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15.11 Aromatic Substitution + ¢ carbon of the benzene
el _ ttached 1o the carbon O -
énerdlly hylrogen, Ora 0 itution at aliphatic system, aromatic

ring by another groupis Known as aromatic mllmmulluu.'l,lku llmuu!ml 20 e cleevags) e

compounds may also be substituted by three mechanisms (/) free-radica ,( Udc{) e (“mi <

electrophilic (attack by electrophilic or clectron-seeking reagents) and (/i) n philic o
trophilic substitution reactions

nuclcuphilicm'clcclmnclmmlinuwugvnln).Iluluulikcnllplmllc»yulcm.Clt“{ ', Cactions, viz. nitration
are common in aromatic compounds and all the common well known substitution 1 , Viz. ’

) . ) [l * ‘ Aros thic 2 f { o & fc
halogenation, sulphonation, alkylation and ncylation are examples of electrophilic substitution So he
we will deal electrophilic substitution first,
15.12 Electrophilic Aromatic Substitution
The experimental evidences indicate that all' the electophilic gubstitution rcacuons'of lb_e aromalic
ism. Therefore, we will first deal the mechanism, in general,

viz. nitration, halogenation, sulphonation, etc.
ke place in two steps. In the first step the
diate which is known

The replacement of an atom, ¢

hydrocarbons proceed by a common mechan
and then apply it to specific substitution reaction,

The electophilic aromatic substitution reactions ta
electrophilic reagent attacks on the 7 electrons of the aromatic ring to form an interme

as aronium cation, the g-complex? or the pentadienyl cation’.
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Electromeric effect in
Intermaediate
1

benzene ring
The intermediate is stabilised by resonance and the resonance hybrid® can be represented by the

structure, I. The second step of the reaction involves the elimintion of a proton from the intermediate, by

an anionic species, to form a substituted aromatic compound.
! Note that at this time we are not concerned with the substituent present in the benzene nucleus and we will mainly

be dealing the clectrophilic substitution on benzene nucleus only.

2 Since a discrete o-bond has been formed.
3 Sincc the intermediate has no longer a benzene structure but an unstable cation with four x electrons delocalized over

five carbon nuclei (the sixth carbon atom is a saturated carbon and forms sp® hybrid bond), it is known as pentadicayl

cation. :
* For the sake of simplicity we will write only one of the resonating structures of the resonance hybrid in our ﬁmbct “

B

discussion.
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The retenti { benze X ey
Jelention of benzene nucleus inthe product confers stability to the substituted product.
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Role of o~ and
suggests that the fonmui(’f:rc gl'_l:ll)!cxl)es In electrophilic aromatic substitution. Experimental evidence
;vllicll Clootonhils 1o 1t hu. above type of g-complex follows the initial formtion of a 7-complex in
I ely held near the z-clectron cloud of the aromatic ring. However, in most of

:\‘m:lr:zllf :‘l:,b(&;:::’l(ll(::cs;jllﬁnnationaa r-complex 1s found to be a reversible and rapid step which is followed
y e ning) and irreversible sicp ol g-complex formation, 'liﬁus, a complete picture of

“the first step (formation of g-complex) can be represented as below.
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Benzene  Electophile n-Complex o-Complex
Now let us discuss some common electrophilic substitution reactions of benzene.

1. Nitration : Among all the aromatic substitution reactions, nitration has been studied in the most detail.
Nitration is generally carried out with a mixture of concentrated nitric and sulphuric' acids (nitrating
mixture). The reaction proceeds very slowly when nitric acid alone is used which indicates that sulphuric
acid converts the HNO, into a form that is capable of reacting with benzene with a great ease. Now there
is a considerable evidence to show that H,SO, helps in converting the HNO, into nitronium ion which is

the real nitrating agent.
HNO, + 2H,80,—— NO, + H;0" +2HSO,”

Nitronium ion

Or

+ -
HNO:, i HzSO4 Q-——_: HzNO; t HSO4

+ +
H,NO, === NO, +H,0

== i
function of H,SO, s to providea strongly acidic medium forrelease
r strong acids should also serve the purpose. It is indeed found to
tration by assisting the release of nitronium ion.

+ -
H,0 +H,80, === H;0 +HSO,

Now the question arises that ifthe
of nitronium ion from HNO?, then othe

be so, e.g., HF and BF; also catalyse ni
BF, + HNO, ——— NO;™ + HO—BF,~

9HF + HNO, ———> NO;" + H,0" + 2F~

has no action on benzenc itself under the conditions of nitration.

| be noted that HSO s
It must be no 21904 t: in O;N—OH the OH group exerts a very weak pull on the bonding electrons.

" 2Nitric acid itselfisa weak nitrating agen
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