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Organic Compounds
Containing Halogens

TOPIC 1
Haloalkane

01 In the following sequence of
reactions, [2021, 01 Sep Shift-]
C He O'O™ oA, (° B ¢

dil. KOH
The compoundsBand C
respectively are
(a)CI;CO0K, HCOOH
(b)CI,COOK,CH4
(c)CH4,HCOOK
(d)CHlI5, CHLO00K
Ans. (d)
Propene (C4Hg) undergoes acidic
hydrolysis to give Awhich is 2° alcohol.
This alcohol undergoes iodoform
reaction in presence of KIO and dil. KOH

to give iodoform alongwith potassium
salt of carboxylic acid.

This reaction is known as iodoform test.

H* /H,0
CH3D Ce= C cidic hydrolysis
Propene
(Catte) CH;0 CHO CH,
|
OH
(A)

) Propan -2 -ol
/1 KOH CH, 0 CO O™ + CHI
odotorm I} lodoform

0 (B)

Potassium salt of
ethanoic acid
(Postassium acetate)

02 The major product of the following
reaction is [2021, 31 Aug Shift-II]
CHs

Cl
NaOH

—' M
CHeOH ajor product

e

Hs

OH CHz
(0 o[ T

Ans. (d)

In the given reaction E2 elimination
reaction takes place in which two
substituents are removed from a
molecule to form double bond (alkene).

CH3
c CHs
NaOH
CHsOH @/

1-methyl cyclopent
-1-3-diene
(Major product)

E The correct order of reactivity of

the given chlorides with acetate in

aceticacidis  [2021, 31 Aug Shift-I]

2o ’y
ReneN

Hs

: CH20|i
edh e
CHs

® @ i @
U EJ

snhes

Ans. (a)

The correct order of reactivity of
chlorides with acetate in acetic acid is

Cl Cl

> >

CH;

cl CH; CHCI
10O

The given chlorides undergoes S 1
reaction. So, as the stability of
carbocation formed increases, rate of
reaction increases.

Stability of carbocation is as follows

Allylic carboca'uon Allylic carbocatlon
+20-H +lo-H



o CHs CHy
>

4a-H Ta-H
Hence, correct option is(a).

04 The major product (A) formed in

the reaction given below is
[2021, 27 Aug Shift-11]
CH3s—CH,—CH—CH,Br

Major
product

(a) CH;0CHZ DOH CH,Br

OCH;
(b) CH5—CH,—C=CH,

(¢) CHs—CHy—CH—CH,—0H

(d) CHz—CHy—CH—CH,—0CHs

Ans. (b)

On reaction of haloalkane with
methoxide ion, alkene is formed.

CH3O
CHs—CHy—CH—CHy—Br ———>

CH30H
@ H3C—CH,—C==CH,

(A)
Mechanism
HK_\
Br
©0CHs;
_
(More favoured
product)

)
- 0CHywillact as a base due to its small

size and high electron density and
therefore, abstracts proton to form
double bond which is in conjugation
with aromatic ring.

°
- The O CH; when acts as nucleophile

undergoes nucleophilic substitution
and replaces Br® to form ether,
which is a minor product.

N
SN2

+ OCH3 e

OCH;

(Minor product)
So, option(b)is correct.

E In the following sequence of

reactions the P is
[2021, 27 Aug Shift-1]

Cl

Dry

Q/ M —iher ether
o)

Y ) Ethanol

(P)
Major product

0—CH,CH;

Ans. (a)

In the first step, Grignard reagent is
obtained. In the second step, acid-base
reaction occurs. Due to presence of an
acidic hydrogen in alcohol,
neutralisation reaction takes place that
produces alkane and water.

The reactionis

O, O
—_
Dry ether

Chloro- (A)

cyclopentane
CyHg0H
_—

(P)
Cyclopentane
(Major product)

E The major product formed in the

following reaction is
[2021, 26 Aug Shift-1]

)\/ _HBr_, Major product

(excess)

(a) >\/\
Br

Br
(b)

Br

T
@
=

2-methylbut-1,3-diene

>\/\
Br
1-bromo 3-methylbut-2-ene
This addition is known as 1, 4-addition.
Mechanism This reaction can undergoes
two pathways

Path A

]

3° carbocation

Out of the two intermediates formed in
two paths, the path B intermediate is
more stable as it has more stable
carbocation. So, major product will be
formed because of path B.

