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gODUCTION

bR
ds in which one or more hydroxy groups are directly attached to
e g are called phenols. The parent compound containing only
bt xy group attached to benzene ring is called phenol. It is also

a 0
o h)’as By droxybenzene or carbolic acid.

kno
OH OH

N
| ——oH

A

phenol phenols

[RUCTURE AND BONDING

£q2 S
s, phenols may be regarded as “enols”. Generally

As the name suggest

) :
| the enol form 15 unstable as compared to the keto form with respect
o the carbonyl compounds.
R"‘CHz"ﬁ i R——CH:$——R
O OH
keto form enol form

more stable less stable

he enol form is most stable due to

(i) However, in case of phenols, t
en discussed in Section 3.6.

aromatic stabilisation as has be

O OH

H

H e —————

Phenol

24-cyclohexadien- 1-one
more stable

less stable

i .
{ The OH group in phenols 1s attached to a sp carbon atom, whereas

in aliphatie nri i - ;
aliphatic primary alcohols it is attached 10 a7 carbon atont.

o il :
.\’P' ‘\-p’{
{
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Phen,

3.3 CLASSIFICATION AND NOMENCLATURE

3.3.1 Classification

Depending upon the number of hydroxy groups present o

ring. phenols are classified as -
Monohydric phenols

OH

© containing one —OH group

_ g
i1 e :K,,

OH OH
XN o A AN
i N, N
phenol o-cresol m-cresol &
I
p-Cresol
OH OH OH OH
i i | |
[_ | |
A \_/ \_/J W, \
mi-nitro- o-fl 1 |
phenol 'ph:f:;? NH, I-n;_l;\mhul ,‘--H,i{‘ill!h':
-amino- (¢ —Hdphlhnl ) (P-naphthol)
phenol
Dilvdric phenols @ containing two ~OH groups.
OH OH OH
OH P
@ 5 I/ 7‘\\
‘/' \\ | | ; i
\ / |\
N S~ S
OH \/
catechol resorcinol O
hy droquinone
(quinol)
Trilvdric phenols @ containing three —OH groups.
OH OH OH
OH OH
2N |
O O
MUH
OH HO -,
pyrogallol OH phloroglucift

hydroxyquine'

el
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*ydﬂ&‘ phenols © containing more than (hyee OH groups

O

HO OH
OH

hydroxypyrogallol

~ 3.3.2Nomenclature

() A number of phenols have been given special names. These names.
as mentioned above, have been retained by IUPAC. Other compounds
are named as their derivatives.

(i) Substituted phenols are named as derivatives of phenol. Position ol
; the substituent(s) is indicated by prefixes o, m, p or by numbering
system. For example —

OH OH

Br
3 (o'br()mophenol)
- (Zbromophenol) C(CH;3);

p-t-butylphenol
(4--butylphenol)

CH(CH3),

2_.
lmpl‘op{lr-'S-methylphenol gty
thymol 2.4.6-trinitr
; (picric acid)
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Phey, d;

, a6 (O (CHO. -SC
() When other functional groups such as € JOH ), -50 04

S he hancas N
which have priority over ~OH group, are present on the benzepg

fig
the phenols are named as hydroxy derivatives of these COMpoyyq,

OH

(‘()('Ph

“CHO
m-hydroxybenzaldehyde

OH
p-hydroxyacetophenone

SO,H
OH

o-hydroxybenzoic acid
(sahicyhic acid)

OH

2 4-dihydroxybenzene-

sulphonic acid
3.4 METHODS OF PREPARATION

5. From coal tar

The “muddle o1l and “heavy oil” fractions
phenols. These fractions are cooled gq th
The mother liquor 1s then treated with aqu
being weakly acidic. form sals (sodium p,
alkaline solution. This solution 15

allowe
passed 1110 1t thereby decomposing sodiny, ph ?”d carbon dioxide
The aqueous layer 15 removed. Wasned Severy e.llo“de nto free phenols
subjected to fractional distillation 0 afforg d‘ﬁtnnes with water and the!
ffcnt ph
enols.

of coal-tar distillation contai

ArOH + NaOH

" i'
_,____..——_'ﬂ. e L
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Pht‘l“‘ls 3.6

By hydrolysis of diazonium salts
"’ yn, -
2.

