PYRIDINE

Properties
1. Aromaticity
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PYRIDINE

Pyridine have 5 C and 1 N . all are sp° hyvbridized

sp? hybridization is planar, it makes a planar pyridine ring structure.
Each ring atoms also contains unhybridized p orbital that is
perpendicular to the plane of o bonds (plane of ring).

Here p orbitals are parallel to each other. so overlapping btwn p
orbitals 1s possible.

the total nu of non bonding e- are 6 (5 of five C, | from N)

The resonance of 6 e- follows the Hiickel's rule

o .




‘ PYRIDINE

2. Basicity
Pyridine is more basic than pvrrole

—

pyridine
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PYRIDINE
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PYRIDINE

Basicity

Pvridine is more basic than pvrrole

Basicity depends on availability of lone paur.
Pyridine N have lone pair of & in same plane of pyridine hybridized
orbitals plane =2 So it is not participating to resonance phenomena
=2 lone pair is readily available for acid-base reaction,
Pyvrrole N have lone pair of & perpendicular to plane of pyridine
hyvbridized orbitals plane. = it participates in __resonance
(delocalization of lone pair) = not readily available for acid-base
reaction.
As lone pair of ¢ of pyridine are readily available than pyrrole...

... Pyridine 1s more basic than pyrrole




PYRIDINE

Basicity

Pvridine is less basic than aliphatic amines

-
- | T I‘\i/
pyridine N /g’ | Aliphatic amine
sp? sp’

(more electro-ve) (less electro-ve)

Sp? hybridized N is more electro-ve (more s character) than Sp¥ =

lone pair of ¢ more closely held toward more electro-ve N = less
available for acid-base reaction.

As lone pair of & is not readily available in pyridine . it 1s less basic
than aliphatic amines.




PYRIDINE

3. Tautomerism

- Tautomeric structures involve when pyridine substituted at 28d - / 4t

- position with groups such as -XH (X = O.N or S)

2-hydroxypyridine 2-pyridone

4. Hydrogen bonding
- Pyridine 1s water soluble
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PYRIDINE

Synthesis
1. Hantzsch pyridine synthesis

- Condensation of an aldchyvde with two moles of a f-dicarbonyl

compound and ammonia.
l /J//\ CEHEOOﬂ:DDCZHE
N

CaHs00C COOCaHs

H
Ethyl acetoacetate dihydropyridine
[0] lHNDg.stnq
:EHEDD'E S CDDCgHﬁ
=2 (i) KOHIC,HsOH n
| - ~{il) Ca0, heat, ¥
» R tic pyridine ring formed
2,6-dimethylpyridine aromatic pyn ng
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PYRIDINE

Synthesis
. Hantzsch pyridine synthesis
Mechanism
Step 1: Knoevenagel Condensation between the f-ketoester and aldehyde
CODCaHs H\I-rH O
L 0% oc
- z2Hs
0 o

0
unsaturated carbonyl

compound

Step 2: Formation of the ester enamine
CaHsD0C

€;Hs00C
NH; |
NH.
0

-H0

esier enamine
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PYRIDINE

Synthesis
. Hantzsch pyridine synthesis
Mechanism

Step 3: Formation of the dihvdropyridine

’1"“1
NH3 J Hiﬂmz

H
C;Hs00C : COOCHs C:Hs00C,_ |- ; COOC;Hs C;Hs00C COOC:Hs
- - tautomerization
iz ﬂu| [ NHz O)) HE;_I?’//

Nucleophilic
addition

F\
H

C;H:00C COOC;Hs C;Hs00C COOC;Hs
JI\/\/'[/\ ~Dehydration mnu
N +H0 N
H
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PYRIDINE

Synthesis
2. The Guareschi Synthesis

- Modification of Hantzsch synthesis. use of ecvanoacetamide as the
nitrogen - containing component.

COOGHs

COOCHs
CN
0 4 L K4CO3, acetone. [
A |
Q Hal O M 0
cyanoacetamide H
2-Pyridone

CN -
Z "oEt + K2C03, acetone_
I 2 »
CyHs00C 0 HaN CoHs00C N

3 - alkoxy - enones enenitrile
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PYRIDINE

Synthesis
3. From 1,5 - Dicarbonyl Compounds

- Ammonia reacts with 1.5 - dicarbonyl compounds to give 1.4 -
dihvdropyridines, which are easily dehydrogenated to pyridines.

R2 RE' RZ
Ra R; Ra Ra R4 Rz
NH3 | | oxidation l =
-2H;0 HNO3 P
Rs 00 Ry Rs N Ry Rs N Ry
1.4 - dihydropyridine substituted pyridine

1.5 - dicarbonyl
compound




‘ PYRIDINE

Synthesis
4. From Oxazoles Kondrat'eva pyridine synthesis

OXAZOLE

Diels-Alder Reaction

(2) Kandrat'eva pyridine synthesis

- syothesizing pynding  denvatives by Diels-Alder  eveloaddition
between an azadicne and a dicnophile followed by an extrusion of the
resulting bridge of the bicvelic intermediate.

