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Abstract

Two vancomycin-based chiral stationary phases (CSPs) with different coverage of the chiral selector vancomycin (Chirobiotic V and
Chirobiotic V2) were compare@-Blockers and profens, as structurally diverse groups of drugs, were chosen as analytes. Retention and
enantioseparation @@-blockers were studied in reversed-phase (RP) and polar-organic (PO) separation modes. Higher retention and bette!
enantioresolution were obtained on the CSP with higher coverage of vancomycin in the both separation modes. Baseline separation of fot
B-blockers (eight enantiomers) in the PO mode was achieved on the Chirobiotic V2 column within 15 min. The enantioseparation of profens
did not bring so excellent and easy to interpret results. Higher retention of profens on the Chirobiotic V2 column was not always accompaniec
by an improvement of their chiral separation in the RP mode. The polar-organic mode was not suitable for these derivatives at all. The
most interesting result was obtained with flobufen; its chiral center is further away from the rigid part of the molecule, which mostly causes
difficulties in enantioselective recognition. Nevertheless, the enantiomers of flobufen were shown to be much better (baseline) resolved ol
the CSP with lower coverage of the chiral selector (Chirobiotic V).
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction selectors in order to get improved stereoselective interaction
with analytes [3].

Study of enantioselective properties of pharmaceutical The amount of chiral selector used on the support can
substances is an important stage of drug evaluation. Chiralaffect retention, selectivity, efficiency and enantioresolution.
high-performance liquid chromatography is a fast, selective The influence of the amount of chiral selector on enan-
and efficient technique, successfully employed for deter- tioseparation behavior of various compounds was studied in
mination of enantiomers of drugs. In this method, chiral capillary electrophoresis [4-8] and electrochromatography
selectors can be used as mobile phase additives or as part dB—11] in details but only few studies addressed this problem
the stationary phase. The most common HPLC approach foron the HPLC stationary phase performance [12-15]. The
resolving of enantiomers involves the use of chiral stationary effect of particle size and pore size of underivatized [12]
phases (CSPs) [1]. Many various CSPs have been introducednd aminopropylated silica support [13] on loading amount
and searching for new ones continues [2]. One of the resentof cellulose tris(phenylcarbamate) and cellulose tris(3,5-
trends in new chiral stationary phase development is, alongdimethylphenylcarbamate) was studied. The influence of
with introduction of novel or modified chiral selectors, pore size of silica gel, coating solvents, loading amount of
attempt to prepare supports with higher coverage of chiral cellulose tris(3,5-dimethylphenylcarbamate) and column

