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Alcohols, Phenols

and Ethers

Topic-1 : Classification
1.1 Benzylic alcohols are not considered as phenols because the hydroxyl group
is not attached to an aromatic ring.
CHOH
@/ \CH3
2° benzylic alcohol

1.2 When the hydroxyl group is attached to unsaturated carbon atom (enol or

ynol), these convert to more stable forms.

_ tautomerisation _
HC=C-OH— H3C—C|I—OH

H H
(enol) vinyl alcohol Acetaldehyde
(ethenol) (Ethanal)

HC=C - OH tautomerisation HZC W =

Ethynol (ynol) Ethenone

1.3 Most of the gem diols are unstable because of repulsion between two oxygen
atoms. These undergo dehydration to form carboxyl compounds.

OH
| K, =103 1
HSC—?—OH —— HSC—C|—0+ H,0
CH, CH,
Propane-2, 2-diol Acetone (propanone)

Topic-2 : Structure
H” 104028 "H < H;C” 108°54 "H < Tetrahedral angle of 109°28

Bond angle comparison

Topic-3 : Physical Properties

3.1 Boiling point
No. of carbon atoms T BT
No. of branches T BP. L
Intermolecular H — bonding T B.P. T
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3.2 Melting point

Compact shape = High intermolecular forces = High melting point
For example: (CH,),C — OH (25 °C) > CH,CH,CH(OH)CHj, (-114 °C)

tert-butyl alcohol sec-butyl alcohol
3.3 Solubility
No.of -R T Solubility 4
No. of -OH T Solubility T

Topic-4 : Preparation of Alcohols

—

TIPS AND TRICKS: (T-1)

4.1 Acid catalysed hydration of alkene
*  Ifno rearrangement of intermediate carbocation.
= Product is according to Markovnikov’s rule.
o Ifrearrangement of intermediate carbocation possible.

= Most stable carbocation will form the major product.
B)

e e

H,C —C—CH=CH, —>HC C—CH,—CH
|J dil. H,SO, | 3
H 2 OH

3-Methylhexene + 3-Methylhexan-3-ol

»  Step 2 in the above example is not RDS. Thus, ease of hydration will
depend only on step 1 (RDS).

Illustration-1 :

In the following reaction : [NEET 2012]
T

HC-C-CH=CH, 2" . A + B
CIZH Minor product Major product

3

The major product is
3

o
Sol. H,C - Cli\/‘CH[éH —&— HC-C-CH-CH,

2
CH, OH CH,
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Illustration-2 :

The major product in the following reaction is :
[JEE Main, Sep. 02, 2020 (1), Similar to NEET 2015 RS]
H,C CH=CH,

H,0*
Heat
Sol O|H
H,C CH !%:HZ H,C CH
\CH
H,O* 3
A
lH . (Minor product)
Ha s H
=545
— 5 3 5 —L
A —H
4 5 4 5
(Major product)
In the presence of heat, the major product will be that alkene which is most
substituted.

TIPS AND TRICKS: (T-2)

——

4.2 Hydroboration - oxidation of alkene
* No formation of intermediate carbocation = anti-Markovnikov
addition of water.
3CH, - CH = CH, + BH; —" (CH, - CH, — CH,).B
3CH,; - CH, - CH, - OH + B(CH),
*  Reaction is stereoselective due to syn-addition of —-H and —OH.

*  In the formed alcohol, —H is generated from BH,/THF and —~OH is
from H,0,/OH".

3H,0,
OH"

Illustration-3 :
Draw structure of all possible alcohols for the following reaction :

(i) BD, : THF
e —
(ii) H,0,/OH
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Sol. O/ (i) BD, : THF T O: b
B ——
(i) H,0,/0H " O oH

Pair of enantiomers
(i)  According to anti-Markovnikov’s rule, —-D will bond to that double bonded
carbon which has less hydrogen.
(if)  Syn-addition of —D and —OH will occur.
Illustration-4 :
Propan-1-ol may be prepared by the reaction of propene with:

"
k2

[NEET 2000]
(@) H,BO, (b) H,SO,/H,0
(€) B,Hg NaOH - H,0, (d) CH,- cﬂ‘ -0-0-H
o)

Sol. (¢) CH; - CH = CH, can be converted to CH, — CH, — CH, — OH by
anti-Markovnikov's addition of water. As we have seen, this can be easily
achieved by hydroboration -oxidation reaction.

Illustration-5 :
The major product [B] in the following sequence of reactions is:
[JEE Main Jan. 08, 2020 (11)]

A o (i) B,H, dil. H,50,
CHy G = CH = CH,CH, it [A] = [B]
CH(CH,),
Sol. CH,-C=CH=CH,~CH, DBH: |
(i) H,0,, OH
PN
H,C” “CH,
1
H H/\ H2 H
|2<(|) EL, H*, -H,0 1<| \|
— — — — ! T 2 — — — —
CH,— C— CH = CH,— CH, — 0 , ¢y _C_C - CH,- CH,
| conc. H,SO,, A 3 +
CH H
H,C” CH, C

H,C” CH,

i) 1, 2 hydride shift
()2, 2 hydride s CH, - G~ CH, - CH, ~ CH

(ii) deprotonation

3

27N
H,C CH,
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TIPS TIPS AND TRICKS: (T-3)

4.3 Oxymercuration - demercuration of alkene

——

(i) Hg(OAC),/ THF

CH;-CH=CH, — CH;-CH-CH,
Propene (i) 1,0
(iii) NaBH,/OH~ OH H
Propan-2-ol

*  Regiospecific reaction - Markovnikov addition of water.

