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Electrophilic Aromatic Substitution

• Arene (Ar-H) is the generic term 
for an aromatic hydrocarbon
• The aryl group (Ar)  is derived by 

removal of a hydrogen atom from 
an arene

• Aromatic compounds undergo 
electrophilic aromatic 
substitution (EAS)
• The electrophile has a full or 

partial positive charge

• The benzene ring is the 
nucleophile.
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General Mechanism

Regardless of the electrophile used, all electrophilic aromatic substitution 
reactions occur by the same two-step mechanism—addition of the 
electrophile E+ to form a resonance-stabilized carbocation, followed by 
deprotonation with base, as shown below:
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General Mechanism, contd….
• The energy diagram of this reaction shows that the first step is highly 

endothermic and has a large DG‡
(1)

• The first step requires the loss of aromaticity of the very stable benzene ring, which is highly 
unfavorable

• The first step is rate-determining

• The second step is highly exothermic and has a small DG‡
(2)

• The ring regains its aromatic stabilization, which is a highly favorable process
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Halogenation of Benzene
• Halogenation of benzene requires the presence of a Lewis acid

• Fluorination occurs so rapidly it is hard to stop at monofluorination of the ring 
• A special apparatus is used to perform this reaction

• Iodine is so unreactive that an alternative method must be used
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Mechanism - Halogenation

• Below is the general mechanism of halogenation using bromine.
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Nitration of Benzene

• Nitration of benzene 
occurs with a mixture of 
concentrated nitric and 
sulfuric acids
• The electrophile for the 

reaction is the nitronium ion 
(NO2

+)
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Sulfonation of Benzene
• Sulfonation occurs most rapidly using fuming sulfuric acid (concentrated sulfuric acid 

that contains SO3) 

• The reaction also occurs in conc. sulfuric acid, which generates small quantities 
of SO3, as shown in step 1 below

• Sulfonation is an equilibrium reaction; all steps involved are equilibria
• The sulfonation product is favored by use of concentrated or fuming sulfuric acid

• Desulfonation can be accomplished using dilute sulfuric acid (i.e. with a high concentration of water), or by 
passing steam through the reaction and collecting the volatile desulfonated compound as it distils with the steam
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Friedal-Craft Alkylation

An aromatic ring can be alkylated 
by an alkyl halide in the presence 
of a Lewis acid 

(The Lewis acid serves to 
generate a carbocation 
electrophile)
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Friedal-Craft Alkylation, contd…

• Primary alkyl halides probably do not form discreet carbocations but the 
primary carbon in the complex develops considerable positive charge

• Any compound that can form a carbocation can be used to alkylate an aromatic 
ring
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Friedal-Craft Acylation
• An acyl group has a carbonyl attached to some R group

• Friedel-Crafts acylation requires reaction of an acid 
chloride or acid anhydride with a Lewis acid such as 
aluminium chloride
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Formation of Acyl Chlorides

Acid chlorides are made from carboxylic acids
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Friedal-Craft Acylation Mechanism
The electrophile in Friedel-Crafts 

acylation is an acylium ion

(The acylium ion is stabilized by 
resonance)
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Limitations of Friedal-Craft Reaction

1) In FC alkylation, the alkyl carbocation intermediate may rearrange to a more 
stable carbocation prior to alkylation

2) Powerful electron-withdrawing groups make an aromatic ring much less 
reactive toward Friedel-Crafts alkylation or acylation

Amino groups also make the ring less reactive to Friedel-Crafts reaction because 
they become electron-withdrawing groups upon Lewis acid-base reaction with 
the Lewis acid catalyst
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Limitations of Friedal-Craft Reaction

3) Aryl and vinyl halides cannot be used in Friedel-Crafts reactions because they 
do not form carbocations readily

4) Polyalkylation occurs frequently with Friedel-Crafts alkylation because the 
first alkyl group introduced activates the ring toward further substitution

Polyacylation does not occur because the acyl group deactivates the aromatic ring to 
further substitution
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Synthetic Applications of FC-Acylation

Primary alkyl halides often yield rearranged products in Friedel-
Crafts alkylation which is a major limitation of this reaction

1. The Clemmensen reduction— uses zinc and mercury in the presence
of strong acid.

2. The Wolff-Kishner reduction—uses hydrazine (NH2NH2) and strong
base (KOH).
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Examples

• This method can be used to add a ring to an aromatic ring starting with a cyclic 
anhydride (Note that the Clemmensen reagents do not reduce the carboxylic acid)

• Using Anhydrides

• Intramolecular Cyclization
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Key Concepts

• Electrophilic substitution

• Nitration

• Sulfonation

• Friedal Craft Alkylation

• Friedal Craft Acylation

• Drawbacks of FC alkylation

• Synthetic applications
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