11. PHENOLS
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© Learning outcomes

By the end of the chapter, students should be able to:

Describe the nomenclature of phenols briefly.

Show the preparation of phenol from chlorobenzene, Diazonium salt and benzene sulphonic acid
State the physical properties of phenol.

Describe the acidic nature of phenol (comparison with alcohol and water).

Explain the chemical properties of phenol

- with NH3,

-Zn,

-Na,

-benzene diazonium chloride and

-phthalic anhydride,

-Acylation reaction,

-Kolbe's reaction and

- Reimer-Tiemann reaction

Electrophilic substitution (nitration, sulphonation, bromination, and Friedel-Crafts alkylation).
» Describe the test of phenol (FeCls test, aq. Bromine test & Libermann test).

»  State important uses of phenol.
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INTRODUCTION

Phenols are a class of organic compounds with the general formula Ar-OH, where Ar-is an aryl
group (most commonly the CsHs- group). When an -OH group is attached to the side chain alkyl
group of benzene, it is an aromatic alcohol.

CH;OH OH CH,OH
Methanol @
(Methyl alcohol)
An Aliphatic alcohol Phenol Phenyl methanol

(Benzyl alcohol)
An Aromatic alcohol

The following are other examples of Phenols.
OH

4-chlorophenol
2-chlorophenol 3-chlorophenol p-chlorophenol

o-chlorophenol m-chlorophenol
OH O5N
NO, HO
L or
NO, :
2-nitrophenol 4-nitrophenol 3-nitrophenol
o-nitrophenol p-nitrophenol m-nitrophenol
OH
O e
H3C
CHg, HO
3-hydroxytoluene 4-hydroxytoluene 2-hydroxytoulene
m-hydroxytoluene p-hydroxytoluene o-hydroxytoulene
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OH OH OH

OH
. OH OH
1 ,2-c.l1hydroxybenzene 1,3-dihydroxybenzene 1,4-dihydroxybenzene
o-dihydroxybenzene m-dihydroxybenzene p-dihydroxybenzene
(Catechol) (Resorcinol) (Dihydroquinone)

Preparations

1. From Chlorobenzene (Dow process) (studied in Haloarenes)
Phenols can be prepared by a nucleophilic substitution reaction of Chlorobenzene with aqueous
NaOH at 350 °C and 300 atm pressure. This method was first used by Dow Chemical Industries, so
it is called the Dow process.

360°c
@—CI +aq. N\aOOH———7-—> 300 atm @—OH + NaCl

Chlorobenzene Phenol

2. From Diazonium salt
Benzene diazonium salt can be converted into Phenol by simply boiling with water.

+ H,0, Boil
@—N=N—CI 2 - Q—OH + N, + HCI

Benzene diazonium chloride Phenol

3. From Benzene sulphonic acid
Benzene sulphonic acid gives sodium phenoxide when heated with NaOH. The product on acidic

hydrolysis results Phenol.

SO3H OH
+ NaOH + HCl
- stO4 - NaCl

Benzene sulphonic acid Sodium phenoxide Phenol

Physical Properties

e Simplest Phenols are colourless liquids or low-melting solids.

e They have a characteristic Phenolic odour.

e They have quite high boiling points due to intermolecular hydrogen bonding.

e Phenol is somewhat soluble in water (solubility-9) because of hydrogen bonding with water.

Chemical Properties

1. Acidic nature
a. Ionization and action of litmus

Phenol ionises in aqueous solution into phenoxide ion and hydronium ion. Therefore, it turns
litmus red.
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Q_OH + Hzo Q_O_ + H30+

Phenol Phenoxide ion
(Phenolate ion)

b. Reaction with active metals:
Phenol reacts with active metals such as sodium or potassium, forming a phenoxide (Phenolate) salt
and hydrogen gas is liberated.

s ot + 2Na ——= 2 C)—ona + b

Phenol Sodium phenoxide
(Sodium phenolate)

c. Reaction with caustic alkalis (NaOH, KOH)
Phenol dissolves in solutions of strong alkalis to form Phenolate salt and water.