*  No intermediate carbocation = No rearrangement = Yield of major
product is high.

»  Stereochemistry is not important when free rotation is possible.
+  —OH part comes from H,O and —H part comes from NaBH,.

Illustration-6 :

Sol.

4.4

Match the chemical conversion in List-1 with the appropriate reagents in
List-11. [JEE Adv. 2013]

List-1 List-11

OH
R @ \ Q< 1. (i) Hg(OAc),; (ii) NaBH,
S. @ N Q/ 2. (i) BH; (ii) H,0,/NaOH

R-1,S-2 %
@» (i) Hg(OAc),; (ii) NaBH, OH
R. Markovnikov addition H
H
S @— (i) BH,; (i) H,0,/NaOH Q<H
' Anti-Markovnikov addition /
“OH
Reaction of Grignard reagent with aldehyde and ketone followed by

acidic hydrolysis.

R
1
R ; | OH
\C -0 (|) RzMgX{dry-ether R-C-R,+ Mg/
Rl/ (ii) H,O / dil. acid or NH,CI | N X
OH

Formaldehyde —— Primary alcohol
Other aldehyde —— Secondary alcohol
Ketone —— Tertiary alcohol
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TIPS TIPS AND TRICKS: (T-4)

——

. In the formed alcohol, —H comes from H,O and the added alkyl group
comes from the Grignard reagent.
Mechanism :
i R
RSN &
R/ 2 ng H™OH™ W)R_?_Rz
! 3 OH
. The reaction of Grignard reagent with carbonyl compound is an example of
nucleophilic addition. The ease of reaction will increase with the electron
deficiency of carbonyl carbon.

Illustration-7 :
The correct order of reactivity of Ph MgBr with
[JEE 2004 Screening, NEET 2011]
I ﬁ |
Ph—-C-Ph CH,-C-H H,C-C-CH,is:
M (1 [aD)
Sol. The magnitude of partial positive charge is in the order:

A o] i
H,C-C= O > HC C-CH; > Ph_C-Ph
+ - +I —+l M-  «—+M
Q) QD) (@

Hence, this is the order of reactivity with Ph MgBr also.
4.5 Reaction of Grignard reagent with acid halide or esters followed by

hydrolysis.
1({0 2 ng\_ MgXx
| AN dry ether |
R,-C-OR+R,>MgX R,-CtO-R
R

2

|
— Ry~ G+ ROMgX

R
2
When R, — MgX is in excess, the formed ketone will react with it and upon
hydrolysis, it will produce a tertiary alcohol.




R
RiN. R,MgX §
RZ/C—O W Rl—(i:—OH
R

TIPS AND TRICKS: (T-5)

. _-ﬂl the formed tertiary alcohol; two alkyl groups (-R,) are contributed by
Grignard reagent (R,MgX) and one alkyl group (-R,) is contributed by
ester (which is directly attached to carbonyl carbon).

Illustration-8 :
CH;MgBr .
Ethyl ester ———— P [JEE 2003 Screening]

excess

The product P will be
Sol. The given reaction will produce a tertiary alcohol in which two alkyl groups
will be contributed by the Grignard reagent used.
O
/”\ PN ;) th (|)H
H,C” M0~ NCH, + CHMgBr ——— C—0
3 3 3 NH,CI/H,0 — CH,
(R) (R) excess H.C R,)
R)  CH,R,)”

Topic-5 : Chemical Properties
5.1 Acidic Character

Y\ v . |
R-O*H+H-0-H<~——R-O: +H—.ﬁ)+—H

Stable +H—
( ) (Less stable) H

Order of acidic strength :

R |
CH;-OH>H-OH>R-CH,-0OH> /CH—OH>R”—(|:—OH
R/
. R
5.2 Reactivity
5.2.1 As an electrophile (breaking of C — O bond) :

| .. _/i - B
—C-O0-H+HL{A=—= —-C-0-H+A
| [
Alcohol Acid

Protonated alcohol

L\ |
_?T%’?_H-FNU —>—(|3—Nu+HZO
H
Electrophile  Nucleophile
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5.2.2 As a nucleophile (breaking of O — H bond) :
| T, | N
—C-0;H+E"—> —C-O-E+H
"/ |
Nucleophile  Electrophile

Topic-6 : Chemical Reactions

6.1 Oxidation
Cleavage of bonds

N
nic_oln cC=0
1 Y
formation of bond Carbonyl compound
Alcohol (aldehyde, ketone or carboxylic acid)
. aci. or alk. KMnO,/aci. K,Cr,0,/
() R-CH,-OH R - COOH
2 H,Cro,
Primary alcohol Carboxylic acid

R - (i:H -R Oxidation R— ﬁ R

OH )
Sec. alcohol Ketone
Tertiary alcohol2X198100 , N6 reaction
PCClanhyrous CrO,/

(i) R-CH=CH-CH,-OH
Unsaturated primary alcohol

Jones reagent/Collins reagent

R-CH=CH-CHO
Unsaturated aldehyde
Secondary alcohol —— Ketone

(iii) With heated copper, primary and secondary alcohols oxidise to produce
aldehydes and ketones respectively.