Hydrolysis of a diazontum salt with dilute acid produces phenol

NH, ']“1'("
NaNO,/HC| TN H,OM'
‘L )] 0" - [( )J AT v
aniline benzene
diazomum
chlonde
Sinularly
CH, CH,
1 NaNO,/HCI
'( ) ' . o -
sy 0-5(
" "NH, OH
m-tolmdine m-cresol

3. By alkali fusion of aryl sulphonates

Fusion of aryl sulphonates with NaOH at 300°C gives phenols. The aryl

sulphonates are prepared by direct sulphonation of benzene derivatives
followed by treatment with sodium carbonate

SO,0H
LI o b
benzene sulphonic acid
SOZOH 5026N8+
2
+ NZI:C03 — ) + ML+ 00

benzene sodium sulphonate
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phmok

e

o

ONa'
SOLONa
SO,

- 007 C R \ b NSO, 4 M
‘)] & 2na0H \ U g

sodium phenoxide

0 =~ O

phenol
Simularty,
SO;H

”\\ fuming | * KOH

Nl 3 H.SO, X fuse

~ ~ KSO;H

resorcinol

4. From halobenzenes

(i) Raschig Process

It is one of the industrial methods for the preparation of phenol. In this
method. chlorobenzene is prepared by treatment of benzene with HCI in th_f
presence of a copper catalyst at 250°C and the resulting chlorobenzene 15
simultaneously hydrolysed by steam over silica at 500°C.

Cl
2 A R L b < MO v 2HS
: 250°C
¢ OH
+ HO stlica & - Hcl
7 500°C
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Phenols

o Dow Process

i A .

( 150 the commercial method for the manufacture of phenol Here the
e o

It ;S penzene is prepared by direct chlorination of benzene from whie h

chior

henol is obtained by alkaline hydrolysis at high temperature and pregsure
p

FeCl, /

/ﬂ r-—\‘ 1, - ( )\ s
() + €l HCI & g I+ Hel
o 360°C '~ ’
b —_— - i aC
Cl + 2Na pressure (\q) ONa' + NaCl + H,0

OH + NaCl

(iii) By hydrolysis of aryl halides containing — I groups

It is evident from above [(i) and (11)] that preparation of phenol from

chlorobenzene requires hydrolysis under strong conditions of temperature

and pressurg However this problem can be overcome if the halide group

%I]:zr;z:t.l;‘npg is activated by presence of electron-withdrawing (-1) groups

e t;m initrochlorobenzene can be easily hydrolysed with dil. NaOH at
perature to afford the corresponding phenol.

Cl 6Na+ OH
NO, NO NO
2 2
NaOH HCl
— NaCl —~ NaCl
NO,
O‘ NO: N02

Ld-dip;

itroc ¥ gl
enzenl;]om 2,4-dinitrophenol
S,

b From Phenolic acigs
M sajt olic acs
oy e S of phenolic acids like sodium salicylate, upon distillation with
> 0rm saltg of phenols.

-
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ONa
T . LOH(Ca0) ™ 1 b Na,(
PO (@)
[( )J distl oy
T COONa sodium phenoxide
6. Srignard method
Mg Br
' () ]
e M'“l oy ) ()ML’.“I ) ‘
i g 0, .
o —C
peroxlde
~ _OH P _OMgbr
N HC [ 1
MgBr(Cl) + ( )( - 2 !{ ) '

p From cumene
It 1s the most important industrial method In tlus method cument

(isopropylbenzene) 1s oxidised to hydroperoxide which 1s then decomposed
by acid to phenol and acetone (another commercial by product)

H ;(‘\ 4/,(‘H 3

CH
|

.

H,S0

+ H;C—CH==CH, e . L( )J
~—

cumene

0,, OH ", 130°C
OH (HyC)>C—O—OH

H,O/M'
-

CHyCOCH; +
100°C

acetone

cumene hydropero de
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Phenols
b 10

Mcchunism of rearrangemeny of hvdmpemu d
- ‘I

It is interesting, to note that pheny| BIoup attacl
gets detached to oxygen in phenol It means thag sSOMme
takes place. It 1s called “1.2-shify" of phenyl group
by the following, mechanism (Scheme 3 l)

kind of Teartangement

and can be explained

CH,

O+ = O Tt (B3

protonated

peroxade
oxonium 1o

1.2-uhaft of
phenyl ot

carbocatye

HyC—C=01]
CH,

HyC~—~C=0 pesl { —
I * HO—(( )
CH, —

Scheme 3.1 : Mechanism of 1,2-phenyl shift in cumene hydroperoxide

It T
may be noted that phenyl group migratcs in prefcrence to methy! group

3 p

(' S PHYSICAL PROPERTIES
1)
tum

' which
The Parent compound phenol, is a colourless crystalline sohd

" Pink on exposure to air and light due to oxidation. It has plienolic
1
g bu"'"& point 182°C, melting point 43°C and is moderately soluble I

ids. Therr
*F. Other phenols are colourless solids or thick ViScous liqut

Mely; e Jues
e _ nstants) va
are Points, boiling points and K_(acid digsociation €0

arised in Table 3 1

4
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Table 3.1 : Physical constants of various phenols

