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Chapter 14 
Reactions of Aromatic Compounds 

 

Nomenclature of Benzene Derivatives  
 

Some monosubstituted benzenes are named as 
derivatives of benzene.  Examples: 

Cl

 

Br

 

NO2

 

CH2CH3

 
Chlorobenzene Bromobenzene Nitrobenzene Ethylbenzene 
 
Others have trivial names which must be learned: 

NH2

 

CH3

 

OH

 

CH
CH2

 
Aniline Toluene Phenol Styrene 

 
With two substituents, isomers are possible: 

 
Cl

Cl  

Cl

Cl  

 
Cl

Cl  
1,2-dichlorobenzene 
o-dichlorobenzene 

1,3-dichlorobenzene 
m-dichlorobenzene 

1,4-dichlorobenzene 
p-dichlorobenzene 

 
 

CH3

CH3  

CH3

CH3  

 
CH3

CH3  
o-xylene m-xylene p-xylene 
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CH3

NO2  

OH

CH3  

CH3

Br  

o-nitrotoluene m-hydroxytoluene p-bromotoluene 
 

 
OH

Cl  

Br

Br  

 
NH2

O2N  
 
 
If there are three or more groups, use numbering 
system.  Examples: 

Br

BrBr  

OH

O2N NO2  
1,2,4-tribromobenzene 2,4-dinitrophenol 

 

NO2

CH3

NO2

O2N

 

CH3

CH3CH3

NH2  
2,4,6-trinitrotoluene 2,4,6-trimethylaniline 

 

I

CH3HO

CH3

 

 
 
4-iodo-3,5-dimethylphenol 
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CH3

Cl Cl  
 

CH3

CH3CH3  
 

CH3

Br NO2

 
 
Often the benzene ring is named as a substituent 
group.  The group is called Phenyl, not Benzyl.  Note: 

 

CH2

 
Phenyl Benzyl 

Note: 

 
 ---- Ph  - f- f- f- f     

 
Examples: 

 
CH2

 CH2
 

 
CH2Br

 
Diphenylmethane 1-benzyl-1-

phenylcyclopentane 
Benzylbromide 
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Bonding Scheme for Benzene: 
Remember we do have a planar  ring build out of six sp2-hybr idized carbons. 
Hueckel rule says: (4n+2)pppp-electrons(n=0,1,2,3..). For Benzene: n=1 �  6 p 
Electrons or three electron pairs (odd number of electron pairs). 

 
Number: 4   6   8   
of p-electrons          

anti-aromatic   aromatic  anti-aromatic  
“two double bonds  6 aromatic bonds “ four double bonds   

two single bonds”      four single bonds”  
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stability: aromatic > cyclic with localizd double bonds> anti-aromatic 
 
Reactions of aromatic compounds : 
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Reactions of Benzene  
and Substituted Benzenes 

 
Because they are unusually stable, aromatic 
compounds do not typically undergo addition 
reactions: 

Br

Br
X+  Br2

 
 

But, under certain conditions, they can undergo  
� � � � � � � � 	 
 � 
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 � � 
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 � � 
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 � 
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Examples: 
 
Nitration: 
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NO2
HNO3 / H2SO4

 
 
Mechanism---Nitration: 
 
 (a)  Generate electrophilic species: 

H2NO3
+
                H2O  +  NO2

+

HNO3  +  H2SO4                   H2NO3
+  +  HSO4

-

 
 
 (b)  Addition: 

+

NO2

H

NO2
+

 
  
 Note:  Resonance stabilization: 

NO2

H

NO2

H

+

+

+

NO2

H

+

NO2

H

 
 (c)  Elimination: 
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+  H2SO4

HSO4
-

NO2

+

NO2

H

 
 
Sulfonation: 

SO3HSO3 / H2SO4
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Halogenation: 

BrBr2 / Fe

 
 
Mechanism---Halogenation: 
 
 (a)  Generate electrophile: 
 

Fe  +  Br2               FeBr3  (a Lewis acid)
 

FeBr3  +  Br2               FeBr4
-
  +  Br

+
 

 
 (b)  Addition: 
 

Br
H

+

Br
+

 
 

 (c)  Elimination: 
 

FeBr4
-

Br
H

+

Br
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Friedel-Crafts Alkylation: 

CH2CH3CH3CH2Cl / AlCl3

 
 

Mechanism---Alkylation 
 
 (a)  Generate electrophile: 
 

CH3CH2Cl  +  AlCl3               CH3CH2
+
  +  AlCl4

-
 

 
 (b)  Addition: 
 

+
CH2CH3

CH2CH3

H

+
 

 
 (c)  Elimination: 
 

AlCl4
-

CH2CH3

H

+

CH2CH3
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� � � � �� � � � �� � � � �� � � � � � �� �� �� � � � � � � 
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 � � � � � � � � � � � � � � � � � �� � �� � �� � � ����
 
Example: 

+  CH3CH2CH2Cl
AlCl3

CH
CH3

CH3

 
 

