. AROMATIC ELECTROPHILIC SUB
T
REACTIONS TUTION

;,ecuophilic substitution :

Substltutxorj ‘reacnons which involve electrophiiic reagents
-alled electrophilic substitutions. ilic reagents and

£lectrophilic reagents are called electrophiles. They are elec
geficient species. So they attack centres which are 8£8”r\)n f’i ejeutrOn
yre calied electrophiles (electron loving species). The ’vq:b«: : . bﬁ’ tr‘wey
snarged or neutral species. - They may be positively

ome exam ctrophiles (i) NO.~ i
S, > exe p!e; of e!gbtfopm!e: : (i) NO," (Positively charged
aitronium ion) il. SOgNeutras‘; iii. RCO" (acy! cation) (v). CI" (vi) Brietc
examples of electrophiles substituion reactions of benzene :

. Nitration
i Sulphonation
Friedel Craft's acylation and alkylation etc

sm of aromatic electrophilic substitution

matic electrophuic substituion

il

General mechani
The general mechanism of aro
consists of three steps.

) Generation of the electrophile
m ion and

i) Formation of carboniu
he final product

y Proton transfer t0 yield t

i

Hlustration :
Refer Nitration. Sulphonation etc reactions which appear in

subsequent pages.
Effect of Substituents
into the benzene ring. only one

When one group is introduced |
roduced thre€ jsomers

product is possible. when a second group is int !

i ~Arot a1 § 10 (‘i'\,\
are possible, depending upon whether the incoming group 9oes to the
ition with repect 10 0

{ ieting Qroup.
ortho meta or para post he existing Qo
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X X "‘
ortho- | ortho
meta K"-meta
Parg
The rate of substitution may be slower or faster thap, thatin
depending upon the nature of the substitue

nt already Present 1 e
find that substituents in benzene ring or for that m |

compound have marked effect on substitution reac

Activating and deactivatin
orientation

Groups which increace the electron den
either by the polar effects like inductive e
electromeric effect etc., or by hyperconjugativ
the benzene nucleus In such cases the rate
will be more than that of the corresponding substitution reaction
unsubstituted benzene. Such groups direct the incg
group to the ortho and para positions. On the other

already present in the benzene ring is electron w
deactivate the benzene nucleus |

group to the meta position.

S we

atter any AMomay,

tionsg.

g groups - directiye influence

sity on the benzene
ffect, Mesomerie eff
e effect are said to actj
of electrophilic Substit

ring
ect,
Vate
Uign
With
mMing electrophjj,
hand, if the grOUp

ithdrawing, it

will
will direct the Incoming

electrophific

We further find that ortho and para substituion rez
than meta substituion reactions. This is b
increase the electron density in o
electrophilic substit

ctions are faster
€cause activating groups
- and p - positions. Thus thess
utions are faster than those in unsubstitutaed
benzene. Deactivating groups reduce the electron densi
positions. The m - position is only comparatively electr
Cases. Actually their electron density will be equal to that in unsubstituted
benzene only. So m - substitution reactions will be as fast as
unsubstituted benzene only. Thus we fine that o - and p - substituion
reactions are faster than m-substitution reactions.

ty in 0-and p -
on rich in such

Thus we find that a substituent group in bezene affects both the
reactivity and orientation in electronic aromatic substitution.

We can divide the groups present in the benzene nucleus into the
following two categories
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glec f donating groups a-md their polar effects in substitution:

hese 2% groups which can donate a pair of electron ‘

raen® " e.g.~0- -NR,, -NHR, -, -NH,, -OH, -OR, -N:ctgrzme
2COR and halogens. In all these cases a pair of electrons prese -
pe 810 (N or O or halogens) flows into the ring. That is +M o
‘occh- Due to the mesomeric effect, the electrons go to the onheﬁed
Jra positions of the ring. Thus the ortho and para positions b.e 0 and
fch in efectron density. The +M effect in substituted benzene is s;?):i

elow.
"

" it -
A x
e——)f P ﬁ(___)@@
& >

When we consider the electrophilic substitution, the incoming group s
glectron loving. That is the incoming group will go to the position of high
electron density, i.€., the incoming group will go to the ortho and the
Thus when an electron donating group is present

para positions.
irects the incoming electrophilic groups

in the benzene ring. it d
(NOZ, SO, H, C'OCH3 etc.) to the ortho and para position.

