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ABSTRACT 

The majority of pharmaceuticals used today are chiral. A brief summary of various chiral 

separation principles and associated separation methods is provided in this review. Liquid 

chromatography (LC), capillary electrophoresis (CE), high-performance liquid chromatography 

(HPLC), and gas chromatography (GC) are only a few of the recent advancements addressed. The 

creation of competent analytical techniques is essential for compliance with the numerous 

regulatory obligations. The rapid development of chiral separation technologies has been fueled by 

the current situation in which chirality factors are taken into account in therapeutic benefit and 

drug development. High-performance liquid chromatography (HPLC) and gas chromatography 

(GC) have unquestionably made important advancements in chiral chromatographic technology, 

opening the door to the quantification of specific enantiomers of a number of racemates in 

biological fluids such plasma, serum, urine, etc. Chiral compound separations and analyses are 

crucial in a variety of industries, such as biology, pharmaceutical manufacturing, and the creation 

of chemical intermediates. 
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INTRODUCTION 

Merck Research Laboratories in Rahway, New Jersey, Science Lead for Analytical Chemistry. 

Christopher J. Welch co-chairs the group that identifies, purchases, and evaluates new Merck 

enabling technologies. Welch is the author of more than 200 scientific papers and patents and co-

founded the Enantiomer journal. Welch chairs the ACS Division of Analytical Chemistry and 

serves on the Worldwide Symposia on Chirality Executive Board. 
1
 Grandpa Welch was a 

businessman, great-grandpa a priest, and dad an artist. He thinks chemistry combines these fields. 

Chiral chromatography has origins in Tsvet's 1904 invention of chromatography. In that year, 

Willstadter predicted enantiopure silk or wool would selectively absorb chiral dye enantiomers. 

Despite almost 20 years of trying to execute it, no significant progress was made.
2
 

A column of crushed quartz crystals was employed to distinguish organometallic enantiomers in a 

1930 Science article (quartz crystallises in a chiral space group, and single quartz crystals are 

enantiopure). I believe Prelog resolved the enantiomers of Troger's base on a lactose column in 

1944. 
3
 

Japanese experiments in the 1950s separated amino acid derivatives using paper chromatography, 

while Gil-Av invented synthetic chiral stationary phases in the 1960s, ushering in the current era of 

the technology.
4
 

Baczuk et al. released the first chiral stationary phase (DOPA) in 1968, and Cram introduced a 

crown ether stationary phase in the 1970s. 

My mentor at the University of Illinois, William Pirkle, invented chiral phases in the 1970s and 

1980s. Since I was an undergraduate at Pirkle labs in 1981, when chiral stationary phases were 

commercialized, I've been fascinated by this topic. Okamoto developed polysaccharide stationary 

phases in the 1980s. Daniel Armstrong and Wolfgang Lindner were 1980s chiral stationary phase 

designers. 
5
 

Chiral chromatography grew in the 1990s. Chiral chromatography is an established technology for 

obtaining gram and kilogram concentrations of enantiopure drugs. 

Stereochemistry investigates the spatial arrangement of atoms in molecules. Chiral molecules are a 

subset of stereochemistry. Objects can't be placed on their mirror images. Two compounds are 

chiral in chemistry. 

Enantiomers are "opposite" chiral substances. Right- and left-handed chemists are matched. Chiral 

is Greek meaning hand (cheir). 
6
 

In the 1960s, thalidomide caused chirality. Thalidomide was initially given to pregnant women to 

decrease morning sickness. In 1957, Germany made thalidomide from N-phthalylglutamic acid 
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imide. (R) - (+)-isomer has the needed impact. Swallowing Thalidomide racemizes it. If the safe 

isomer is utilized, the other enantiomer results. Researchers learned too late that (S)-(–)-

enantiomer causes birth abnormalities. 10,000 youngsters were deformed by this drug. 
7
 

 

(+) Tartaric acid                                     (-) Tartaric acid 

Figure-1 (+) and (-) forms of tartaric acids 

Drug producers and regulatory bodies were concerned about thalidomide. Chiral research 

flourished. FDA later demanded that all new drug isomers be examined for their physiological 

effects. Despite prior work on chiral stationary phases (CSPs) and reagents, analytical and 

preparative approaches were absent. 

Pharmaceutical companies didn't commercialize pure enantiomers using chiral separation until the 

1990s. The development of efficient CSPs, SMB chromatography systems, computer systems to 

model SMB processes, and efficient evaporation technologies to recycle mobile phases led to 

tremendous advancement in chiral separations at the time.
8
 

Most biosystems (including humans) are sensitive to chiral substances due to the homochirality of 

many functional proteins. Using bioactive chiral chemicals requires caution. Chirality explains 

biosystem stereochemical processes. The biological distinctions between chiral enantiomers have 

been known for decades, and single enantiomers of chiral medications were advised 30 years ago.
9
 

Evaluation: 

Theoretically and practically, chiral substances' properties and synthesis methods are explored in 

growing fields. Researchers struggle to find a simple, affordable, economical, and patentable chiral 

compound (single enantiomer) for industrial manufacturing or medicinal development. 

A racemic mixture is typically divided, synthesized, and purified to yield a single enantiomer. 

