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Abstract: Chiral resolution has achieved an independent identity in the separation
sciences and polysaccharide CSPs are viewed as effective and efficient CSPs due
to their many unique advantages. The present review article highlights the
separations of chiral pharmaceuticals and drugs by liquid chromatographic
modalities (high performance liquid chromatography, capillary electro-chroma-
tography, sub- and super critical fluid chromatography and thin layer
chromatography) utilizing polysaccharide CSPs. Enantiomeric resolution at
analytical and preparative scales and a comparison of coated and immobilized
CSPs is discussed. The optimization strategies for enantiomeric separation have
also been presented. The possible mechanisms of chiral resolution of racemates
were also included. The commercial CSPs of all the Companies i.e., Daicel,
Kromasil, Macherey Nagel, Knauer and Sepaserve have been compared and
discussed. Finally, the role of these CSPs in chiral drugs development programs
has also been identified.
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INTRODUCTION

The importance and utility of enantiomeric resolution started with the
discoveries of chirality by Haiiy in 1809 (1) and Pasteur’s experiments of
preferential destruction of tartaric acid by Penicillium glaucum (2). Now,
it is well established that only one of the enantiomers is pharmaceutically
active while the other may be toxic or inactive or ballast. Current
government U.S. FDA policy regarding evaluation of drug stereoisomers
specify control procedures should be used to assure stereoisomeric
composition of a product, with respect to identity, strength, quality and
purity. In addition, it is specified that techniques to quantify individual
stereoisomers in pharmacokinetic samples should be available early. If
the pharmacokinetic profile is the same for both isomers or a fixed ratio
between the plasma levels of enantiomers is demonstrated in the target
population, an achiral assay should suffice for later evaluations
[www.fda.gov/cder/guidance/stereo.htm]. That is why U.S. Food and
Drugs Administration and European agencies have banned the market-
ing of racemic drugs. Only optically active pure forms of racemic drugs
are sold into the market due to which the demand of chiral separation
methods is increasing continuously. Unfortunately, Asian and African
countries are badly suffering by the marketing of racemic drugs leading
to various side effects into human body. Optically active drugs,
sometimes, racemize leading to toxicity. For example, useful form of
(+)-thalidomide converted into harmful (-)-thalidomide in vitro resulting
in to malformations of embryos in pregnant women (3, 4). Additionally,
there are many other examples where chirality plays a crucial role in drug
design and development (5-7).

Due to the importance of chirality in human life optically pure active
drugs are manufactured ecither by stercoselective syntheses or chiral
separation with feasibility and inexpensiveness of the later method.
Therefore, many separation methods have been developed and reported
(5, 6). Among these, liquid chromatographic modalities are the choice for
this task due to their wide range of applications, ease of operation,
selectivities, efficiencies and reproducibilities. In these modalities chiral
separations can be achieved either by mobile phase additives or
stationary phase approaches. The former approach is not adopted as
costly chiral selectors are wasted. On the other hand, later means of chiral
stationary phases (CSPs) have been used widely all over the world and
about 99 percent chiral separations were carried out by this route.
Various chiral selectors have been used to prepare CSPs and most
important are polysaccharides, cyclodextrins, macrocyclic glycopeptide
antibiotics, proteins, crown ethers, ligand exchangers, Pirkle’s types and
several others (5, 6). Among these, polysaccharides CSPs are the best due
to their high selectivities, sensitivities and reproducibilities (5, 6). Zhang
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et al. (8) reported that more than 95% of racemic compounds have been
resolved successfully on these CSPs in chromatographic techniques. The
use of polysaccharides for chiral separations has been reviewed by a
number of workers (9-14). During last few years, significant advances
have been made in this area and it is, therefore, time to review
polysaccharides CSPs in the chiral resolution of pharmaceuticals and
drugs on both an analytical and preparative scale. A comparison of
coated and immobilized CSPs was also studied. Finally, possible
mechanisms of enantiomeric resolution of racemates were also discussed.

POLYSACCHARIDES AS THE EFFECTIVE AND EFFICIENT
CHIRAL SELECTORS

Polysaccharide based chiral selectors are the leaders in the chiral
separation science due to their remarkable recognition capabilities (15,
16), which resulted in the chiral separations of many compounds (8).
First of all, in 1951, Kotake et al. (17) used cellulose paper for
enantiomeric resolution of amino acids and since then polysaccharides
have been recognized as potential chiral selectors. The main polysacchar-
ides are cellulose, amylose, chitosan, xylan, curdlan, dextran and inulin
(18) but these could not be used as commercial CSPs because of their low
resolution capacities and handling problems (19). That is why the
derivatives of these polymers were synthesized. Among these, cellulose
and amylose approved to be the best polymers because of their good
abundance and good capabilities for chiral resolution. Both polysacchar-
ides contain glucose units and a polymeric chains of D-(+) glucose units
are joined through B-1,4 and o-1,4 linkages in cellulose and amylose,
respectively. The degree of polymerization of cellulose is in the ranges
from 200-14,000 units of glucose. Similarly, more than 1000 glucose units
are found in amylose. Each glucose unit has chair conformation with 2-
OH, 3-OH and 5-CH20OH groups all in equatorial position as shown in
Figure 1. The chains of these units lie side by side in a linear fashion in
case of cellulose and helical in amylose and, hence, amylose provides
more chiral grooves for enantiomeric resolution. Therefore, amylose is
better chiral selector in comparison to cellulose (20). The three-
dimensional structures of amylose and cellulose are shown in Figure2
indicating the helical and more defined grooves in amylose than cellulose.
As discussed above native amylose and cellulose are not good chiral
selectors, and, hence their derivatives were synthesized by different
workers (6). Most successful and applicable derivatives of cellulose and
amylose are tri-esters and tri-carbamate (18-21).Okamoto et al. in 1984
(22) prepared tri-esters and tri-carbamates of cellulose and amylose and
tested them for chiral resolution. Later on, other derivatives of cellulose
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and amylose were also synthesized and used for the enantiomeric
resolution (6, 23).

STATUS OF COMMERCIAL POLYSACCHARIDE CSPS IN THE
MARKET

Presently, amylose and cellulose derivatives in use are tris-benzoate, tris-
(4-methyl benzoate, trisphenylcarbamate, tris-(3,5-dimethylphenylcarba-
mate, tris-(R)-1-phenylethylcarbamate, tris-(S)-1-methylphenylcarbamate
etc. They have been commercialized by different names such as Chiralcel
and Chiralpak for cellulose and amylose, respectively, by Daicel
Chemical Industries, Tokyo, Japan. Recently, some other industries
such as Kromasil, Macherey Nagel, Knauer and Sepaserve have also
introduced some chiral columns. The chiral columns commercialized by
these companies are in normal and reversed phases separately and
respectively. The trade name of chiral columns of Kromasil are
AmyCoat (tris-3,5-(dimethylphenyl)-carbamate-amylose) and CelluCoat
(tris-3,5-(dimethylphenyl)-carbamate-cellulose) in normal phase and
AmyCoat RP and CelluCoat RP in reversed phase respectively. The
commercial CSPs supplied by Macherey Nagel are Nucleocel-Alpha,
Nucleocel-Alpha-S, Nucleocel-Alpha-RP-S, Nucleocel-Delta, Nucleocel-
Delta-S, Nucleocel-Delta-RP and Nucleocel-Delta-RP-S having tris-3,5-
(dimethylphenyl)-carbamate derivatives of amylose in alpha and cellulose
in delta configurations respectively. The RP represents reversed phase
while S denotes small particle size (Sum). On the other hand Knauer
introduced Europak 01 amylose-tris-(3,5-dimethylphenylcarbamate) and
Eurocel 01 cellulose-tris-(3,5-dimethylphenylcarbamate chiral pak columns
respectively, which can be used in both normal and reversed phases
respectively. To the best of our information Sepaserve has merged in
Knauer and no more in the marketed under their names.

APPLICATIONS

As discussed above polysaccharide CSPs have gained a good reputation
in the chiral world. They are very effective and capable to work under
normal, reversed and prohibited organic mobile phase modes, and that is
why they have wide range of applications. These CSPs are available as
coated which can be used in normal and reversed phase modes but not on
the same column. But, recently, immobilized CSPs have been develop,
which are capable to work under prohibited organic mobile phase modes
enhancing the range of enantiomeric recognition capabilities.
Polysaccharides have been used very frequently in HPLC as CSPs along
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with few reports as mobile phase additives (MPAs). However, the
research papers are available on these chiral selectors in capillary-electro-
chromatography, sub- and supercritical fluid chromatography and thin
layer chromatography. Breifly, the applications of these phases for
enantiomeric resolution of pharmaceuticals and drugs are discussed in
the following sections.

High Performance Liquid Chromatography

The utility of these cellulose and amylose derivatives have found broad
applicability in both analytical and preparative applications and to a
lesser extent as a mobile phase additive. The following covers these areas
individually.

Analytical Separations

Analytical separation is the first step in sample recognition ranging
from mg to nanolevels of concentration. As usual, chiral chromato-
graphy also starts with the analytical scale. Many publications have
appeared in the literature in this area of chromatography and some
important efforts are cited herein. Okamoto et al. (22, 24) examined
the chiral recognition capacities of cellulose tribenzoate (CTB)
derivatives. The effect of the substituents on the phenyl ring of
cellulose tribenzoate (Chiralcel OB) has been studied. Furthermore,
the same group (25, 26) described the chiral recognition abilities of a
series of cellulose phenylcarbamate derivatives. It has been observed
that an introduction of an electron donating group or an electron
withdrawing halogen at 3- and/or 4- position improved resolution
capacities. But the substituents at position 2- showed poor chiral
resolution capacity. The derivatives with hetero atoms substituents,
such as methoxy and nitro groups, showed poor chiral recognition
(25). Racemic compounds interact with polar substituents of chiral
glucose residue, and, hence, bulky alkoxy substituents like isopropoxy
and isobutoxy improved resolving capacities (27). Phenylcarbamate
derivatives having both an electron donating, methyl group, and
withdrawing substituents (halogens) on the phenyl moieties were found
to exhibit high enantio-separation for many racemates, for example,
3,4- or 3,5-chloro-methylphenylcarbamates of cellulose showed parti-
cularly high chiral recognition ability (28-30). Okamoto et al. (30, 31)
improved the resolution power of amylose CSPs by introducing methyl
or chloro groups on phenyl moieties. However, in contrast to cellulose
derivatives, tris-(4-methylphenylcarbamate) (27) and tris-(5-chloro-2-
methylphenylcarbamate) (32) of amylose showed a high -chiral
recognition.
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The cellulose tris-(3,5-dimethylphenylcarbamate) (CDMPC) and
amylose tris-(3,5-dimethylphenylcarbamate) (ADMPC) are two most
important derivatives for chiral resolution of a variety of racemates (26,
33). A comparison between two phases (CDMPC and ADMPC) for
enantioseparation of a series of amidotetralines (34) and chiral sulfoxide
(35) was performed and a complementary chromatographic behavior was
observed. Meta- and para- (fluoro and methyl groups) substituted
cellulose derivatives showed higher resolving power than ortho- and
meta- substituted derivatives. Contrarily, amylose derivatives with the
substituents at ortho- position also showed high chiral separation in
comparison to meta- and para- substituents derivatives. The elution order
was not influenced by the change of the substituents in either cellulose or
amylose derivatives (36). Chankvetadze et al. (32) described that ortho-
substituted phenylcarbamate derivatives of amylose showed high chiral
recognition abilities while cellulose phenylcarbamate derivatives with
ortho- substituents have poor chiral resolving power. Okamoto et al. (37)
observed that fluoro, chloro, bromo and iodo groups at the 4-position,
on the phenyl ring, resulted into high chiral recognition than the
corresponding cellulose derivatives. Luo et al. (38) studied the resolution
of new antianginal drug ranolazine enantiomers with the help of cellulose
tris-(3,5-dimethylphenylcarbamate) (CDMPC) chiral stationary phases
(CSPs) under both normal and polar organic mobile phase modes. Belaz
et al. (39) separated omeprazole, lansoprazole and rabeprazole by using
polysaccharide chiral selectors. Stringham et al. (40) resolved enantio-
mers of amines on Chiralpak AD-H columns with acidic additives like
ethanesulfonic acid (ESA), methanesulfonic acid (MSA); resulted in
improved resolution with methanesulfonic acid as an acidic additive.
Myrdal et al. (41) analyzed the chiral separation of lipoxygenase
metabolites by using Chiralcel OD-RH column. Yu et al. (42) reported
the enantiomeric separation of fluoxetine derivatives by using Chiralpak
AD-RH, Chiralpak AD and Chiralcel OD columns. The effect of the
mobile phase composition and column temperature on the enantiose-
paration was discussed. A tentative chiral recognition mechanism was
also proposed by the authors.

Caccamese et al. (43) separated the enantiomers of an aromatic
amine and four aminoalcohols i.e., N-benzyl-a-methyl-benzylamine,
phenylalaninol, tryptophanol, 2-diphenylhydroxymethyl)pyrrolidine
and isoproterenol on amylose ris-(3,5-dimethylphenylcarbamate) and
cellulose tris-(3,5-dimethylphenilcarbamate) CSPs. The best separation
was on amylose fris-(3,5-dimethylphenylcarbamate). Sztojkov-Ivanov
et al. (44) studied chiral separation of 1-(aminoalkyl)-2-naphthol
analogs on Chiralcel OD-H and Chiralcel OD-RH columns using n-
hexane-2-propanol-diethylamine or phosphate buffer/organic modifier
mobile phases. The best results were obtained on 3,5-dimethylphenyl
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carbamoylated cellulose columns under both normal and reversed
phase modes.

Zhao and Pritts (45) reported chiral separation of proline derivatives
(Boc-proline, Boc-2-methylproline, Boc-2-methylproline benzyl ester and
Boc-2-methyl-4-hydroxy-proline benzyl ester) on Chiralpak AD-H column.
The effect of mobile phase composition and column temperature were
studied and good resolution was achieved by using a mobile phase of
hexane, ethanol and 0.1% TFA. As per the authors, resolution was changed
dramatically for prolines containing carboxyl or hydroxy group by
changing 1% of ethanol, which suggests dominant role of hydrogen
bondings in chiral recognition. Contrarily, for prolines containing a benzyl
ester instead of hydroxy group, resolution was little affected with the
changes of ethanol percentage showing a different chiral recognition
mechanism, which might be due to inclusion, steric effect, or possible n-nt
interactions. Khan et al. (46) studied the chiral separation of frovatriptan
enantiomers in bulk drug and pharmaceutical formulations on amylose
based chiral stationary phase and showed the effects of the organic
modifiers viz. 2-propanol, ethanol and diethyl amine. Xu et al. (47)
described the enantioseparation of 2-aryl-1,3-dicarbonyl analogues by
amylose tris-(3,5-dimethylphenylcarbamate), amylose fris-(S)-1-pheny-
lethylcarbamate), cellulose tris-(3,5-dimethylphenylcarbamate) and cellu-
lose tris-(4-methylbenzoate) respectively in normal phase conditions. Batter
result were obtained on amylose tris-(3,5-dimethylphenyl carbamate).

Some workers attempted to optimize the chiral separations by
varying mobile phase composition, flow, pH of eluent, temperature etc.
Lee et al. (48) resolved racemates of N-fluorenylmethoxycarbonyl o-
amino acids (N-FMOC) on cellulose tris-(3,5-dimethylphenylcarbamate)
(Chiralcel OD), amylose tris-(3,5-dimethyl-phenylcarbamate) (Chiralpak
AD) and cellulose tris-(4-methylbenzoate) (Chiralcel OJ) columns. The
influence of acetonitrile composition and pH of the mobile phase was
studied and the best separation was with 40% acetonitrile in 50 mM
phosphate buffer (pH2). However, increasing the composition of
acetonitrile to 50% on Chiralcel OD yielded a considerable decrease of
retention time with minimum loss of resolution.

