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Year 2, Organic Chemistry, Chapter 13A: 
Essence/Summary of the EAS Reactions of Benzene 

 
 
 
• Before leaving the subject of EAS reactions, let me summarise the things that you need to know 

about them. 
 
1. You need to know the reaction mechanism, and I have drawn it for you thus  
 

 
 

2. You need to know the way that Friedel-Crafts’ catalysts act as Halogen carriers (but do not forget 
that they are catalysts as well as Halogen carriers)  –  and the two most popular FC catalysts are 
AlCl3 and FeBr3. 

 
• You can draw it like this (where the species inside the brackets are resonance structures) 

 
 
but you can think of it like this     
 

 
 or if you are holding the AlCl3 in the perpendicular plane, then the approach of the Cl2 species is 

from one side or the other. 
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AlCl   is a trigonal planar species, and the Cl   
approaches it either from above it or below it.
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This bond will break heterolytically
on collision with the Benzene ring. 
At that point the outer Cl species
will become a Cl    species.
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I have drawn AlCl  Cl   in only one of  its Resonance forms3 
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• We have covered six EAS reactions of Benzene and three of them required an F-C catalyst (AlCl3 
or FeBr3) and three of them did not (and you have to look at the detailed Benzene info tree for the 
reaction conditions for each reaction). 

 
 

 
 
 

• In order to understand where and how substitution occurs on the Benzene ring, it is first necessary 
to understand the Inductive and the Mesomeric effects (and these are explained at considerable 
length in the relevant Chapters).  

 
• In essence however, the Mesomeric effect occurs when the unhybridised ‘p’ orbital of a species 

(let us call it species ‘R’) that substitutes for an “H” species on the Benzene ring overlaps with the 
unhybridised ‘p’ orbital of the Carbon atom onto which it has bonded. This causes the electron in 
the unhybridised ‘p’ orbital of X to join onto the delocalised π ring of the C6H5 species. If nothing 
pulls the electron density off X (as is the case with “C6H5.NH2”), then the electron density on the 
C6H5 species has been increased and a +M effect has occurred  –  and the Benzene ring has been 
activated at positions 2/4/6.  

 
• However, if X has something attached to it that pulls the electron density off it via a π bond (as is 

the case with “C6H5.NO2”), then there will be a “–M effect” and the electron density on the C6H5 
species will be diminished, and the Benzene ring will be deactivated at 2/4/6 (but activated at 3/5).  

 
• The term “Activation” thus indicates that activation has taken place at 2/4/6 e.g. 
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 and “Deactivation” indicates that 2/4/6 have now become ‘∂+’ but that 3/5 have become ‘∂–’ 

viz. 3 and 5 have become activated1. 
 

 
 

• An ‘activated’ Benzene species undergoes EAS reactions at much lower energy levels than 
does Benzene. 

 
• Activation does not necessarily mean that substitution occurs at 2, 4 and 6. It could occur at just 2 

or just 4, or 2 and 4, (but please remember that 2 and 6 are exactly the same unless tri-substitution 
occurs).  

 
• Substitution can take place at 2 or at 4 e.g. 

 
and in this instance 2-bromophenol and 4-bromophenol are obtained. 

 
• Substitution can also take place at 2 and 4 (and here 2 and 4 are located counter-clockwise from the 

“–OH” species). 

 
 

This is 2,4-dimethylphenol. (I have deliberately chosen a diagram above where you have to count 
‘counter-clockwise’, and please remember that the convention is that you do not show the C atoms 
and the C–H bond lines in the skeletal diagrams in Organic Chemistry therefore you cannot see the 
‘–CH3’ species in the 2 and the 4 positions). 

 
• However, substitution can take place at 2, 4 and 6 
 

 
 and this is 2,4,6-tribromophenol. 

 
1 3 and 5 can be interchangeable and so can 2 and 6. 
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• I repeat therefore, that activation does not necessarily mean that substitution will occur at 2, 4 
and 6 but that it can occur at 2, 4 and 6 or at one or more of these positions  –  and it is merely 
a matter of using the appropriate reaction conditions to achieve whatever it is that you require. 