Mixtures of diastereomers or enantiomers need to be separated. Mixtures are split into two halves 

using both techniques. Chiral mixtures adhere to ternary or binary melting phase diagrams 

depending on the solvent used. 
10

 

Chiral separation was employed in analytical chemistry forty years ago. Racemic compounds must 

be separated and purified for use in pharmaceutical, food, agricultural, and related industries. 

http://www.ajptr.com/


Venkatesh et. al.,  Am. J. PharmTech Res. 2022;12(05)  ISSN: 2249-3387 

www.ajptr.com  26 
 

Enantiomeric purity is strictly monitored after thalidomide. As a result, chiral separation is 

affordable, practical, and energy-effective. 
11

 Two diastereomeric pairs are produced by a racemic 

mixture and a chiral selector. Diastereomeric complex formation is described by a "three-point 

interaction model." A pure enantiomer (chiral selector) is always required for diastereomeric 

interactions since enantiomer separation can only occur in a "chiral environment." Enantiomers 

can be cations or anions, but important roles in enantio-separation are also played by achiral anions 

such [BF4], [PF6], [NTf2], and [I] (hydrogen bonding, dipole-dipole interactions, Vander Waals 

forces, etc.) 
12

 

 

 

Figure-2: Chiral selector (tartaric acid) and racemic compound enantio separation via 

diastereomeric salt synthesis 

At the analytical level, enantioselective separations have been achieved in gas chromatography 

(GC), liquid chromatography (LC), thin-layer chromatography (TLC), supercritical fluid 

chromatography (SFC), counter current chromatography, and electromigration methods, both 

capillary electrophoresis (CE) and capillary electrochromatography (CE) (CEC). LC and CE are 

more popular than SFC. Low TLC contribution in chiral separations. GC was the first and most 

important technique to separate enantiomers in the 1960s, but its usefulness has decreased since 

the 1970s due to HPLC and CE approaches. 

A chiral selector interacts enantio selectively with enantiomers to separate them directly. For 

chromatographic procedures, this chiral selector is attached to a stationary phase or added to the 

mobile phase. For capillary electrophoretic methods, it is added to the background electrolyte. 
13

 

More than 200 chiral selectors for GC, LC, SFC, or CE separation should allow any enantio 

separation, at least theoretically. It's tough to choose the right selector for a given pair of 
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enantiomers. The enantioselective recognition methods are complex and rely on unknown features. 

14
 

Commercialization of useful LC chiral stationary phases, a surge in publications in this area, and a 

greater knowledge of chiral recognition and its relevance in many scientific domains fueled the 

spread of enantiomeric separations. LC, GC, and CE are improving enantiomer analysis. 

Kinetic or thermodynamic control determines mixture phase distribution. Chiral mixes' eutectic 

composition impacts phase distribution. 
15

 Supramolecular helical structures involved in phase 

distribution produce phase equilibriums. Mirror-image enantiomers form mirror-image crystals 

and helical crystals. One helicity can be assigned to a certain enantiomer, explaining separation 

results. 
16

 

Enantiomeric separations and analyses are used in many domains. Pharmaceutical and medical 

sciences (including pharmacokinetics and pharmacodynamics) are included since different 

enantiomers have varied physiological effects and biological dispositions. "Advances in LC 

analysis of enantiomers prompted the FDA to release guidelines for stereoisomeric medication 

development in 1992. 10 Many chiral insecticides and herbicides have enantioselective actions and 

biodegradation rates. 
17

 The food and beverage industry is increasingly interested in enantiomer 

analysis, which can alter flavor, scent, and nutrition, and be used to monitor fermentation, age, and 

adulteration of products. Enantiomeric separations help assess the enantiomeric purity of newly 

produced chiral substances and elucidate reaction processes. The stereochemical analysis is 

important in geochemistry, geochronology, biology, and materials science." Since enantiomers 

have identical physicochemical properties, developing acceptable methods for separation and 

quantification was tough in the past and support was not overwhelming. 
17

 The lukewarm 

perspective on chiral separations has been erased due to improvements in the field over the last 

decade. Academic, industry, regulatory, and opinion leaders all recognize and embrace the 

importance of chirality in medicinal molecules. 

Regulatory aspects of chiral compounds in pharmaceutics  

The International Conference on Harmonization of Technical Requirements for Registration of 

Pharmaceuticals for Human Use, or ICH, was established in order to standardize the rules that 

govern the registration of new medicines. However, this has resulted in a repetition of the work 

that must be done in this area. 

There should be mention of these three guidelines. To begin, the ICH Specifications for New Drug 

Substances and Products, Topic Q6A: Substances that include chemicals Impurities are discussed 
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in the second and third recommendations; specifically, Topic Q3A discusses impurities in novel 

drug substances, and Topic Q3B discusses new medications. 

