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Abstract: Many molecular modeling methods have been recently proposed as powerful tools to obtain information about 
the emerging interaction of inclusion complexes between chiral selectors and enantiomers and then to elucidate chiral 
recognition processes. In this review the contribution of chiral capillary electrophoresis in combination with molecular 
modeling to a better understanding of the chiral recognition mechanisms with CDs as chiral selectors will be discussed. 
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INTRODUCTION  

Chiral recognition is attracting increasing attention 

owing to the enormous importance in many fields such 

as drug discovery, life sciences, food science, and 

agrochemicals and also in environmental studies. Of a 

particular importance is the significant impact of 

chirality in pharmaceutical research. More than half of 

the currently developed drugs possess one or more 

chiral centers. Moreover, the majority of these drugs 

are prescribed and used as racemates [1]. The general 

perception is that one enantiomer may possess the 

desired pharmacological effects while the other is of a 

lower potency or even inactive. However, for many 

drug candidates, the effect of individual enantiomers on 

the pharmacodynamics or the pharmacokinetics 

remains unraveled. 

Since the 1980s capillary electrophoresis (CE) 

techniques have emerged as powerful tools in 

enantiomeric separation due to their simplicity, high 

efficiency and versatility [2-4]. In CE chiral selectors of 

various types are added to the background electrolyte 

(BGE). Electrophoretic methods usually separate 

charged species in an electric field due to differences in 

sizes and charges which will lead to different mobilities 

[2, 5]. Enantiomers of a chemical species possess 

similar charges and the same size, therefore are 

expected not to be separated by electrophoretic 

techniques. 

The theoretical basis for the mechanism of 

separations involving chiral selectors added to the 

background electrolyte in CE methods is well  
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documented in the literature [6-10]. The major 

requirement for enantioseparation in CE is believed to 

be the complexation between the enantiomeric analyte 

and the chiral selector. The mass-to-charge ratio 

governs the movement of the free analyte, the selector 

and the analyte–selector complex towards the detector. 

Clearly the mobilities of the free enantiomers are equal; 

therefore complexation between the analyte and the 

chiral selector must result in change in the effective 

mobilities of analytes. Therefore, formation of transient 

diastereomeric complexes of different binding 

constants may lead to different mobilities. The time for 

which the enantiomers reside in the free and 

complexed form is determined by the strength of 

intermolecular interactions between the analyte and the 

chiral selector. Furthermore different mobilities of the 

diastereomeric complexes may originate form 

differences in the fit of guests into the host resulting in 

differences in the shapes and net charges of these 

complexes [2, 6-9]. 

Recently, there has been an increase in interest in 

molecular modeling studies on the formation and 

stability of inclusion complexes of cyclodextrins with a 

variety of molecules and other aspects of 

supramolecular chemistry. Various theoretical 

approaches have been applied in these studies such 

as molecular mechanics, molecular dynamics, 

semiempirical methods, as well as hybrid techniques 

such as quantum-mechanics–molecular mechanics 

(QM–MM) techniques [10-25]. Hartree–Fock (HF) and 

density functional theory (DFT) calculations especially 

using the popular B3LYP functional combined with 

different standard basis set have been used reliably to 

describe host guest interactions of CDs with several 

molecules [26-31]. Despite this rapid development and 

use of ab initio and DFT semiempirical methods still 

attract great deal of attention owing to their less 
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computational demands. The recently introduced 

semiempirical PM6 method has been found to give 

more accurate estimates of molecular properties 

comparable to HF and DFT methods at even lower 

computational cost, making it an attractive method for 

the description of inclusion complexes [26]. Of special 

interest to molecular modeling studies are those 

associated with the enantioseparations of chiral 

molecules using the supramolecular chemistry. These 

studies aimed to rationalize and predict the 

experimental results obtained using different 

chromatographic separation techniques such as 

capillary electrophoresis, gas chromatography and 

liquid chromatography. 

