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Abstract

Chirality is a ubiquitous phenomenon in nature and a basic feature of life processes.
Components of life molecules such as amino acids, sugars, DNA, and proteins all have
chirality. A chiral compound is a pair of molecules that have the same composition and
molecular formula, but are mirror images of each other in spatial structure. Statistics
from relevant departments show that 70% of the best-selling prescription drugs are
chiral drugs. Biological macromolecules such as proteins, nucleic acids, polypeptides,
sugars, etc., are widely used in the chiral resolution process because of their unique
chiral characteristics and non-cytotoxicity. In recent years, high performance capillary
electrophoresis (HPCE) has developed rapidly due to the advantages of higher
separation efficiency, relatively simple instrumentation, and small sample consumption,
providing a new way for chiral separation and analysis.
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1. INTRODUCTION

Chiral drugs have different physiological and pharmacological activities between
enantiomers. Some of them have similar pharmacological activities but different intensities, and
some even have opposite activities. Therefore, since the end of the last century, the FDA has
issued relevant regulations: for racemate drugs, the relevant physiological and pharmacological
activity reports of the enantiomers must be provided. Capillary electrophoresis is widely used
in the field of enantiomeric resolution due to its high detection sensitivity, wide application
range, and low sample consumption. Altogether, this article provides a comprehensive review
of the recent progress of Chiral resolution and its research progress in capillary electrophoresis.

2. CHIRALITY AND CHIRAL DRUGS

Chirality, which reacts to a pair of molecules that are asymmetric and cannot be
superimposed like human hands. This pair of molecules has chiral carbon atoms, and the four
different groups connected are arranged in a mirror-image and opposite manner, and their
spatial structure is completely different. Chirality is one of the inherent properties in nature,
and it is ubiquitous in biological organisms, such as common biological macromolecules
(proteins, nucleic acids, polysaccharides, etc.) [1-4]. However, the existence of such chiral
enantiomers is not necessarily equivalent, there are certain differences, and some even exist
only in the form of a single enantiomer. This phenomenon is called "chiral preference". The
existence of chiral preference makes biological macromolecules and chiral compounds show
different modes of action when they interact with chiral compounds, resulting in different
effects. Chiral drugs are compounds with chiral centers in the structure and physiological and
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pharmacological activities, generally only containing effective enantiomers with physiological
and pharmacological activities or mainly based on such effective enantiomers. The data show
that the physical and chemical properties of the enantiomers of chiral drugs are almost the same,
but there are differences in physiological and pharmacological activities, mainly in the following
situations; (1) One of the enantiomers has active, one inactive; (2) the enantiomers have the
same pharmacological activity and strength; (3) the enantiomers produce the same
pharmacological activity, but the two have different strengths; (4) the enantiomers (5)
Enantiomers have different physiological activities. Amlodipine, as a classic antihypertensive
drug, is a long-acting preparation. Both its left-handed and right-handed conformations have
antihypertensive effects, but the left-handed preparation has no side effects and is relatively
safe, while the right-handed conformation has certain adverse effects. reaction, but it is more
suitable for hypertensive patients with heart disease; in addition, the pharmacological activities
of some chiral enantiomers are completely opposite, such as the "arrest” event in the 1950s,
that is, because of thalidomide It is caused by the difference in the pharmacological effects
between the enantiomers of amine [5]. It has been found that the metabolites of the left-handed
conformation in the body are fetotoxic and can cause fetal malformations, while the right-
handed conformation of thalidomide has a sedative effect, and without the above two side
effects; in addition, some enantiomers have different pharmacological activity intensities.
Ofloxacin is a broad-spectrum antibacterial quinolone drug, among which levofloxacin has the
strongest antibacterial activity, which is 2 times that of floxacin, and 8-128 times that of
dexofloxacin [6-8]. Therefore, the high-efficiency development of single-enantiomer drugs has
attracted extensive attention of researchers. In the 1990s, the FDA had stipulated that the
preparation of a single enantiomer should be the main goal, and stipulated that for new
racemate drugs, the relevant physiological and pharmacological activity reports of the
enantiomers should be provided, and a clear distinction should be made between L- and R-
handed conformation.