In order to ensure compliance with regulations, it is essential to develop effective analytical 

techniques. Chiral separation technology has seen a boost as a result of chirality being taken into 

consideration in therapeutic benefit and medication development. 
18

 

CHIRAL DRUG SEPARATION PRINCIPLES AND TECHNIQUES  

Principles of chiral separation  

GC, HPLC, and CE were used to separate enantiomers. Three simultaneous interactions between 

the selector and the selected are required for chiral recognition. For diastereomeric molecules and 

chiral separation, at least one of these interactions must be stereoselective. The primary goal of 

chiral separation is to generate the selectivity required for the separation of stereo-selectively 

different molecules. This is how chromatography and chiral CE are distinguished. The analyte is 

separated into two immiscible phases in chiral chromatographic separation. One phase is usually 

mobile while the other is not. Chiral CE lacks two immiscible phases and instead features pseudo 

phases or a monophasic, homogeneous system. 
19

 Chiral recognition occurs at the molecule level 

rather than at the phase level. A separation technique must convert a molecular event (in this case, 

chiral recognition) into macroscopic events, such as various enantiomer retention periods in 

chromatography and different effective mobilities in electrophoresis. Immiscibility of phases is 

necessary in chromatographic separation since pressure cannot detect a specific component from 

many species in the same phase. Electrically driven mobility may be selective for one or more 

species in some instances. The requirement of immiscibility does not apply to chiral CE. In other 

words, in a monophasic environment, pressure cannot distinguish between molecular components, 

but CE can. The same idea underpins chiral separation in chromatography and electrophoresis. 

enantioselective interaction between analyte and chiral selector. 
19

 

 

Figure-3: Three-point interaction model 

Chiral separation 

Enantiomer-selecting chiral stationary phases (CSPs) for GC, HPLC, and CE have improved chiral 

drug separation techniques. Chiral selectors distinguish enantiomer-based medications. Finding a 
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suitable chiral selector on a solid substrate (GC, HPLC) or in a flowing solution (HPLC, CE) 

requires trial and error. Structure permits predictions. Modifications to buffer nature, ionic 

strength, pH, organic modifiers, temperature, etc. are possible after selection. Popular selectors 

include cyclodextrins, both native and modified. Pharmaceutical CDs are prevalent. Reviews refer 

to CDs as chiral pickers. Six, seven, or eight a-CD-glucopyranose units are present on native CDs. 

The inside of truncated cones are hydrophobic whereas the exteriors are hydrophilic. CDs are 

inexpensive, water-soluble, and UV-absorbent chiral selectors. Chiral selectors also include natural 

and synthetic chiral surfactants, crown ethers, proteins, oligo- and polysaccharides, macrocyclic 

antibiotics, and chiral ligands. Chiral selectors are able to distinguish medicinal enantiomers. 
20

 

Table 1: A wide range of chiral selectors and related chiral recognition processes are used to 

separate chiral molecules. 
21

 

Chiral selection  chiral recognition mechanism  Examples  Separated 

enantiomers 

CDS Chiral reorganisation is based 

on the inclusion of bulky 

hydrophobic group of analytes 

into the hydrophobic site of CD 

and later interaction of 

hydroxyl group such as 

hydrogen bond and dipole-

dipole interaction with analyte 

Carboxy methylated b-

CD, heptakis-o-methyl-

b-CD, mono(6-b-

aminoethylamino-6-

deoxy)-b-CD and 

mono(6-amino-6-

deoxy)-b-CD 

Acebutolol, 

acenocoumarol, 

Carnitine, 

Ephedrine, 

Epinephrine, 

Glutethimide, 

Thioridazine, etc. 

Macrocylic  

antibiotic 

The multiple chiral atoms and 

several functional groups allow 

multiple interactions with the 

analytes to enable chiral 

recognition. The primary 

interaction is ionic; secondary 

interaction includes  hydrogen 

boding ,dipole-dipole P-P 

hydrophobic interaction and 

steric repulsion    

Rifamycin B, rifamycin 

SV, ristocetin A, 

teicoplain, fradiomycin,  

Kanamycin  

Ansamycines, 

Avoparcin, and  

vancomycin  

Amephoterin, a-

aminoadipic acid, 

flurbiprofen, 

fenoprofen, 

methionine, 

methotrexate, 

ketoprofen, 

suprofen, etc. 

Polysaccharides  Hydrogen bonds and dipole-

dipole interactions with 

hydroxyl group of sugar and 

molecules are assumed to be 

the main interactions. In some 

cases, the helical structure of 

dextrin might be responsible 

for chiral recognition   

Heparin, dextran 

sulphate, streptomycin 

sulfate, amylose 

chondroitin sulphate C, 

laminaran, dextrin 

sulfopropyl, and 

kanamycin sulfate.  

Doxylamine, 

laudanosine, 

naproxen, 

Oxaminiquine, 

Pheniramine,  

Primaquine, 

Timepidium, 

Trimetoquinol, etc 

Proteins/ 

polypeptides 

Proteins and peptides are 

naturally chiral and they often 

have different qualitative 

interactions (eg., different sites) 

and quantitative interactions(i.e 

Bovine serum albumin, 

human serum albumin, 

pepsin, lysozyme, 

avidin, ovomucoid, 

casein conalbumin, 

Benzoin, bunitrol, 

epinastine, 

flurbiprofen, 

Ibuprofen, 

Ketoprofen 
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different affinity or binding 

capacity) with the 

stereoisomers of chiral 

molecules. Very specific high-

affinity binding often occurs, 

and any sort of inter molecular 

interactions (e.g., hydrophobic 

interactions, electrostatic  

interactions, etc) may play role 

in binding, which is often 

reversible.  

streptavidin, trypsin, 

ovoglycoprotein, and b-

lactoglobulin 

Leucovorin, 

 Pindolol, 

Promethazine, 

Propranolol, 

Trimeputine, 

Warfarin, etc. 

Chiral crown 

ether  

Two different diastereomeric 

inclusion complexes are 

formed. The primary 

interaction of complexes are 

hydrogen bonds between the 

three amine hydrogens and 

oxygens of macrocytic ether in 

a tripod arrangement. Ionic, 

dipole interactions are 

hydrogen bonds between the 

carboxyl group and polar group 

of the analytes may act as 

additional supporting 

interactions. 

