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ABSTRACT

The article provides a review on the enantiomeric drugs, its importance
from the biological point of view in the pharmaceutical industries. It cov-
ers the regulatory requirements and guidelines from the regulatory agen-
cies for enantiomeric pharmaceutical drugs. It also emphasizes on the
need of accurate analytical methods and the various commonly used and
advanced analytical techniquesfor the identification and accurate estima-
© 2007 Trade Sciencelnc. - INDIA

tion of enantiomeric drugs.

INTRODUCTION

Living organismsare composed of chiral bio mol-
eculessuchasamino acids, sugars, proteinsand nucleic
acids. In naturethese bio moleculesexistsin only one
of thetwo possible enantiomeric forms. For example,
aminoacidinL formand sugarsin D forms. Because of
chirdity, living organismsshow different biologica re-
sponsesto oneof apair of enantiomersin drugs.

Most of theliteratureavailable, ded swith the prod-
uct specificandytica methodsfor thechira molecules.
Thisarticle, focuson enantiomeric drugs, itsimportance
inthe pharmaceutica industry, regul atory aspectsand
various analytical methods by which the enantiomers
can beestimated.

DISCUSSION

1. Theory
1.1. Enantiomers
Enantiomersaretwo chemicaly identical molecu-
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lar species, which differ from each other as non-
superimpos blemirror images. Enantiomers, in addition
to diastereomersand cis-trans-isomers, arethusaspe-
cial caseof stereoisomers. Enantiomershaveidentical
physical and chemical propertiesexcept that they ro-
tatethe plane of polarized light in oppositedirection
and behavedifferently in chird environment(¥,

1.2. What causeschirality?

Thereare severad waysthat amolecule can display
chirdity. Firstly if an atom such ascarbon, silicon, ni-
trogen, phosphorous or sulphur forms atetrahedral
structurewith four different substituentsthen two non-
super imposablemirror imageswill beformed. Butan-
2-ol isan example of achiral moleculewith achiral
center.

The second way amolecule can show chirdity is
when thereisarigid featurein the molecule such as
diakenes, which leads to two non-super imposable
mirror images beingformed. Alleneisanexampleof a
chiral moleculewithachird axis.

Thirdly, certain moleculescanform helical struc-
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turedueto steric effects, which have high-energy barri-
erstointer-conversion for two enantiomersto exist.
Heliceneisan exampleof achird moleculewithachird
plane.

2. Biological importanceof enantiomericdrugs

Thehuman body being chird sdective, will interact
with each racemic drug differently and metabolizeeach
enantiomer by aseparate pathway to produce different
pharmacological activity. Thus, oneisomer may pro-
ducethedesired therapeutic activities, whileother may
beinactiveor in some cases produce unwanted effects.
Mg ority of commercialy availabledrugsare both syn-
theticand chiral. However alargenumber of chird drugs
arestill marketed as racemic mixtures. To avoid the
possibleundesirableeffectsof chiral drug, itisimpor-
tant that apure, thergpeuticdly activeform beprepared
and marketed.

Optical isomersof drugsoften havegrestly differ-
ent affinitiesat receptor stesaremetabolized at differ-
ent rates, and have different affinitiesfor tissueand pro-
tein binding sites. Despite thisknowledge, many drugs
areadministered astheir racemates. Manipul ation of
the enantiomeric ratio or the use of only one enanti-
omer of adrug may allow separation of toxicity and
efficacy, and thismay lead to asignificant increasein
thergpeuticratio and amorerational gpproachtothera-
peuticg?.

Enzymes, whichthemselvesareawayschiral; of-
ten distingui sh between thetwo enantiomersof achira
substrate. Thiscan bevisualizedin everyday termsby
imagining theenzymesto havethree-dimensiond glove
shaped cavities, which bind these substrates. If this
“glove” isright-handed, then right-handed molecules
will fitinside snugly and thus be bound tightly. Onthe
other hand, left-handed moleculeswon’t fit well - just
like putting your left hand into aright-handed glove.
Althoughthisisan oversmplification of therecognition
process (enzymecavitiesarenot redly “gloveshaped”),
itisauseful illustration of amoregenera point: chira
objects havedifferent interactionswith thetwo enanti-
omersof other chiral objects.

