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STRUCTURAL FACTORS AFFECTING 
CHIRAL RECOGNITION AND SEPARATION 

ON CELLULOSE BASED CHIRAL 
STATIONARY PHASES 

HASSAN Y. ABOUL-ENEIN 
AND M. RAFlQUL 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 T R A C T  

The structural factors and functional group selectivity requir-ts affecting 
direct high-perfomnce liquid chranatographic enantianeric resolution of drug 
racmtes on several derivatized cellulose chiral stationary phases are 
reviewed. 

A guide for the choice of the appropriate chiral cellulose derivative column 
based on e l m t s  of asymnetry and functional groups of the canpounds are 
presented. 

I N T R O D U C T I O N  

Many of the drugs used in clinical practice are chiral, that is they exist as 

enantiawis, which are mirror images and are related to one another in the way 

that the left h a d  is related to the right. 

Author to whan correspondence should be addressed 
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406 ABOUL-ENEIN A N D  ISLAM 

Most of these drugs (aver 80%) are administered as ra-tes (mixtures of the 

R & S enantims) (1) for the following reasons: a) "he synthetic mthod pro- 

duces a ra-te mixture and separation m y  be too expnsive, or b) In case of 

new developed drug, the techniques for separation of the two enantianers are not 

yet developd, or c) "he benefit of administration of an optically pure enan- 

ti- of a specific drug m y  not have been proven. 

of such ra-te mixture frequently differ in @mrmcological, mtabolic activi- 

ties 

therapeutically active. 

wen enantims of a given drug m y  be due to several factors, for emnple 

enantims m y  interact differently with optically active anpnents of the 

living cells (receptors, enzyms, proteins) leading to differences in phar- 

mcokinetics and metabolism. 

The individual enantims 

( 2 )  and pharmacokinetic behaviour ( 3 )  and often only one enantianer is 

These pharmacological and biological differences bet- 

Cuing to the increasing awareness of these biological differences between enan- 

tianers (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 w e  enantim, mthods 

that can discriminate between enantims will be required because racemization 

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

Although separation and quantification of enantianers have been traditionally 

regarded difficult and time-consuming, recently research wrk has been carried 

out in devising efficient, sinple, and direct ways for enantianeric separation 

and analysis particularly using high-perfomce liquid chranatcqraphy (HPIC) 

with chiral stationary plases (CSPs). Several chiral stationary phases have ncw 

becane m c i a l l y  available for direct resolution of racemates without deriva- 

tization. Chiral stationary mes represent me of the m t  significant deve- 

lopnents in this field and becane a mjor tool of analysis of enantianers. 

Dappen et. al. (10) have discussed in details the applications and proposed a 

classification for CSPs based an separation principles. 

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

Blaschke described the 

This article will discuss the structural features required for chiral recogni- 

tion using cellulcse-derived cSPs which belong to the helical plymer phases. 
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CHIRAL RECOGNITION AND SEPARATION 487 

TABLE I 
CHIRALCEL 

COLUMN 
Structure of Derivalized Cellulose 

known as Chiralcel 

@ Coaled on Silica gel 
fiQ OR 

Coaled on Silica gel u 

0 * *  
II 

OA -C- CH3 

0 
I 

OB -C* 

0 
II 

OK - C - C H = C H ~  
* These phases are available from 

Daicel Chemical Industriesltd.. 7 7 CH3 
OD - C - N G C H 3  

Tokyo, Japan 

If the phase is packed as a fine powder, 
the column is known as Chiralcel CA1. 

OF -C-N-@-CI 
B Y  

* *  

O H  
II I 

OG -C-N-@-CH3 

0 
It 

OJ -C+CH3 

Recently several  ce l lu lose  der ivat ives  (e.g. esters, e thers  and c a r b t e s )  have 

been developed, the  structure of some of these CSPs are shown i n  Table 1. These 

der iva t ives  can be used for e n a n t i a r i c  separat ion of a la rge  number of drugs. 

Both polar solvents  (methanol, e thanol)  and non polar  solvents  (hexane, 2-pro- 

panol) are used a s  a m b i l e  phases with these CSPs. 

also be used i n  

hydrcgen honding sites on the  CSP. This canget i t ion takes place at  both c h i r a l  

a d  a c h i r a l  sites on t h e  CSP (12). This does not preclude in te rac t ion  between 

the  d i f i e r  and the so lu te ,  which appears to play a lesser role in  t h e  deter-  

mination of the  chramtcgraphic  parameters. 

as chloroform and methylene chlor ide and solvents such as benzene, toluene, 

e thyl  acetate, acetone and a c e t o n i t r i l e  w i l l  cause damage to t h e  packing mte- 

Pquous m b i l e  phase can 

cases. The s o l u t e  always canptes with the d i f i e r  f o r  

Hanlever, chlor inated solvents such 
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48.3 ABOUL-ENEIN AND ISLAM 

rial of these OD~IPNIS, since they tend to strip the derivatized cellulose fran 

the silica support and should be avoided. 

Structural Factors Affecting oliral Separation 

of hantianers cn Cellulose Derivatives: 

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

cally active microcrystalline cellulose acetate (13). 