18-Crown-6-

tetracarbolic acid, 

dicyclohexyl-18-crown-

6, 18-crown-6-

2,3,11,12-tetra 

carboxylic acid, benzo-

monoaza-15-crown-5 

and (R,R)-2,12-

bis(hydroxymethyl)-2, 

12-dimethyl-18-crown-

6. 

  

Aminoglutethimide, 

Aminophenol, 

Baclofen, dopa, 

ephedrine, 

mexiletine, 

noradrenaline, 

norephedrine, 

octopamine, 

primaquine, etc. 

Chiral surfactants  The chiral separation of 

analysis is based on their 

partition coefficients between 

the chiral micelle phase and the 

electrolyte bulk phase  

Alkyl glucosidase, 

Alkyl maltoside, 

sodium chlorate, 

saponins, sodium 

dodecyl sulphate, and 

sodium taurocholate  

Ephedrine, 

Fenoldopam, 

hexobarbital, 

Ketamine, pindolol, 

Timolol,etc 

Chiral Drug Separation Techniques 

For chiral drug separation, GC, HPLC, and CE are utilized. Other approaches, like chiral 

crystallization and enzyme-based kinetic separation, have drawn interest. 

Without a doubt, substantial progress has been made in chiral chromatographic technology using 

HPLC and GC, which has paved the way for the quantification of individual enantiomers of 

numerous racemates in biological fluids such as plasma, serum, urine, etc. Both HPLC and GC 

have been used to separate enantiomers utilizing achiral stationary phases (indirect method) or 

chiral stationary phases (direct method) without prior chiral derivatization (direct method). Direct 

techniques are popular, although using chiral stationary phases may be difficult due to matrix, 

endogenous components, or overlapping metabolite peaks. In some cases, using two or more 

columns to improve selectivity may be necessary. 
22
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The determination of absolute configuration such as R and S or d and l is the best approach to 

differentiation of the two enantiomeric forms. The assessment of absolute configurations is based 

on X-ray crystallography and documented stereospecific synthetic sequences. Because of the 

complexities involved in establishing absolute configuration, the labelling of enantiomers by 

optical descriptors such as dextro and levo may be useful as an alternate. A nomenclature system 

that only depends on optical descriptors may have serious limitations. For example, by altering the 

pH of a solution of d-ibuprofen, the direction of rotation of plane polarized light can be altered 

such that the solution of ibuprofen confers to the l-descriptor. Because the use of dextro and levo 

notations does not truly reflect the configuration of the enantiomers, rather the inherent property of 

the molecule to rotate the plane of polarized light, it is imperative for the sponsor or investigator to 

allocate resources to carry out the absolute stereo configurational analysis of the enantiomers early 

in the path of drug development. 
22

 

Detectors 

It is very important to establish the responsiveness of enantiomeric analytes to HPLC or GC 

detectors. Some enantiomeric analytes may possess an inherent property of exhibiting ultraviolet 

absorption, fluorescence or oxidation-reduction potential (HPLC applications). In such instances, 

the use of chiral derivatization reagent (CDR) serves the purpose of imparting only diastereomeric 

properties necessary for resolution and not to serve as the markers for HPLC detectors. Likewise, 

some enantiomeric analytes may show an inherent response to nitrogen–phosphorous (NP) or 

electron capture (EC) detectors (GC applications). Here again, the CDRs’ use may introduce 

diastereomeric qualities to facilitate resolution but not serve as a detector tag necessary to enhance 

the sensitivity. The chiral centre in enantiomeric analytes has a tendency to racemize, which is 

largely influenced by the nature of the substituent groups around the chiral centre. If there is more 

than one chiral centre in a given molecule, the likelihood of racemization at each chiral centre 

needs to be evaluated. The factors that may facilitate racemization include temperature, moisture, 

solvent interaction, pH, presence of chemical impurities, etc. To overcome the problem of 

racemization during storage, the storage conditions need to be optimized as per the requirements of 

the proposed development plan for the given drug. 

The role of CDR is either to impart diastereomeric properties to the molecule enabling the 

separation of the two enantiomeric forms or to impart diastereomeric properties as well as 

equipping the molecule with the necessary group to elicit a strong detector response. 
23

 

The selection of the CDR is largely dependent on the type of reactive functional handle provided 

by the enantiomeric analytes, the detection system planned to be used, and the CDR’s own 
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commercial availability. Other factors that may influence the selection of a particular CDR include 

the capacity to produce highly sensitive labels for quantitation at trace levels, the applicability for 

the analysis of other enantiomeric analytes, the analysts’ expertise, and the level of complexity 

involved in the work-up procedure and previously established utility. Another factor could be the 

accessibility and/or availability of the CDR in both enantiomeric forms. Some purported 

advantages of having CDRs in both enantiomeric forms would be to double-check the reversibility 

of the elution order and accuracy of the stereoselective pharmacokinetic data, especially if 

profound stereoselectivity is noted, and to eliminate the possibility of an artifact introduced by a 

CDR. Additionally, if there is a racemization potential of one enantiomeric form of the CDR, this 

would enable switching to the other form of CDR under identical chromatographic conditions for 

separation and quantitation. 
23, 24

 

Principles of Chiral Separation in LC 

Direct and indirect methods can separate enantiomers. 44'45 In the indirect technique, enantiomers 

are derivatized before separation, while in the direct approach, they are placed in a chiral 

environment and not chemically reacted. The authors identify two indirect approaches. 46 First, 

enantiomers are derivatized using an achiral reagent and separated with a chiral stationary phase. 

