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Note - Picric acid is »g
NaHLO

u-NJtrophcnol is le

S8 ac
intramolecuyay B &ogen bo:(jjl,z than the p-isomer because of
g

acidic as carboxvlic ac: : 7 '
dic as carboxylic acid. It gives effervescence with

\

OH OH OH OH
@ ¥ CH;

CH;

T_'..‘ i C ”*,
i m nmi-cresol is more acidic than o and p-isomers because as soon as the

,mi."
= n@gatwe charge comes at o and P positions, it is pushed back by +I
*m of the CH, group, thus destabilising the anion.

o ¢ .

IONS OF PHENOL
henols can be studied in three parts.

=0)-i-H

e of O-H bond

» of C—OH bond
ic ring
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Pheng

3.7.1 Reactions due to cleavage of O-H bond

L. Formation of ethers : Williamson ether synthesis

Upon reaction with alkyl halide or dimethyl sulphate, ethers are formeg

RX
ArOR + Nax
H,0
ArOH + NaOH —™ ArO Na
(CH4),S0y
ArOCH;
+
CH;OSO;Na+

phenoxide ion acts a3

B i e ol

- The reaction takes place by S.2 mechanism, the
s halide or sulphate 1on.

~ nucleophile and displace
mples are :

NaOH —\
OH + C,Hsl B (( )}—oc,m + Nal
A \_ o
Nz

phenetole

|
p-nitrobromo- !
benzene |

|

p-tolyl—p-nitrophen_vl ether
1

NI
O_CHs y CH'"‘SOJN

anisole
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) Formation of esters

phenols on treatment with acetic acid. acetyl chloride or acetic anhydride
give corresponding esters.

_NaOH _ , CH,COCI

phenyl acetate

C
O —OH + (CH,C0),0 —3°0MNa O—C—CH,
= I

o-nitrophenyl acetate

phenyl alkanoate

b a rearrangement, known as the Fries rearrangement,
a Lewis acid which is discussed in detail in Section 3.8.

1e to cleavage of C-OH bond

Treatment with zinc dust affords benzene or an arene.
H+ Zn Ar-H + ZnO

amonia : Treatment with ammonia produces aniline.

ZnCl, / heat

= T C6H5NH2 + H20

e blt alone at 200°C
Cl, t Treatment with PCI, mainly gives triaryl

ArCl + POCI, + HCI
Ar,PO, or (Ar0),P=0O + HCl
triaryl phosphate

Scanned by CamScanner



3.19 Phenglg

6. Laboratory test or Diagnostic test : Most phenols give c:haractengnC
colour (violet, red, purple, blue or green y with neutral or weakly acidic FeC|
solution. This reaction is usually used as laboratary test for phenols

3.7.3 Reactions due to the aromatic ring

Te Electrophilic Aromatic Substitution

4 As is evident from the various resonating structures 6f phenols and
; phenoxide ions (Schemes 3.2 & 3.3) the ~OH group increases electroy
density on the benzene ring and hence it activates the ring powerfully i,
electrophilic aromatic substitutions. Since the —ve charge on benzene ring
resides on ortho and para positions, it is ortho/para directing. Thus it may
be concluded that the OH group is a powerful activating and ortho & pay
directing.

Some important reactions are —

. Halogenation

tment of phenols with aqueous solution of bromine, results i

OH
Br Br
aq. Br,
R R
3 mol
I
Br

2.4 6-tribromophenol

OH
Br CH3

Br

9
in a solution of less polarity: *

on product 1§ obtained.
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OH

B & .¢

(ii) Nitration
Phenol upon treatment with conc. HNO, gives picric acid.
OH (I)H

O;N NO,
conc. HNO; ’ <

NO,

., OH - OH
NO,
. & dil. HNO3
- -
. 20°C
- NO,

(40%)

(13%)

tiv ion by OH group, phenol can be attacked by cven
s nitrosonium ion NO*. Thus nitrous acid converts

qsophenol.
OH
~ HNO,
+ conc. H,SO,)
NO
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»d
[\

and on being made alkaline turns blue. This is called “Liebermann nitrog
30

st (Scheme 3.4).
Mechanism :
(NaNO»
+ H,S0,)
—N=0 ——— HO N=

HO H + HO
- H,0

(p-nitrosophenol)

actmitroso form

”:Ol n-@—uu
\ N=<}()——II -— ()@l C@ro—n

indophenol (red)

nitroso form

H*lnzso A

q oy -
N@QH - | 1—-()=O=N_O'O«H } s

snol aci-sulphatc
21 lNaOH

A~

Lt
shenol depends mainly upon the ten npert

‘mainly ortho product is obtained-

formed.
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OH OH

Hs 0, SOH
20°C

o-phenolsulphonic acig

OH OH

H,S0,
St
100°C

SO;H
p-phenolsulphonic acid

Crafts alkylation and acylation

Ms,;with alkyl halide in the presence of anhydrous AICI,
ation of ortho and pura alkylated phenols

OH

o-cresol

CH;
p-cresol

ol is treated with an acyl halide in the presence of Lewis

& para phenolic ketones is formed
- OH O OH
‘ LR
+

o’ —
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The mechanism involves salt formation with AICI, which on heating Wilh
. = !,‘
acyl chloride leads to the phenolic ketones.