Other biologica processesmay betriggered by only
one of thetwo possi ble enantiomersof achiral mol-
ecule, often being unresponsiveto theother enantiomer.
For example, S-carvone (“left-handed”) istheflavor of
caraway, while R-carvone(“‘right-handed”) istheflavor
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of spearmint. Many chiral drugs must be made with
high enantiomeric purity dueto toxic activity of the
‘wrong’ enantiomer. An exampleof thisisthalidomide,
whichisracemic-that is, it containsboth left and right
handed isomersin equa amounts. Oneenantiomer is
effective against morning sickness, and theother ister-
atogenic. It should be noted that the enantiomersare
converted to each other invivo. That is, if ahumanis
given D-thdidomideor L-thalidomide, bothisomerscan
befound in the serum. Hence, administering only one
enantiomer will not prevent theteratogenic effect inhu-
mans.

3. Regulatory aspectsof enantiomericdrugs

Regulaory agenciesthroughout theworld arecur-
rently reviewingtheimportance of chirdity with regard
to pharmaceutica products?. New guiddinesfromsuch
agencieshave beenkey driversfor thefocusonsingle
enantiomer productsin pharmaceuticd industries. The
scientific and regulatory devel opmentshave crested the
need for aguidefor workersin the pharmaceutical and
chemica industries seekinginformation on chiral mol-
ecules, processes, and commercialy availablechira
chemicals. The“Chira pool’ of readily available, rela
tively inexpensivechira compounds has been expand-
ing at arapid rate asmore and more productsare pro-
duced in large quantities at economical prices. New
devel opmentsin varioustechnol ogiesfor isolating, pre-
paring, and purifying chiral materiashavegresatly in-
creased theopportunitiesfor utilizing opticdly purecom-
poundsincommercid applicationg®. Nove techniques
for classical resolution, new methodol ogiesfor devel-
oping selective enzymesfor biocatalysis, advancesin
thegpplication of microorganismsfor chemica produc-
tion, and continued progressintheareaof asymmetric
synthesishaved| contributed to thegrowth of thisfield.
Itisordinarily sufficient to carry out toxicity studieson
theracemate. If toxicity other than that predicted from
the pharmacol ogical propertiesof thedrug occursat
relatively low multiplesof theexposureplannedfor dini-
cal trials, thetoxicity study wherethe unexpected tox-
icity occurred should be repeated with theindividual
Isomersto ascertain whether only oneenantiomer was
respons blefor thetoxicity. If toxicity of significant con-
cern can beeliminated by devel opment of sSingleisomer
withthedesired pharmacol ogica effect, it wouldingen-
eral bedesirableto do so. Itisessential to determine
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the concentration of eachisomer and definelimitsfor
al isomeric components, impurities, and contaminants
on the compound tested pre-clinically that isintended
for useindinicd trids. Themaximumalowablelevd of
impurity inastereoisomeric product employedinclini-
cd trials should not exceed that present inthemateria
evaduatedinnon-clinica toxicity studies3.

The decision whether to develop asingle enanti-
omer, racemate, or non-racemic mixture(enantiomeric
mixture other than racemate) restswith the sponsor and
should be based on scientific datarel ating to quality,
safety and efficacy and ultimately to the risk/benefit,
assessment of the drug under the proposed conditions
of use. Cases where the development of aracemate
may bejustifiedinclude, but arenot limitedto, thefol-
lowing:

a. Theenantiomersareconfigurationally unstablein
vitro or undergo racemization in vivo.

b. Theenantiomershave similar pharmacokinetic,
pharmacodynamic and toxicologica properties.

c. Itisnottechnicaly feasbleto separatethe enanti-
omersin sufficient quantity and/or with sufficient
quality.

The cases where devel opment of anon-racemic
mixturemay bejustifiedincludethosewhereaspecific
enantiomeric ratio is expected to improvethethera-
peutic profile. If littledifferenceisobserved in activity
and disposition of the enantiomers, racematesmay be
devel oped. Insomesituations, development of asingle
enantiomer isparticularly desirable(e.g., where one
enantiomer hasatoxic or undesirable pharmacol ogic
effect and the other doesnot). A signal that shouldtrig-
ger further investigation of the propertiesof theindi-
vidual enantiomersand their active metabolitesisthe
occurrence at clinical doses of toxicity with therace-
mate that isnot clearly expected from the pharmacol -
ogy of the drug or the occurrence of any other unex-
pected pharmacol ogic effect with theracemate. These
sgnasmight be exploredinanimal sbut human testing
may be essential.