Molecular modeling has been considered as an 

essential tool for elucidating mechanisms of molecular 

chiral recognition. Molecular modeling studies about 

enantiomer separation by liquid chromatography using 

various CSPs including donor–acceptor (Pirkle-type), 

polysaccharide, cyclodextrin, chiral ligand exchange, 

and protein CSPs had been reported and reviewed [32-

39]. In this review chiral recognition mechanism using 

capillary electrophoresis and molecular modeling 

approach will be discussed. 

CAPILLARY ELECTROPHORESIS AND 
MOLECULAR MODELING STUDIES 

Bednarek et al. [40, 41] used NMR and molecular 

modeling for investigations the host–guest 

complexation of R- or S-linezolid with HDAS- -CD. The 

stereoselective interactions were analyzed by the 

molecular modeling results. The stereoselectivity is 

based on inclusion complexation where the main 

orientations of linezolid are that with oxazolidinone part 

immersed in HDAS- -CD cavity. 

Parametric Method 3 semiempirical molecular 

orbital calculations have also been used to rationalize 

the CE enantioseparations of salsolinol, N-methyl-

salsolinol, and 1-benzyltetrahydroisoquinoline by -CD 

[42]. Migration order deduced from the study of 

capillary electrophoretic separation is very well with the 

theoretical result. 

Molecular modeling studies were also used to 

understand the interaction between cathecin 

enantiomers and mono-succinyl- -CD [43]. The 

stabilization energies of the inclusion complexes 

correlated with the enantiomer migration order 

observed in CE. 

Chiral ligand exchange CE was applied to the 

separation of the enantiomers of underivatized amino 

acids. Chiral discrimination is based on the formation of 

ternary complexes between copper (II), a chiral 

selector (L-proline or trans-4-hydroxy-L-proline) and an 

amino acid [44, 45]. The formation constants of the 

formed diastereoisomeric ternary complexes are 

consistent with those obtained by molecular mechanics 

calculations. 

A set of 25 triadimenol analogs for the analysis of 

the chiral recognition mechanism by carboxymethyl- -

CD (CM- -CD) was reported [46]. The chiral separation 

of 20 compounds were achieved by using 5mM of CM- 

-CD in 30mM sodium dihydrogen phosphate, pH 2.2, 

and a voltage of 20 kV at 20 C. Molecular docking was 

carried out for each compound and CM- -CD indicated 

that a hydrophobic interaction and two hydrogen bonds 

were involved in the interaction between the CD and 

the triadimenol enantiomers. A mathematical model 

was established correlating the interaction energies of 

the molecular docking calculations and the resolution 

found in the CE chiral separation. The model could be 

used to predict the enantioseparation of a triadimenol 

analog.  

The 1H NMR titration and capillary electrophoresis 

were also applied to study the inclusion complex 

formation of aspartame (guest) and various 

cyclodextrins (host) [47]. The interaction molecular 

modeling calculations were also carried out to confirm 

the structure and to compare complexation of the guest 

with different CDs. 

Molecular modeling study was applied to 

understand the interaction between aminoglutethimide 

(AGT) enantiomers and methyl- -CD by Elbashir et al., 

[48]. The computational calculations for the inclusion 

complexes for AGT enantiomers and M- -CD were 

performed. The results of these calculations showed 

the difference in the stability of these complexes lead to 

different migration times of the AGT enantiomers in CE. 

Elbashir and coworkers have also performed PM3 

semiemperical molecular orbital calculations on the 

inclusion complexes formed between the cyclodextrins 

and 18-crown-6 with primaquine (PQ) or quinocide 

(QC) [49, 50]. Theoretical calculation revealed that the 

-CD-PQ complex is significantly more stable than the 

-CD-QC inclusion complex by an energy difference of 

25.5 kJ/mol. This indicates that PQ fits more tightly into 

the cavity of -CD according to the theoretical 

calculations, Figure 1.  

CE method for the determination and quantification 

of modafinil enantiomers was developed [51]. The 
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computational calculations for the enantiomeric 

inclusion complexes rationalized the reasons for the 

different migration times between the modafinil 

enantiomers.  

