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PYRIDINE- Structure and Aromaticity

 PyridinePyridine isis aa sixsix memberedmembered heterocyclicheterocyclic compoundcompound withwith
molecularmolecular formulaformula ofof CC66HH55NN andand itit isis obtainedobtained fromfrom coalcoal tartar..
 IItt maymay bebe formallyformally derivedderived fromfrom thethe structurestructure ofof benzenebenzene
throughthrough thethe exchangeexchange ofof oneone ringring carboncarbon forfor aa spsp22 hybridizedhybridized
nitrogennitrogen..
 PyridinePyridine isis anan aromaticaromatic compound,compound, however,however, thethe nitrogen’snitrogen’s
lonelone pairpair ofof electronselectrons is in an sp2 orbital orthogonal to the p
orbitals of the ring, therefore it isis notnot involvedinvolved inin maintainingmaintainingorbitals of the ring, therefore it isis notnot involvedinvolved inin maintainingmaintaining
aromaticityaromaticity bbut it is available to react with protons thus
pyridine is basic



 PyridinePyridine cancan bebe representedrepresented asas aa resonanceresonance hybridhybrid
ofof thethe followingfollowing structuresstructures..

PYRIDINEPYRIDINE-- Structure and AromaticityStructure and Aromaticity

Due to the greater electronegativity of nitrogen (relative to
carbons) it tends to withdraw the electron density from
carbon atoms at positions 2, 4 and 6 which therefore
acquire partial positive charges while the N atom acquires
partial negative charge while the carbons at positions 3
and 5 remain neutral.



11-- Common Strategy ‘’Common Strategy ‘’5 5 + + 11’’’’

Synthesis of Pyridine

From From 11,,55--dicarbonyl compounds:dicarbonyl compounds:
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22-- Bönnemann cyclization:Bönnemann cyclization:

Synthesis of Pyridine

33-- Hantzsch Synthesis:Hantzsch Synthesis:
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Synthesis of Pyridine
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44-- From pyrrole:From pyrrole:
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1,3-butadiene

55-- By Diels Alder reactionBy Diels Alder reaction



BasicityBasicity ofof pyridinepyridine
 PyridinePyridine isis aa weakweak basebase;; sincesince lonelone pairpair isis inin anan

spsp22 hybridhybrid orbitalorbital.. IsIs thethe conjugateconjugate acidacid
aromatic?aromatic?

 It undergoes many reactions typical of amines such as

reaction with Bronsted acids such as chromic acid and

hydrobromic acid.
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Basicity of pyridineBasicity of pyridine
ComparedCompared toto pyrrole,pyrrole, pyridinepyridine isis muchmuch strongerstronger basebase this is
due to the nitrogen lone pair is not involved in maintaining the
aromaticity thus it free for protonation, however, in pyrrole the
lone pair on the N atom is already involved in the aromatic
array of p electrons. Protonation of pyrrole on N atom results
in loss of aromaticity and is therefore unfavorable.

ComparedCompared toto imidazole,imidazole, pyridinepyridine isis lessless basicbasic thisthis isis duedue toto thethe
onon protonationprotonation thethe ++ veve chargecharge cancan bebe delocalizeddelocalized overover twotwo
nitrogennitrogen atomsatoms whilewhile inin casecase ofof pyridinepyridine itit isis delocalizeddelocalized overover
thethe ringring whichwhich interruptinterrupt aromatcityaromatcity..



Basicity of pyridineBasicity of pyridine
ComparedCompared toto analogousanalogous aliphaticaliphatic amines,amines, pyridinepyridine isis lessless basicbasic
thisthis isis duedue toto thethe nitrogennitrogen atomatom inin pyridinepyridine isis spsp22 hybridizedhybridized
(more(more electronegative)electronegative) andand thethe lonelone pairpair ofof electronselectrons occupiesoccupies
anan spsp22 orbitalorbital thusthus itit isis heldheld moremore tightlytightly byby thethe nucleusnucleus thanthan
thethe lonelone pairpair ofof electronelectron inin aliphaticaliphatic aminesamines withwith spsp33 hybrdizedhybrdized
NN atomatom andand thethe lonelone pairpair ofof electronselectrons occupiesoccupies anan spsp33 orbitalorbital
(less(less electronegative)electronegative)..
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Chemical properties: Chemical properties: 
11--Electrophilic substitutionElectrophilic substitution

 thethe negativenegative polepole inin pyridinepyridine ringring isis atat NN whilewhile thethe positivepositive
polepole isis atat carboncarbon skeletonskeleton whichwhich isis oppositeopposite toto whatwhat
happenshappens inin pyrrolepyrrole..

 ThisThis isis duedue toto thethe greatergreater electronegativityelectronegativity ofof nitrogennitrogen
(relative(relative toto carbons)carbons) itit tendstends toto withdrawwithdraw thethe electronelectron
densitydensity fromfrom carboncarbon atomsatoms atat positionspositions 22,, 44 andand 66 whichwhich
thereforetherefore acquireacquire partialpartial positivepositive chargescharges whilewhile thethe NN atomatom
acquiresacquires partialpartial negativenegative chargecharge andand thethe carbonscarbons atatacquiresacquires partialpartial negativenegative chargecharge andand thethe carbonscarbons atat
positionspositions 33 andand 55 ((ββ--position)position) remainremain neutralneutral thereforetherefore
thesethese positionspositions areare thethe mostmost preferredpreferred forfor elctrophilicelctrophilic
attackattack..