temperature on chiral discrimination of structurally different
* Corresponding author. Tel.: +420 221 951296; fax: +420 224 919752, 'acemates were investigated [14]. Silica gel having a large
E-mail addresstesarove@natur.cuni.cz (E. Tésea). pore size and small surface area showed higher chiral
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recognition. Amount of the adsorbed cellulose tris(3,5- teicoplanin based CSP in the reversed separation mode [31].
dimethylphenylcarbamate) influenced the enantioselective The vancomycin based CSP (Chirobiotic V) was shown to
recognition ability, however, it also depends on the character be suitable for chiral separation of flurbiprofen and ketopro-
of examined racemate. It was shown that the enantioresolu-fen in the reversed-phase separation mode with small amount
tion of some racemates decreased with the increased coatingf organic modifier in the mobile phase [34]. Improved chi-
amount of cellulose tris(3,5-dimethylphenylcarbamate). ral selectivity for flurbiprofen was observed after addition of
Three CSPs with different contents of covalently bonded vancomycin to the mobile phase on the Chirobiotic V column
ristocetin A (macrocyclic antibiotic) to silica gel support [33].
were prepared and evaluated for enantioresolution of The aim of our work is comparison of two vancomycin
selected amino acids in reversed-phase, polar-organic, andased chiral stationary phases that varied in the chiral
normal-phase separation modes [15]. The comparison ofselector coverage—Chirobiotic V and Chirobiotic V2.
retention parameterk,(«, Rs) obtained in the individual Structurally different drugsp-blockers and profens, are
separation systems showed that the coverage of the chirabtudied because their different enantioselective behavior
selector has a profound effect on the chromatographic can be expected. Effects of mobile phase composition on
behavior of the more retained enantiomers. retention and enantioseparation are studied in two separation
In the past decade, the macrocyclic antibiotic CSPs be- modes—reversed-phase and polar-organic ones.
came a very important tool for separation of a wide range of
structurally different chiral compounds. At present, the most
useful and popular of them, based on teicoplanin and van-
comycin chiral selectors, are commercially available also in 5 1 chemicals
the modified forms—columns Chirobiotic TAG with bonded
teicoplanin aglycon, Chirobiotic T2 with higher content of All the tested standards @Fblockers (atenolol, pindolol,
teicoplanin bonded to the silica gel support and Chirobiotic acebutolol, propranolol, oxprenolol and alprenolol) and pro-
V2 with higher content of vancomycin bonded to the silica fens (fenoprofen, carprofen, flurbiprofen, ketoprofen, ibupro-
gel support [3]. fen, flobufen, suprofen and indoprofen) (see Fig. 1) were
Comparison of enantioresolution capability of Chirobiotic purchased from Sigma-Aldrich (St. Louis, MO, USA). The
V and V2 columns was performed for racemic mixture of mobile phases were prepared from the following compounds
tolperisone (muscle relaxant) in reversed-phase separatiorand solvents: triethylamine (Sigma-Aldrich), purity >99%;
mode. The better value of chiral resolution was obtained on glacial acetic acid (Lachema Brno, Czech Republic), analyt-
the column with higher content of vancomycin [3]. ical grade purity; methanol (Merck, Darmstadt, Germany),
In this study, two groups of structurally different chiral purity for chromatography. Distilled and deionized water was
drugs, namel-blockers and profens, have been selected. used throughout the experiments (Milli-Q water purification
B-Blockers, relatively less polar, basic compounds, con- system, Millipore, USA).
tain hydroxyl and amine groups located close to their chi-
ral center and at least one aromatic moiety which together2.2. Instrumentation and chromatographic conditions
are capable of providing several potential interactions, e.g.
hydrogen-bonding ofr—r interactions. Some CSPs were The HPLC equipment (Dionex Corporation, Sunnyvale,
successfully tested for enantioseparation of one or a set ofCA, USA) consistedfa P 580 Pump, an UVD 170S detector
B-blockers, among them CSPs based on polysaccharidesand Rheodyne injection valve Model 7125 (Cotati, CA,
[16-18], cyclodextrines [19] and macrocyclic antibiotics USA) with 10quL sample loop. Signal acquisition and data
[16,20-22] dominated. The chiral stationary phase based onhandling were performed with the PC Chromeleon PeakNet
vancomycin (Chirobiotic V) was applied for chiral recogni- 6 software. Two commercially available steel columns
tion of commercially available [16,22], as well as, newly syn- (250 mmx 4.6 mm i.d.), particle size pm (ASTEC,
thesized analogues [23] @fblockers. Racemic alprenolol, Whippany, NY, USA) with different contents of vancomycin
pindolol, propranolol and metoprolol were baseline-resolved bonded to silica gel support—Chirobiotic V and Chirobiotic
bothin polar-organic and in reversed-phase separation mode&/2 (with higher content of vancomycin) were used in the
[16]. reversed-phase (RP) and polar-organic (PO) separation
More polar profens (2-arylpropionic acid derivatives) are modes. Mixtures of different volume ratios of methanol
characterized by a stereogenic center adjacent to the car{MeOH) and 0.1-1.0% triethylamine acetate (TEAA) buffer,
boxylic acid moiety. The most frequently used CSPs for enan- pH 3.0, 4.0 or 5.0 were employed in the RP separation mode.
tioseparation of individual profens are based on cyclodextrin The buffer pH was adjusted with acetic acid to required
[24—26], polysaccharide [27—30] and macrocyclic antibiotic values before the addition of methanol. In the PO separation
[16,21,22,31-34] chiral selectors. A set of profens (namely mode methanol with small amount of acetic acid and
fenoprofen, flurbiprofen, ibuprofen, indoprofen, ketoprofen triethylamine in various volume ratios were used as mobile
and suprofen) was baseline-enantioresolved on avoparcinphases. The detection wavelength was 230 nm (with excep-
based CSP in the normal separation mode [32] and on thetion as specified below). The measurements were carried out