It should be appreciated that toxicity or unusual
pharmacol ogica propertiesmight residenot inthe par-

ent isomer, but in anisomer-gpecific metabolite. Ingen-
eral, itismoreimportant to eval uate both enantiomers
clinically and consider devel oping only onewhen both
enantiomersarepharmacologicaly activebut differ sg-
nificantly in potency, Specificity, or maximumeffect, than
when oneisomer isessentially inert. Where both enan-
tiomersarefortuitoudy foundto carry desirable but dif-
ferent properties, devel opment of amixtureof thetwo,
not necessarily the racemate, asafixed combination
might bereasonable.

If aracemateis studied, the pharmacokinetics of
thetwo isomersshould be studied in phase 1. Potential
interconversion should also be examined. Based on
phase 1 or 2 pharmacokinetic datain thetarget popu-
lation, it should be possible to determine whether an
achira assay or monitoring of just oneenantiomer where
afixedratioisconfirmedwill besufficient for pharma:
cokineticeva uation.

If aracemate has been marketed and the sponsor
wishesto devel op the single enantiomer, evaluation
should includedetermination of whether thereissignifi-
cant conversion to the other isomer, and whether the
pharmacokinetics of thesingleisomer arethe sameas
they werefor that isomer aspart of the racemate.

TheRegulatory Agencies, particularly, the USFDA,
encourage suchwork and provide evenincentivesfor
developing chird drugsof existing productsinthemar-
ket. Such requirementshaveled to awholenew field of
new technol ogiesto makechird formsof existingdrugs
either fromther racemicforms, or through direct syn-
thesisand eva uating their biological properties®.

TABLE 1 showsthedistribution of non-chiral and
chird drugscurrently usedin thetherapy and withinthe
later group thedistribution of those, which areadminis-
tered assingleenantiomersand asracemates.

4.Analytical approach
4.1. Need for theanalytical methods

Themajority of synthetic drugsdevelopedinthe
past are not chiral, the ones devel oped from natural
productsarelargely chird. Although thedifferent enan-
tiomers(chirals) havethe samechemica formula, they

TABLE 1: Salesdigtribution of singleenantiomer and racemate drugson themarket worldwideason date

World total Sour ce

Chirality

How sold (Chiral drugs)

Natural and semi synthetic-523

Drugs (1850) Synthetic -1327

Non chira-6 Chiral-517
Non chiral -799 Chira-528

Single enantiomer-509 Racemate-8
Single enantiomer-61 Racemate-467
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differ widely intheir biological properties. Thisispri-
marily dueto thefact that since chirality isrelated to
three- dimensiond structures, oneform may bemore
suitablefor specificinteraction with other biological
molecules such asreceptors, enzymes, etc. Thus, there
isobviousbenefit in studying the propertiesof thetwo
enantiomers of amoleculewith respect totheir thera-
peutic efficacy and safety. It isfor thisreason that the
FDA(USA) and the European Committeefor Propri-
etary Medicinal Products, since 1992, requirethat the
properties of each enantiomer in aracemic molecule
should bestudied separatdy beforedecisonsaretaken
to market the drug as one of the enantiomersor asa
mixture(racemate). In addition, thereisanincreasing
awareness of the need for re-eva uating the properties
of individua enantiomersof currently marketed race-
micdrug molecules.

Keepinginview of the aboverequirements, itis
clear that thereisan increased need of the developing
sensitive analytical methodsfor the separation and ac-
curate determination of enantiomersof chira drugsin
pharmaceutica industry.

4.2. Analytical methods

Many physico-chemical methods can be used to
provideinformation about chira drugs. Thefollowing
arethedifferent analytical method used:

Chiral high performanceliquid chromatography

Chira HPLC may be used to separate mixtures of
enantiomersdirectly without forming diastereoisomeric
derivatives. Separationscan beeffected throughtheuse
of chiral mobile phase additivesor chiral stationary
phasesin conjunctionwith regular (achira) columns.

