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StereochemicalNamingofChiralMolecule

Itisobviouslynecessary,asamatterofconvenience,tobeabletodescribethe

configurationofachiralmoleculebyanunambiguoussymbolratherthanhavetodraw

athree-dimensionalperspectivefigure.

A.D,L–NamingSystem:

Thefirstsystem fordoingthiswasdevelopedbyFischerandRosanoffaround1900.

Fischerfirstdevelopedamethodfordrawingcarbohydratesintwo-dimensions,and

aconventionwithrespecttoorientation,soastoindicatetheirthreedimensional

structures,so-calledFischerprojections(seebelow).FischerandRosanoffthen

devised a notation fordesignating the configurations ofstereogenic centres,

depicted in Fischer projections,as either D or L. Totally arbitrarily,(+)-

glyceraldehydewasdefinedasbeingDbecausetheOHgroupattachedtotheC-2is

ontherighthandside(RHS)ofthemoleculeswhendrawninitscorrectFischer

projection (in which the CHO group appears atthe top).Its enantiomer[(-)-

glyceraldehyde]wasdefinedasLbecausetheOH groupisonthelefthandside

(LHS).

ThesourceoftheD,LdescriptorswastheLatinwordDexter(meaningontheright)

andLeavus(meaningontheleft).Thenamingsystem isexplainedbyfollowing

process:

1.ThemoleculeofthetypeRCHXR’iswritteninFischerprojectionwiththemain

longestchain,R-C-R’asverticalchainwithC-1carbon(accordingtoIUPAC)at

thetop,thenifXisontherighthandside(RHS)ofthemolecules,thedesignation

usedasD andwhenX-isonthelefthandside(LHS)ofthemolecules,the

designationusedasL.hereXistakentobeanelectronegativeatom/group.
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Forexample,

2.Whenthechiralcentrecontainaringstem,thentotalnumberofcarbonatomsincluding

theringaretakenintoconsiderationtowritedownthemainchaininFischerprojection

(verticalchain).ForexamplewhenPh-groupisattachedtothechiralcentrethenitis

generallyplacedatthelowerverticalbondinFischerprojection.

3.WhenthechiralcentredoesnotcontainH atom asoneoftheligandsandthetwo

attachedligandonchiralcentrehasapparentlydifferentelectronegativity,thenD,L-

namingdependsontheorientationofthemoreelectronegativegroup.Forexample

4.When the chriralcentre contain two differentsubstituentofcomparable

electronegativity,thenD,L-namingmaybedoneseparatelyforeachligandof

chiralcentretostatetheconfiguration,forexample
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5.Itisnotedthatthereisaconventionthatforα-aminoacidsandα-hydroxyacid

theD,L-namingisusedtakingthefirstchiralcentrefrom thetopinFPFasthekey.

Otherchiralcentre(s)arenottakenintoconsideration,e.g.

6.Howeverincarbohydratechemistry,theOHgroupattachedtothebottom most

chiralcarbonatom inthechaindeterminestheassignmentofDorL.Thus(+)-

glucosehastheD-configurationand(+)-ribosehastheL-configuration.

DrawbackofD,LNaming:
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ThemajordefectofD,L-namingsystemsofspecifyingconfigurationofstereoisomersis

revealedwhenthesystem isappliedonsugar.Insugar,thesymbolDorLspecifiedthe

configuration ofbottom mostchiralcentre only,while the configuration ofthe

remainingchiralcentresaretobememorizedfrom thetrivialnameoftheconcerned

sugar.

AnotherdrawbackisobservedwhenD-glucoseisoxidizedtoglucaricacid.Thisglucaric

acidcanbewrittenintwodifferentFischerprojections.Accordingtoconventionof

namingofsugar,thesameglucaricacidmaybedesignatedeitherasD-compoundoras

L-compound.

AmbiguityalsoarisestodesignateisomerictartaricacidsfollowingRosanoffmethodof

keepingmostoxidizedgroupatthetop.Followingthistechnique,meso-tartaricacid

wouldbe2D,3D-tartaricacid(or2L,3L-tartaricacid)andactiveisomersare2D,3L-

tartaricacid(or2L,3D-tartaricacid).

