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Learning outcome

After studying this lecture, you shall be able to:
s Explain electrophilic aromatic substitution reactions
*» Types of electrophilic aromatic substitution reactions

** Mechanism of Nitration, Sulphonation
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ELECTROPHILIC SUBSTITUTION REACTION

When a substitution reaction involves the attack by an electrophile, the reaction is referred to as
elctrophilic reaction. For example: the bromination of benzene in the presence of FeBrsor AICls.

FeBrj
+ Br, > + HBr

There are various reactions which undergo electrophilic substitution reaction. Such as-
(1) Nitration

(i)  Sulphonation

(111)  Halogenation

(lv)  Friedel Crafts reaction



(1) NITRATION

Benzene Is converted into nitrobenzene by its treatment with conc. nitric acid in the
presence of conc. sulfuric acid as catalyst.

Conc. H2S04 MO

@ ¢ HNOy —— s H:0



MECHANISM

STEP- 1
Formation of the electrophile
The electrophile is the "nitronium ion" or the "nitryl cation”, NO2*. This is formed by
reaction between the nitric acid and the sulphuric acid.
HHO5 + 2ZH2S04 — s NOS + 2ZHSO4 + HzOo
STEP- 11 Nitronium ion
Afctack_ of e_IectrophiIe (nitronium ion_) on benzene o v el
Nitronium ion attacked on benzene ring and forms an
intermediate known as arenium ion or Benzenonium ion -
(resonance stabilized). This is the rate determining (slow

step) step of the reaction.

STEP- 111

Formation of product (Nitrobenzene)
The intermediate (arenium ion) undergoes loss of proton with simultaneous formation of

product.
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(i)  SULPHONATION

The reaction of benzene with fuming sulfuric acid or oleum (H2S207 or mixture of H2SO4
& SO3) leads to the formation of benzene sulphonic acid.

SO,H

Conc. H,SO,

———y




MECHANISM

STEP -I
Formation of the electrophile
The active electrophile SOs3 is present in Conc. H2SO4 and may be formed as follows
2H2804 —— — SOB + H30+ + HSO4_
STEP -II

Attack of electrophile on benzene
The electrophile SOz attacks on benzene to give resonance stabilized Arenium ion.

+ 803 = S

Benzene Electrophile Areniumion
(Resonance stabilised)




STEP LI
Formation of product
The intermediate (arenium ion) undergoes loss of proton with simultaneous formation of

product.
SO5™
HSO, Z NS
X
Arenium ion
(Resonance stabilised)
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MECHANISM

STEP -I
Formation of the electrophile
The active electrophile SOs3 is present in Conc. H2SO4 and may be formed as follows
2H,S0, SO; + H3O" + HSO,~
STEP -II

Attack of electrophile on benzene
The electrophile SO3 attacks on benzene to give resonance stabilized Arenium ion.

+ SO,

Benzene Electrophile Areniumion
(Resonance stabilised)
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