Chiral mobilephaseadditives

When anoptically pure additiveisreacted witha
mixture of enantiomersto produce diastereomers, the
products can be separated using achiral stationary
phasessuch asareverse phaseor anorma phaseHPLC
columns. Thismode hasthe advantageslike, the use of
chegper conventiona HPLC columnsand theavailbility
of awiderange of additivesand thedisadvantagesare
thelimited choice of the detection systemand that pre-
parative separationsare not possible.

Themobilephase additives can beclassified asfol-
lows

Hnalytical CHEMISTRY o

Metal complexes

Thestructural requirementsof the enantiomersto
be separated include the presence of two or more of
the chelating functions such asamino acids, hydroxy
carboxylic acidsand -amino acohols. Lepageet a.©
reported theuseof chird triaminescontaining ahydro-
phobic C, substituent as an additiveto mobile phases
inthepresenceof Zn(Il) for separation of dansyl amino
acidsusinganoctyl column.

lon pair formation

Whenachird counter ionisdissolvedinthemabile
phaseit can be used to separate enantiomers of acids
or aminesby theformation of the diasteriomericion

pairs.
Uncharged chiral additives

Theuncharged chird additiveadsorbsontheachird
stationary phaseand producesanin-situ chird station-
ary phase. Many diamines such as N-acetyl-L-vaine
tert-butylamide have been shown to be useful asaddi-
tivesinanon-polar mobile phaseusing silicacolumns.
[3-Cyclodextrins have been used successfully with C18
columnsand aqueous buffer systems.

Chiral stationary phases

Thisisthe most popular mode of separation for
chiral molecules. Chiral stationary phases(CSP) are
made by immobilizing singleenantiomersontothe sta-
tionary phase. Resolution relieson theformation of tran-
Sent diastereomerson the surface of the column pack-
ing. Thecompound, which formsthemost stabledias-
tereomer will be most retained, whereasthe opposite
enantiomer will formalessstablediastereomer and will
elutefirst. Theability of theanalyteand CSPtoform
trang ent-di astereomeric complexesuitilizing hydrogen
bonding, n- interactions, dipole stacking, inclusion
complexing and steric bulk isthedriving force behind
enanti oseparation. Themain advantages of thismode
arethergpid separations, thereproducibility of theandy-
s, flexibility and the possibility of preparative separa-
tions. The CSPscan be used for the separation of po-
gtiona isomersand diastereomers, if theseparationis
not achieved on achiral phases. Thedisadvantagesare
high cogt, low sampleloading and the specificity of the
stationary phasefor the particul ar separationin hand.
Irving Weiner classified the CSPsintofivetypesac-
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TABLE 2: Classification of chiral stationary phasesbased on interactions

S.no Classification Interactions
1 Typel (Brush typeor Pirkle type) ﬁ]ttterrzcct;ivoi gteractmns, Hydrogen bonding, n-x interactions and dipole
2 Typell (Polysaccharide derivatives) Both attractive interactions and inclusion complex formation.
3 Typelll (Crownethers, Cyclodextrins)  Retention via formation of inclusion complexes within chiral cavities
4 TypelV (Metal complexes) Ligand exchange mechanisms with metal complexes
5 TypeV (Protein based) Hydrophobic and polar interactions with bound protein phases.
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Figurel: Type-l chiral stationary phases
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Figure2: Sructureof aglucoseunit of theamylose based
dationary phase, derivatized with dimethylphenylcar bamate

cordingtother interaction mechanismwith the solute
asshowninTABLE?2.
Type-| (Brushtypeor Pirkletype)l”

Thestructure of thesetype of stationary phasesis
based on single strands of chiral selectors, connected
viaamidiclinkage onto aminopropyl sllicaasshownin
figurel.

Type-1l (Polysaccharidederivatives) illustrated infig-
ure2.

