B. Reactions of Benzene Nucleus : Electrophillic substitution

Due to presence of hydroxyl group (-OH), further substitution in the benzene ring is
very much facilitated. The -OH group powerfully activates the benzene ring to electrophillic
substitution at ortho and para positions. In fact the -OH group is very powerful activator
and unless precautions are taken polysubstitution takes place. Thus phenol undergoes fol-
lowing electrophillic substitution reactions readily as compared to benzene ring to form
ortho and para derivatives.

(i) Nitration : Phenol when react with dilute nitric acid it gives a mixture of ortho and
para nitrophenol, whereas with conc. nitric acid, it forms 2, 4, 6-trinitro phenol (picric acid)
but the yield of picric acid is poor due to oxidation of benzene ring by Nitric acid.
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' | 'NOZ
dil HNO, + + H0
Phenol ‘ o-nitrophenol NO,
p-nitrophenol
OH
NO, NO,

conc. HNO, ‘
conc. H,50, —

-NO,

Picric acid

(ii) Sulphonation : Sul
isomer or para isomer dep
while at high tempera

phonation of phenol occurs readily to yield either the ortho
ending upon temperature. At low temperature ortho isomer formed

ture (370K) para- isomer formed.
OH
SO3zH
RT.
— + HZO

OH

o-hydroxy benzene
sulphonic acid

+ Hps0, —| OH

Phenol

3701(% + H,0

SO3H

p-hydroxy benzene
sulphonic acid

- (iii) Halogenation : With aqueous solution of bromine pheng] readily formg a
tribromophenol. :

PP WIVN, |1 T N
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OH OH
Br Br '
+ 3Br, —> ' + 3HBr
(aq. . _
Phenol %) ‘
Br
2 4,6- Tribromophenol

present at

Halogenation may even cause displacement of certain groups like SO,H, if

ortho or para positions. .

OH " OH
, Br Br
+ 3Br, — @ + 3HBr + HSO4
@ - (aq) \‘/
- Br

SOsH
o-phenol sulphonic acid 2,4,6- Tribromophenol
carried out in a solvent of low polarity such as chloroform, CCl, or CS,

If halogenation is
d to mono halogenation.

reaction can be limite

OH OH - OH
Br
BrZ/ Csz S : + ’
273K
o-Bromophenol
Br

p-Bromophenol

on of phenol. In aqueous medium phe-
e reactive than phenol results in the
however, phenol is ionized
g than the negatively

onsidering the jonizati
which being mor

In the non-polar solvents,
ron releasin

This can be explained by ¢

nol ionzies to give phenoxide ion,
tuted product.

formation of a trisubsti :
to a small extent. The OH group in phenol is less elect

ide ion. Unionised phenol is therefore less reactive than phenox-

ic substitution. The higher proportion of phenol in a

charged oxygen in phenox
ide jon towards electrophillic aromat

non-polar solvent thus result in onlv
(iv) Hydrogenation : When I
divided nickel (catalyst) phenol forms cyc

monosubstitution.
ced by hydrogen at 433K in t
Johexanol.

he presence of finely
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OH ' OH

Ni
+ SH; —hx
Phenol Cyclohexano]

(v) Friedel Craft's alkylation : Phenol undergo Friedel craft’s alkylation forming pre-
dominant para-isomers. This reaction is carried out in the presence of HF.

OH
CH,

+ CH;—C—ql ——)
Phenol

CH
tert-Butyl chloride Ty C—CH3
| CH3
p-tert Butyl phenol

(vi) Gattermann'’s synthesis : Phenol when rea

ct with a mixture of hyq
and hydrogen chloride in the presence of anhydrou: ydrogen cyanide

s AICL, give phenolic aldehydes.

OH , OH
() HCN + HCl/ AICI;
HH0
Phenol
CHO
P-hydroxy benzaldehyde

(C) Speclal reactions of phenol

(i) Diazo-coupling reaction : Phenol couples with benzen
alkaline solution forming an azo dye. - € dlazomum chloride in mild
—— Alkah
@-—N NCl + H—@— pH (9-10) @ @OH
Benzene diazonium Phenol
chloride ol'ange dye
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phenols
Arom
(pH=4’5) to fo

atic amines also couple
rm an azo dye.