o note that although the halogen (CI, Br. 1) are

It is interesting t
directing. Since the halogens are

electronegative they are ortho para
electronegative one would expect a decrease of electron density in the

fing due to inductive (-1) effect Consequently it must orient an entering
electrophilic group {o the metaposition. But in practice it is ortho-para
directing. So some other effect also operates in halchenzene Mesomeric
(+M) effect operates in the ring. It operates in a direction opposite 10 that
of inductive effect. Since the +M effect predominates the - effect, the
halobenzené becomes ortho-para directing. However. the ring is
deactvated by the inductive effect of halogen hence the rate ¢! substitution
is lower than in benzene.

in phenol, dué {o resonance

When OH is present in penzene, i.€..
effect (+R) the penzene. ring is activated. SO phenol under goes

electrophilic substitutions more easily than benzen¢. For example
phenol is easily nitrated than benzene. For the same reasen phgno? s
easily nitrated than benzene. For the same reason pheno' is nitrated

even by dilute nitric acid.
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l~|4 H
l i
H-CyH H CH
WL -
(N ® A
'l n “b bvl J s BIC
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Hyper canjugation in toyene

Thus We find that in toluene the benzene ring is aclivated by the +|
4 hype! conjugative effects of CH, group  This makes the o and
'p gilons electron rich. Further, becau@m the benzene iself

¥

in general the order of increasing inductive effect of alkyl groups 1s
othy! < ethyl < propyl < 1soprophyl < 1-butyl, then the activating effect of
nR group. It entirely due the +1 effect would be in the same order
sctually 1n @ number of cases the order is the reverse  One explanation
Jfered for this teversal is hyper conjugation. We know that hyper
conjugation is greatest inthe methyl group and least in the t-butyl group

In this connection, it is found that isopropyl benzene can be more
gasily solphonated than toluene  This can be explained as follows
gulphonation is electrophilic substitution  Toluene and isopropyl
penzene activate the ring though +1 effect as well as hyper conjugation
As for as +1 effect is concerned i1sopropyl benzene activates the bezene
ang to a greater extent than toluene. But with respect to hyper conjugative
effect. toluene activitates the benzene right to a greater extent than
sopropye benzene So we find that in this case inductive effect
predominates the hyper conjugative effect  That 1s why isopropyl
penzene is more easily sulphonated than toluene

Now we can compare toluene and chloro benzene  Which will react
faster”? Toluene will react faster because in toluene both +1 and hyper

conjugative effect are operating making the benzene ring highly
activated. In chloro benzene -1 and +M effects are operating in effect,
here also the benzene right is activated because +M effect predominates
But the activation of benzene 1ing in chioro benzene will be less than
that in toluene. So toluene will react faster.

2. Electron withdrawing groups and their polar effects in
substitution :

These are groups which are electron withdrawing from the benzene
g eg.-NR, -NO,, -CN, -SO H, -CHO. -COOH, -COOR, -CCl,,, -
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NH . all these groups have got — 1 effect Due 1o this inducty, ot OT(
e,
withdraw electrons from the ring Thus the ving is deactiviteqd n M, 15 y
e
to inductive etfect there is mesomernc (M) etect Due pe, the an,, N o
l'"
there 1s actual flow of electrons from the nght 1o the Group .mm'*m..,1 ot
the ring  When we consider nittobenzene the nitro grooy, Withtlrg 4 v, oV
. _ oy 0

oloctrons from the ring  The electron dentity in the o, % (1"‘ Thig 40t

¢ ‘ ,

positions decreases  Thus comparatively the meta positigy, in | Par, UL

{

electron density. When the incoming group is electrophile, ke, “:. " (Al
S50.H", CI' etc ) it goes to the meta position ne
‘ . .

