This article was downloaded by:

On: 25 January 2011

Access details: Access Details: Free Access
Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

1l \L OF
LIQUID

Journal of Liquid Chromatography & Related Technologies
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597273

Structural Factors Affecting Chiral Recognition and Separation on
Cellulose Based Chiral Stationary Phases
Hassan Y. Aboul-enein® M. Rafiqul Islam®

* Department King Faisal Specialist Hospital & Research Centre, Drug Development Laboratory
Radionuclide & Cyclotron Operations, Riyadh, Saudi Arabia

Supsoiical Fluid T
ana Tach:

Fi o Fract
Proparstsa & Anaktical Sap

Exfitess by
dack Cazes, Ph.D.

To cite this Article Aboul-enein, Hassan Y. and Islam, M. Rafiqul(1990) 'Structural Factors Affecting Chiral Recognition

and Separation on Cellulose Based Chiral Stationary Phases', Journal of Liquid Chromatography & Related
Technologies, 13: 3, 485 — 492

To link to this Article: DOI: 10.1080/01483919008051800
URL: http://dx.doi.org/10.1080/01483919008051800

PLEASE SCROLL DOWN FOR ARTICLE

Full ternms and conditions of use: http://ww.informworld.confterns-and-conditions-of-access. pdf

This article nay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with prinary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or danmges whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713597273
http://dx.doi.org/10.1080/01483919008051800
http://www.informaworld.com/terms-and-conditions-of-access.pdf

10: 51 25 January 2011

Downl oaded At:

JOURNAL OF LIQUID CHROMATOGRAPHY, 13(3), 485-492 (1990)

STRUCTURAL FACTORS AFFECTING
CHIRAL RECOGNITION AND SEPARATION
ON CELLULOSE BASED CHIRAL
STATIONARY PHASES

HASSAN Y. ABOUL-ENEIN
AND M. RAFIQUL ISLAM
Drug Development Laboratory
Radionuclide & Cyclotron Operations Department
King Faisal Specialist Hospital & Research Centre
P. 0. Box 3354
Riyadh 11211, Saudi Arabia

A B S TRACT

The structural factors and functional group selectivity requirements affecting
direct high-performance liquid chromatographic enantiameric resolution of drug
racemates on several derivatized cellulose chiral stationary phases are
reviewed.

A quide for the choice of the appropriate chiral cellulose derivative column
based on elements of asymmetry and functional groups of the compounds are
presented.

INTRODUCTION

Many of the drugs used in clinical practice are chiral, that is they exist as
enantiomeris, which are mirror images and are related to one another in the way

that the left hand is related to the right.

* Author to whom correspondence should be addressed
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Most of these drugs (over 80%) are administered as racemates (mixtures of the

R & S enantiamers) (1) for the following reasons: a) The synthetic method pro-
duces a racemate mixture and separation may be too expensive, or b) In case of
new developed drug, the techniques for separation of the two enantiamers are not
yet developed, or ¢) The benefit of administration of an optically pure enan-
tiomer of a specific drug may not have been proven. The individual enanticmers
of such racemate mixture frequently differ in pharmacological, metabolic activi-
ties (2) and pharmacokinetic behaviour (3) and often only one enanticmer is
therapeutically active. These pharmacological and biological differences bet-
ween enantiomers of a given drug may be due to several factors, for example
enantiamers may interact differently with optically active components of the
living cells (receptors, enzymes, proteins) leading to differences in phar-

macokinetics and metabolism.

Owing to the increasing awareness of these biological differences between enan-
tiomers (3,4,5,6,7), it is important to be able to separate and determine them
in biological fluids. Even if a drug is given as a pure enantiamer, methods

that can discriminate between enantiamers will be required because racemization

can occur both in vitro (8) and in vivo (9).

Although separation and quantification of epantiamers have been traditionally
regarded difficult and time-consuming, recently research work has been carried
out in devising efficient, simple, and direct ways for enantiomeric separation
and analysis particularly using high-performance liquid chromatography (HPLC)
with chiral stationary phases (CSPs). Several chiral stationary phases have now
became commercially available for direct resolution of racemates without deriva-
tization. Chiral stationary phases represent one of the most significant deve-

lopments in this field and became a major tool of analysis of enantiamers.

Dappen et. al. (10) have discussed in details the applications and proposed a
classification for CSPs based on separation principles. Blaschke described the

use of cellulose, starch and cellulose acetate as chiral sorbant (11).

This article will discuss the structural features required for chiral recogni-
tion using cellulose-derived CSPs which belong to the helical polymer phases.
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TABLE |
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CH3
* * If the phase is packed as a fine powder, O H
the column is known as Chiralcel CA1. ]
OF -C -N-©-CI
O H
.
0G -C-N--CH3
o]

I
0J -C{5)-CH3

Recently several cellulose derivatives (e.g. esters, ethers and carbamates) have
been developed, the structure of some of these CSPs are shown in Table 1. These

derivatives can be used for enantiameric separation of a large number of drugs.

Both polar solvents (methanol, ethanol) and non polar solvents (hexane, 2-pro-
panol) are used as a mobile phases with these CSPs. Aquous mobile phase can
also be used in some cases. The solute always competes with the modifier for
hydrogen bonding sites on the CSP. This competition takes place at both chiral
and achiral sites on the CSP (12). This does not preclude interaction between
the modifier and the solute, which appears to play a lesser role in the deter-
mination of the chromatographic parameters. However, chlorinated solvents such
as chloroform and methylene chloride and solvents such as benzene, toluene,

ethyl acetate, acetone and acetonitrile will cause damage to the packing mate-
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rial of these columns, since they tend to strip the derivatized cellulose from

the silica support and should be avoided.