Type-11l (Crownethers, Cyclodextrins)®

Type-1V (Meta complexes)

Type-V (Protein based)

Chiral gaschromatography
Stationary phases modified with chiral agentsare

available for the separation of enantiomers. In gas
chromatography(GC), chiral selectivity iscontrolled by
choice of stationary phase and operating temperature.
From a practical point of view, chiral selectivity is
achieved by introducing spatidly oriented groupsinto
the stationary phase molecules and, asaconsequence,
an additional entropic component to the standard en-
ergy of distribution.

The use of GC for the separation of asymmetric
isomersisnot ascommon asL C, but neverthe essthere
somevery effectiveoptically active stationary phases
that can be used in GC for the separation of enanti-
omers.

Someof themore useful GC stationary phasesare
based on the al phaand beta cyclodextrins. The col-
umnsareusually 30 or 60mlong 0.25mm|.D. and have
an operating temperature range of 30°C to 250°C. Both
theaphaand betaformsarecommercialy available
and both havebeen used very satisfactorily for thesepa
ration of the optical isomers.

The phenyl-methyl-polysiloxane confersonto the
column anintermediatelevel of polarity sothe separa
tionsare basically enthal pic dueto the dispersveand
polar interactionsthat take placelargely with the poly-
mer but also entropic resulting fromthechiral selectiv-
ity of thecyclodextrins. Derivatization of thebasecyclo
dextrin structure can introduce groupsto which only
oneenantiomer caninteract, whiletheother(s) are par-
tidly or wholly entropically hindered from interaction.
Thisincreasesthedifferentia interaction betweenthe

—— a%a['yttaa[’ CHEMISTRY
A ndian W



40 Enantiomeric drugs in pharmaceutical industry

ACAIJ, 6(2) December 2007

Review ==

enantiomersand the stationary phase, thus, increasing
the separation ratio and hencetheresol ution®.

Recently, it hasbeen found that room-temperature
ionic liquidscan beused asstable, unusua sdlectivity
stationary phases. They show “dua nature” properties,
inthat they separate nonpolar compoundsasif they are
nonpolar stationary phases and separate polar com-
poundsasif they are polar stationary phases. Extend-
ingionicliquidsto theream of chiral separationscan
bedoneintwoways: (1) achira selector canbedis-
solvedinanachird ionicliquid, or (2) theionicliquid
itself can bechird. Thereisasingle precedent for the
first approach, but nothing has been reported for the
second approach. In this work, we present the first
enantiomeric separationsusing chird ionicliquid sta-
tionary phasesin gaschromatography. Compoundsthat
have been separated using theseionicliquid chiral se-
lectorsincludedcohals, dials, sulfoxides, epoxides, and
acetyl ated amines. Because of the synthetic nature of
thesechird sdectors, theconfiguration of thestereogenic
center can be controlled and altered for mechanistic
gudiesand reversing enantiomeric retention. Roomtem-
peratureionicliquidsarelow-melting satsthat posses
anumber of interesting properties, such asnegligible
vapour pressureand highthermal stability. Sofar, they
have mostly been used as alternativesto organic sol-
vents, but havea so shown promiseasnove cataysts,
highly selective transport membranes and stationary
phasesfor gas chromatography!9.

Optical rotation

Thismethod can be used to distinguish between
enantiomers becausethey rotate the planeof polarized
light in oppositedirectionsbut inequa amounts.

Polarimetric methods, for the assessment of enan-
tiomeric purity have been limited by thelow sengitivity
of thecommercidly available polarimeters, and by the
operationa difficultiesinherent in specialized systems
not designed for turnkey operation. A new designfor a
rugged, sensitive, and easy to operate | aser-based po-
larimeter hasbeen engineered by PDR-Chird. Thesys-
tem is based on a 670nm diode laser that possesses
excellent characteristicsasalight sourcefor sensitive
pol arization measurements, and aninnovative modula
tion schemethat alowsthe system to function bel ow
25-degree sengitivity level . Applicationsincludethedi-
rect detection of chiral materials separated by isocratic
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or gradient HPLC and SFC (e.g., antibioticsor polysac-
charides), and the quantitation of enantiomeric mixtures
partially separated using achira selective separation
system(e.g., amino acids). Inthelatter case, thebimo-
dal response of the polarimeter allows accurate and
preci se quantitation of the enantiomeric mixturesunder
conditionswherethechromatographicresolutionisless
than 0.5, asituation which would be problematic or
unworkablefor conventiona detection gpproaches. The
andytescan bedetected directly without derivatization.
Thedetector candsobeusedwithflowinjectionandyss
methodol ogy to measure the specific rotation of pure
enantiomers, or to monitor changesin optical activity
asafunction of pH, solvent, etc.

