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ABSTRACT

A simple methodology for preparing synthetic multiple-interaction (SMI) chiral stationary
phase (CSP) column is described in this report. The column was synthesized by an in situ derivati-
zing procedure and can be easily prepared with a standard analytical HPLC set-up. The column is
a no frills, low cost one, and can be tailored to various packing particle sizes and column lengths.
The efficiency of the column is high; over 5,000 plates per 10 cm. Applications on resolving some
racemic drugs in plasma and formulation are illustrated.
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INTRODUCTION

There are two major HPLC methods for
the resolution of drug enantiomers, namely, 1n-
direct chiral chromatography methods based on
the formation of diastereomeric derivatives, and
direct enantiomeric separation using enanti-
oselective chiral stationary phases (CSPs).
Enantiomeric contanunation from reagents can
be a potential limiting factor for successtul chir-
al analysis by the diastereomeric derivative me-
thod (. On the other hand, the majority of the
chiral molecules can be easily resolved on CSP
columns without derivatization. Even if modi-
fication of the molecule is needed, an achiral de-
rivatizing agent can be utilized, and hence
eliminating the analysis error from enantiomeric
contamination’,
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Recently, many synthetic multiple-interac-
tion (SMI) CSPs have become commercially
available. These CSPs provide a wide range of
selectivity and versatility for enantiomeric sep-
arations. Unfortunately, high cost of these com-
mercial CSP columns make them less affordable
for routine applications. In this report, a no
frills, easy to prepare SMI-CSP is described for
our readers. This CSP column is rapidly prepa-
red by a very simple and convenient in-situ tech-
nique. It can be customized to specific column
lengths and particle sizes for particular analyt-
ical applications. Applications of this CSP co-
lumn for drug products will also be demon-
strated.

MATERIALS AND METHODS

1. Reagents and Materials
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R—(—)~1-(1-naphthyl)ethyl 1socyanate (R~
NEI C©), 2-ethoxy-1-ethoxycarbonyl-1,2-dihydro-
quioline (EEDQ), para-nitrobenzylamine HCI
(PNBA HCI), racemic ibuprofen, and ibuprofen
isomers were commercially available from Aldri-
ch Chemical Co. (Milwaukee, WI). All other
reagents and solvents used were reagent or
HPLC grade.

II. Chromatographic system and conditions

A Waters HPLC system consisting of a mo-
del 715 Ultra WISP sample processor, M60OE
system controller, M991 photodiode array de-
tector and M5200 printer plotter equipped with
data analysis software was used in this study.
The chromatographic separation of ibuprofen by
the prepared CSP column was carried out with a
mobile phase consisting of heptane : 1sopropanol
(95 : 5) at a flow rate of 1.5 ml/min and the elu-
ent was monitored at 235 nm.

1. Standard solutions

A 2% (W/V) R-NEIC solution was prepa-
red in methylene chloride. EEDQ solution was
prepared by dissolving 24 mg of EEDQ in 10 ml
of ethylene chloride. PNBA solution was prepa-
red by extracting PNBA with ethylene chloride
from PNBA HCI solution. Briefly, 50 mg of
PNBA HCl was dissolved in 50 ml of 0.2N
NaOH, and then extracted with 50 ml of ethyle-
ne chloride. After centrifugation, the organic
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Scheme 1
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solvent was separated and dried with sodium
sulfate. A 0.02% (W/V) solution of tridecanoic
acid was prepared in ethylene chloride as an in-
ternal standard for the analysis of ibuprofen
enantiomers.

IV. CSP column preparation

The perparation of this CSP column can be
applied to all commercially available ammo co-
lumns of any column length and particle size. In
our study, a 3 micron aminopropylsilanized sili-
ca column of 100 mm X 4.6 mm I.D. (Regs
Chemical Co., Morton Grove, IL) was installed
in the HPLC system. The detector was discon-
nected during the column preparation. About
100 ml of 2% R-NEIC solution was delivered to
the amino column at 2 ml/min at room tempera-
ture (Scheme 1). The eluent was discarded for
the first ten minutes and then recycled with the
remaining R-NEIC solution for 2 hours. The co-
lumn was then washed with about 200 ml of
methylene chloride at a flow of 2 ml/min. After
reconnecting the detector, the column was wash-
ed with an additional 100 ml of methylene chlo-
ride and then switched to heptane : isopropanol
(80 : 20) solution until a level baseline was ob-
served. Usually this could be achieved 1n a cou-
ple of hours.