OH OAICl, OH o
1
y AICI; R—C—Cl
—_— e
‘ - HCl A

COR

(vi)  Carboxylation

There are two methods for introduction of a carboxyl group (~COOH)in,
phenol to give phenolic acids.

(a)  Kolbe reaction or Kolbe-Schmidt reaction

In the Kolbe reaction, CO, is passed over heated sodium phenate at 125
under reduced pressure (4-7 atmospheric pressure) to give 2-hydroxybenzoit
(sodium salicylate) which upon acidic hydrolysis gives salicylic acid.

OH

. OH
: COONa' ool
J25°¢ H'
& ORsCa) - e
4-7 atm H-0

PIESSIE  sodium salicylic acid
: salicylate

“high temp of 240°, however, isomerisation to more stable pa™
taw’ !)Lﬂ(ﬂ?. :

OH OH

.
b 7 : gl 4 COOH ;

cﬂLiJ
' fonn.bf A
« . {0 o
first attaches to phenoxide oxygeﬂ\ et tl:;i,ﬂ"{ i‘
n phenyl carbonate (Scheme 32 507 ©
ranges to final C-carboxylat P“’tic i
attack by CO, on the aroma
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(
: )
ONa O ONa O
/j ) O
N O ALY VAN
” I TN ) COna
& l ! [
| ) —— | —— |
| E Py | H
P F 7
sodium pheny| |
carbonate 1 H
Y
OH O
1
COONa .__-COONa
HH ,/ f
! /

in reaction

OH
| COOH
B - + 4KCl + 2H,0
salicylic acid
v "f‘ls are oxidised to dihydric phenols by

mlphate Hydroxylation, generally takes
is occupied then the ~OH group goes to the
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3.25 Ph enol
OH OH
N K2S,0x
7 OH
phenol OH
quinol

3.8 IMPORTANT NAME REACTIONS

1. Fries Rearrangement
, When esters of phenols are heated with anhydrous AICL,, the acyl grou
¥ migrates from phenolic oxygen to an ortho position or para position of the
ring yielding a mixture of hydroxyketones. It is called the Fries rearrangement
OH OCOCH; OH OH
COCH;
CH,COCI AlCl; . Q
X CS,, A L
phenyl o-hydroxy-
acetate acetophenone COCH;
p-hydroy”
acetopheno®

ature (<60°) para isomer is formed predominaml&“

ally at low temper
) ortho isomer is formed. For example -

h temp (>160°

OH
|
= 1)
- |
CHa
OCOCH; Lk
‘ d-hydroxy 2-metnvl
@ o acetophenont
Cliy
moly | acetate Oll
11,C0C
L
15 CHa
2-hydroxy _4-methl”
ucdupbcmm‘»'
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PheﬂOlS 3.26
| case the ortho position is occupied by other substituent, a single product
nc ; i ¢
is |'ormcd in low yield.
OCOCH;
CH; ‘ .
/\l( l_‘; N
5°C

COCH;

3-methyl-4-hydroxyacetophenone

Mechanism : Two types of mechanisms — intermolecular and intramolecular.
have been proposed. In case of intermolecular mechanism (Scheme 3.6). the
' iate is an acylium ion (R—C==0") which attacks the ring as in case
Crafts acylation.

- s N ]
R—C=0 |

+ l

| R—C=0 |

‘mechanism of Fries rearrangement

oceur by the intramolecular mechanisim
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Intramolecular Mechanism

O
CliAl | /(” R ;
O \ O—AICl; OAICI OH
"1 \‘1 ( "1
(’,/ f“l»\\ / ‘/‘\_ - l’i 1 PN l' . (
‘ —_— l; | "COR —@8 | —
| 7 \\/ N

Scheme 3.7 : Intramolecular mechanism of Fries rearrangement
2.  Claisen Rearrangement

. Rearrangement of allyl aryl ethers to allyl phenols simply by heating th
~ substrate alone at 200°C is known as Claisen rearrangement. [t may be noteg
that NO catalyst is required.

ERCH, CH—CH, OH

A _CH,—CH=CH,
200°C Vo

OH
H-C CH,

)

Y

CH,—CH=CH

allyl group labelled with "'C at the /-pOS‘" %
anged product, the labelled y-carbo" ¢
reversal of bonding in allv! me/“

-

OH

Ep,—cH=CH
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ph

:
ns suggested that the rearrangement is intramolecular and
ar an

3‘ These ervatid . ) .

| ks place via a six-membered cyclic transition state (Scheme 3 2)

: gz 0

| ofACH H

| ') él:H — . %

; i CH,;—CH==CH,

cyclic transition state
OH

*

, 3.8 : Intramolecular mechanism for Claisen Rearrangement
involves two stages each causing

rrangement, the mechanism
ut reversal, 1s obtained.

hat the final product, witho
OH

{ *
» 2——CH—_=CH3
H-;C CH;

—_—

*
CH,—CH=C H-
amples of the separate class of

yement 1s one of the ex :
Detailed discussion of these

\atropic rearrangements.
syond the scope of the book.