SeriousambiguityoftheD,Lsystem isrevealedfrom thesequencesofreactionoutlined
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below:

Bijvoet’sDeterminationoftheAbsoluteConfigurationof(+)-Tartaric:

AcidAsexplainedabove,Rosanoffarbitrarilyassigned(+)-glyceraldehydeashavingthe

Dconfiguration.Itwasnotuntil50yearslaterthatthisarbitraryassignmentwasableto

betestedexperimentally.In1951,Bijvoetperformedastructuredeterminationonthe

sodium rubidium doublesaltof(+)-tartaricacidusinganomalousdispersionX-ray

crystallography.

AlthoughX-raycrystalstructuredeterminationwillNOTnormallydestinguishbetween

enantiomerstheincorporationofaheavyatom (inthiscaserubidium)resultsinan

anomolous dispersion ofthe X-rays which allows the absolute three-dimensional

structuretobedetermined.Sincechemicalsynthesishadalreadybeencarriedoutto

correlate one of the stereogenic centres in (+)-tartaric acid with thatin (+)-

glyceraldehydeitwasthereforepossibletoverifyRosanoff’sassignment.Fortunately,

theconfigurationwasthesameasthatarbitrarilyassigned!

Nowadays,anomalous dispersion X-ray crystallography can be carried outfairly

routinelyoncrystallinemoleculesprovided>6orsoatomswithatomicnumber>12(e.g.

typically,NsandOs)arepresent.Absoluteconfigurationscanalsobeobtainedby

circulardichroism (CD)andcertainothertechniques.

Bijvoet’s breakthrough provided the impetus for the development of a totally
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unambiguousnotationfordefiningabsoluteconfiguration:the(R)/(S)notation.

(R)/(S)Notation:

TheCahnIngoldPrelog(CIP)SequenceRules:
Configurationalisomerscontaincarbonatomswithfourdifferentsubstituents.

Thecarbonatomsarecalledstereogeniccentersorchiralcenters.Anamingsystem

hasbeendevisedsothatwecandistinguishoneenantiomerfrom theotherbasedon

theorientationofthosesubstituents.

Cahn,IngoldandPrelogintroducedthissystematicnotationduringtheperiod

1951-1956.Thenotationallowsustodefineinanunambiguousmannertheabsolute

configuration ofa drawn stereogenic centre byassigning itas either(R)or(S).

Correlationwithanarbitrarystandardisnotinvolved.

ForassigningR/Snamingofanychiralcentresomeproceduremustbefollowed,

andtheyare:

1.Identifythechiralcentre(s)ofthemoleculeconsider.

2.Identifythefourdifferentatom(s)andorgroup(s)attachedtoeachchiral

centre.Assigntoeachofthesubstituentsonachiralcentrewithapriority

symbol1,2,3,4ora,b,c,dbasedonCIPsequence(discusslatter)rule,such

thatdecreasingorderofpriorityis1>2>3>4ora>b>c>d,where‘>’denotes‘has

priorityover’.

3.Thenthemoleculeisviewedfrom thepositionremotestfrom thelowest

prioritygroup(4ord)andahypotheticalpathisdrawnmovingfrom 1to2to

3oratobtoc(1→ 2→ 3ora→ b→ c).Ifthispathdescribeaclockwise

motionthenthestereocentreissaidtohaveRconfiguration(Rfrom rectus,

Latinforright).Ifthesaidpathdescribeaanticlockwisemotionthenthe

stereocentreissaidtohaveSconfiguration(Sfrom Sinister,Latinforleft).
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Inordertousethisnotationthefirstthingtodoistoassignanorderofprioritytothe

atomsofthegroupsdirectlyattachedtoastereogeniccentre.Inordertomakethisthe

sequencerulewereformulatedbyCahn,IngoldandPrelogin1966aslistedbelow:

1.Rule1:isthatatomsofhigheratomicnumbertakeprecedenceoverthoseof

loweratomicnumber.Lonepairsofelectronsareassignedthelowestpriority.

orderofpriority:I>Br>Cl>F>O>N>C>H>lonepairofelectrons

2.Rule2:isthatisotopesofhigheratomicweighttakeprecedence.(ifrule1invalid)

orderofpriority:3H(tritium)>2H(deuterium)>1H(hydrogen)

3.Rule 3:seqcis stereogenic unitprecedes seqtrans unitand those precede

nonstereogenicunits(seqcis>seqtrans>nonstereogenic).