Ye et al. (49) studied the effect of acidic and basic additives on the
enantio-separation of basic drugs using polysaccharide-based chiral
stationary phases. The different commercially available CSPs i.e., AD,
AS, OD, 0OJ, OG, OB, and OC were tested for the enantiomeric
resolution of nine commercially available B-blockers i.e., alprenolol,
atenolol, metaproterenol, metoprolol, clenbuterol, terbutaline, propra-
nolol, oxprenolol and pindolol. The significantly improved selectivities
were obtained for basic probe drugs with the acidic additive [(ethane-
sulfonic acid (ESA)] than the basic additive [butylamine, (BA)]. The best
results were obtained with Chiralpak AS and ethanesulfonic acid. As per
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the authors the beneficial effects of acidic additive in enantio-separations
could significantly improve the applicability of polysaccharide-based
CSPs for the enantio-separation of basic analytes. Figure3 shows the
effect of several of ESAs and BAs on chiral resolution of propranolol,
oxyprenolol and metoprolol, which clearly indicate dominant effects of
these additives. Similarly, Bielejewska et al. (50) described the influence
of the mobile phase composition on chiral separation of 15 pyrrolidin-2-
ones by using polysaccharide CSPs (Chiralpak AD, Chiralpak IA and
Chiralcel OD). The optimization of resolution was achieved by using
ethanol or 2-propanol as mobile phase modifiers. Amylose columns
exhibited better enantioselectivity than cellulose ones as all racemates
separated on a Chiralpak IA and Chiralpak AD columns.

Rao et al. (51) validated a HPLC method for chiral resolution of
bicalutamide using amylose tris-(3,5-dimethylphenylcarbamate) as a
chiral stationary phase. The baseline separation was achieved within
10min on Chiralpak AD-H column using n-hexane-2-propanol
(65:35v/v) as mobile phase at a flow rate of 1.0 mL/min. The effects
of 2-propanol, ethanol and temperature on were studied and the
method was validated in terms of accuracy, precision and linearity.
Furthermore the same authors (52) described enantiomeric resolution
of doxazosin mesylate and its process related substances, on Chiralpak
AD-H and Chiralcel OD-H columns. The effect of alcoholic modifiers
on the resolution was studied and a good separation was achieved by
using 2-propanol (Figure4). The effects of structural features of the
solutes and solvents on discrimination between the enantiomers were
also described.

Myrdal et al. (41) studied the effect of temperature on chiral
resolution of lipoxygenase metabolites. Figure 5 indicates the effect of
temperature on chiral resolution of 13-hydroxyoctadecadienoic acid at 0
and 35°C. And it is clear from this Figure that this racemates is partially
resolved at 35 while it is base line separated at zero degree centigrade
temperature. Some other applications of these CSPs at analytical scale
are summarized in Table 1.

Preparative Separations

In addition to analytical scale, polysaccharide CSPs have also been used for
the resolution of enantiomers at preparative scales; cellulose triacetate has
good loading capacity and used at industrial scale (53, 54). The cellulose
triacetate (CTA) CSPs have been used for the resolution of aliphatic
aromatic compounds at a preparative scale (55-58). Along with experi-
mental conditions, molecular weight of cellulose also effects the chiral
separation (59, 60). Francotte et al. (56, 58, 61, 62) resolved some drugs on
CTB derivatives in large quantities. Cirilli et al. (63) also separated the
imidazole derivatives by HPLC at semi-preparative scale. Luo et al. (38)
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Figure 4. The effect of the modifier on chiral separation of doxazosin mesylate,
(a) ethanol (35%), (b) 1-propanol (20%) and (c) 2-propanol (30%) on Chiralpak
AD-H column (52).

described the chiral resolution of new antianginal drug ranolazine
enantiomers at semi-preparative scale and good separation was achieved
by using cellulose tris-(3,5-dimethylphenylcarbamate) (CDMPC) chiral
stationary phases under both normal and polar organic modes.

Jansen et al. (64) reported semi-preparative enantiomeric separa-
tion of a series of putative melatonin receptor agents using tri-
acetylcellulose as chiral stationary phase and observed that first eluting
enantiomer was around 99% pure. Magri et al. (65) reported semi-
preparative chiral separations of some novel atropisomeric quaternary

Figure 3. The chromatograms of B-blockers showing the effect of mobile phase
additives on Chiralpak AS column by using ethanol-hexane (10:90, v/v) as mobile
phase (49).



15:54 30 January 2011

Downl oaded At:

108 Ali et al.

13-(R,S)-HODE

ATT
Mo
= LI T T T T T T = T T —
10 30 50 70 90

Figure 5. The effect of temperature on chiral resolution of 13-hydroxyoctade-
cadienoic acid at 0 and 35 °C. Column: Chiralcel OD-RH, mobile phase:
methanol-5 mM TFA-acetonitrile (10:41:49, v/v) with 0.25 mL/min. flow rate (41).

and ternary 1,2-disubstituted 1,4,5,6-tetrahydropyrimidinium salts. The
authors compared the experimental data in order to establish the
factors influencing the magnitude of the barriers and with those
corresponding to the parent amidines. The chiral columns used OD-R,
0OJ-R, AD-RH with mobile phases of acetonitrile and water in different
combinations. de Veredas et al. (66) reported a simulated moving bed
chromatographic chiral separation of a baclofen precursor (N-Boc-4-[p-
chloro-phenyl]-2-pyrrolidone) by using polysaccharide carbamate as
chiral stationary phase (cellulose fris-(3,5-dimethylphenylcarbamate) at
semi-preparative scale. The method was capable of providing high
purity enantiomers of 1.0 g/day. Collina et al. (67) reported semi-
preparative scale resolution of N, N-dimethyl-3-(naphthalen-2-yl)-
butan-1-amines on Chiralcel OD column.

In addition to the coated CSPs, immobilized chiral phases have been
used for semi-preparative separations in liquid chromatography. Cirilli et
al. (68) described semi-preparative chiral separations of mianserin and a
series of aptazepine derivatives on immobilized polysaccharide based
chiral stationary phases (Chiralpak IA). The non-conventional dichlor-
omethane based eluents have expanded the chiral resolving ability of the
immobilized Chiralpak IA to perform mg-scale enantioseparations with
an analytical size column. The authors assigned absolute configuration of
the separated enantiomers by comparing their chiroptical data with those
of structurally related mianserin. Furthermore, the same authors (69)
reported semi-preparative chiral resolution of 3,4-dihydropyrimidin-
4(3H)-one derivatives (with antiviral, antiproliferative and morphological
differentiation activities against melanoma cells) on Chiralpak IA
column. The non-standard solvents such as ethyl acetate, methyl
tertbutyl ether, or dichloromethane were used. The authors reported
mg-scale separations and used further for chiroptical properties.
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Table 1. Chiral separations of racemates on polysaccharide CSPs in different modalities of liquid chromatography

Racemates Mobile Phases CSPs Refs.

Chiral Columns of Diacel Chemical Company, Japan
Analytical Scale HPLC Separation on Coated CSPs

Metoprolol, Tolamolol, Nebivolol 2-Propanol tris-(3,5-dichlorophenyl-carbamate) (162)
Econazole, Cromakalim Etodolac

Metipranolol n-Hexane-Propan-2-ol- Chiralcel OD (163)

diethylamine

Timolol n-Hexane-2-Propanol Chiralcel OD (164)

Alprenolol, Atenolol, Bisoprolol, n-Hexane-2-Propanol-Diethyl- Chiralcel OD/Chiralcel OD-RH (165)
Bupranolol, Carazolol, Cartelol, amine / Perchlorate Solution-
Mepindolol,Metoprilol, Nadolol, Acetonitrile

Oxprenolol, Tertatolol, Tolamolol
Pindolol, Propranolol,

Ketoprofen Acetonitrile -0.02 M Perchlorate Chiralcel OJ-R (148)
Buffer (pH 2.0)-Methanol
Ibuprofen esters n-Hexane Chiralcel OJ (166)
Flurbiprofen Water-Acetonitrile Chiralpak AD-RH (167)
Doxazosin mesylate n-Hexane-Alcohol -0.1% Chiralpak AD-H (149)
Diethylamine
Methylphenidate Hexane-Ethanol-Methanol: TFA Chiralpak AD Chiralcel OD,0J,0C,0B (133)
Fipronil n-Hexane-Iso-butanol Cellulose-tri (3,5- (168)
dimethylphenylcarbamate)
Cromakalim Water-Acetonitrile Chiralpak AD-R, Chiralcel OD-R, (149)
Chiralcel OJ-R
Tamsulosin 50 mMKPF6-Acetonitrile Chiralcel OD-RH (169)
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Table 1. Continued

Racemates Mobile Phases CSPs Refs.
Apomorphine Acetonitrile-0.05 M Sodium- Chiralcel OD-R (170)
perchlorate
Cizolirtine, cizolirtine-N-oxide, N-desmethyl- n-Hexane- 2-Propanol- Chiralpak AD 171)
cizolirtine, 5(a-hydroxy-benzyl)-1-methyl Triethylamine
pyrazole
Benzoxazolinone n-Hexane-Alcohol Chiralcel OD-H (172)
Ondansetron n-Hexane- 95% Ethanol-2- Chiralcel OD (173)
propanol-Acetonitrile
Pyridazinone derivatives n-Hexane-Ethanol-2-Propanol Chiralcel OJ (174)
Tetralone derivative Acetonitrile-Water-Triethylamine Chiralpak AD-RH (175)
Levetiracetam Hexane-Isopropanol Chiralpak AD-H (176)
B-Lactam Water-Acetonitrile Chiralcel OD-RH 177)
Vesamicol and benzovesamicol-analogues n-Hexane-2-Propanol- Cellulose tris-(3,5-di-methylphenyl (178)
Diethylamine carbamate)
2-Aryl-1,3-dicarbonyl-analogues n-Hexane-Isopropyl alcohol Chiralpak AD-H 47)
1-[(benzofuran-2-yl)-5-nitrophenyl methyl]- n-Hexane-2-Propanol Chiralcel OD-RH 179)
Tetrazole
1-[(benzofuran-2-yl)-5-bromophenyl methyl] - Water-Acetonitrile Chiralcel OJ-R (179)
tetrazole
Triazole and Tetrazole-derivative 2-Propanol-Acetonitrile Chiralpak AD-RH (180)
Boc-proline Hexane-Ethanol-0.1% TFA Chiralpak AD-H (45)
Bicalutamide n-Hexane-2-propanol Chiralpak AD-H (51)
Armodafinil n-Hexane-Ethanol- TFA Chiralcel OD-H (181)
Torcetrapib (TTB) n-Hexane-Isopropyl alcohol Chiralpak AD-H (182)
N-benzyl-a-Methyl-benzylamine n-Hexane-2-Propanol- TFA Amylose tris-(3,5-dimethyl-phenyl 43)

carbamate)

0Ll
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Kynurenine (KYN)
acetic acid
Mineralocorticoid receptor (h(MR) antagonist Alcohol-Acetonitrile
Bnzoxathiepin derivative Methanol-Ethanol-Diethylamine
1,4-Disubstituted-piperazines 5% of 2-Propanol in Hexane
trans-Kielcorin C phenylcarbamate Alcohol-Hexane
Pyridoglutehimide Acetonitrile-0.3 M Aq. sodium
perchlorate
Hexane-2-Propanol
Hexane-Ethanol

Thio-glycidyl ethers
Biphenyl compounds

Cannabinoids Ethanol-n-Hexane
Preparative Scale HPLC Separation on Coated CSPs

Naringenin n-Hexane-Alcohol
Albendazole- n-Hexane- Alcohol sulfoxide
Linezolid Hexane- 2-Propanol-TFA

Preparative Scale HPLC Separation on Immobilized CSPs
Mianserin & aptazepine derivatives Dichloromethane
3.4-dihydropyrimidin-4(3H)-one derivatives Ethyl acetate- Methyl tert butyl
ether- Dichloromethane
Analytical Scale Capillary Electro-chromatography Separation on Coated CSPs
B-Blockers, diuretics & benzodiazepines Hexane-Dioxane-2-Propanol
Thalidomide & metabolites 2.5mM Ammon. acetate
Piprozolin, indapamide, glutethimides & trans- 2.5-10mM Ammon. acetate
stilbene

Water-acetonitrile-methanol-0.1% Chiralcel OJ-RH

Chiralcel OJ-H

Chiralcel OJ-H

Cellulose tris-(4-methylbenzoate)
Tris-3,5-dimethyl-

Chiralcel OD-R

Amylose-tris-(phenylcarbamate)

Amylose tris-(3,5-dimethyl-
phenylcarbamate)

Chiralpak AD

Chiralcel OD-H, Chiralpak AS-H

amylose tris (3,5-dimethyl-
phenylcarbamate)

Chiralpak AD

Chiralpak TA
Chiralpak TA

Chiralcel OD

Chiralpak AD

Chiralpak AD, Chiralcel OD &
Chiralcel OJ

@
&
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Table 1. Continued

Racemates Mobile Phases CSPs Refs.
Ambucetamide, benzyl-2- 15mM Ammon. acetate Chiralcel OD 197)
(benzylsulfinyl)benzoate, etozolin, norgestrol,
omperazole, piprozolin & thalidomide
Benzyl-2-(benzyl-sulfinyl) benzoate 2- 2.5mM Ammon. acetate Chiralcel OD (76-78)
(benzylsulfinyl) benzamide, piprozolin &
etozolin
Warfarin & praziquantel SmM Acetic acid-TEA Cellulose 2,3-0,0-bis(phenylcarbamate) (198)
Troger’s base, benzoin, praziquantel, & trans- 14.2mM Acetic acid-DEA Cellulose 2,3-0,0-bis(phenylcarbamate) (199, 200)
stilbene
Thalidomide - Chiralcel OJ (78)
Analytical Scale Sub-Critical Fluid Chromatography on Separation Coated CSPs
Acidic drugs CO,-Alcohol Chiralpak AD (96)
Alkylalkanols CO,— Methanol-TFAA-TEA Chiralcel OB, Chiralcel OD (201)
Basic racemates Ethanol-ESA Chiralpak AD-H 95)
Benzodiazepines CO,.Methanol-TFAA-TEA Chiralcel OD-H, (202)
Chiralpak AD (203)
Bezothiazepines CO,-DEA Chiralcel OD (204)
Calcium channel blockers CO,_Methanol-TFAA-TEA Chiralcel OD (201)
B-Blockers CO,.Methanol-TFAA-TEA Chiralpak AD (202)
Imidazole derivatives CO,.Methanol-TFAA-TEA Chiralcel OJ, Chiralpak AD, Chiralpak (201)
AS
N-Protected amino acids/esters CO,_Methanol-TFAA-TEA Chiralpak AD (201)
Barbiturates CO,.Methanol-TFAA-TEA Chiralcel OJ (201)
B-Andrenoreceptor blocking agent CO,_Methanol-TFAA-TEA Chiralcel OD (201)
Triazole pesticides Alcohol-TFAA-TEA Chiralpak AD (98)
B-Blockers AmyCoat (104)

(41!
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CelluCoat (104)
Analytical Scale HPLC Separation on Immobilized CSPs
Cyclopropen n-Hexane-2-propanol Chiralpak TA (122)
Bupivacaine Acetonitrile-DEA Chiralpak TA (8)
Hexobarbital Methaqualone Metalaxyl MtBE Chiralpak TA ®)
Bupivacaine Ketamine Terfenadine
Lorazepam Disopyramide Indapamide MtBE-Ethanol Chiralpak TA (8)
Oxazepam MtBE -Acetone Chiralpak TA 8)
Thalidomide MtBe-1,4-Dioxane Chiralpak TA (8)
Alprenolol Chlophedanol Chlopheniramine n-Hexane -THF-DEA Chiralpak TA (8)
Promethazine Diperodon Propafenone
Glutethimide Methaqualone Ethanol-THF Chiralpak TA )]
Temazepam n-Hexane -THF Chiralpak TA (8)
N-alkylated barbiturates and analogs of n-Hexane-2-propanol Chiralpak 1B (124)
thalidomide
Tris(2-phenylpyridine) iridium (IIT) Hexane-methyl chloride- Chiralpak 1A (120)
Dichloromethane
N-Alkylated barbiturates &3-alkylated analogs n-Hexane-2-propanol Chiralpak TA (123)
of thalidomide
15 Pyrrolidin-2-ones Ethanol Chiralpak TA (50)
Piperidine-2,6-dione Methyl-tert-butyl ether-THF Chiralpak TA, Chiralpak IB (205)
Analytical Scale HPLC Separation on Coated CSPs (Xenobiotics)
Hexconazole, Tebuconazole n-Hexane-Isopropanol Amylopectin-tris-(phenylcarbamate) (2006)
(continued)
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Table 1. Continued

Racemates Mobile Phases CSPs Refs.