Structural Factors Affecting Chiral Separation

of Enantiamers on Cellulose Derivatives:

A large number of chiral drugs such as benzodiazepines were resolved on opti-

cally active microcrystalline cellulose acetate (13).

Okamoto and co-workers (14,15) have tested several silica-based cellulose
triphenyl carbamate derivatives as CSPs for optical resolution of B-blockers,
alkaloids and other compounds with a mobile phase of 0.1% diethylamine in
hexane:2-propanol (4:1). Cellulose tris (3,5-xylylcarbamate) and cellulose tris
(3,5-dimethylphenyl carbamate) stationary phases were found most suitable for
optical resolution of B-blockers and alkaloids, respectively, providing optimum

separation.

The interactive sites are located within the chiral cavities of the helical
structure of the cellulose derivatives, The main chiral recognition sites are
considered to be the polar carbamate and ester groups, which can interact with a
solute via hydrogen bonding or dipole-dipole interactions. These interactions
may further be influenced by the nature of the substituents on the phenyl groups
of the solute. The chiral recognition can also takes place through an altera-
tion of the steric environment of the chiral cavity due to the formation of an
inclusion complex with the CSPs. A recent study by Wainer et. al. (16) has
demonstrated that with the tribenzoate form of the CSP an increase in the steric
bulk around the hydroxyl moiety of the modifier tends to result in increased
retention and stereoselectivity in a series of enantiameric amides. This is a
result of either (1) the competition for binding to the chiral sites of the CSP,
(2) the binding of the mobile phase modifier to the achiral sites near or at the
chiral cavities of the CSP, which alters the steric environment of these cavi-

ties, or (3) to a cambination of both of these phencmenon.

Most compounds successfully separated on these phases contain a phenyl, car-

bonyl, nitro, cyano, sulfonyl or hydroxyl group. The type of nitrogen function
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present in the target molecule is one of the initial considerations when chos-
ing the appropriate CSP. It is at this point that the chramatographer must de-
cide whether or not to derivatize the solute and what type of derivative to
make. These kind of cellulose columns are not recammended for use with primary,
secondary and tertiary amines without precolumn derivatizations to a neutral
function such as an amide. An a-amino acid or structurally related to an a-
amino acid solutes are not suitable for these colums. Another initial consi-
deration is the substitution at the chiral centre. If the nitrogen function is
at the chiral centre these columns can be recommended otherwise not. When an
aromatic ring is attached to the chiral centre then these column can be used.
However, there are few applications, when the aramatic group is not at the

chiral centre.

Although the crystallinity of the cellulose was shown not to be critical for
chiral recognition (17), the molecular mass of the cellulose derivative, the
solvent used for depositing the phase on the support and the nature of the sup-

port were found to have an effect on chiral separation.

Among examples of chiral separation on these phases are those of g-adrenergic
blockers separated on tris (3,5-dimethylphenyl carbamate) cellulose (14,18)

known as Chiralcel OD phase.

Although many g-adrenergic blockers are developed and marketed as a racemic mix-
ture of both enantiamers, for some of them only one enantiomer, usually the S-
enantiamer, is therapeutically preferred (19), so it is important to assess

their enantiameric purity.

Since many of these cellulose derivatives are now commercially available* and in
order to eliminate time-consuming trials to separate enanticmers, a guide for
column selection of Chiralcel stationary phases was developed and shown in table
2 based on general structural and molecular features of the compounds (20).

Also the first choice column based on element of asymmetry was derived fram pre-

vious enantiameric separation of drugs, agrochemicals and other organic com-

* Chiral columns are available from Daicel Chemical Industries Ltd, Tokyo, Japan
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TABLE 3. FIRST CHOICE OF CHIRALCEL COLUMN BASED ON ELEMENT OF ASYMMETRY

ELEMENT OF ASYMMETRY COLUMN
- Cy symmetric aromatic compound or, CA-I
- planar chiral compound CA-I, OD

- asymmetric carbon center (next to)

a) aliphatic compounds bearing c=0
NOj OB, QA
N
Cc-0C
b) aramatic campounds with
- flexible chain bearing aramatic group(s) o8B, a0
- cyclic chain bearing aromatic group(s) o, OF, 0G, OC
- sterically congested aramatic compound o, aJ
- amine drugs bearing aramatic group(s) ob, oF, OG, OC

- sulfur asymmetric centre
sulfoxides 0B, OC
- phosphorous asymmetric center

arylthionphosphate QaJ

pounds is shown in table 3. Both tables 2 and 3 can be used to select the
appropriate cellulose CSPs for the racemate drug under investigation. Since at
present there is no chiral bonded phases capable of separating all classes of
compounds, and since most chiral columns are expensive compared to conventional
column, it is important to select the most suitable phase to avoid unnecessary

expenses and frustrating unsuccessful trials.

In summary, this article gives a better understanding for the overall structural

group selectivity requirements and general guidelines for the choice of a suit-

491



10: 51 25 January 2011

Downl oaded At:

492 ABOUL-ENEIN AND ISLAM

able Cellulose derivatized CSP column that are commercially available, to be
used for successful enantiomeric separation and analysis of drugs. Applications

of these quidelines will be useful to analysts in this field.
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