>
®\(“/

1, ZfadditionJ(Br@

P

Br
e
SN ® *lﬂ, 4-addition)
/K/\Br

1, 2-addition product is formed at low
temperature and will be less stable as
double bond is less substituted. 1,
4-addition is thermodynamically stable
product as double bond is more
substituted. As diene is in excess and
HBris limited in reaction, sodiene
cannot be formed. So option(b)is
incorrect.

Excess of isobutane on reaction
with Br, in presence of light at
125°C gives which one of the

following, as the major product?
[2021, 26 Aug Shift-1]



Br

0
(a)CH;O0CO CH  Br

0

CH;
(b)CH, 0 CHO CH,Br
0

CH,Br
(c)CH; O CH O CH,Br
a

CH;
CH,

0
(d)CH;0CO Br

0

CH;

Ans. (d)

Excess of isobutane reacts with Br, in
presence of light at 125°C gives
2-bromo-2-methyl propane as major
product.

CH;

Bry

-

hv/126°C

0
CH, O CHl CH,
Isobutane
(excess)

CH;
d
H,cO © CH,
g
Br
2-bromo-2-methyl propane

Mechanism The above reaction is
halogenation of alkane via free radical
substitution reaction.

Initiation step
Br, Y Br'+Br
Propagation step
CH
|
H.COC H+Br O

d
CHy CH;
ad
H,CO C*  +HBr
O
CH;
CHs
g
H,COC*+8Br, -
d
CH; CH,
d
H.COC Br+Br’
g
R CH;
Termination step
Br'+Br" O- Br,
CHy CHy

. g g
Bri+H,CO C* b H,C OC Br
0 0
CH;
(Major product)

CHy

CH, CH,
0 0
HCOC +HCOC O
0 0
CH; CH,
CH; CH,
o 0
H,CO C—CO CH,
o 0
CH; CH,

Reactivity order of abstraction of H
towards bromination of alkane as more
stable alkyl free radical is formed as
follows

3°H>2°H>1°H
Since, isobutane is in excess, so
dibromination of single isobutane is not
favourable reaction. This make (a)and
(b)incorrect options.

Reaction of Grignard reagent,
C,HMgBr with C gHgO followed by
hydrolysis gives compound ‘A’
which reacts instantly with Lucas
reagent to give compound B,
C1gH,5CL

The compound Bis
[2021, 18 March Shift-I]

Cl
CHs
(a)
CHs
Cl

Ans. (c)

Reaction of Grignard reagent, C,H;MgBr
with CgHgOfollowed by hydrolysis gives
compound A, which reacts instantly with
Lucas reagent to give compound B,
CoHCl It will show instant turbidity.

Step(i)  gyH,0 mIA™ "™ (4)
H+

Step (II) (A) [I]f[ﬁfas reage_m't (B) C1QH13C|

09

Complete reactionis as follows

0

CH; _CaMsMgBr CHs

H' OH
Acetophenone CH
(3-phenyl 3-butanol)

CHsz

Cl
HCl+Znl, CH;

—_—
Lucas reagent

(3-phenyl 3-chloro
butane)
(Instant turbidity)

— Br A
=, )
OCH3 cely, (Major product)
[2021, 17 March Shift-1]
Product Ais
Br
(a) ©<;3/

Br CH;

(b) ©<CH3
Br
Br CH
) ©</ ;

Ans. (d)

Alkene undergoes electrophilic addition
with HBr to give a major product by
Markownikoff rule by S\, Tmechanism.

Step 1. Addition of electrophile to form
carbocation.

SN
Alkene
2° carbocation undergoes methyl shift

to form more stable 3° carbocation.
shifting)

(j/<

3° carbocation

Step 2. Attack of nucleophile on
carbocation.

HBr O&
—

cCl,
2° carbocation

Rearrangement
(1, 2-methyl



Br _CHs

&)
_Br | CHz
Product(A)
Cl
o
_—
Cl

Identify the reagent(s) ‘A'and

condition(s) for the reaction:
[2021, 16 March Shift-Il]

a) A=HCI, anhydrous AICl;
b) A=HCI, ZnCl,
JA=Cl,, UV light
d)A=Cl,, dark, anhydrous AICl;
Ans. (c)
The reaction can be achieved by Cl, /UV

light (A). Given, reaction follows free
radical substitution mechanism.