 
• Please remember that substitution reactions are not the only sort of reactions that can occur for 

Benzene. Benzene can be thought of as a conjugated species of alternating double and single 
bonds, and Benzene can therefore undergo the same sort of reactions as can an Alkene (as can be 
seen below). 

 

 

  BENZENE

HALOGENATION

SULPHONATION

>

>

<
“Oxidisation”

co
nc

. H
  S

O
2

4

>

Hal
og

en
at

io
n

"N
it
ra

ti
o
n
" 
a
t 
6
0
˚C

"H
a

lo
ge

n
a

ti
on

"

                             For ‘A’ Level purposes
Benzene can be obtained from the distillation of crude oil.
        (In the olden days it was distilled from coal tar.)

Benzene is much more stable than an Alkene therefore it does not react with a Halogen by itself,
but it will react with a Halogen that is attached to a Friedel-Crafts’ catalyst (i.e. a Halogen carrier).
Br   and FeBr   will react with Benzene to replace an H in C H  with a Br. (HBr is also produced.)
Cl   and AlCl   will react with Benzene to replace an H in C H  with a Cl. (HCl is also produced.)
It is more difficult to react Iodine with Benzene, but Iodine witll react with BenzeneDiazoniumChloride.
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 The Halogen molecule forms a dative bond with the Friedel-Crafts’ catalyst and this creates
a separation of charge in the Halogen molecule, and it is the “+” part of the Halogen molecule
    (i.e. the electrophilic part of the polarised molecule) that now attacks the Benzene ring.

NITRATION
One H atom can be replaced by an
electrophilic NO   species by 
refluxing Benzene at 60˚C with HNO
and 2H SO .
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Benzene is not Oxidised 
by  MnO
 

24 7
2–– nor Cr  O .

Alkylbenzenes<
Alkylation is achieved by warming Benzene
under anhydrous conditions (i.e. with no
moisture present) with the appropriate haloalkyl 
species in the presence of a Friedel-Crafts 
catalyst e.g. warm CH Cl and AlCl  with Benzene, 
and Methyl Benzene (ie. Toluene, CH C H ) will be 
obtained. TNT can be obtained by Nitrating Toluene.
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Boiling Benzene can react with a 
free radical halogen, but this results
in an ADDITION reaction (cf. below). 
Benzene boils at 80˚C.

“Alkylation”
warm with an F-C catalyst

The SUBSTITUTION reactions of Benzene
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H
NO 3

is obtained by refluxing at 95˚C 
with conc HNO  and 2H SO 

TNT is 2,4,6-TriNitroToluene. The nitro species will
replace an H atom at the 2/2,4/and 2,4,6 locations.
If Chlorine gas is bubbled through Toluene in bright
sunlight, then C H .CH Cl is obtained via a 
Free Radical Mechanism.

3

>

Reflux w
ith conc Sulphuric Acid for m

any hours

or w
arm

 w
ith SO

3 + conc Sulphuric Acid for 30 m
ins.

An H atom is replaced by an
SO H species from H SO
to give C H .SO H 
(i.e. Benzenesulphonic Acid) 
which is used in the 
manufacture of drugs/
detergents/and dyes. In a 
laboratory it can be hydrolysed 
(with NaOH) to make Phenol.

 1,3-dinitrobenzene

ADDITION REACTIONS

• Benzene will react with Hydrogen gas at 150˚C in the presence of finely powdered Nickel to give C H   .
• Benzene will react with a Halogen gas via a Free Radical Mechanism to give 
  1,2,3,4,5,6-hexachlorocyclohexane (with an H and a Halogen at each of the six apices).

NB Benzene is not oxidised by Potassium Permanganate nor by Potassium Dichromate, but the –CH  group
in Toluene will be oxidised by an alkaline manganate ion to give Benzoic Acid (C H .COOH). 
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• Michigan State University gives this little summary of the EAS reactions of Benzene, and it may 

serve as an ‘aide memoire’. I am not at all sure why they choose to show the positive charge on the 
electrophile in brackets. In the UK we certainly do not do so. 

 

 


