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Abstract

Arylpropionic acid derivatives belong to the group of widely used anti-
inflammatory, analgesic and antipyretic drugs. Most of the chemical structures in
this group are chiral and their chirality impacts their pharmacological behavior.
Thus, it is well-known that the pharmacological cactivity of the S-enantiomers of
many arylpropionic acid derivatives is higher than that of their R-enantiomers.
Due to the above-mentioned differences, several members of this family, such as S-
naproxen, S-ibuprofen and S-ketoprofen and s.a. have been introduced as single
enantiomer drugs. The separation of enantiomers of chiral carboxylic acid
derivative drugs using HPLC has been extensively reported in the literature. While
various HPLC chiral stationary phases (CSP) were proven suitable for this purpose,
polysaccharide-based CSPs are most commonly used.

In the present study, the separation of enantiomers of 26 chiral weak acid
(carboxylic acid, arylpropionic acid) derivatives was attempted on seven different
polysaccharide-based chiral HPLC columns with two polar aqueous-organic
mobile phases-eluents. Along with the successful separation of analyte
enantiomers, the emphasis of this study was on differences in enantiomer elution
order (EEO) between various columns and mobile phases. In addition, the effect of
column temperature on the retention and separation of enantiomers was studied.

The separation of enantiomers of 14 chiral carboxylic acid derivatives was
studied on six different polysaccharide-based chiral columns in high-performance
liquid chromatography with methanol, ethanol and acetonitrile as mobile phases
with emphasis on the elution order of enantiomers. Some interesting examples of
enantiomer elution order reversal were observed as a function of the nature and
composition of chiral selector and mobile phase. For instance, the enantiomer
elution order for carprofen, ketorolac, naproxen, proglumide and surprofen
reversed with changing the chemical structure of the chiral selector. Also, the
enantiomer elution order for carprofen, ketorolac and naproxen changed by
varying the composition of the mobile phase. In addition, the interesting effect of
column temperature on the retention and separation of some analytes was
observed. For instance, the enantiomers of surprofen were only partially resolved
at lower temperatures but baseline resolved at higher temperature.

When polysaccharide-based chiral columns are used in combination with
aqueous-organic mobile phases for the separation of enantiomers in high-
performance liquid chromatography the separation mode iscommonly called
“reversed-phase” in analogy to achiral separations. In several earlier and recent
studies on neutral and basic chiral analytes it was shown by our and other groups
that due to multiple type of interactions involved in selector-selectand binding and
enantioselective recognition with polysaccharide derivatives, the above mentioned
separation system may not always behave like a reversed-phase system.l n the
present study additional examples of non-reversed-phase behavior are described
for the first time for weak acidic chiral analytes. In addition, the reversal of
enantiomer elution order was observed again for the first time for several analytes
based on water-content in the mobile phase.
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5399540 | Lux Cellulose-1 Lux Cellulose-2 Lux Cellulose-3 Lux Cellulose-4 Lux Amylose-1 Lux Amylose-2

Ki (ot Rs Ki o Rs Ki (ot Rs Ki o Rs Ki o Rs Ki o Rs
Carprofen 7.03 1.00 0 0.58 | 1.00 0 0.92 | 1.00 0 1.58 | 1.00 0 1.88 1.1 2.86 | 1.75 | 1.00 0
Fenoprofen- | 0.55 1.00 0 1.16 | 1.00 0 1.53 1.00 0 0.99 1.00 0 1.47 | 1.00 0 0.97 | 1.00 0
Calcium
Flurbiprofen | 8.81 | 1.00 0 0.71 | 1.00 0 0.87 | 1.03 | 1.73 | 0.81 | 1.00 0 1.03 | 1.09 | 3.44 | 0.66 | 1.00 0
Ibuprofen 5.37 | 1.00 0 0.37 | 1.00 0 145 | 1.05 | 2.14 | 0.38 | 1.00 0 0.50 | 1.00 0 0.24 | 1.00 0
Indoprofen | 11.68 | 1.00 0 1.31 | 1.00 0 0.99 | 1.00 0 1.40 | 1.00 0 192 | 112 | 392 | 1.18 | 1.00 0
Ketoprofen 891 | 1.00 0 0.86 | 1.00 0 0.78 | 1.00 0 0.10 | 1.00 0 1.11 | 1.00 0 0.83 | 1.00 0
Ketorolac 22.87 | 1.00 0 2.79 | 1.00 0 238 | 1.23 | 344 | 5.14 | 1.00 0 579 | 1.04 | 1.87 | 2.26 | 0.03 | 1.39
Naproxen 18.92 | 1.00 0 0.71 | 1.00 0 1.03 | 1.00 0 0.80 | 1.00 0 1.11 | 1.00 0 0.69 | 1.00 0
Pirprofen 7.85 | 1.00 0 0.82 | 1.00 0 0.70 | 1.00 0 0.88 | 1.00 0 0.99 | 1.03 | 1.26 | 0.47 | 1.00 0
Surprofen 10.31 | 1.00 0 1.07 | 1.00 0 091 | 1.11 | 554 | 1.18 | 1.00 0 1.37 | 1.06 | 2.48 | 0.24 | 1.00 0
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053995%0 | Lux Cellulose-1 Lux Cellulose-2 Lux Cellulose-3 Lux Cellulose-4 Lux Amylose-1 Lux Amylose-2

