]. Another approach
for separations of neutral enantiomers is to use a
derivatized cyclodextrin containing a positively or
negatively charged functional group. Depending
on the functional group appended, the cyclodex-
trin may be charged at low pH (quaternary amine)
[6], high pH (carboxylic acid) [7,8] or across virtu-
ally the entire pH range (sulfated) [9-11].

In chiral HPLC or CE, the elution order of two
enantiomers can impact quantitation unless the
peaks are widely separated. In HPLC, elution of
the minor enantiomer before the major one is
preferred. If the minor enantiomer elutes after the
major one, then integration is hampered by the
tailing from the major peak. However, the order
of elution is generally hard to predict or control.
It has been suggested that, because of the differ-
ence in peak shape between CE and HPLC, quan-
titation in CE is independent of migration order
[12]. However, peak shapes in CE are affected by
a variety of factors (e.g. diffusion, adsorption,
mobility) such that fronting or tailing can be
significant. In cases of severe fronting, elution of
the major enantiomer first may be preferable;
more commonly, tailing is an issue and migration
of the minor before the major enantiomer is likely
to improve quantitation, as in HPLC. Control of
the enantiomer migration order in CE is, there-
fore, often desirable.

One method of controlling the enantiomer mi-
gration order in CE is by reversing the electro-
osmotic flow (EOF) via dynamic or permanent
coatings on the capillary. Synthetic chiral surfac-
tants may also be used for enantiomer migration
reversal by changing the buffer additive from a
pure D-surfactant to the L-form [13]. It is also

possible in some cases to see a reversal of the
migration order when pH and cyclodextrin con-
centration are changed [14]. Schmitt and Engel-
hardt [8] used carboxylated cyclodextrins with a
coated capillary to reverse the migration order. In
that case, the carboxylated cyclodextrin was used
in a charged (high pH) or uncharged (low pH)
mode in conjunction with cationic analytes. When
charged, the cyclodextrin served as a carrier, and
the enantiomer more strongly incorporated in the
cyclodextrin migrated to the anode first. The cap-
illary coating was necessary to prevent the EOF
from overwhelming the cyclodextrin mobility at
the high pH. At low pH, the cationic analytes
migrated toward the cathode and the enantiomer
more strongly incorporated with the uncharged
cyclodextrin migrated slowest. The reversal of mi-
gration order was not possible with an uncoated
capillary or with neutral or anionic analytes.

In this work, anionic sulfobutyl ether beta-
cyclodextrin (SBE-£-CD) was used to control the
migration order of neutral enantiomers. In silica
capillaries at high pH, the migration of all species
is dominated by a large EOF and is toward the
negative electrode (cathode). Anions (e.g. SBE-f-
CD) migrate with a slower net velocity than neu-
tral substances because of their intrinsic mobility
in the direction opposite that of the EOF. Thus, if
enantiomers are separated using an anionic cy-
clodextrin at high pH, the enantiomer most
strongly associated with the cyclodextrin has the
slowest net migration. At low pH, the EOF is very
small and the movement of anions is toward the
positive electrode (anode) due to their elec-
trophoretic mobility. Therefore, if the same two
enantiomers are separated using an anionic cy-
clodextrin at low pH (using reversed polarity so
that the detector is at the anode), the enantiomer
most strongly associated with the cyclodextrin
now elutes first. A diagram of both modes of
separation is shown in Fig. 1. In contrast to
carboxylated cyclodextrins, the SBE-#-CD charge
and structure remain constant across the pH
range. For analytes which also do not change
charge with pH, the binding between the cy-
clodextrin and the analyte remains the same for
either order of migration. In such a case, some
method parameters (e.g. cyclodextrin or organic
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modifier concentration) developed for one order
of migration may be appropriate for the opposite
order of migration as well.

Finally, while it is reasonable to assume that
the migration order can affect quantitation in CE,
little data have been provided to support the
assumption. To examine the effect in our case,
precision data were obtained for the quantitation
of less than 1% opposite enantiomer in both the R
and S forms of the compound of interest, sepa-
rated using both orders of migration.

