
  Hückel's rule states that if a cyclic, planar, conjugated molecule having  (4n+2) π 

electrons (n = 0, 1, 2 etc), is known as aromatic conpound.  

Aromatic 

Anti aromatic 
Non aromatic 

Aromaticity  
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Aromatic substitution reactions 

Electrophilic aromatic substitution 

reactions 
Nucleophilic aromatic substitution  

reaction 

Me Me
Me

E+

E

+
MeMe

Me

OH

CO2H

excess Br2/H2O

OH

BrBr

Br

+ CO2

IPSO substitution 

Cl

CN

Cl

N N

More example of nucleophilic substitution  

reaction 
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In benzene, the π-electrons are delocalised and makes the structure more stable. 

Delocalization of π electron is called resonance. Thus, benzene does not give addition 

reactions because of resonance stabilisation 

Nu

X

Why simple benzene does not under goes normal nucleophilic substitution or addition 

reactions?? 



Electrophilic aromatic substitution 
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Step I. Formation of Π complex 

Step II. Conversion of Π complex to σ complex 

Step III. Conversion of σ complex to Π complex 

Step III. Decomposition of Π complex to products 

E

H

E

H

 


E

 complex

H

E

 complex

H

E

E

H


 complex

H

E E + H

+ E

E

 complex

Step wise mechanism of Ar.SE2 reaction 
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CF3

+ NO2BF4

-80°C
NO2

H

CF3

BF4

-15°C
NO2

H

CF3

HF + BF3+

intermediate  complex has been isolated

 complexintermediate

H

H H

H

H

H

Con. H2SO4

Con. HNO3

NO2

H H

H

H

H

D

D D

D

D

D

Con. H2SO4

Con. HNO3

NO2

D D

D

D

D

KH

KD

1

1. Isolation of σ complex 

2. Primary kinetic isotope effect  

Doesn’t observed 

D

D D

D

D

D

+ NO2

H

H H

H

H

H

NO2+



EDG = electron donating group 

EWG = electron withdrawing group 

EDG EDG





More electron dense C

EWG EWG







 More electron deficient C
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Orientation of Attacking E+ in Di-substituted Benzenes   

EDG

EDG

Case 1. Both are electron donating groups  

Example  

NH2

OH

i)

NHCOCH3

CH3

ii)

Case 2. One is electron donating group and other is EWG 

OH

NO2

NH2

i) ii)

CO2H

EDG

EWG

Case 3. Both are electron withdrawing groups  EDG

EWGNO2 SO3H

i) ii)
CN

CO2H
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O/P ratio  

a) Interaction between the substitutent and attacking E+ 

Me

Et

i-Pr

t-Bu

a) Steric effect 

a) Electronic effect of the group already present in the ring 

F

Cl

Br

I

X

R
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Nitration: 

Nitrating agents 

i) Conc. H2SO4 and conc. HNO3                      

ii) HNO3 in water 

iii) Conc. HNO3 and glacial AcOH 

iv) Fuming HNO3 and fuming H2SO4 

v) Acylnitrates e.g. CH3COONO2, PhCOONO2 

 

vi) +NO2BF4
- 

vii) N2O5 
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Nitrosation is a process of converting organic compounds into nitroso derivatives, i.e. 

compounds containing the R-NO functionality. 
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Friedel-Crafts reaction 

 Alkylating agents are  R X H2C CH2 HC CHR OH, , ,

 reactivity order of all type reagent is 3° >Allyl, benzyl > 2° >1°  

 Reactivity among halide is fluoride > chloride > bromide > Iodide 

 Reactivity order of Lewis acid catalyst is AlCl3 > AlBr3 >GdCl3 >FeCl3 >SbCl3 > SnCl4 

>BF3, BCl3. When ROH is used, HF, H2SO4 or BF3 

 Nitrobenzene is used as a solvent for Fridel-Crafts alkylation reaction. 
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O

N
H

HO2C
H2SO4 ?

Friedel-Crafts reaction 
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Houben–Hoesch reaction: It  is a reaction where a nitrile  reacts with an  arene compound  to 

form an aryl Ketone . The reaction is a type of Friedel-Crafts acylation   with hydrogen 

chloride and a  Lewis acid catalyst. 

The synthesis of 2,4,6-Trihydroxyacetophenone  from  phloroglucinol  is representative. If 

two-equivalents are added,  2,4-Diacetylphloroglucinol  is the product. 

OMe

N
H
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Gattermann reaction 

AlCl3+ HCN HCl+

CH3 R

CHO

100 °C

Zn(CN)2

OH

+ HCl

OH

OH

OH

HC NH

H2O

OH

OH

CHO

PhNO2

Benzene, alkylbenzene, Phenols, phenolic ethers, and some heterocyclic 

compounds under go this reaction, but nitrobenzene, amines and m-directing 

group do not under go this reaction. 
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AlCl3-CuCl
+ CO HCl+

R R

CHO

PhNO2 or ether

Cl SO3H + HCOOH

Gattermann-Koch reaction (aldehyde synthesis) 

Phenols, phenolic ethers, and m-directing group do not under go this reaction 
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Vilsmeier-Haak reaction 

Formylation of 
O

Me
OH

,

NR2
NH2

, ,
By  

Me
N

Me O

H
& POCl3 

1. POCl3
+

O

2. NaOH

Me

Ph
N

Me O

H

O
Me

CHO

+ PhNHMe+

O
Me

CHO
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Reimer-Tiemann reaction 

+

OH

NaOH (aq.)