2. Experimental
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Table 1

The effect of the organic modifier content on retention and enantioseparaftehlotkers

MeOH-TEAA (v/v) Atenolol Pindolol Acebutolol Propranolol Oxprenolol Alprenolol
ki 221 244 257 321 221 2.44

50:50 o 1.00 100 100 100 100 1.00
R 0.00 000 000 000 000 0.00
ka 2.95 268 280 296 251 241

70:30 o 1.04 103 105 105 100 1.05
R 0.32 033 012 047 000 0.53
ki 6.82 574 548 602 511 5.00

80:20 o 1.04 105 104 106 103 1.06
R 0.25 036 016 051 014 0.58
ki 8.47 673 752 7.08 600 5.84

85:15 o 1.05 105 106 107 104 1.07
R 0.37 025 035 064 013 0.72
ka 13.72 1023 1201 1065 871 8.80

90:10 o 1.07 107 108 108 107 1.08
R 0.95 091 117 133 097 1.19

Stationary phase: Chirobiotic V, mobile phase: MeOH-0.1% TEAA, pH 5.0 (iv)etention factor of the first eluting enantiomer;separation factofy,

resolution.

at the laboratory temperature (22°C). The stock solu-
tions of individual analytes were dissolved in methanol in the
concentration of 1 mgmt!. The separation of-blockers
was performed at the mobile phase flow rate 1 mLThin
in RP separation mode and 2mL mihin PO separation
mode. Profens were separated at flow rate 0.7 mL-tin

3. Results and discussion

3.1. Chiral separation oB-blockers in the
reversed-phase separation mode

between 3 and 5. The buffer pH can affect not only disso-
ciation/protonization of analytes but also ionization of func-
tional groups of the chiral selector (or even of the silanol
groups of the silica gel support) and in this way vary the
possibility of the stereoselective interaction.

The retention of all th@-blockers studied increased with
increasing contents of methanol regardless of the buffer
pH used (pH 3.0, 4.0, 5.0) on both the chiral stationary
phases. Nevertheless, the most distinct effect of the methanol
content in the mobile phase on both the retention and enan-
tioresolution was observed at the highest pH value (pH 5.0).
Therefore, Tables 1 and 2 show only chromatographic data
obtained in the mobile phases composed of MeOH with 0.1%

Based on the literature data [16] methanol was selected TEAA, pH 5.0, onthe columns Chirobiotic V and Chirobiotic
as organic modifier of mobile phases used in this work. The V2, respectively. The retention @fblockers was in identical

aqueous part of the mobile phases was composed of 0.1, 0.

or 1.0% triethylamine acetate buffers, their pH was varied

gnobile phases always greater on the CSP with higher van-
comycin coverage but the difference was diminished if the

Table 2

The effect of the organic modifier content on retention and enantioseparaftehlotkers

MeOH-TEAA (v/v) Atenolol Pindolol Acebutolol Propranolol Oxprenolol Alprenolol
ki 4.60 649 590 1006 514 6.27

50:50 o 1.06 110 107 110 106 110
R 0.70 096 065 Q070 048 090
k1 6.97 7.08 633 817 538 5.88

70:30 o 1.08 110 108 109 106 110
R 0.84 113 084 121 067 090
k 7.69 7.66 7.84 870 627 6.62

80:20 o 1.10 111 106 111 105 109
R 0.85 100 113 125 092 126
ki 11.54 908 978 1017 7.55 7.95

85:15 o 1.11 110 108 110 105 109
R 0.78 133 119 128 106 155
k1 14.52 1173 1279 1189 903 9.38

90:10 o 111 107 109 110 106 109
R 1.08 152 132 146 120 148

Stationary phase: Chirobiotic V2, mobile phase: MeOH-0.1% TEAA, pH 5.0 (v/v); variables as in Table 1.
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Fig. 2. Comparison of the retention behavior of propranolol on Chirobiotic
V (dotted lines) and Chirobiotic V2 (solid lines); mobile phase composi-
tion: MeOH/0.1% TEAA, pH 5, (a) 85/15 (v/v), (b) 90/10 (v/v); flow rate
1.0 mL mir1; detection wavelength 230 nm.