2. Experimental

A P/ACE 5500 capillary electrophoresis instru-
ment (Beckman Instruments, Fullerton, CA,
USA) was used for all work. The detector was at
the cathode (negative electrode) for work using
the pH 8.5 buffer; the polarity was reversed with
the pH 2.0 buffer. The capillary was uncoated
fused silica {Beckman Instruments), 75 pm x
57cm (50cm to detector). The capillary was
rinsed with 0.1 N NaOH, water, and run buffer

a) HighpH
SBE-B8-CD
< EOF
+ i ; — _
Analyte
Detector
b) Low pH
SBE-B-CD
EOF :
— - — +
Analyte

Fig. 1. Reversal of net migration direction and enantiomer
migration order using SBE-£-CD at (a) high pH and (b) low
pH. At high pH (a), EOF is strong and all substances are
carried toward the cathode. The enantiomer spending more
time incorporated in SBE-#-CD is detected last. At low pH
(b), EOF is minimal and SBE-g-CD migrates toward the
anode. The enantiomer spending more time in SBE-#-CD is
detected first. Note that the instrument polarity is reversed.

prior to use. The detection wavelength was
215 nm and the capillary temperature was 20 °C.
Locally developed software was used for the inte-
gration of peaks.

Sulfobutyl ether beta-cyclodextrin, sodium salt
(SBE-f-CD) was provided by CyDex, L.C. (Over-
land Park, KS) with assistance from the Applied
Biosciences Division of Perkin-Elmer Corporation
(Foster City, CA). The material used contained an
average molecular substitution of four sulfobutyl
groups per cyclodextrin molecule.

Borate buffer was prepared by dissolving the
required amount of boric acid in water and ad-
justing the pH to 8.5 with NaOH. A stock solu-
tion at 0.2 M was used for subsequent dilution to
40 mM unless otherwise noted. Tris—phosphate
buffer was prepared by dissolving sufficient Tris
(i.e. tris(hydroxymethyl)aminomethane) for a
0.2 M stock solution in water, and adjusting the
pH to 2.0 with phosphoric acid. The stock solu-
tion was diluted to 40 mM unless noted otherwise.
The concentrations listed for this buffer refer only
to Tris; the phosphate concentration was not
measured. The SBE-#-CD was either weighed
directly into the run buffer at the desired concen-
tration or diluted from a stock solution of 75 mM
SBE-$-CD in water. The pH was not remeasured
after the dilution of buffer and the addition of
SBE-f-CD. All the solutions were filtered
through 0.45 pm syringe filters prior to use.

The samples were dissolved in water—methanol
(50:50, v/v). All injections were hydrodynamic (1
or 2s applied pressure). Dimethylformamide
(DMF; 1-2% in water) was used as an EOF
marker.

3. Results and discussion

Compound I (see Fig. 2) is a chiral compound
currently in pharmaceutical development at Lilly
Research Laboratories. It is uncharged across the
normal pH range and therefore the enantiomers
cannot be separated using a neutral cyclodextrin
alone. Some work was done using hydroxypropyl-
f-cyclodextrin in combination with sodium dode-
cylsulfate (SDS). Although complexation with the
cyclodextrin was observed, no separation of the
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Fig. 2. Structure of compound [ (R enantiomer).

enantiomers was obtained. Therefore, SBE-#-CD
was investigated.

Initial work was done using 40 mM borate at
pH 8.5 containing 10% methanol. A range of
SBE-#-CD concentrations was studied, and the
resolution of the enantiomers of compound I was
found to increase with SBE-£-CD concentration
up to about 15mM. At higher concentrations,
migration times increased but the resolution re-
mained almost constant. Therefore, 15 mM SBE-

p-CD was used in further work. Fig. 3 shows the
effect of SBE-f#-CD concentration on migration
time and resolution.