Cl
Cly
-
UV light
Cyclohexene
Cl

1, 4-dichloro cyclohexene

(
(
(c
(

Mechanism

(1) Initiation : This involves formation
of radicals.

C|2W20|

(I1) Propagation : Reactive free radicals
react with stable molecules to form
new free radicals.

O

(More stable allylic
free radical is formed)

[::]+m—0|» +cl

Similarly second Clatomis also
attached at allylic position.

Cl Cl
O —0)
Cl

114 HsC OH

20% H3PO, A
Maj t
r— (Major product)

HsC c

(CH3);COK" B
—— > (Major product)

The product Aand Bformed in
above reactions are
[2021, 16 March Shift-I]
CH, CH,

Ans. (c¢)

Alcohols undergo dehydration (removal
of water molecule)in the presence of
protic acids (conc.H,S0,,HP0,) at high
temperature to give Saytzeff alkene
(more alkylated) as major product.

CHs
HsC  OH
@ H
20% HzPO,/A
Elreaction
1-methyl
cyclohexanol
+

Major Saytzeff (B)
alkene (A)
(More alkylated)

Bulky bases like tert-butoxide, due to
steric hindrance, a bulky base abstracts
aless hindered proton, that leads to
formation of the less substituted
product as, the major one, called the
Hofmann product.

Cl
CH K
(CH3kCO K .
A
1-chloro- Major Hofmann
1-methyl cyclo alkene
hexane

E Identify A and B in the chemical

reaction. [2021, 25 Feb Shift-I]
OCHs
HCI Nal
[A] B]
(Major) Dry acetone (Major)
NO,
OCH3
Cl Cl
(a) A= B=
NO, NO,
OCHy OCH;
Cl |
(b) A= B=
NO, NO,
OCH; |
() A= B=
Cl Cl
NO, NO,
OCH; OCH;
Cl
(d) A= B=
Cl
NO, NO,
Ans. (b)
OCHs 0CHs
Cl
HCI
Markownikoff's
addition
NO, NO,
4-methoxy- 3-chloro-4-
nitro-hex-2-ene methoxy nitrohexane
(A)
OCHs
Nal
B —

Dry acetone

A

NO,
3-iodo-4-methoxy nitro
hexane

(B)
Ist reaction is Markownikoff's addition
of HCl on double bond while 2nd
reaction is halide substitution by
Finkelstein reaction in which chlorine
get displaced by iodine.



13 The product formed in the first
step of the reaction of
Br

CH;—CH,—CH —CH,
— CH —CH3 with excess

Br
Mg/Et,0 (Et = C,Hy) is
[2021, 24 Feb Shift-I]
(a)CH; — CHy— CH — CH,— CH—CH
CHy —CH—CH,—CH
— CH,—CH,
CH,
(b)CH3—0H<|
CH — CH
(c) CHy— CH, —CH —CH,— CH—CH,

CH;—CH,—CH —CH,—CH—CHs
MgBr

(d)CHs CHZ—CH—CHZ—ClH —CH;

MgBr
Ans. (d)
Here, in first step only one mole of

Mg/ Et,0attacks on bromine and form
two 2MgBrin the first step.

Br Br

| |
CHz—CHy—CH —CH,—CH—CH;

2, 4 dibromo hexane

MgBr
Mg (excess) ‘
(dry ether) CHy— CHZ_C‘H
CH,
\
Bng—[‘)H
(Product)

On further moving in the reaction, two
MgBr are eliminated to form alkene in
respective positions.

ﬁ What is the major product formed
by HI on reaction with

CHs CH
> e, 2

CHs” |
CHs [2021, 24 Feb Shift-1]
CHs
(a) CH; —C —CH—CH,|
CH; H
CHs
(b) CH;—cC —(|:H —CHj

| CHs

CH;
(c) CH;—C—CH—CHs

CHs !
(d) CHs —CH—CH—CH,—CH;

CH; |
Ans. (b)

The major product formed is 2-iodo-2,
3-dimethylbutane. Steps involved in the
reaction are as follows :

Step 11t is electrophilic addition
reaction, Tebond of alkene attackH ion
of Hl and form more stable carbocation.

Step 2 Formation of more stable 3°
carbocation take place by 1, 2 shifting of
0 Me group.

Step 3 Direct addition of I ion .