methanol content in the mobile phases increased. This ob-
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summarizes the effect of TEAA concentration on retention
and separation d-blockers on both the tested columns. It
is obvious that retention of ap-blockers substantially de-
creased with increasing TEAA concentration in the buffer on
both the CSPs and the retention on the Chirobiotic V2 column
was always higher. Consequently, greater improvement of
enantioresolution was observed on the CSP with higher cov-
erage of vancomycin if buffer concentration increased from
0.1 to 0.5%. Worse enantioseparation was obtained on the
both columns at the highest studied TEAA content (1.0%) be-
cause the time available for interaction of the analytes with the
chiral selector was too short. The differences in the enantios-
elective behavior of-blockers on both columns at various
contents of TEAA in the buffer can be explained as follows:
TEA canreduce the effect of free silanol groups on the surface
of silica gel and in this way reduces the non-stereoselective
interactions. This holds mainly for the CSP with lower
vancomycin coverage. However, TEA can also provide some
ion-pairing interaction possibilities either with the analyte
or the chiral selector. This effect is similar on the both
columns.

The best enantioseparationfblockers in the reversed-

servation can be clearly related to weakening of hydrophobic phase mode was obtained on the both columns in the mobile
interactions in mobile phases with higher organic modifier phase composed of MeOH-0.5% TEAA, pH 5.0 (90:10, v/v).
content. The hydrophobic interactions, which play an impor- Selectivity was quite similar on both the CSPs, so that higher
tant role in the reversed-phase separation mechanism, preenantioresolution values on Chirobiotic V2 can be related
dominate in mobile phases with high buffer to organic modi- to better peak symmetry. lllustrative chromatograms of the
fier ratio. Higher vancomycin coverage resulted in increased enantioseparation of thrgblockers on Chirobiotic V and

enantioresolution values of all the studigeblockers in all

Chirobiotic V2 columns are shown in Fig. 3A and B, respec-

the compared mobile phases. Comparison of the separation ofively. Under the compared conditions (lower flow-rate on the
propranolol enantiomers on the both columns at two mobile former column that was expected to improve the enantioreso-
phase compositions is shown in Fig. 2 for illustration. Table 3 lution) the analysis time was the same but better resolution of

Table 3

The effect of the concentration of TEAA buffer on retention and enantioseparatipsblaickers in the mobile phase MeOH-TEAA, pH 5.0 (90:10, v/v);

variables as in Table 1

MeOH-TEAA (v/v) Atenolol Pindolol Acebutolol Propranolol Oxprenolol Alprenolol
Chirobiotic V

ka 13.72 1023 1201 1065 871 8.80
0.1% o 1.07 107 108 108 107 108
TEAA R 0.95 091 117 133 097 119

ki 4.31 311 342 329 271 2.66
0.5% o 1.07 107 107 108 106 108
TEAA R 1.19 120 122 144 090 129

ki 3.00 215 251 220 183 1.79
1.0% o 1.08 107 108 109 106 116
TEAA R 1.10 109 111 110 089 116
Chirobiotic V2

ks 1452 1173 1279 1189 903 9.38
0.1% o 111 107 109 110 106 109
TEAA R 1.08 152 132 146 120 148
0.5% ki 6.83 454 536 532 382 3.93
T o 1.09 112 111 112 107 111
EAA R 1.45 179 168 200 125 180

ki 3.89 275 302 303 213 2.19
1.0% o 1.10 113 111 120 108 112
TEAA R 1.31 171 147 179 113 147
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Fig. 3. Enantioseparation of thrgeblockers in the reversed-phase sep-
aration mode on Chirobiotic V (A) and Chirobiotic V2 (B); mobile
phase composition: MeOH/0.1% TEAA, pH 5, 90/10 (v/v); flow rates (A)
0.7mLmirr?, (B) 1.0 mL mir1, detection wavelength 230 nm.

the enantiomeric pairs was obtained on the CSP with higher
vancomycin coverage.