Idehyde Synthesis
with a mixture of hydrogen cyanide and hydrogen
) d by hydrolysis of

ce of aluminium chloride followe |
aldimine, afford /- hydroxybenzaldehyde. This 18

dehyde synthesis.
' OH

OH
AICIs HO _
CH—-"zNH CHO
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Mechanism : The mechanism of the reaction involves form, ation

imidoformy! chloride as intermediate which acts as formylating age,, o
aromatic ring (Scheme 3.9).
AlCl "
HC]+HCN e HCI‘——-N}'i e e H—" CT_‘.?N'.’ (w!-
Cl
sy OH - OH OH ]

N O
\ + [HE=NH]C1' —Ha H | N |
> electrophile If\ - j
CHQ - p ’ ‘

L >

H,0

CH=O =%H HO CH*N‘H

CH-—NHY
OHw

Scheme 3.9 : Mechanism of Gattermap
N Aldehyde
Synthesis

. Houben-Hoesch Reaction

“an alternative method to prepare hydrox
_Crafts acylation or Fries rearrangement
e phenol is treated with a nitrile in the pre

V..
: acetophenones wheré

n
. ot Successful. In this

1
€€ of zinc ehloride 45
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- *1N§(‘/CH_,
HO.
# oH 4 ZnCly, HCI N
H + CHCN —— o
. ther, —10°t 0°
ether 0 7
L OH

J

OH

2,4,6-trihydroxyacetophenone

1s not very useful to monohydric phenols but is widely used

dric phenols.
following mechanism (Scheme 3.10), analogo
on, has been proposed.

us to the

COCH;

E; . OH
1L CH,CNHCVAICK |
e 2. szD
-: OH
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Mechanism : ®

CH; & AlICI3 H3C_.—(':§NH

b ;
o
l U "
CH; ® C|: Y|+ AlCk
[HNzé@ = HN=C
H C=NH

OH
HO OH
H,O/H"
Lk
OH

» 3.10 g Mechanism of Houben-Hoesch reaction
Reaction

' . 2ot amd
formaldehyde in the presence of dil acid |

. (th smd
alcohol as main product along Witk S:ioﬂ-
10l is known as Lederer-Manasse €3¢

J
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Base Catalysed

pase catalysed mec

hanism (Scheme 3.11) phenol is converted into

htl\goxide jon which 1s more reactive.
p
ot 2 )
oH o) ) J )
0 e fg) 98 CH,0H
O}r 2 CH'_'_()—— e

“H,0

~ Scheme 3.!1 . Base catalysed mechanism of Lederer-Manasse Reaction

i) Acid catalysed

Inacid qatalysed mechanism (Scheme 3.12) formaldehy
% that it becomes a better electrophile.

de is first protonated

| i + +
- #=0 + H* === CH,—OH CH,—OH
!
.
., COH ] OH
P : /—) H CHQ"OH
‘ +
_t ‘C}'.{Z’-OH E— CH,OH _’,'_H,’
f _
e Reaction

hz-z Aci_d catalysed mechanism of Lederer-Manass

paration of phenol-
| upon condensation

de) in the presence

3 ?Em reaction is widely used in the pre
S called Bakelites. For example, pheno
(40% aqueous solution of formaldehy
“Cross linked” polymer Bakelite
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:
(H,
OH '
annH ,C ~CH, { \ OH
C'H,
HO— / \ CH ™

Bakelite §

6. Reimer-Tiemann Reaction

formylation of phenol and 1s carned oul

This is an alternative method for
‘ and alkali (KOH) at 70°C 1o

eating a mixture of phenol, chloroform
duce a—hydroxybenzaldehyde i e. salicylaldehyde

OH
' CHO
+ CHCl; + 3KOH e, | [+ 3KC1+2H0

. ortho isomer predominates, but if one of the ortho positio”
g aldehyde group preferentially goes to the pard positiof

OH
; OCH;3
» HO

e -
3 vanilhin
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s mmechammn involves (Scheme 3 |3 ) intermediy
Mﬁl,,owm which acts as an electrophile 1 ® ormation

3 ttack :
of xide ﬂﬂg- | e hlghly reacted
f .
OH /\.CC] H
. 2 ‘ B
L - H0 © ‘ \K\(‘(‘lz
f Z
- OH— H20
Y
T di
S CHCl, " ) H
(Yt R
/ \\\/

IR L - eactioﬂ
3 '.achanism of Rcimer-Tleman" R
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