Tebuconazole n-Hexane-EtOH Cellulose tris-(3,5-dimethylphenyl (207)
carbamate)

Econazole, Miconazole, Sulconazole n-Hexane-2-Propanol-Diethyl-  Chiralpak WH (208)

Econazole, Miconazole, Sulconazole

Chiral Pesticides

Trichloronate

Trans-chlordane, cis-chlordane, heptachlor

o-Hexachloro-Cyclohexane

Imazethapyr, Imazaquin, and Imazamox
Imazapyr, Imazapic,

Imazethapyr, Imazamox and Imazaquin

Chiral Columns of Kromasil, Sweden

amine
n-Hexane-2-Propanol-Diethyl-
amine
n-Hexane-Isopropanol
n-Hexane-n-Heptane-Ethanol
n-Hexane
n-Hexane-2-Propanol
50 mM Phosphate buffer-
Acetonitrile
n-Hexane-(0.1% TFA)-Alcohol

Analytical Scale by HPLC Separation on Coated CSPs

Alprenolol Atenolol Atropine Hydroxyzine

Propanolol
Ambucetamide Ketamine Oxamniquine

Oxazepam Oxprenolol 1-phenylethylamine

Troger’s Base

Heptane-Ethanol-DEA

Heptane-2-propanol-DEA

CBZ Alanine Ibuprofen Naproxen Proglumide Heptane-2-propanol-TFA

Benzoine Binaphthol Carbinoxamine Trans-

Stilbene oxide Trifluoro-anthrylethanol
Mianserin

Heptane-2-propanol

Methanol-DEA

Chiralcel OD, OJ, OB, OK, OC and OF (134)

Amylose tris-(S)-1-phenylethylcarbamate (209)

Chiralcel OJ
Chiralcel OD
Chiraacerl OJ
Chiralcel OD-R

Chiralcel OJ

CelluCoat
CelluCoat
CelluCoat
CelluCoat,

CelluCoat,

(210)
@11)
@11)
212)

212)

(104)
(104)
(104)
(104)

(104)
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Ambucetamide Carbinoxamine Oxamniquine Heptane- 2-propanol-DEA
Oxprenolol Troger’s Base Verapamil

Benzoine Bcetin Hexobarbital Trans-Stilbene  Heptane-2-propanol
oxide Trifluoro-anthrylethanol

Binaphthol CBZ Alanine Ketoprofen NaproxenHeptane-2-propanol - TFA
Proglumide

Alprenolol Heptane-Ethanol-DEA

Metoprolol Mianserin Propafenone Propanolol Methanol-DEA

Thalidomide Methanol

Indapamide 4-phenyl-2butanol Pindolol Acetonitrile-water
Warfarin

Flurbiprofen 2-Methyl-1-tetralone Warfarin ~ Acetonitrile-water

Ibuprofen Methanol-water-acetic acid

Chiral Columns of Macherey Nagel, Germany

Analytical Scale HPLC Separation on Coated CSPs

Trans-stilben oxide n-Hexane-2-Propanol

Metoprolol n -Heptane-2-propanol-DEA

1-(1-naphthyl)ethanol Flavanone n -Heptane-2-propanol

Naproxen Ketoprofen n-Hexane-2-Propanol-TFA

Cannabidiol n -Hexane-ethanol

Hexobarbital Fenoxaprop-ethyl Trans-stilben n -Heptane-isopropanol
oxide

Troeger’s base n -Hexane-isopropanol

Benzoine Chlorpheniramine n -Hexane-isopropanol-DEA

Verapamil n -Heptane-2-propanol/DEA

AmyCoat
AmyCoat
AmyCoat

AmyCoat
AmyCoat
AmyCoat
CelluCoat RP

AmyCoat RP
AmyCoat RP

Nucleocel-6
Nucleocel-d
Nucleocel-8
Nucleocel-a S
Nucleocel-a S
Nucleocel-a S

Nucleocel-o S
Nucleocel-a S
Nucleocel-a S

(104)
(104)
(104)

(104)
(104)
(104)
(104)

(104)
(104)

(213)
(213)
(213)
(213)
(213)
(213)

213)
(213)
213)

(continued)
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Table 1. Continued

911

Racemates Mobile Phases CSPs Refs.
Thalidomide Methanol Nucleocel-a S (213)
Indapamide Acetonitrile-water Nucleocel-6 —RP (213)
Wafarin Acetonitrile-1% H;PO,4, pH2 Nucleocel-a -RP S (213)
Linalool Acetonitrile-water Nucleocel-a -RP S (213)

Chiral Columns of Knauer, Germany
Analytical Scale HPLC Separation on Coated CSPs

Etozoline Methanol Eurocel 01 (214)
Flavonone n-Heptane-isopropanol Eurocel 01 (214)
Pindolol 20 mM sodium borate buffer pH 9Eurocel 01 (214)
Alpha-tocopherol Heptane-butanol Europak 01 (214)
Trans-stilbene oxide Hexane-2-propanol Europak 01 (214)
Analytical Scale Thin Layer Chromatography Separation on Coated CSPs

Troger’s base — Cellulose acetate (55)
DL-Tryptophan & derivatives — Microcrystalline cellulose (109-113)
B-blockers — Cellulose phenyl carbamate (114)
Amino acids — Chitin and chitosan (116)
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Carbohydrate Chiral Stationary Phases 117

Besides, above cited modalities, Subcritical fluid chromatography
(SFC) has also been used for semi-preparative chiral separations of a few
racemates. The work reported by some workers is discussed herein. Saito
et al. (70) separated the enantiomers of DL-flavanone at a preparative
scale by using Chiralcel OD column. Oka and coworkers (71) resolved
four optical isomers of antidiabetic drug troglitazone on cellulose CSPs
by preparative SFC. Recently, Toribio et al. (72) separated enantiomers
of omeprazole at semi-preparative scale by supercritical fluid chromato-
graphy (SFC) on Chiralpak AD column. The authors studied the effect of
two organic modifiers (ethanol and 2-propanol), different injection
volumes and concentrations of omeprazole; in order to obtain high
enantiomeric purities and production rates. As a result of exhaustive
optimization better results were achieved by using concentration over-
loading instead of volume overloading. The chiral preparative separa-
tions of some racemic compounds are summarized in Table 1.

Capillary Electro-Chromatography

Capillary electro-chromatography (CEC) works on the combined
principles of liquid chromatography and capillary electrophoresis.
Therefore, it is a good technique for the chiral separation of enantiomers
by using polysaccharides as chiral selectors. CSPs in this modality of
chromatography are not much developed and most of the work is related
to MPAS. However, few reports are available on chiral separations by
using this technique involving polysaccharides CSPs. Wistuba and
Schuring (73) and Lammerhofer (74) reviewed the chiral separations in
CEC by using polysaccharide chiral selectors. These authors described
the strategies, concepts and column technologies that have been utilized
to succeed in highly efficient enantiomer separations by non-aqueous
CEC. Enantiomeric resolutions in CEC have been carried out by using
packed capillaries with polysaccharides chiral selectors (75-78), which
were fabricated by slurry packing method (77, 78).

Chankvetadze et al. (76, 78) has carried out the chiral separation of
different racemates by using CEC; high resolving power of Chiralpak AD
[amylose tris-(3,5-dimethylphenylcarbamate) coated on wide pore of
aminopropylsilanized silica gel] in comparison to Chiralcel OD and
Chiralcel OJ [cellulose ris-(3,5-dimethylphenylcarbamate) and cellulose
tris-(4-methylbenzoate)] CSPs for thalidomide. Enantioseparations of -
blockers, benzodiazepines and diuretics were performed in fused silica
capillaries packed with silica gel, which was modified by coating with
cellulose  tris-(3,5-dimethylphenylcarbamate)  (75).  Furthermore,
Chankvetadze et al. (76) studied the effect of amount of tris-(3,5-
dimethylphenylcarbamate) loaded on silica gel on chiral resolution of
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2-(benzylsulfinyl)benzamide, which is shown in Figure 6. It was observed
that 4.8% (w/w) amount has resulted in the best resolution. Besides,
Chankvetadze et al. (77) reported the effect of pore size of silica gel and
concentration of buffer on the chiral resolution of piprozolin and
concluded that the ionic strength of a buffer solution dramatically
affected the electrosomotic flow generation and intraparticle perfusive
flow especially for silica gel of pore size below 12 nm.

Girod et al. (79) studied the chiral resolution of some racemates in
non-aqueous capillary CEC with cellulose and amylose fris-(3,5-
dimethylphenylcarbamates) (Chiralcel OD and Chiralpak AD) respec-
tively. Francotte et al. (80) studied the chiral resolution of benzoin,

98
(a)

126
S 7.2 7.5
() 6.8 6.9

|

Figure 6. The effect of amount of tris-(3,5-dimethylphenylcarbamate) loaded
on silica gel on chiral resolution of 2-(benzylsulfinyl)benzamide (76).




15:54 30 January 2011

Downl oaded At:

Carbohydrate Chiral Stationary Phases 119

mAl
i
.
|
' | | r l| Chiralpak AS-RH
| | | | f—
e e T
r| Chiralpak AS-H
/ | |
| lI
| [ N
L J__J\
e '~.|! e — -
0 5 l:l] 15 20
HINn

Figure 7. A comparison between Chiralpak AS-RH and AS-H for the
separation of warfarin (82).

indapamide, glutethimide, lormetazepam, o-1-hydroxyethylnaphthalene
enantiomers by using packed CEC. Mangelings et al. (81-83) carried out
remarkable work on the optimization of the chiral separations in CEC by
using a variety of racemates (alprenolol, metoprolol, acebutolol,
oxprenolol, pindolol, propranolol, mianserin, tetramisole, oxazepam).
Furthermore, the same authors (82) described the influence of normal
and reversed phase use on chiral separations for two basic (pindolol,
tetramisole), two acidic (acenocoumarol, warfarin), one bifunctional
(oxazepam) and one neutral (praziquante) compounds by using Chiralcel
OD, Chiralcel OJ, Chiralpak AD and Chiralpak AS columns (Figure 7).
The chiral separations on CEC by using polysaccharide chiral phases are
summarized in Table 1.

Sub- and Super Critical Fluid Chromatography

Sub- and super critical fluid chromatographic modalities have some
advantages in chiral separations due to critical temperature and pressure
of mobile phases used. Polysaccharide CSPs have been tested for
enantiomeric resolution in these modalities of liquid chromatographies
(84). Enantiomers of B-blockers have been resolved on cellulose zris-(3,5-
dimethylphenylcarbamate) CSPs using these modalities of liquid chroma-
tography (85, 86). Bargmann-Leyder et al. (87) also reported chiral
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separations of B-blockers and other drugs enantiomers on Chiralcel OD and
Chiralpak AD columns and studied the effects of pressure on the chiral
resolution of B-blockers by using Chiralpak AD, while no pressure effect
was observed on Chiralcel OD. Furthermore, these authors studied a
comparison of the chiral separations of B-blockers on HPLC and SFC; with
good separation in SFC in comparison to HPLC. Overbeke et al. (88)
resolved benzoxaprofen, temazepam and mephobarbital on Chiralcel OJ.
The effect of enantioselectivity of carbon dioxide on acidic drugs
(benzoxaprofen, temazepam and mephobarbital), profen and barbiturate
derivatives was carried out on Chiralcel OJ using acetonitrile or methanol as
organic modifiers.

Phinney et al. (89) reported chiral resolution of a series of
benzodizepines. Wang et al. (90) applied Chiralcel OD for the enantiomeric
resolution of camazepam and its metabolites. Siret et al. (91) reported chiral
resolution of calcium channel blockers on Chiralcel OJ. Kot et al. and
Wilson (92, 93) used amylose CSPs for the resolution of non-steroidal
inflammatory drugs (ibuprofen, flurbiprofen and related drugs). Stringham
et al. (94) resolved the enantiomers of four intermediates encountered in
synthetic process development for antiviral drugs on Chiralcel OD. The
same authors (95) reported chiral separation of basic compounds by SFC
using Chiralpak AD-H. According to the authors, an incorporation of
ethanesulfonic acid into sample solution and mobile phase resulted into a
dramatic improvement in the separations; as 36 of 45 basic compounds
separated successfully. Gyllennhaal and Stefansson (96) reported chiral
separations of four 2-substituted propionic acid drugs on Chiralpak AD
column. Blackwell (97) reported the enantiomeric resolution of isoxazoline-
based IIb/IIIb receptor antagonists on Chiralcel OD-H column using
various mobile phase additives.

Toribio et al. (98) carried out chiral separations of propiconazole
pesticide on Chiralpak AD (Figure8). Toribio et al. (99) reported the
chiral separation of ketoconazole and its precursors on Chiralpak AD
and Chiralcel OD. The authors reported that alcohol modifiers provided
better enantioselectivity than acetonitrile (Figure9). Bernal et al. (100)
described the chiral separation of four 1,3-dioxolane derivatives on an
amylose based column by optimizing temperature and pressure effects.
Optimization is a time consuming process and, hence, automated column
and modifier selection valves may be useful to carry out the chiral
separations of a variety of racemates by using sub-SFC/SFC (101). Zhao
et al. (102) studied the chiral separation of selected proline derivatives on
polysaccharide CSP; and the results were compared with HPLC
indicating better separations in SFC. Ottiger et al. (103) carried out the
enantioseparation of 1-phenyl-1-propanol on Chiralcel-OD in super-
critical fluid chromatography with good resolution factors. Recently,
Kromasil (104) introduced AmyCoat and CelluoCoat columns for use in
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Figure 8. Chromatograms of enantiomeric resolution of propiconazole in (a)
3% (v/v) ethanol 2 mL/min, (b) 5% (v/v) 2-propanol at 2 mL/min and (c) 5% (v/v)
2-propanol at 4 mL/min. on Chiralpak AD (98).

normal and reversed phase modes, for chiral separation of B-blockers,
profens and other chiral drugs in SFC. It has been observed that the
peaks were sharp and base line separation was achieved. The results
indicate a successful application of these phases. The enantiomeric
resolutions on SFC using polysaccharides CSPs and are given in Table 1.

Thin Layer Chromatography

Classical thin layer chromatography (TLC) has been used for chiral
separations first of all by Hesse and Hagel (55) to separate the Troger’s base
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Figure 9. The chiral chromatograms of cis-2-(2,4-dichlorophenyl)-2-(1H-imida-
zol-1-ylmethyl)1,3-dioxolane-4-methanol (1) and cis-[2-(2,4-dichlorophenyl)-2-
(1H-imidazol-1-ylmethyl)1,3-dioxolane-4-yl] methyl p-toluensulfonate (2) with
(a) compound 1 on Chiralpak AD column, 10% methanol, (b) compound 1,
Chiralcel OD column, 5% methanol and (c¢) compound 2 Chiralpak OD column,
15% ethanol (99).
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on polysaccharide by using cellulose acetate TLC plate in 1973. In addition,
other cellulose derivatives have been used for this purpose in TLC. Most
commonly used cellulose derivatives are tisphenylcarbamate, 2,3-dichlor-
ophenylcarbamate, 2,4-dichlorophenylcarbamate, 2,6-dichlorophenylcar-
bamate, 3,4-dichlorophenylcarbamate, 3,5-dichlorophenylcarbamate, 2,
3-dimethylphenylcarbamate and 3,5-dimethylphenylcarbamate. Aboul-
Enein et al. (105) reviewed enantiomeric separations of racemates on
polysaccharides chiral TLC plates. The authors discussed the role of the
substituents of polysaccharides derivatives on chiral resolution. The effect
of the substituents of cellulose derivatives and mechanisms of chiral
resolution on these plates was found similar to HPLC separations. Faulpel
(106) determined the chiral resolution capabilities of TLC, which resulted in
its commercialization. These plates are stable in aqueous (acid or base) and
non-aqueous mediums with the exception of glacial acetic acid and ketonic
solvents like acetone and ethyl acetate. Other chiral resolutions on cellulose
plates include oxindanac benzylester and 2-phenylcyclohexanone (107).