O—om kot ———= )oK + 1o

Phenol Potassium phenoxide
(Potassium phenolate)

d. Reaction with carbonates and bicarbonates
Phenols, being weak acids, do not react with metal carbonates and bicarbonates, which are weak
bases.

1. Why is Phenol more acidic than alcohol? 3
Solution: Phenol ionises in aqueous solutions as:
Q_OH + HQO Q_O- + H30+

Phenol Phenoxide ion
(Phenolate ion)

Now Phenol is a resonance hybrid of the following five structures.

+O0—H 5+O—H

S

Similarly, phenoxide ion is a resonance hybrid of these five structures.

0-
Resonance

S-

o o (o o
[;P -0
I 4\/1_11 v v

—0O

Resonating

Resonating structures of Phenoxide ion hybrid
From the resonating structures, it can be seen that the phenoxide ion is more stable. This is due to
the fact that there is no charge separation. However, the resonating structures of Phenol involve
charge separation; hence, it is less stable. Thus, the above equilibrium lies considerably towards
the right, producing more hydronium ions. Thus, Phenol is more acidic than alcohol. Both alcohol
and alkoxide ions involve no resonance stabilisation; hence, the following equilibrium lies
considerably to the left, as alcohol is more stable than alkoxide ions.
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R-OH + H,O RQ' + H3OJr
Alkanol Alkoxide ion

Comparison of the acidic strength of Phenol with water
Phenol is more acidic than water. Because when Phenol ionizes, it forms the phenoxide ion, which
is resonance-stabilised. But water forms a hydroxide ion, which is not resonance-stabilised.

Hence, the order of acidity is

Carboxylic acids > Phenol > water > alcohols

2. Action with Ammonia

Under drastic conditions like high temperature, high pressure, and the presence of zinc chloride as
a catalyst, Phenol reacts with ammonia, producing aniline.

i 5 oo
A L} 2 2 2
ZnCl,

Phenol Ammonia Aniline

3. Action with Zn
Phenol gives benzene when heated with Zn dust.

@—OH Zn-dust, A v
-Zn0O

Phenol Benzene

4. Action with Benzene dizonium chloride (coupling reaction)
Phenols undergo coupling with Benzene diazonium chloride to form p-hydroxyazobenzene, which
is a useful dye.

O RAD)—on g ODn=n—~Oor

Benzene diazonium chloride ~ Phenol p-hydroxy azobenzene

5. Acylation reaction
Phenol reacts with acid chlorides (Alkanoyl chloride) or acid anhydrides (Alkanoic anhydride) in

the presence of Sodium ethanoate (sodium acetate) to form a phenyl ester.

O
| CH;COONa |
OH+ CiC R— > - Cc—
(e _HCI 0] C R
Alkanoyl chloride
Phenol Phenyl alkanoate
0O O O
H CH;COONa |
OH+ R-C-O-CR———————> O—C—R
-RCOOH
Phenol Alkanoic anhydride Phenyl alkanoate

6. Kolbe’s reaction (Carboxylation reaction)
When sodium phenoxide is heated with carbon dioxide at 135°C and under 4-7 atmospheric

pressure, sodium salicylate is formed as the major product. This, upon acidification, yields salicylic
acid, and the reaction is known as Kolbe’s reaction. Introduction of a -COOH group in a molecule is
called carboxylation.
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ONa
COONa + COOH
0
+Co, 135 C
4 7 atm

Sodium phenoxide Sodium salicylate Salicylic acid

7. Reimer Tiemann's reaction
When chloroform is heated with Phenol in the presence of aqueous NaOH or KOH at 60°C -700C
temperature, followed by acidification, a mixture of o-hydroxybenzaldehyde (o-salicylaldehyde)

and p-hydroxybenzaldehyde is obtained. The former, i.e., the ortho isomer, is the major product.