Simultaneous chiral separations of ofloxacin and 

ornidazole enentiomers were achieved using sulfated-

-cyclodextrin (S- -CD) as a chiral selector [52]. 

Computational calculations for the inclusion complexes 

with S- -CD showed that the differences in the stability 

of these complexes lead to different migration times of 

ofloxacin and ornidazole enantiomers.  

Affinity capillary electrophoresis (ACE) method for 

the determination of the stability constants for the 

interaction between -CDs and 2-hydroxypropyl- -

cyclodextrin and glyco- and tauro conjugated bile salts 

was developed [53]. Molecular modeling calculation 

was conducted and demonstrated that the interaction 

between the two species involves the side chain of the 

bile salt. 

The use of capillary electrophoresis for the 

separation of enantiomers of primary amines, namely 

1,2,3,4-tetrahydro-1-naphthylamine (THAN), 1- (1-

naphtyl)ethylamine (NEA) and 1-aminoindan (AI) with 

-CD alone and with -CD in presence of 18-crown-6 

was described by Elbashir and Suliman [54]. The 

mechanism of enantiodifferentiation was investigated 

using molecular mechanics and the semiempirical 

method PM6. The theoretical calculations suggested 

that the presence of 18C6, -CD system leads to the 

formation of stable sandwich compounds with 

protonated primary amines, Figure 2.  

Chiral separations of five -adrenergic antagonists 

were achieved by CE using CM- -CD as the chiral 

selectors [55]. The course of host-guest inclusion was 

investigated by molecular docking technique. Hydrogen 

bonding between CM- -CD and -adrenergic 

antagonists played an important role in the process of 

enantionseparation and a model of the hydrogen 

bonding interaction positions was constructed. 

Li et al., [56, 57] have developed and validated CE 

method for enantiomeric separation of iodiconazole 

and 12 new structurally related potent triadimenol 

analogues using hydroxypropyl- -cyclodextrin (HP- -

CD) as the chiral selectors. Based on the results of 

molecular mechanics calculations mathematical 

equation was constructed to predict the theoretical 

resolution of enantioseparation.  

Chiral separation of bupivacaine and propranolol as 

model compounds were investigated by nonaqueous 

CE (NACE) with two single-isomer highly charged -

CD derivatives, namely heptakis(2,3-di- O-methyl-6- O-

sulfo)- -CD (HDMS- -CD) and heptakis(2,3-di-O-

acetyl-6- O-sulfo)- -CD (HDAS- -CD), [58]. Molecular 

modeling study was carried out and the interaction 

energies calculated for bupivacaine and propranolol 

correlated with the enantiomer migration order 

observed in the NACE experiments using both anionic 

CD derivatives. 

Recently Suliman and Elbashir [59] have 

investigated the chiral separation of baclofen 

enantiomers using CE with -cyclodextrin ( -CD) as a 

chiral selector. Dockings based on molecular 
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Figure 1: Structure of (a) PQ- -CD and (b) QC- -CD complexes with the minimum energy obtained from PM3 calculations 
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mechanics calculations using Autodock in conjunction 

with quantum mechanical calculation using PM6 

semiempirical method and molecular dynamics 

simulations were performed to rationalize the 

experimental results and to explain the mechanism of 

separation. Molecular modeling simulations of the 

complexes in aqueous media supported the results 

obtained by PM6 calculations suggesting that the 

differences in stabilities of diastereomers lead to the 

observed separation. 

CONCLUSION 

Work published in recent years has clearly 

documented the potential of capillary electrophoresis 

and molecular modeling for an understanding of 

enantioselective recognition mechanisms. The most 

useful using of molecular modeling in enantioselective 

recognition mechanisms will be the calculation of 

intermolecular forces.  

Molecular modeling studies when used in 

combination with CE provides a good perspective of 

enantioseparation and serves as a useful method for 

studying chiral recognition mechanisms and predicting 

chiral separation. 
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