Mechanism
CH
’ N WL
CH CH Electrophilic
’ $ addition
3, 3-dimethylbut-1-ene
CH3 \[\@
><f\
CHsz  CHgz
1° carbocation
J],Z—shiftmg of CHz
CHsz
(Hif CH3 %
CHsz CH;
CH3 3° carbocation
CHs (More stable)
CH3 | (Carbocation stable
by 6a-H)
(Product)

2-iodo-2,3-dimethylbutane

E Which of the following compounds
will form the precipitate with

ag. AgNO; solution most readily?
[2020, 4 Sep Shift-II]
KBF

N
(a) O
NN
(b)
OCHs

Ans. (b)

All given species in the question are
alkyl halide. They react with aqueous
AgNQj5 solution with different rate.

Reaction undergoes as follows:

RO ¥ AgNO(agim 5P +R*  Agx
Precipitate

Hence, rate precipitate formation of

AgX depends on stability of carbocation

(R").

In the given question all formed

carbocation will be

@ /\N/\®

.

CHs
(a) (b)
NN A
/\0/®
(c) (d)

Among the above given option(s)
carbocation(a)is most stable due to
®

N

stronger + Meffect, so give

precipitate with aqueous AgNO5
solution most readily.

16 Which of the following compounds
will show retention in
configuration on nucleophilic
substitution by OH™ ion?

[2020, 2 Sep Shift-1]

(a)CH; O CH  Br
0
CeHs

(b)CH; —CH —CH,Br
0
CoHs
(c)CH; O CHl Br

O
CH,



Br

O

(d)CH;0 © H
0
CeHis

Ans. (b)

In(a)and(d), carbon atoms bearing the
leaving group (Br atom)are chiral. So,
their configurational change will take
place withOH™ ion by Sy 2orSy1
pathway.

Me Me
}Br ¥ —Br
Ph CeHis
In(c), (CH;), CHO Br does not have any
chiral centre. So, no comment on

configuration will arise with (c).

In option (b), thea-carbon (with respect
to O CH,Brwith which Sy 2 reaction will

take place)is only chiral. Thisa-carbon

remains unaffected inS, 2 pathway. So,
it will show retention in configuration.

Consider the reaction sequence

given below :
S}

>—pr %, HO —>—0H+Br® .1

rate = k[t-BuBr]

+HOH +Br°
L /

CHs0H ~(2)
rate:K[t—BuBr][OH]

Which of the following

statementsis true?

[2020, 2 Sep Shift-I11]

(a) Changing the base from OH® to
°0OR will have no effect on
reaction(2)

(b) Changing the concentration of
base will have no effect on
reaction(1)

(c) Doubling the concentration of
base will double the rate of both
the reactions

(d) Changing the concentration of
base will have no effect on
reaction(2)

Ans. (b)

Reaction (1)

Rate = k[t-BuBr], it is a first order
nucleophilic substitution reaction (S, 1),
so, rate of this reaction will depend only
on the concentration of the substrate,
i.e.t-BuBr.

So, option (b)is correct, but option(c)is
not correct.

~ ROS S0oH
o Br Br %@ fast OH
(t-BuBr) Carbocation

intermediate

Reaction(2)

Rate = k[t-ByBr][OH™], itis a second

(base)
ordera,B-elimination reaction (g, ),
because t-BuBrundergoes
dehydrohalogenation (0 HBr) with a
strong base (alcoholic or ethanolic OH")
to give an alkene. So, rate of the
reaction depends on concentrations of
substrate (t-ByBr)and base (OH/alc.).
So, option(a)is not correct.

€] €]
ORisastronger base thanOH. So, use of
o

OR will make theE, reaction faster.

Hence, option (a)is also not correct.

18 The total number of
monohalogenated organic
products in the following (including
stereoisomers) reaction is ......

A mﬁjHZ/NiLA
(Simplest optically (i) Xo/A
active alkene)

[2020, 3 Sep Shift-I]
Ans. (8.00)

CHCH, T OH O o cHm!