+
CH3CH2CH2Cl  +  AlCl3                CH3CH2CH2  +  AlCl4

-
 

 

++
CH3 CH CH2

H
1,2-H shift

CH3 CH CH3  
 
 

Friedel-Crafts Acylation: 

C
O

CH3

 / AlCl3
O
C

CH3 Cl
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Substituent Effects 
 

CH3

H2SO4 / SO3

 
 

CH3

SO3H

 

 
CH3

SO3H  

CH3

SO3H  
minor not observed major 

 
NO2

NO2

NO2

HNO3 / H2SO4

 
               major 

 
ortho/para directors 

Activate Deactivate 
 

-NH2 
 

-OH 
 

-OR 
 

-Alkyl 
 

-Cl 
 

-Br 
 

-I 
 

 
meta directors---all deactivate 

 
-NO2 

 
-SO3H 

C
O

R  

 

C N  
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Electron-Donating Substituents (ortho/para directors) 
 ---Lone pairs available (conjugation) 
 

C N

 

 

C N+
..

 

 
 
 

 

 

C N+
 

 

C Cl

 

 
 

C Cl+
..

 

 
 
 
 
 

 

 
 

C Cl+
 

 
 ---Alkyl groups (hyperconjugation) 

C C

H

 

 
 

C C
H

H
H+

 

 
 
 
 
 

 

 
 

C C
H

H
H+
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Example:  Aniline (look at resonance structures) 
 

N
H H

:

 

 
 

 

+

-

N
H H

:

 

 
 

 
 

N
H H+

-
..

 

 
 

 

N
H H+

-:

 
 Look at intermediates (ortho attack): 

:N
H H

E
+

 

N
H H

E
H

:

+
 

 
 

 

+

:N
H H

E
H

 

 
 

 

:N
H H

H
E+

 

 
 

 

+
N

HH

E
H
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 para attack: 
 

:N
H H

E
+

 

:

+

N
H H

H E  

 
 

 

 

:

+

N
H H

H E  

 
 

 

+
N

H H

H E  

 
 

 
+

:N
H H

H E  
 
 
But, meta attack: 

E
+

N
H H

:

 
 

NH2

E
H

+

 

 
 

 

NH2

E
H

+

 

 
 

 

NH2

E
H

+  
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Example, Nitrobenzene: 
 

N
O O
- +

 

 
 

 

N
O O+- -

+

 

 
 

 
 

-- +
N

O O

+  

 
 

 

-- +
N

O O

+

 
 
 Intermediates,  ortho attack: 

E
+

N
O O
- +

 

 

+

NO2

E
H

 

 
 

 

 

+

NO2

E
H

 
 
 
 

 

 

+

NO2

E
H

 

 
 

 +

+-
N

O O

E
H
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 para attack: 

E
+

N
O O
- +

 

+

NO2

H E  

 
 

 

 

+

NO2

H E  
 
 
 

 

 

+

NO2

H E  

 
 

 +

+-
N

O O

H E  
 
 But, meta attack: 

E
+

N
O O
- +

 
 

NO2

E
H

+

 

 
 

 

NO2

E
H

+

 

 
 

 

NO2

E
H

+  
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Multiple Substituents 
 

CH3

NO2

100

0

 

Cl

Cl

4

960  
 

CO2H
Br

0

80

0

20

 

CH3

Cl

9

32

0

59

 
 
“ Directing Power”  
 
1)  Great electron donors:  -NR2, -OR, -OH 
 
2)  -Cl, -Br, Alkyl 
 
3)  meta Directors 
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Nucleophilic Aromatic Substitution 
(Aryl Halides) 

 

Cl
NO2

OCH3

NO2NaOCH3

CH3OH
 

 

Cl

NO2

OCH3

NO2

NaOCH3

CH3OH

 
 

Cl
NO2

NO2

NHNH2

NO2

NO2

NH2NH2 / EtOH
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Mechanism: 
Cl

N
O O+-  

 
 

 

N

Cl

O O+-

+

-  

 
 

 

N

Cl

O O

+

+- -  

N

Cl

O O

+

+- -

:Nu
-

 

 
 

 

-- +
N

O O

NuCl

 

 
 

 

- +

Nu

N
O O

 
 
However... 
 

CH3

Cl
CH3

NH2

CH3

NH2

NaNH2 / NH3
+

 
and 

CH3

Cl

CH3

NH2

CH3

NH2

NaNH2 / NH3 +
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Mechanism: 
 

-
NH2

CH3

Cl

-

CH3

Cl
H

 
 

CH3

NH2

-

CH3

NH2-

-
NH2

+

CH3

 
     “ Benzyne”  
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Side-Chain Reactions 
 
Free Radical Halogenation 
 

CH3 CH2Cl CHCl2 CCl3Cl2
 hv

Cl2
 hv

Cl2
 hv

 
 

Mechanism: 

Cl Cl
hv

2 Cl. 

CH2

H
.Cl CH2

.
-HCl

 

CH2
. CH2

.
CH2

.
 