The second indirect procedure derivatizes enantiomers using a chiral derivatization reagent to 

generate covalently bound Di stereoisomers (CDR). 
25

 

1. Direct Chiral Separation Using CMPAs 

2. Direct Chiral Separation Using CSPs 

Principles of Chiral Separations with CE and its applications 

CE has been proven to separate medication enantiomers efficiently. Chiral separations in CE are 

similarly based on the production of diastereomeric compounds. 

Selectors in CE 

Numerous chiral selectors have indeed been employed in CE. 

1. Cyclodextrins 

2. Crown-ethers 

3. Macrocyclic Antibiotics 

4. Proteins 

5. Micelles and Surfactant Pseudo Stationary Phases 

In the manufacture of enantiomerically pure pharmaceuticals, HPLC is used to separate drug 

molecules and their precursors. CE is another chiral separation technology besides HPLC. HPLC 

and CE use several different compounds as chiral selectors. 
26
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Based on their structure, they can be divided into three groups:  

 Selection based on molecular weight,  

 Selectors with macrocyclic designs, and  

 Selectors at the microscopic level. 

Chiral HPLC uses polysaccharide CSPs. HPLC, GC, CE, CEC, SFC, and TLC separate chiral 

molecules. HPLC with CSPs is most often used for chiral separation, analysis, and isolation. CSPs 

separate chirals. Enantioseparation CSPs use chiral chemicals. Synthetic polymers, proteins, 

polysaccharides, macrocyclic antibiotics, crown ethers, Pirkle-type, ligand-exchange-type, etc. 

Costs, resolution, and scope vary for each. High-enantioselectivity, low-cost CSPs are being 

developed. Three years ago, many new chiral HPLC CSPs were created. 

Pharmaceutical companies can replace HPLC with CE. CE uses HPLC-chiral separations. 

Gassmann, Kuo, and Zare isolated chiral CE 1985. 
27

 This method is efficient, can accommodate a 

range of chiral selectors, which simplifies method development, uses tiny amounts of chiral 

selector and solvent, is rapid, cheap, and has no environmental impact. CE detects weak 

chromophores with low-UV wavelengths (200 nm). CE works when chromatography fails with 

charged and polar substances. Chiral CE separation has been reviewed recently. Gu Bitz and 

Schmid list 280 chiral medications, including selectors and background electrolytes. Special chiral 

CE difficulties are in Chromatography A and Electrophoresis. Chiral separation in all CE 

techniques, including capillary zone electrophoresis (CZE), capillary gel electrophoresis (CGE), 

and capillary isoelectric focusing (CIEF), relies on enantioselective noncovalent-intermolecular 

interactions between the analyte and a chiral selector. Enantiomers of chiral pharmaceutical 

molecules have the same charge density, hence CE chiral separation is not dependent on 

electrophoretic separation, where analyte charge densities dictate migration velocity. Non-

stereoselective electroosmotic flow and electrophoretic mobility. Chiral selectors bind CE 

enantiomers. Direct or indirect chirality. Most are separate. The chiral selector generates transitory 

diastereoisomeric or inclusion complexes in the running buffer. Indirect CE separates enantiomers 

into covalent diastereomers. Different diastereomeric electrophoretic mobilities prevent chiral 

selectors. 
28

 

Principles of Chiral Separations with HPLC and its applications 

Chromatographic enantiomer separation is dominated by HPLC. This method is used to tell chiral 

medications apart in many book chapters and reviews. GC is better at separating volatile 

compounds than chiral HPLC. When the right detection tools are used, it shows the mass and 

optical rotation of enantiomers in real time. There are direct and indirect ways to separate chiral 
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molecules using liquid chromatography. These methods are based on the production of 

diastereomers on CSPs or in mobile phases. 
29

 Using CSPs for direct chiral separation is a more 

reliable method than using chiral mobile phase additives. There are 100 HPLC CSPs on the 

market. Racemic compounds can't be separated by CSP. An analyte, a CSP, and a mobile phase are 

needed to separate. To tell racemates apart on a CSP, you need to know about chiral recognition. 

Data from chiral chromatography groups has been added to CHIRBASE quickly. Racemic drugs 

are separated by chiral HPLC. Typical chromatograms of isopyramide and its active metabolite, 

mono-N-dealkyldisopyramide, in human plasma without drugs, with drugs added, and after 

treatment. chiral HPLC was used to separate the metabolites of chlorpheniramine, verapamil, and 

tramadol. 
30

 

Principles of Chiral Separations with GC and its applications 

Capillary GC was employed by Gil-Av, Feibush, and Charles-Sigler. Enantiomers are divided by 

hydrogen bonding, coordination, and inclusion. Chiral selectors include modified CDs, derivatized 

amino acids, and MCCs produced from terpenes. The limits, uses, and techniques of GC were 

evaluated by Schurig and Francotte in relation to chiral separation. The enantiomeric composition 

of chiral compounds, pharmaceuticals, intermediates, metabolites, insecticides, flavours, and 

scents can be determined by GC. Structure, experiment, and bibliographic data on successful and 

unsuccessful chiral separations, CSP rule sets, and chiral separation techniques are all included in 

CHIRBASE. Nearly all racemic apolar-to-polar chemical combinations have CSPs listed in 

CHIRBASE. Using 5,500 chiral chemicals, GC identified 22,000 enantiomers in 2,200 articles. 