Xuan and Lederer (108) studied the enantiomeric resolution of
substituted tryptophan derivatives on microcrystalline cellulose. The
authors observed that aqueous solvents and liquid-liquid systems yielded
essentially the same separations, suggesting that adsorption could play a
role in liquid-liquid (partition) systems in some instances. Yuasa et al.
(109-113) separated the enantiomers of DL-tryptophan and their
derivatives by using crystalline cellulose as the chiral stationary phase
in TLC. The authors tried to explain the chiral recognition mechanisms.
They concluded that the helical form, which exist in different configura-
tions in aqueous and non-aqueous media; for polysaccharides are
responsible for chiral resolution. Suedee and Heard (114) reported the
resolution of the enantiomers of B-blockers by using cellulose phenyl
carbamate derivatives as the chiral stationary phase. Lepri et al. (115)
described the resolution of 21 racemates on microcrystalline cellulose
triacetate (MCTA) plates eluted with aqueous/organic mixtures contain-
ing methanol or ethanol or 2-propanol. Malinowska and Rozylo (116)
used chitin and chitosan as TLC plate material for enantiomeric
resolution of amino acids. The enantiomeric resolutions on TLC are
given in Table 1.

COATED VS IMMOBILIZED CSPS

The extent of chiral resolution of enantiomers by liquid chromatography
does not depend solely on chiral selectors but can be affected by a
number of other parameters. Many racemates have been resolved on
coated and immobilized polysaccharide chiral stationary phases simulta-
neously, which were found to be complimentary to each other. Some
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racemates could be resolved on coated CSPs only while others are better
resolved on the immobilized forms under the identical chromatographic
conditions. However, the ability to use a wide range of solvents is an
added advantage of immobilized CSP in comparison to the coated ones.
Solvents such as tetrahydrofuran (THF), chloroform, dichloromethane,
acetone, ethylacetate and methyl fert-butyl ether are prohibited with
coated CSPs and cannot be used but immobilized CSPs can tolerate these
solvents. Sometimes, the determination of kinetics, pharmacodynamics
and reaction mechanisms involve the above-cited solvents and, hence,
coated CSPs are not capable to work under such situations. On the other
hand, immobilized CSPs can be used for such requirements and,
therefore, immobilized CSPs have more wide range of potential
applications.

To compare the working capabilities of the coated and immobilized
CSPs, some authors attempted to carry out enantioseparation of various
racemates on these CSPs. Oliveros et al. (117) immobilized five different
derivatives of cellulose on silica gel and used for the chiral resolution of
warfarin, lorazepam, oxazepam, tertatolol, propranolol, pindolol,
naproxen, flubiprofen and nicardipine by using different combinations
of heptane-2-propanol, heptane-2-propanol-diethylamine, heptane-2-
propanol-trifluoroacetic acid, heptane-chloroform, heptane-chloroform-
diethylamine and heptane-chloroform-trifluoroacetic acid solvents
mixtures. The authors concluded that all CSPs were able to resolve
most of the studied racemates but cellulose 4-methylphenylcarbamate
derivative gave the best resolution.

Zhang et al. (8) compared the chiral separation of bupivacaine
racemate under identical chromatographic conditions [mobile phase-
acetonitrile-diethylamine (100:0.1, v/v)] on Chiralpak AD (coated) and
Chiralpak IA (immobilized) columns and the authors reported better
resolution on later column. Chen et al. (118) studied a comparison of
chiral recognition of immobilized CSPs and reported that the chemically
bonded type CSPs were found to be relatively more stable with solvents
such as tetrahydrofuran (THF) and chloroform into the mobile phase.
The choice of solvents used was greatly extended and better resolution of
several test enantiomers was observed on the immobilized CSPs with the
addition of THF and chloroform to the mobile phase. Aboul-Enein et al.
(53, 119) compared the chiral recognition capabilities of Chiralpak TA
column with Chiralpak AD for a variety of racemates and noted a
complimentary working nature of these two columns i.e. in some cases
Chiralpak AD column was found better while in other cases Chiralpak
IA gave the best results. Chen et al. (120) performed the enantiomeric
separations of tris-(2-phenylpyridine) iridium (III) complexes on
Chiralpak TA column by using n-hexane-CHCI;-CH,Cl, (75:20:5, v/v)
as an eluent. Nadalini et al. (121) studied the chromatographic behavior
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of a set of racemic dihydropyrimidines (DHPMs) on two polysaccharide
chiral stationary phases under normal phase conditions. One of these is
coated and the other chemically immobilized.

Ghanem et al. (122) compared enantiomeric resolution of cyclopro-
pen derivatives on both Chiralpak TA and Chiralpak AD by using a
mixture of n-hexane-2-propanol (90:10 and 99:1, v/v) as mobile phase,
which is shown in Figure 10, which indicates good resolution of some
derivatives on Chiralpak IA and some on Chiralpak AD. This sort of
behavior compels us to conclude the complimentary nature of these
columns. The solvent versatility of Chiralpak TA was investigated for the
enantioselective separation of a set of cyclopropane derivatives using
ethyl acetate or dichloromethane (DCM) as non-standard mobile phase

Claralpak AD Claralpalk IA
{-{5}6 FHERe 5K +}{R}6
u=1.09 o= 146
Rs= 1.92 Re= 4.04
i 7 T —
13.5 min 14,5 22.2 min 32,3
{-}(5)»7 +}(R}T  -H5HT (+HERT
=111 =135
Rs=2.32 Rs= 6.68
1=I.5 min 1'3.9 207 min 39.6
{-}5)8 {(+-R}8 CHEHE (+}R} 8§
= L.2% o=1.08
Rs: £.E8 Bs-1.86
15:5 min 19:'.r 41.3 Mik 44,5
-}5)k16 +}3EB¥F16 H(5}16 +}+(E} 16
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Figure 10. A comparison of enantiomeric resolution of cyclopropen derivatives
on both Chiralpak TA and Chiralpak AD (122).
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eluent and diluent. Furthermore, Ghanem et al. (123) compared the
enantiomeric resolution of racemic N-alkylated barbiturates and
thalidomide analogs on both immobilized and coated CSPs i.e.
Chiralpak IA and Chiralpak AD, respectively, by using a mixture of n-
hexane-2-propanol (90:10, v/v) as mobile phase. The authors observed
that Chiralpak TA as superior phase; possessing a high resolving power in
most of the reported cases. Furthermore, the same authors (124) studied
the direct enantio-separation of a set of racemic N-alkylated barbiturates
and analogs of thalidomide by using Chiralpak IB with different non-
standard solvents such as dichloromethane (DCM), ethyl acetate, THF,
methyl tert-butyl ether as an eluent and diluent. The authors also
compared the separation, elution and resolution of the compounds on
both immobilized and coated cellulose CSPs (Chiralpak IB and Chiralcel
OD), respectively, and concluded that the Chiralcel OD column possesses
a high resolving power in some cases than the immobilized one. However,
few racemates, were resolved better on Chiralpak IB. The chiral
separations on immobilized polysaccharide chiral phases are summarized
in Table 1.

A COMPARISON OF CSPS COMMERCIALIZED BY DIFFERENT
COMPANIES

We, the authors have been working since 1987 in the area of chiral
separations of various racemates by liquid chromatographic and have
quite enough experience, observation and dictations by scientific
experiments. We have used all most all chiral commercial columns of
above mentioned companies under normal and reversed phases modes.
To the best of our knowledge and experience CSPs supplied by Diacel are
the best ones followed by Kromasil, Macherey Nagel and Knauer. To the
best of our knowledge these columns are comparable to the Daicel
columns and are available with different dimensions and silica particle
sizes. Moreover, these columns have some advantages (125, 126) over
those supplied by others, which include:

Inexpensiveness.

Available on 5 and 3 um silica gel particle sizes.

No pressure limit and can work up to more than 300 bars.

Quick regeneration after using acidic and basic mobile phase additives.
Fast separations as 7.2 mL/min. flow rate can be used with 5cm long
column.

The application note of Kromasil (104) represents the chiral separations
of a variety of racemates by using these columns under both normal
and reversed phase modes. The various classes of racemates separated
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include B-blockers, profens, alkaloids and other chiral drugs. The
mobile phases used were different combinations of alkane and alcohols
with acidic and basic additives in normal phase mode. The separations
were achieved within 2 to 15 minutes in most of the cases. The mobile
phase recommended in reversed phase modes were different combina-
tions of phosphate buffer and acetonitrile and acetonitrile and water.
The separations were observed in short analysis time than in case of
normal phase. It is interesting to observe that the peaks are very sharp
with base line separation in these CSPs. Some important applications of
these CSPs are summarized in Table 1. Attempts have been made to
observethe and compile the capabilities of chiral separations by CSPs of
other companies and are included in Table 1, which gives a nice
comparision of chiral selectivities of different columns supplied by
various companies.

CHIRAL RECOGNITION MECHANISM

The enantiomeric recognition mechanism is one of the most important
issues for chiral analytical scientists for applying polysaccharides CSPs
properly and more precisely. But the chiral recognition mechanism at a
molecular level on these CSPs is still not clear. Even though some
experimental data support that chiral resolution is achieved through
different types of bondings on the chiral grooves of polysaccharides
CSPs. Hesse and Hagel (127) and Francotte et al. (57) suggested an
inclusion mechanism on the chiral grooves of the CTA-I matrix. Other
theoretical (128) and X-ray studies of the model compound, fully
acetylated D-glucopyronose-(R)-phenylethyl amine inclusion complex
also supported the inclusion mechanism. The main chiral sites of
bondings are polar carbonyl groups of esters which can interact with
racemic compounds through hydrogen bonding and dipole-dipole
interactions for chiral discrimination (25). Wainer and Alembic (129)
supported the above facts by studying a series of aromatic amides and
alcohols (130) on CTB phases. Most important adsorbing site on the
phenylcarbamate derivatives are polar carbamate groups; capable of
interacting with a racemic compound by hydrogen bonding with -NH-
and >C=0 groups and the dipole-dipole interaction on >C=0 (26).
Yashima et al. (131) has concluded that -NH- and >C=0 groups are
most important bonding sites. Furthermore, these authors extended their
work (132) and compared the chiral recognition between cellulose #ris-
(phenylcarbamate) (CTPC) and cellulose tris-(3,5-dimethylphenylcarba-
mate) (CDMPC) using trans-stilbene oxide and benzoin as the racemates.
The calculations of interaction energies between cellulose fris-(phenyl-
carbamate) (CTPC) or cellulose tris-(3,5-dimethylphenylcarbamate)
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(CDMPC) and trans-stilbene oxide or benzoin were performed by various
methods using force fields. The results indicated that the polar carbamate
residues of cellulose derivatives might be most important adsorbing site
for polar racemates and may play a crucial role in chiral recognition.
Aboul-Enein and Ali (133) carried out studies on the chiral resolution of
methylphenidate on polysaccharide CSPs and observed that w-n
interactions were also the important binding forces for the chiral
resolution of aromatic racemates. The best resolution of methylphenidate
(MPH) on Chiralcel OB column was achieved when phenol or benzoic
acid, separately, were used as mobile phase additives. Phenol or benzoic
acid form the MPH-phenol or MPH-benzoic acid pairs in which the
possibility of n-m interaction between these pairs and CSP is greater than
the possibility of -7 interactions between MPH and CSP. Therefore, the
improved resolution of MPH enantiomers occurred, when using phenol
or benzoic acid as the mobile phase additives, by an enhancement of ©-n
interactions. Similarly, these authors (134) also observed that coordina-
tion bonding also plays an important role for the chiral resolution of the
racemates having sulfur atom.

Figure 2 clearly shows the presence of chiral grooves on amylose and
cellulose materials, which provide chiral pocket to the enantiomers. The
electronegative atoms such as oxygen, nitrogen and halogens of
racemates form hydrogen bondings and dipole-dipole induced interac-
tions within these grooves. Besides, n-m interactions also occur between
phenyl ring of aromatic racemates and the CSP. During chiral resolution,
the enantiomers fit stereogenically in the different fashions into the chiral
grooves of the CSP which is stabilized by various types of bondings (as
discussed above) of different magnitudes and, hence, the resolution of
enantiomers occurred. In addition to these bondings, steric effect also
governs the chiral resolution on polysaccharide CSPs. Besides, some
other achiral weak bondings like Van der Waal forces may also
contribute in the chiral resolution.

POLYSACCHARIDE CSPS AND CHIRAL DRUGS
DEVELOPMENT

After issuing certain guidelines by U.S. F.D.A. and European agencies
the concept of chirality in drugs development has achieved recent
attention; specially for marketing of optically active (homochiral) drugs.
But, sometimes, homochiral drug enantiomer may racemize into human
body leading to the generation of other antipodes, which may be toxic or
ballast to the human beings. Besides, racemization reduces the admini-
strated dosage concentration as optically active enantiomer converted
into its inactive one. Therefore, enantioselective study of homochiral
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drugs is an important and urgent need of human friendly medication. For
this type of medication, the detail studies on chiral separation,
enantioselective toxicology, pharmacodynamics and stereoselective inter-
actions with receptors are very much required, which require effective
CSPs. And, of course, as discussed above polysaccharide based CSPs
have a wide range of applications and great potential to study the above
cited enatio-selective behavior of enantiomers. Moreover, the introduc-
tion of immobilized CSPs has make this task easy as the enantioselective
analyses can be carried out in any type of biological fluids and medium.
Briefly, polysaccharide CSPs are the boon in the area of the chiral drugs
development. Some reviews (7, 135-140) have appeared in the literature
describing chiral drug development involving the use of various CSPs
including polysaccharide based ones. The work of some scientists on
chiral drugs development by using polysaccharide CSPs is discussed in
the following section.

Kroemer et al. (141) described an enantiomer-enantiomer interaction
of (S)- and (R)-propafenone modifies; the effect of racemic drug therapy.
The authors used Chiralpak AD column for this purpose. The blood
samples were taken after 0.5, 1, 1.5, 2, 2.5, 3, 4, 6 and 24 hours after the
administration of propafenone. The authors reported that the pharma-
cological activity and toxicity profile of a racemate may be modulated by
enantiomer-enantiomer interactions. Lanchote et al. (142) discussed
enantio-selective concentrations of metoprolol in human plasma by using
solid phase extraction and Chiralpak-AD and Chiralcel-OD-H columns.
The correlation coefficients of the enantiomers in plasma were 5-223 ng/
mL. Kim et al. (143) presented a method for monitoring fate of
enantiomers of metoprolol in human urine samples. Authors used liquid-
liquid extraction followed by chiral HPLC. The column used was
Chiralcel-OD and the detection limit achieved was 25 ng/mL. Kanzawa et al.
(144) also studied metabolism of loxoprofen enantiomers in human plasma
on Chiralcel OJ column; after the administration of the therapeutic dose of
the racemic drugs. Teng et al. (145) studied the fate of flurbiprofen
enantiomers in rat serum on Chiralpak AD-RH column.