CH2Cl
Cl Cl + Cl.

CH2

.
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Oxidation 
 

CH3

O2N

CO2H

O2N

 Na2Cr2O7

H2SO4/heat

 
 
 
Hydrogenolysis 

CH

CH3 CH3

OH
CH2

CH3 CH3

H2 / Pd-C
    HClO4

 
 

HO2C
O

HO2C

H2 / Pd-C
    

 
 

Hydrogenation of Aromatic Ring--- Possible but 
difficult: 

CH3

CH3
CH3

CH3
H

H

H2 / Rh-C

  100oC
1000 psi
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Birch Reduction of Aromatic Ring 

       Na
NH3 / EtOH

 
 

OCH3 OCH3

       Li
NH3 / EtOH

 
 

CO2H CO2H

       Na
NH3 / EtOH

H3O+

 
 
Mechanism: 

.M
- :
H

.
H-OEt  

 
H

H
H

H

H

.M : -.
H-OEt  

 
H

H

H
H
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D:

.M - :
H

D:

.
 

 

.M
: -

.

W W

 



Reactions of Aromatic Compounds - Page 27 

Aryl Diazonium Salts 
 
Useful intermediates for preparation of substituted 
benzene derivatives. 
 

Ar NH2
NaNO2

   HX
XAr N N

 
 

Ar N N +  Y Ar Y +  N2

Ar
----  N2 Y

 
 

Mechanism of diazotization reaction: 
 
1)  Formation of nitrosyl cation: 
 

H     +  HONO H2O NO H2O  +  NO  
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2)  Reaction with 1o amine: 
 

Ar NH2 +  NO Ar N

N

H

H

O

Ar N

N O

H

Ar N
N OH

H
Ar N N OH

Ar N N O
H

H
Ar N N Ar N N

+  H

+  H

the diazonium ion

an N-nitrosamine

 
 
 
Preparation of phenols: 
 

Ar N2 +  H2O DDDD Ar OH +  N2  +  H
 

 
Example: 

DDDD

NH2

Br

CH3

N2

Br

CH3

Br

CH3

OH

  NaNO2

aq H2SO4

    5oC

HSO4
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Preparation of Aryl Iodides: 
 

+  N2Ar N2 Ar I+  I
 

 
Example: 
 

  NaNO2

aq HCl
    7oC

NH2 N2    Cl I
  KI
25oC

 
 
The decomposition of diazonium salts is catalyzed by 
cuprous salts - the � � � � 
 � � � � � � � � � � 
 � �� � � � 
 � � � � � � � � � � 
 � �� � � � 
 � � � � � � � � � � 
 � �� � � � 
 � � � � � � � � � � 
 � �  
 
Examples: 
 

  NaNO2
  aq HBr
   10oC

NH2

Cl Cl

Br

CuBr
HBr
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  NaNO2

  aq HCl
    0oC

NH2

CH3

Cl

CH3

CH3

CN

CuCl

CuCN
  0oC

 
 
Copper powder can also be used to catalyze the 
reaction - the � � � � � � 
 � � � � � � � � 
 � �� � � � � � 
 � � � � � � � � 
 � �� � � � � � 
 � � � � � � � � 
 � �� � � � � � 
 � � � � � � � � 
 � �  
 

+  N2Ar N2
      NaX
Cu powder Ar X

 
 
But, it is not as good as the Sandmeyer Reaction for X 
= Br, Cl, CN 
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Example: 
 

NH2

NO2 NO2

N2   BF4

NO2

NO2

  NaNO2

aq HBF4

    0oC

 aq NaNO2

Cu powder

 
 
� 	 � � � � 	 
 � 
 � � � � � � � � � 
 � �� 	 � � � � 	 
 � 
 � � � � � � � � � 
 � �� 	 � � � � 	 
 � 
 � � � � � � � � � 
 � �� 	 � � � � 	 
 � 
 � � � � � � � � � 
 � � ����
 

Ar N2   BF4
DDDD Ar F +  N2  +  BF3  

 
 
Example: 
 

NH2

CH3

N2   BF4

CH3

F

CH3

  NaNO2

 HF / BF3

    0oC

DDDD
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Ar N2 Ar H +  N2  +  H3PO3
H3PO2

  H2O  
 

 
Example: 
 

H3PO2

  H2O

CO2H

Br Br

Br

NH2

CO2H

Br Br

Br

  NaNO2

aq H2SO4

  ---- 5oC
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The diazonium ion (positively charged) is 
electrophilic.  It can react as an electrophile in 
electrophilic aromatic substitution reactions with 
activated benzene rings. 
 

Ar N2 Ar' H  + Ar N N Ar' +  H
azo compounds  

 
Example: 
 

NH3

SO3

N2

SO3

N(CH3)2

N N SO3N

CH3

CH3

NaNO2

aq HCl

Methyl Orange  
 
 
 