V. Analysis of ibuprofen enantiomers

Although many chiral molecules can be re-

CH,

CHy
H~COOH }:H—CONHCH,@NG,
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p-NITROBENZYLAMIDE

Scheme 2
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Figure 1. A typical chromatogram of the enantiomeric resolution of S-ibuprofen (II) and R-ibuprofen (1I1) as

their para-nitrobenzylamides in plasma. The internal standard is shown as peak I.

solved on CSP column directly, a modification
of the molecule to enhance the pi-p1 aromatic in-
teraction with the CSP 1s often desirable. Such a
modification, usually with an achiral derivatizing
agent that does not introduce any enantiomeric
contamination, also improve sensitivity to a cer-
tain degree.

In the analysis of ibuprofen plasma samples
. 0.1 ml of 0.02% tridecanoic acid (I.S.) and 0.2
ml of diluted H:S0: were added to 0.5 ml of
plasma. The nmuxture was extracted with 3 ml of
isooctane : 1sopropanol (95 : 5). The organic
solvent was dried, then refluxed for 10 munutes
in I ml of EEDQ and 5 ml of PNBA solution
(Scheme 2). After cooling to room temperature,
10 ml of ethylene chlornde was added, and then

O ml of 0.2 N NaOH, I N H(I
hectively. The organic solvent was

washed with

and water res
dried with sodium sulfate and evaporated to
dryness. The residue was reconstituted with mo-
bile phase and aliquot 1njected into the above
described CSP column.

RESULTS AND DISCUSSION

Currently more than one hundred SMI-
CSPs that involve pi-p1 interaction and hydrogen
bonding or dipole interaction can be found in
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the literature. The utilization of chiral naphthyl-
ethylurea silica gel for racemic amine and amino
acid separation was first described by Oi et al ¥’
. The simple one step in situ column preparation
technique described above, however, was deve-
loped in our FDA laboratories. This technique
applies a synthetic method for urea formation
and 1s similar to the method described by Pirkle
et al. ‘¥ In preparation, the chiral naphthylethyl
isocyanate (either R— or S—) is reacted to the
primary amino group of the stationary packing
mstantaneously to form a stable covalent urea
linkage. No side reactions were observed. In fact
, the preparation method is so simple that only
a standard analytical HPLC set-up 1s needed for
the column preparation. Suitability of this NEU-
CSP preparation for biological sample has also
been demonstrated by analysis of phenylpropa-

nolamine.

The described method generated a very etli-
cient column for ibuprofen enantiomer separa-
tton. The number of theoretical plates, N, was
5,000 counts per
length. The capacity factor (k') and the separa-
tion factor (x) were about 15 and 1.09 respec-
tively, and independent of the column length. A
ine resolution (Rs=1.5) for R(-)—and S(+)
rofen was achieved by a single 10 ¢cm co-

more than 10 em column

base
-1bu
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[umn but could be considerably improved by
two 10 cm columns in series (Rs=2) for biolog-
ical samples. A typical chromatogram for R(=)~
and S(+)-ibuprofen in plasma as their para-
nitrobenzyl amides is shown in figure 1.
Successful resolution for enantiomers of am-
phetamine, methamphetamine and tryptophan
were also achieved by utilizing this CSP column
6.7 In the case of amphetamine and meth-
amphetamine, samples were derivatized at room
temperature in less than one minute with (3,5-di-
nitrophenyl)isocyanate. The enantiomeric 3,5-di-
nitrobenzoyl amide derivatives were then re-
solved on the NEU-CSP column'®. The method
was extremely sensitive and a trace isomeric con-
tamination of less than 0.1% of dextro-meth-
amphetamine (street drug “speed’) in a nasal de-
congestant containing legal OTC drug levo-me-
thamphetamine could be determined.

CONCLUSION

The NEU-CSP column described here 1s a
very simple and easy to prepare column that can
resolve a variety of chiral drugs. Though the co-
lumn preparation and its applications have been
investigated and used extensively in our labora-
tories for enantiomeric resolution of a variety of
drugs, the column preparation has not been ful-
ly publicized and utilized by the others. Recently
, this type of column has become available com-
mercially with a high cost. It was the author’s
intention in this report to disseminate this si-
mple know-how to all interested readers to take
the advantage of this low cost alternative. With
a little bit of mmagination and a spirt of ex-
ploration, further applications to other chiral
drugs will no doubt be achieved.
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