Alcohols, Phenols and Ethers

'NCERT Intext Questions
Q. 1. Classify the following as primary, secondary and tertiary alcohols:
CH3
(i) CH3—C—CH,0H (ii) H,C = CH—CH,;0H
I
¥y HO—CH—CH,
(ifi) CH;—CH,—CH,—OH ()
CH,
|
CH,—CH—CH, C.H=CH—(I?—0H
1% Toi
) ©/ on (vi) CH,
Ans. (i) Primary (if) Primary
(iii) Primary (iv) Secondary
(v) Secondary (vi) Tertiary
Q. 2. Identify allylic alcohols in the above examples.
CH,
CH=(‘H—E—OH
Ans.  (if) H,C=CH—CH,OH (vi) ©/ \
& CH,4
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Q. 3. Name the following compounds according to IUPAC system.
CH,0H CH,OH
1

() CH;—CH,—CH —CH—CH—CH, (i) CH3—(|ZH—CHZ—(IIH—CH—CH3

CH:Cl CH; CH; OH
OH
(i) (iv) H;C= CH—CH—CH,;—CH;—CH;
Br |
OH
(O] CH3—(|: - (|:_CH20H
CH; Br
Ans. (i) 3-Chloromethyl-2-isopropylpentan-1-ol (ii) 2, 5-Dimethylhexane-1,3-diol
(iii) 3-Bromocyclohexanol (iv) Hex-1-en-3-ol

(v) 2-Bromo-3-methylbut-2-en-1-ol
Q.4. Show how are the following alcohols prepared by the reaction of a suitable Grignard reagent on

methanal? CH,0H

M CH3_C|H_CH20H (i)

CH,

(0] OMgBr
CH, CHMigBr + Bty DS CHy;—CH—CH
Ans. (D ¥ |\_i/ ¥ 2
CH, CH;
/OH H,0 adduct
Mg\Br+ CH3—(IJH—CH2—OH o
CH,

” Mgr\o CH,OMgBr CH,—OH
il
I H,0 OH
+ H—C-H 2, — + Mg<
ether ut Br

adduct

Q. 5. Write structures of the products of the following reactions.
0

” o NaBH,
@ CH;—CH=CH, —%0% . ) éCHZ A
: 0
(i) CHg—CHz—(fH—CHO B
CH;

Ans. () CH;—CH=CH, —"™° . CH, CH—CH,
Propene |

OH
Propan-2-ol
(ii) NaBH, is a weak reducing agent, it reduces the aldehydes/ketones and not the esters.
OH

0
2 1 P B
é{ﬂz—%—ocm NaBH, UCHZ E e

0

Methyl (2-oxocyclohexyl) Methyl (2-hydroxycyclohexyl)
ethanoate ethanoate
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NaBH,

(iif) CH;—CH,— CH—CHO CH;—CH,— CH—CH,0H
I I

CH; CH;
2-Methylbutanal 2-Methylbutan-1-ol
Q. 6. Give structures of the products you would expect when each of the following alcohol reacts with
(a) HCl1-ZnCl,, (b)HBrand (c) SOCIl,
(i) Butan-1-ol (ii) 2-Methylbutan-2-ol
Ans.  (a) With HCI-ZnCl, (Lucas reagent):

(i) CH;CH,CH,CH,—OH + HCl _AMAZC . No reaction at room temperature
Butan- 1 -ol(1°) (canc.)
G G
(D CH;—C—CH;CH, & Hol 20508 L o O CH,CH, +/Hi0
(l)H (conc.) (l:l
2-Methylbutan-2-ol 2-Chloro-2-methylbutane
(k) With HBr:
(i) CH;CH,CH,CH,0H + HBr i CH,CH,CH,CH,Br + H,0
Butan-1-o0l 1-Bromobutane
CH; CH,
| |
(i) CH3—(I_?—CH2CH3 + HBr Heat CH;—(II—CHECH3 + H,O
OH Br
2-Methylbutan-2-ol 2-Bromo-2-methylbutane

(¢) With SOCL,:
(i) CH;CH,CH,CH,0H + SOCl, — = . CH,CH,CH,CH,Cl + SO, + HCI
Butan-1-ol 1-Chlorobutane
CH; CH!

Heat

I I
(i) CH;—C—CH,CH; + SOCI, CH;—C—CH,CH; + SO, + HCI
| I

OH
2-Methylbutan=2-cl 2-Chloro -2 - methylbutane

Q.7. Predict the major product of acid catalysed dehydration of (i) 1-methylcyclohexanol and
(ii) butan-1-ol.
Ams. (i) Acid catalysed dehydration of 1-methylcyclohexanol can give two products, I and II. Since product (I)
is more substituted, according to Saytzeff rule, it is the major product.

CH, " CH; CH,
w o O O
-H,0
I-Methylcyclohexene Methylenecyclohexane
(Major product) (Minor product)

o + + +
(if) CHyCH,CH,CH,—OH ~*H» CH,CH,CH,CH,—OH, o> CH3CH,—CH—CH,
STARE

Butan-1-ol Protonated alcohol H
1° Carbocation (I)
(Less stable)
: +
A2didide, . CH,—CH—CH; —>CHy;—CH—CH—CH; + CHyCH,CH—CH,
2° Carbocation (II) But-2-ene But-1-ene
(Maore stable) (Major) (Minor)
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Ans.

Q.9.

Ans.
Q. 10.

Q.11

Ans.
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Ortho and para-nitrophenols are more acidic than phenol. Draw the resonance structures of the
corresponding phenoxide ions.
The resonance structures of 0- and p-nilmphennxide ions and phenoxide ion are given as follows:

0

GG o T

I
Resonance sm.lc[ures of o-nitrophenoxide ion

| o] 0 o]
@H — ) —
< & %

N o N\(; _ [ -
o o o G 0" o
VI V]I VI[I X X
Resonance structures of p-nitrophenoxide ion
(o)) 0 0 oY

B ¥
t-’_
X1 X1 X1 X

Resonance structures of phenoxide ion
It is clear from the above structures that due to —R-effect of NO, group, o-and p-nitrophenoxide ions are
more stable than phenoxide ion. Consequently, o- and p-nitrophenols are more acidic than phenol.
Write the equations involved in the following reactions:
(/) Reimer-Tiemann reaction (ii) Kolbe’s reaction
Refer to Points to remember 15.

Write the reactions of Williamson synthesis of 2-ethoxy-3-methylpentane starting from ethanol and
3-methylpentan-2-ol. [HOTS]

g
2CH;—CH,—CH—CH—OH + 2Na — 2CH;—CH,—CH—CH—ONa + H,
| | |

CHs CHs CHy CHj

3-Methylpentan-2-ol Sodium-3-methyl-2-pentoxide
A 3
CH,—CH,—OH + HBr —~— CH;—CH,—Br + H,0
Ethanol Bromoethane

CH3—CH2—(|:H—CH—61<13 + CH;—CH,—Br
CH3; CHsj S\2
= CH;—CHy— CH CH O CH, CH; + NaBr

CH; CHj
2-Ethoxy-3-methylpentane
Which of the following is an appropriate set of reactants for the preparation of

1-methoxy-4-nitrobenzene and why?

Br ONa
(i) + CH30Na (i) + CH;Br
NO, NO,

Chemically both sets are equally probable. In set (7), the Br atom is activated by the electron withdrawing
effect of —NO, group. Therefore, nucleophilic attack by CH,0™Na* followed by elimination of NaBr gives
desired ether, while in set (if) nucleophilic attack by 4-nitrophenoxide ion on methyl bromide gives the
desired ether.



O/_“
Set (i) CH;ONa® + _Slow

Set (ii) ¥ CH;fBr

Br OCH,4 Br OCH; Br OCH,
Y =
/N*) /N‘% +N8
= / [
o] \0' 05 Yo 07 o
-Br_JFas(
Br OCHs
S
=NaBr
NO,

1-Methoxy-4-nitrobenzene

Q. 12. Predict the products of the following reactions:

(i) CH;—CH,—CH,—0—CH; + HBr

iii) 0C,Hs Cone. H,80,
—_—
Conc. HNO3

HI

(iv) (CH;);C—0C,H;

[CBSE (F) 2012]

Ans. (i) CH,—CH,—CH,—0—CH, + H—Br —— CH;—Br + CH;—CH,—CH,—OH

OC,Hg

OH

(i) © + HBr —> (HBr + @

OC,Hs
(i) ©/ conc. H,80,

conc. HNOy

0C,Hs OC,H;

X
NO, NO,

Minor

(iv) (CH3)3C—OC,H; + HI —— (CH3)4C—I + C,H;—OH

Q. 1. Write the IUPAC names of the following compounds:

CH;
@ CH;.,—CH—CH—(ii—CHg
Cme On i,
(iii) CH;—CH—CH—CH;
OH (l)H
CH,

CH,
OH
® @' D) ©

OH

(@) CH3-(|,‘H--CH2—CH—CH—CH2-CH3

OH OH C,Hs
(iv) HOCH,—CHOH—CH,0H

CH, CH,

i} @ @JH
(vii) (viii)
I "H,

CH,
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(ix) CH;—O0—CH, _(T*H_CH3

CH;
(xf) CH—O—C,H,, (n-)

Ans. (i) 2,2, 4-Trimethylpentan-3-ol
({if) Butane-2, 3-diol
(v) 2-Methylphenol
(vii) 2, 5-Dimethylphenol
(ix) 1-Methoxy-2-methylpropane
(xi) 1-Phenoxyheptane

(i) 2-Methylbutan—2-ol

(v) 1-Ethoxypropane

(vif) Cyclohexylmethanol

(ix) Cyclopent-3-en-1-ol
CHs

Ans. (D) CH3—$4H2£H3

OH
CH; CH;

| |
(iid) CHE—CHz——(IZ—JCH2~(|j—CH3
t
OH OH OH
(¥) CH,CH,0 — CH,CH,CH,

O/CH2()H
(vif)

OH

(ix)

names.

Ans. Eight isomers are possible. These are:

() CH,CH,CH,CH,CH,0H
Pentan-1-ol(1%)

OH

(iii) CH3CH,—CH—CH;,CHj;
Pentan-3-0l(2°)

o = o e o o o e e = e e = = = = —— —— — — — —

(i) 3, 5-Dimethylhexane-1, 3, 5-triol

@) CgH;—O0—C,1I;

(xii) CH,CH,—0—CH—CH,—CH;
CH,4
(ii) 5-Ethylheptane-2, 4-diol
(iv) Propane-1, 2, 3-triol
(vi) 4-Methylphenol
(viii) 2, 6-Dimethylphenol
(x) Ethoxybenzene
(xii) 2-Ethoxybutane

Q. 2. Write the structures of the compounds whose IUPAC names are as follows:

(i) 1-Phenylpropan—2-ol

(iv) 2, 3-Diethylphenol

(vi) 2-Ethoxy—3-methylpentane
(viii) 3-Cyclohexylpentan-3—ol

(x) 4~Chloro-3-ethylbutan-1-ol

(i) @—CHZ—Cl.’H—CHS
OH

OH
2H;s
(iv)
2Hs

(#) CH;—CH—CH—CH,CH,
|

CH;CH,0 CH;

OH
(viil) CH;CHZ—(ll—CHZCHl

.

(x) HO—CH,—CH,—CH—CH,—CH,

l
CH:CI

Q.3 (i) Draw the structures of all isomeric alcohols of molecular formula CsH,;,0 and give their IUPAC

(ii) Classify the isomers in . 3(i) into primary, secondary and tertiary alcohols.

