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Abstract

When applying cyclodextrin (CD) derivatives as chiral selectors for enantiomeric separation in different separation
methods, the difference in degree of substitution (DS) and substitution pattern of the CD derivative may lead to
complications. Seven different methylated B-cyclodextrin derivatives were tested as additives in the background electrolyte
in capillary electrophoresis (CE) and as an additive to the mobile phase in high-performance liquid chromatography (HPLC).
The substitution patterns of heptakis(2,6-di-O-methyl)-B-CD (DIMEB) and randomly methylated B-CD samples were
compared using a simple thin-layer chromatography method. The CE method was sensitive to the quality of the chiral
selector and it was solute dependent. While the enantiomeric separation of N-methylephedrine and terbutaline was excellent
with all DIMEBs, in the case of hexobarbital, the separation failed with one DIMEB sample. The HPLC method was less
sensitive to the quality of the chiral selector than the CE method.
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1. Introduction

Cyclodextrins (CDs) and their derivatives, which
are extremely versatile chiral selectors, are used for
the separation of positional, structural and optical
isomers in different analytical methods [1-4]. Al-
though many separation problems can be solved with
the natural CDs, the use of CD derivatives may
increase the selectivity of the method. One of the
most frequently used CD derivatives in analytical
methods is heptakis(2,6-di-O-methyl)-B-CD
(DIMEB) due to its good solubility and complex-
forming ability [5-9].

Most of the CD derivatives, including DIMEB,
however, are mixtures of compounds with different
degrees and patterns of substitution. The average
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degree of substitution (DS) of DIMEB is fourteen,
but the isomer compositions of products having DS=
14 are very different. The purity of the DIMEB CD
isomer of commercially available DIMEB is in the
range of 30-80%.

Pure DIMEB CD isomer has excellent complex-
ation properties due to the presence of methoxy
groups in C(2) and C(6) positions, which result in a
deeper cavity than that of the parent B-CD [10].
Commercially available DIMEB samples contain at
least two—three over- and undermethylated isomers
in higher amounts, and many minor components
besides the DIMEB isomer. The isomers with differ-
ent DSs and the substitution patterns contain
methoxy groups that are not only in the C(2) and
C(6) positions, but also in the C(3) position, which
is another reason for their heterogeneity [11-13].
The complex-forming ability of CD derivatives
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strongly depends on the number and position of the
substituents. Therefore, when CD derivatives are
used as the chiral selector in capillary electrophoresis
(CE) or high-performance liquid chromatography
(HPLC), the DS and the substitution pattern greatly
influence the selectivity [14-18].

The quality of the chiral selector is one of the
most important factors in the development of an
enantiomeric separation method. The validation of
enantiomeric separation was carried out successfully
when the same batches of CD or its derivatives were
used as chiral selectors [19,20]. However, when
different batches of commercially available CD
derivatives are used, a problem is that the purity, DS
and substitution pattern are often not disclosed
precisely by the manufacturer.

In this work, our aim is to examine the ruggedness
of enantiomeric separation when commercially avail-
able methylated B-CD derivatives are used as chiral
selectors in the background electrolyte in CE and as
the mobile phase additive in HPLC, respectively.

2. Experimental
2.1. Chemicals

DIMEB samples were commercial products from
different sources (DIMEB/1: Aldrich-Chemie,
Steinheim, Germany; DIMEB/2: Sigma, St. Louis,
MO, USA; DIMEB/3-5: Cyclolab, Budapest, Hun-
gary). The average DS of these samples is fourteen
(determined by NMR). The RAMEB/1 (randomly
methylated B-CD) sample (DS=14.1) was also

prepared by Cyclolab. RAMEB/2 (DS=12.8) is a
product from Wacker Chemie (Munich, Germany).
The racemic solutes (hexobarbital, terbutaline and
N-methylephedrine) were of pharmaceutical grade.
Their structures are shown in Fig. 1.

Thin-layer chromatography (TLC) chromatograms
were developed on a Kieselgel 60 plate (Merck,
Darmstadt, Germany, 20X20 cm) with chloroform—
acetone—formic acid—ethanol (68:16:8:8, v/v). Vis-
ualization: charring by heating with 50% conc.
sulphuric acid in ethanol [13]. The solvents used for
TLC were of analytical grade.