This is effective with flammable compounds such racemic a-ionone, isoflurane, desflurane, and 

enflurane. Solvents, modifiers, or gradient elution are not necessary for GC. Chiral analytes must 

be volatile, thermostable, and resolvable for GC to work. Its usefulness is minimal. 
31

 

Table 2: Differences between HPLC and CE as chiral separation techniques 

 HPLC CE 

The instrument, its price, 

and its safety 

Costly columns, excessive 

buffer solution use, and 

potentially dangerous organic 

modifiers are some of the 

drawbacks of organic 

modifiers. 

Injector valves and detector 

cells are unnecessary for 

this instrument's simplicity. 

little amounts of solvent and 

the chiral selector/buffer are 

all that are needed; 

affordable and good for the 

environment. 

Chiral selector  Immobilized; a large number 

of commercially accessible 

CSPs; chiral selector 

combination is difficult or at 

Chiral selectors are 

transportable, cheap, and 

can be blended in any ratio 

(only limited by the 
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minimum time-consuming. solubility). 

Mobility manipulation It is impossible to modify the 

specificity of chiral separation 

without altering the affinity 

pattern of the enantiomers for 

the chiral selector. 

Possible to change 

enantiomer migration order 

without reversing chiral 

selector affinity. 

Efficient selection Chiral separation selectivity 

may approach thermodynamic 

chiral identification selectivity, 

certainly not exceed it; 

separation efficiency is 

occasionally inadequate. 

Chiral separation choosiness 

may approach 

thermodynamical chiral 

recognition appropriateness, 

but never exceed it; 

separation efficiency is 

occasionally inadequate. 

Reproducibility  Excellent; high rate of success. The success rate is 

comparatively low and 

negative. 

Separation scale  Scales between semi-

preparatory and preparative. 

Small analytical sample 

quantities. 

The invention of a method Column changes are time-

consuming. 

Change a capillary and/or 

chiral selector in minutes. 

CONCLUSION 

The chirality of a molecule must be considered during drug development and regulation. Chiral 

bioactive compounds having enantiomers must be examined carefully. According to the FDA and 

other regulatory organizations in Europe, China, and Japan, only the active enantiomer of chiral 

pharmaceuticals can be sold. Chiral approaches arose as a result of the discovery and study of 

chiral medicines. HPLC based on CSP is frequently used to examine medication enantiomers in 

pharmaceutical formulations and biological fluids. Adding CE and chiral selectors to the running 

buffer yields the same outcome. Various chiral selectors, including as CDs, crown ethers, quinine, 

chiral surfactants, polysaccharides, proteins, and macrocyclic antibiotics, have been utilized in 

chromatographic and electrophoretic procedures to separate medicines and therapeutic candidates. 

HPLC and CE are frequently superior for enantioselectivity. Finding novel ways to separate things 

is one purpose of the study. Despite a trend toward promoting single-enantiomer medicines, those 

with excellent efficacy and enantioselectivity are expected to fare well. 

REFERENCES: 

1. Gurus of Chiral Separations. (n.d.). Retrieved July 28, 2022, from 

https://theanalyticalscientist.com/techniques-tools/gurus-of-chiral-separations 

2. Welch, C. J. (2020). William H. Pirkle: Stereochemistry pioneer. Chirality, 32(7), 961–974. 

https://doi.org/10.1002/CHIR.23234 

http://www.ajptr.com/
https://theanalyticalscientist.com/techniques-tools/gurus-of-chiral-separations
https://doi.org/10.1002/CHIR.23234


Venkatesh et. al.,  Am. J. PharmTech Res. 2022;12(05)  ISSN: 2249-3387 

www.ajptr.com  36 
 

3. Upfront Can your new smartphone image single DNA molecules? (2015). 

www.theanalyticalscientist.com 

4. Fouad, A., Shaykoon, M. S. A., Ibrahim, S. M., El-Adl, S. M., & Ghanem, A. (2019). Colistin 

Sulfate Chiral Stationary Phase for the Enantioselective Separation of Pharmaceuticals Using 

Organic Polymer Monolithic Capillary Chromatography. Molecules, 24(5). 

https://doi.org/10.3390/MOLECULES24050833 

5. Maier, N. M., Franco, P., & Lindner, W. (2001). Separation of enantiomers: Needs, 

challenges, perspectives. Journal of Chromatography A, 906(1–2), 3–33. 

https://doi.org/10.1016/S0021-9673(00)00532-X 

6. Ward, T. J., & Ward, K. D. (2012). Chiral separations: A review of current topics and trends. 

Analytical Chemistry, 84(2), 626–635. https://doi.org/10.1021/AC202892W 

7. The Evolution of Chiral Chromatography. (n.d.). Retrieved July 28, 2022, from 

https://www.chromatographyonline.com/view/evolution-chiral-chromatography 

8. Why Thalidomide Is Important to Chiral Separation - Averica. (n.d.). Retrieved July 28, 2022, 

from https://www.avericadiscovery.com/blog/why-thalidomide-is-important-to-chiral-

separation/ 

9. H. Brooks, W., C. Guida, W., & G. Daniel, K. (2011). The Significance of Chirality in Drug 

Design and Development. Current Topics in Medicinal Chemistry, 11(7), 760–770. 