OH

|
(i) CH,CH,CH,—CH—CH,
Pentan-2-0l(2°)
CH,

(i) CH3CH,— CH —CH,OH
2-Methylbutan-1-ol(1%)



Q.4.
Ans.

Q.5.

Ans.

Ans.

Q.7.
Ans.

Q.8.

Ans.

|
I
I
|
|
I
|
|
|
|
|
|
|
l
I
|
|
l Q.6.
I
|
|
l
I
|
|
|
I
|
|
l
I
|
|
l

i i
(v) CH;—CH—CH,—CH,—0H (vi) CH;—C—CH,CH,
3-Methylbutan-1-ol(1°) |
2-Methylbutan-2-al (3°)
(|3H3 ICH3 (l)H
(vii) CH;—C—CH,0H (viii) CH,—CH—CH—CH,

| 3-Methylbutan-2-ol(2%)
CH;
2,2-Dimethylpropan-1-ol (1)
Explain why propanol has higher boiling point than that of the hydrocarbon, butane?
The molecules of butane are held together by weak van der Waal’s forces of attraction while those of
propanol are held together by stronger intermolecular hydrogen bonds.

&+ 6 B+ & &+ &
.............. H—(l) H —? H—O
|
C3Hy C;H, CsH,

Hence, the boiling point of propanol is much higher than that of butane.

Alcohols are comparatively more soluble in water than hydrocarbons of comparable molecular
masses. Explain this fact.
Alcohols can form H-bonds with water and break the H-bonds already existing between water molecules.
Hence, they are soluble in water.

o [ & B

In contrast, hydrocarbons cannot form H-bonds with water and hence are insoluble in water.

What is meant by hydroboration-oxidation reaction? Illustrate it with an example.
The addition of diborane to alkenes to form trialkylboranes followed by their oxidation with alkaline
hydrogen peroxide to form alcohols is called hydroboration—oxidation reaction.

CH3CH =CH, + (BHz)y —2— CH3—CH—CHy — 20— "2 (CH3CHyCHy),B—H
Propene -
H BH,

—AELERSEL o O, D, T
\’ tri=n=propylborane
(CH;CH,CH,);B + 3H,0, —22%9% _ 3¢H,CH,CH,0H + B(OH),

tri~n - propylborane n- Propylalcohol Boric acid
The alcohols obtained by this process is contrary to the Markovnikov’s rule.

Give the structures and IUPAC names of monohydric phenols of molecular formula, C;HgO.
The three isomers are given as follows:

OH OH
Hj
H
& 3
2 ’;’fg’_’({ﬁg{“" 3-Methylphenol 4-Methylphenol
N or m-Cresol or p-Cresol

While separating a mixture of orthe and para-nitrophenols by steam distillation, name the isomer
which will be steam volatile. Give reasons.

o-Nitrophenol is steam volatile as it exists as discrete molecules due to intramolecular H-bonding and hence
can be separated by steam distillation from p-nitrophenol which is less volatile as it exists as associated
molecules because of intermolecular H-bonding.
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Ans.

Q. 10.

Ans.

Q.11.
Ans.

Q. 12.

Ans.

Q.13.

Ans.

o = o e o o o e e = e e = = = = —— —— — — — —

2
O=N* H
+ +
----H—o—@—rﬂl—cr----}{—o §-0-
(0] (0]
o-Nitrophenol p-Nitrophenol
(Intramolecular hydrogen bonding) (Intermolecular hydrogen bonding)

Give the equations of reactions for the preparation of phenol from cumene. [CBSE 2020 (56/3/2)]

CH; CH,
CH;—CH CH;—C—0—0—H OH

. P CH,COCH

H,0 ERT 3

Cumene Cumene hydroperoxide Phenol Propanone

Write chemical reaction for the preparation of phenol from chlorobenzene.

-+
ONa OH
NaOH 623 K HC1
F———— _—
T8 300 atm
Chlorobenzene Sodium phenoxide Phenol

Write the mechanism of hydration of ethene to form ethanol.  [CBSE 2019 (56/4/2), 2020 (56/5/1)]
Direct addition of H,O to ethene in presence of an acid does not occur. Ethene is first passed through
conc. HyS0,, when ethyl hydrogen sulphate is formed.

H,S804 H' + ~0S0,0H
+ g
Ol —CH + HY — CHp—CH; — % 60,050, 0H
Ethene Ethyl carbocation L Ethyl hydrogen sulphate

Ethyl hydrogen sulphate when boiled with water undergoes hydrolysis to form ethanol.

. S f\« - 3 H
- T CHy*CH, 080,00 — =%, CHy CH,—0) {H
o

Sy
.
H,0

—» CH,—CH,—OH + H,Q"
Ethanol

You are given benzene, conc. H,SO, and NaOH. Write the equations for the preparation of phenol
using these reagents.

=+
SO,H ONa OH
conc. Hy,50 4 NaOH, fuse H/H,0
—_—
A 573K
Benzene Benzene Sodium Phenol
sulphonic acid phenoxide

Show how will you synthesise:
(i) 1-phenylethanol from a suitable alkene?
(i) eyclohexylmethanol using an alkyl halide by an Sy 2 reaction?
(iif) pentan-1-ol using a suitable alkyl halide?
(i) Addition of H,O to ethenylbenzene in presence of dil. H,SO, gives 1-phenylethanol.

@):HZCHZ Dil. H,50, @/?H—’CH 3
H— T
1 OH i 2adivion OH

Phenylethene 1-Phenylethanol
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Ans.

Q. 15.
Ans.
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(ii) Hydrolysis of cyclohexylmethyl bromide by aqueous NaOH gives cyclohexylmethanol.

H,Br H,OH
Heat
+ NaOEE ‘o + NaBr
Sy2. Hydrolysis
Cyclohexylmethyl Cyclohexylmethanol
bromide

(i) Hydrolysis of 1-bromopentane by aqueous NaOH gives pentan-1-ol.

Heat

CH;—CH,—CH,—CH,—CH,—Bt + NaOH

Sn2, Hydrolysis
1 -bromopentane
CH3CH,—CH,—CH,—CH,—OH + NaBr
Pentan-1-ol

Give two reactions that show the acidic nature of phenol. Compare acidity of phenol with that of
ethanol.
The reactions showing acidic nature of phenol are:

(i) Reaction with sodium: Phenol reacts with active metals like sodium to liberate H, gas.

OH ONa

2 + 2Na e 2 + H;
Phenol Sodium
phenoxide

(if) Reaction with NaOH: Phenol dissolves in NaOH to form sodium phenoxide and water.

-+
OH ONa

@ + NaOH e @ + H;0

Phenol Sodium phenoxide

Comparison of acidic character of phenol and ethanol: Phenol is more acidic than ethanol. This
is due to the reason that phenoxide ion left after the loss of a proton from phenol is stabilised by
resonance while ethoxide ion left after loss of a proton from ethanol is not stabilised by resonance.

HoH)) 0 0 0 W07
~ = -~
G p— ) —— &
11 IV

| 1 v

Explain why is ortho-nitrophenol more acidic than ortho-methoxyphenol. [HOTS]
Due to strong —R and —I-effect of the NO, group, electron density in the O—H bond decreases and hence
the loss of a proton becomes easy.

10—H ¢O—H QO +O—H_ -
@/Noz N\O— &N\O_
— " - and so on
~R-Effect

—I-Effect

Moreover, after the loss of a proton, the o-nitrophenoxide ion left behind is stabilised by resonance.

-
-

@ﬁﬁo T ﬁﬁo 0 L0
ﬁj Wy @’ W e o @f‘w\oi—> and so on

—I-Effect
This makes o-nitrophenol a stronger acid.

In contrast, due to + R effect, OCH, group increases the electron-density in the O—H bond thereby making
the loss of proton difficult.



Q. 16.

Ans.

.17

Ans.

.

:O—H O-=H

@Qﬁm—g « OCH,

Moreover, the o-methoxyphenoxide ion left after the loss of a proton is destabilised by resonance as the two
negative charges repel each other thereby making o-methoxyphenol a weaker acid.

-5 07

f /(fO:CH3 E T()* .+.CH3

Hence, o-nitrophenol is more acidic than o-methoxyphenol.

Explain how does —OH group attached to a carbon of benzene ring activate it towards electrophilic
substitution.

Phenol may be regarded as a resonance hybrid of following structures:

1OH +OH +OH OH :OH
&

o
0 (-
I 11 1L v v
Thus, due to +R-effect of the —OH group, the electron density in the benzene ring increases thereby
facilitating the attack of an electrophile. In other words, presence of —OH group, activates the benzene ring
towards electrophilic substitution reactions. Now, since the electron density is relatively higher at the two
o- and one p-position, electrophilic substitution occurs mainly at ¢- and p-positions.
Give equations of the following reactions:
(i) Oxidation of propan-1-ol with alkaline KMnO), solution.
(ii) Bromine in CS; with phenol.
(iii) Dilute HNO, with phenol.
(iv) Treating phenol with chloroform in presence of aqueous NaOH.
Alk. KMnO; (Oxidation)

(i) CH,CH,CH,OH + 2[0] = CH,CH,COOH
Propan- 1 -0l HAEL L) Propanoic acid
OH OH OH
- Br
.n e
(i) 0 — s %
Phenol o-Bromophenol
(Minor product) Br
p-Bromophenol
(Major product)
OH OH OH
(i) @ Dil. HNO, ©/ NO, i
Phenol a-Nitrophenol
(Major product) N02
p-Nitrophenol
{Minor product)
H ONa H
) CHCl3, NaOH, 343 K CHO H*, H,0 CHO
{Reimer=Tiemann reaction)
Phenol Salicylaldehyde
(Major product)

A small amount of p-hydroxybenzaldehyde is also formed.
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Q. 18. Explain the following with an example:
(i) Kolbe's reaction (if) Reimer-Tiemann reaction
(fif) Williamson ether synthesis (iv) Unsymmetrical ether
Ans. (i) Refer to Points to remember 15 (i).
(if) Refer to Points to remember 15 (ii).
(iif) Refer to Points to remember 15(v).
(iv) Unsymmetrical ether: If the alkyl or aryl groups attached to the oxygen atom are different, ethers are
called unsymmetrical ethers. For example, ethyl methyl ether, methyl phenyl ether, etc.
Q. 19. Write the mechanism of acid catalysed dehydration of ethanol to yield ethene.
[CBSE 2019 (56/4/1)1{CBSE 2023 (56/1/1)]
Ans. The mechanism of dehydration of ethanol involves the following steps:
Step 1: Formation of protonated alcohol

H H H H H

i L
H—(]I—(f—Q—H + H — H%|4|ZAQ—H

H H H H

Ethanol Ethyl oxonium ion

Step 2: Formation of carbocation: It is the slowest step and hence, the rate determining step of the

reaction.
H H H H H
|1 L Slow + o
H—(I:—Cl—Q—H — H—(i:—(l: + Hy0
H H H H
Step 3: Formation of ethane by elimination of a proton
)
H H
[—1—(::"(:+ P ;i >C:C< o
| H H
H H Ethene

The acid used in step 1 is released in step 3. To drive the equilibrium to the right, ethene is removed as it is
formed.