ONa
CHO CHO
> + H3O+
OH -3NaCl Nt HO 1,0
+ -
+ CHCI; MELH(:CI')‘ 3H0 o-hydroxybenzaldehyde
60°C -70°C (Salicyaldehyde)
ONa OH
— +H;0"
-3NaCl ET——
-3 H,0 -Na" -H,0
CHO CHO

p-hydroxybenzaldehyde

8. Action with Phthalic anhydride
Phenol and Phthalic anhydride condense together in the presence of conc. H>SO, and form

Phenolphthalein, a famous indicator.
i OH ||
\O s conc. H,S0, @i \
P /°
C
ﬂ Phenol g
Phthalic anhydride Phenolphthalein

8. Electrophilic substitution:
» -OH is an activating group in electrophilic aromatic substitution, so these reactions occur faster

in Phenol than in Benzene.
» The products are ortho- and para-substituted, as -OH behaves as an o-, p-directing group in
these reactions.

I. Halogenation
Phenol reacts with aq. bromine, resulting in 2,4,6-tribromophenol, which is a white precipitate. Hence,

this reaction is used as a test for phenol.

But in the presence of non-polar solvents, like CS;, CCly, etc. Phenol forms a mixture of o-
bromophenol and p-bromophenol with bromine.

I1. Nitration

Phenol reacts with conc. Nitric acid to form 2,4,6-trinitrophenol, also called Picric acid, used as
an explosive, medicine, and yellow dye.
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OH OH
02N N02
+ 3 HNOj; (conc.) ———
+3 H,0
Phenol NO,
2,4,6-trinitrophenol(TNP)
(Picric acid)

Mononitrophenol can be obtained at low temperatures with dilute Phenol.

III. Sulphonation
Phenol on sulphonation gives different products depending upon the temperature of the reaction.
Sulphonation mainly occurs at ortho positions at low temperatures and para positions at high

temperatures. (Practice writing the reactions.)

IV. Friedel-Crafts alkylation and acylation

anhy. AICl;
OH + CI-CHj; Hel OH + H3C OH

Phenol Chloromethane CH;
2-methyl phenol 4-methyl phenol
o-cresol p-cresol

Laboratory test of Phenol
1. FeCls (Ferric chloride) test: Phenol reacts with FeCls solution to give a green, blue, violet or

red coloured, water-soluble complex.

3-
6 @—OH + FeCly —> | Fe(CeHsO)g|  +3 HClI+3H'

Phenol Hexaphenoxide iron(III) ion
(Violet colour)

2. Aqueous bromine test (studied earlier in the chemical properties)

3. Libermann's test

Phenols give red/brown colouration on warming with sodium nitrite dissolved in conc. HSO4. The red
or brown colouration thus obtained changes into intense blue or green on the addition of NaOH.

2NaNO, + HySO4— —2HNO; + Na;S04

........ ‘/’— ~ /'-'
HO—@—H + HO—N=0 — H—ON:O + Hy0

Nitrous acid .
Phenol p-nitrosophenol

“

o:@:N—OH
o:@:N—OH + ﬁ}@on——»o:@:N—@fOH + H0

Indophenol (red)
p-nitrosophenol Phenol lNaOH

o CLD)-om

Sodium salt of indophenol
(Blue solution)
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Uses of Phenol

Production of Bakelite - a thermosetting plastic.

Manufacture of dyes, explosives (e.g. picric acid) etc.
Manufacture of drugs (e.g. aspirin, Phenacetin, salicylic acid etc.)
Preparation of Phenolphthalein, an indicator.

As a disinfectant and germicide.

YVVYVY VYV YV

Manufacture of Cyclohexanol used as a solvent for rubber.

2. Complete the following equation

S — H*
Q_C_OH + N\ 7/ OH > 1

Solution: This is an esterification reaction like that between an aliphatic alcohol and a carboxylic

acid. This results in an aromatic ester.

0] 4 0]
" F------ al H 1}
C—1OH + HI—0 — E—o0—( )
Leeoom- 4 -H,0
Benzoic acid Phenol Phenyl benzoate
Conversions
3. Convert Chlorobenzene into Aniline. 2

Solution: (always write IUPAC names and side products)
aq NaOH
OH —»
@ 360°C, 300 atm Q @

R https://subarnam.com.np/
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