Capillary électrophoresis(CE)

Capillary electrophoresisistheided andytica tool
to assessthe purity of enantiomers. With thistechnol-
ogy itissimpleto construct and modify achiral envi-
ronment, whichisthekey to resol ving these complex
isomers.

Enantiomerscan beresolved by indirect and direct
methods using capillary el ectropherosis. Theindirect
separation method i s based on thereaction, beforethe
andyds, of aracemic mixturewithachira reagent(R or
S) producing amixture of two diastereoi somersthat
can beresolved using anon-chira eectrophoretic sys-
tem. The product of the reaction isamixture of two
stable compoundswhereré atively strong bonds (co-
valent) areinvolved in the process. Although theindi-
rect method is advantageousfor separation of enanti-
omers, it suffersfrom certain drawbackslikemoretime
consumption, requirement of high pure chira re-
agentsty,

Indirect separation method, the chira selector can
be added to the background el ectrolyte, bound to the
capillary wall, orincluded in agel matrix. It interacts
with the two enantiomers during the el ectrophoretic
process, forming | abile diastereoi someric complexes,
relatively week bonds like hydrogen, n-r or hydro-
phobicareinvolved. The separation of two enantiomers
cantakeplaceonly if thetwo diastereoisomersformed
possessdifferent stability constants, causing thetwo
andytestomovewith different velocities. Theeffective
mobility of the most complexed enantiomer islower
than that of itsisomer. Theuse of cyclodextrinsfor dif-
ferentid host-guest complexation of enantiomersisby
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far themost common chird sdector and isthe basis of
the chiral separation. Highly sulfated cyclodextrins
(HSCDs), are afamily of three chiral reagents(a., 3
andy). Different strategies have been devel oped for
thereduction of analysistimeusing capillary el ectro-
phoresis. Theseinclude shortend injection technique,
high electricfield through acapillary length reduction,
externd pressure gpplication and capillary dynamically
coated to generatean important € ectrosmotic flowt*t,

Nuclear magneticresonance spectroscopy (NMR)

NMRisausgful tool for thedetermination of enan-
tiomeric purity or enantiomeric composition. Thisis
accomplished by making theNMR signa sfor thepro-
tons of the enantiomers non-equival ent by the use of
chira lanthanide shift reagents, chiral solvating agents
or chird derivatizing agents.

Recently anew NMR tool for the measurement of
enantiomeric excess was developed by Jackues
Courtieu and coworkers. All NMR methods are based
on the nonequival enceof the chemicd shiftsof thesig-
nals, provided by different diastereotopic groups.
Enantiotopi c groups can be transformed(converted) to
diastereotopic by internal or external influence onthe
investigated molecules. Internd influenceisconfining by
direct chemical transformation of the mixtureof enanti-
omersinto mixtureof diastereomersby chira reagent.
Themoleculesof substrateand chird reagent arelinked
together by cova ent bond™*2*31,

Diastereotopity by externa influencing may be
redised by:
e Chird solvating solventsand agents
e Chird lanthanideshift reagents
e Chird liquid crystd solvents

Chird solvating solventsand agentsformsdiaste-
reoi someric complexeswith mol ecul es of mixture of
enantiomers. Theorigin of complex formationisthe
hydrogen bonding, chargetransfer or ionic pair forma:
tion. Theanisochronity can bedistinguished by dipole-
dipoleor Vander-Vaa stypeinteractions between mol-
eculesof chird reagentsand subsirate. If substratetends
to associations, then the saf induced anisochronity phe-
nomenon may occur. Oneor more of thesefactorstake
placeinmechanismsof chira reagentsinfluence.