Masetto de Gaitani et al. (146) described the degradation of
thioridazine (THD) and thioridazine 2-sulfone (THD 2-SO,) in human
plasma by using Chiralpak AD and Chiralcel OD-H columns. The
authors reported that both enantiomers of THD and THD-2-SO, were
stable at varying temperatures, pH and ionic strengths. The solubility of
THD and THD 2-SO, enantiomers were observed at pHS8.5. The
influence of light on the stability of the THD and THD 2-SO,
enantiomers was also studied and the degradation of THD enantiomers
was observed at 254 and 366 nm while THD-2-SO, enantiomers were
stable at these wavelengths. Teng et al. (145) studied pharmacokinetic of
flurbiprofen in biological fluids by using Chiralpak AD-RH column.
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Cerqueira et al. (147) developed the chiral resolution method of o-
hydroxymetoprolol in human plasma and urine. The authors used solid
phase and liquid-liquid phase extractions techniques for the isolation
from plasma and urine respectively. The chiral column used was
Chiralpak-AD with n-hexane-ethanol-isopropanol-diethyleamine (80:10:
2:1.8:0.2, v/v) as mobile phase for plasma sample and n-hexane-
ethanol-diethyleamine (88:12:0.2, v/v) for urine sample separately and
respectively.

Aboul-Enein et al. (148) studied the chiral inversion of ketoprofen in
horse plasma by using of Chiralcel OJ-R column and concluded that the
chiral inversion of R-ketoprofen to S-ketoprofen is significant in equine
species. Furthermore, Aboul-Enein and Ali (149) studied enantioselective
interactions of cromakalim; an anti-hypertensive drug (potassium
channel activator); with plasma proteins. The authors reported strong
binding of (-)-chromakalim, which is pharmacologically active enantio-
mer. The columns used were Chiralpak AD-R, Chiralcel OD-R and
Chiralcel OJ-R. The mobile phases used were water-acetonitrile (70:30, v/
v) for Chiralpak AD-R and Chiralcel OD-R columns and water-
acetonitrile (80:20, v/v) for Chiralcel OJ-R column. The concentration
of cromakalim in human plasma was determined by using solid phase
extraction method. Papini, et al. (150) described kinetic disposition of
lorazepam with focus on the glucuronidation capacity, transplacental
transfer in parturients and racemization in biological samples. The study
was conducted on 10 healthy patients, aged 18-37 years with a
gestational age of 36-40.1 weeks, treated with a single oral dose of 2mg
racemic lorazepam 2-9 h before delivery; with collection of blood samples
over a 0-48h interval and the umbilical cord sample was obtained
immediately after clamping. The enantiomeric resolution of lorazepam
was carried out by LC-MS/MS using a Chiralcel OD-R column. As per
authors, pregnancy changed the pharmacokinetics of lorazepam enan-
tiomers with respect to occurrence of an increase in the apparent
distribution volume, an increase in apparent oral clearance and a
reduction in the elimination half life. Mateus et al. (151) described a
reduction of enantioselectivity in the kinetic disposition and metabolism
of verapamil and norverapamil in rats. The blood samples collected from
the tail up head after 6 h verapamil administration, which were analyzed
by LC-MS/MS on Chiralpak AD column.

POLYSACCHARIDE CSPS AND CHIRAL XENOBIOTICS

In recent years the concept of chirality has attracted environmental
scientists. Ali et al. (5, 152) has exposed the importance of chirality in the
environmental science having written the first book on chiral pollutants.
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Many xenobiotics are chiral in nature having different toxicities and,
hence, the determination of the exact toxicities of such pollutants needs
the concentrations of individual antipodes. As usual some CSPs have
been used to study the chiral ratio of different xenobiotics including
polysaccharide CSPs. Some papers describing the utility of polysacchar-
ide CSPs in the environment are described herein. Ali and Aboul-Enein
(153) separated o,p-DDT and o,p-DDD chiral pesticides on Chiralpak
AD-RH, Chiralpak OD-RH and Chiralpak OJ-R with acetonitrile-water
(50:50v/v) and acetonitrile-2-propanol (50:50v/v) as mobile phases.
Caccamese and Principato (154) reported the chiral resolution of four
enantiomeric paires of vincamine alkaloids by using Chiralpak AD
column with n-hexane-2-propanol and n-hexane-ethanol mobile phases.
The authors concluded that (+)-cis-vincamine eluted much faster as
compare to the other optical isomers. Ellington et al. (128) described
enantio-separation of organophosphorus pesticides (dialifor, fonofos,
fenamiphos, fensulfothion, isofenphos, malathion, methamidophos,
profenofos, crufomate, prothiophos and trichloronate) with heptane
and ecthanol as mobile phase on Chiralpak OD, OJ, AS, AD and
Chiralcel OG as chiral selectors. Li et al. (155) performed the chiral
resolution of phenthoate in soil samples. The authors used Chiralcel OD
chiral column with hexane-2-propanol (100: 0.8, v/v) as mobile phase.

Xu and co-workers (156) reported chiral separation and aquatic
toxicity of enantiomers of the pyrethroid insecticide A-cyhalothrin. The
columns used were Chiralpak AD, Chiralpak AS, Chiralcel OD and
Chiralcel OJ with ethanol and isopropanol as eluent modifiers. Kim et al.
(157) studied enantiomeric separation of pyrethroic acid methyl and ethyl
esters on Chiralcel OD and Chiralcel OF columns with hexane-2-propanol
as mobile phase. The author observed greater chiral resolution capability of
Chiralcel OD than Chiralcel OF column. Furthermore, the same authors
(158) resolved aminothiazolecarboxamide fungicide (ethaboxam) on
Chiralcel OD, Chiralcel OD-H and Chiralpak AS columns. Lin et al.
(159) determined stereoisomeric separation and toxicity of the nematicide
fosthiazate. All four stereoisomers of fosthiazate were separated success-
fully with a Chiralpak AD and Chiralpak AD-R columns. Recently, Jiang
et al. (160) described the chiral separation of pyrethroid cycloprothrin
xenobiotic along with its stereo-selective insecticidal activity. The columns
used were Chiralcel OJ-H and Chiralcel OD-H. Li et al. (161) reported
enantiomeric separation and aquatic toxicity of 1-(substituted phenoxya-
cetoxy)alkylphosphonate herbicide enantiomers. The chiral columns
applied for this work were Chiralpak AD, Chiralpak AS, Chiralcel OD
and Chiralcel OJ. The chiral separations were optimized by varying the
composition of mobile phase and experimental temperature. Some of the
applications of polysaccharide CSPs in the chiral separations of xenobiotics
are summarized in Table 1.
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CONCLUSION

The origin of polysaccharide CSPs has a long history but the
commercial columns came into the market in 1980s and since then
these CSPs have become the leaders in chiral separations. These CSPs
have given a great impetus to chiral drugs developments. The
immobilization of these CSPs has made possible the determination of
various enantiomer-enantiomer interactions in different matrices;
responsible for developing and designing homochiral drugs. Besides,
immobilized CSPs can be used to monitor certain stereospecific
reactions, which are only possible to carry out in polar solvents. In
addition to this, these CSPs may be useful to ascertain chiral
recognition mechanisms and monitoring stereo-controlled reactions;
carried out in prohibited solvents such as tetrahydrofuran, chloroform,
dichloromethane, acetone, 1,4-dioxane, cthylacetate and methyl tert-
butyl ether. Of course, these CSPs are quite developed but still not
capable to separate racemates at preparative scale (kilogram quan-
tities), which is the urgent need of pharmaceutical industries. We would
like to mention here that the Government and controlling authorities of
some developing countries of Asia and Africa continents should come
forward to introduce the homochiral drugs for better lives of the public.
Briefly, polysaccharide CSPs should be developed more; capable to
resolve racemates at kg levels; and the concept of homochiral drugs
must be introduced all over the world including developing and under
developed countries.

REFERENCES

1. Haity, R.J. (1809) Tableaux Comparatif des Resultats de la
Crystallographie et de Lanalyse Chimique Relativement a la Classification
des Minerau; Paris.

2. Pasteur, L. (1848) Memoire sur la relation qui peut exister entre la forme
cristalline et al composition chimique et sure la cause de la polarisation
Comptes Rendues. de I’ Acad. des. Sci., 26: 535-537.

3. Blaschke, G., Kraft, H.P., Fickentscher, K., and Kohler, F. (1979)
Chromatographic separation of racemic thalidomide and teratogenic
activity of its enantiomers. Drug Res., 29: 1640-1642.

4. Aitken, R.A., Parker, D., Taylor, R.J., Gopal, J., and Kilenyi, R.N. (1992)
Asymmetric Synthesis; Blackie Acad. & Professional: New York.

5. Ali, I. and Aboul-Enein, H.Y. (2004) Chiral Pollutants: Distribution,
Toxicity and Analysis by Chromatography and Capillary Electrophoresis,
John Wiley & Sons: Chichester, UK.

6. Aboul-Enein, H.Y. and Ali, 1. (2003) Chiral Separations by Liquid
Chromatography and Related Technologies, Marcel Dekker, Inc: New
York, USA.



15:54 30 January 2011

Downl oaded At:

Carbohydrate Chiral Stationary Phases 133

7.

8.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Alj, 1. (2007) Homochiral drug design and development by racemization. J.
Comb. Chem & High Through. Screen., 10: 326-335, 327.

Zhang, T., Kientzy, C., Franco, P., Ohnishi, A., Kagamihara, Y., and
Kurosawa, H. (2005) Solvent versatility of immobilized 3,5-dimethylphe-
nylcarbamate of amylose in enantiomeric separations by HPLC. J.
Chromatogr. A., 1075: 65-75.

Chankvetadze, B. (2004) Enantioseparation in capillary chromatography
and capillary electrochromatography using polysaccharide-type chiral
stationary phase. Meth. Mole. Biol., 243: 387-400.

Nishi, H. (2004) Chiral separation by capillary electrophoresis using
polysaccharides. Meth. Mol. Biol., 243: 343-353.

Aboul-Enein, H.Y. and Ali, 1. (2004) Application of polysaccharide-based
chiral stationary phase for resolution of different compound classes. Meth.
Mole. Biol., 243: 183-196.

Yamamoto, C. and Okamoto, Y. (2004) Chiral separation by HPLC using
polysaccharide-Based Chiral stationary phases. Meth. Mole. Biol., 243: 173~
183.

Ali, I. and Aboul-Enein, H.Y. (2007) Immobilized Polysaccharide CSPs: An
advancement in Enantiomeric Separations. Curr. Pharm. Anal., 3: 71-82.
Ali, 1. and Aboul-Enein, H. Y. (2006) Impact of immobilized polysaccharide
chiral stationary phases on enantiomeric separations. J. Sep. Sci., 29: 762—
769.

Okamoto, Y. (1987) Separation of optical isomers by chiral HPLC.
Chemtech., 17: 176-181.

Okamoto, Y. and Aburatani, R. (1989) Separation of optical isomers by
high performance liquid chromatography. Polym. News, 14: 295-299.
Kotake, M., Sakan, T., Nakamura, N., and Senoh, S. (1951) Resolution
into optical isomers of some amino acids by paper chromatography. J. Am.
Chem. Soc., 73: 2973-2974.

Yashima, E. and Okamoto, Y. (1997). Chiral recognition mechanism of
polysaccharide chiral stationary phase. In The Impact of Stereochemistry on
Drugs Development and Use (Aboul-Enein, H.Y., and Wainer, .LW., Eds.);
John Wiley & Sons: New York.

Okamoto, Y. and Yashima, E. (1997) Chiral recognition by optically active
polymers. In Molecular Design Polymeric Materials (Hatada, K., Kitayama,
T., and Vogl, O., Eds.); Marcel Dekker, Inc: New York.

Ronden, N.G., Nyquist, R.A., Gillie, J.K., Nicholson, L.W., and Goralski,
CT. (1993) 4th Int. Symposium, Montreal, Canada, Abstract 162: 90.
Shibata, T., Mori, K., and Okamoto, Y. (1989) Polysaccharide phases. In
Chiral Separation by HPLC (Krstulovic, A.M. Ed.); Ellis Horwood: New
York.

Okamoto, Y., Kawashima, M., Yamamoto, K., and Hatada, K. (1984)
Chromatographic resolution. 6. Useful chiral packing material for high
performance liquid chromatographic resolution: Cellulose triacetate and
tribenzoate coated on macroporous silica gel. Chem. Lett., 13: 739-742.
Kubota, T., Yamamoto, C., and Okamoto, Y. (2003) Preparation of chiral
stationary phase for HPLC based on immobilization of cellulose 3,5-
dimethylphenylcarbamate derivatives on silica gel. Chirality, 15: 77-82.



15:54 30 January 2011

Downl oaded At:

134

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Ali et al.

Okamoto, Y., Aburatani, R., and Hatada, K. (1987) Chromatographic
chiral resolution: XIV. Cellulose tribenzoate derivatives as chiral stationary
phases for high-performance liquid chromatography. J. Chromatogr., 389:
95-102.

Okamoto, Y., Kawashima, M., and Hatada, K. (1986) Chromatographic
resolution: XI. Controlled chiral recognition of cellulose triphenylcarbamate
derivatives supported on silica gel. J. Chromatogr., 363: 173-186.
Okamoto, Y. and Kaida, Y. (1994) Resolution by highperformance liquid
chromatography using polysaccharide carbamates and benzoates as chiral
stationary phases. J. Chromatogr. A, 666: 403—419.

Okamoto, Y., Oshashi, T., Kaida, Y., and Yashima, E. (1993) Resolution of
enantiomers by HPLC on tris(4-alkoxyphenylcarbamate)s of cellulose and
amylase. Chirality, 5: 616-621.

Yashima, E., Noguchi, J., Okamoto, Y., and Fac. E. (1992) Enantiomer
separation with cellulose tris(3,5-dimethylphenylcarbamate) membrane.
Enantioselective adsorption and desorption. Chem. Lett., 10:1959-1062.
Chankvetadze, B., Yashima, E. Okamoto, Y. (1994) Chloromethylpheny-
Icarbamate derivatives of cellulose as chiral stationary phases for high-
performance liquid chromatography. J. Chromatogr. A, 670: 39-49.
Okamoto, Y., Aburatani, R., Fukumoto, T., and Hatada, K. (1987)
Chromatographic resolution. XVII. Useful chiral stationaryphases for
HPLC. Amylose tris-(3,5-dimethyl-phenylcarbamate) and tris-(3,5-dichlor-
ophenylcarbamate) supported on silica gel. Chem. Lett., 1857-1860.
Okamoto, Y., Aburatani, R., and Hatada, K. (1990) Chromatographic
optical resolution on 3,5-disubstituted phenylcarbamates of cellulose and
amylose. Bull. Chem. Soc. Jpn., 63: 955-957.

Chankvetadze, B., Yashima, E., and Okamoto, Y. (1995) Dimethyl-,
dichloro- and chloromethylphenylcarbamates of amylose as chiral station-
ary phases for high-performance liquid chromatography. J. Chromatogr. A,
694: 101-109.

Okamoto, Y., Aburatani, R., Hatano, K., and Hatada, K. (1988) Optical
resolution of racemic drugs by chiral HPLC on cellulose and amylose tris-
phenyl carbamate derivatives. J. Lig. Chromatogr., 11: 2147-2163.

Witte, D.T., Bruggeman, F.J., Franke, J.P., Copinga, S., Jansen, J.M., and
Zeeuw, R.A. de (1993) Comparison between cellulose and amylose tris(3,5-
dimethylphenylcarbamate) chiral stationary phases for enantiomeric separa-
tion of 17 amidotetralins. Chirality, 5: 545-553.

Matlin, S.A., Tiritan, M.E., Crawford, A.J., Cass, Q.B., and Boyd, D.R.
(1994) HPLC with carbohydrate carb K. Lin ate chiral phases: Influence of
chiral phase structure on enantioselectivity. Chirality, 6:135-140.