https://doi.org/10.2174/156802611795165098 

10. Pálovics, E., Zsolt, S., Beáta, S., Miklós, B., & Elemér, F. (2018). Separation of Chiral 

Compounds: Enantiomeric and Diastereomeric Mixtures. Laboratory Unit Operations and 

Experimental Methods in Chemical Engineering. 

https://doi.org/10.5772/INTECHOPEN.76478 

11. Kempe, M. (2000). CHIRAL SEPARATIONS | Molecular Imprints As Stationary Phases. 

Encyclopedia of Separation Science, 2387–2397. https://doi.org/10.1016/B0-12-226770-

2/03161-6 

12. Kingston, J., Sumner, N., Proctor, K., & Chiarparin, E. (2020). The flexible application of 

automated preparative purification platforms within drug discovery. Handbook of Analytical 

Separations, 8, 307–347. https://doi.org/10.1016/B978-0-444-64070-3.00007-2 

13. Gübitz, G., & Schmid, M. G. (2001). Chiral separation by chromatographic and 

electromigration techniques. A review. Biopharmaceutics and Drug Disposition, 22(7–8), 

291–336. https://doi.org/10.1002/BDD.279 

http://www.ajptr.com/
http://www.theanalyticalscientist.com/
https://doi.org/10.3390/MOLECULES24050833
https://doi.org/10.1016/S0021-9673(00)00532-X
https://doi.org/10.1021/AC202892W
https://www.chromatographyonline.com/view/evolution-chiral-chromatography
https://www.avericadiscovery.com/blog/why-thalidomide-is-important-to-chiral-separation/
https://www.avericadiscovery.com/blog/why-thalidomide-is-important-to-chiral-separation/
https://doi.org/10.2174/156802611795165098
https://doi.org/10.5772/INTECHOPEN.76478
https://doi.org/10.1016/B0-12-226770-2/03161-6
https://doi.org/10.1016/B0-12-226770-2/03161-6
https://doi.org/10.1016/B978-0-444-64070-3.00007-2
https://doi.org/10.1002/BDD.279


Venkatesh et. al., Am. J. PharmTech Res. 2022; 12(05)     ISSN: 2249-3387 

37 www.ajptr.com 
 

14. He, J., & Shamsi, S. A. (2011). Chiral micellar electrokinetic chromatography-atmospheric 

pressure photoionization of benzoin derivatives using mixed molecular micelles. 

Electrophoresis, 32(10), 1164–1175. https://doi.org/10.1002/elps.201000581 

15. Chiral Column Chromatography. (n.d.). Retrieved July 28, 2022, from https://www.news-

medical.net/life-sciences/Chiral-Column-Chromatography.aspx 

16. Chiral Chromatography Frequently Asked Questions. (n.d.). Retrieved July 28, 2022, from 

https://www.sigmaaldrich.com/IN/en/technical-documents/technical-article/analytical-

chemistry/purification/faq 

17. Rebizi, M. N., Sekkoum, K., Belboukhari, N., Cheriti, A., & Aboul-Enein, H. Y. (2016). 

Chiral separation and determination of enantiomeric purity of the pharmaceutical formulation 

of cefadroxil using coated and immobilized amylose-derived and cellulose-derived chiral 

stationary phases. Egyptian Pharmaceutical Journal, 15(2), 88. https://doi.org/10.4103/1687-

4315.190399 

18. Zeid, R. L. (2010). Regulatory and Development Considerations of Chiral Compounds. Chiral 

Separation Methods for Pharmaceutical and Biotechnological Products, 9–34. 

https://doi.org/10.1002/9780470608661.CH2 

19. Li, B., & Haynie, D. T. (n.d.). Chiral Drug Separation. https://doi.org/10.1081/E-ECHP-

120039232 

20. Pinto, M. M. M., Fernandes, C., & Tiritan, M. E. (2020). Chiral Separations in Preparative 

Scale: A Medicinal Chemistry Point of View. Molecules 2020, Vol. 25, Page 1931, 25(8), 

1931. https://doi.org/10.3390/MOLECULES25081931 

21. 14.3: Chiral Chromatography - Chemistry LibreTexts. (n.d.). Retrieved July 29, 2022, from 

https://chem.libretexts.org/Courses/Providence_College/CHM_331_Advanced_Analytical_Ch

emistry_1/14%3A_Liquid_Chromatography/14.03%3A_Chiral_Chromatography 

22. Grybinik, S., & Bosakova, Z. (2021). An overview of chiral separations of pharmaceutically 

active substances by HPLC (2018–2020). Monatshefte Fur Chemie, 152(9), 1033–1043. 

