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Aromatic compounds 

These include benzene and compounds that resemble benzene in chemical behavior. 

Benzene 

Chemical formula: C6H6. 

Structure 

Benzene is a cyclic compound with delocalized conjugated double bonds, i.e. the double bond is free to 

shift from one place to another through the whole molecule. 
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Effect of delocalization of double bond in to the structure of benzene. 

(i) Benzene ring is very stable that it is preserved in most chemical reaction, that is, it’s is 

generally unreactive towards electrophilic reagents. 

(ii) The six carbon-carbon bonds in the benzene are equal in length (i.e. 1.39Å) intermediate 

between the carbon-carbon double bond (1.34 Å) and carbon-carbon single bond (1.54 Å) 

Physical properties 

a. It is a colorless with a characteristic  aromatic smell. 

b. It is insoluble in water but soluble in organic solvents and its self is a good solvent. 

c. It burns with a smoky and luminous flame 

Industiral preparation 

Benzene is obtained by catalytic dehydration of hexane (from petroleum) 

CH3CH2CH2CH2CH2CH3

Pt Pt

heat heat
 

Chemical properties 

Benzene is not easily attacked by electrophilic reagents. In its reactions, benzene undergoes mostly 

electrophilic substitution reaction in an electrophile substitutes a hydrogen atom, rather than addition 

reactions in which the benzene ring system would be destroyed. 
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Reactions 

1. Combustion 

Benzene reacts with oxygen to form carbon dioxide and water only. 

2C6H6 + 15O2  12CO2 + 6H2O 

 

2. Catalytic hydrogenation 

Benzene undergoes catalytic hydrogenation to cyclohexane 

H2 /Pt

heat
Benzene Cylohexane  
The heats of hydrogenation and combustion of benzene are lower (by 36kcal/mole) than 

expected. In other words, benzene is more stable by 30kCal than we would expect 

cyclohexatriene to be. The 36kCal is the benzene stabilization energy or resonance energy. 

 

3. Aromatic electrophilic substitution reaction 

Here an electrophile substitutes a hydrogen atom on a benzene ring. 

 

General mechanism 
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a. Nitration 

This is the introduction of the nitro group on the benzene ring using a hot mixture of 

concentrated sulphuric acid and concentrated nitric acid. 

Benzene

Conc. H2SO4+ Conc. HNO3

600

NO2

Nitrobenzene, yellow liquid  
The formation of a yellow liquid of nitrobenzene when benzene is reacted with a mixture of 

concentrated nitric acid and concentrated sulphuric acid distinguishes benzene from 

cyclohexane, 

 

Mechanism 
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b. Sulphonation 

This is the introduction of the sulphonic group (-SO3H) on to the benzene ring. It’s done by 

heating benzene with concentrated suphuric acid.  

+ Conc.H2SO4

SO3H

heat

 
 

Mechanism

H2SO4
H2O + SO3  
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c. Halogenation 

This requires the use of electron carriers (AlCl3, FCl3) as catalysts. The electron carrier is 

usually a halide of iron or aluminium, the electron carriers’ function is to polarize the 

halogen molecule by withdrawing the electrons from the bond between the two halogen 

atoms. 

X X AlX3

X AlX4 or XX AlCl3

 

Example  

    

+ Cl2
FeBr3

Cl
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Mechanism 

ClCl FeBr3
Cl

H

-H+ Cl

 

d. Friedel –Craft alkylation 

This is a reaction of benzene with an alkyl halide to give an alkyl benzene 

Example 

+ CH3Cl
FeBr3

CH3

 
mechanism 
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e. This is the introduction of an acylo group (-OCR) to the benzene ring. The reaction is carried 

out by reacting benzene with an acid halide in presence of a halogen carrier. 

Example 

+ CH3C   Cl
AlCl3 C

O
O

CH3

 
Mechanism 
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f. Reaction with alkene 

In the presence of an acid benzene react with alkenes to form alkylbenzene. 

+ CH3CH=CH2

C-H+ CH3

CH3

H  
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MECHANISM 
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4. Other reactions 

a. Halogenation in the presence of u.v-light 

Benzene reacts with chlorine by addition reaction to form saturated product; 

1,2,3,4,5,6-hexachlorohexane 

+ 3Cl3
u.v-light

Cl

Cl
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Derivatives of benzene 
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Phenol 

Benzene 

Sulphonic 

acid 

Benzene 

Benzoic acid 

Benzaldehyde 

Aminobenzene 

Nitrobenzene 
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Nomenclature of derivatives of benzene with more than one substituent. 

Number the carbon atoms on the ring and include the position(s) of the groups in the name. 

Examples  

OH
Cl1

2

2-Chlorophenol

NO2

NH23

2
1

3-aminonitrobenzene  
The prefixes; ortho, meta and para- usually abbreviated as o-, m-, and p- may be used for describing 

the relative positions of substituents in a di-substituted benzene. 

Example 

OH
Cl1

2

2-Chlorophenol
o-chlorophenol

NO2

NH23

2
1

3-aminonitrobenzene
m-aminonitrobenzeneOrOr

 
 

Effects of substituent group on the reactivity of the ring 

A group attached to the benzene ring may have either of the two effects: 

(i) Groups that donate electrons to the benzene ring make the ring more reactive towards 

electrophilic substitution reaction 

(ii) Groups that donate electrons to the benzene ring like alkyl group that those with at 

least one lone pair of electron (-NH2, -OH) direct the incoming groups to position 2 or 

postion 4. For this reason they are described as 2, 4-directiong grousps 

 

Example 

e.g. sulphonation of methylbenzene. 

CH3

+ H2SO4

CH3 CH3 CH3

SO3H

SO3H

SO3H

o-toluene
sulphonic acid

m-toluene
sulphonic acid

p-toluene
sulphonic acid

32% 6% 62%  
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Mechanism 

H2SO4 H2O + SO3

Then,
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(iii) Groups that withdraw electron from benzene ring such as nitro or carboxylic groups, make 

the ring less reactive torwards  electrophilic reagent.  They the direct the incoming group to 

position 3 and are called meta directing groups. 

Example 

 

+ H2SO4

NO2 NO2

SO3H
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