The buffer used for the CE separation was 20 mM
NaH,PO, solution containing 15 mM DIMEB or
RAMERB. The pH of the buffer was adjusted to pH 9
with a 3 M NaOH solution. In the case of terbutaline,
0.033 M phosphoric acid, pH 3 (adjusted with 3 M
NaOH), containing the CD derivative was used. The
buffers were filtered prior to analysis. All buffer
reagents were of analytical reagent grade and pur-
chased from Merck.

The HPLC mobile phases consisted of 0.01 M
aqueous phosphoric acid containing 1 mM DIMEB
or RAMEB and 10% ethanol (LiChrosolv, Merck).

2.2, Instruments

UV spectra of DIMEB and RAMEB solutions
were measured using a Hewlett-Packard HP8452 A
diode array spectrophotometer using the HP 89532Q
Quant software Rev. A.00.00. The samples were
dissolved in double distilled water to a concentration
of 1% (w/v) and the absorbance was recorded over
the range of 200 to 510 nm (1 cm cell).
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Fig. 1. Structures of the model molecules.
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The CE experiments were performed on a Hew-
lett-Packard *"CE System (Hewlett-Packard, Wald-
bronn, Germany). A fused-silica capillary (Compo-
site Metal Services, Hallow, UK) [58.5 cm (effective
length 50 cm)X50 wm LD.], thermostated to 25°C,
was used. The applied voltage was 30 kV. Samples
were introduced by applying 50 mbar for 3 s. The
detection wavelength was 202 nm. Test samples
were dissolved in methanol (0.1 mg/ml).

The HPLC experiments were performed on a
Hewlett-Packard 1050 HPLC system. A Nucleosil
300-5 C, column (100X4 mm, Macherey-Nagel,
Diiren, Germany) was used at 26°C. The detection
wavelength was 220 nm. The flow-rate was 0.8
ml/min. The test substance, hexobarbital was dis-
solved in 10% aqueous ethanol (0.1 mg/ml, with an
injection volume of 20 wul).

3. Results and discussion
3.1. TLC test

TLC is a very simple and fast method for compar-
ing both the DS and the substitution pattern of CD
derivatives [13]. Purified DIMEB/S sample contains
only 3 minor fractions besides the DIMEB spot.

Although DIMEB/1 and DIMEB/2 samples were
obtained from different suppliers, the component
distribution of these samples was found to be very
similar (Fig. 2). Some spots in the higher R, region
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Fig. 2. TLC chromatogram of methylated B-CD derivatives.

are from some overmethylated isomers (DS:15). The
components that appear close to the DIMEB spot are
the isomers with DS=14, but they also contain some
methyl groups in the C(3) position.

DIMEB/3 and DIMEB/4 samples contain com-
ponents both in the higher and lower R regions. The
distribution of spots on the TLC plate is similar for
these samples, which confirms the similarity of
different batches prepared by the same synthetic
route in Cyclolab.

Although the DS of RAMEB/I is 14.1, as de-
termined from NMR spectra, the lower R, values on
the TLC plate suggest a lower DS. This fact was
confirmed in Ref. [13], where DS 13.3 was calcu-
lated for this sample after fragmentation analysis.
The wide distribution of RAMEB spots on the TLC
plate indicates that there are notable differences in
the substitution patterns of these samples.

3.2. UV spectra

UV transparency is also an important factor for
additives used in CE or HPLC methods, because UV
detection is used normally. Therefore, the absorbance
level has to be controlled.

Fig. 3 shows the UV spectra of a 1% aqueous
solution of the tested samples. The absorption of all
DIMEB samples decreases below 0.1 absorbance
unit (AU) with increasing wavelength. The absor-
bance of DIMEB/3 and DIMEB/4 solutions is less
than 0.2 AU at 200 nm, whereas when the wave-
length is 220 nm, the absorbance is lower than 0.02
AU. These low values give excellent sensitivity for
the low wavelength analysis often used in CE.
DIMEB/1, DIMEB/2 and DIMEB/S samples show
much higher absorption at 200 nm (0.5, 0.3 and 0.5
AU, respectively) than DIMEB/3 and DIMEB/4.
These low levels of impurities met the requirements
of both CE and HPLC experiments.

RAMEB/1 and RAMEB/2 appeared to show
higher levels of absorbance in the whole wavelength
range than did DIMEBs. Consequently, RAMEB
samples can only be used for analytical purposes
after appropriate purification.

3.3. Capillary electrophoresis

N-Methylephedrine, terbutaline and hexobarbital
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Fig. 3. UV spectra of methylated B-CD derivatives.

are appropriate, often used, model molecules for
enantiomeric separation using CDs as chiral selectors
(2]).