. .
Cu, 300 °C -
H;C - C-CH, =222~ H,C-C=CH,
|OH 2 Alkene
Tertiary alcohol

Illustration-9 :

The best reagent to convert pent-3-en-2-ol into pent-3-en-2-one is :

(a) Pyridinium chloro-chromate [JEE 2005]
(b) Chromic anhydride in glacial acetic acid

(c) Acidic dichromate

(d) Acidic permanganate
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OH (0]
sol. (@) o 2 A

Pent-3-en-2-ol Pent-3-en-2-one
6.2 Dehydration

95% H,S0,

70°C H,C =CH,
CH, - CH, - OH Alkene
Primary alcohol 95% H,S0,
y N HsC,— 0 - C,H;
Ether

85% H,SO,

CH; - CH - CH; —3e=<¢ CH,-CH=CH,+H,0
Alkene
OH
sec. alcohol
CH, CH,
20% H,50, |
H,C-C-CH, BT H,C=C-CH,;+H,0
| Alkene
OH
tert. Alcohol
Order of ease of dehydration :
3° alcohol > 2° alcohol > 1° alcohol
Mechanism :
Mechanism of dehydration of a secondary alcohol (3, 3-dimethylbutan-2-ol):
[JEE 1996]
CH ||_| /1—\, CH3 H rearrangement of

H* carbocation
H,C —C—C—0H —— H,C— c c*

| 1 \&g il
CH, CH}) <CH CH,
Step 2 is slowest and rate determining step.

CH,

|
H3C—C=(|3—CH3
CH

(More stable major product)
[Elimination of -hydrogen]

5a
—_H*

3

e
S HC=C—C—CH
CH,

(Minor product)
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TIPS AND TRICKS: (T-6)

. The ease of dehydration of alcohol increases with the stability of initial
formed intermediate carbocation.

. For 2° and 3° alcohol, step 2 and 5 = E1 mechanism.

. For 1° alcohol, removal of water and 3-hydrogen occur in a single step =
E2 mechanism.

. Determination of major alkene = Zaitsev's rule.

. Using hydrohalic acid (HCl, HBr, HI) instead of H,SO,/H,PO, =
Formation of alkyl halide.

. If no B — H is present in the intermediate carbocation, primary alcohol
would follow E1 mechanism.

Illustration-10 :

Identify (X) and () in the following reaction sequence.
[JEE 2005, Similar to JEE Main Sep. 04, 2020 (1)]

H,C

OH
H* O
»— X Zergoon () |

C - CH,
ag. NaOH @/
i i B

Sol. We can identify (X) by the major product formed upon acid catalysed
dehydration of the given primary alcohol.

0 7, +
OH L St 1
. . .
H 3 6  ring expansion 3 6
SN _H,0
2
4 5 4 5

(Carbocation with

no. § —H)
Z:>
—_H*

)

Illustration-11 :

The number of hydroxyl group(s) in Q is : [JEE Adv. 2015]

H* aq. dil. KMnO,(excess)
HO
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Sol. (4) HY A Rearrangement
_H.A —_——
-H,0 + 1, 2-Me~ shift
HO

dil. KMnO,
A 0°C
OH
OH
Illustration-12 :
The main product of the following reaction is : [JEE 2010]
Conc. H,SO,
C¢H;CH,CH(OH)CH(CH,), ?
[
Sol. CgHg—CH,~C—C-CH, —H
dndw, T
, 2 H™ shift
: CH;—C - C—C—CH,—2"
=t
CH,
H HH
LN W CeHs X ~H
C—C—C—CH3—H+—> Cc=cC
o ] H7  NCH(CH,),
H CH

+ve charge stabilised
by conjugation

trans-isomer (major product) is more stable than cis-isomer (minor product).

Topic-7 : Differentiation between Primary, Secondary and Tertiary Alcohols
7.1 Lucas Test

| anhy. ZnCl, |
—C-OH+H-Cl "2, —C-Cl+HO
Alcohol Lucas reagent Alkyl halide
(Qily layer)

Primary alcohol = Formation of oily layer only after heating
Secondary alcohol = Formation of oily layer within 5 min.
Tertiary alcohol = Formation of oily layer immediately.
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TIPS AND TRICKS: (T-7)

. The mechanism (S 1) involves formation of carbocation intermediate.
Thus, tertiary, allyl and benzyl alcohols give this test immediately.

. Low molecular mass (up to 5 carbons) alcohols are soluble in Lucas reagent
but alkyl halides are not.

7.2 Haloform Reaction

X
R—?H—CHS s R-(ﬁ—o-+CHx3¢
Yellow ppt. in
OH case of iodoform

(X=Cl,Brorl)

TIPS AND TRICKS: (T-8)

. Only ethanol and alcohols having -CH(OH)-CH, group give positive
haloform reaction.

Illustration-13 :

Among the following, the one that gives positive iodoform test upon reaction

with 1, and NaOH is : [JEE 2006]
L

(@ CH;-CH-CH,OH (b) Ph CH(OH)CH,

(¢) CH,CH,CH(OH)CH,CH, (d) C4H;CH,CH,OH

Sol. (b) —-CH(OH)CH, group is present only in option (b); which can give positive
iodoform test.

Topic-1: Preparation
1.1 Laboratory Preparation
1.1.1 From diazonium salts
N3CI” OH

warm

+H—OH + N, + HCI

TIPS AND TRICKS: (T-9)

. In alkaline solution, phenol can couple with the remaining diazonium salt
to form azo compounds.