Q. 20. How are the following conversions carried out?
(i) Propene — Propan-2-ol
(i) Benzyl chloride —— Benzyl alcohol
(fif) Ethyl magnesium chloride —— Propan-1-ol
(iv) Methyl magnesium bromide 2 - Methylpropan -2 - ol
Amns. (i) Propan-2-ol can be prepared from propene by hydration as shown below:
CH;—CH = CH, + conc. H,SO4 —— CH3;—CH—CH;

Propene
0S0;H
Isopropy! hydrogen sulphate
CH;—CH—CH; — " CH;—CH—CH; + H,S0,
2
050:H OH
Propan-2-ol
CH,Cl1 CH,0OH
(i) + NaOH (ag) L + NaCl

Benzyl chloride Benzyl alcohol
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Ans.

. gl 5 45
H>C=0+CH3CH2—MgCl Byter,,

Methanal

(iif) [CH,CH,CH,0MgCl]

Additi duct
Ethyl magnesium chloride i e

H,0/H*
CH;CH,CH,O0H + Mg(OH)Cl

H lysi
ydrolysis Propan-1-ol

CH3-\+5 /—\6 -8 +3
/CZO + CH; — MgBr
CH; f R

Propanone or Acetone

CHy~_ _-CH,
CHy~ ™ OMgBr
Addition product

Dry ether

(iv)

H,O/H* CH3~_ o _~CH,

CH,~~  ™SOH
2-Methylpropan-2-ol

Hydrolysis * Mg(OH)Bl’

Name the reagents used in the following reactions:
(i) Oxidation of primary alcohol to carboxylic acid
(ii) Oxidation of a primary alcohol to aldehyde
(#ii) Bromination of phenol to 2, 4, 6-tribromophenol
(iv) Benzyl alcohol to benzoic acid
(v) Dehydration of propan-2-ol to propene
(vi) Butan-2-one to butan-2-ol
(i) Acidified potassium dichromate solution (K,Cr,0./H,80,) or alkaline potassium permanganate
solution (KMnO,/OH") followed by hydrolysis with dil. H,SO,.
(i) Pyridinium chiorochromate (PCC), CSHSRIHCICIOg in CH,Cl,
(iii) Aqueous bromine (Br,/H,0)
(iv) Acidified or alkaline potassium permanganate.
(v) Conc. H,80, at 433-443 K.
(vi) Lithium aluminium hydride (LiAlH,) or sodium borohydride (NaBH,)
Give reason for the higher boiling point of ethanol in comparison to methoxymethane.

Ethanol undergoes intermolecular H-bonding due to the presence of a hydrogen attached to the
electronegative oxygen atom. As a result, ethanol exists as associated molecules.

....... )5 T YO & S TONNNN, & S FO

[CBSE (F) 2014]

CH,CH; CH,CH, CH,CH,

Consequently, a large amount of energy is required to break these hydrogen bonds. Therefore, the boiling
point of ethanol is higher than that of methoxymethane which does not form H-bonds.

Give the [IUPAC names of the following ethers:

() C;H,0CH,—CH—CH,
|

CH,
(iif) O;N—CH,—OCH, (p)
H,C_ CH,
»)

)C,H,
(i) 1-Ethoxy-2-methylpropane
(iii) 4-Nitroanisole
(v) 4-Ethoxy-1, 1-dimethylcyclohexane

Ans.

(i) CH,OCH,CH,CI

(iv) CH;CH,CHLOCH,

(vi)

OC,H,
(ii) 2-Chloro-1-methoxyethane
(iv) 1-Methoxypropane

(vi) Ethoxybenzene
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Q. 24. Write the names of reagents and equations for the preparation of the following ethers by Williamson’s

synthesis:
(i) 1-Propoxypropane (ii) Ethoxybenzene
(iii) 2-methoxy-2-methylpropane (iv) 1-Methoxyethane [CBSE 2020 (56/4/2)]

Ans. () CH;CH,CH,O Na' + CH;CH,CH, Ly e, CH3CH,CHy—O—CH,CH,CH; + NaBr

Sodium propoxide I-Bromopropane 1-Propoxypropane
O™Na* OCH,CH,
e A
(i) @ + CH;CHr(Er — + NaBr
Sodium phenoxide Bromoethane Ethoxybenzene

CH3 T CH;
(m) 2% [\ it |
—(I: O"Na* + CH;LBr —— CH;—?—OCH; + NaBr

CH; Bromomethane CH,
2-Methoxy-2-methylpropane
; o T
(V) CH,CH,0"Na* + CH;-LBr —™ _, CH,—CH,—0—CH, + NaBr
Sodium ethoxide Bromomethane {-Methoxyethane
Q. 25, Illustrate with examples the limitations of Williamson synthesis for the preparation of certain type of
ethers.
Ans. (i) Williamson’s synthesis cannot be employed for tertiary alkyl halides as they yield alkenes instead of
ethers. The reaction of CH,ONa with (CH,);C—Br gives exclusively 2-methylpropene.
CHs

CH,—C—Br + Na—O—CH; —— CHy;—C — CH, + NaBr
I o l

CH; CH;
(i) Aryl halides and vinyl halides cannot be used as substrates because of their low reactivity in
nucleophilic substitution.

Q. 26. How is 1-propoxypropane synthesised from propan-1-ol? Write mechanism of this reaction.
Ans. The following method can be used:
Williamson's synthesis
(9) 3CH;CH,CH,0H + PBr; —— 3CH;CH,CH,Br + H3PO;
Propan=1-=ol 1 = Bromopropane
(#i) 2CH;CH,CH,OH + 2Na —— 2CH,CH,CH,0™Na® + H,
Propan=1-ol Sodium propoxide

A

Mechanism: CH,;CH,CH,0™Na* + CH3CH2CH2—Br M» CH,;CH,CH,—0—CH,CH,CH, + NaBr
1-Propoxypropane
Q. 27. Preparation of ethers by acid-catalysed dehydration of secondary and tertiary alcohols is not a
suitable method. Give reason.
Ans. Acid-catalysed dehydration of primary alcohols to ethers occurs by Sy2 reaction involving nucleophilic
attack of the alcohol molecule on the pro[nnated alcohol molecule.

CH,CH,CH, O H + CH,CHCH, L b1, e CHiCHCH,— §— CH,CH,CH,

Under these conditions, secondary and tertiary alcohols, however, give alkenes rather than ethers. This
is because due to steric hindrance, nucleophilic attack of the alcohol molecule on the protonated alcohol
molecule does not occur. Instead, protonated secondary and tertiary alcohols lose a molecule of water to
form stable secondary and tertiary carbocations. These carbocations prefer to lose a proton to form alkenes
rather than undergoing nucleophilic attack by alcohol molecule to form ethers.

o = o e o o o e e = e e = = = = —— —— — — — —



Q. 28.

Ans.

Q. 29.

Ans.

i / |
CH;—CH— OH s GOl ik g:tn—lg e CH;—CH"
Propan-2-ol -H Protonated propan-2-ol : Isopropyl carbocation
(2° Alcoholy (2° Carbocation)
CH, CH; . CH,
| v ol CH,CH O HCH, | o
CH;—CH—Q—CH—CH; <——>—— CH;—CH —+ CH;—CH=CH,
2-Propoxy-2-propane =H Propene

Similarly, tertiary alcohols give alkenes rather than ethers.

. [
CHHC—OH =  (CHHCLOH, —e  (CHC

-H,0
2-Methylpropan-2-ol - Protonated terr-Buryl
(3° Alcohol) 2-Methylpropan-2-ol carbocation
CHj; CH; . CH; CH;
1 - (CH;:COH Ly |
CH;—C—Q —C—CHs -Qﬁ— CHy—C"  ——— CH;—C=CH,
(I:H3 CI.H3 - (IZ‘H3 2-Methylprop-1-ene
2-Methyl-2-(2-methyl- tert-Butyl
2-propoxy) propane carbocation
Write the equation for the reaction of hydrogen iodide with
(i) l-propoxypropane (i) methoxybenzene (iii) benzyl ethyl ether
HI
(i) CH,CH,CH,—0—CH,CH,CH; ——— CH,CH,CH,—OH + CH,CH,CH,—I
1 -Propoxypropane I Propan- 1-ol lodopropane
OCH, OH
(i) _HLIBK @ + CH—I
Methoxybenzene Phenol lodomethane
CH;~0—C,H, CH,I
(iid) BT + C,H,OH
Benzyl ethyl ether Benzyl iodide Ethanol

Explain the fact that in aryl alkyl ethers (i) the alkoxy group activates the benzene ring towards
electrophilic substitution and (i) it directs the incoming substituents to ortho and para positions in
benzene ring.

Electrophilic substitution reactions: In aryl alkyl ethers, the +R-effect of the alkoxy group (OR)
increases the electron density in the benzene ring thereby activating the benzene ring towards electrophilic
substitution reactions.

CiEiR +0R +OR ¢+OR :OR
E— o) —D—
e
I 1 11 v %

Since the electron density increase more at the two ortho and one para position as compared to m-positions,
electrophilic substitution reactions mainly occur at 0-and p-positions. For example,

OCH, OCH, OCH,
conc. HNOy NO: i = [
e e R
+ conc. H,80, =
Anisole a-Nitroanisole
(Minor) i NC_)Z
p-Nitroanisole
(Major)



Q. 30. Write mechanism of the reaction of HI with methoxymethane.
Ans. With equimolar amounts of HI and methoxymethane, a mixture of methyl alcohol and methyl iodide are
formed by the following mechanism:

H
'/_\‘ Protonation I+ -
Stepl: CH;—O—CH, + H-I CH;—0CH, + I
Methoxymethane Fast Dimethyloxonium ion
H
-/h ™ f\|+ 5.2
StepIl: " + CHy~O—CH; —>2  CHy— + CH;0OH

Methyl iodide Methyl alcohol

If excess of HI is used, methyl alcohol formed in step I1 is also converted into methyl iodide by the following

mechanism:
o H
“/_ /\ Protonation I+ -
StepIIl: CHy—O—H + HI o222, oy o H + |
Methyl alcohol st Protonated methyl alcohol

- LT |+ 82
StepIV: ' + CH;—O—H —= __, CH,—I + Hy0
- i Methyl iodide ~ Water
Q.31. Write equations of the following reactions:
(i) Friedel-Crafts reaction—alkylation of anisole
(i) Nitration of anisole
(fif) Bromination of anisole in ethanoic acid medium
(iv) Friedel-Crafts acetylation of anisole.
Ans. (i) Friedel-Crafts reaction (Alkylation):

OCH, OCH, CH,

Anhyd. AICI
@ + CHLEl y('s : e iy ¥+ &
g |

2-Methoxytoluene
(Minor) CHs
4-Methoxytoluene
(Major)

(i) Nitration of anisole: Anisole reacts with a mixture of concentrated sulphuric and nitric acids to yield
a mixture of ortho and para nitroanisole.