O * 0 ( e

0 Ox, /[P ¥ ;_F . /(J 4 ¢!

A N N g

g€

|

'
@ @)H

[15)

Thus when an electron withdrawing group 15 present in the ber,,, b

Ne

r(

ring, it directs the incoming electrophihc group 1o the mety POSII
Iy

Since the entire ring is deactivated, the rate of electrophihic subs Wutic 1
i ot M

Thus nitrobenzene on further nitratc ,
auon

will be lower than benzene itself
That is why, nitto benzeng |,

yields m- diniiobenzene, but only slowly

further nitrated by fuming mitiic acid and sulphunc acd to get m g,

[hus in general meta directing effect of MO, qgroup 15 qye

benzene
The meta onentatg,

the combined inductive and mesomeric effect:

and a lower rate of reaction go together

In some cases electrophilic substitution can not take place i oy
‘ | 1l

For example, nitro benzene can not be acetylated Ty

benzene.
-1 and -M efferts

because nitto group 18 highly deactivating through

So, if at all acetylation is to take place it should take place in m-position
It requires strong activated

only Acetyl group 1s a weak electrophile
i

centres. The m-position is not activated. So it can not be acetylated
other words nitro group which is an electron withdrawing group hinder:

or inhibits acetylation reaction

Similarly when ~-50 H group 1s present in the benzene ngn | directs

the incoming electrophilic group to meta position because it is an

electron withdrawing group 1e it 1s a deactivating group  Thus wf

benzene sulphonic acid is suiphonated we get benzene-m-disulphe

E“TH!,
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)Ue to thl .
. S indycet;
ring is deacﬁvuct!ve effe oPlc EFFECT_
1) effe ateq. | Ct th 'OT KnOwW that isotopes are chemi '
Ct. Due adgy, Y W ound emically similar, §
O the itioy, < of comp s are notqualltitative|y changed v;’heo chemical
N an isotope

ight to th ' m

€ gro e €0 ted for an atom. How i
the nj Up at ffa te _ . 1t ever the isotg
10 group i\, 2Cheg Ct WP te at which chemical reactions 02:

'nSlty l” hE ,thdr tQ '1! I i iati '
a P |

. le eIeC? Position, ) d. Parg ¢ present in th: molecule is called isotopic effect. The K
. "ophilic. ("N in  uels nearly 7 at 25°C. This is means that the rate of react e ko
+ ' preaking of a C-H bond is seven times faster than thecb'on l:‘VOIvmg
reaking of a

sare pot exactly identical.
ur varies from isotope to

e 2 ) rﬂe 2 .
o u e ond. The reason for this fmd
: O\N o r;,D ggnd aimord AR C—I—ilsb:)hnadt “}i ::?:edls?oc;ation energy of a
(D00 - activation energy of th
um compound wo gy ofthe
i deutean p uld be more than that of the hydrogen
] * l;Ompo ' '
) The isotopic effect is used to elucidate the mechanism of reactions
or example benzene, C¢H, and the hexa deutero benzene C.D, are
6

is presen in the ound 0 u:_dergo nlttfatlo:\ at the same rate. Thi§ proved the fact C-H
benze pond breaking is not invo ved in the rate determining step of the nitration

d

electrophili . "
zene oﬁhfmc Substityti, 1, NITRATION
ey Nitratiop,  Reaction:

's why, ni

ric ac}i/d t(:ro benzene g When benzene |
( | M . . . . 5
get m-dinjtro,  concentrated nitric acid and concentrated sulphuric aci

f -NO :
2 9I0Up is due ty pitrating mixture) we get nitro benzene.

The me '

he meta onentation N
_con. HNO;
con. H,S0,

not take place in nitro
nitro benzene

s nitrated with concentrated nitric acid and
d mixture (called

€ acetylated. This js benzene
h - and -M effects. Mechanism : ; itration involves the
€ place in m-position The commonly accepted mechanism for nitration involves
ires strong activated following steps.

10t be acetylated. In
iwing group hinders

ation of nitronium ion. +

' ~ +NO
HONO2 + 2HZSO4 = H3O +2HSO , )
on with benzene.

Form

—_—

Reaction of nitronium i

Hq _Slow_5 CeH5N02

1zene rign, it directs 2.
) because it is an .

| NO, + Ce
jroup. Thus when

, : roton
ene-m-disulphonic 3 Lossofap

o, > CHNO, * H:50:

CSHGNOZ + HS
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Formation of nitronium ion :
When only nitric acid is used the nitration is very slow. |t g
uggests

that H.SO, is reacting with nitric acid rather than with benzene
< ! The

reaction of HNOS and HZSO4 can be written as

1.