Thenatureof thediastereotopy inductioninliquid
crysta solventisentirely different. Thecholestericlig-

> Review

uid crystalshave achiral environment. TheRand S
enantiomershavedifferent ordering propertiesinthese
solvents, whichimply that their NMR spectraare dif-
ferent. Threetypeof NMR parametersof R and Sspe-
ciescan bedifferent.
¢  Quadruplecoupling constants
e Direct dipole-dipolecoupling constants
e Anisotropy of chemica shifts

Maximum differenceinvauesof anisotropicNMR
parameters of enantiomersoccur for quadrupol e cou-
plings, thenfor dipole-dipolecouplings, andfinaly, for
chemical shift anisotropy. All these parameterscan’t be
seen inisotrope solutions, because they cancel ed by
the chaotic motion and reordering inisotropeliquid
statel4,

Optical rotatory dispersion(ORD) and circular
dichroism(CD)

Optical rotatory dispersion(ORD) and circular
dichroism(CD) arethetwo phenomenathat resultswhen
asymmetrical moleculesinteract with plane polarized
light.

Whenamoleculeisopticaly active, it dbsorbsright
andleft handed circularly polarizeslight to different ex-
tents. Thisiscaled Circular dichroismd(CD). Itdso has
adifferent refractiveindex for thetwoformsof light. This
resultsin therotation of the plane of polarization of the
light. CD measuresthedifferentid absorptionof left and
right crcularly polarized light by anoptically activecom-
pound. Therotation isdependent onthewave ength, so
theeffectiscalled Opticd Rotatory Dispersion(ORD).
ORD measuresthechange of specific rotation of an op-
tically active compound with thewave ength of thelight
used. When amol eculeexhibitscombinationsof ORD
and CD intheregion of absorbance, then thetransmitted
lightissaidtobedllipticaly polarized. Thesechiroptica
methods can beused toidentify and/ or quantitate enan-
tiomers.

CD and ORD are phenomenaresult fromthe same
electronictransitionsinamoleculeand arerelated to
oneanother by Kronig-Kramer transform.

Vibrationd circular dichroism(VCD) hasemerged
asapowerful new method for the determination of the
absolute configuration of chird molecules. VCD isthe
differenceintheinfrared(IR) absorbance, A, of amol-
eculefor left versusright circularly polarized radiation
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duringavibrationa trangtion; namely VCD iSAA=AL-
AR.All themoleculesabsorbradiaioninthelR region
where their absorption pattern across the spectrum
servesasarichfingerprint of molecular structureand
shape. In addition, all chiral moleculeshaveaVvCD
spectrum that consists of an even more powerful fin-
gerprint spectrum of the structure and shape of the
molecule. Theadditional power isduetoits stereospe-
cific sengtivity. Molecul eswith opposite absolute con-
figuration, pairsof enantiomers, havethesamelR spec-
trum but oppositeV CD spectra Themagnitudeof VCD
spectrum is 10,000 times smaller than that of the IR
spectrumi?, This approach can be used to monitor
process streamsto ensure enantiomeric purity of chiral
products without the need for chromatographic sepa-
ration. Figure lillustratesthe VCD spectrum of (+)-
and (-)- R-Camphor

X-ray crystallography

X-Ray crystallography in the solid state could be
used to determine the absol ute configuration of mol-
ecul esand to di stinguish conglomeratesfrom racemic
compounds.

X-ray crystallography istheonly method for deter-
mining the“‘absol ute” configuration of amoleculeandis
themost comprehensivetechnique availableto deter-
minethestructure of any moleculeat atcomicresolution.
Resultsfrom crystal ographic studiesprovide unambigu-
ous, accurate, andreliable 3-dimensiond structura pa-
rameters, which are prerequisitesfor rationa drug de-
sign and structure-based functional sudies.

Melting point

Themelting points may beused in distinguishing
individud enantiomersfromtheracemate. Racemic mix-
tures, racemic compounds and pseudoracemates can
bedifferentiated from one another onthebasisof their
melting point behavior, provided, both enantiomersor
theracemic drug and at | east one pure enantiomer are
available®!,

CONCLUSIONS

Fromthe above, it can be concluded that, the need
to develop the active enantiomeric drugsisincreasing
day by day in the pharmaceutical industry. Eventhe
regulatory agenciesare coming out with new guideines

and policiesfor theenantiomeric drugs. Tofulfil these
aspects, new anaytica technologiesfor the determina
tion of enantiomersinthechira drugsare comingout.
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