. The rate of coupling reaction can be reduced by making the solution
highly acidic. This can be achieved by adding the diazonium solution
slowly to boiling dilute sulphuric acid.
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1.1.2 From salicylic acid

OH
COOH* COO™Na*
_Na"OH- OH
RO
_NaOH
TCwon @ + Na,CO,

TIPS AND TRICKS: (T-10)

. Use of soda lime (NaOH + CaOQ) is recommended instead of NaOH
because soda lime has much less tendency to absorb atm. water.

1.2 Industrial Preparation
1.2.1 From haloarene (Dow process)

First chlorobenzene is fused with NaOH to get sodium phenoxide which
upon acidification produces phenol.

Cl (CI
Al
H - 0, QY
& OH", 350 °C “on
—_— —>
300 atm., -H,0 —NaCI
Chlorobenzene Benzyne intermediate
_— H
A _0-H < N O Na*
Phenoxide ion Sodium phenoxide
Pk = OH
H™CI
—NaCl
Phenol

1.2.2 From benzenesulphonic acid

SO;H+ SOgNa+
Oleum 350 °C, Na*OH~
e R
@ @/ -H,0 @/

Benzene Benzene Salt
Sulphonic acid

O™Na* OH
2NaOH, -H* H* +Na*
%
Na,SO,, —H,0 H,0 ?

Sodium Phenol
phenoxide
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Illustration-14:

Write the major product of the following reaction.

(I)H SO, A _
Gy NaoH, 300°c > Major product

Naphthalene (iii)) dil. H,SO,
Sol.

SO
H SO NaOH
—300°C

Naphthalene ( ajor) Sodlum naphthox1de

OH
_dil HSO, ./

B-naphthol (major)

TIPS AND TRICKS: (T-11)

SO,H
H SO H SO
80 E 165 °C
K|net|cally favoured Naphthalene Thermodynam|cally
product favoured product

1.2.3 From cumene

Hs 'o' 0 -H
=
H,C-C-CH, H,C - C CH
aerlal ox1dat|on 10% H ,S0,
Cumene

Cumene hydroperoxide
+

.. +
e
H,C-C-CH,  HC- c@ -6@

1, 2 Ph~ shift
—_—

———
Concerted R.D.S.
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040 0(O)

H - OH
—=— HC-C-CH; —+— HC-C-CH, —
*OH, HYO
(Hemiketal)
H,C - C CH,+ HO@
Phenol
Acetone

TIPS AND TRICKS: (T-12)

. __Kn aryl group has greater migratory aptitude than an alkyl group for 1,
2-shift. See the concerted R.D.S.

Topic-2 : Chemical Properties

2.1 Acidic Nature of Phenol
Carboxylic acid > Phenol > Water > Alcohol
K. : ~107° =100 1014 =~10716

a

Illustration-15 :

Which one of the following compounds has the most acidic nature?

CH.,OH
(@ @ 5 (b) @OH
(|3H
Jeniincogae

Sol. (b) Phenols are 10% times stronger acid than alcohols.

OH o~
9" — O -

Phenol Phenoxide ion

*  Both phenol and phenoxide ion are resonance stabilized. But phenoxide
ion must be more stable. Let's see :

- Cp iy -y -

Phenol

3 minor contributers




:0: 0 :0:
O
. /Y
Phenoxide l:

ion « )
3 minor contributors

If we compare the minor contributors of phenol and phenoxide ion, we can
see that due to +ve and —ve charge separation in phenol, it is less resonance
stabilized than phenoxide ion.

Illustration-16 :
The ionization constant of phenol is higher than that of ethanol because :
(a) Phenoxide ion is bulkier than ethoxide

(b) Phenoxide ion is stronger base than ethoxide
(c) Phenoxide ion is stabilized through delocalization
(d) Phenoxide ion is less stable than ethoxide
Sol. (c) There is no delocaliozation of negative charge in ethanol.

I TIPS AND TRICKS: (T-13)

disha 16

Ef'fect_of substituent on acidic nature:

. The substituents showing —M or —I effect decreases the negative charge of
phenoxide ion and thus, increase the acidic characters. This effect is more
pronounced at ortho and para positions.

. The substients showing +M or +I effect decreases the acidic character
(more at ortho and para positions).

Illustration-17 :
The increasing order of pK, values of the following compounds is :
[Similar to JEE Main, Jan 10, 2019 (1)]

OH OH OH OH

i i i ~NO, i
NO, OMe
A B C D
Sol. Due to -M effect of -NO, it will increase the O—H----0 } H-bonding

acidic nature. Due to +M effect of ~OCHj, it N/’
will decrease the acidic nature. There is intra- \\O
molecular H-bonding in o-nitrophenol. This

will decrease the proton donating nature. Thus,
its acidity will be less than p-isomer.
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Correct order of acidity : B>C>A>D
Correct order of pK,: B<C<A<D
2.2 Chemical Reactivity

Due to +M effect of —OH group, e~ density increases in the ring. This increases
its reactivity towards electrophilic aromatic substitution. Moreover, e~ density
increases more at o- and p-positions (see the resonating structures).

Illustration-18 :

Statement -1: Phenol is more reactive than benzene towards electrophilic
substitution reactions.