Yashima, E., Yamamoto, C., and Okamoto, Y. (1995) Enantioseparation
on fluoromethylphenylcarbamates of cellulose and amylose as chiral
stationary phases for high-performance liquid chromatography. Polym. J.,
27: 856-861.

Yashima, E., Kasashima, E., and Okamoto, Y. (1997) Enantioseparation
on 4-halogen-substituted phenylcarbamates of amylose as chiral station-
ary phases for high-performance liquid chromatography. Chirality. 9: 63—
68.



15:54 30 January 2011

Downl oaded At:

Carbohydrate Chiral Stationary Phases 135

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

Luo, X., Zhai Wu, Z.X., Shi, Y., Chen, L., and Li, Y. (2006) Analytical
and semipreparative resolution of ranolazine enantiomers by liquid
chromatography using polysaccharide chiral stationary phases. J. Sep.
Sci., 29:164-171.

Belaz, K.R., Coimbra, M., Barreiro, J.C., Montanari, C.A., and Cass, Q.B.
(2008) Multimilligram enantioresolution of sulfoxide proton pump inhibi-
tors by liquid chromatography on polysaccharide-based chiral stationary
phase. J. Pharm. Biomed. Anal., 47:81-87.

Stringham, R.W. and Ye, Y.K. (2006) Chiral separation of amines by high-
performance liquid chromatography using polysaccharide stationary phases
and acidic additives. J. Chromatogr. A, 1101: 86-93.

Myrdal, P.B., Angersbach, B.S., Karlage, K., and Kuehl, P.J. (2006) Chiral
separation of lipoxygenase metabolites utilizing high-performance liquid
chromatography. J. Chromatogr. A, 1132: 315-319.

Yu, L., Mei-Li, F., and Jie-Guo, X. (2006) Enantiomeric separation of
fluoxetine derivatives on polysaccharide-based chiral columns. Arch.
Pharm., 339: 461-465.

Caccamese, S., Bianca, S., and Carter, G.T. (2007) Direct high-performance
liquid chromatographic separation of the enantiomers of an aromatic amine
and four aminoalcohols using polysaccharide chiral stationary phases and
acidic additive. Chirality, 19: 647-653.

Sztojkov-Ivanov, A., Toth, D., Szatmari, 1., Fiilop, F., and Péter, A. (2007)
High-performance liquid chromatographic enantioseparation of 1-(ami-
noalkyl)-2-naphthol analogs on polysaccharide-based chiral stationary
phases. Chirality, 19:374-379.

Zhao, Y. and Pritts, W.A.J. (2007) Chiral separation of selected proline
derivatives using a polysaccharide type stationary phase by high-performance
liquid chromatography. Chromatogr. A, 1156: 228-235.

Khan, M., Viswanathan, B., Rao, D.S., and Reddy, R. (2007) Chiral separation
of Frovatriptan isomers by HPLC using amylose based chiral stationary phase.
J. Chromatogr. B Anal. Technol. Biomed. Life Sci., 846: 119-123.

Xu, Z., Ding, Z., Xu, X., and Xie, X. (2008) Enantioseparation of 2-aryl-
1,3-dicarbonyl analogues by high performance liquid chromatography using
polysaccharide type chiral stationary phase. Chirality, 20: 147-150.

Lee, K.A., Yeo, S., Kim, K.H., Lee, W., and Kang, J.S. (2008)
Enantioseparation of N-fluorenylmethoxycarbonyl o-amino acids on
polysaccharide-derived chiral stationary phases by reverse mode liquid
chromatography. J. Pharm. Biomed. Anal., 46:914-919.

Ye, Y.K. and Stringham, R.W. (2006) The effect of acidic and basic
additives on the enantioseparation of basic drugs using polysaccharide-
based chiral stationary phases. Chirality, 18: 519-530.

Bielejewska, A., Duszczyk, K., Kulig, K., Malawska, B., Miskiewicz, M.,
Les, A., and Zukowski, J. (2007) Influence of the mobile phase composition
on chiral recognition of some pyrrolidin-2-ones in the liquid chromato-
graphic system with polysaccharide stationary phases. J. Chromatogr. A,
1173: 52-57.

Nageswara Rao, R., Narasa Raju, A., and Nagaraju, D. (2006) An
improved and validated LC method for resolution of bicalutamide



15:54 30 January 2011

Downl oaded At:

136

52.

53.

54.

55.

56.

57.

58.

59.

60.

6l.

62.

63.

Ali et al.

enantiomers using amylose tris-(3,5-dimethylphenylcarbamate) as a chiral
stationary phase. J. Pharm. Biomed. Anal., 42:347-353.

Nageswara Rao, R., Nagaraju, D., and Narasa Raju, A. (2006)
Enantiomeric resolution of doxazosin mesylate and its process-related
substances on polysaccharide chiral stationary phase. J. Pharm. Biomed.
Anal., 41: 766-773.

Ghanem, A., Hoenen, H., and Aboul-Enein, H.Y. (2006) Application and
comparison of immobilized and coated amylose tris-(3,5-dimethylphenyl-
carbamate) chiral stationary phases for the enantioselective separation of -
blockers enantiomers by liquid chromatography. Talanta, 68:602—609.
Yashima, E., Yamamoto, C., and Okamoto, Y. (1996) NMR Studies of
chiral discrimination relevant to the liquid chromatographic enantiosepara-
tion by a cellulose phenylcarbamate derivative. J. Am. Chem. Soc.,
118:4036-4048.

Hesse, G. and Hagel, R. (1973) Eine vollstandige racemattrennung durch
elutions chromatographie an cellulose-tri-acetate. Chromatographia, 6: 277—
280.

Francotte, E. and Wolf, R.M. (1992) Chromatographic resolution on
methylbenzoylcellulose beads: Modulation of the chiral recognition by
variation of the position of the methyl group on the aromatic ring. J.
Chromatogr., 595: 63-75.

Francotte, E., Wolf, R.M., Lohmann, D., and Mueller, R. (1985)
Chromatographic resolution of racemates on chiral stationary phases: 1.
Influence of the supramolecular structure of cellullose triacetate. J.
Chromatogr., 347: 25-37.

Francotte, E. and Wolf, R.M. (1990) Preparation of chiral building blocks
and auxiliaries by chromatography on cellulose triacetate (CTA I):
Indications for the presence of multiple interaction sites in CTA.
Chirality, 2: 16-31.

Shibata, T., Sei, T, Nishimura, H., and Deguchi, K. (1987) Hysteretic effect
of coating solvent on chiral recognition by cellulose derivatives.
Chromatographia, 24: 552-554.

Yashima, E., Sahavattanapong, P., and Okamoto, Y. (1996) HPLC
enantioseparation on cellulose tris(3,5-dimethylphenylcarbamate) as a chiral
stationary phase: Influences of pore size of silica gel, coating amount,
coating solvent, and column temperature on chiral discrimination. Chirality,
8: 446-451.

Juvancz, Z., Grolimund, K., and Francotte, E. (1992) Use of cellulose-based
stationary phases for chiral separation in open tubular column chromato-
graphy. Chirality, 4: 459-461.

Francotte, E. (1994) Contribution of preparative chromatographic resolu-
tion to the investigation of chiral phenomena. J. Chromatogr. A, 666: 565—
601.

Cirilli, R., Costi, R., Di Santo, R., Ferretti, R., Torre, F.L., Angiolella, L.,
and Micocci, M. (2002) Analytical and semipreparative enantiomeric
separation of azole antifungal agents by high-performance liquid chroma-
tography on polysaccharide-based chiral stationary phases: Application to
in vitro biological studies. J. Chromatogr A., 942: 107-114.



15:54 30 January 2011

Downl oaded At:

Carbohydrate Chiral Stationary Phases 137

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Jansen, J.M., Copinga, S., Gruppen, G., Isaksson, R., Witte, D.T., and
Grol, C.J. (1994) Semipreparative enantiomeric separation of a series of
putative melatonin receptor agents using tri-acetylcellulose as chiral
stationary phase. Chirality, 6: 596-604.

Magri, M.L. Vanthuyne, N. Roussel, C. Garcia, M.B., and Orelli, L.R.
(2005) Separation of atropisomeric 1,4,5,6-tetrahydropyrimidinium salts by
chiral HPLC and determination of their enantiomerization barriers. J.
Chromatogr. A, 1069: 203-208.

de Veredas, V., Carpes, M.J., Correia, C.R., and Santana, C.C. (2006)
Continuous chromatographic separation of a baclofen precursor (N-Boc-4-
[p-chloro-phenyl]-2-pyrrolidone) in a simulated moving bed using a
polysaccharide carbamate as chiral stationary phase. J. Chromatogr. A,
1119:156-162.

Collina, S., Loddo, G., Urbano, M., Rossi, D., Mamolo, M.G., Zampieri,
D., Alcaro, S., Gallelli, A., and Azzolina, O. (2006) Enantioselective
chromatography and absolute configuration of N,N-dimethyl-3-(naphtha-
len-2-yl)-butan-1-amines: Potential sigmal ligands. Chirality, 18: 245-253.

Cirilli, R., Orlando, V., Ferretti, R., Turchetto, L., Silvestri, R., De
Martino, G., and La Torre, F. (2006) Direct HPLC enantioseparation of
chiral aptazepine derivatives on coated and immobilized polysaccharide-
based chiral stationary phases. Chirality, 18: 621-632.

Cirilli, R., Ferretti, R., Gallinella, B., La Torre, F., Mai, A., and Rotili, D.
(2006) Analytical and semipreparative high performance liquid chromato-
graphy separation of stereoisomers of novel 3,4-dihydropyrimidin-4(3H)-
one derivatives on the immobilised amylose-based Chiralpak IA chiral
stationary phase. J. Sep.Sci., 29: 1399-1406.

Saito, M., Yamauchi, Y., Higashidate, S., and Okamoto, Y. (1995) In 35t
Anniv. Res. Group Liq. Chromatogr. (Hatano, H. and Hanai, T., Eds.);
Japan World Scientific, Singapore, 863.

Oka, K., Shoda, S., Kato, K., Watanabe, T., Nakazawa, H., Hiroyki, T.,
Kawasaki, T., and Ikeda, M. (1999) Chiral separation of troglitazone by
SFC. Chromatogr., 20: 310-311.

Toribio, L., Alonso, C., del Nozal, M.J., Bernal, J.L., and Martin, M.T.
(2006) Semipreparative enantiomeric separation of omeprazole by super-
critical fluid chromatography. J. Chromatogr. A, 1137: 30-35.

Wistuba, D. and Schuring, V. (2000) Enantiomer separation of chiral
pharmaceuticals by capillary electrochromatography. J. Chromatogr. A,
875: 255-276.

Lammerhofer, M. (2005) Chiral separations by capillary electromigration
techniques in nonaqueous media: II. Enantioselective nonaqueous capillary
electrochromatography. J. Chromatogr. A, 1068: 31-57.

Krause, K., Girod, M., Chankvetadze, B., and Blaschke, G. (1999)
Enantioseparations in normal- and reversed-phase nano-high-performance
liquid chromatography and capillary electrochromatography using poly-
acrylamide and polysaccharide derivatives as chiral stationary phases. J.
Chromatogr. A, 837: 51-63.

Girod, M., Chankvetadze, B., Okamoto, Y., and Blaschke, G. (2001) Highly
efficient enantioseparations in non-aqueous capillary electrochromatography



15:54 30 January 2011

Downl oaded At:

138

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

Ali et al.

using cellulose tris(3,5-dichlorophenylcarbamate) as chiral stationary phase. J.
Sep. Sci., 24: 27-34.

Chankvetadze, B., Kartozia, 1., Okamoto, Y., and Blaschke, G. (2001)
The effect of pore size of silica gel and concentration of buffer on capillary
chromatographic and capillary electrochromatographic enantiosepara-
tions using cellulose tris(3,5-dichlorophenylcarbamate). J. Sep. Sci., 24:
635-642.

Meyring, M., Chankvetadze, B., and Blaschke, G. (2000) Simultaneous
separation and enantioseparation of thalidomide and its hydroxylated
metabolites using high-performance liquid chromatography in common-size
columns, capillary liquid chromatography and nonaqueous capillary
electrochromatography. J. Chromatogr. A, 876:157-167.

Girod, M., Chankvetadze, B., and Blaschke, G. (2001) Enantioseparations
using nonaqueous capillary electrochromatography on cellulose and
amylose tris(3,5-dimethylphenylcarbamates) coated on silica gels of various
pore and particle size. Electrophoresis, 22: 1282—1291.

Mayer, S., Briend, X., and Francotte, E. (2000) Separation of enantiomers
by packed capillary electrochromatography on a cellulose-based stationary
phase. J. Chromatogr. A, 875:331-339.

Mangelings, D., Hardies, N., Maftouh, M., Suteu, C., Massart, D.L., and
Van der Heyden, Y. (2003) Enantioseparations of basic and bifunctional
pharmaceuticals by capillary electrochromatography using polysaccharide
stationary phases. Electrophoresis, 24: 2567-2576.

Mangelings, D., Maftouh, M., Massart, D.L., and Van der Heyden, Y.
(2004) Enantioseparations by capillary electrochromatography: Differences
exhibited by normaland reversed-phase versions of polysaccharide sta-
tionary phases. Electrophoresis, 25: 2808-2816.

Mangelings, D., Tanret, 1., Matthijs, N., Maftouh, M., Massart, D.L. and
Vander Heyden, Y. (2005) Separation strategy for acidic chiral pharma-
ceuticals with capillary electrochromatography on polysaccharide stationary
phases. Electrophoresis, 26: 818-832.

Macaudiere, C., Rosset, M., and Tambute, R. (1988) Chiral resolution
of a series of 3-thienylcyclohexylglycolic acids by liquid or subcritical
fluid chromatography: A mechanistic study. J. Chromatogr., 450: 255—
269.

Biermanns, P., Miller, C., Lyon, V., and Wilson, W. (1993) Chiral
separation of beta- blockers by packed column supercritical fluid
chromatography. LC-GC., 11: 744-747.

Lee, C.R., Porziemsky, J.P., Aubert, M.C., and Krstulovic, A.M. (1991)
Liquid and high-pressure carbon dioxide chromatography of B-blockers:
Resolution of the enantiomers of nadolol. J. Chromatogr., 539: 55-69.
Bargmann-Leyder, N., Tambute, A., and Caude, M. (1995) A comparison
of LC and SFC for cellulose- and amylose-derived chiral stationary phases.
Chirality, 7: 311-32.

Overbeke, A.V., Sandra, P., Medvedovici, A., Baeyens, W., and Aboul-
Enein, H.Y. (1997) Application of chiralcel OJ in supercritical fluid
chromatography for the resolution of different groups of frequently used
drug racemates. Chirality, 9: 126-132.



15:54 30 January 2011

Downl oaded At:

Carbohydrate Chiral Stationary Phases 139

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

Phinney, K.W., Sanders, L.C., and Wise, S.A. (1998) Coupled achiral/chiral
column techniques in subcritical fluid chromatography for the separation of
chiral and nonchiral compounds. Anal. Chem., 70: 2331-2335.

Wang, M.Z., Klee, M.S., and Yang, K.S. (1995) Achiral and chiral analysis
of camazepam and metabolites by packed-column supercritical fluid
chromatography. J. Chromatogr. B Biomed Appl., 665: 139-146.

Siret, L., Macaudiere, P., Bargmann-Leyder, N., Tambute, A., Caude, M.,
and Guogeon, E. (1994) Separation of the optical isomers of a new 1,4-
dihydropyridine calcium channel blocker (LF 2.0254) by liquid and
supercritical fluid chromatography. Chirality, 6: 440-445.

Kot, A., Sandra, P., and Venema, A. (1994) Sub- and supercritical fluid
chromatography on packed columns: a versatile tool for the enantiose-
lective separation of basic and acidic drugs. J. Chromatogr. Sci., 32: 439—
448.

Wilson, W.H. (1994) Direct enantiomeric resolution of ibuprofen and
flurbiprofen by packed column SFC. Chirality, 6: 216-219.