3.2. Chiral separation of-blockers in the
polar-organic separation mode

The results obtained wifb-blockers in the reversed-phase
mode in mobile phases with high organic modifier content
have already indicated that the PO mode would be a good

99
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Fig. 4. Comparison of the retention behavior of oxprenolol on Chirobi-
otic V (dotted lines) and Chirobiotic V2 (solid lines) in the mobile phases
MeOH/TEA/HAc (v/viv) (a) 100/0.005/0.005, (b) 100/0.01/0.01; flow rate
2.0mL mirr!; detection wavelength 230 nm.

ues on the both columns. Nevertheless, the enantioresolution
values on the Chirobiotic V2 column were sufficient for base-
line separation even at higher HAc and TEA concentrations.
Comparison of the retention and enantioseparation behavior
on those columns in the PO mode is well demonstrated on
oxprenolol in Fig. 4. At lower HAc and TEA amounts in
the mobile phase (Fig. 4, chromatograms a) the retention on
the Chirobiotic V2 column is greater and enantioresolution
much better than on Chirobiotic V CSP. Frontening causes
peak asymmetry, which is more pronounced on the column
with lower coverage of the CS. If the acid and base contents
increase retention on the both columns becomes similar and
also both the resolution values seem to be closer to each other
(Fig. 4, chromatograms b). The undesirable effects are di-
minished and the stereoselective character of the interaction
predominates.

High separation efficiency of the Chirobiotic V2 column
can be documented by chiral separation of a mixture offleur
blockers in the polar-organic separation mode (Fig. 5B). (See
also the separation in the reversed-phase mode on Fig. 3B for
comparison.) Fig. 5 shows the separation of fhielockers
mixture on both the tested columns under the same mobile
phase composition. On Chirobiotic V2 baseline separation of
all eight enantiomers can be achieved within 15 min.

choice for enantioseparation of these drugs. Easy-to-prepare3.3. Chiral separation of profens in the reversed-phase

mobile phases composed of methanol with small amounts
of acetic acid (HAc) and triethylamine (TEA) were used. Al-
though in a pure methanolic mobile phase none of the deriva-
tives eluted by 70 min, just a small addition of HAc and TEA

was sufficient to elute the enantiomers in an acceptable time.

Results are given in Table 4 (for Chirobiotic V) and Table 5
(for Chirobiotic V2). Itis obvious that with an increase of the

separation mode

Retention and separation behavior of higher polarity acidic
drugs—profens was rather different from the behavior of
B-blockers discussed above. On the Chirobiotic V column
all the studied profen derivatives eluted in a very short time
(shorter than 6 min) in all mobile phases with higher methanol

acid and base concentrations retention decreased, which wasontents (90-70%) and at any measured buffer pH (pH 3.0,

mostly accompanied by a decrease of enantioresolution val-

4.0, 5.0). Decrease of the organic modifier content resulted
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Table 4

The effect of the contents of HAc and TEA in the polar organic mobile phases on retention and enantiosepdsdtionlars

MeOH-HAC-TEA (v/v/v) Atenolol Pindolol Acebutolol Propranolol Oxprenolol Alprenolol
k1 14.36 950 1255 1028 830 8.30

100:0.005:0.005 o 1.08 109 110 110 107 110
R 111 117 131 110 063 090
k1 1263 813 1073 930 676 6.70

100:0.01:0.01 o 1.09 109 111 111 108 110
R 1.30 150 164 210 117 166
k1 6.93 444 604 485 393 3.88

100:0.02:0.02 o 1.09 110 110 116 108 111
R 1.13 109 117 149 093 116
k1 235 135 194 146 115 1.11

100:0.05:0.05 a 1.10 112 112 123 110 114
R 117 107 118 112 087 106
k1 121 086 112 087 070 0.67

100:0.1:0.1 o 1.13 122 111 115 111 118
R 0.93 087 093 091 078 094

Stationary phase: Chirobiotic V, mobile phase: MeOH-HAc-TEA, variables as in Table 1.

