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Abstract

An isocratic supercritical/subcritical fluid chromatography method for the separation of naproxen enantiomers on the Kromasil CHI-TBB
column was investigated. The mobile phase was composed of supercriticali@®2-propanol as modifier. The experimental conditions
were temperature 293 K-323 K, pressure 9.4 MPa—-21.3 MPa, and 2-propanol concentration 6%—-15% (by mass), respectively. The enthalpic
contribution to the overall enantiomer transfer energy was more important than the entropic contribution in the temperature range examined.
The preferred operation conditions were 293 K, 9.4 MPa, and the concentration of 2-propanol in the mobile phase 11% (by mass).
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction prepared a new chiral stationary phase by molecular imprint-
ing, and separated naproxen enantiomers by affinity chro-
Naproxen (6-methoxy-methyl-2-naphthaleneacetic matography. Lekvre and Gareil7] studied the separations
acid) is a non-steroidal anti-inflammatory drug with of non-steroidal anti-inflammatory drugs of the family of
analgesic and anti-pyretic properties. It has one chiral arylpropionics acids including naproxen by capillary elec-
center which gives rise to two optical isomers and their trophoresis in different pH buffers containing cyclodextrins.
pharmacological activity resides Fi(+)-enantiomer, while Supercritical fluid chromatography has proven to be
the R-(—)-enantiomer causes some unwanted side effects.widely applicable for the separation of enantiomers on chiral
Therefore, it is marketed as a single enantioftigr stationary phases (CSH8]. Due to the unique properties of
Several methods have been proposed to separate theupercritical/subcritical fluids, high efficiency and resolution
naproxen enantiomers. Yuan et 4R] resolved S-(+)- and good selectivity can be obtained in short analysis times.
naproxen from the racemate by inclusion crystallization It may be used to separate enantiomers both analytically and
using N-octyl-p-(—)-glucamine as the chiral host. Koul et preparatively. Medvedovici et a9] evaluated the separa-
al. [3] resolved it by enzymatic kinetic method from the tion of different types of racemates including naproxen on
racemate methyl ester usiff@ichosporon sp. in kg level. the polysaccharide CSPs (Chiralcel OD and Chiralpak AD),
Pirkle and Welch[4] separated the enantiomers of under- the macrocyclic antibiotic CSPs (Chirobiotic V and Chiro-
ivatized naproxen by chiral stationary phase (CSP) HPLC. biotic T), and the brush type CSPs (Chirex 3022 and Chirex
Healy et al.[5] separated the naproxen enantiomers on an 3005) by subcritical fluid chromatography.
ODS column with methyB-cyclodextrin as a mobile phase The aim of this work is to explore the feasibility of enan-
additive using conventional and nano-LC. Lei and Tah tiomer separation of naproxen by supercritical/subcritical
fluid chromatography on the Kromasil CHI-TBB column.
An isocratic mobile phase was used which was composed of
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temperature, pressure, and the concentration of modifier on(Tiantai Country, Zhejiang Province, Chin&)(+)-naproxen
the capacity factor, selectivity, and resolution were discussed.standard (free acid, USP grade) was purchased from Sigma
(Shanghai, China).

2. Experimental
3. Results and discussion
2.1. Instrumentation
3.1. Repeatability

The experimental apparatus was modified from the sol-
ubility determination apparatus in supercritical £@s Typical chromatogram is shown iRig. 1 The S-(+)-
reported previously10]. The carbon dioxide was delivered naproxen was eluted earlier th&(—)-naproxen. It can be
from a cylinder to the cooling coil, pressurized by a syringe seen that the chiral separation of racemic naproxen on Kro-
pump with a constant flow mode, mixed with 2-propanol, and masil CHI-TBB column was very well.
then flew through the preheater, the six way valve, and the The repeatable experiments were done at 17.8 MPa,
column, all of which were immersed in a water thermostat. 293K, and the concentration of 2-propanol in the mobile
A packed Kromasil CHI-TBB column (250 ms4.6 mm phase 11% (by mass). The relative standard deviations
i.d., 5um, Eka Chemicals AB, Bohus, Sweden) was selected (R.S.D.) ¢=4) of capacity factors of-naproxen andk-
as the chiral stationary phase, which was made by bondingnaproxen, selectivity, and resolution were 1.60%, 1.86%,
a polymer of O,0bis (4+ert-butylbenzoyl)n,N -diallyl-L- 0.31%, and 0.34%, respectively, which showed a good
tartar diamide chiral monomer and hydrosilane to silica. The repeatability.
sample solution was prepared in 2-propanol at 1.006 mg/ml,
and introduced into the column via a high-pressure six Way 3 2. Effect of temperature and pressure on capacity
valve fitted with a 20ul sample loop. The peaks were ¢, 4,
detected at 254 nm using a UV-vis detector (UV Linear UVIS

200) and the signals from the detector were processed by The capacity factors af-naproxen andk-naproxen are

a chromatograph work station and a computer. The pres-plotted against pressure as showrFigs. 2 and 3respec-
sure was controlled by a manually adjustable back-pressuregjyely, with the concentration of 2-propanol in the mobile
regulator. The gas exiting from the restrictor was expanded phase being 11% (by mass). The capacity factor decreases
to atmospheric pressure and its volumetric flow-rate was with pressure at constant temperature. It is because that as

710 ml/min at room temperature. the pressure increases at constant temperature, the density of
COyincreases too, which enhances the solubility of naproxen
2.2 Chemicals in CO,. The capacity factor increases with temperature at

constant pressure.