4.Rule4:a).Chiralstereogenicunitprecedepseudoasymmetricstereogenicunit

andtheseprecedenonstereogenicunit.

b).Whentwogroupshavedifferentdescriptorpair,thenlikewisedescriptorpair

precedesthanunlikewisepair:

e.g.likewisepairRRorSSrecedesoverunlikeRSorSR;
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MM orPPprecedesoverMPorPM

seqcis/ seqcis or seqtrans/seqtrans Precedes over seqcis/seqtrans or

seqtrans/seqcis

forpseudoasymmetriccentre,RprecedesS

5.Rule5:AgroupwithdescriptorR,M,seqCishaspriorityoveritsenantiomericS,P

orseqTrans.

6.Rule0:Nearerendofchiralaxisorsideofchiralplaneprecedesfurther.

IfthemoleculeiswritteninFPFandthelowestpriorgroup/atom isin

verticalposition,thenthemoleculeisviewedfrom thenormalpositionwhichwill

beremotest(astheverticallineisbelowtheplane)thenmovingfrom 1to2to3

oratobtoc(1→2→3ora→b→c)isclockwisemotionthenthestereocentre

issaidtohaveRconfiguration(Rfrom rectus,Latinforright).Ifthesaidpath

describe a anticlockwise motion then the stereocentre is said to have S

configuration(Sfrom Sinister,Latinforleft).

Example1:

AstheatomicnumberofBr>Cl>C>H,soitssequenceisdonebyatomic

numberruleandasthemovementa→ b→ cisclockwiseanddisonvertical

line,soitsconfigurationisR.

Example2:CH3-CHCl-CH2OH
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Intheaboveexample,theoderofseniorityisdonebaseduponrule-1andrule-0,

accordingtorule-1atheatomicnumberpriorityisCl>C=C>H,somorepriorandleast

priorisconfirmed,forthesecondandthirdprioritywehavetomovetothenextatom

where the priority is O>H. so the chiral centre atom/groups sequence is

Cl>CH2OH>CH3>HandwegetitsconfigurationS.

Example3:inthisexample,sequencerule1establishestheseniorityorderofproximal

atomsasCl>C>C>H incircle1:butnodecisionbetweenbandccouldbereached.

However,incircle-II,theatomsattachedtothecarbonatoms1and3are(Cl,O,H)and

Cl,C,H)respectively.Thecomparisonofthetwosenioratomsineachset,Clatom,

doesnotpermitachoicetobemade,but,comparisonofthetwosecondatomsinthe

setOandC,repectively,establishestheprecedenceO>Candthusthegroup–CHCl(OH)

isgetb>-CHClCH3isgetc.

Consideringthefollowingexample:
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Inthisexample,theOH grouphashighestpriorityandH hasthelowestprioritybut

betweentheothertwoligandscontainingcarbonchain,thepriorityaccordingtoCIP

sequence rule should be decided bithe hierarchyofpath denoted bygroups,-

CHCHBrCH2NH2and-CHCHBrCH2SHandnotbythegroups–CHFCH2Iand–CHFCH2Cl

because–CHCHBr-hasthehigherpriorityover–CHCHF-.Therefore,thegrouponthe

leftsidewillgethigherpriorityoverthegroupontherightside,i.e.,-CHCHBrCH2SHhas

thehigherpriorityoverCHCHBrCH2NH2andtheabsoluteconfigurationofthemolecule

is(S).Moreexample;

Anotherexample;

MoreExample:

Forthepurposeofassigningthepriorityofmultiplebond(double,triplebondandring),

themultiplebondorringaresplitintotwoorthreesinglebondsbyreplicationofthe

atom(s)atthe otherend ofthe multiple bond.Replicated atom(s)enclosed in

parenthesisintheexpandedform ofthegroup.Eachreplicatedatom,expectH,is

convertedtosinglebondtetracovalencybyaddingsocalledphantom atoms.Phantom

atomsareimaginaryhavinganatomicnumberwhichisneverextenditsvalency.
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Sopriorityorderwillbe

COX>CO2R>COOH>CONH2>COR>CH(OMe)2>CHO>CH(OH)2>CR2OH>-CH(OH)R>-

CH2OH>-C≡C-R>-Ph>-C≡CH>-C(R)=CR2>-CR3>-CH=CHR>-CH=CH2>-CHR2>-

CH2C6H5>-CH2C≡CH>-CH2C=CH2>-CH2CH3>-CH3>-D>-H.