in an increase of retention that had stereoselective charac-buffer pH on ionization of the chiral selector must be also
ter only in case of indoprofen, fenoprofen and flobufen. For taken into account. The effect of TEAA concentration at dif-
this reason Table 6 summarizes only the separation paramferent pH values of the buffer on the CSP with lower van-
eters of those derivatives in mobile phases in which at leastcomycin coverage is shown in Table 7. The increase of the
partial enantioseparation was obtained. The buffer pH effect concentration of TEAA resulted in lower retention and worse
was the same for all these three compounds; the highest reenantioresolution.

tention factors were obtained at pH 4.0 and the lowest at On the column with higher vancomycin coverage a
pH 5.0. Similar retention behavior of profens had been ob- substantial increase of retention of profens was observed in
served on cyclodextrin bonded CSPs [26]. The pH values atcomparable mobile phases. In mobile phases in which the
which the maximum enantioresolution was achieved differed methanol content dropped to 30% and below these analytes
probably with respect toly, of the profen derivatives. The  did notelute by 70 min, so higher MeOH content was required
pKa values found in water are¥p (indoprofen) =4.60, Ka on the Chirobiotic V2 CSP than on the Chirobiotic V CSP.
(fenoprofen) =6.86. Of course, a shift of these values must Therefore, there are shown only separation parameters of in-
be expected in buffer—-methanolic mobile phases [35]. It was doprofen and flobufen (their partial separation was achieved)
obvious that non-dissociated carboxyl group of profens was in mobile phases with methanol contents in the range 40-90%
advantageous for chiral recognition but the influence of the (v), at two buffer pH values, in Table 8. Again the retention

Table 5

The effect of the contents of HAc and TEA in the polar organic mobile phases on retention and enantiosepdsdtionlars

MeOH-HAC-TEA (v/v/v) Atenolol Pindolol Acebutolol Propranolol Oxprenolol Alprenolol
kg 20.35 1327 1422 1462 1045 11.14

100:0.005:0.005 o 110 112 118 116 107 111
R 1.48 200 205 221 140 212
kg 12.73 861 1075 947 677 6.97

100:0.01:0.01 o 111 113 113 115 108 112
R 147 214 189 203 125 206
k1 8.33 524 6.66 583 431 4.45

100:0.02:0.02 o 111 113 113 114 108 112
R 1.38 198 176 204 112 174
k1 4.60 279 358 311 222 2.27

100:0.05:0.05 o 111 114 114 116 109 114
R 111 160 148 179 107 162
kg 2.58 172 222 191 133 1.35

100:0.1:0.1 o 112 115 114 117 110 116
R 0.93 147 135 146 094 139

Stationary phase: Chirobiotic V2, mobile phase: MeOH-HAC-TEA, variables as in Table 1.
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Fig. 5. Enantioseparation of fogrblockers in the polar-organic separation
mode on Chirobiotic V (A) and Chirobiotic V2 (B); mobile phase com-
position: MeOH/TEA/HAc 100/0.02/0.02 (v/viv); flow rate 2.0 mL mih

detection wavelength 230 nm.
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and enantioresolution decreased with increasing organic
modifier content and better chiral separation of indoprofen
was obtained at pH 3.0 while higher resolution values of
flobufen enantiomers were reached at pH 4.0. Table 9 shows
the effect of TEAA concentration on the chromatographic
data of these two derivatives in MeOH-buffer (50:50, v/v)
mobile phase. While a small increase of enantioresolution of
flobufen was observed if concentration of TEAA increased
from 0.1 to 0.5% for indoprofen the decrease of retention and
resolution could be clearly indicated in the whole studied
range of TEAA concentrations. The decrease of retention
factors was much more pronounced at lower buffer pH for
both derivatives. That means that again the non-dissociated
state of these acids is favored in the retention mechanism.

The vancomycin-based columns were undoubtedly less
effective for separation of profens than fiablockers. Polar-
organic separation mode could not be used at all as the re-
sults in the RP mode indicated. All studied profens eluted
from both the CSPs compared in very short retention times
in methanol as the solvent and neither the modification of
the mobile phase with acetic acid and triethylamine could
positively influence the retention and so the enantioselective
interaction of profens.

