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By the end of this chapter, you should
understand;

1. The electrophilic substitution reactions on benzene ring

2. The substituents orientation on the benzene ring



Reactions of benzene

It undergoes electrophilic substitution reactions rather than
addition reactions in order to preserve the delocalized ©t system.

A) Electrophilic substitution reactions:
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These reactions are accelerated by lewis acids to generate the electrophile




1) Halogenation

H X

X, (X = Cl, Br)

FeX; (Lewis cid)

Mechanism

© ®
X—X + FeX; — [FeX, + X

G0
— ey —
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H + [FeXs] ——— FeX; + H—X



2) Nitration

H NO,
HNO,
>
H,SO,
Mechanism
© ®
HNO; + H,SO;/——> [HSO4] + H,NO, o
Lewis acid . H,O + NO,
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H + [HSOy) — > H,S0,



3) Sulfonation

H SO;3H
H,SO,
-
Mechanism
Q) ®
H,SO, + H80,— [HS04 + HsS0, ©
Lewis acid |—> H,O + SO3H

+
SO-H ® ©

© S @ H + [HSO4] —— H,SO,
-H"*

4) Friedel Crafts Alkylation

RX (X = CI, Br)

>
AlICI; (Lewis cid)



Limitation of Friedel Crafts Reaction

1) If the alkyl group is long (at least 3-carbons) it will carry out
rearrangement. Primary carbocation (R-CH,)* will convert into
secondary carbocation (R,CH)*. Also, the secondary carbocation
(R,CH)*™ will convert into tertiary carbocation (R,C)*

AICI
CH3—CH,—CH,—ClI ﬁ?i;» CH3—CH,— &éHZ <~—"CH;— CH— CHj
- AlCl, (1" carbocation) (2" carbocation)
(Less stable) (More stable)
If the alkyl group is long o H
(at least 3-carbons)
it will carry out rearrangment
(1°) carbocation into
(2° carbocation into Y
(3°) carbocation ' HsC._ _CHs
H3;C—H,C—CH, CH

n- propylbenzene (major) isopropylbenzene (major)



2) Friedel-Crafts reaction could not occurred when the benzene ring have
strong Electron-withdrawing groups (EWG) because these groups
decrease the electron density on the ring.

COOH SO;H CF;

o -
N
-

Benzene ring containing EWG

Q: How do you account for fact that:
benzene in the presence of AlCI; react with isobutyl bromide to yield fert
butylbenzene ?
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3) Friedel-Crafts reaction could not occurred when the benzene ring have
NH,- NHR- or NR, groups because the lone pair of electron on nitrogen
atom of these groups will react with Lewis acid (AICI,) and the group
will become strong EWG so the reaction will not proceeded.

@ ©

NH, NH,—AICl,

AICI,




5) Friedel Crafts Alkylation
H COR

RCOX (X = CI, Br)
'

AlICIl; (Lewis cid)

Mechanism H
COR
R—COCI —m»™ R—CO —_—
- AlCl,

Acylbenzenes have many uses in organic chemistry as precursors for
the preparation of n-alkylbenzenes withought rearrangement

COR CH,R

Zn (Hg) / HCI (Clemmenson Reduction)
>

OR NH,NH, / KOH/ A (Wolf-Kishner Reduction)
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Strarting from benzene, show how can you prepare

1) 1Iso-propyl benzene 11) n-propyl benzene
CH;.  _CHs
~CH
CH,;CH,CH,CI
> .
AlCl; iIsopropylbenzene

COCH,CH; CH,CH,CHj3
benzene
CH5CH,COCI Zn(Hg)/HCI
AIClI;

Propiophenone n-propylbenzene
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Effect of substituent on the reactivity of benzene ring

Electron donating group such as NH,, OH, OR and ClI

will Increases the electron density on benzene ring so the rate of
electrophilic substitution reaction will increase.

While, Electron withdrawing group such as C=0O, NO,, SO;H and
COOH will decreases the electron density on benzene ring so the rate of
electrophilic substitution reaction will decrease.

Y Y

g

Y = EDG Y = EWG

-
Increase in the rate of electrophilic substitution reactions
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Reaction of alkyl side chain

1) Halogenation

CH3 CHzBr
sunlight
+ BI’2 »
- HBr
Toluene Benzyl bromide
CI
CH;=CHg CH CH, CH,—CH,-Cl
Cl, /sunlight @
r
- HCI
Ethylbenzene (1-Chloro-1-phenylethane) (1-Chloro-2-phenylethane)

(Major product) (Minor product)



Free Radical Mechanism

sunlight .
Cl—Cl > 2 Cl
CH2 CH2 ¢ CHZ_CHZ ClI
_>
CHZ_CHg
Cl
- HC CH—CHj
CH CHsj
Ethylbenzene
—»
_>

Stabilized by resonance
with benzene ring (Major product)



2) Oxidation of alkyl side-chain

R COOH
KMnO, / H*
-
Alkylbenzene Benzoic acid

R = CHS, CH3CH2, ........

R COOH
Z N KMnO, / H* Z ™
——R’ - —p—COOH
X X
Dialkylbenzene Dicarboxylic acid

R, R = CH3, CH3CH2, ........



Effect of substituent on the reactivity of benzene ring

Electron donating group such as NH,, OH, OR and ClI

will increases the electron density on benzene ring so the rate of
electrophilic substitution reaction will increase.

While, Electron withdrawing group such as C=0, NO,, SO;H and
COOMH will decreases the electron density on benzene ring so the rate
of electrophilic substitution reaction will decrease.

Y Y

g

Y = EDG Y = EWG

-
Increase in the rate of electrophilic substitution reactions
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Effect of substituent on the orientation in benzene ring

Electron-Donating Group (ortho and para directing group)
will increase the electron density on the benzene ring specially on
ortho and para positions.

Electron-Withdrawing Group (meta directing group) will decrease the
electron density on the benzene ring specially on ortho and para positions.

Bt

Y = EWG



Substituent

Orientation effect

Effect on reactivity

-NH,, -NHR, -NR,
-OH, -OR

-NHCOR, -OCOR,

‘R, -Ar, -CH=CR,

-F, -Cl, -Br, -I

-CHO, -COR, -COCI
-COOH

-CN, -*SO,H, -*NH,
~+NH,R, -*NHR,, -*NR,
-NO,

ortho-para
directing

ortho-para
directing

ortho-para
directing

ortho-para
directing

meta
directing

meta
directing

Strongly activating

Moderatley activating

Weakly activating

Weakly deactivating

Moderately deactivating

Strongly deactivating




Q:How can you prepare the following compounds from benzene
(assume that a pure para isomer can be separated from an ortho,
para mixture)?

1) p-nitrotoluene

2) p-bromonitrobenzene

3) p-bromobenzoic acid

4) m-bromobenzenesulfonic acid

5) p-chlorophenol
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