(i) Xo /2

Ho /NI

CH3
(A)

(Simplest optically active alkene)

In the reaction, total number of
monohalogenated products (including
stereoisomers)

P=20=4R=1S=1ie.Total=8

19 The mechanism of Sy1reaction is

givenas:
ROX:L  R"X® R Ix©
lon pair Solvent
Separated ion
o pair
o R+Y Xx°

A student writes general
characteristics based on the
given mechanismas:
(A) The reaction is favoured by
weak nucleophiles.
(B) R" would be easily formed if
the substituents are bulky.
(C) The reaction is accompanied
by recemisation.
(D) The reaction is favoured by
non-polar solvents.
Which observations are correct?
[2020, 3 Sep Shift-I]
(b)(A)and(C)
(d)(B)and (D)

(a)(A)and(B)
(c)(A), (B)and(C)
Ans. (c¢)

0 ] ©
ROK. RES  RX® '

RO¥ X°©

It indicates R” (carbocation) formation
takes place and RY got stabilised by
electronic factors and polar solvent
molecules because solvent separation
of RY is possible.

So, statement (D) is not correct.

Here, X® (leaving group) of RO Xis
substituted by Y ©, (nucleophile) via the
formation of carbocation (RD)
intermediate. So, it is anS, 1reaction.
S\ Imechanism supports weaker

nucleophiles. So, statement (A)is
correct.

Sy Ireaction is accompanied by
inversion and retention in configuration,
i.e.racemisation provided 'R of RO Xis
chiral. So, statement(C)is correct.
Attachment of bulkier substituents or
3°-nature of the carbon atom of CO X
bond of R O Xwill favour formation of
RY (carbocation). So, statement (B)is
also correct.

5 The major product in the following

reaction is

%A

[2020, 3 Sep Shift-II]

t- BuOH
Heat



Ans. (b)

Complete reaction is as follows :

(Polar protic
bond)

_t-BUOH | BuOH
Sh\ft
A

M 1,2 HShift
—
H
>ﬁ/\

More substituted
Alkene (major)

The alkene formed is stable according
to Saytzeff's rule. It states that alkenes
with less number of hydrogen on the
double bonded carbon atoms are
preffered product.

E The decreasing order of reactivity

of the following organic molecules

towards AgNO ; solution is
[2020, 4 Sep Shift-1]

Cl Cl

A WA

(C)CH CHCH;
0

OMe

Cl

(D)CH3CHCH2NO2
0
Cl
) (A)>(B)>
) (C)>(D)>
) (B)>(A)>
) (A)>(B)>
Ans. (c)
General reaction :
AgNO; +X(Halogen) . AgX +NO%
It follows S, Treaction.

(a (C)>(D)
(b (A)>(B)
(c (C)>(D)
(d (D)>(C)

InSy Treaction,

Rate of reaction Ostability of
carbocation

Cl
oI
(a) AgNO3
(A) )

N0+ AgCl

Aromatic
(i)

Cl
-CI”
(b) AgNO3
@ O e
GCH;
Aromatic and +M effect
(ii)
(c)
- 0
CH;0CH (Hk DC[EI3 CH CHy
| AgNO 4 (2°)
Cl (iii)
(C)

(d)CH; O CHD CHZNOQIL.

CI
(D) CH3DCE CH, NGO,
(iv)

NO, shows —Meffect
Stability of carbocation is (ii)> (i) > (iii) >
(iv).

So, the reactivity order towards AgNO;
solutionis (B)>(A)>(C)>(D).

22 Among the following compounds,

which one has the shortest C—Cl

bond? [2020, 4 Sep Shift-11]
Cl
/
(a) HiC—Cl (b) fﬂ‘H
CH,
H3C /\
(c) H30—>0| (d) Hﬁ Cl
CH3 CH,
Ans. (b)

In option(c)vinyl chloride, CO Clbond is
shortest due to resonance of lone pair
of O Cl(chlorine atom).

Due toresonance C O Clbond aquire
partial double bond character.

Hence, vinyl chloride have least C O Cl
bond length.