("

+ +

HONO, + 2H.SO, — NO, + H,O + 'ZHSOZ
Nitronium ion J
h

s well known, existing in salts such as itroniy
and nitronium fluorate NO*,, BF . Solutiong m
solvents like nitromethane or acetic acid) h, of
pbeen found to nitrate aromatic comppumdslsmoothly. The yield wVe
also good at room temperature. This confirms that nitronium ionais
responsible for nitration. Instead of H2804 other strong acids like HC|OS

"

HF and FB, have also been found to liberate NO, ion from nitric acig

2. Reaction of nitronium ion with benzene :

NO, ion, which is the electrophilic particle actually attacks the
benzene ring. This reaction is simply an acid-base reaction. A ¢ comple
is formed. Itis a carbonium ion. We find that the carbonium ion can be
represented by three resonating structures I, 11 and Il These differ
only in the position of double bonds and positive charge.

The nitronium ion |
perchlorate NO’,. ClO,
those nitronium salts (in

B ]
) | H_ _NO, H_ NO, H__ NO. H_ NO.
. @ Siow : Pl ® r"" ®.-
f;' \j; + NO, — | t ] &> il‘ﬁ [ <—>f or {:+ ;
'U 3 It . o/ | ‘\\ ) ,‘
N | N S = Y N
{ 1 11 T

resonance hybrid of these three structures.
s not localised on one carbon
Sometimes the hybrid

The actual ion must then be a
This means that the positive charge i
atom. It is distributed over the molecule.

carbonium ion is represented as IV.

3. Lossofaproton:

The formation of the carbonium ion (step 2) is more difficult a step.
en ion (porton) to

Once the carbonium ion is formed, it loses a hydrog

form the products. This is a fast step.
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(As the carbonium ion formed during nitration gives three re ton transfer to yield the final product
structures, this carbonium ion also gives three reso”a‘ing . Sonanng ; pro - C)
The hybrid carbonium ion is represented with brokenl.‘neS~ fuctures. % Fast
3. Transfer of proton from the sulphonic acid anion o +FeCl — O +FeCl, + HC
H so,~ SO,~
_  fast FRlEDEL - CRAFT'S ALKYLATION
*+HSO, > * H;80, A Lhis reaction involves the introduction of an alkyl gro
enzene ring by using an alkyl chloride (RCI) and a Le
4. Reaction between sulphonic acid anion and hydronium ion to u: "‘et; st. The usual catalyst is anhydrous aluminium cn
the final product. O Vielg Ca.tadipcraﬂS' alkylation is complicated affair. It can pro
Frie hanisms. We shall discuss the mechanisam which w
eC

" ttern of elctrophilic aromatic substitution.
pa

S0,~ SO,H
+
+ o —Ah + i
:,: He © b 1 Generation of electrophile
- R™ + ACI

3. HALOGENATION R-CI+AICH < .

Halogenation (chlorination and bromination) takes Place in the Alkyl carbonium ion
presence of Lewis acids such as ZnCl,, reCl,, FeRr, AICL, Ay » ete Alkyl halides, alchohols, esters, olefins, aldehydes
Chlorination can be taken as an illustration for halogenation. The3usuai
e iron filings Which are

may be used as alkylating agents.
Formation of carbonium ion (¢ — complex)

practise is to add to the reaction mixture som
converted by chlorine into ferric chloride. Ferric chloride acts as Catalyst 2 A
The function of the catalyst is to induce a small degree of Polarization iﬁ '/
the halogen molecule. The sequence of reaction is illustrateq below: : R' 4 L"‘S":‘)
1. Generation of electrophile e
Cl, + FeCl, == FeCl, +cCI . ;
. . . ape . . - t (" l" }{ ‘
This step is an acid-base equilibrium. The ferric chloride (or any other KR "‘}(j7 ‘/\'/\\Jf
Catalyst) attaches itself to a chlorine molecule to from the FeC!4‘ ion and ¢ \ > \ &‘\\\ «> \\ j o
Py
o) ,