@. S
N =NCl + Hy;N

Aniline

ene diazonium

Benz
chloride

(ii) Kolb
When sodi
sodium salicy

ONa

CO 393-413K
+ 2 67am

Sodium phenoxide

A small amount of p
dominate.
Mechanism

s

.e :e Cb:
coo®

S o
—J

+ C
I

I>

Phenoxide

ion
(iii) Reimer-Tiemann reaction :
hydroxy benzaldehyde an

to phenolic group-

e’s reaction :- Carboxylation

um salt of phenol is reac
lated is produced. Th

-ijsomer also

1dehy

with benzene diazonium chloride in slightl

O,

H’+
—_—
pH (4-5)

D

jazoamin obenzene

. AlH-f'
OO

‘ p-Aminoaminobenzene

t with carbon dioxid
is on further treatment wit

OH OH
_ COONa COOH
H,0
— |

Godium salicylate

H
Intermediate

henols
de group ent

heated W

ers th

obtained If potassium salt is use

oH OH
coo® COOH
— > _H

ith chlorofo

ering int

e at 393-413K under pr

(Yellow dye)

essure (6- 7 atm)
h HCl yields salicylic acid.

Salicylic acid

d, the O-isomer pre-

Salicylic acid

rm and an alkali, gives o-
he ortho position with respect
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OH
CHO
+ CHCl; + 3NaOH——> + 3NaCl + 2H20

Salicylaldehyde
(Main product)

OH

In the above reaction a small amount p-

Mechanism : The reaction
| phenoxide ring. The electro
{ from chloroform by the acti

hydroxy benzoic acid is also formed.

involves electrophillic substitution on the highly reactive

phillic reagent is carbene, dicholoromethylene; CCl, generated
on of base.

<] S}
CHC]3 + OH — :CCI3 + Hzo

phenolic acid.

il © ©
;; Cdy —— :CCl, + Q
Il
it o
it ©
t‘ O ....
1 | H CHCI T CH e
{1 2 (0]
‘! ~ CHO
i o g -
i [ (<] ©0OH
i.!
u (I (1)
t |
|
|

OH

‘, COOH
1»5' + CCly + 4NaOH —s ©/ .
i + 4NaCl + 2H,0

COOH
heated with phthalic anhydride in the prESYdride (phthalein [

: I €action) . ;
takes place forming Pheniophtfcan, ence of little Concentrated !&SOthélngg;;ﬁ n
Yy on

(iv) Condensation with phthalic anh

| y -V -\
b |
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" ppenols
=

O
Icl
, -~ OH 0 \O
I
N\ c”
2 + 0O Conc. H; 5044>
Phenol ﬁ
: O v
Phthalic OH OH
Anhydride Phenophthalein

with Formaldehyde (Leaderer Manasse reaction) : Phenol readily

ldehyde at low temperature and in the presence of dilute acid or
1 alcohol and a small amount of o-isomer.

(v) Condensation
condenses with forma
alkali. The main product is p-hydroxy benzy

OH OH OH '
- CH,OH
NaOH
+ HCHO _— + @

Formaldehyde
Phenol :
CH,OH o-hydroxy
benzyl alcohol
p-hydroxy
benzyl alcohol

Phenol and excess of HCHO slowly form a three-dimensional polymer in the presence
of dilute NaOH and this is known as phenol formaldehyde resin (Bakelite).
(vi) Nitrosation : When phenol is heated with NaNO, and H,SO, below 283K, nitroso

group is introduced at the para position to the hydroxy group.

OH OH
. 283K
+ NaNO; + H —— ->
: NO

Phenol
p-nitroso phenol
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* (vii) Mercuration : Phenol can be readily mercurated when refluxed with mercuric ac-
etate, o-acetoxymercuriphenol is formed.

OH OH
. HgOCOCH;
+ (CH3COO),Hg —>

Phenol O-acetoxymercuriphenol

(viii) Liebermann’s nitroso reaction : On warming phenol with concentrated sulphuric
acid and sodium nitrite a greenish blue color is obtained. This on dilute with water changes
to red but again turns green on addition to alkali. This reaction is used for the identification

of phenols.
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