H1
R R*
£+ W w —pm a
= s l_'p4
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‘ PYRIDINE

Reactions
1. Electrophilic addition to N

a.  Protonation (basic property)

(J = &,

pyndmlum chloride
h. N-alkvlation
B
| = CHal |
= P
H N™ &

1-methylpyridinium
iodide
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PYRIDINE

Reactions

Imidazole is approximately 100 times more basic than

pvridine.

- Protonation of imidazole vields N
an 1on that is stabilized by the
electron delocalization

N\
[ N> aq. ar;:ni

IEI Cl
pyridinium chloride

[~>-.—-.[@,>

m’udaz-:::-ﬂum cation
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PYRIDINE ‘

2. Electrophilic substitution to C
Pyridine gives electrophilic substitution reaction at
3rd position.

@Ea—@wHQH

.59
I1'I|'|'lI

5 E
| —_— @ - -

ES E H E H E H
® ®
G- — @ — )
N N N N
®
- N is electro-ve , so +ve charge on N destabilize structure = here

attack at C2 . C4 generates N+ intermediates=> less favourable
= only ('3 is favourable as it can not generate N+ intermediate.
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PYRIDINE

2. Electrophilic substitution to (

a. Nitration

E HNO3 oMoz
I =
= Conc. HaSOy4 -
N
A 3-nitropyridine

b. sulphonation

- Pyridine is very resistant to sulfonation using concentrated sulfuric
acid or oleum. addition of mercuric sulfate 1n catalvtic quantities
allows smooth sulfonation.

C. HESO.; ,20H
| ) HgSO,, 220°C_ | Y
= 70% =
N N




PYRIDINE

-

c.

Electrophilic substitution to (

Halogenation
Cl Br
| = Cly. AlCls | XY By, oleum | N
*— —h
= A st A .
N N

3-Bromopyridine is produced in good vield by the action of bromine
in oleum.

3-Chloropyridine can be produced by chlormation in the presence of
aluminium chloride,

Melera



PYRIDINE

3. Nucleophilic substitution

Why pyridine undergoes nucleophilic substitution

reaction at ZTposition.

Z xH"" (;H""' C AN
ca ) Yo — UH C@/HCU o
P i N N N

o
N u
= [ = Q
- rii =
a() [~ —CL|+CL
58 - - 2
N uﬁu N “Nu {;‘N Nu (“g:. MNu N™ “Nu
[Especially stable]
-ve Charge on N

P (4 it =. ..1|'..LT t.-'l..lq. (_ t.'L
Attack on 2™ position gives more stable intermediate containine

128

—ve charge on N. thus...
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PYRIDINE

3. Nucleophilic substitution

Chichibabin rxn

- Rxn of pyridine with sodamide at high temp.

=

| +  NaNH;

o
N

Mechanism

NE

.
NH3, Heat
3,.—9-_ | > + NaH
N MH2
pyridin-2-amine

HzM N-

C@—*C L]N_, -

pyridin-2-amine
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PYRIDINE

4. Pyridine as Nucleophilic catalyst

- Used as catalyst for acylaring phenols. alcohols and amines using
acvl chlorides / anhydrides.

=
o | 0
e
= N )-I\ R
R—OH + )tm o
ester

Mechanism o®

G.|.|
0 o I ®
= .—)k - SN TR-oH | ND
|N’# Cl J‘ - a2 R{

reactive trigonal |
B intermediate
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‘ PYRIDINE

|“;|-"_':"_1' ons

5. Reduction

MeOH
= piperidine

Heteroeyelie Compounds _ AJ I _Cirganle Chemiviev_ Pharmaoy 13 1



PYRIDINE

Medicinal uses

s

(1) Antitubercular Agent : /sonazid “NH,

(3) Anticholinesterase agent : pviicdostiomine
- used in myasthenia gravis |




PYRIDINE

Medicinal uses

(4) Proton Pump Inhibitors : Omeprazole, Lansoprazole, Pantoprazole,
Rabeprazole - used in peptic ulcer
y z
x—d N\
=
N R
-{;S \: ]©/
0 N
PPI
PPI X Y Z R
Omeprazole CH; CH;0 CH; CH;0
Lansoprazole CH, CF;CH,0 H H
Pantoprazole CH,0 CH,0 H CHF,0
Rabeprazole CH, CH;0CH,CH,CH,0 H H
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PYRIDINE

Medicinal uses

VITAMIN B3

O O

e OH. [ ™ NH,

P~ P
N N
NICOTINIC ACID NICOTINEAMIDE

niacin is collective nome for these compounds

Helps with digestion and digestive system health.
Also helps with the processing of carbohydrates,

VITAMIN B6

Og 5
HO tll‘
= 0”1 0OH
OH
—
N

PYRIDOXAL PHOSPHATE
active form in mammalfan tissues

Helps make some brain chemicals; needed
for nermal brain function. Also helps make
red blood cells and immune system cells,
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