2. Formation of ¢ - complex

R
Cl+ Slow H R
ot — Y Fast |

H_ ¢ H_ ci H ¢l H ¢l
+ + chanism 5 . age
Alternate me tual attacking re
b I <> ><' oR ain cases, the acl the a
@ @ b in cert . ion. On the other hand,
+ alkyl carbonium

—



fg
'§
v FeCl, + HCI
FRlEDEL CRAFT'S ALKYLATION
This reaction involves the introduction of an alicy! groug (#7
¢ bENZene ring by using an alkyl chicrnde (RCI) and 2 Lems ,,ﬂ,j 35
d ga|yst The usual catalyst is anhydrous aluminium chlgride  The

'qedel _Crafts’ alkylation is complicated affalr it can procees by two
'ﬂeChamsms We shall discuss the mechanisam which will £t inty the
cattern of elctrophilic aromatic substitution

(. Generation of electrophile

R-Cl+AICI, === v )

/.“1/ C ,.r.rd(‘r‘r‘u,’ 1O

1Y VY o7 ob 7 e <
1es 3Ng eelones

Alkyl halides, alchohols, esters. olefins zldeny
nay he us€d as alkylating agents

7. Formation of carbonium icn (= compler)

[ 24

) | / N

-

3. Transfer of proton to yield the final product

H R R
' l Fast A .K}
+ AICI,” — | |+ AICI. + HCI
\/
Alternate mechanism :
gent may not pe 2

al attacking reaqe

i othe gllace mavy

In certain cases, the aclu
On the other hano

alkyl carbonium 10n.

bepag

Yoo rOEET
(€ DG,
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about by the positive end of a polar complex formed b

and aluminium chloride Etween'alk )
. Iha te : _ _
5 ot ¥ hahde NoO There is @ difference between acylation ang e |

<C ¢ \) . s s s On. inacylation

B e LR qore catalys! (L?W\S acid) is required than for alkylation, Tr« b;: ’ :

is acid forms a com i s itbecause

e Lewis ag\d . plex with the product of acylation viz. tre

= O H R ke(One' This complex thus removes some catalyst. To comoeres ‘;

AlCl, - Cl, - ) " ch loss of catalyst molecule’s more catalyst is required e
h-Ch=R + - <> ete ’ " e

R3 20 At

5. FRIEDEL - CRAFT’S ACYLATION
This reaction involves the introduction of
: an acyl -
benzene ring by using an acid chloride (RCOCI) Al 18Eo

and a Lewig g0
catalyst. The usual catalyst is anh ; Swis a¢
ydrous al ; S acid 5
mechanisum is as follows: uminium chlorige. Thi ENERGY PROFILE DIAGRAMS

1 e ‘ What are they? These are graphs obtained by plotting the pater
. eneration of electrophile energy of a system against the reaction co-ordinate i.e , the var
distances between the reacting nuclei.

) intg

i
R-C-Cl+ AICI, —> R—(l:l+ + AlCIT Explanation: '
Acyl carbonium ion ! Let as consider a approaching BC along the bonding line ¢
form the opposite side in which C is located as shown below
¢ nemmtionef - complex | Aoy B-C
0 A will be forced against the repulsion of BC. Simuttaneo
I = Slow bond B-C stretches unitll A and C compete for B on equal \emjs
Gt 4 n —> point is reached when the distances A-B and B-C are such
N forces between AB and BC are the same. This condition is ¢

transition state (T.S) or activated complex. n this state, ne

cule AB or BC exists independently. The sy

-
H ‘ COR H_ COR H_ COR e | |
+ / ‘ in either direction to from A and BC or AB and C. This sé
l@) I - I ﬂ < | . is Q| below |
N | events is given f |
' \ ' A + BC A.B..C AB+GC
P ﬁ 1s.
. roton transfer to yield the final product N .
\When these events are 1ep o

f the reacting system against

profile diagram. Figu

OR
Fast (7 "N we get an energy : B e
e ‘ ; while Figure
Fash ’ @ + AICI,+ HCI , onan exothermic reaction

. . reaction.

potential energy © s the enerdy
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