The most interesting result was obtained with flobufen.
Enantiomers of flobufen could be baseline resolved on the
Chirobiotic V CSP (in the mobile phase composed of 30%
(or 25%) MeOH in 0.1% TEAA buffer, pH 4.0) while much
worse, only partial separation was obtained on Chirobiotic V2
(see Table 6 versus Table 8). Fig. 6 shows the comparison of
enantioseparation of flobufen on the both columns under the
same mobile phase composition. It depicts substantial reduc-
tion of the analysis time and better resolution of the enan-
tiomers on the column with lower content of vancomycin.
Flobufen, duetoits structural diversity from the other profens,
seems to favor the CSP with lower chiral selector coverage
(greater distance of the CS molecules on the silica support) on
which the spatial arrangement seems to better fit its require-
ment for enantioselective interaction. The stereogenic center

Table 6
The effect of the organic modifier content and buffer pH on retention and enantioseparation of selected profens
MeOH-0.1% TEAA (v/v) pH Flobufen Indoprofen Fenoprofen
k1 o R ke o R ke o R
3.0 3.67 1.17 1.18 4.59 1.17 1.60 2.39 1.00 0.00
25:75 4.0 4.42 1.15 1.61 6.60 1.12 0.87 3.74 1.00 0.00
5.0 3.21 1.07 0.58 3.07 1.00 0.00 1.66 1.06 0.23
3.0 2.21 1.17 0.86 2.74 1.15 1.16 1.58 1.00 0.00
30:70 4.0 3.28 1.16 1.73 3.73 1.10 0.61 2.17 1.00 0.00
5.0 1.95 1.00 0.00 2.71 1.00 0.00 1.13 1.08 0.48
3.0 1.59 1.14 0.75 2.23 111 0.58 1.27 1.00 0.00
40:60 4.0 1.64 1.13 1.04 2.29 1.07 0.11 1.29 1.00 0.00
5.0 1.20 1.00 0.00 1.48 1.00 0.00 0.83 1.06 0.15
3.0 0.36 1.00 0.00 0.65 1.00 0.00 0.30 1.00 0.00
50:50 4.0 0.46 1.17 0.99 0.80 1.00 0.00 0.39 1.00 0.00
5.0 0.36 1.00 0.00 0.56 1.00 0.00 0.30 1.00 0.00

Stationary phase: Chirobiotic V, mobile phase: MeOH-0.1% TEAA (v/v); variables as in Table 1.
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Table 7
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The effect of the concentration of TEAA buffer on retention and enantioseparation of selected profens on the Chirobiotic V column in the mobile phase

MeOH-TEAA (25:75, v/v); variables as in Table 1

MeOH-TEAA (v/v) Flobufen Indoprofen Fenoprofen
k1 o R la o R lq o R
0.1% TEAA
pH 3.0 3.67 1.17 1.18 4.59 1.17 1.60 2.39 1.00 0.00
pH 4.0 4.42 1.15 1.61 6.60 1.12 0.87 3.74 1.00 0.00
pH 5.0 3.21 1.07 0.58 3.07 1.00 0.00 1.66 1.06 0.23
0.5% TEAA
pH3.0 2.53 1.14 0.38 3.40 1.14 1.22 1.86 1.00 0.00
pH 4.0 4.21 1.15 121 5.37 1.10 0.63 2.76 1.00 0.00
pH 5.0 4.88 1.08 0.36 5.44 1.00 0.00 3.07 1.00 0.00
1.0% TEAA
pH 3.0 1.24 1.00 0.00 1.60 1.10 0.37 1.24 1.00 0.00
pH 4.0 3.54 1.00 0.00 4.46 1.00 0.00 1.92 1.00 0.00
pH 5.0 4.76 1.00 0.00 5.10 1.00 0.00 2.95 1.00 0.00
a Data measured at=270 nm.
Table 8 _100 J
The effect of the organic modifier content and buffer pH on retention and 2 801
enantioseparation of selected profens % 60
3
MeOH-0.1% pH Flobufen Indoprofen 3 40
TEAA (VIv) 3 20
kl o R k]_ o R g J
0
4060 3.0 5.21 1.07 0.27 6.67 2.10 1.57 T T T T T
' 40 707 108 042 766 113 080 (A) © 5 10 15 20 2 30
50:50 30 199 1.08 018 275 117 134 5 U7
: 40 213 107 052 279 110 090 § *7
20 4
60140 30 075 1.05 009 124 114 091 % 15.]
) 40 092 105 031 148 1.09 0.50 £ 0]
14 -
20:30 30 033 100 000 064 113 084 < s
: 40 036 1.00 0.00 0.77 1.06 0.19 0 y T y T y T T T y T T
0 20 40 60 80 100 120
80:20 30 014 100 000 040 112 056 (B) t [min]
’ 4.0 0.20 1.00 0.00 0.53 1.00 0.00
30 010 100 000 035 1.08 0.16 Fig. 6. Comparison of enantioseparation of flobufen on Chirobiotic V (A)
90:10 40 012 1.00 0.00 045 1.00 000 andChirobiotic V2 (B). Separation conditions: mobile phase: MeOH/0.1%

