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Stereogenicity,ChirotopicityandPseudoasymmetry(LocalSymmetry)

Much ofthe confusion thatcan be generated with the terms given above was

eliminatedwiththeintroductionofthestereogeniccenter(or,equivalently,stereocenter)

asanorganizingprincipleinstereochemistry.Anatom,oragroupingofatoms,is

consideredtobeastereogeniccenteriftheinterchangeoftwoligandsattachedtoit

canproduceanewstereoisomer.Notallinterchangeshavetogiveanewstereoisomer,

butifonedoes,then thecenterisstereogenic.Thecentertherefore‘‘generates’’

stereochemistry.A non-stereogeniccenterisoneinwhichexchangeofanypairof

ligandsdoesnotproduceastereoisomer.Theterm ‘‘stereogeniccenter’’is,inasense,

broaderthantheterm ‘‘chiralcenter’’.Itimpliesnothingaboutthemoleculebeingchiral,

onlythatstereoisomerism ispossible.ThestructuresinFigurebelow show several

stereogeniccenters.Notethatinmorecomplexgeometries,suchaspentacoordinateor

hexacoordinateatoms,wedonotneedalltheligandstobeinequivalentinordertohave

a stereogeniccenter.Given thesenew terms,westronglyencouragestudentsto

abandontheterm ‘‘chiralcenter’’andtoreserve‘‘opticallyactive’’asadescriptionofan

experimentalmeasurement.

A.Stereogenicatom orcentre:Theterm stereogenicatom orcentrehasbeen

introducetogeneralizethesystem ofnamingstereoisomers.Theterm isdefined

asfollows:

i. Anatom ofsuchnatureandbearingofatom(s)and/group(s)ofsuch

naturethatitcanhavetwononequivalentconfigurations.

ii. Anatom bearingseveralatom(s)andorgroup(s)ofsuchnaturethat

mutualexchange oftwo atom and orgroup willgenerate a new

stereoisomer.

ForexampleamoleculeofCabcd,Catom isstereogenicitsatisfytheabovecondition



M KPaira,RNLKWN(A)

2

Interestingly,stereogenicityisalsoassociatedwithdoublebonds.Ifyouhavethiscompound,

thisiswhatiscalledcis-2-obutene.Now nolookatthiscarbon,thatisthesp2carbon.Ifyou

interchangethepositionofmethylandhydrogen,whatwillhappen?Youwillgetwhatiscalled

thetrans-2-butene,Thenwhatistherelationshipbetweentheseforms?Theyarestereoisomers

buttheyarenotmirrorimages.SotheyareDiastereomers.

IncaseofalkeneslikeCab=CaborCab=CacorCab=Ccd,theaxisjoiningtwocarbonatomsis

calledstereogenicaxis,becausestereoisomerism generatethroughthisaxis.Incaseofallene

sameprocesswillbeapplied,

Sothatiswhatiswhatarecalledstereogeniccentreandmoleculespossessingstereogenic

centrewiththephenomenaiscalledstereogenicity.Thisphenomenainvolvinginterchanging

groupsgivingDiastereomers,orEnantiomersoringeneralstereoisomers,iswhatiscalled

stereogenicity.

B.Chirotopicandachirotopiccentre:

NowasIsaidthatchiralityisanallpervasiveproperty.Thatmeanswhenyoutakeachiral

molecule,everypointinthemoleculeischiral.Youcannotsaythatthereisachiralcentrein

themolecule.Yousee,theconceptisveryimportant.Ifyousaythereisachiralcentreinthe

moleculethatmeansothercentresarenotchiral.Thatisthemeaningofyourstatement.

Butthatisnottrue.Inachiralmolecule,everypointinthemoleculeischiral.ThenMislow

Segal,introducedanotherconceptwhichiscalledChirotopicorChirotopicity.

Molecularmodels builtfrom atoms properlyrepresentsymmetryelements of

molecules butprovide incomplete information oflocalorsite symmetry,i.e.,

symmetrypointgroupofeveryatom orsetofatomswithinthemolecule.
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Thesitesymmetryofatomsinmoleculesfallsintotwoclasses,chiralandachiral.It

should be remembered thatmain classification ofchiralityand achiralityis a

functionofgeometricshape.Anatom withinamolecularframeworkissaidtobe

chirotopicifitssitesymmetryischiral,i.e.,theatom residesinachiralenvironment.

Themolecule(s)bearingchirotopiccentreneednotbeasawholechiral.Anatom

withinamolecularframeworkissaidtobeachirotopicifitssitesymmetryisachiral,

i.e.,apointoratom locatedonaplaneofsymmetryoracentreofsymmetryorat

thepointwhereanalternatingaxisofsymmetryinteractsinreflectionplaneis

achirotopic.So inachiralmolecule,everypointischiralorthatbelongsto achiral

environmentandthatpointiscalledachirotopicpoint.

Forexample,inlacticacid,CH3CH(OH)CO2H,allligandsarechirotopicbutinpropanoicacid,

CH3CH2CO2H,ligandsareacirotopic,i.e.,theydonotresideinchiralsitesymmetry.Other

examplesareshownbelow:

Differencebetweenstereogenicityandchirotopicity

InamoleculeCabcd,aǂbǂcǂd,thecarboncentreischirotopicaswellasstereogenic.

Butin some cases,both the carbon centre in trans-1,2-dichloroethene are

stereogenicbutacirotopic.Carbon atomsin 1,2-dibromo-1,2-dichloroethane are

stereogenicaswellaschirotopic,similarlytherearesomeotherexamples:
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Thereforeitisevidentthatchirotopicyandstereogenicityofacentrecanbedelinked

andeachterm indicatesadefinitestereochemicalaspectofanatom inamolecule.

C.Pseudoasymmetry:
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Examples:
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