The enantiomeric separation of N-methylephedrine
and terbutaline has not been found to be dependent
on a change in the composition of the chiral selector
(Figs. 4 and 5). Only insignificant differences can be
observed in the mobility and resolution (R ) using
DIMEB/1-4 in the background electrolyte (BGE).
These DIMEB samples have fairly similar substitu-
tion patterns. The highest migration time value is
found with DIMEB/S, which contains the highest
amount of pure DIMEB isomer. While the separation
of enantiomers appears to be the best with DIMEB/S
in the case of N-methylephedrine (R =2.52), the
resolution of terbutaline is worse (R =4.79), com-
pared to the other DIMEB samples.

Shorter migration times and rather poor resolution
of N-methylephedrine enantiomers are obtained
using RAMEB samples in the BGE, compared to
those when DIMEB samples were used. The con-
ductivity values of buffers prepared with RAMEB/1
and RAMEB/2 were found to be different. This
phenomenon may be explained by the presence of
some ionic impurities in RAMEB samples, which
affected the separation and the peak shapes. The
mobility of the solutes was shorter using RAMEB/1,
but the resolution was higher with RAMEB/1 than
with RAMEB/2.

The migration times are also shorter with
RAMEBs than with DIMEB samples in the case of

terbutaline, however, the R_ values are significantly
higher than those with DIMEBs. A possible explana-
tion of these findings is that terbutaline forms a more
stable complex with some other isomers than it does
with DIMEB.

The influence of the quality of the chiral selector
was evaluated by calculating the relative standard
deviation (R.S.D.) of parallel measurements. The
precision of the separation of terbutaline enantiomers
was calculated using five parallel prepared buffers
with DIMEB/5 sample. R.S.D.s of 1.4-1.8% were
achieved for the corrected peak areas, while the
R.S.D. of the resolution was only 0.60% (Table 1).
The differences in the R_ values were higher when
the five different batches of DIMEB were used; for
terbutaline, R.S.D.=9.01% and for N-methylephed-
rine, R.S.D.=3.64% (Table 2).

The separation of hexobarbital enantiomers is
more sensitive to the chiral selector. Almost the
same R_ values (1.33-1.36) are found when using
DIMEB/3, DIMEB/4 and DIMEB/S as the additive
in the BGE (Fig. 6). Although the substitution
pattern of DIMEB/2 is very similar to that of
DIMEB/ 1, surprisingly, no resolution of hexobarbi-
tal enantiomers was obtained when DIMEB/2 was
used as the chiral selector. Repeated series of
experiments were carried out to clarify this phenom-
enon. However, no resolution was achieved with
DIMEB/2 samples (Lot 84H0723 Sigma) in three
repeated test runs. The different peak shapes of
hexobarbital enantiomers with RAMEBs verify that



J. Szeman et al. | J. Chromatogr. A 763 (1997) 139-147 143

Current Chromatogram(s)

DAD1 A Sig=202,16 Ref=450,80 (E\DIMEBPOS\DIMEB1\DIMEB 107 D) Tt T T
mAU |
I '\ P | DIMEB/1
¥ W
J\J
Ay T T T T - ————
8 9 10 11 12 3 iy
DAD1 A, $g=202.16 Ret=450,80 (EDIME BTDMEBI08.0)
mAU
' ﬂ DIMEB/2
0] | L
- By T ¥ T T T Al
... 8 10 " 12 3 oming
r DAD1 A, Sig=222,16 Ref=450 80 (£ \DIEDPOS\DIMES 1OIMEB100.0)
mAU |
1 DIMEB/3
0
\ e o Nean
: T T T T T
8 9 10 1 12 3
DADT A, Sig=ZX2, 16 Raf=450,80 (£ \DIMEBPUSDMES OMEB108.0)
mAU
3
. [\ FL DIMEB/4
1 ne
y T T T T
8 ] 10 1 a2 13
DAD1 A, Sig=202.16 Ref=450,80 (E \DIMEBPOSOMES 1\OMIEST 16.0)
mAU ]
\ ] ,\ [ DIMEB/5
° JJ
- T T T T T
8 9 10 1" 12 13 iy
DAD A, Sg=2. 18 Ref=450,80 (E\DIMEBPOSOMEB 1\OMES111.0)
mAU
RAMEB/1
1
. e
A el Syt
__8 T ‘ 1b l'l 12 1'3 Imiry
OAD1 A, Sig=202.16 Ref=450,80 (E \DIMEBPOSDIMEBTOWEE 112.0)
mAy |
'] ‘ RAMEB”2
04
-4 T T T T
8 ] 10 1" 12 13 g

Fig. 4. Separation of N-methylephedrine by CE using different methylated B-CD derivatives as the chiral selector in the BGE. For

conditions see Section 2.

this analyte is very sensitive to the quality of the
chiral selector.