Stringham, R.W., Lynam, K.G., and Grasso, C.C. (1994) Application of
Subcritical Fluid Chromatography to Rapid Chiral Method Development.
Anal. Chem., 66: 1949-1954.

Stringham, R.W. (2005) Chiral separation of amines in subcritical fluid
chromatography using polysaccharide stationary phases and acidic addi-
tives. J. Chromatogr. A, 1070: 163-170.

Gyllennhaal, O. and Stefansson, M. (2005) Reversal of elution order for
profen acid enantiomers in packed-column SFC on Chiralpak AD.
Chirality, 17: 257-265.

Blackwell, J.A. (1998) Manipulation of chiral resolution for isoxazoline-
based IIb/I11a receptor antagonists using various mobile phase additives in
subcritical fluid chromatography. Chirality, 10: 338-342.

Toribio, L., del Nozal, M.J., Bernal, J.L., Jiménez, J.J., and Alonso, C.
(2004) Chiral separation of some triazole pesticides by supercritical fluid
chromatography. J. Chromatogr. A, 1046: 249-253.

Toribio, L., Bernal, J.L., Nozal, M.J., Jimenze, J.J., and Nieto, E.M. (2001)
Applications of the Chiralpak AD and Chiralcel OD chiral columns in the
enantiomeric separation of several dioxolane compounds by supercritical
fluid chromatography. J. Chromatogr. A, 921: 305-313.

Bernal, J.L., Toribio, L., Nozal, M.J., Nieto, E.M., and Jimneze, J.J. (2000)
Chiral separation of four 1,3-dioxolane derivatives by supercritical fluid
chromatography on an amylose-based column. J. Chromatogr. A, 871:127—
137.

Villeneuve, M.S. and Anderegg, R.J. (1998) Analytical supercritical fluid
chromatography using fully automated column and modifier selection
valves for the rapid development of chiral separations. J. Chromatogr. A,
826: 217-225.

Zhao, Y., Pritts, W.A., and Zhang, S. (2008) Chiral separation of selected
proline derivatives using a polysaccharide-type stationary phase by super-
critical fluid chromatography and comparison with high-performance liquid
chromatography. J. Chromatogr A, 1189: 245-253.



15:54 30 January 2011

Downl oaded At:

140

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

Ali et al.

Ottiger, S., Kluge, J., Rajendran, A., and Mazzotti, M. (2007)
Enantioseparation of 1-phenyl-1-propanol on cellulose-derived chiral
stationary phase by supercritical fluid chromatography: II. Non-linear
isotherm. J. Chromatogr. A, 1162: 74-82.

Application guide Kromasil® AmyloCoat™ and CelluCoat™, www.
kromasil.com.

Aboul-Enein, H.Y., El-Awady, M.1., Heard, C.M., and Nicholls, P. (1999)
Application of thin-layer chromatography in enantiomeric chiral analysis-
an overview. Biomed. Chromatogr., 13: 531-537.

Faupel, M. (1987) 4th Int. symposium on instrumental TLC, Selvino/
Bergamo, Italy.

Giinther, K. (1991) Enantiomer separations. In Handbook of thin layer
chromatography (Sherma, J. and Fried, B., Eds.); Marcel Dekker Inc: New
York.

Xuan, H.T.K. and Ledrere, M. (1993) Adsorption chromatography on
cellulose: IX. Chiral separations with aqueous solvents and liquid-liquid
systems. J. Chromatogr., 635: 346-348.

Yuasa, S., Itoh, M., and Shimada, A.K. (1984) Resolution of amino acids
by a native-cellulose column. J. Chromatogr. Sci., 22: 288-292.

Yuasa, S., Shimada, A., Isoyama, M., Fukuhara, T., and Itoh, M. (1986)
Cellulose conformation responsible for resolution of DL-amino-acids.
Chromatographia, 21: 79-82.

Yuasa, S., Shimada, A., Kameyama, K., Yasui, M., and Adzuma, K. (1980)
Cellulose thin-layer and column chromatography for resolution of DL-
tryptophan. J. Chromatogr. Sci., 18: 311-315.

Yuasa, S. (1994) Molecular chirality and the origin of life. J. Biol. Phys., 20:
229-233.

Yuasa, S., Fukuhara, T., Isoyama, M., Tanaka, M., and Shimada, A. (1997)
Resolution of DL-amino acids on a native cellulose column and a plausible
mechanism for their resolution. Biomed. Chromatogr., 11: 276-279.
Suedee, R. and Heard, C.M. (1997) Direct resolution of propranolol and
bupranolol by thin-layer chromatography using cellulose derivatives as
stationary phase. Chirality, 9: 139-144.

Lepri, L., Del-Bubba, M.D., and Masi, F. (1997) Reversed-Phase planar
chromatography of enantiomeric compounds on microcrystalline cellulose
triacetate (MCTA). J. Planar. Chromatogr. Mod. TLC, 10: 108-113.
Malinowska, 1. and Rozylo, J.K. (1997) Separation of optical isomers of
amino acids on modified chitin and chitosan layers. Biomed. Chromatogr.,
11: 272-275.

Oliveros, L., Senso, A., Franco, P., and Minguillon, C. (1998) Carbamates
of cellulose bonded on silica gel: Chiral discrimination ability as HPLC
chiral stationary phases. Chirality, 10: 283-288.

Qin, F., Chen, X., Liu, Y., Kong, L., and Zou, H. (2004) Preparation of
covalently bonded cellulose tris (4-methylbenzoate) derivative chiral
stationary phases through a polymerization reaction. Sepu., 22; 569-574.
Ghanem, A. and Aboul-Enein, H.Y. (2005) Comparison, applications,
advantages, and limitations of immobilized and coated Amylose Tris-(3,



15:54 30 January 2011

Downl oaded At:

Carbohydrate Chiral Stationary Phases 141

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

5-dimethylphenylcarbamate) chiral stationary phases in HPLC. J. Lig.
Chromatogr. & Rel. Technol., 28: 2669-2675.

Chen, X., Okamoto, Y., Yano, T., and Otsuki, J. (2007) Direct enantiomeric
separations of tris(2-phenylpyridine) iridium (III) complexes on polysac-
charide derivative-based chiral stationary phases. J. Sep. Sci., 30: 713-716.
Nadalini, G., Dondji, F., Massi, A., Dondoni, A., Zhang, T., and Cavazzini,
A. (2006) High-performance liquid chromatographic separation of dihy-
dropyrimidine racemates on polysaccharide-derived chiral stationary
phases. J. Chromatogr A, 1126: 357-364.

Ghanem, A. and Naim, L. (2006) Immobilized versus coated amylose
tris(3,5-dimethyl-phenylcarbamate) chiral stationary phases for the enan-
tioselective separation of cyclopropane derivatives by liquid chromatogra-
phy. J. Chromatogr. A, 1101: 171-178.

Ghanem, A. and Al-Humaidi, E. (2007) Chiral recognition ability and solvent
versatility of bonded amylose tris(3,5-dimethylphenylcarbamate) chiral sta-
tionary phase: enantioselective liquid chromatographic resolution of racemic
N-alkylated barbiturates and thalidomide analogs. Chirality, 19: 477-484.
Ghanem, A. (2007) Exploring solvent versatility in immobilized cellulose-
based chiral stationary phase for the enantioselective liquid chromato-
graphic resolution of racemates. J. Sep. Sci., 30: 1019-1028.

Ali, 1., Gaitonde, V.D., Aboul-Enein, H.Y., and Hussain, A. (2008) Chiral
separation of [-adrenergic blockers on CelluCoat Column by HPLC
Talanta. (In press).

Ali, 1., Saleem, K., Gaitonde, V.D., Aboul-Enein, H.Y., and Hussain, A.,
Hussain. 1. (2008) Chiral separations of some B-adrenergic agonists and
antagonists on AmyCoat Column by HPLC Chirality. (In press).

Hesse, G. and Hagel, R. (1976) Chromatographic resolution of racemates.
Liebigs Ann. Chem., 996-1008.

Ellington, J.J., Evans, J.J., Prickett, K.B., and Champion, W.L. (2001)
High-performance liquid chromatographic separation of the enantiomers of
organophosphorus pesticides on polysaccharide chiral stationary phases. J.
Chromatogr. A, 928: 145-154.

Wainer, I.W. and Alembic, M. (1986) Resolution of enantiomeric amides on
a cellulose-based chiral stationary phase: Steric and electronic effects. J.
Chromatogr., 358: 85-93.

Wainer, IL.W., Stiffin, R.M., and Shibata, T. (1987) Resolution of
enantiomeric aromatic alcohols on a cellulose tribenzoate high-performance
liquid chromatography chiral stationary phase: A proposed chiral recogni-
tion mechanism. J. Chromatogr., 411: 139-151.

Yashima, E., Yamada, M., Kaida, Y., and Okamoto, Y. (1995)
Computational studies on chiral discrimination mechanism of cellulose
trisphenylcarbamate. J. Chromatogr. A, 694:347-354.

Yamamoto, C., Yashima, E., and Okamoto, Y. (1999) Computational
studies on chiral discrimination mechanism of phenylcarbamate derivatives
of cellulose. Bull. Chem. Soc. Jpn., 72: 1815-1825.

Aboul-Enein, H.Y. and Ali, 1. (2002) Comparative study of the
enantiomeric resolution of chiral antifungal drugs econazole, miconazole



15:54 30 January 2011

Downl oaded At:

142

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

Ali et al.

and sulconazole by HPLC on various cellulose chiral columns in normal
phase mode. J. Pharm. Biomed. Anal., 27: 441-446.

Aboul-Enein, H.Y. and Ali, I. (2002) Comparative study of the
enantiomeric resolution of chiral antifungal drugs econazole, miconazole
and sulconazole by HPLC on various cellulose chiral columns in normal
phase mode. J. Pharm. Biomed. Anal., 27: 441-446.

Ranade, V.V. and Somberg, J.C. (2005) Chiral cardiovascular drugs: an
overview. Am. J. Ther., 12: 439459.

Dufrasne, F. and Galanski, M. (2007) The relation between stereochemistry
and biological activity of platinum(II) complexes chelated with chiral
diamine ligands: an intricate problem. Curr. Pharm Des.,13:2781-2794.
Gulati, V. (2007) Differential properties of enantiomers of commercially
available racemates. J. Indian Med. Assoc., 105: 173-174.

Lu, H. (2007) Stereoselectivity in drug metabolism. Expert Opin. Drug
Metab. Toxicol., 3: 149-158.

Hutt, A.J. (2007) Chirality and pharmacokinetics: an area of neglected
dimensionality? Drug Metabol Drug Interact., 22: 79-112.

Bielory, L. and Leonov, A. (2008) Stereoconfiguration of antiallergic and
immunologic drugs. Ann. Allergy Asthma Immunol., 100:1-8.

Kroemer, H.K. Fromm, M.F. Buhl, K. Terefe, H. Blaschke, G., and
Eichelbaum, M. (1994) An enantiomer-enantiomer interaction of (S)- and
(R)-propafenone modifies the effect of racemic drug therapy. Circulation,
89: 2396-2400.

Lanchote, V.L., Bonato, P.S., Cerqueira, P.M., Pereira, V.A., and Cesarino,
E.J. (2000) Enantioselective analysis of metoprolol in plasma using high-
performance liquid chromatographic direct and indirect separations:
applications in pharmacokinetics. J. Chromatogr B. Biomed. Sci. Appl.,
28: 27-37.

Kim, K.H., Kim, H.J., Kang, J.S., and Mar, W. (2000) Determination of
metoprolol enantiomers in human urine by coupled achiral-chiral
chromatography. J. Pharm. Biomed. Anal., 22:377-384.

Kanazawa, H., Tsubayashi, A., Nagata, Y., Matsushima, Y., Mori, C.
Kizu, J., and Higaki, M. (2002) Stereospecific analysis of loxoprofen in
plasma by chiral column liquid chromatography with a circular dichroism-
based detector. J. Chromatogr. A, 948: 303-308.

Teng, X.W., Stephen, W.J., and Davies, N.M. (2003) Stereospecific high-
performance liquid chromatographic analysis of flurbiprofen: application to
pharmacokinetic studies. J. Pharm. Biomed. Anal., 33:95-100.

Masetto de Gaitani, C., Martinez, A.S., and Bonato, P.S. (2003)
Racemization and degradation of thioridazine and thioridazine 2-sulfone
in human plasma and aqueous solutions. Chirality, 15: 479-485.
Cerqueira, P.M., Cesarino, E.J., Bertucci, C., Bonato, P.S., and Lanchote,
V.L. (2003) Stereoselective metabolism of metoprolol: Enantioselectivity of
a-hydroxymetoprolol in plasma and urine. Chirality, 15: 542-549.
Aboul-Enein, H.Y., Overbeke, A., Van. Vander Weken, G., Baeyens, W.,
Oda, H., Deprez, P., and Kruif, A. De. (1998) HPLC on Chiralcel OJ-R for
enantiomer separation and analysis of ketoprofen, from horse plasma, as
the 9-aminophenanthrene derivative. J. Pharm. Pharmacol., 50: 291-296.



15:54 30 January 2011

Downl oaded At:

Carbohydrate Chiral Stationary Phases 143

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

Aboul-Enein, H.Y. and 1. Ali (2004) HPLC and solid-phase extraction of
cromakalim enantiomers in human plasma by using reserved-Phase
polysaccharide chiral stationary phase. Sep. Sci. Technol., 39: 2389-2400.
Papini, O., Pereira da Cunhab, S., do Carmo da Silva Mathes, A.,
Bertucci, C., Christine, D. Moises, E. de Barros Duarte, L., de Carvalho
Cavalli, R., and Lanchote, V.L. (2006) Kinetic disposition of lorazepam
with focus on the glucuronidation capacity, transplacental transfer in
parturients and racemization in biological samples. J. Pharm. Biomed.
Anal., 40: 397-403.

Mateus, F.H., Lepera, J.S., Marques, M.P., Boralli, V.B., and Lanchote,
V.L., (2008) Reduction of enantioselectivity in the kinetic disposition and
metabolism of verapamil in rats exposed to toluene. Can. J. Physiol.
Pharmacol., 86: 232-339.

Ali, 1., Gupta, V.K., and Aboul-Enein, H.Y. (2003) Chirality: A challenge
for environmental scientist. Curr. Sci., 84: 152-156.

Ali, I. and Aboul-Enein, H.Y. (2002) Determination of chiral ratio of o,p-
DDt and o,p-DDD pesticides on chiral stationary phases by HPLC under
reserved phase mode. Environ. Toxicol., 17: 329-333.

Caccamese, S. and Principato, G. (2000) Separation of the four pairs of
enantiomers of vincamine alkaloids by enantioselective high-performance
liquid chromatography. J. Chromatogr. A, 893:47-54.

Li, Z.Y., Zhang, Z.C., Zhou, Q.L., Gao, R.Y., and Wang, Q.S. (2002) Fast
and precise determination of phenthoate and its enantiomeric ratio in soil by
the matrix solid-phase dispersion method and liquid chromatography. J.
Chromatogr. A, 977: 17-25.

Xu, C., Wang, J., Liu, W, Sheng, D.G., Tu, Y., and Ma, Y. (2008)
Separation and aquatic toxicity of enantiomers of the pyrethroid insecticide
lambda-cyhalothrin. Environ. Toxicol. Chem., 27: 174-181.

Kim, B.H., Lee, S.U., Kim, K.T., Lee, J.Y., Choi, N.H., Han, Y .K., and
Ok, J.H. (2003) Enantiomeric discrimination of pyrethroic acid esters on
polysaccharide derived chiral stationary phases. Chirality, 15: 276-283.
Kim, B.H. and Lee, S.U. (2005) Enantiomer separation of a novel
aminothiazolecarboxamide fungicide using polysaccharide-derived chiral
stationary phases. J. Chromatogr. Sci., 43: 501-504.