OCH, OCH, OCH,

H,50, NO, £
HNO,

o-Nitroanisole

(Minor) N 02
p-Nitroanisole
(Major)
(iii) Halogenation:
OCH, OCH,4 OCH,
£ Bry in Br
( —
@ Ethanoic acid ¥
Anisole o-Bromoanisole
Br (Minor)
p-Bromoanisole
(Major)



(iv) Friedel-Crafts acetylation of anisole:

OCH;,4 OCH,4 OCH;
@ + CHycoC]  Auyd AlCk, @COCH3 + [0
Ethanoyl 2-Methoxy
chloride acetophenone COCH;
(Minor) 4-Methoxy acetophenone
(Major)
Q. 32. Show how would you synthesise the following alcohels from appropriate alkenes? [HOTS]

CH, on
() O<on (i) \/\{/V

OH
@iy A (i) OH

Ans. As addition and elimination are opposite to each other, the general strategy is to first dehydrate alcohol to
give either a single alkene or a mixture of alkenes. If a mixture of alkenes is possible, then find out which
of the alkenes will give the desired product.

i QP CH, H,
0] ydration
OH —b—Hgo +
1-Methylcyclohexan-1-ol 1-Methylcyclohexene Methylenecyclohexane

Addition of H,O to both these alkenes gives 1-methylcylohexan-1-ol.

oy u +,CH; % H,
— By L.
1-Methylcyclohexene terr. Carbocation Methylenecyclohexane
H,0¢
CH, CH,
i)
G = W
H 1-Methylcyclohexan-1-ol
(i) \/\Icﬁ{\/ pERypation.
= \/W
4-Methylheptan-4-ol 4-Methylhept-3-ene

Addition of H,O to 4-methylhept-3-ene in presence of an acid gives the desired alcohol.

OH

H
\/\W + H H Markovnikov's \/\l/\/

i 4-Methylheptan-4-ol

OH
(i) M Dehydration
_—
5,0 TN B ANON
Pentan-2-ol Pent-1-ene Pent-2-ene

Addition of H,O to pent-1-ene gives pentan-2-ol.

OH
H+
+ HHOH ———
NN Mark, addition
Pent-1-ene Pentan-2-ol
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Now, addition of H,O to pent-2-ene gives a mixture of pentan-2-ol, pentan-3-ol.

OH
A B0 — T A o /E/\
H

Pent-2-ene Pentan-2-ol Pentan-3-ol

Hence, the desired alkene is pent-1-ene and not pent-2-ene.

(iv) Dehydration = g &
_
OH -H>0
2-Cyclohexylbutan-2-ol 2-Cyclohexylbut-2-ene 2-Cyclohexylidenebutane

Now addition of H,O to both 2-cyclohexylbut-2-ene and 2-cyclohexylidenebutane in presence of an
acid gives 2-cyclohexylbutan-2-ol.

o e oo

2-Cyclohexylbut-2-ene - 2-Cyclohexylidenebutane 2-Cyclohexyl-but-1-ene
—H*[+H,00

OH
2-Cyclohexylbutan-2-ol

Q.33. When 3-methylbutan-2-ol is treated with HBr, the following reaction takes place.
Br

HEr

CH;—CH—CH—CH, CH,—C—CH,—CH,
|

CH; OH CH;
Give a mechanism for this reaction.
(Hint: The secondary carbocation formed in step II rearranges to a more stable tertiary carbocation by a
hydride ion shift from 3rd carbon atom.)
Ans. Mechanism: The reaction takes place through the following mechanism:

Step I: Formation of protonated alcohol.
Fast

CH3—(|2H—CH—CH3 +H" =—— CH;—CH—CH—CH;
/ +
CH, 10— ¥ CH, :0—H
N~ =
= H
Step II: Formation of carbocation.
CHy—CH—CH—CH, S CH;—CH—CH—CH; + H,0
CH; '0—H CH,
ll‘l 2° carbocation (less stable)

2° carbocation being less stable undergoes 1, 2 hydride shift to form more stable 3° carbocation.

£ ) 1,2 Hydride shift +

Cl—lE—t\'E_‘H—EH—CH3 + Hy0 m—m—m— CH34|:4CH2—CH3

CH, CHgy

2° carbocation 3° carbocation (more stable)
Step III: Attack of nucleophile
e Br

= TN L |
CH;—(E—CHZ—CH3 +Br ——» CHJ—CI—CHZ—CH3

CH; CHj,

2-Bromo-2-methylbutane
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Multiple Choice Questions

Choose and write the correct option(s) in the following questions.

1.

10.

The C—O—H bond angle in alcohol is [CBSE 2022 (56/3/4)]
(a) slightly greater than 109°28". (b) slightly less than 109°28'.
(c) slightly greater than 120°. (d) slightly less than 120°.
How many alcohols with moelecular formula C,H,,0 are chiral in nature? [NCERT Exemplar]
(a) 1 (b)2 )3 (d) 4
IUPAC name of m-cresol is I [NCERT Exemplar]
(a) 3-methylphenol (k) 3-chlorophenol (c) 3-methoxyphenol  (d) benzene-1, 3-diol
CH,
|
The correct IUPAC name of CHS—IC—CHJZH; is [CBSE 2020 (56/2/1)]
OH
(a) tert-butyl alcohol (b) 2, 2-Dimethylpropanol
(¢) 2-Methylbutan-2-ol (d) 3-Methylbutan-3-ol
IUPAC name of the compound CH 3—(‘3H—0Ci-l L is = [NCERT Exemplar]
CH;4
(a) 1-methoxy-1-methylethane (b) 2-methoxy-2-methylethane
(¢) 2-methoxypropane (d) isopropylmethyl ether

The C—O bond length in phenol is less than that in methanol due to
(a) partial double bond character of oxygen with aromatic ring

b sp2 hybridised carbon to which oxygen attached

(¢) sp° hybridised carbon

(d) both (@) and (b)

Which of the following are not used to convert RCHO into RCH,0H?

() Ho/Pd (b) LiAIH,
(c) NaBH, (d) Reaction with RMgX followed by hydrolysis
Which of the following reactions will not yield phenol?
Cl NH,
() Fusion with NaOH at 300 atm (1) NaNO,/HCl
@ © (i) H,OH" @& © (i) H, 0 (Warming)
Cl1
: (#) Oleum (i) NaOH(ag), 298 K/1 atm
((‘) (ify NaOH (Heating) (i) u* (d) @ (i) HC1
Which of the following alcohols will not undergo oxidation? [CBSE 2023 (56/5/2)]
(a) Butanol (b) Butan-2-ol
() 2-Methylbutan-2-ol (d) 3-Methylbutan-2-ol
Which of the following species can act as the strongest hase? [NCERT Exemplar]

(2) ®OH (b) ®OR () ®OCH, @ @O—Q
0,
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11.

12.

13.

14.

15.

17.

18.

1.

20.

21.

22

o = o e o o o e e = e e = = = = —— —— — — — —

Phenol is less acidic than " [NCERT Exemplar]
(a) ethanol (b) o-nitrophenol (¢) o-methylphenol (d) o-methoxyphenol

Which is the correct order of acid strength of the following?

(a) C¢HsOH > H,0 > ROH > HC=CH (b) C¢HsOH » ROH » H,0 > HC=CH

(¢) C4gHsOH > HC=CH > H,0 > ROH (d) C4Hs0H > H,0 > HC=CH > ROH

Mark the correct order of decreasing acid strength of the following compounds. [NCERT Exemplar]

OH OH OH OH OH
Ei (> @ @m E>
NO,

OCH;

@ (i) (i) (iv) »)
(@) (v) > (iv) = (ii) > (i) = (iii) (B) (i) = (iv) > (i) = (i) > (v)
() (iv) > (V) > ({id) > (i) > (i) (d) (v) = (iv) > (i) = (i) > (i)
During dehydration of alcohols to alkenes by heating with concentrated H,50,, the initiation step
is: [CBSE Sample Paper 2022]
(a) protonation of alcohol molecule (b) formation of carbocation
(c) elimination of water (d) formation of an ester
‘Which of the following reactions are feasible? [CBSE 2023 (56/2/1)]

(a) CH5CH,Br + Na* O"C(CH;); —— CH;CH,—0—C(CH,),
(b) (CH;);C—Cl + Na* O"CH,CH; —— CH,;CH,—0—C(CH,),
(c) Both (&) and (b)

(d) Neither («) nor (b)

The synthesis of alkyl fluoride is best obtained from: |CBSE 2023 (56/1/1)]
(a) Free radicals (b) Swarts reaction

(c) Sandmeyer reaction (d) Finkelstein reaction

The compound that reacts fastest with Lucas reagent at room temperature is

() butan-1-ol (b) butan-2-ol

() 2 methylpropan-1-ol (d) 2-methylpropan-2-ol

CH,CH,0H can be converted into CH,CHO by . [NCERT Exemplar]
(a) catalytic hydrogenation (b) treatment with LiAIH,

(c) treatment with pyridinium chlorochromate  (d) treatment with KMnQ,
An alcohol on oxidation is found to give CH;COOH and CH;CH,COOH. The structure of the alcohol is:

(a) CH;CH,CH,OH (b) (CH;),C(OH)CH,—CH,
(¢) CH;(CH,);CH,OH (d) CH;CHOHCH,CH,CH;
Which of the following compounds will react with sodium hydroxide solution in water?
[NCERT Exemplar]
(a) C,H;OH (b) C4H;CH,OH (¢) (CH;); COH (d) C,H;OH
OH ONa
@ CHCly + NaOH @’ CHO
The electrophile involved in the above reaction is:
(a) "CHO (b) *CHCl, & CeL (d) :CCl,
Monochlorination of toluene in sunlight followed by hydrolysis with ag. NaOH yields.
[NCERT Exemplar]
(a) o-Cresol (b) m-Cresol
(¢) 2, 4-Dihydroxytoluene (d) Benzyl alcohol
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23.

24.

25.

26.

27.

(@)

(&)

)
@)
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Which of the following compounds is oxidised to methyl ethyl ketone?

(a) 2-Propanol (k) 1-Butanol (¢) 2-Butanol () tert. Butyl alcohol
CH;
The reaction of CH;—(II—Br with NaOCH, forms the product
&,
CH, CH,4
(a) CH;—O—(:Z—Br (&) CH;—(|3:CH2 () CHE—(li—DNa (d) CH3—(|ZH—CH:CH2
CH; CH; CH, CH,

Which of the following analogue is correct?

(@) o-nitrophenol : pk, value (7.2) :: m-nitrophenol : pk, value (7.1)

(b) Benzene-1, 2-diol : Catechol :: Benzene-1, 4-diol : Quinol

(¢) CgH(OH)CHO : Salicylaldehyde :: C4H5(OHYCOO™Na" : Salicylic acid

(d) n-pentane : B.P. (309.1 K) :: Ethoxy ethane : B.P. (390 K)

Williamson’s synthesis of preparing dimethyl ether is an: [CBSE Sample Paper 2022]
(a) Syl reaction (b) Elimination reaction

(c) Sy2 reaction (d) Nucleophilic addition reaction

Match the species in column I with the corresponding boiling point in column II and choose the
correct answer using the codes given below:

(i) CH,CH,0H A.373K
(i) CH,—O—CH, B. 348K
(i) H,0 C. 351K
(iv) CH;CH,—0—CH,CH, D. 248 K
(a) () —C, (i) — D, (iti)) — A, (iv) — B (b) (Y — A, (it)— B, (ii)) — C, (i) —D
(c) () — B, (i — D, (it)) — A, (v) —C (d) (i) — D, (it) — B, (iii) — A, (iv) — C
Answers

L3 2@ 3@ 4 5.0 6@ T 8D %@ 10.(h)
1L(h) 12 13.) 14 15.(@ 16 1. 18.()0 19.(d) 20.(a)
A 2.0 23.()  24.()  25.(b) 26.(h) 21.(a)

Assertion-Reason Questions

In the following questions, two statements are given—one labeled Assertion (A) and the other labeled
Reason (R). Select the correct answer to these questions from the codes (a), (b), (¢) and (d) as given below:

Both Assertion (A) and Reason (R) are correct statements, and Reason (R) is the correct explanation of
the Assertion (A).