Stationary phase: Chirobiotic V2, mobile phase: MeOH-0.1% TEAA (v/v),
variables as in Table 1.

Table 9

The effect of the concentration of TEAA buffer on retention and enantiosep-
aration of flobufen and indoprofen on the Chirobiotic V2 CSP in the mobile
phase MeOH-TEAA (50:50, v/v); variables as in Table 1

MeOH-TEAA  Flobufen Indoprofen
(vIv)
kq o R ke o R
0.1% TEAA
pH3.0 1.99 1.08 0.18 2.75 1.17 1.34
pH 4.0 2.13 1.07 0.52 2.79 1.10 0.90
0.5% TEAA
pH3.0 1.17 1.09 0.65 1.67 1.16 1.08
pH 4.0 1.96 1.08 0.64 2.60 1.13 0.83
1.0% TEAA
pH3. 0.95 1.07 0.30 1.13 1.16 1.02
pH 4.0 1.72 1.08 0.45 2.32 1.13 0.75

a Data measured at=270nm.

TEAA, pH 4.0, 30/70 (v/v); flow rate 0.7 mL mir; detection wavelength
230 nm. (Note different ranges of the time-axes.)

of flobufen is further from the aromatic moiety and a carbonyl
group is incorporated between them. This carbonyl moiety
offers an additive hydrogen-bonding possibility. The crystal-
lographic measurements of flobufen have evidenced that (i)
the both phenyl rings are almost coplanar and (ii) the pres-
ence of two fluorine atoms causes shorter “aromatieCC
bonds in the difluorophenyl ring than in a non-substituted
phenyl ring [36]. These facts indicate a change of ther
interaction possibilities. Furter investigation will be needed
to properly explain the interaction mechanism responsible
for the chiral resolution of flobufen on the both vancomycin
bonded chiral stationary phases.

4. Conclusion

The comparison of the two vancomycin-based CSPs
with different surface coverage of the chiral selector can be
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generalized as follows: Higher retention of both the studied [10] B. Chankvetadze, I. Kartozia, J. Breitkreutz, Y. Okamoto, G.
groups of structurally diverse drugs on the Chirobiotic V2 Blaschke, Electrophoresis 22 (2001) 3327. _

column was mostly accompanied by better enantioresolu-[11] O- Lecnik, G. Gubitz, M.G. Schmid, Electrophoresis 24 (2003) 2983.
. . . . [12] S.J. Grieb, S.A. Matlin, A.M. Belenguer, H.J. Ritchie, J. Chromatogr.
tion. Comparing the two separation modes the polar-organic™" , "z~ (1994) 271

mobile phase gives better enantioresolutionBeblockers  [13] s.J. Grieb, S.A. Matlin, J.G. Phillips, A.M. Belenguer, H.J. Ritchie,
in shorter analysis time on both the columns. Mainly Chirality 6 (1994) 129.

baseline enantioseparation of a mixture of f@dblockers [14] E. Yashima, P. Sahavattanapong, Y. Okamoto, Chirality 8 (1996)
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. . . [15] K.H. Ekborg-Ott, X. Wang, D.W. Armstrong, Microchem. J. 62
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