O

CHO

+CHCl3 +
refluxed

O

CHO

Na Na

OH

CHO

+

OH

CHO

H3O+
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Kolbe smith reaction 

+

OH

CO2

220 °C

6-7 atm

OH

CO2
HCl

OH

CO2H
+ NaOH
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Basically, it states that at equilibrium each individual reaction occurs in such a way that 

the forward and reverse rates are equal. 

+

SO3H

+ H2OConc H2SO4

Other Sulfonating agent fuming H2SO4, 

                                                Olium (SO3 in H2SO4,),

                                                SO3 in organic solvent (CH3NO2,pyridine,

                                                ClHSO3 in CCl4 etc

The kinetic isotope effect for the sulfonylation of benzene at 25.0° was found to be 

kH/kD = 0.86 ± 0.06.  
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+ E+

Z E

+ Z+

Z = -SO3H, -CO2H, I, -SiMe3, -CMe3

IPSO substitution 
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Chloromethylation reaction 

+ HCHO
anh ZnCl2

+ HCl

X X

CH2Cl

major

X

+
CH2Cl

minor

Formalin solution 

or 

or 

paraformaldehyde
H

H

OO HH

8-10

OH

or

NH2

Under goes polymerisation  
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Halogenation: 

Fe/Cl2

NO2 NO2

Cl

2).

+

OH OH

Br

Br2/CS25).

OH

Br

Fe/X2

CH3 CH3

X

CH3

X
+ord. temp

major

1).

X = Cl, Br

NH2

NH2

Cl Cl

Cl

NH2

Br Br

Br

Br2-water

3).

Cl 2
-w

ater

OH

OH

Cl Cl

Cl

OH

Br Br

Br

Br2-water

4).

Cl 2
-w

ater
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Q1. Which is most (and least reactive) reactive in electrophilic substitution? 

a) b)
OMe

c) O
Cl

d)

Q2. Which gives a meta nitro compound as the main product upon nitration with mix acid? 

a) b)
OMe

c) O
Cl

d)

Q3. Which is most reactive in electrophilic substitution? 

a) b)
CF3

c)
NHCOR F

d)

Q4. Which will be the main product upon chlorination of m-nitrotoluene with Cl2/AlCl3? 

Q5.  

NO2

a) b)
NMe3

c)
NHCOCH3 CN

d)

Q6. Write down the pdt in each case on treatment with nitric acid-sulfuric acid mixture? 

Conc. H2SO4

Conc. HNO3

(A) + (B)

OMe

Model questions 



Q7. What are the major products from the reactions of phenyl ethanoate and ethyl benzoate 

with HNO3 / H2SO4 / heat ? 

Q8. How can you prove that the aromatic electrophilic substitution reaction is a multi steps 

process 

a)

OH

CO2H

b)

OH

Q9. Both a) and b) gives same product on treatment with excess Br2/H2O, explain 
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Why simple benzene does not under goes normal nucleophilic substitution or addition 

reactions?? 

Nu

X
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Substitution reaction in aromaic system 



Addition-elimination reaction 
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The Effect Of Substituents On The Ring  

The Effect Of The Leaving Group 

NO2

NO2

F

NO2

NO2

Cl

NO2

NO2

Br

NO2

NO2

I

rate 3300 4.3 3.8 1

NO2

NO2

Cl

NO2

Cl

One EWG
Slowest



NO2

NO2

Cl


O2N

Two EWG

Faster

(by a factor about 105)

Two EWG
Fastest
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Evidences in favour SN2Ar reaction 

adding nucleophiles to various electron-poor aromatic molecules with a leaving group, 

intermediates have been isolated. One of the first was isolated in 1902 by Jacob 

Meisenheimer, and the general name “Meisenheimer complex” is given to these intermediates. 
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ie). Nucleophilic aromatic Substitution 
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Unimolecular Aromatic Nucleophilic Substitution Reaction  (SN1Ar reaction) 
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Importantly, the only substitution product is the one where the nucleophile attached to the 

same carbon as that bearing the leaving group.  (This differentiates it from electrophilic 

aromatic substitution, where a mixture of ortho-, para–  and meta- products can be obtained.) 
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A “Nucleophilic Aromatic Substitution” In Name, But By A Different Mechanism 
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The Benzyne Intermediate 

roughly 50:50 ratio of products implies the involvement of a symmetrical intermediate which 

is attacked equally on either side. involvement of a short-lived intermediate bearing a carbon-
carbon triple bond:  “Benzyne” 
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Reactions Of Substituted Benzyne (“Arynes”) 
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