(_ C|~<— lone pair involved

inresonance
CCHQ

E The major product formed in the

following reaction is

CH,CH= CHCH(CH,), (1"
[2020, 5 Sep Shift-1I]

(a) CHLH(Br)CH,CH(CH5),
(b) CH,LCH,CH(Br)CH(CH5),
(c) Br{CH,)sCH(CH3),

(d) CH,CH,CH,C(Br)(CH;),
Ans. (d)

CH,O0CH= CH CHOCHE "™
0

CH,

H
0 0O
CH;OCHJ] OH C OCH;
O
C

SLQ—H shift(for more stable carbon cation)
I
]
CH;0 CH, OCHJ CO CH
WIS -
l
Br

CHy

0
CH,OCHJ] TH, CO CH,
0

CH;

Major

E The increasing order of the boiling

points of the major products A, B
and C of the following reactions

will be [2020, 6 Sep Shift-II]
0
(CgH go)
6"'5 2
P N +HBr

I1. >: +HBr — > B
11, /fJ+HBr — > C

(@) ll<ll<I (b)ll<l<l
(c)l<l<l (d)I<ni<ll
Ans. (a)

Complete reaction of I, Iland Ill are as
follow:

i
o rher DR, rvw

>: +HBr — ,Br % (B)
Br
/J+HBr —>)v(6)

RXare polar, therefore intermolecular
forces of attraction(e.qg., dipole-dipole
and van der Waals') are stronger in RX.

Hence, the boiling point of RXis greater
than those of hydrocarbons of
comparable molecular masses.



Branching decreases the surface areaasin
alkane because the branched C chains are
more spherical -like, which results in
lower boiling point.

BPO_

Branching

Hence, the boiling point of isomeric RX
decreases with increase in branching,
hence the order willbe B<C <A.

1-methyl ethylene oxide when
treated with an excess of HBr

produces : [2020, 7 Jan Shift-I]

Br Br
(a) Br/w/ (b) %

oH Br

’ CcH Br

€ g7 N7 () =<
CHsz

Ans. (a)

The given reaction is completed as
follows :

N

(From HBr)

CH;—CH—CH
3 N 2

CHs—CH—CH
3 ~ 2

1-methylethyleneoxide

A
HB -

! CH3—CH—|CH2 Br
Br OH

CHz—CH—CH,Br
(Product)

% For the following reactions :

ve_ CHCHy
w\cmbsr@

S
CH3CH,CH,Br+Z
M
/f]af
"0n™ CH;CH=CH,
+HZ+Bre
where, CHs

7C-CHCH,0° (A)orH3G—[|)—Oe(B)
CH;

ks and k,, are respectively the
rate constants for substitution

and elimination,andu=k—s, the
e

correct optionis.......... .

[2020, 7 Jan Shift-11]
) Mg >H,andk, (B)>k (A)
) ug>u,andk, (A)>k, (B)
) My >pgandk, (4)> (B)
) e (A)

(
(
(
( A

a
b
C
d) py>Hgandk, (B)>

Ans. (d)
CH;OCHJ CH, Br
CH;OCH3 CH, QOCH, CHj

ks(Rate constant
of substitution)

+CH5CH,0
7=(A)
B ko(Rate constant
of elimination)

CH;0 CH=CH,+CH;CH,0H

CH;
CH3CHQCHZO?CH3
CH;

CH30 CH=CH,+
CHs

\
CH;OD OH

\
CH;

When alkyl halides react with
nucleophiles(Z7), both substitution and
elimination reactions can be expected.
1° alkyl halides generally favour
substitution, but stronger bases favour
elimination. So, in the above reactions
inwhich(CH;O CHJ CH, Bris1°alkyl
halide, CH;CH, 0 0™ is a strong base),
reasonable amounts of substitution and
elimination products can form between
A=CH;CH,0™ and alkyl halide.

(A)is an unhindered nucleophile, so it
can give substitution better than(B)
which is hindered (more crowded or
sterically hindered). But (B) tends to give
elimination better than (A) due to the
same reason also.

ad ::—isinthe orderA>B

e

and k. isinthe order B> A.

E The decreasing order of reactivity

towards dehydrohalogenation (E;)
reaction of the following
compounds is: [2020, 8 Jan Shift-I]

(A) C|\/\/ (B) C|\/\/
(c) (D) Y\
\m/\ Cl

B>A>D>C
B>D>A>C
D>B>C>A

(a
(b
(c
(d)B>D>C>A

)
)
)
)

Ans. (c¢)

E, reaction proceeds via carbocation
formation,therefore greater the
stability of carbocation faster is the
reaction. Carbocation formed by D,
\@/\ (2°, resonance stabilised

the product is diene)is most stable
followed by B, & > (1°and the
product formed is diene). Further
among C and A, the carbocation formed
by Cis more stable g~ ™ (2°)than A,
& > (1°). Thus, the reactivity
towards dehydrohalogenation follows
the order:

D>B>C>A

E Which of the following reactions

will not produce a racemic

product? [2020, 9 Jan Shift-11]
HC
(a) L)
CH;3
0
0O

(b) CH 0 CCH,CH, T

(c) CH,CH,CH ==CH, O
CH,

u HCI
(d) CH;0 C O CH = CH{I-
0

H
Ans. (d)

Reaction (d)will not produce a racemic
product whereas other reactions will
form racemic mixture.