Phenol m.p. (°C) b.p. (°C) K, (TH)\:@)\
: > 1.3 % 1pn~
phenol 4 152 3 X 10
o-cresol 31 191 6.3 x 10
m-cresol 12 03 9.8 x 10
p-cresol M A0 1.5 < 10
o-nitrophenol 45 214 0.8 x 10*
m-nitrophneol 97 - S3x 10
p-nitrophenol 114 - 6.5 x 10"
2 4.6-trinitrophenol 123 - o~ 10

(picric acid)

p-aminophenol 186 - 0.6 x 10"
catechol 105 240 3.3 x10
resorcinol 110 280 3.6 x 10"
hydroquinone 170 285 I x 10!
pyrogaliol 139 309 .
phloroglucinol 219 - .

(i) In general, phenols are more polar than the corresponding saturate
alcohols due to the greater acidity of phenols as compared to saturated
alcohols. A comparison of the physical properties of the phenol and the

cyclohexanol is shown in Table 3.2.

Table 3.2 : Physical properties of phenol and cyclohexanol

Properties O

Melting point (°C) 43 255

Boiling point (°C) 182 161

Solubility in water 93 3.6

(g/100 ml at 20°)

4 -10 B 1) e

K, 1.3x10 10 et
4
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3.0 ACIDIC CHARA( TER

0 Phenols are Icss;u:uln-lh;m(“ufx) vl
. CYHC acid —
alcohols \C1ds, but are more acidic than
RC
OOH ArOH ROH
K, 10° 101 1071

Hence the obvious question ig “Why 15 that

qromatic rng 18 more acidic than the - OH g
group”” ’
@)  The answer lies in the reson

OH Eroup attached to an
roup attached to an alkyl

ating structures of resulting anions

R—OH _— RO + H+
alkoxide -
ion
:0—H O
—_— + H+

phenoxide ion

I

b stabilized by the following resonating structures (Scheme 3.2).
8
Means regq,

(i) Resonance stabilization of phenoxide ion
5 0 0 0
(D h
e ;i) - > C -
'y, La
It
J tent than

\ nanc ili xide ion to a greater ex

Ukoxige ; i e stabilises the pheno i aleahols

Alkoxide ion has no other resonating structure whereas phenoxide ion can
Scheme 3.2 : Resonance stabilization of phenoxide ion
and therefore, phenols are more acl
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3.13
I 'S
large resonayg,
T stabilization ¢
' phenoxide jop
. S
FH |
R-OH J
Ar-0Oll
action —>

Progress of the re
zation of alkoxide ion and phenoxide ion

Fig. 3.1: Resonance stabili
also be written for phend

(iv) Various resonating structures can
(Scheme 3.3).

:OH

:OH *OH :bll
gl v
- ] il ‘ I B &

Scheme 3.3 : Resonance stabilisation of phenol

Due to positive charge on oxygen, proton is easily lost, imparting acidi

character to phenols.

(v) However, in comparison to phenol, phenoxide ion 1s more
<tabilized because phenoxide ion contains only negative charge

as high energy charge separated species. Therefore. resaﬂw "
phenoxide fon 1o a greater extent than phenol (Fig i3

phenol h
stabilises

f

&

»
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phenols 514

;JH

| N

i ‘_ -

' - greater resonancs
- V| dabilization of phenorde 1on
. than phenol
Ph(s + H'
Ph-OH
Ph = phenyl group

Progress of the reaction —
Fig. 3.2 : Resonance stabilization of phenoxide 1on and phenol

ta) However, phenols are less acidic than carboxylic acidy because 1n
carboxylate 10n, the negative charge resides only on oxygen atoms whereas
i phenoxide ion, the negative charge is spread over benzene ning and hence
lies on carbon also

R—C—OH =——— R—C—0"+ H'
s)

carboxylate on

R=C~0 <—s R—(C=0  Resonance stabilization of
|
0

carboxylate 1on. Negative
charge only on oxygen atoms

Negative charge on carbon
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