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orbital structure of pyridine

available to react with protons thus
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> It may be formally derived from the structure of benzene

through the exchange of one r
> Pyridine is an aromatic compound, however, the nitrogen's

lone pair of electrons is in an sp2 orbital orthogonal to the p

orbitals of the ring, therefore it is not involved
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PYRIDINE- Structure and Aromaticity

> Pyridine can be represented as a resonance hybrid
of the following structures.

) i Nz ) N

Due to the greater electronegativity of nitrogen (relative to
carbons) it tends to withdraw the electron density from
arbon 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.
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C. Synthesis of Pyridine

1- Common Strategy "5 + 1"
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icarbonyl compounds:
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2- Bonnemann cyclization
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E: Basicity of pyridine

> Pyridine is a weak base. since lone pair is in an
sp?> hybrid orbital. Is the conjugate acid
aromatic?

2 + o
| + H | pKa=52
H__- ."""-F

I Ny
H
Pyridinium salt

» |t undergoes many reactions typical of amines such as
reaction with Bronsted acids such as chromic acid and
hydrobromic acid.

N N BI'2 N
| Jrmer —— ol —le_ .
I}I Br [?l BI'3



(% Basicity of pyridine

Compared to pyrrole, pyridine is much stronger base 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.

* pKa=-38

I H _|_~H

Compared to imidazole, pyridine is less basic this is due to the
on protonation the + ve charge can be delocalized over two
nitrogen atoms while in case of pyridine it is delocalized ove
the ring which interrupt aromatcity.
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() Chemica properties:
( ) 1-Electrophilic substitution

Also as a consequence of electron deficiency on pyridine ring ,
yridine is less reactive towards electrophiles than pyrrole and
benzene (it resembles highly deactivated benzene derivatives),
where it does not undergo Friedel-Craft's alkylation or acylation or

coupling with diazonium salts.
Moreover, electrophilic substitution reactions of pyridine require

very harsh conditions (e.g. v. high temp.) to take place and are
low yieldina
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C. 2-Pyridine as a nucleophile (reactions on N

( ) atom

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

H Cl
Pyridinium chloride
CH;COOOH

CH;l

o Lo

Pyridine-N-oxide CHs L oL
N-methyl pyridinium iodide

e
-
=
-
-
-
=
-
.
-

o
-

*.
By
-
.

=

-
-
-

-
-
-
-
-
-
-

.*
.

o
.

-
-
-
-
-
-
-
.

-
.

-
-

-
-

.
.
-

-
-

.

-
-

-
-

-
=
-

-

-

-
e



e 3-Nucleophilic 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
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.
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. Orientation of nucleophilic

attack at C-2
more preferred °
-ve charge on N

r\ H Nu

[ e
+ Nu —
s attack at C-4 oo __
more preferred NA/
Nu
‘\ Nu
N = =
—~—

| + Nu >(

.N./ attack at C-3 N/ \N.

-ve charge on C only




@
E. 3- Nucleophilic Substitution reactions
i) The Chichibabin reaction

XN NaNH,/ NH; X
‘ = - + NaOH

R* N R* N NH,

R can be o0-, m-, or p- substituent

ii) Reaction with organometallic compounds lit
reagents
X X

‘ +  C,HyLi - ‘
= =

N Butyllithium N Cy

2-Butylpyridine
Heterocyclic Chemistry
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4 -Reduction Reactions
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> Pyridine can be oxidized easily to N-oxide pyridine by
peracids.

AcOOH
~ > N®~2 N-oxide pyridine

r.t.
I ©

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

2

\e}

CH;CO OOH, r.t. HNO;

or H202 N

0
HNO; / H,SO,
300 C SOCl, H,/Pd/H*

NH»
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