3. CHIRAL SPLITTING

Traditionally, two methods are commonly used to prepare chiral drugs, namely asymmetric
synthesis and chiral resolution [9,10], but the development of asymmetric synthesis methods
is time-consuming and uneconomical [11-13], so the commonly used Chiral resolution to obtain
the target product. There are two main ways to achieve chiral separation in capillary
electrophoresis: constructing a chiral separation environment and eliminating chirality. Chiral
elimination refers to adding chiral reagents to enantiomers to convert them into diastereomers,
which can be separated and analyzed as long as a simple capillary electrophoresis method is
used. However, the required reagents are expensive, and the chirality of the product cannot be
recovered, so most researchers consider building a chiral environment for chiral separation.
The construction of the chiral environment in capillary electrophoresis is mainly by adding
chiral substances to buffers or capillaries. This method is not only efficient and fast, but also has
a large change space, and will not affect the chirality of the sample. Studies have shown that the
following three modes are generally used to construct a chiral environment: (1) adding
appropriate chiral additives to the buffer; (2) filling the capillary with chiral additives; and (3)
performing chiral coating on the capillary wall. Since the chiral filling of the capillary or the
fabrication of the chiral coating is relatively troublesome, chiral separation is generally
performed by adding chiral additives to the electrophoresis buffer or partially filling the
capillary. The identification power of enantiomers is mainly driven by electrostatic force,
coordination bond, polarity and non-polarity, so that the target components have migration
differences, and then the separation effect is produced.
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4. APPLICATION OF CAPILLARY ELECTROPHORESIS IN THE FIELD OF
CHIRAL SEPARATION

Enantiomeric drugs, whose levorotatory and dextrorotatory structures may have similar
potency, may also be far apart. In the last century, the U.S. Food and Drug Administration (FDA)
issued relevant laws and regulations for enantiomeric drugs. So far, the chiral resolution of
enantiomers has attracted widespread attention in the field of medicine. And because of the
advantages of simple, efficient and fast capillary electrophoresis (CE), it has emerged in this
upsurge and achieved remarkable results. The use of capillary electrophoresis for chiral
separation is mainly to construct a chiral environment, that is, additive method or bonded
stationary phase method. Capillary zone electrophoresis (CZE), that is, the electrode tank and
the buffer pool are filled with the same buffer. In this kind of capillary, chiral separation is mostly
carried out by adding cyclodextrin (and its derivatives), proteins, antibiotics and other chiral
additives to the buffer, and some experiments are carried out using bonded stationary phases
[14-17]. Budau et al. [18] used sulfobutyl ether-f3-cyclodextrin sodium salt as a chiral resolving
agent, and through CZE, the treatment of 3-adrenergic receptor blockers, H1 antihistamines,
dihydropyridine Nine optically active enantiomers, including calcium channel blockers and
opioid analgesics, were resolved. There are also literatures using streptomycin as a chiral
additive to separate enantiomers of five chiral drugs containing acidic phenyl groups [19].
Micellar electrokinetic chromatography (MEKC), that is, on the basis of CZE, adding one or more
micelles to the buffer, when the concentration of micelles in the buffer exceeds the critical
micelle concentration (CMC), it will be considered a "stationary phase" that interacts with the
molecule to be tested. In this system, pure chiral micelles can improve the enantiomeric
resolution, and there are few chiral micelles that satisfy this condition. Therefore, a variety of
micelles are often mixed for MEKC-based chiral separation. Liu et al. [20] constructed micelles
with SDS (sodium dodecyl sulfate or sodium sulfonate), and used copper(Il)-L isoleucine
complexes as chiral selectors. Its four related substances (impurities A, C, E, C) were
enantiomerically separated. Ghiasvand et al. [21] also used SDS to form micelles and used y-
cyclodextrin as a resolving agent to enrich and chiral separation of chlorpheniramine and
phenoxyacid herbicides. Chiral ion exchange capillary electrokinetic chromatography, this
mode is to add water-soluble ionic chiral polymers in the buffer or directly bond the coating
with ion exchange function on the capillary wall. The former is almost the same as the capillary
zone electrophoresis mode. The same, the difference is that in this mode, the resolution of the
enantiomers is positively related to the concentration of the quasi-stationary phase, but
negatively related to the ionic strength. Song et al. [22] added tetraalkylamino acid ionic liquids
(TAA-AAILSs) into the buffer as ligands for enantiomeric separation, and the results showed that
TMA-L-Arg was proved to be the enantiomeric separation of amino acids or dansyl amino acids.
good ligand. In addition, there are also studies that add ionic liquid and cyclodextrin (CD) to the
buffer at the same time to improve the resolution through synergistic effect [23-25].

5. CONCLUSION

For traditional chiral resolving agents, such as a-cyclodextrin and its derivatives,
polysaccharides, proteins, chiral crown ethers, chiral calixarene, etc., the chiral resolution
conditions and mechanisms have been extensively studied. For DNA, there are few related
literatures on its use as a chiral separation, and it has not received extensive attention in the
field of chiral separation. In addition, DNA has a variety of structural motifs, such as double helix,
small hairpin, large hairpin, three-way connection and other spatial structures. In addition,
there are chiral carbons in the five-carbon sugar structure contained in DNA. The interaction
between chiral compounds has stereoselectivity, and it shows the ability of enantiomeric
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recognition for small-molecule aromatic compounds, so that DNA can be used as a potential
chiral selector in capillary electrophoresis, which has broad application prospects.
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