Both Assertion (A) and Reason (R) are correct statements, but Reason (R) is not the correct explanation
of the Assertion (A).

Assertion (A) is correct, but Reason (R) is incorrect statement.
Assertion (A) is incorrect, but Reason (R) is correct statement.
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10.

11.

12

Assertion (A) : IUPAC name of the compound

Reason (R) :

Assertion (4) :

Reason (R) :

.

Assertion (4) :
Reason (R) :

Assertion (4) :

Reason (R) :

.

Assertion (A) :
Reason (R) :

Assertion (4)

Reason (R) :

Assertion (A) :

CHs_CI:H_D_CHz_CHz_CHJ is 2-Ethoxy-2-methylethane.
CH,
In IUPAC nomenclature, ether is regarded as hydrocarbon derivative in which
a hydrogen atom is replaced by —OR or —OAr group [where R = alkyl group and
Ar = aryl group].
The boiling point of ethanol is higher than methoxymethane.
There is intramolecular hydrogen bonding in ethanol.
C,H;OH is a weaker base than phenol but is a stronger nucleophile than phenol.

In phenol the lone pair of electrons on oxygen is withdrawn towards the ring due to
resonance. [CBSE Sample Paper 2020)

o-Nitrophenol is less soluble in water than the m- and p-isomers.
m- and p- Nitrophenols exist as associated molecules.
o-nitrophenol is a weaker acid than p-nitrophenol.

Intramolecular hydrogen bonding makes ortho isomer weaker than para isomer.
[CBSE 2020 (56/2/1)]

: p-nitrophenol is more acidic than phenol.

.

N

Reason (R) :
Assertion (4) :
Reason (R) :

. Assertion (4) :

.

Reason (R) :

Assertion (4) :

.

Reason (R) :
Assertion (4) :

Reason (R) :

.

Assertion (4) :
Reason (R) :

Nitro group helps in the stabilisation of the phenoxide ion by dispersal of negative charge
due to resonance.

In lucas test, 3° alcohols react immediately.

An equimolar mixture of anhyd. ZnCl, and conc. HCl is called Lucas reagent.

Phenol on oxidation with chromic acid gives benzoguinone.

Pure phenol is colourless but turn pink due to oxidation to phenoguinone.

Phenol is more reactive than benzene towards electrophilic substitution reaction.

In the case of phenol, the intermediate carbocation is more resonance stabilized.
Phenols give o- and p-nitrophenol on nitration with conc. HNO, and H,S0, mixture.
—OH group in phenol is 0—, p—directing.

Like bromination of benzene, bromination of phenol is also carried out in the presence of
Lewis acid.

Lewis acid polarises the bromine molecule.

The reaction of phenol with acid chloride to form ether occurs in the presence of pyridine.

Pyridine is a base so it neutralises the HCI formed and proceeds the reaction.

13. Assertion (A) : The C-O-H bond angle in alcohols is slightly less than the tetrahedral angle.

Reason (R) : This is due to the repulsive interaction between the two lone electron pairs on oxygen.

[CBSE 2020 (56/3/1)]

14. Assertion (A) : Methoxy ethane reacts with HI to give ethanol and iodomethane

Reason (R) : Reaction of ether with HI follows $,2 mechanism [CBSE Sample Paper 2021]
15. Assertion (A) : (CH,); C—O—CH, gives (CH;); C—I and CH4OH on treatment with HIL.

Reason (R) : The reaction occurs by Syl mechanism. [CBSE 2020 (56/4/1))

Answers

1. (d) 2.0 3.(d) 4.(b) 5.(a) 6. (a) 7.(b) 8.(b) 9. (a) 10. (d)

L. 12.@

o e ——————————————————————————— — —
b=

13. (a) 14.(a) 15.(a)



Passage-based/Case-based/
Source-based Questions

Read the given passages and answer the questions that follow.

PASSAGE-1

Alcohols and Phenols are acidic in nature. Electron withdrawing groups in phenol increase its acidic strength
and electron donating groups decrease it. Alcohols undergo nucleophilic substitution with hydrogen halides to give
alkyl halides. On oxidation primary alcohols yield aldehydes with mild oxidising agents and carboxylic acids with
strong oxidising agents while secondary alcohols yield ketones. The presence of —OH groups in phenols activates
the ring towards electrophilic substitution. Various important products are obtained from phenol like salicylaldehyde,
salicylic acid, picric acid etec.

1. Give the structure of an alcohol which is resistant to oxidation?

2. Name any one group that increases the acidic character of phenol?

3. Consider the following reaction:

OH
(i) NaOH, CO, (i) CHCl; + ag. Nn()HY
() H* (i) H*

Identify X and Y.
OR

p-nitrophenol is a stronger acid than phenol while p-cresol is a weaker acid. Why?
Answers

CHs
|
1. CH;—‘C—OH
CH;
3° alcohols do not undergo oxidation because they do not have a-hydrogens.

2. NO, is electron withdrawing group, due to which it increase the stability of phenoxide ion.

OH OH OH
COOH (/) NaOH, CO» (i) CHCl3 + ag. NaOH CHO
3. (i) H* (i) H*
Salicylic acid (X) Phenol Salicylaldehyde (Y)
OR

This is because —NO, decreases electron density on oxygen of O—H group making p-nitrophenol a
stronger acid. While —CH, group increases electron density.

PASSAGE-2

Williamson synthesis is one of the best methods for the preparation of ethers. It involves the treatment of
an alkyl halide with a suitable sodium alkoxide. Williamson’s synthesis involves nucleophilic substitution of the
halogen atom of an alkyl halide by an alkoxide group as shown below:

R—O™Na" + R'X R—O—R' + NaX

When alkyl halide used in the reaction is primary, Williamson’s synthesis proceeds via Sy2 mechanism
leading to the formation of an ether. This method is a versatile method for the synthesis of both symmetrical and
unsymmetrical ethers.
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Name the alkyl halide and sodium alkoxide used to synthesise tert-butyl ethyl ether.

‘What happens when benzyl ethyl ether reacts with HI?

Why is Williamson’s synthesis not applicable when the alkyl halide used is tertiary?
OR

(CH3)3C—0—CHj on reaction with HI gives (CH;);C—I and CH;—OH as the main products
and not (CH;);C—OH and CH;—I. Give reason.

Answers

Ethyl bromide and sodium tert-butoxide.
Benzyl iodide and ethyl alcohol will be formed after the reaction of benzyl ethyl ether with HI.
This is because 3° alkyl halides are highly susceptible to dehydrohalogenation in the presence of sodium
alkoxides and elimination reaction occurs.

OR
The reaction between (CH;);COCH, and HI follows Sy 1 mechanism. For an Sy 1 reaction, the formation of
product is ggntrolled by stability of the carbocation formed in the slowest step. Since fert.butyl carbonium
ion (CH,;),C formed after the cleavage of C—O bond in the slowest step is more stable than methyl

@
carbonium ion (CH,) therefore (CH;)sC—I and CH;OH are the main products.

CONCEPTUAL QUESTIONS

Q.1

Ans.

Q.2.

Ans.

Ans.

Q.4.

Ans.

Q.5.

Ans.

o = o e o o o e e = e e = = = = —— —— — — — —

Write the IUPAC name of the following compound: [CBSE (Al) 2017]
H;C—C = C—CH,—0H
L.

CH; Br
2-Bromo-3-methylbut-2-en-1-0l
Write the IUPAC name of the following compound: [CBSE (Al) 2017]

@/CH=CH—CHZ—OH

Ana@y I o3 2 L R

‘ @ REANSTT  HeRd e, i 3-“%45%;1—9&

[Topper’s Answer (Al) 2017]
Write the IUPAC name of the following compound: [CBSE Chennai 2015]
CH;—O—CH;—CIH—CHE,
OH
1-methoxypropan-2-ol
How would you convert ethanol to ethene? [CBSE (Al) 2011]
CH;CH, 0 — =00 | oy Ol #HG0
Ethanol nE Ethene:
How will you synthesise the following alecohol from appropriate alkene: [CBSE 2019 (56/4/1)]
OH
OH

CH, C—CHCH, —22%

CH3—(|I~CH2CH3
|
CH, CH,
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Q.6.

Ans.

Ans.

Q.8.
Ans.
Q.9.

Ans.

Q. 10.

Ans.

Q.11

Ans.

Q. 12.

Ans.
Q. 13.

Ans.

Q. 14.

Ans.

Q. 15.

Q. 16.

Ans.

o = o e o o o e e = e e = = = = —— —— — — — —

Why orthe-nitrophenol is steam volalite while para-nitrophenol is not? [CBSE 2023 (56/2/1)]

Due to intramolecular H-bonding o-nitrophenol exists as a discrete molecule whereas due to intermolecular
H-bonding p-nitrophenol exists as associated molecules. As a result of this p-nitrophenol has higher boiling
point than o-nitrophenol.

Of the two hydroxy organic compounds ROH and R'OH, the first one is basic and the other is acidic
in behaviour. How is R different from R’?

R is an alkyl group whereas R’ is an aryl group.

Arrange the following compounds in the increasing order of their acid strengths:

4-nitrophenol, phenol, 2, 4, 6-trinitrophenol [CBSE (F) 2013]
Phenol < 4-nitrophenol < 2.4,6-trinitrophenol
Phenol is an acid but does not react with sodium bicarbonate solution. Why? [HOTS]
Phenol is a weaker acid than carbonic acid (H,CO;) and hence does not liberate CO, from sodium

bicarbonate.

Suggest a reagent for conversion of ethanol te ethaneic acid. [NCERT Exemplar]
(f) CrO; - H,80y
(i) KMnO/OH™

(i) Hy0"
(iv) Acidified KMnQ, or K,Cr,0,
How is toluene obtained from phenol? [CBSE Delhi 2013C)
OH CH,
@ Zn (dust) @ +CH;ClAhyd. AICT; @
—A’ et
Phenol Toluene
Suggest a reagent for the following conversion:
OH 0

A\N /'\\)K/ [NCERT Exemplar]

Cr0Oj, Pyridine and HCI (Pyridinium chlorochromate)

What is denatured alcohol? [NCERT Exemplar]
Alcohol is made unfit for drinking by mixing some copper sulphate and pyridine in it. This is called
denatured alcohol.

Explain why sedium metal can be used for drying diethyl ether but not ethyl alcohel. [HOTS]
Due to presence of an active hydrogen atom, ethyl alcohol reacts with sodium metal.
-+
2CH;—CH,—OH + 2Na 2CH;—CH,—ONa + H,
Diethyl ether, on the other hand, does not have replaceable hydrogen atom therefore does not react with
sodium metal hence can be dried by metallic sodium.

What is the order of dehydration of primary, secondary and tertiary alcohols?

Tertiary alcohols > Secondary alcohols > Primary alcohols

Name the reagents used in the following reactions: [CBSE (F) 2014]
Friedel-Crafts alkylation of anisole

Anhydrous aluminium chloride (anhyd. AlCI;)
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Short Answer Questions-I

Each of the following questions are of 2 marks.
Q.1. How will you convert:

(i) Propene to Propan-1-ol? (ii) Ethanal to Propan-2-01? [CBSE Delki 2013]
Ans. () CHsCH= CH; +HBr — =2 . CH,CH,CH,Br —2299 . . CH,CH,0H 1
Propene Propan-1-ol
CHy~ C—p —CHaMe! CHy~ o o~ OMgl  y*po CHiy c _~OH
ii R et T 1
LA H- “NCH, B SCH,
Ethanal Propan-2-ol

[CBSE Marking Scheme Delhi 2013 (56/5/1)]

Q. 2. Which is a stronger acid—phenol or cresol? Explain.

Ans. All the cresols are weaker acids than phenols. Methyl group has +I effect (positive inductive effect) as well
as hyperconjugation effect but the hyperconjugation effect predominates over the +I effect. Since both
these effects increase the electron density on the O—H bond and hence all the cresols are weaker acids than
phenols.