https://doi.org/10.1007/S00706-021-02832-5/FIGURES/3 

23. Types of detectors used in gas chromatography and HPLC - LC Services. (n.d.). Retrieved 

July 29, 2022, from https://www.lcservicesltd.co.uk/types-of-detectors-used-in-gas-

chromatography-and-hplc/ 

24. DETECTORS USED IN GAS CHROMATOGRAPHY AND HPLC BY P.RAVISANKAR. 

(n.d.). Retrieved July 29, 2022, from https://www.slideshare.net/banuman35/detectors-used-

in-gas-chromatography-and-hplc 

http://www.ajptr.com/
https://doi.org/10.1002/elps.201000581
https://www.news-medical.net/life-sciences/Chiral-Column-Chromatography.aspx
https://www.news-medical.net/life-sciences/Chiral-Column-Chromatography.aspx
https://www.sigmaaldrich.com/IN/en/technical-documents/technical-article/analytical-chemistry/purification/faq
https://www.sigmaaldrich.com/IN/en/technical-documents/technical-article/analytical-chemistry/purification/faq
https://doi.org/10.4103/1687-4315.190399
https://doi.org/10.4103/1687-4315.190399
https://doi.org/10.1002/9780470608661.CH2
https://doi.org/10.1081/E-ECHP-120039232
https://doi.org/10.1081/E-ECHP-120039232
https://doi.org/10.3390/MOLECULES25081931
https://chem.libretexts.org/Courses/Providence_College/CHM_331_Advanced_Analytical_Chemistry_1/14%3A_Liquid_Chromatography/14.03%3A_Chiral_Chromatography
https://chem.libretexts.org/Courses/Providence_College/CHM_331_Advanced_Analytical_Chemistry_1/14%3A_Liquid_Chromatography/14.03%3A_Chiral_Chromatography
https://doi.org/10.1007/S00706-021-02832-5/FIGURES/3
https://www.lcservicesltd.co.uk/types-of-detectors-used-in-gas-chromatography-and-hplc/
https://www.lcservicesltd.co.uk/types-of-detectors-used-in-gas-chromatography-and-hplc/
https://www.slideshare.net/banuman35/detectors-used-in-gas-chromatography-and-hplc
https://www.slideshare.net/banuman35/detectors-used-in-gas-chromatography-and-hplc


Venkatesh et. al.,  Am. J. PharmTech Res. 2022;12(05)  ISSN: 2249-3387 

www.ajptr.com  38 
 

25. Liquid Chromatography - Chemistry LibreTexts. (n.d.). Retrieved July 29, 2022, from 

https://chem.libretexts.org/Bookshelves/Analytical_Chemistry/Supplemental_Modules_(Anal

ytical_Chemistry)/Instrumental_Analysis/Chromatography/Liquid_Chromatography 

26. He, B. L., & Lloyd, D. K. (2020). Chiral methods. Specification of Drug Substances and 

Products, 425–458. https://doi.org/10.1016/B978-0-08-102824-7.00016-6 

27. Gübitz, G., & Schmid, M. G. (2004). Chiral separation principles: an introduction. Methods in 

Molecular Biology (Clifton, N.J.), 243, 1–28. https://doi.org/10.1385/1-59259-648-7:001 

28. (4) Chiral separations by capillary electrophoresis: Recent developments and applications | 

Yvette Michotte - Academia.edu. (n.d.). Retrieved July 29, 2022, from 

https://www.academia.edu/14022788/Chiral_separations_by_capillary_electrophoresis_Recen

t_developments_and_applications 

29. The principle of HPLC chiral separation: a flow of dissolved chiral... | Download Scientific 

Diagram. (n.d.). Retrieved July 29, 2022, from https://www.researchgate.net/figure/a-The-

principle-of-HPLC-chiral-separation-a-flow-of-dissolved-chiral-drug-

racemic_fig2_328049807 

30. HPLC- Definition, Principle, Parts, Types, Uses, Diagram. (n.d.). Retrieved July 29, 2022, 

from https://microbenotes.com/high-performance-liquid-chromatography-hplc/ 

31. Schurig, V. (2002). Chiral separations using gas chromatography. TrAC - Trends in Analytical 

Chemistry, 21(9–10), 647–661. https://doi.org/10.1016/S0165-9936(02)00808-7 

 

 

 

 

 

 

 

 

 

 

  AJPTR is 

 Peer-reviewed       

 bimonthly 

 Rapid publication 

Submit your manuscript at: editor@ajptr.com 

http://www.ajptr.com/
https://chem.libretexts.org/Bookshelves/Analytical_Chemistry/Supplemental_Modules_(Analytical_Chemistry)/Instrumental_Analysis/Chromatography/Liquid_Chromatography
https://chem.libretexts.org/Bookshelves/Analytical_Chemistry/Supplemental_Modules_(Analytical_Chemistry)/Instrumental_Analysis/Chromatography/Liquid_Chromatography
https://doi.org/10.1016/B978-0-08-102824-7.00016-6
https://doi.org/10.1385/1-59259-648-7:001
https://www.academia.edu/14022788/Chiral_separations_by_capillary_electrophoresis_Recent_developments_and_applications
https://www.academia.edu/14022788/Chiral_separations_by_capillary_electrophoresis_Recent_developments_and_applications
https://www.researchgate.net/figure/a-The-principle-of-HPLC-chiral-separation-a-flow-of-dissolved-chiral-drug-racemic_fig2_328049807
https://www.researchgate.net/figure/a-The-principle-of-HPLC-chiral-separation-a-flow-of-dissolved-chiral-drug-racemic_fig2_328049807
https://www.researchgate.net/figure/a-The-principle-of-HPLC-chiral-separation-a-flow-of-dissolved-chiral-drug-racemic_fig2_328049807
https://microbenotes.com/high-performance-liquid-chromatography-hplc/
https://doi.org/10.1016/S0165-9936(02)00808-7
mailto:editor@ajptr.com