Statement-2: In the case of phenol, the intermediate carbocation is more
resonance stablllzed [JEE Maln 2000 S]

SR — 9

Intermediate carbocatlon is more stabilised
due to +M effect of -OH group.
Statement-1 and statement-2 are correct, and statement-2 is the correct

explanation of the statement-1.

Topic-3 : Chemical Reactions

3.1 Esterification : Formation of phenyl esters
Phenols react with carboxylic acids, acid chlorides and acid anhydrides to
form esters.

3.1.1 Reaction with acid chloride in the presence of a base

S\
@ + H,C- CA @—)OCF

Ethanoyl chloride
Phenol Pyrldme

sZt I
0-C-CH,

Pheny! ethanoate
3.1.2 Benzoylation (Schotten Baumann Reaction)

0

|
OH 9 . o-c@
GO XE - O

Phenol Benzoyl chloride Phenyl benzoate
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3.1.3 Fries rearrangement
When phenyl esters are treated with anhydrous AICI, in CS, solvent, a
rearrangement reaction takes place.

0
I

—_—
Cs,
I

Phenyl benzoate

4-hydroxy benzophenone

OH

[ X
<O
g (Major)

2-hydroxy benzophenone
3.2 Electrophilic Aromatic Substitution Reactions

—H ,0 weak electrophlle

=0 Intra-molecular
H-bonding

2-Hydroxybenzoic acid
(Salicylic acid)

Illustration-19 :
Phenol on treatment with CO, in the presence of NaOH followed by
acidification produces compound X as the major product. X on treatment
with (CH,CO),0 in the presence of catalytic amount of H,SO, produces :
[2018, Similar to JEE Main 2014]

i
C—CH
OH g ’
COOH COOH
Sol. [ i ] (i) NaOH [ i ] __(@HCO0
(||) co, H , esterification
Phenol (i) H* Salicylic acid Acetyl salicylic

acid
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3.2.2 Reimer-Tiemann Reaction
Phenol react with chloroform and sodium hydroxide to produce salicylaldehyde.

Cl—_ ¥\ OH" uQ

19

2 , Cl
cl AcidicH CI Dichlorocarbene
Chloroform (neutral electrophile)
S\ n : 0Bt \
H.). cl
OH~ \/:(‘:'CI2 CL
2

OH

: H
C\/& .O‘,q ; c
20H A

©/ el [ ©/ OH! — °

Intermediate Salicylaldehyde + p-isomer
(major) (minor)

TIPS TIPS AND TRICKS: (T-14)

——

+  The electrophile : CCL, attacks at C~ not :Q~ because C™ is a better
nucleophile than O™.

. :CCl, attacks at ortho position (majorly) because there is intra-molecular
H-bonding in the final product.

Illustration-20 :
When phenol is reacted with CHCI, and NaOH followed by acidification,
salicylaldehyde is obtained. Following species are involved in the above
mentioned reaction as intermediates?
[JEE I\gain 1995, Similar to 1995 Screening, 2%0|_7| JEE Adv. (Passage)]

H CHCI,

Q) ccl, (b)

H CHClI,

(c) CllHCI (d)

o :
3

OH
Sol. (a) and (d)
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LTIPS TIPS AND TRICKS: (T-15)

. With CH,CI,, the reaction rate is low due to less acidic hydrogens in it.
. With CCl,, the product is salicylic acid.
CCl, + OH—— C(OH),—— CO, + 2H,0
(unstable)
Now, CO, reacts with phenol and the rest of the mechanism is same as
Kolbe's reaction.

20

3.2.3 Nitration

OH OH OH------ 0
z
OZN NOZ Conc. HNO, dil. HNO, N\‘O
%
20°C
Phenol o-Nitrophenol (major)
NOZ (intra-molecular H-bonding)
2, 4, 6-Trinitrophenol
(picric acid)
OH
+
NO

2
p-Nitrophenol (minor)
(inter-molecular H-bonding)

TIPS AND TRICKS: (T-16)

The electrophile is nitronium ion NO;. To generate NO; easily or to
increase the rate of reaction, dil. H,SO, is used.

0] 0
O L
— —_—
07 “GH /8- "~o_n T, o Lén, “H,0
Nitric acid ~—~—— Sulphuric acid +
O=N=0
Nitronium ion
By Le Chatelier's principle, H,SO, shifts the equilibrium to make more NOJZ'.

OH OH

OH
/\4_ DH NO,
+0=N=0 — +N02T

Phenol o-Nitrophenol



TIPS AND TRICKS: (T-17)

. The yield of picric acid is low by this method. This is due to the fact that—-NO,
is an e~ withdrawing group which deactivates the ring for further nitration.

3.2.4 Sulphonation

~0-H
H,S0, o
20°C o
OH OH
H,S0, H,SO0,
100 °C 100 °C
SO,H
OH
Oleum (H,S,0,) SO;H
SO,H

Phenol-2, 4-disulphonic acid
Reaction of phenol-2, 4-disulphonic acid with conc. HNO, gives a good

yield of picric acid.
OH
SO3H conc. HNO, OZN N02
SO,H NO,
3.2.5 Bromination
OH OH
Br, in CS, or CHCI, + Br
273 K, —2HBr
OH (Minor)
Br
(Major)
OH
Bromine water Br

(Bromine in polar solvent)
-3HBr
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TIPS AND TRICKS: (T-18)

The electrophile in this reaction is brominium ion (Br*). In case of phenols,
the polarisation of bromine molecule takes place even in the absence of
Lewis acid (FeBr,) due to highly activating —~OH group.