As hyperconjugation effect can operate only through ortho and para positions and not through meta
positions, therefore, meta-cresol is stronger acid than ortho and para-cresols. However, due to stronger
+1 effect at ortho position than at para position (+1 effect decreases with distance), ortho-cresol is a weaker
acid than para-cresol. Thus, the order of acidic strength in increasing order is:

ortho-cresol < para-cresol < meta-cresol < phenol

Q. 3. Arrange: water, ethanol and phenol in increasing order of acidity and give reason for your answer.
[NCERT Exemplar]
Ans. Increasing order of acidity is ethanol < water < phenol. The phenoxide ion obtained after the removal
of a proton is stabilised by resonance whereas the ethoxide ion obtained after the removal of a proton is
destabilised by +1 effect of —C,H; group. Therefore, phenol is stronger acid than ethanol. On the other
hand, ethanol is weaker acid than water because electron releasing —C,H. group in ethanol increases the
electron density on oxygen and hence the polarity of O—H bond in ethanol decreases which results in the
decreasing acidic strength. Hence, acidic strength increases in the order given above.
Q. 4. Account for the following:
(i) Phenol is a stronger acid than an alcohol.
(ii) The boiling point of alcohol decreases with increase in branching of alkyl chain.
[CBSE 2023 (56/1/1)]

Ans. (i) + H,0: =—— + H;0*
Phenoxide ion
R—0—H + H0: == RO! + HO

Alkoxide ion
(Less stable)

Phenol is stronger acid than alcohol because the phenoxide ion left-after the release of a proton is
stabilised by resonance but alkoxide ion is not, moreover, the +1 effect of alkyl group destabilizes the
alkoxide ion by intensifying negative charge on oxygen atom.
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(ii) In alcohols with increase of branching in carbon chain surface area decreases which results in decrease
in vander Waals forces and hence decrease in boiling point.

Q.5. Account for the following:
(i) Phenol does not react with NaHCO; whereas carboxylic acids react.
(ii) Phenol is more easily nitrated than benzene. [HOTS]

Ans. (i) RCOOH + NaHCO; —— RCOONa + H,CO,

Weaker acid
than RCOOH
- +
OH ONa
@ + NaHCO; ——— + H,CO4
Phenol Sodium Stronger acid

Phenoxide ion than Phenol
Such acid-base reaction takes place only if the acid formed is weaker than the reacting acid. In other
words, phenol is not a strong enough acid to react with NaHCO,.

(i) Nitration involves attack of electrophile nitronium ion (SIO:,) on benzene ring. Due to +R effect
of —OH group electron density on benzene increases. Therefore, phenol is more easily nitrated as
compared to benzene.

Q. 6. Answer the following questions:
(i) Dipole moment of phenol is smaller that of methanol. Why?
(ii) In Kolbe’s reaction, instead of phenol, phenoxide ion is treated with carbon dioxide. Why?
[NCERT Exemplar]
Ans. (i) In phenol, C—O bond is less polar due to electron-withdrawing effect of benzene ring whereas in
methanol, C—O bond is more polar due to electron-releasing effect of —CH; group.

(if) Phenoxide ion is more reactive than phenol towards electrophilic aromatic substitution and hence

undergoes electrophilic substitution with carbon dioxide which is a weak electrophile.

Q. 7. Write the mechanism of the following reaction:

cone. H},S,O,‘

2CH;CH,0H %

- CHg—CHz —O—CH2—CH3
[CBSE Delhi 2016, 2019 (56/4/3), 2020 (56/3/2)] [HOTS]
Ans. The formation of ether is a nucleophilic bimolecular reaction (Sy2) involving the attack of alcohol molecule
on protonated alcohol as shown below:
H

v |
(i) CHy—CH,—OH + H* —» CH;—CH,—0'—H
Ethanol

H H
.. | | l -
G CH;—CHz——WHZ—(}QLH —> CH;—CH,—0*CH,—CH; + H,0

H
| o
(i) CHy—CH, S0 CH,—CH; —» CH;—CH,—0—CH, CH; + H'

v Diethyl ether
Q. 8. For the pair phenol and cyclohexanol, answer the following:
(i) Why is phenol more acidic than cyclohexanol?
(if) Give one chemical test to distinguish between the two. [CBSE 2023 (56/5/2)]

Ho o

s0— .
S, S SRS, .

X3
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Due to higher electronegativity of .cp2 hybridised carbon of phenol to which —OH groups is attached,
electron density decreases on oxygen.

This increases the polarity of O—H bond and results in an increase in ionisation of phenols than that
of cyclohexanol where —OH group is attached to sp3 hybridised carbon atom.

(i) Phenol gives a violet colouration with FeCl, solution while cyclohexanol does not.
6C,H, OH + FeCl, —— [Fe(OCGH“)G]} +3H" +3HCl

Cyclohexanol Violet colouration
Q.9. What happens when
(i) Phenol reacts with Conc. HNO,?
(i) Ethyl chloride reacts with NaOC,H.?

Write the chemical equations involved in the above reactions. [CBSE 2019 (56/4/3)]
OH OH

O,N
" (') @ conc. HNOy 4 NOZ
ADnSs. I3 —

Phenol
NO»
2, 4, 6-Trinitrophenol

(i) CH,CH,—Cl + CH;—CHQC-)I:Ia —— CH,CH,—0—CH,—CH, + NaCl
Ethyl chloride Sodium ethoxide Diethyl ether
Q. 10. How do you convert
(i) phenol to toluene (ii) formaldehyde to ethanol ? [CBSE North 2016]
15 oH

Ans.

| : g aff;ﬂq By
N B o 13 [..0 .0 Hp
Ll H-&—_H A LH— MﬁBr M= Comtp, 2y (- Ur Ol
: Mf” Jl.ﬁ?)w u
i Rasmaendt § e

[Topper’s Answer North 2016]

Short Answer Questions-I|

Each of the following questions are of 3 marks.

Q. 1. Explain the mechanism of the following reactions:
(i) Addition of Grignard’s reagent to the carbonyl group of a compound forming an adduct
followed by hydrolysis.
(ii) Acid catalysed dehydration of an alcohol forming an alkene. [CBSE 2020 (56/1/2)]
(iii) Acid catalysed hydration of an alkene forming an alcohol.

]
%



Ans. (i) Step I: Nucleophilic addition of Grignard reagent to carbonyl group.

O+

>C“—/‘-\O + ﬁ_—Mg—X  — >(|3*(7)1<4g—x

Adduct
Step II: Hydrolysis

Hs0

-+
>(|: — OMg—X ———— >C—OH + MgOHX

R R

(i) Refer to NCERT Exercises, Q. 19.
. %o
(iid) C=C< oo N c—c<
> — e
Alkene H OH

Mechanism:
Step I: Protonation of alkene to form carbocation by electrophilic attack of HyO™.

HO + H — » HO*
m H
J/\ t | 2 4
>M< + H H =—— —Cl—c< + Hy0
Step II: Nucleophilic attack of water on carbocation.
H m H H
Lo o — Lk

Step III: Deprotonation to form an alcohol

H H H :0H
—‘I: L& Hq —_— —cl + H0'
H + 2 — £
R & Y
Q. 2. How do you convert the following:

(i) Phenol to anisole
(ii) Propan-2-ol to 2-methylpropan-2-ol

(iii) Aniline to phenol [CBSE Delhi 2015]
- +
OH ONa OCH;
Ans. () @ + NaOH @ +CH;Br @
Phenol Anisole
OH 0 OH
| Il ; I
@) CH,—CH—CH, ——— CH,—C—CH, — 22" . cy._C_CH,
Propan-2-ol L |
CHs
2-methylpropan-2-cl
.
NH, N,Cl OH
(i.fi) @ NaNO,/HCL @ H,O @
273278 K Warm

Aniline Phenol
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Q. 3. Arrange the following compounds in decreasing order of acidity. [NCERT Exemplar]
() H,0,ROH,HC= CH

(i) CHJO—@—OH, OZN—@—OH, CHOH

(if) CH,OIL H,0, CH,0H
Ans. () H,0>ROH>HC= CH

(i) ON—(())—OH > CgH;OH > CH;O@OH

(iii) CgHsOH > H,0 > CH,0H
Q. 4. Give one chemical test to distinguish between the following: [CBSE 2019 (56/5/1)]
(i) Phenol and propan-1-ol (ii) Ethanol and dimethyl ether
(iii) propan-1-ol and 2-Methyl-propan-2-ol

Ans. (i) Add neutral FeCl; to both the compounds. Phenol gives violet colouration while, 1 — propanol does
not. 1

(i) Add I,/ NaOH(ag) to both the compounds, Ethanol gives yellow precipitate while ether does not 1

(iif) Add HCI and ZnCl, to both the compounds, 2-methyl-2-propanol gives turbidity immediately while
1-propanol does not 1

(Or any other suitable chemical test) [CBSE Marking Scheme 2019 (56/5/1)]

Q. 5. An organic compound ‘A’ having molecular formula C;Hg on treatment with aqueous H,S80, gives
‘B* which on treatment with HCV/ZnCl, gives ‘C". The compound C on treatment with ethanolic

KOH gives back the compound ‘A’. Identify the compounds 4, B, C. [HOTS]
Cl
[
Ans. A=CH;—CH ==CH, B =CH;—CH—CH; C = CH;—CH—CH3;
Propene | 2-chloropropane
OH
Propan-2-ol

aq. H,80, HCI/ZnCl,

CH,—CH = CH,

- CH;—CH—CH,
Propuni (Hydration) [
A OH
Prapan-2-ol
B
CH;—CH—CH, ——=X" . CH,_ CH=CH,
l Propene
cl
2-Chlorapropane
[

Q.6. A compound ‘A’ is optically active. On mild oxidation, it gives a compound ‘B’ but on vigorous
oxidation gives another compound *C*. C along with D is also formed from B by reaction with iodine

and alkali. Deduce the structures of A, B, C, D. [HOTS]
(IjH [
Ans. CH;—CH,—CH—CH, i) CH,—CH,—C—CH,
A Mild oxidation B
sec-Butyl alcohol Ethyl methyl ketone
[0 ::]gaﬁ:: L/NaOH
CH;—CH,—COOH CH;—CH,—COOH + CHI3l)
G Propanoic acid D
Propanoic acid lodoform
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Q. 7. Account for the following:
(i) Rectified spirit cannot be converted into absolute alcohol by simple distillation.
(ii) Diethyl ether does not react with sodium.
(iii) Phenols do not undergo substitution of the —OH group like alcohols.
Ans. (i) Rectified spirit containing 95% ethyl alcohol and 5% water forms an azeotropic mixture which distils
at a constant temperature of 351.13 K.
(if) Since diethyl ether does not contain an active hydrogen attached to oxygen like alcohols and phenols,
it does not react with sodium.

(iif) The C—O bond in phenols has some double bond character due to resonance and hence cannot be
easily cleaved by nucleophile. In contrast, the C—O bond in alcohols is a pure single bond and hence
can be easily cleaved by nucleophile.