3.4. HPLC

For the HPLC experiments, hexobarbital was
selected to demonstrate the differences in enantio-
meric separation when methylated B-CD derivatives
with similar DS but different substitution patterns
were used in the mobile phase.

The retention times and resolution of hexobarbital
enantiomers are very similar using different DIMEB
samples as the mobile phase additive (Fig. 7). The
resolution appears to be the best (R,=2.0) with
purified DIMEB/S, which has the highest DIMEB
isomer content (Table 2). The retention times are

also higher than those obtained with other DIMEB
samples, suggesting that the separation takes place
on a modified surface of stationary phase that is
formed due to the strong absorption of DIMEB [8,9].
The HPLC method was found to be more rugged
compared to the CE method; the R.S.D. of the
resolution was only 1.08% when five different
DIMEB samples were used as the mobile phase
additive. The resolution with RAMEB/1 was de-
creased, but acceptable (1.86), whereas it was below
1.5 when RAMEB/2 was used as the chiral selector.

4. Conclusion

The simple and fast TLC method is suitable for
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Fig. 5. Separation of terbutaline by CE using different methylated B-CD derivatives as the chiral selector in the BGE. For conditions see

Section 2.

comparing the degree of substitution and isomer
distribution of the different batches of methylated
B-CD derivatives. Samples prepared by the same
synthesis route can be clearly identified.

Table 1
Precision of the separation of terbutaline enantiomers using
parallel prepared buffers with DIMEB/S as the chiral selector

Corrected peak area (1/min) Resolution
Calculated values  0.198 0.196 495

0.192 0.188 491

0.193 0.192 4.96

0.196 0.185 4.89

0.192 0.189 492
Average * S.D. 0.1940.003  0.19220.004 4.93+0.03
R.S.D. 1.38% 1.84% 0.60%

The enantiomeric  separation potency of
methylated B-CD derivatives strongly depends on the
amount of pure DIMEB isomer in the sample. In
some cases, however, the solute forms a stronger
complex with another isomer, resulting in better
resolution with a heterogeneous mixture of CD
derivatives. Slight differences in the substitution
pattern usually cause only slight differences in the
enantiomeric separation potency of DIMEB samples,
both in CE and HPLC.

When the same batch of DIMEB is used in the
background electrolyte or in the mobile phase, both
CE and HPLC separation methods are reproducible.
In this case, the R.S.D. values of resolution are
excellent. CE separation is more sensitive to the
quality of the chiral selector than is HPLC. Batch-to-
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Table 2
Resolution of enantiomers using different DIMEB and RAMEB samples as the chiral selector
Chiral selector Resolution
CE HPLC:
N-Methylephedrine Terbutaline Hexobarbital Hexobarbital
DIMEB/1 2.29 5.20 1.14 1.98
DIMEB/2 2.36 6.06 0 1.97
DIMEB/3 2.35 5.67 1.21 1.95
DIMEB/4 242 5.71 1.74 1.95
DIMEB/S 252 4.79 1.13 2.00
RAMEB/1 1.67 6.25 1.58 1.86
RAMEB/2 1.43 6.48 1.42 1.49
For DIMEBs
Average*S.D. 2.39x0.09 5.49x0.49 1.04£0.64 1.97x0.02
R.S.D. 3.64% 9.01% 61.2% 1.08%
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Fig. 6. Separation of hexobarbital by CE using different methylated B-CD derivatives as the chiral selector in the BGE. For conditions see

Section 2.



146

MAU
15
10

e
04

J. Szeman et al. | J. Chromatogr. A 763 (1997) 139147

T T

T
15
VWD1 A, Wavelength~:

2 k-]
nm (GENANTSEPENAOIOBNHEXO211.0)

\_/L DIMEB/2

o T v

VWD A, WM(GW{MDM

E /k/ L DIMEB/3
54

- = T

“

v
15 P13
VWO A, Wivalengthw220 ren (G\ENANTSEI
mAU
154 DIMEB/4
104
5]
° T T T T T T
15 ) > © mif
- VWO A, Wivelengii=220 nen (G ENANTSEPE NAGIOBNHEXGZ22 B)
mAU J
153 DIMEB/S
10
5
o T T T T T T
15 o ] ©
VIND1 A, Wavelengh=220 orn (G ENANTSEPE D)
AU J
» RAMEB/1 1
104 }
o+ i
= ES o o
VT A, wmm (atmmmnmctxm )
U\J RAMEB/2
S
F3 o ® _ ® i

Fig. 7. Separation of hexobarbital by HPLC using different methylated B-CD derivatives as the chiral selector in the eluent. For conditions

see Section 2.

batch reproducibility is acceptable in the HPLC
method, however, it is impaired in CE.