Q1: GivetheR/SNamingofthefollowingcompound:

Ans:BeforeR/SNamingwehavetoarrangethegroupaccordingtoCIPsequence.

Consideringthephantom atomsofthemolecule,itcanberewriteasfollows
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IncircleII,theatomsare,(C,C,H);(C,C,C);(C,C,C);(C,C,C)asCCHhaslowestpriorityso

–CH=CH2getleastpriority,consideringcircleIII,(C,C,C)>(C,C0,H)>(C0,C0,H)as(C)000

hasnovalencysoitsprioritywillbelessthanCatom.SotheCIPsequenceorderwillbe

-C≡CCH3>-Ph>-C≡CH>-CH=CH2,soitschiralcentreconfigurationwillbeS.

AssigntheR/Snotationofthefollowingcompounds:
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Answer:

Verygood(mnemonic)methodofassigningabsoluteconfiguration:

Anotheralternativemethodforquicklyassigningabsolute(R/S)namingtoachiral

centreisduetoEplig(1982).Theprocedureisknownasverygoodmethod.Verygood

standsforverticalgood.ThemethodisapplicableinFischerProjectionsonlyand

makesuseofthesequenceruleintroducedbyCahn,IngolgandPrelog.IfinaFischer

Projection,priorityorderofgroup(s)andoratom(s)area>b>c,thenpathtracedfrom

a→b→c (withoutd)gives the correctdescriptor(R)forclockwise and (S)for
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anticlockwiseifd(lowestprioritygroup)isoneitheroftheverticalbonds.Butif‘d’

remainonthehorizontalbondthenanticlockwisepathindicate(R)andclockwisepath

indicate(S)configuration.Thismethodishelpfulforassigningabsoluteconfigurations

rapidlytothechiralcentresinamolecule.e.g.,

Priorityofgroupsindifferentchiralcentresofthe

compoundareasfollows:

C-2: -OH>-C(NH2)Cl>-COOH>-H

C-3: -Cl>-NH2>CH(OH)COOH>CH(OH)CH2OH

C-4:OH>C(NH2)Cl>CH2OH>H

AtC-2andC-4lowestprioritygroup(H)isonhorizontalposition,therefore,theabsolute

configurationatC-2is(S),becausea→b→ctracesaclockwisepath.Onsimilarground,

theabsoluteconfigurationatC-4is(R).AbsoluteconfigurationatC-3isalso (R)

becausethelowestpriorgroup(CHOHCH2OH)isonverticalpositionandthepriorgroup

tracesa→b→ctoaclockwisepath.

4-BackRule:

Anotherverypopularruleis4-BackRule,accordingtothisruleifthelowestpriority

groupisonthebelow theplanei.e.,below theplaneinwedgeprojectionthenifthe

movementofa→b→ctracesaclockwisepaththenitsconfigurationis(R),andifa→b

→caanticlockwisepaththenitsconfigurationis(S).Thisruleissimplifiedasfollows:

Group is on back (Flying

wedgeandzigzag)

Pathtraces RotationandConfiguration

4-Back/d-back 1→2→3ora→b→c Clockwise: R

Anticlockwise:S

3-Back/c-back 1→2→4ora→b→d Clockwise: S

Anticlockwise:R
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2-Back/b-back 1→3→4ora→c→d Clockwise: R

Anticlockwise:S

1-Back/a-back 2→3→4orb→c→d Clockwise: S

Anticlockwise:R

MoreR/Snomenclature:

1.GivetheR/SNamingofthefollowingcompounds

Answer:
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From thebranchpoint,oneshouldproceedfirstalongwiththepriorbranch.In

thiscase,alongwiththeoxygenbranch.Forthisreason,-(CH)-O-Contherighthand

sidehasthepriorityover–(CH)-O-Hontheleft.Onlyifthepriorbranchesdonotdiffer,

oneshouldproceedalongtheother.Thisisshowninthenextexample.

Intheaboveexample,thetwo oxygenbranches(-OCH3)arethesameand

therefore,one should considerthe otherbranchesand in thiscase prioritiesare

–C(C,C,H)>-C(C,H,H>-CH3>-Handtheconfigurationis(S).