Illustration-21:
OH

In the reaction @ M) the intermediate (s) is (are)
[JEE Adv. 2010]
o

o (0] o
Br
(a) (b) (© (d)
Br Br Br
B Br

(a) and (c)
O Na* O~ o
— —
o ,0
B B o
’ | Br Br
Br,
—

Br
Illustration-22 :
The major product(s) of the following reaction is(are)
[JEE Adv. 2013, Similar to JEE Main Jan. 11, 2019 (1)]

OH
aqueous Br, (3.0 equivalents)
SO,H
OH OH OH OH
Br Br Br Br Br
Br Br Br Br Br
SO,H Br Br SO,H
(P) Q) (R) )

@ P (b) Q (c) R (d) S
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Sol. (b) —OH is activating and %rﬁdirecting group. —SO,H is deactivating and

o, m o,m
m-directing group.
p
SO,H
_2q.Br, (3eq) Br, (3eq.) _-HBr |
— HBr o 5o,

TIPS AND TRICKS: (T-19)

. Ipso substitution is possible because ~SO,4H is a very good leaving group.

Topic-1 : Structure
C — O bond length : Aliphatic Ether = Alcohol > Phenol.
Due to partial double bond character in phenol, :0:; 141pm

it has minimum bond length. C — O — C bond /-\2\/
angle in ether is more than the tetrahedral angle =~ H,C”111°42" *CH,

due to repulsive interaction between two bulky (-R) groups.
Illustration-23 :

Arrange the following compounds in increasing order of C — OH bond

length: methanol, phenol, p-ethoxyphenol [JEE Main, Jan. 08, 2020 (I)]
Sol. QOH QOH Single bond
< < H,C-0OH

Partial

double bond (,O - CHz - CH3
Partial double bond

TIPS AND TRICKS: (T-20)

. Due to competing resonance in p-ethoxyphenol, the double bond character
in C — OH bond is less than that in phenol.
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Topic-2 : Preparation

2.1 By Dehydration of Alcohols

—2BK 5 [C,H, - OH,]* [HSO,]”

Salt
—2%8K_, ¢,H,-0-SO.H

conc. H,S0O, Ethyl hydrogen sulphate
- - EEE——
CH;-CH,-OH 413K

———> C,H;— 0 - C,H,

Ethoxy ethane
443 K
——=— CH,=CH,
Ethene

Mechanism:

CH,;-CH,-QH W} CH,-CH,-0OH, —hosz
Ethanol
+
CH,-CH, - ?S CH, - CH; ——+— C,H, -0 - C,H,
H
Illustration-24 :
Consider the following reaction :
C,H;OH + H,SO, — Product
Among the following, which one cannot be formed as a product under any

conditions ? [JEE Main, 2011RS]
(@) Ethylene (b) Acetylene
(c) Diethyl ether (d) Ethylhydrogen sulphate

Sol. (b) Acetylene cannot be prepared under any condition.
2.2 Williamson Synthesis
R-X+R -0 Na*——> R-0-R’+NaX

Mechanism:
, LY N RDS ,
IR_QI+IR_XI S—2> R-0-R
N

Can be any 1° alkyl halide
alkoxide ion for low steric
(1°,2°0r3°  hindrance

Illustration-25 :
Identify Z in the sequence of reactions:

HBI/H,0, C,H,ONa
CH,CH,CH = CH, Y

[NEET 2014, Similar to JEE Main 2014]
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HBI/H,0,

2 anti-Markovnikov
addition

/Y

CHOF .
CH, = CH, - CH, - CH, - Br —==—— CH; - (CH,);- 0 - C,H,
v) @

Sol. CH,—CH,-CH=CH

Illustration-26 :
Match the chemical conversions in List-1 with the appropriate reagents in

List-11. [JEE Adv. 2013, Similar to JEE M April 22, 2013]
List-1 List-11
P. Cl /& 1. NaOEt
Q. ONa OEt 2. Et-Br
Sol. P-1,Q0-2
A e E1
P Cl+Na"O” -Et ~NaCl H,C

aBr

@ >— o+ 18 52

TIPS AND TRICKS: (T-21)

. In case of tertiary alkyl halide, instead of substitution, elimination occurs.
For secondary alkyl halide, elimination competes with substitution. Aryl
ethers can also be prepared by this method by using derivatives of phenol
and a primary alkyl halide.

Topic-3 : Chemical Reactions

3.1 Reaction with H - X (cleavage of C — O bond)
3.1.1 When hydrogen halides are not in excess

Case-| : Both the alkyl groups of ether are primary or secondary.
CH,
| N A R
CH;~CH-CH,-Q-CH,-CH; +H-1(conc.) —_0
1-Ethoxy-2-methylpropane




CH CH

3 3

+

I I
CH,-CH-CH,-0'CH,-CH —2>CH -CH-CH, - OH"

S
Oxonium ion H 2-Methyl propanol
+ 1-CH,-CH,
Ethyl iodide

[NEET 2007, Similar to JEE Main Sep. 04, 2020 (11), NEET 2006]
TIPS AND TRICKS: (T-22)

. Due to less stiric hindrance, attack of I” (hucleophile) takes place at lower
alkyl group.