The ruggedness of enantiomeric separation using
DIMEB samples of similar isomeric composition
strongly depends on the solute. For example, in the
case of hexobarbital, different migration times and
resolution were observed in spite of the similar
substitution patterns of DIMEB batches, while the
other tested solutes were not sensitive to the quality
of the chiral selector. Therefore, for chiral sepa-
ration, the use of CE-tested CD derivatives produced
by identical and controlled production procedures is
recommended.

Acknowledgments

The authors are grateful to Ms. A. Martinek, Ms.
O. Nemes and Ms. Zs. Zachar for their technical
assistance.

References

[1] J. Snopek and E. Smolkova-Keulemansova, in D. Duchene
(Editor), Electromigration Methods, New Trends in Cyclo-
dextrins and Derivatives, Editions de Santé, Paris, 1991, pp.
485-513.



J. Szemdn et al. | J. Chromatogr. A 763 (1997) 139-147 147

[2] S. Fanali, An Introduction to Chiral Analysis by Capillary
Electrophoresis, Bulletin 95-0284 0695, Bio-Rad, Hercules,
CA, 1995.

[3] H. Nishi and S. Terabe, J. Chromatogr. A, 694 (1995)
245-276.

[4] M.L. Hilton and DW. Armstrong, in D. Duchene (Editor),
Electromigration Methods, New Trends in Cyclodextrins and
Derivatives, Editions de Santé, Paris, 1991, pp. 515-549.

[5] S. Fanali, J. Chromatogr., 474 (1989) 441-446.

[6] H. Nishi, Y. Kokusenya, T. Miyamoto and T. Sato, J.
Chromatogr. A, 659 (1994) 449-457.

[7] LS. Lurie, R.F. Klein, T.A Dal Cason, M.J. LeBelle, R.
Brenneisen and R.E. Weinberger, Anal. Chem., 66 (1994)
4019-4026.

[8) J. Zukowski, D. Sybilska and J. Bojarski, J. Chromatogr..
364 (1986) 225-232.

[9] J. Zukowski, D. Sybilska, J. Bojarski and J. Szejtli, J.
Chromatogr., 436 (1988) 381-390.

[10] H. Frijlink, Biopharmaceutical Aspects of Cyclodextrins,
Dissertation, Drukkenj Van Denderen, Groningen, 1990.
[11] K. Koizumi, Y. Kubota, T. Utamura and S. Horiyama, J.

Chromatogr., 368 (1986) 329-337.

[12] Y. Kubota, T. Tanimoto, S. Horiyama and K. Koizumi,
Carbohydr. Res., 192 (1989) 159-166.

[13] J. Szeman, L. Szente, T. Szabé, M. Vikmon and L. Jic-
sinszky, Minutes of the Sixth International Symp. on Cyclo-
dextrins, Chicago, IL, 21-24 April, 1992, Editions de Santé,
Paris, p. 345.

{14] S. Palmarsdéttir and L.E. Edholm, J. Chromatogr. A, 666
(1994) 337-350.

[15] LE. Valké, H.A H. Billiet, J. Frank and K.Ch.A.M. Luyben,
J. Chromatogr. A, 678 (1994) 139-144.

[16] M. Yoshinaga and M. Tanaka, J. Chromatogr. A, 679 (1994)
359-365.

[17] G. Weseloh, H. Bartsch and W.A. Kénig, J. Microcol. Sep., 7
(1995) 355-363.

[18] J. Szeman, K. Ganzler, A. Salgé and J. Szejtli, J. Chroma-
togr. A, 728 (1996) 423-431.

[19] M. Gazdag, G. Szepesi and K. Mihalyfi, J. Chromatogr. A,
450 (1988) 145-155.

{20] K.D. Altria, R.C. Harden, M. Hart, J. Hevizi, PA. Hailey,
JV. Makwana and M.J. Portsmouth, J. Chromatogr., 641
(1993) 147-153.