Q. 8. Write the main product(s) in each of the following reactions: [CBSE Delhi 2016]

&

(i) CHS_(I:_O_CH3 3l —
CH;

.. _ () By Hg
(ii) CH;—CH=—CH; T a

{5 Cy—of Ol

() €O, H'
CH; CH;
Ans. () CH;—C—0—CH; + H—l —— CH;—C—1 + CH;—OH
| | Methyl
CH3 CH3 aleohol
Methyl Tert. butyl iodide
tert. butyl ether
(i) CH;—CH=CH, —22" __ cy._ CH,—CH,—OH
Biopese {0 3H,0,/0H - propyl alcohol
OH OH
COOH
i) @ (i) ag NaOH ©/
(i) COy/H*
Phenol Salicylic acid
Q. 9. How will you bring the following conversions?
(i) Phenol to benzyl alcohol (ii) Phenol to m-bromophenol
(iii) Phenol to aspirin. [HOTS]
OH H; CH—Cl1 H—OH
= Znd CH;CIAICI Cly, iy h
- 0§ g ve ) ar. & o,
Phenol Benzene Toluene Benzyl chloride Benzyl alcohol
OH NO, NO,
- Zn (dust) o HNQO; (conc.) Bry/FeBry
(it) A H, 50, (conc.) Br
Phenol Benzene Nitro l
benzene Sn/HCl (conc.)
+
OH N,Cl1 NH,

H,0 NaNQ,/HCL
-— -—
Br A Br 273-278 K Br

m-Bromophenol
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Ans.

Ans.

i
- CHy—C~
OH ONa OH cy—c-° OCOCH;,
(i) NaOH (i) CO,, 410 K/4-Tatm COOH y) COOH
- —
(i) HyO/H* H,S0,
Phenol {conc.) Aspinn
(i) Why is the C—0O bond length in phenols less than that in methanol?

(i) Arrange the following in order of increasing boiling point:
Ethoxyethane, Butanal, Butanol, n-butane
(iii) How can phenol be prepared from anisole? Give reaction. [CBSE 2023 (56/5/2)]
(i) This is due to
— partial double bond character on account of the conjugation of unshared electron pairs of oxygen
with the aromatic ring and
— sp” hybridised state of carbon to which oxygen is attached.
(ii) n-Butane < ethoxyethane < butanal < butanol

0O—CH; OH
(iif) @ giip 2%, @ +  CH
Anisole Phenol  Methyl iodide

(i) Write the mechanism of the following reaction:
2CH,CH,OH CH,CH,—0—CH,CH,
(it) Write the equation involved in the acetylation of Salicylic acid. [CBSE Delki 2015]

‘ W mﬂe; p.wmame
® W g“jw/.,_ sz ot
o] 74—3 S o ey

Ve

— .QAUL‘fcuc gy Fr i
] PrET I Q L et e

N &r._\_b) . [Topper’s Answer 2015]




r—---""-""-"""-"="-"="®="-""'""""-"————_—_—/—_—/—

Q. 12. Give the major products that are formed by heating each of the following ethers with HI.
CH;

(5 CHy—CH;— CH—CH; —0-—CH;—Cill;
CH;

I
(i) CH;—CH;—CH;—0—C—CH,—CH;

CH;
(iif) CH,—O [HOTS]
O—en—o) i

I
Ans. () CH;—CH,—CH—CH,0H + CH,CH,I (ii) CH,CH,CH,OH + CH,CH,—C—1
|

CH; CH;

(iii) @4@ + @on

Q. 13. The following is not an appropriate reaction for the preparation of teri-butyl ethyl ether:

CZHS(_)SIa + (CH;);C—C1 (CH;),C—0C,H;
(i) What would be the major product of the given reaction?
(i) Write a suitable reaction for the preparation of fert-butyl ethyl ether, specifying the names of
reagents used.
Justify your answer in both cases. [CBSE Sample Paper 2016] [HOTS]
Ans. (i) The major product of the given reaction is 2-methylprop-1-ene. It is because sodium ethoxide

- +
(CH,—CH,0 Na) is a strong nucleophile as well as a strong base. Thus, elimination reaction
predominates over substitution reaction.

CH, CH,

\ -
CH;—C—CH; + CH;—CH,0ONa —— CH,—C=CH, + NaCl + CH;CH,0H
é‘l Sodium ethoxide Isobutylene
2 -1-
tert-butyl chloride {Zmetirylprop-d-cno)

(ii) To prepare tertiary butyl ethyl ether, the alkyl halide should be primary, ie., ethyl chloride and the
nucleophile should be tertiary, i.e., tertiary butoxide ion. It is because the reaction occurs by Sy2
mechanism and primary alkyl halides are most reactive in 8,2 reactions.

G G
S+
CH;—C—O Na + CH;CH,C1 ——  CH;—C—OC;Hs + NaCl
- |

| Ethyl chloride
CH, CH;

Sodium-tert-butoxide tert-Butyl ethyl ether

Q. 14. How do you convert the following: (Any three)

(i) Phenol to picric acid (ii) Propanone to 2-Methylpropan-2-ol
(iii) Phenol to anisole (iv) Propene to Propan-1-ol [CBSE 2023 (56/1/1)]
OH OH
‘ conc.HNO; O,N NO,
Ans. (i) —bmmstoa
Phenal
NO,
Picric acid

o = o e o o o e e = e e = = = = —— —— — — — —
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0] OMgBr OH
| \ \
(i) CH,—C—CH, + CH,MgBr — CH,—C—CH, —%°- CH,—C—CH,
Propanone Methyl magnesium | |
bromiide CH; CH,4
2-methylpropane-2-ol

OH ONa OCH,

(iid) © NaOH @ +CHy—Cl @
R e S —_—

Phenol Anisole

+H,0

(iv) CH,—CH=CH, (CH,CH,CH,),B — % 3CH,—CH,—CH,—OH
Propene e Propan-1-ol

+(BH,),

(Any three)

Q. 15. Write the structures of the main products in the following reactions:

0
"H,—C—OCH; . CH=CH,
o é/(‘ I NaBH, (i) @/ + H,0 H*
0C;H;
(i) + HI [CBSE 2018]
Ans. 1 L3 oW
A Ry '._cﬁl——-l!:?'ﬁ"- By N BH e
- o S A Rl e
< TS il
ot
T 5 0y g T SH .. ik =
— A e e i Nl —
LN e WE o5 R O
- i, S (P U SR, SN
I i [Topper’s Answer 2018]

Q. 16. Write the products of the following reactions:

() CH,—CH,—O—CH,+HI —— @) +Br, —=2,

OCH,

hyd. AIC1
(i) +CHco0 2222y,

Ans. () CH;—CH,—O—CH, + H — - CH,—I + CH,—CH,—OH
Ethyl methyl ether Methyl iodide Ethyl
alcohol

OH

OH OH
Br
(if) © + B, —2 @f + @
' amk
Br

Phenol 2-Bromophenol

(Minor)
4-Bromophenol

(Major)

A FREY o_
‘f
E
|
&
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O—CH, . OCH; ( OCH,
I L
(i) © + CH—C—Cl Anhyd. AICl, C—CH,4 4
Phenol 2-Methoxy acetophenone
(Minor) ﬁ:4CH3
0]
4-Methoxy acetophenone
(Major)

Q. 17. What happens when
(i) (CH;);C—OH is treated with Cu at 573 K,
(if) Anisole is treated with CH;Cl/anhydrous AICI,,
(iii) Phenol is treated with Zn dust?

Write chemical equations in support of your answer. [CBSE (F) 2017]
C|H3 CH;
l
Ams () H;CCOCH,— 2 W0 ©=CH, 4+ B0
| K Isobutylene
OH
tert~butyl alcohol
0—CH,4 O—CH; O—CH;
, +CH—Cl H;
——ree——i
in @ Anhyd. AICL, ©—C F ©
Anisole 2-methoxy
toluene (Minor) CH3
4-methoxy toluene (Major)
OH
(iid) +Zn—— @ +700
Phenol Benzene

Q. 18. What happens when
(i) Salicylic acid is treated with (CH;CQ),0/H"?
(ii) Phenol is oxidised with Na,Cr,0,/H"?
(iif) Anisole is treated with CH,Cl/anhydrous AICIL,?

Write chemical equation in support of your answer. [CBSE 2019 (56/3/1)]
COOH ? coon @ ”
Ans. i ] +
] @ ©,0H LSOOG u @7&(34[{3 o CHo—C—0H
CH;—C
Salicylic g Aspirin
acid Acetic anhydride
OH 0]
(i) @ Na,CryOy
Hy80,
Phenol
O
Benzoquinone
OCH, OCH, OCH,4
+CH;C1 CH;
(@) Anhyd. AICI/CS, ok
Anisole 2-methoxy toluene
(Minor) CH3
4-methoxy toluene
(Major)

o = o e o o o e e = e e = = = = —— —— — — — —
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Long Answer Questions

Each of the following questions are of 5 marks.
Q. 1. (i) Write the formula of reagents used in the following reactions:
(a) Bromination of phenol to 2, 4, 6-tribromophenol
(b) Hydroboration of propene and then oxidation to propanol.
(ii) Arrange the following compound groups in the increasing order of their property indicated:
() p-nitrophenol, ethanol, phenol (acidic character)
(b) Propanel, propane, propanal (boiling point)
(iif) Write the mechanism (using curved arrow notation) of the following reaction:

* CH;CH,0H ¥ 5
CH;—CH,—0H, - ~——=—— CH3;—CH,—0—CH,—CH; + H,0 [CBSE Delhi 2017]
I
H
Ans. (@ (a) Brag) (&) B,Hg, H,0O, H,0, and OH™

(if) (a) Ethanol < Phenol < p-nitrophenol
(b) Propane < Propanal < Propanol
H

| | | -
(iii) CHy—CH,—O* + CH3—CH2D_Q“—H —— CH;—CH,—0*CH,—CH; + H,0
\_/

Q.2. (i) How can you obtain phenol from (a) Cumene, (b) Benzene sulphonic acid, (c) Benzene diazonium

chloride?
(i) Write the structure of the major product obtained from dinitration of 3-methylphenol.
(fif) Write the reaction involved in Kolbe’s reaction. [CBSE 2019 (56/2/1)]
CI:HE (|:H]
Ans. () @ g CH CH;—C—0—0—H OH i
0, H*
—_—i —_— + CH3COCH;,
H,0
SOsH OH
(i) NaOH
(b) © (i) H* - @ !
® @
N,Cl1 OH
(€) “ 1
i NS + N, + HC
warm
OH
O,N
(if) 1
CH,;
OH ONa OH

(i) o 0o, COONa 1
? (i) H* [CBSE Marking Scheme 2019 (56/2/1)]
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Q. 3. An aromatic compound ‘A’ on treatment with CHCL,/KOH gives two compounds ‘B’ and ‘C’. Both
B and C give the same product ‘D’ when distilled with zine dust. Oxidation of D gives E having
molecular formula C;Hg(;. The sodium salt of E on heating with sodalime gives F which may also be

obtained by distilling A with zinc dust. Identify A to F. [HOTS]

OH OH OH
Ans. A= @ B= @'CHO o
Phenol o-Hydroxy benzaldehyde CHO
p-Hydroxy benzaldehyde

CHO COOH

@ Q. O

Benzaldehyde Benzoic acid Benzene

Reactions involved:

OH OH OH
@ CHCL,/ KOH @—(HO
[N +
A B
Phenol o-Hydroxy benzaldehyde CHO

C
p-Hydroxy benzaldehyde
|

Zn (dust)
distillation

Zn {dust}

distillation

COOH CHO
@ (i) NaOH ()
— -—
(i) NaOH/Ca0
F 630K E D
Benzene Benzoic acid Benzaldehyde

Q.4. (i) Give equations of the following reactions:
(a) Phenol is treated with conc. HNO,.
(b) Propene is treated with B,H, followed by H,0,/OH".
(¢) Sodium #-butoxide is treated with CH;ClL.
(ii) How will you distinguish between butan-1-ol and butan-2-0l?