CHs
CH3—?—CH=®H2
H

CHz

|
LN

|
H

|
L0 CHy—C—CH,—CH;

CHs

Carbocation
rearrangement

CH3—[3|—CH2—CH3
cl

There is no chiral carbon atom present
in the product.

[0 Product would not be aracemic
mixture.



Cl
CHsz CHsz
Product has a chiral carbon atom
(marked by a circle). Both enantiomers
are formed in the reaction equally.
[ Itisaracemic mixture.

| HCN

(b)CH3—C CHz—CH3 e
OH
CH3~(C)-CH,—CH;
|
CN

Product has a chiral carbon atom
(marked by the circle). Both
enantiomers are formed in the
reaction equally.

O Itis aracemic mixture.

() CHs— CHy— CH=CH, —2C

CH3—CH,—CH)—CH;
|

Br
Product has a chiral carbon
atom (marked by the circle).
Both enantiomers are formed
in equal amount.
O Itis also a racemic mixture.

29 Which one of the following alkenes
when treated with HCl yields
majorly an anti Markownikoff
product? [2019, 8 April Shift-II]
(a)CIO CH=CH,

(b)H,NO CH==CH,
(c)CH00 CH==CH,
(d) F,COCH=CH,
Ans. (d)

Attachment of electron donating group (
+ Ror + [)with sp’~carbon of an
unsymmetrical alkene supports
Markownikov's addition rule through
electrophilic-addition-pathway.

But, attachment of
electron-withdrawing group

(= Ror=I)for the same will follow
anti-Markownikov's pathway (even in
absence of organic peroxide which
favours free radical addition) through
electrophilic addition pathway.

The product formed by given alkenes
when treated with HCI.

+R
¥ en —/cm
o Cl™
_;5/ CHs fast

Cl

Cl— CH—CH;

Similarly,
TR @MWH —CH—CH;
(+R) i
— L NH —‘CH —CH
Fast 2 3
CHOL CHIL?L €, cH,0
(+R)

b Cl~
—CH— CHy—=-—>CH30— CH—CH;

Cl

Ql/f (\ HCI

F4C — CH=CH, —g;5—> FsC —CH,

(=1) fCIQ

— CHy — Slow F5C — CH,CH,CI

5 The major product of the following

reaction is
CH;

0 H30H
CH;OCO CHCHy [
o d
H Br [2019, 10 April Shift-I]
CHs

0
(a) CH;0 C = CHCH;
CH;

O
(b)CH;0CO CH= CH,
O
H
CH,
u|
(c) CH;00CO CHCH,
O

0CH;
CH;

O
(d)CH;0CO CHCHg
O O
H OCH;
Ans. (c¢)

In the given question, the substrate is a
2°-halide (bromide) and the medium,
CH.OH(as well as a poor nucleophile)is
protic in nature, So, the reaction will
follow mainly S, 1pathways via the
formation of a carbocation intermediate
(1).

Me Me

-Br®
7—r —
Me H rds
H Br M
Me o /S angon Me
C—CH — CH—CHMe
Me” HOFast Mo/ [
OCH
H (1) (Mmora)

The intermediate, | can be rearranged
into the more stable form I'(3°) by
a-hydride shift.

|'"will give the major product.

Me ® ©
\CfCHMe a-H shift
Me 7
|
(2° carbocation) Me
/CfCHsze

Me D
|' CH30H |_n®

(3° carbocation) b
Me\

M| |

OCH;

(Major)

CHzMe

31 The major product Y in the
following reaction is

w)\ EtONa HBr v
Heat
[2019, 10 April Shift-II]
The given reaction takes place as
follows :

Ans. (b)

N\ (\B H for EtONa/A
Saytzeff B-elimination
elimination -HCI

CHZ
\® B-H for
K/Hoffmann
elimination

MarkownikoVv" s/ﬁl
centre for Br®

3-methyl but- 2 ene 3-methyl- but -ene
major minor
(Saytzeff product) (Hoffmann product)