Ki o Rs Ki o Rs Ki o Rs Ki o Rs Ki o Rs Ki o Rs
Carprofen 1.64 1.00 0 0.04 | 1.00 0 030 | 1.06 | 1.99 | 0.11 | 1.00 0 0.13 1.00 0 0.14 | 1.00 0
Fenoprofen- | 1.51 1.00 0 0.60 | 1.00 0 0.03 1.00 0 0.47 104 |0.76 |0.09 1.00 0 0.22 | 1.05 |0.95
Calcium
Flurbiprofen | 1.97 | 1.00 0 0.14 | 1.00 0 0.22 | 1.03 | 1.29 | 0.06 | 1.00 0 0.07 | 1.00 0 0.09 | 1.00 0
Ibuprofen 1.77 | 1.00 0 0.06 | 1.00 0 0.06 | 1.00 0 0.08 | 1.00 0 0.06 | 1.00 0 0.08 | 1.00 0
Indoprofen 3.10 | 1.00 0 0.42 | 1.00 0 0.37 | 1.00 0 0.41 | 1.00 0 0.32 | 1.00 0 0.96 | 1.00 0
Ketoprofen | 2.28 | 1.00 0 0.21 | 1.00 0 0.23 | 1.02 | 1.19 | 0.14 | 1.00 0 0.07 | 1.00 0 0.40 | 0.06 | 1.76
Ketorolac 3.71 | 1.00 0 033 | 1.66 | 1135| 1.17 | 1.29 | 7.68 | 0.92 | 1.00 0 0.18 | 1.05 | 1.28 | 1.34 | 1.57 | 10.42
Naproxen 2.09 | 1.00 0 0.13 | 1.00 0 0.56 | 1.00 0 0.11 | 1.00 0 0.21 | 1.00 0 0.19 | 1.00 0
Pirprofen 2.13 | 1.00 0 0.14 | 1.00 0 0.19 | 1.03 | 1.20 | 0.12 | 1.00 0 0.21 | 1.00 0 0.17 | 1.00 0
Surprofen 2.48 | 1.00 0 0.28 | 1.00 0 023 | 1.11 | 3.80 | 0.18 | 1.00 0 0.10 | 1.00 0 0.49 | 1.14 | 4.08

905bmeo
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65399530 | Lux Cellulose-1 Lux Cellulose-2 Lux Cellulose-3 Lux Cellulose-4 Lux Amylose-1 Lux Amylose-2

Ki o Rs Ki o Rs Ki a Rs Ki a Rs Ki (o4 Rs Ki a Rs
Carprofen 0.51 | 1.00 0 0.88 | 1.00 0 0.70 | 1.00 0 0.89 | 1.00 0 1.76 | 1.21 | 5.78 | 0.88 | 1.00 0
Fenoprofen- | 0.28 | 1.00 0 0.35 | 1.00 0 0.35 | 1.00 0 0.52 | 1.00 0 0.63 | 1.00 0 0.35 | 1.00 0
Calcium
Flurbiprofen | 0.33 | 1.00 0 043 | 1.03 | 1.06 | 0.36 | 1.00 0 0.57 | 1.00 0 0.881 | 1.051 | 201 | 043 | 1.03 | 1.06
Ibuprofen 0.18 | 1.00 0 0.27 | 1.00 0 0.26 | 1.00 0 0.47 | 1.00 0 0.64 | 1.00 0 0.27 | 1.00 0
Indoprofen 1.32 | 1.00 0 1.39 | 1.00 0 0.49 | 1.00 0 1.58 | 1.00 0 195 | 1.04 | 1.44 | 1.39 | 1.00 0
Ketoprofen 0.41 | 1.00 0 0.53 | 1.00 0 0.35 | 1.00 0 0.71 | 1.00 0 0.77 | 1.00 0 0.53 | 1.00 0
Ketorolac 1.65 | 1.00 0 1.43 | 1.36 | 9.40 | 0.86 | 1.00 0 1.92 | 1.00 0 123 | 127 | 826 | 1.43 | 1.36 | 9.40
Naproxen 0.35 | 1.00 0 0.43 | 1.00 0 034 | 1.03 | 1.46 | 0.30 | 1.00 0 035 | 1.03 | 1.28 | 043 | 1.00 0
Pirprofen 0.42 | 1.00 0 0.50 | 1.00 0 0.37 | 1.00 0 0.41 | 0.03 | 1.24 | 0.84 | 1.00 0 0.50 | 1.00 0
Surprofen 0.64 | 1.00 0 071 | 1.13 | 424 | 043 | 1.00 0 045 | 1.05 | 234 | 1.93 | 1.00 0 071 | 1.13 | 4.24
539&™bo@®mowo
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