(iif) Arrange the following in increasing order of acidity:

Phenol, ethanol, water [CBSE 2019 (56/2/1)]
OH OH
O,N NO,
= Conc. HNOy
Ans. o (a) —_—
Phenal NO,
2, 4, 6-Trinitrophenol
(5 CH,—CH=CH, — "% CH,CH,CH,OH
Propene At Propanol
CH; CH;

| + |
(¢) CH,—C—O-Na + CH;—Cl —— CH3—C—O—CH, + NaCl
| |

CH; CH;
Sodium tert.butoxide Methyl tert. butyl ether
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(ii) Butan-2-o0l when warmed with I, in NaOH (NaOl) gives yellow precipitate of iodoform while
butan-1-ol does not respond to this test.
CH;—CH,—CH—CH,4 + 4I, + 6NaOH oy CHI, | +CH,CH,COONa + 5Nal +5H,0
| Iodoform

OH (yellow ppt)
Butan=2=ol

(iii) Ethanol < water < phenol
i) What happens when

(@) phenol reacts with bromine water?

(b) ethanol reacts with CH;COCVpyridine?

(¢) anisole reacts with HI?

Write the chemical equations involved in the above reactions.
(i) Distingunish between:

(@) Ethanol and phenol

©
th
b

=
=

(b) Propan-2-ol and 2-methylpropan-2-ol [CBSE (F) 2016]
OH OH
Br Br
Ans. @ (a) + 3Br,(ag) — + 3HBr
Phenol Br
2,4,6-Tribromophenol
(0] o]
I s
() CH;—CH,—OH + CH—C—Cl — 225 . CHy—C—0—CH;—CH, + HC
Ethanaol Ethanoyl chloride Ethyl ethanoate
OCH, OH
(c) @ + HI —» @ + CHy—I
Anisole Phenol Methyl iodide

(ii) (a) Phenol gives violet colouration with FeCl; solution but ethanol does not.
6CsHs;OH + FeCl, [Fe(OCeHs)el*™ + 3H' + 3HCI

Phenol Violet colouration
complex

(b) Propan-2-ol when warmed with I, in NaOH gives yellow precipitate of iodoform while
2-methylpropan-2-ol does not respond to this test.

CH;—CH—CH, + 41, + 6NaOH —>—~ CHI,| + CH,—COO™Na®™ + 5Nal + 5H,0
|

Todoform
OH (vellow ppt.)
Propan-2-ol
Q. 6. (i) Write equations of the following reactions:

(a) Bromine in CS, with phenol
(b) Treating phenol with chloroform in the presence of aq. NaOH
(¢) Anisole reacts with HI
(if) Distinguish between
(@) Ethanol and Diethyl ether (b) Propanol and r-butyl alcohol [CBSE South 2016]
OH

OH OH
@ Br,inCs, @ Br
e +
Ans. (D (@) R
Br

Phenol o-Bromophenol
Mi
p-Bromophenol (Minor)
(Major)
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=+ -+

OH ONa ONa OH

@ CHCl3 + ag. NaOH @/ CHCL |, .0n @ CHO G ©/ CHO
—_— —_— —_—
Phenol Salicylaldehyde
OCH; OH
+H ——— @ + CHsl
Anisole Phenol Methyl iodide

Ethanol when warmed with I, in NaOH gives yellow precipitate of iodoform while diethyl ether
does not.

CH,—CH,—OH + 4l, + 6NaOH —2

CHI; | + HCOONa + 5Nal + 5H,0
lIodoform

{yellow ppt.)

tert-butyl alcohol on treatment with the Lucas reagent immediately gives turbidity while
propanol does not produce turbidity at room temperature.

CHs CHj;

[ I
CH,—C—CH,4 Anhyd. ZnClz + HCI (cone.) CH;—C—CH,
I Lucas reagent l
OH Cl
tert- butyl alcohol tert-butyl chloride

(Turbidity appears immediately)

Questions for Practice

Choose and write the correct answer for each of the following.
1. The order of reactivity of the alkenes, (i) (CH,),C=CH, , (ii) CH,CH=CH,,
(iii) CH,—CH,, when subjected to acid catalysed hydration is:

(@) @) > (@) > (i) (&) (1) = (i1) > (iid)
(0) i) > (i) > (iid) (d) (iii) > (i1) > (i)

2. Alcohols are soluble in water because
(a) alcohol forms ionic bond with water.
(b) alcohol forms hydrogen bond with water.
(¢) alcohol forms covalent bond with water.
(d) alcohol forms interstitial compound with water.

3. Mark the correct increasing order of reactivity of the following compounds with HBr/HCL

520}1 5ZOH 55[20}1
Cl
i)

NO,

( (id) (iid)
(@ ) = i) < (i) ®) (i) < @ < (i)
(©) (2) < (i) < (@) (d) (D) < (@) < @)

4. In the reaction given below, X is:

Neopentyl aleohol —225% . x
(a) 2-methylpent-2-ene (b) 2-methylpentane
(¢) 2-methylbut-2-ene (d) neopentane
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5. What is the correct order of reactivity of alcohols in the following reaction?

R—OH + HCl —2¢: . R_ (] + H,0 [NCERT Exemplar]
(@) 1°>2°>3° (b) 1°< 20> 3°
© 3>2°>1° R

In the following questions, fwo statements are given—one labeled Assertion (A) and the other labeled
Reason (R). Select the correct answer to these questions from the codes (a), (B), (c) and (d) as given below:

(@) Both Assertion (A) and Reason (R) are correct stafements, and Reason (R) is the correct explanation of
the Assertion (A).

(b) Both Assertion (4) and Reason (R) are correct statements, but Reason (R) is not the correct explanation
of the Assertion (A).

(¢) Assertion (A) is correct, but Reason (R) is incorrect statement.

(d) Assertion (A) is incorrect, but Reason (R) is correct statement.

6. Assertion (A4) : Phenol is more reactive than benzene towards electrophilic substitution reaction.
Reason (R) : Inthe case of phenol, the intermediate carbocation is more resonance stablized.

7. Assertion (A4) : Addition reaction of water to but-1-ene in acidic medium yields butan-2-ol.
Reason (R) : Addition of water in acidic medium proceeds through the formation of

primary carbocation.

8. Assertion (A4) : Ethers behave as bases in the presence of mineral acids.
Reason  (R) : Due to the presence of lone pairs of electrons on oxygen.

9. Assertion (A4) : The bond angles in alcohols is slightly less then 109°28',
Reason  (R) : Lone pair — lone pair repulsion decreases the bond angles.

10. Assertion (A4) : Alkyl aryl ethers are cleaved at the alkyl-oxygen bond.

Reason  (R) : More stable aryl oxygen bond responsible for this.

Answer the following questions:
11.  (2) While separating a mixture of ortho and para-nitrophenols by steam distillation, name
the isomer which will be steam volatile. Give reason.
(i) Give a chemical test to distinguish between ethyl alcohol and methyl aleohol.
12. Write the chemical equation involved in the following reactions: [CBSE 2023 (56/2/2)]
(i) Reimer-Tiemann reaction
(i) Acetylation of Salicylic acid
13. (i) Arrange the following compounds in the increasing order of their acid strength:
p-cresol, p-nitrophenol, phenol
(if) Write the mechanism (using curved arrow notation) of the following reaction:

H

04-
CH,—CH, 3 CHy,CHS + H.O [CBSE (AD 2017
14. Give reasons for the following:

(i) Anisole reacts with HI to give phenol and methyl iodide and not iodebenzene and methyl
alcohol.

(i1) o-Nitrophenol is less soluble in water than p-nitrophenol.
15. Write the structures of the products when Butan-2-ol reacts with the following:
@) CrO,
(i1) SOCl, [CBSE (AI) 2017]
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16. Alcohols react both as nucleophiles as well as electrophiles. Write one reaction of each type and
describe its mechanism.

17. Which of the following is an appropriate set of reactant for the preparation of 1-methoxy-

4-nitrobenzene and why? [CBSE 2023 (56/4/2)]
ONa
) + CHsBr
NO,
Br
) + CH;ONa
NO»

18. (i) What happens when phenol reacts with
(2) Cone. HNO,, and
(b) CHCl; in presence of aqueous NaOH followed by acidification?
(z7) Why does the reaction of CH;ONa with (CH,);C—Br give 2-methylpropene and not
(CH4)3C—O0CH,? [CBSE 2023 (56/4/2)]
19. (i) Write the mechanism of the following reaction: [CBSE 2023 (56/2/1)]

2CH,CH,O0H — 1 — CH,—CH,—0—CH,—CH, +H,0

(iz) Why ortho-nitrophenol is steam volatile while para-nitrophenol is not.

20. A compound ‘A’ having molecular formula C,H,;0 is found to be soluble in concentrated
sulphuric acid. It does not react with sodium metal or potassium permanganate. On heating
with excess of HI, it gives a single alkyl halide. Deduce the structure of compound A and

explain all the reactions. [HOTS]
21. How would you obtain the following?
() Benzoquinone from phenol [CBSE 2020 (56/1/2)]
(i) 2-Methylpropan-2-ol from methylmagnesium bromide
(ii1) Propan-2-ol from propene [CBSE (Al) 2011, (F) 2011]

22. Answer the following questions:
(i) Why are ethers insoluble in water?
(i1) Complete the reaction equation:

OH

P = B

(iit) How will you know whether a given OH group is alcoholic or phenolic in nature?
23. (i) Arrange the following sets of compounds in order of their increasing boiling points:
(a)Pentan-1-ol, butan-1-0l, butan-2-ol, ethanol, propan-1-ol, methanol
(b)Pentan-1-ol, n-butane, pentanal, ethoxyethane.
(i) Arrange the following compounds in increasing order of acidity and give a suitable explanation.

Phenol, o-nitrophenol, o-cresol [NCERT Exemplar]
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24. Name the reagents which are used in the following conversions:
(i) A primary aleohol to aldehyde
(if) Butan-2-one to butan-2-ol
(#i1) Benzyl alcohol to benzoic acid
25. (i) Write the product(s) in the following reactions:

OH

COOH
@ (CH,C0),0
— a

() CH,—CH,—0CH, CH, — = 7

(¢) CHy CH—CH CH, OH — ¢ 2

(i) Give simple chemical tests to distinguish between the following pairs of compounds:
(a) Ethanol and Phenol
(b) Pentan-2-o0l and pentan-3-ol
26. (i) Write mechanism of the reaction of HI with methoxymethane.
(z2) Identify A and B in the following reactions:
OH

NaOH @ co,
) u"

() B

(b) CzHaOH Cu, 573K A CH3MgBr B

H30" HyOH*
(iii) Give the structure and the IUPAC name of the major product obtained in the following
reaction:
OC,H;
@/ e B L CBSE Sample Paper 2015]
cone. H,80, [ P P
Answers

1. () 2.(b) 3.(0) 4.(0) 5.(0) 6. (a) 1.(0) 8. (a) 9@  10.(a)