Case-I1 : When one of the alkyl group is tertiary or benzyl or allyl.
(i) 3°alkyl group

CH,
| n Ay
CH, - CH, - CH,- 0 - . —
CH,
CH

é\ S\l
CH,;-CH,-CH,- (i7CH —>CH -CH,-CH,-OH

y CH,
CH, CH,
| |

+H3C—|C T H3C—C|:—|
N
CH, CH,
(i) Benzyl group (Ph - CH)
/—\' /\I' (N.'_
CH,- 0~ CH=CH,— 5 CH,=Q-CH=CH,
|
H
Syl * o
Y CH,+H-0-CH=CH,
(very stable cation) thautomerization
v OHC - CH,

Oons

[JEE Main Sep. 02, 2020 (11)]
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Case-3: When one of the alkyl group is phenyl [NEET 2020]

.. A
Q-CH, H—/\/ Q-CH, hS OH
A SV + CHyl

PS TIPS AND TRICKS: (T-23)

. :Aryl—oxygen bond is more stable than alkyl-oxygen bond. Thus, aryl ethers
always yield phenol as one of the product.

3.1.2 When hydrogen halides are in excess

CH,

CH, A
. L +
CH3—CH2—CH2—Q—C|—CH3%> CH3—CH2—CH2—§|2—C|:—CH3
H

CH, CH,
%
5'%1CH3—CH2—C4H2—/§%H +1 —Cll—CH3
N
2
A, 4. CH
Sy2 -H,0 | \H —/} 3
(excess)

CH;-CH,-CH, -1
[NEET Odisha 2019; Similar to JEE M Online April 9, 2013]

TIPS AND TRICKS: (T-24)

. In the presence of excess H — I, the formed alcohol would further react with
acid to form alky! halide. Phenol (or derivatives of it) will not undergo this
change.

Illustration-27 :
The major product of the following reaction is :
[JEE Main April 8, 2019 (1), Similar to JEE Main Jan. 12, 2019 (11)]

OCH,

Conc. HBr (excess)
Heat

CH =CH,
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3 1 ‘{'\3 d
OCH, /¥ OMCH Y A

H-=Br
E* addition

+CH, - Br

Br-CH-CH,
Illustration-28 :
The major product of the following reaction is:
[JEE Main April 10, 2019 (1), Similar to JEE Main 2018]

O~ HI (excess)
_—
A

Sol.
- R 3 e HO
H /’ 1(5.2)
N
. A’ Kl CH,
NC Q~< N=C oL'< (S\1) | H-1
CH,

<
OH
+ +CH, -

N=C |
—CN is an electron withdrawing group. There are two possibilities of cleavage
of C—0O bond (solid curved arrow and dotted arrow). Sy, 1 mechanism : (i) Either

the formed carbocation can be 2° or (ii) NC) " both are not very stable. S\2

mechanism : —CN will increase the positive charge on bonded carbon, which
in turn, facilitates the attack of nucleophile (I7) and cleavage of C — O bond.
Illutration-29 :

1-Methylethylene oxide when treated with an excess of HBr produces:
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CH CH
3 3 CH
| H* g ¢
Sol. H,C-CH/—— H,C-CH ——— HO-CH,-CH
N
v
O
1-Methylethylene oxide | CH
H HBr, S,2 s
F,0 Br-CH, - Cli
Br

TIPS AND TRICKS: (T-25)

. Acid catalysed ring opening of epoxides through nucleophilic attack occur
at a more substituted carbon atom.

Illustration-30 :

HBr reacts with CH, = CH — OCH, under anhydrous conditions at room
temperature to give: [JEE Main 2006]

& . NN

Sol. CH,=CH-Q-CH,+H-Br——

Vinyl methyl ether Hydrogen
(gas) bromide
(gas)

+ X
CH, = CH 0 - CH, «—> CH, —CH £5-cH,
(more stable carbocation)
Br*
CH3—C|IH—O—CH3

Br
HBr is not in access and the condition is anhydrous (gas phase), thus, reaction
will not proceed further at room temperature.

TIPS AND TRICKS: (T-26)

. me cloud is more apt to attack by the proton than the lone pair with oxygen
atom.

——

3.2 Electrophilic Substitution Reactions of Aryl Ethers

3.2.1 Bromination, nitration etc. are similar to phenol. The H-bonding factor will
not play a role to decide the major product.
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3.2.2 Friedel-Crafts Reactions

H3CO CH2C| AICI, (anhyd.)
A
H,CO L Y« _
7 g CHAIAIC]
cO 1

L 2Hshift | AICI 2
o “AHCT

4

This is an example of mtra—molecular Friedel-Crafts alkylation.
Illustration-31 :

The major product of the following reaction is:

[Jan. 10, 2019 (I), Similar to Jan. 12, 2019 (1), April 10, 2019 (11)]
CH:0 CH,CI () AlCl, (anhyd.)
(i) H,0

OCH,

CH,0 CH,
(@) (b)

Sol. (d) H,CO L H,CO 1
2 2
R AlCl, .
7 HaT
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. I Concept Booster Exercise

=

Only One Correct Answer

1. Which of the following represents correct increasing order of acid catalysed
dehydration of alcohols?

(i) 1-phenylbutan-1-ol (ii) 1-phenylbutan-2-ol
(iii) 2-phenylbutan-1-ol (iv) 2-phenylbutan-2-ol
(@) (iv) = (iii) < (i) = (i) (b) (i) = (i) < (iii) = (iv)
(c) (iii) < (i) < (i) < (iv) (d) (i) < (ii) < (iv) < (iii)
2. CH3CH0+E>—MgBr H?'Ao+ JELL NG
(anhydrous)