Carbon dioxide with 99.99% purity was obtained from
Mingxing Gas Co. Ltd. (Hangzhou, China). 2-Propanol 3.3. Effect of temperature and pressure on resolution
(chromatography grade) was from Tianjin Shield Company
(Tianjin, China). Racemic naproxen with a purity of more In Fig. 4, the resolution of naproxen is plotted against the
than 98.5% was donated from Tianxin Pharmachem Co. Ltd. pressure with the concentration of 2-propanol in the mobile
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Fig. 1. Typical chromatogram of racemic naproxen on Kromasil CHI-TBB column. (Operation condition: 293 K, 17.8 MPa, the concentration of 2ikpropanol
the mobile phase 11% (by mass.))
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o whereq is selectivity (calculated als,/k§), Ars AHC and
8.01 Agrs ASC are the differences in the enthalpy and entropy
25 terms for the enantiomer® is the ideal gas constan,
is absolute temperature. Selectivity is determined by an
€000 2 12 18 12 20 22 enthalpic contribution that decreases with temperature and

P (MPa) an entropic contribution that should be independent of tem-
perature. Potting la of haproxen enantiomers at constant
Fig. 3. Plotof’ of R-naproxen vs. pressure (the concentration of 2-propanol pressure versus l[(seeFig_ 5) gives straight lines and their
in the mobile phase 11% (by mass)). linear correlation coefficients are not less than 0.99. Itis obvi-
us that the selectivity increases as temperature decreases.

. . .0
phase being 11% (by mass). The resolution decreases W'thThe differences in the enthalpy and entropy at different pres-

pressure at constant temperature. It decreases with temperagg .« are calculated from the slopes anidtercepts of the

.ture at constant pressure as well. From Sec@ﬂsand 3.3 Van't Hoff plots shown irFig. 5, respectively, which are sum-
it may be concluded that the preferred operation temperaturemarizeol inTable 1

and pressure in the range examined were 293 K and 9.4 MPa, As shown inTable 1 [Ag s AHO| > T Ags AS| keeps in

respectively. the experimental range (293 K-323 K). Thus, the separation
o of naproxen enantiomers by supercritical (or subcritical) fluid
3.4. Effect of temperature on selectivity chromatography on the Kromasil CHI-TBB chiral stationary

_ ) ) phase is “enthalpically driven” in the range examined.
As described by Stringham and Blackwjdll], and Smith

etal.[12], the selectivity in SFC may be related to temperature 3.5. Effect of 2-propanol concentration in the mobile

h
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. —a— 303K ) . .
. \_\ —e—313K Experiments were carried out under preferred conditions
' — 323K of pressure 9.4MPa, temperature 293K. The results are

shown inTable 2 The capacity factors, selectivity, and res-
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Table 2 Research Fund for the Doctoral Program of Higher Educa-
Effect of 2-propanol concentration on capacity factors and resolution tion Ministry of Education. China (no_ 20030335070)_
2-Propanol concentration kp k' o Rg

(%, by mass)

5.7 7.08 491 1.44 5.76 References

11 3.11 2.32 1.34 3.85

15 1.57 119 1.32 2.57 [1] P.A. Todd, S.P. Clissold, Drugs 40 (1990) 91-137.

[2] X. Yuan, J. Li, Y. Tian, G.H. Lee, X.M. Peng, R. Zhu, X. You,

_ : ; : ; Tetrahedron: Asymm. 12 (2001) 3015-3018.
2-propanol in the mobile phase. Reducing the concentration [3] S. Koul, R, Parshad, S.C. Taneja. G.N. Qazi, Tetrahedron: Asymm.

of 2-propanol in the mobile phase increased the resolution of "~ ;, (2003) 24592465,

enantiomers. However, the capacity factors also increased, [4] W.H. Pirkle, C.J. Welch, J. Lig. Chromatogr. 15 (1992) 1947—
the enantiomers eluted later, so that the sample throughput = 1955.

was lower. The higher was the concentration of 2-propanolin [5] '(—3|O Hea'? (J:rl: Mutrrihy,AAézzan’ZOI?).l 055659264'\/'- McEnery, J.D.
the mobile phase, the more was the consumption of modifier 6] J‘S’_”Egi’j'm_ Tg’n”’"%;%;em_ Ené. 1 1)1 (2002) 175175,
solvent. When the capacity factors were small, the effects [7] F. Leliévie, P. Gareil, J. Chromatogr. A 735 (1996) 311-
of 2-propanol concentration on capacity factors were less. 320,

Therefore, the suitable capacity factors were between 2 and [8] K.L. Williams, L.C. Sander, J. Chromatogr. A 785 (1997) 149-
5. As a result, the preferred concentration of 2-propanol in 158.

: 0 : : [9] A. Medvedovici, P. Sandra, L. Toribio, F. David, J. Chromatogr. A
the mobile phase was 11% (by mass) in the range examined. 785 (1997) 159171,
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