Intheaboveexamplesecondarycarbonchaingetpriorityovertheprimary

carbonchainbecause–C(C,C,H)>-C(C,H,H).Forthisreasonwehavetomovetowards

secondarycarbonand–CH(CH3)CH2OHispriorover-CH(CH3)2,andtheconfiguration

willbeR.
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Intheabovecase,thelefthandedringgetpriorityovertherighthandedring

becauseworkingouttowardsfirstdifferenceismetonthemarkedpositions

where-C(C,H,O)>-C(C,H,H)andtheconfigurationis(S).

Example:GivetheR/Snotationofthefollowingmolecules

Theanswerswillbedonebyconsideringthephantom atom andtheirconfigurationwill

beasfollows

Intheaboveexampletheconnectedatomstothechiralcentreare–O,-O,-C,-C,so-O

and-O willbefirstandsecondpriorand–C,-C,willbethirdandfourthprior.For

consideringfirstandsecondpriority(aandb)thegroups–O-CH2CH2CH2(C)000andare
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–O-CH2CH2CH2-Hrespectively.Phantom Carbon(C)000hashigherprioritythanH,so–O-

CH2CH2CH2(C)000ismorepriorthan–O-CH2CH2CH2-H.Forconsideringthirdandfourth

priority (c and d) the groups –CH2CH2CH2O-CH3 and are –CH2CH2CH2-O-(C)000

respectively.Phantom Carbon(C)000hasnovalency,soithaslowerprioritythanH,so

–CH2CH2CH2O-CH3ismorepriorthan–CH2CH2CH2-O-(C)000.Considering2-Backrule

andthepathiscounterclockwise,itsconfigurationisS.

Theaboveexamplecanbeexplainedbytakingthephantom atoms.Thepriorityorderis

–C(C,C,C)>-C(C,C,H)≈-C(C,C,H)>H.So,firstandfourthpriorgroupandatom already

decided.Forthesecondandthirdpriorityofgroupswehavetoconsiderthephantom

atom,-CH2CH2(C)000isprioroverthan–CH2CH2-H.SoitsconfigurationisR.

Theaboveexamplecanbeexplainedbytakingthephantom atoms.Thepriorityorderis

–C(C,C,H)≈-C(C,C,H)≈-C(C,C,H)>H.So,thefourthprioratom isalreadydecided.For

thefirst,secondandthirdpriorityofgroupswehavetoconsiderthephantom atom,we

know thatphantom atom hasnovalencyaswellasnopriorityonextension,sothe

priorityorderis-CH2CH2CH2(C)000>-CH2CH2(C)000>-CH2(C)000.SoitsconfigurationisR.
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Intheaboveexamplethetworingsaretautomers.Consideringtheirphantom atom

conceptthepriorityorderis-Cl>-C(N,N,C)>-C(N,C,C)>-H.Applingverygoodruleits

configurationisR.

NamingatPseudoasymmetricCentre:

Thecentrewhichbelongtostereogenicbutachirotopic,duetopresenceofplaneor

centreofsymmetry,isknown asPseudoasymmetriccentre.Astheycontain two

enantiomorphicgroupitsabsoluteconfigurationwillbe‘r’or‘s’followingthesame

sequenceruleofR/Snaming.Examplesare:

Problem 1:AssignthepriorityofthefollowingpairusingCIPsequencerule
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Problem 2:Whichofthefollowingpropertiesormethodscanbeusedtodistinguishbetween

(R)-carvoneand(S)-carvone?

a)boilingpointb)UVspectroscopyc)refractiveindexd)meltingpointe)smell

f)opticalrotationg)dipolemomenth)circulardichroism

i)NMRspectroscopyj)IRspectroscopy

Problem 3:Findouttheabsoluteconfigurationofthefollowingmarkedchiralcentre.
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Problem 4:Deducetheabsoluteconfigurationofl-cysteineaccordingtotheR/Snomenclature.

Problem 5:Drawthestructuralformulaeforboth(RS,RS)-and(RS,SR)-2-phenyl2-(piperidin-2-

yl)aceticacidmethylester

Problem 6:Findouttheabsoluteconfigurationofthefollowingmarkedchiralcentre.
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TheIsomersofC3H4Cl2,
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