N

δ

δ



Chemical properties: Chemical properties: 
11--Electrophilic substitutionElectrophilic substitution

 AlsoAlso asas aa consequenceconsequence ofof electronelectron deficiencydeficiency onon pyridinepyridine ringring ,,
pyridinepyridine isis lessless reactivereactive towardstowards electrophileselectrophiles thanthan pyrrolepyrrole andand
benzenebenzene (it(it resemblesresembles highlyhighly deactivateddeactivated benzenebenzene derivatives),derivatives),
wherewhere itit doesdoes notnot undergoundergo FriedelFriedel--Craft’sCraft’s alkylationalkylation oror acylationacylation oror
couplingcoupling withwith diazoniumdiazonium saltssalts..

 Moreover,Moreover, electrophilicelectrophilic substitutionsubstitution reactionsreactions ofof pyridinepyridine requirerequire
veryvery harshharsh conditionsconditions (e(e..gg.. vv.. highhigh temptemp..)) toto taketake placeplace andand areare

lowlow yieldingyielding ..lowlow yieldingyielding ..



22--PyridinePyridine asas aa nucleophilenucleophile (reactions(reactions onon NN
atom)atom)

 As a tertiary amine pyridine has nucleophilic properties thus it reacts
with electrophiles:

HCl N
H  Cl

+
-

N

HCl N
H  Cl

-

Pyridinium chloride

CH3I

N
CH3  I

+
-

N-methyl pyridinium iodide

CH3COOOH

r.t.

N

O

Pyridine-N-oxide



33--Nucleophilic substitution on carbonNucleophilic substitution on carbon

Pyridine is very reactive towards nucleophiles than benzene it
resembles benzene having strong E.W.G due to the withdrawing
effect of the electronegative N atom .
 AS appeared from the canonical structures of pyridine
positions 2, 4 and 6 carry partial positive charges thus ncleophilic
substitution proceeds readily at the 2-position followed by 4-
position but not at the 3-position.
 Additionally, attack at positions 2, 4 or 6 results in resonance Additionally, attack at positions 2, 4 or 6 results in resonance
structure in which the negative charge is delocalized at N thus it
is more preferred while attack at position 3 or 5 results in
resonance structures in which the negative charge is delocalized
over carbons only.



Orientation of nucleophilic Orientation of nucleophilic 
substitution in pyridinesubstitution in pyridine
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33-- Nucleophilic Substitution reactionsNucleophilic Substitution reactions

i) i) TheThe Chichibabin reactionChichibabin reaction

Heterocyclic Chemistry

R can be o-, m-, or p- substituent

ii) Reaction with organometallic compounds lithium 
reagents
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2-Butylpyridine



33--Nucleophilic substitution ReactionsNucleophilic substitution Reactions

iii)iii) ReactionReaction withwith potassiumpotassium hydroxidehydroxide
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44--Reduction ReactionsReduction Reactions
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Derivative of  pyridine: Derivative of  pyridine: 
NN--oxide pyridineoxide pyridine

 Pyridine can be oxidized easily to NPyridine can be oxidized easily to N--oxide pyridine by oxide pyridine by 
peracids.peracids.

 On the basis of dipole moment studies, NOn the basis of dipole moment studies, N--oxide pyridine is oxide pyridine is 
considered as a resonance hybrid of the following structuresconsidered as a resonance hybrid of the following structures
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N-oxide pyridine

 AsAs appearsappears fromfrom thethe previousprevious canonicalcanonical formsforms ,, therethere areare
positivepositive andand negativenegative chargescharges atat positionspositions 22 andand 44 thusthus NN--
oxideoxide pyridinepyridine isis moremore activatedactivated forfor electrophilicelectrophilic andand
nucleophilicnucleophilic attackattack atat thesethese positionspositions thanthan pyridinepyridine itselfitself..

 NN--oxideoxide pyridinespyridines areare veryvery importantimportant intermediatesintermediates forfor
preparingpreparing pyridinepyridine derivativesderivatives thatthat areare difficultdifficult toto prepareprepare duedue
toto thethe easinesseasiness ofof removalremoval ofof oxygenoxygen atomatom byby reductionreduction..
preparingpreparing pyridinepyridine derivativesderivatives thatthat areare difficultdifficult toto prepareprepare duedue
toto thethe easinesseasiness ofof removalremoval ofof oxygenoxygen atomatom byby reductionreduction..

 ForFor instance,instance, nitrationnitration ofof pyridinepyridine isis veryvery difficultdifficult andand lowlow
yieldingyielding reactionreaction andand itit occursoccurs atat positionposition 33,, howeverhowever usingusing NN--
oxideoxide pyridinepyridine willwill directdirect thethe nitrationnitration toto positionposition 44 andand thenthen
thethe oxygenoxygen cancan bebe easilyeasily removedremoved byby reductionreduction asas shownshown inin thethe
followingfollowing schemescheme..



Reactions of N-oxide pyridine
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