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IntroductionIntroduction

 As a result of the fusion between benzene ring
and 5-memebered heterocyclic ring there are
two possible aromatic structures differ in
position of fusion:

(a) Indole and its analogs (b) Isoindole and its analogs
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Resonance structures of Resonance structures of indoleindole and and 
its analogsits analogs
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ItIt appearsappears fromfrom thesethese resonanceresonance structuresstructures thatthat
allall CC atomsatoms bearbear –– veve.. chargecharge whilewhile thethe heterohetero atomatom bearsbears

++ veve.. chargecharge
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Synthesis of Synthesis of IndoleIndole
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1.1. Fischer SynthesisFischer Synthesis

2.2. Madelung SynthesisMadelung Synthesis2.2. Madelung SynthesisMadelung Synthesis
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 PyrrolesPyrroles,, indolesindoles andand isoindolesisoindoles havehave aa partiallypartially
positivepositive nitrogen,nitrogen, andand partiallypartially negativenegative carbonscarbons
thereforetherefore thesethese carbonscarbons reactreact easilyeasily withwith
electrophilicelectrophilic reagents,reagents, andand resistresist substitutionsubstitution byby
nucleophilicnucleophilic reagentsreagents..

 IndolesIndoles,, likelike pyrrolespyrroles areare non basic due to if
protonation on nitrogen occurs, the aromaticity

Comparison with Comparison with pyrrolepyrrole

protonation on nitrogen occurs, the aromaticity
would be lost. Similar to pyrrole protonation
occurs at ring carbons

TheThe mainmain differencesdifferences betweenbetween indoleindole andand pyrrolepyrrole
includeinclude::

1.1. TheThe reactivityreactivity orderorder inin thethe electrophilicelectrophilic
substitutionsubstitution

2.2. thethe regioselectivityregioselectivity inin electrophilicelectrophilic substitutionsubstitution



11.. TheThe reactivityreactivity orderorder inin thethe
electrophilicelectrophilic substitutionsubstitution

 GenerallyGenerally indoleindole andand itsits analogsanalogs areare lessless reactivereactive
comparedcompared toto thethe correspondingcorresponding singlesingle heterocyclicheterocyclic
ringsrings thereforetherefore thethe electrophilicelectrophilic aromaticaromatic
substitutionsubstitution isis slowerslower withwith thesethese compoundscompounds

 ThisThis cancan bebe attributedattributed toto thethe factfact thatthat thethe shareshare
ofof eacheach carboncarbon atomatom ofof thethe ––veve chargecharge inin thesetheseofof eacheach carboncarbon atomatom ofof thethe ––veve chargecharge inin thesethese
compoundcompound isis lesserlesser duedue toto delocalizationdelocalization ofof thethe
chargecharge onon thethe benzenebenzene (as(as appearedappeared fromfrom thethe
resonanceresonance structurestructure ofof indoleindole..
Reactivity order in electrophilic aromatic substitution:
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 Fusion of the benzene ring with heterocyclic rings
alter the regioselectivity from the α- position in
the single heterocylic compounds (e.g. pyrrole) to
β- position in indole

 ThisThis ββ preferencepreference inin casecase ofof indoleindole cancan bebe
attributedattributed toto thethe extraextra stabilitystability experiencedexperienced byby
thethe cationscations resultedresulted fromfrom ββ attackattack ((cationcation I)I) overover

22. The regioselectivity in E. substitution. The regioselectivity in E. substitution

thethe cationscations resultedresulted fromfrom ββ attackattack ((cationcation I)I) overover
thatthat resultedresulted fromfrom αα attackattack ((cationcation II)II).. WhereWhere
thethe attackattack atat thethe ββ positionposition doesdoes notnot disturbdisturb thethe
aromaticityaromaticity ofof thethe benzenebenzene ringring thusthus thethe ++veve..
chargecharge inin thethe intermediateintermediate isis delocalizeddelocalized roundround thethe

benzenebenzene ringring andand getsgets moremore stabilizationstabilization..



2. The regioselectivity in E. substitution. The regioselectivity in E. substitution
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11-- ProtonationProtonation

Electrophilic substitution reactionsElectrophilic substitution reactions
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Electrophilic substitution reactionsElectrophilic substitution reactions
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33-- HalogenationsHalogenations

44-- SulphonationSulphonation44-- SulphonationSulphonation
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II--Electrophilic substitution reactionsElectrophilic substitution reactions
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55-- AcylationAcylation

O CH3

66-- AlkylationAlkylation
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IIII--Nucleophilic substitutionNucleophilic substitution
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Nucleophilic substitutionNucleophilic substitution
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Oxidation of IndoleOxidation of Indole
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Diels Alder Reaction

 IndoleIndole andand itsits analogsanalogs dodo notnot undergoundergo DD..AA..RR..
whilewhile isoindoleisoindole andand itsits analogsanalogs dodo thusthus thisthis
reactionreaction isis usedused toto differentiatedifferentiate betweenbetween thesethese
compoundscompounds..
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Thank You Thank You Thank You Thank You 