The addition of methanol affected the resolu-
tion and migration times. Fig. 4 shows the effect
of increasing methanol concentration from 00—
30% (v/v). The EOF decreased throughout this
range (presumably because of increased viscosity),
as indicated by the migration times for DMF.
Migration times of compound I also increased up
to a point. As the methanol concentration reached
25-30%, the migration time of the compound did
not increase, despite further decrease in EOF.
These results indicate that the compound spent
less time in SBE-$-CD as the run buffer became
significantly hydrophobic, as would be expected.
Resolution between the enantiomers increased
with increasing concentrations of methanol, up to
20-25%, then remained fairly constant.

Based on the above work, 15 mM SBE-f-CD
and 20 or 25% methanol were used for further
studies. By spiking with the pure R enantiomer,
the elution order was found to be R.,S using the
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Fig. 3. The effect of SBE-£-CD concentration on the resolution and migration time. Conditions: 40 mM borate (pH 8.5), containing

10% methanol; 25 kV, 2 s injection of racemate (0.4 mg ml—1).
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Fig. 4. The effect of methanol concentration (%, v/v) on the resclution and migration time. DMF was included as an EOF marker
and is the first major peak in each electropherogram. SBE-$-CD at 15 mM; other conditions as in Fig. 3.

pH 8.5 conditions. The Tris—phosphate buffer
(pH 2.0) was then investigated (with reversed
electrode polarity). Baseline separation with re-
versed migration order {i.e. S,R) was obtaned.
Fig. 5 shows the separation obtained under each
set of conditions. The conductivity of the Tris—
phosphate buffer was higher than the borate
buffer, so the voltage used was typically a few
kilovolts less (e.g. 20 kV vs. 25 kV in Fig. S). The
migration time was significantly longer using the
pH 2.0 conditions than with the pH 8.5 buffer. No
optimization of the buffer concentration was
done, but reducing the Tris—phosphate concentra-
tion and increasing the voltage would be expected
to reduce the migration time. The effect of varying
the methanol concentration was briefly investi-
gated using the pH 2.0 buffer and 15 mM SBE-£-
CD. Increasing the methanol content from 0 to
25% increased both resolution and migration
time, with the resolution at 20 and 25% methanol
being similar. No methanol concentrations higher
than 25% were tested since migration times were

already relatively long and would increase further
at higher concentrations.

The effect of enantiomer migration order on
quantitation was investigated under both sets of
conditions. A sample of the R enantiomer (con-
taining about 0.4% S enantiomer by HPLC) and a
sample of S enantiomer (containing about 0.9%
R enantiomer by HPLC) were each run by both
methods, Peak area ratios (minor/major enan-
tiomer) were measured from six injections in each
case and compared. Typical electropherograms
are shown in Figs. 6 and 7. Note that peak tailing
was seen with both methods. Integration of the
minor peak was therefore more difficult when it
migrated after the major peak. An impurity peak,
in addition to the minor enantiomer, is visible in
each electropherogram. Also, some drift in migra-
tion times was seen between the two runs shown
in Fig. 7.

The quantitation precision results are shown in
Table 1. Note that quantitation was most precise
when the order of migration was minor before
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Table 1
Precision (% RSD) of peak area ratios (minor/major enan-
tiomer)

RSD?* (7o)
Sample pH 8.5 pH 2.0
(order: R,S) (order: S,R)
Approx. 0.9% R in S 5.4 15.0
Approx. 0.4% S in R 23.8 3.8

An=6.

major enantiomer in each case. That is, quantita-
tion of low levels of R in S was most precise at
pH 8.5, while quantitation of S in R was most
precise at pH 2.0. These results clearly indicate
that it was the migration order, not other differ-
ence between the methods, that had the most
significant impact on the precision of quantitation
of the minor enantiomer.

4. Conclusions

The use of SBE-f-CD at either high pH or low
pH (with reversed polarity) has been shown to be
an effective means of controlling enantiomer mi-
gration order for a neutral chiral compound.
Furthermore, the utility of such migration order
control in the quantitation of low levels of one
enantiomer in the presence of the other has been
demonstrated. In the cases observed here, where
peak tailing was present, migration of minor
before major enantiomer resulted in improved
integration precision. Therefore, when low limits
of quantitation are required, control of enan-
tiomer migration order by this or other means
should be considered.
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