O k a t m t o  and oo--yyDIkeTs (14,15) have tested several silica-based cellulose 

triphenyl carbarnate derivatives as CSPs for optical resolution of B-blockers, 

alkaloids and other mnpounds with a tmbile phase of 0.1% diethylamine in 

hexane:2-propanol (4:l). Cellulose tris (3,5-xylylcarbamate) and cellulose tris 

(3,S-dimthylphenyl carbarnate) stationary m s e s  were found tmst suitable for 

optical resolution of 6-blockers and alkaloids, respectively, providing optimum 

separation. 

The interactive sites are located within the chiral cavities of the helical 

structure of the cellulose derivatives. 

considered to be the polar carbamate and ester groups, which can interact with a 

solute via hydrogen bonding or dipole-iipole interactions. 

m y  further be influenced by the nature of the substituents cn the phenyl groups 

of the solute. The chiral recognition can also takes place through an altera- 

tion of the steric e n v i r m t  of the chiral cavity due to the formation of an 

inclusion canplex with the CSPs. 

demonstrated that with the trikemaate form of the CSP an increase in the steric 

bulk around the hydroxyl miety of the rrodifier tends to result in increased 

retention and stereoselectivity in a series of enantianeric amides. 

result of either (1) the canpetition for binding to the chiral sites of the CSP, 

( 2 )  the binding of the mbile @se nodifier to the achiral sites near or at the 

chiral cavities of the CSP, which alters the steric e n v i r m t  of these cavi- 

ties, or (3) to a canbination of both of 

The min chiral recognition sites are 

These interactions 

A recent study by miner et. al. (16) has 

This is a 

FhenanwM- 

wt oompounds successfully separated M these phases contain a Menyl, car- 

bonyl, nitro, cyano, sulfonyl or hydroxyl group. The type of nitrogen function 
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CHIRAL RECOGNITION A N D  SEPARATION 489 

present in the target mlecule is one of the initial considerations when chos- 

ing the appropriate CSP. 

cide whether or not to derivatize the solute and what type of derivative to 

make. 

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 M t  suitable for these columns. 

deration is the substitution at the chiral centre. 

at the chiral centre these columns can be recarmended otherwise not. when an 

arcamtic ring is attached to the chiral centre then these colm can be used. 

Haever, there are few applications, when the armtic group is not at the 

chiral centre. 

It is at this point that the chrmtographer nust de- 

These kind of cellulose columns are not recarmended for use with pr imq,  

Another initial consi- 

If the nitrogen function is 

Although the crystallinity of the cellulose was shown not to be critical for 

chiral recognition (17), the mlecular mass of the cellulose derivative, the 

solvent used for depositing the phase on the support and the nature of the sup 

port ere found to have an effect cn chiral separation. 

m n g  examples of chiral separation on these phases are those of B-adrenergic 

blockers separated on tris (3,5-dimethylphenyl carbarnate) cellulose (14,181 

known as Chiralcel phase. 

Although m y  6-adrenergic blockers are developed and mketed as a racemic mix- 

ture of both enantiarers, for sane of them only one enantiarer, usually the S- 

enantianer, is therapeutically preferred (19), so it is important to assess 

their enantiawic parity. 

Since many of these cellulose derivatives are nw~ carmercially available* and in 

order to eliminate tineconsuming trials to separate enanticmers, a guide for 

column selection of Chiralcel stationary phases was developed and shown in table 

2 based on general struztural and mlecular features of the oompounds ( 2 0 ) .  

Also the first choice column based on element of as-try was derived fran pre- 

vious enantianeric separation of drugs, agrochemicals and other organic can- 

* Qliral columns are available fran Daicel Chemical Industries Ltd, lbkyo, Japan 
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CHIRAL RECOGNITION A N D  SEPARATION 49 I 

TABLE 3 .  FIRST CHOICE OF CXHIRALCEL COLUMN BASED CN ELplENT OF RSYhMETRY 

- C2 symnetric armtic rrmpound 

- planar chiral compound 
- asmtric carbon center (next to) 
a) aliphatic campounds bearing eo 

M 2  
CN 
C-CX 

b) armtic canpounds with 

- flexible chain bearing armtic groupts) 

- cyclic chain tearing armtic group(s) 
- sterically congested armtic canpound 

- amine drugs tearing armtic group(s) 

- sulfur asymnetric centre 
sulfoxides 

- phosphorous asymnetric center 
arylthionphosphate 

COLUMN 

m, CA-I 
a-I, OD 

pounds is shown in table 3 .  

appropriate cellulose CSPS for the racernate drug under investigation. 

present there is M chiral bonded phases capable of separating all classes of 

canpounds, and since mst chiral columns are expensive canpared to conventional 

column, it is imprtant to select the nost suitable phase to avoid unnecessary 

expenses and frustrating unsuccessful trials. 

Both tables 2 and 3 can be used to select the 

Since at 

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

group selectivity requirements and general guidelines for the choice of a suit- 
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492 ABOUL-ENElN AND lSLAM 

able Cellulose derivatizd CSP column that are comnercially available, to be 

used for successful enanti-ic separation and analysis of drugs. Applications 

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