Lin, K., Zhang, F., Zhou, S., Liu, W., Gan, J., and Pan, Z. (2007)
Stereoisomeric separation and toxicity of the nematicide fosthiazate.
Environ. Toxicol. Chem., 26: 2339-2344.

Jiang, B., Wang, H., Fu, Q.M., and Li, Z.Y. (2008) The chiral pyrethroid
cycloprothrin: Stereoisomer synthesis and separation and stereoselective
insecticidal activity. Chirality, 20: 96-102.

Li, L., Zhou, S., Zhao, M., Zhang, A., Peng, H., Tan, X., Lin, C., and He,
H. (2008) Separation and aquatic toxicity of enantiomers of 1-(substituted
phenoxyacetoxy)alkylphosphonate herbicides. Chirality, 20:130-138.

Ali, I. and Aboul-Enein, H.Y. (2003) Enantioseparation of some clinically
used drugs by HPLC using cellulose Tris (3,5-dichlorophenylcarbamate)
chiral stationary phase. Biomed. Chromatogr., 17: 113-117.

Sharma, S.C., Evans, M.B., and Evans, S.J. (1995) The enantiomeric
separation of metipranolol and desacetylmetipranolol on a cellulose tris-3,



15:54 30 January 2011

Downl oaded At:

144

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

Ali et al.

5-dimethylphenyl-carbamate chiral stationary phase. J. Pharm. Biomed.
Anal., 13:129-137.

Aboul-Enein, H.Y. and Islam, M.R. (1990) Direct separation and
optimization of timolol enantiomers on a cellulose tris-3,5-dimethylphenyl-
carbamate high-performance liquid chromatographic chiral stationary
phase. J. Chromatogr., 511:109-114.

Schmid, M.G., Gecse, O., Szabo, Z., Kilar, F., Gubitz, G., Ali, 1., and
Aboul-Enein, H.Y. (2001) Comparative study of the chiral resolution of
beta blockers on cellulose tris (3,5-dimethyl-phenyl Carbamate) ohases in
normal and reserved phase mode. J. Lig. Chrom. & Rel. Technol., 24: 2493~
2504.

Ducret, A., Trani, M., Pepin, P., and Loriet, R. (1998) Chiral high
performance liquid chromatography resolution of ibuprofen esters. J.
Pharm. Biomed. Anal., 16: 1225-1231.

Aboul-Enein, H.Y. and Ali, 1. (2002) Thermodynamic study of the
enantiomeric resolution of flubiprofen by HPLC using Chiralpak AD-RH
column. Pharmazie, 57: 682-685.

Wang, P., Jiang, S., Liu, D., Jia, G., Wang, Q., Wang, P., and Zhou, Z.
(2005) Effect of alcohols and temperature on the direct chiral resolutions of
fipronil, isocarbophos and carfentrazone-ethyl. Biomed. Chromatogr., 19:
454-458.

Zhang, Z., Yang, G., Liang, G., Liu, H., and Chen, Y. (2004) Chiral
separation of tamsulosin isomers by HPLC using cellulose tris (3,5-
dimethylphenylcarbamate) as a chiral stationary phase. J. Pharm. Biomed.
Anal., 34:689-693.

Ameyibor, E. and Stewart, J.T. (1996) Stereoselective determination of
apomorphine enantiomers in serum with a cellulose-based high-perfor-
mance liquid chromatographic chiral column using solid-phase extraction
and ultraviolet detection. J. Chromatogr. Biomed. Appl., 686:297-300.
Aboul-Enein, H.Y. and Alj, 1. (2004) Enantiomeric separation of cizolirtine
and metabolites on amylose tris (3,5-dimethylphenyl carbamate) chiral
stationary phase. Farmaco., 59:743-746.

Danel, C., Foulon, C., Park, C., Yous, S., Bonte, J.P. Vaccher, C. (2005)
Enantiomeric resolution of new aromatase inhibitors by liquid chromato-
graphy on cellulose chiral stationary phases. J. Sep. Sci., 28:428-434.
Kelly, J.W., He, L., and Stewart, J.T. (1993) High-performance liquid-
chromatographic separation of ondansetron enantiomers in serum using a
cellulose-derivatized stationary phase and solid-phase extraction. J.
Chromatogr., 622: 291-295.

Bidl6-Igloy, M. and Matyus, P. (1999) Enantiomeric separation of optically
active pyridazinone derivatives by chiral HPLC. J. Pharm Biomed Anal., 19:
487-490.

Aboul-Enein, H.Y. (2001) Enantiomeric resolution of some substituted
tetralone derivatives on amylose tris(3,5-dimethyl phenylcarbamate) chiral
stationary phase in reversed phase mode. J. Sep. Sci., 24:831-834.

Rao, B.M., Ravi, R., Shyam Sundar Reddy, B., Sivakumar, S., Gopi
Chand, I., Praveen Kumar, K., Acharyulu, P.V., Reddy, G., and Om
Srinivasu, M.K. (2004) A validated chiral LC method for the enantioselective



15:54 30 January 2011

Downl oaded At:

Carbohydrate Chiral Stationary Phases 145

177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

analysis of Levetiracetam and its enantiomer R-alpha-ethyl-2-oxo-pyrrolidine
acetamide on amylose-based stationary phase. J. Pharm. Biomed. Anal.,
35:1017-1026.

Peter, A., Arki, A., Forro, E., Fulop, F., and Armstrong, D.W. (2005)
Direct high-performance liquid chromatographic enantioseparation of [3-
lactam stereoisomers. Chirality, 17:193-200.

Gildersleeve, D.L., Jung, Y.W., and Wieland, D.M. (1994) Direct optical
resolution of vesamicol and a series of benzovesamicol analogues by high-
performance liquid chromatography. J. Chromatogr. A, 667:183-189.
Aboul-Enein, H.Y., Ali, 1., Schmid, M.G., Jetcheva, V., Geese, O., and
Gubitz, G. (2001) Chiral Resolution of two potential aromatase inhibitors
on cellulose tris (4-methyl benzoate) and cellulose tris (3,5-dimethylphenyl
carbamate) chiral stationary phase. Anal. Lett., 34:1107-1115.
Aboul-Enein, H.Y ., Ali, 1., Gubitz, G., Simons, C., and Nicholls, P.J. (2000)
HPLC enantiomeric resolution of novel aromatase inhibitors on cellulose-
and amylose-based chiral stationary phases under reversed phase mode.
Chirality,12: 727-733.

Nageswara Rao, R., Shinde, D.D., and Kumar Talluri, M.V. (2008)
Enantioselective HPLC resolution of synthetic intermediates of armodafinil
and related substances. J. Sep. Sci., 31:981-989.

Trivedi, R.K., Dubey, P.K., Mullangi, R., and Srinivas, N.R. (2007)
Development and validation of an enantioselective HPLC-UV method using
Chiralpak AD-H to quantify (+)- and (-)-torcetrapib enantiomers in hamster
plasma-application to a pharmacokinetic study. J. Chromatogr. B Anal.
Technol. Biomed. Life Sci., 857:224-230.

Mitsuhashi, S., Fukushima, T., Arai, K., Tomiya, M., Santa, T., Imai, K.,
and Toyo’oka, T. (2007) Development of a column-switching high-
performance liquid chromatography for kynurenine enantiomers and its
application to a pharmacokinetic study in rat plasma. Anal. Chim. Acta.,
587: 60—-66.

Sharp, V.S., Kennedy, J.H., Belvo, M.D., Williams, J.D., Risley, D.S., and
Seest, E.P. (2006) Enantiomeric separation of mineralocorticoid receptor
(hMR) antagonists using the Chiralcel OJ-H HPLC column with novel
polar cosolvent eluent systems. Chirality, 18: 437-445.

Beaufour, M., Morin, P., Ribet, J.P., and Maurizot, J.C. (2006) HPLC
quantitation of the four stereoisomers of benzoxathiepin derivatives with
cellulose phenyl type chiral stationary phase and circular dichroism
detection. J. Pharm. Biomed. Anal., 41: 544-548.

Chilmonczyk, Z., Sienicki, L., Lozowicka, B., Lisowska-Kuzmicz, M.,
Jonczyk, A., and Aboul-Enein, H.Y. (2005) Structure-retention relationship
in a series of chiral 1,4-disubstituted piperazine derivatives on carbohydrate
chiral stationary phases. Farmaco, 60: 439-443.

Sousa, E.P., Tiritan, M.E., Oliveira, R.V., Afonso, C.M., Cass, Q.B., and
Pinto, M.M. (2004) Enantiomeric resolution of kielcorin derivatives by
HPLC on polysaccharide stationary phases using multimodal elution.
Chirality, 16:279-285.

Hefnawy, M.M. (2003) Stereoselective determination of pyridoglutethimide
enantiomers in serum with a chiral cellulose-based high-performance liquid



15:54 30 January 2011

Downl oaded At:

146

189.

190.

191.

192.

193.

194.

195.

196.

197.

198.

199.

Ali et al.

chromatographic column using solid phase extraction and UV detection. J.
Pharm. Biomed. Anal., 31: 999-1005.

Zhou, Z., Yu, Z., Niu, T., Jiang, S., and Chen, L. (1999) Chiral separation
of thio-glycidyl ether on amylose-chiral stationary phase by high
performance liquid chromatography. Sepu., 17: 182-183.

Qi, B.F,, Liu, Y.Q., Han, X.Q., Zhu, X.Y., and Chen, L.R. (2001) Direct
optical resolution of the enantiomers of biphenyl compounds by high
performance liquid chromatography on amylose tris-(3,5-dimethylphenyl-
carbamate) stationary phase. Sepu., 19: 443-445.

Levin, S., Abu-Lafi, S., Zahalka, J., and Mechoulam, R. (1993) Resolution
of chiral cannabinoids on amylose tris(3,5-dimethylphenylcarbamate) chiral
stationary phase: Effects of structural features and mobile phase additives.
J. Chromatogr. A, 654:53-64.

Caccamese, S., Caruso, C. Parrinello, N., and Savarin, A. (2005) High-
performance liquid chromatographic separation and chiroptical properties
of the enantiomers of naringenin and other flavanones. J. Chromatogr. A,
1076:155-162.

Zongde, Z., Xingping, L., Xiaomei, W., Hong, Z., Yanping, S., Liren, C.,
and Yongmin, L. (2005) Analytical and semipreparative resolution of
enatiomers of albendazole sulfoxide by HPLC on amylose tris (3,5-
dimethylphenylcarbamate) chiral stationary phases. J. Biochem. Biophys.
Meth., 62: 69-79.

Narayana, C.L., Suresh, T., Rao, S.M., Dubey, P.K., and Babu, J.M. (2003)
A validated chiral HPLC method for the enantiomeric separation of
Linezolid on amylose based stationary phase. J. Pharm. Biomed. Anal., 32:
21-28.

Girod, M., Chankvetadze, B., and Blaschke, G. (2000) Enantioseparations
in non-aqueous capillary electrochromatography using polysaccharide type
chiral stationary phases. J. Chromatogr. A, 887:439-455.

Chankvetadze, L., Kartozia, I., Yamamoto, C., Chankvetadze, B.,
Blaschke, G., and Okamoto, Y. (2002) Enantioseparations in nonaqueous
capillary liquid chromatography and capillary electrochromatography using
cellulose tris(3,5-dimethylphenylcarbamate) as chiral stationary phase.
Electrophoresis, 23: 486-493.

Chankvetadze, B., Kartozia, 1., Breitkreutz, J., Okamoto, Y., and Blaschke,
G. (2001) Effect of organic solvent, electrolyte salt and a loading of cellulose
tris (3,5-dichlorophenyl- carbamate) on silica gel on enantioseparation
characteristics in capillary electrochromatography. Electrophoresis, 22:
3327-3334.

Chen, X., Zou, H., Ye, M., and Zhang, Z. (2002) Separation of enantiomers
by nanoliquid chromatography and capillary electrochromatography using
a bonded cellulose trisphenylcarbamate stationary phase. Electrophoresis,
23:1246-1254.

Chen, X., Jin, W., Qin, F., Liu, Y., Zou, H., and Guo, B. (2003) Capillary
electrochromatographic separation of enantiomers on chemically bonded
type of cellulose derivative chiral stationary phases with a positively charged
spacer. Electrophoresis, 24:2559-2556.



15:54 30 January 2011

Downl oaded At:

Carbohydrate Chiral Stationary Phases 147

200.

201.

202.

203.

204.

205.

206.

207.

208.

209.

210.

211.

212.

213.

214.

Chen, X., Qin, F., Lu, Y., Kong, L., and Zou, H. (2004) Preparation of a
positively charged cellulose derivative chiral stationary phase with
copolymerization reaction for capillary electrochromatographic separation
of enantiomers. Electrophoresis, 25: 2817-2824.

Terfloth, G. (2001) Enantioseparations in super- and subcritical fluid
chromatography. J. Chromatogr. A, 906: 301-307.

Medvedovici, A., Sandra, P., Toribio, L., and David, F. (1997) Chiral packed
column subcritical fluid chromatography on polysaccharide and macrocyclic
antibiotic chiral stationary phases. J. Chromatogr. A, 785:159-171.

Phinney, K.W. (2000) SFC of drug enantiomers. Anal. Chem., 72: 204A—
211A.

Yaku, K., Aoe, K., Nishimura, N., Sato, T., and Morishita, F. (1997) Chiral
resolution of four optical isomers of diltiazem hydrochloride on Chiralcel
columns by packed-column supercritical fluid chromatography. J.
Chromatogr.,785:185-193.

Ali, 1., Naim, L., Ghanem, A., and Aboul-Enein, H.Y. (2006) Chiral
separations of piperidine-2,6-dione analogues on Chiralpak IA and
Chiralpak IB columns by using HPLC. Talanta, 69:1013-1017.

Wang, P., Liu, D., Jiang, S., Gu, X., and Zhou, Z. (2007) The direct chiral
separations of fungicide enantiomers on amylopectin based chiral stationary
phase by HPLC. Chirality, 19:114-119.

Pan, C.X., Shen, B.C., Xu, B.J., Chen, J.J., and Xu, X.Z. (2006)
Comparative enantio-separation of seven triazole fungicides on (S,S)-
Whelk O1 and four different cellulose derivative columns. J. Sep. Sci.,
29:2004-2011.

Aboul-Enein, H.Y. and Ali, I. (2001) Enantiomeric resolution of some
immobilized antifungal agents on chiralpak WH chiral stationary phase
using HPLC. Chromatographia, 54: 200-202.

Wang, P., Liu, D., Lei, X., Jiang, S., and Zhou, Z. (2006) Enantiomeric
separation of chiral pesticides by high-performance liquid chromatography
on an amylose tris-(S)-1-phenylethylcarbamate chiral stationary phase. J.
Sep. Sci., 29: 265-271.

Liu, W., Lin, K., and Gan, J. (2006) Separation and aquatic toxicity of
enantiomers of the organophosphorus insecticide trichloronate. Chirality,
18: 713-716.

Champion, W.L. Jr., Lee, J., Garrison, A.W., DiMarco, J.C., Matabe, A.,
and Prickett, K.B. (2004) Liquid chromatographic separation of the
enantiomers of trans-chlordane, cis-chlordane, heptachlor, heptachlor
epoxide and o-hexachlorocyclohexane with application to small-scale
preparative separation. J. Chromatogr A, 1024: 55-62.

Lao, W. and Gan, J. (2006) High-performance liquid chromatographic
separation of imidazolinone herbicide enantiomers and their methyl
derivatives on polysaccharide-coated chiral stationary phases. J.
Chromatogr. A, 1117: 184-193.

Application Notes, Macherey-Nagel GmbH & Co. KG - Neumann-
Neander-Str. 6-8 D-52355 Diiren, Germany, www.mn-net.com.
Application Notes, Wissenschaftliche Gerédtebau Dr. Ing. Herbert Knauer
GmbHHegauer Weg 38, D-14163 Berlin, Germany, www.knauer.net.