Compound Q obtained from the above reaction is :

o [ <™ © (¥
© OﬁBr o) <:>/\Br

3. What is the major product upon reaction of catechol, sodium hydroxide and
diiodomethane?

=0
@) OH
(@) @: S (b)
o OH
=0 OH
OH OH
(©) (d)
OH OH
o= HO
4.  Identify the final major product from the following series of reactions:
OH

(i) H,S0,/A
s
(i) Br,/CS,

(iii) H,O*/A
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OH OH
Br Br SO,H

(@) (b)

Br Br

OH OH
Br Br
© @Bf (d)
SO,H
5. Which of the following methods is not suitable to prepare tert-butyl ethyl

ether?
(a) tert-butyl bromide with sodium ethoxide
(b) tert-butanol with ethanol in acidic condition
(c) isobutene with ethanol in acidic condition
(d) sodium tert-butoxide with ethyl bromide

6.  Identify the product :

HBr (1eq.)
_

OH
o L oo [y ol le
Br Br Br OH

One or More Than One Correct Answer

7. Cumene on reacting with aerial oxygen and then with dil. H,SO, is converted
to phenol and an organic compound. Which of the following is/are reaction
intermediate(s)?

CH,
+ + /CH3
(@ Ph 0-OH, (b) Ph-O= Clch
3
CH,
CH
;PN [’
(6 HC-O0=C (d) Ph-O-C-OH
~CH, &

3

8.  Which of the below mentioned compound(s) would react with Lucas reagent
at room temperature?
@) C3H7OH (b) (CH3)3COH
(c) C¢H,CH,OH (d) CH,=CHCH,OH
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Numerical Answer/Integer Value Answer

9.  How many primary hydrogen atoms are present in the major product of the
given reaction?

>,
OH
10. Find the total number of isomeric alcohols from the below scheme of reactions:

(i) B,D//THF .
@ W Major product
_(;@ Solutions

L ©

) )
H+
() CH;~CH, ~C - CH, %CH - CH, - - CH,
OH
2-phenylbutan-2-ol 3° benzylic carbocation
i )
H*, RD|
() CH,~CH, —CH, - CH H—OS> CH, - CH, - CH, - CH
OH
1-phenylbutan-1-ol 2° benzylic carbocation
Ph Ph
| H*, RDS |
(i) CH;-CH,- (|3H CH, T CH,-CH, CH (|3H
OH H
1-phenylbutan-2-ol 2° carbocation
Fl’h
1, 2 H™Shi
LZHShT, CHy ~ CH, ~ CH - CH
H

2° benzylic carbocation

Though 2° benzylic carbocation forms after rearrangement, but this
step will not decide the case of dehydration.

I "
(i) CH; ~CH, ~ CH - CH, %CH ~CH,~C- EH,
OH H

2-phenylbutan-1-ol 1° carbocation
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ITh
CH,~CH,~C~ (|:H2

H
3° benzylic carbocation

Though 3° benzylic carbocation will be formed after rearrangement, but
this step will not decide the rate of dehydration. Hence, the increasing
order of ease of dehydration is: (iii) < (ii) < (i) < (iv).

(b)

H,C
C=0+ MgBr ——— C
H 7
H
H*, A é_ CH3 rlng expansion 1,2H Shlft
-H,0 (@

1,2 H™ Shift

CH,

H+ Br~
—H+
Br

Due to high temp., formed secondary alcohol is susceptible to acid catalysed
dehydration.

(@) [USig T34, 79

O e, (I @
*5H, -H,0 1oz I | -'
Catechol * O V O
|ntramolecular
— 0

Due to less acidic H in CH,l,, the substitution reaction is faster than
formation of carbene species.

(c) Usmg [Using T-18, 19|
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T e
E2
5. (@) H.C- c|: -CH,+C,H,0 ——— H,C-C=CH,
Br
b) (CH C C{\'—Jr) CH mb}'
( ) ( 3)3_ 4 ( 3)3_ — ¥ —HZO, SNZ,—H+
(CH,);-C-0-CH,-CH,

N e o on, B
(©) (CHy),-C=CH,—— (CH,),C-CH, —

(CH,); - C -0 -CH,-CH,

3)3
(d) Williamson synthesis reaction.

6. (@ UsmgT2s[ 56— [ OH o o1

7. (ab.d)
8 (b, c,d) |Using T-7

A s

— + 4 1 ) )
9. (3) D( & ﬂr _ ring expansion

OH 5 OH

e ! CH,
i SEQH D= o)
10. (6) -_Using T-2
D (1) OH HO. (1) D

(i) B,D,/THF >_<
(if) H,0,/OH }_( +

D OH D OH
both —D and both -OH both —D and both ~-OH
are in cis, plane of symmetry  are in cis, no element of symmetry
D (I1l) OH HO, (IV) D
+ +
D  OH
both —D and both -OH both —D and both -OH

are in trans, no element of symmetry are in trans, centre of symmetry

Total number of isomeric alcohols = 1 (I) + 2 (Il, enantiomers) + 2 (I,
enantiomers) + 1 (IV) = 6.