Electrophilic addition
H (Markownikov's rule)

Br

Br *

2-bromo-3-methyl 2-bromo-2-methyl
butane (minor) butane (major)(Y)



32 The major product obtained in the
given reaction is

CH 0 CH CH3
RO
Cl

AlCH
—5 Product

[2019, 10 April Shift 11]

CH

(b) HsC 0
LS
_CH

CH,

(d) HsC 0
o/
CH:CH2

Ans. (c)

The given reaction takes place as
follows :

CH3 0
AlCIg
—_—
\©/CQ - AICI,®
CH3 0
\©{®9

Intramolecular
ArSg2-reaction

It will stabilise the
carbocation by
(+ve) hyperconjugation

—
ﬁ@ i

-AICK
H
CHs 0 Carct,

33 Heating of 2-chloro-1-phenyl
butane with EtOK/EtOH gives X as
the major product. Reaction of X
with Hg(OAc), /H,0followed by
NaBH, gives Y as the major
product. Y is [2019,12 April Shift-11]

OH
(a)Ph/W/\ (b)Ph/\)\
OH
OH
(C)Ph)\/\ (d)Ph/\/\

Ans. (c¢)

Heating of 2-chloro-1-phenylbutane
with EtOK/EtOH gives 1-phenyl
but-1-ene(X). Reaction of X with
Hg(OAc), /H,0followed byNaBH, gives
1-phenyl butan-1-ol (Y). Reaction
involved is as follows :

Cl

)\/\ EtOK
—

X
o =T P VN

OH
1. Hg(0Ac)y H,0

2.NaBH, )\/\

Ph v)

Mechanism
(CI
S
OEt

Ph dehydro-
H halogenation

OAc

/@g fkj\OAc
A

Ph

Oxymercurationi

OAc

J{HZ.O.:

Ph— CH — CH— Hg—OAc

]
QOH CoHg
|
H

c.
J:Q-Ac
Ph— CH —CH —HgOAc

:0H  C,Hs
DemercuraﬁonlNaBHé
Ph— CH — CH, + Ac0”

OH  CyHs (V)

34 An Assertion and a Reason are
given below. Choose the correct

answer from the following options.
[2019, 12 April Shift-II]

Assertion (A) Vinyl halides do not
undergo nucleophilic substitution
easily.

Reason(R) Even though the

intermediate carbocationis

stabilised by loosely held

Teelectrons, the cleavage is

difficult because of strong

bonding.

(a)Both(A)and(R)are wrong
statements.

(b)Both(A)and(R)are correct
statements and(R)is correct
explanation of (A).

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

(d) (A)is a correct statement but (R)is
awrong statement.

Ans. (c)
Vinyl halide (CH, == CHO Cl) do not
undergo nucleophilic substitution

reactions. This is because it forms
highly unstable carbocation

[u]
(CH, == CH). It cannot delocalise its
Teelectron. In vinyl halide C—Cl bond

possess double bond character also.

oo Sl @
CH/Z\:CH :C.c_\: > CH,—CH=C;

3_5 The major product of the following
reaction is

[2019, 12 Jan Shift-II]



Ans. (d)

Itis asimple case of Markownikoff
addition. The reaction proceeds as :

OO X =3

3° stable
carbocation

The structure of options given may
confuse an aspirant with ring expansion
but that is seen as the minor product
only[Due to the formation of a 3° stable
carbocationin the process]the major
productis

36 The major product of the following
reaction is [2019, 12 Jan Shift-Il]

(a) CHLHL ==CH,
O

CO,CH,CH;
(b)  CO,CH,CH;
0

CH.C == CHCH,
CH,CHs
(C) HsC mem G~ OCH,CH;
COOCH,CHs
0CH,CHs

(d) HsC HoC me—C —=a8 CO,CH,CH;

O [l

Hz
Ans. (b)

Presence of strong base (Et0”) and heat
indicates elimination.

Thus, the compound undergo
dehydrohalogenation and alkene is

produced. As per the position of Clin
substrate, following 2 alkenes are
formed as product:

(i) CH,CH, C=CH,
0
COOCH,CH,
(i) CH,CH=CO CH,

O
COOCH,CH;
In accordance with Saytzeff rule
CH,CH=CO CH;

0
COOCH,CH,

will be the major product.

37 Which hydrogen in compound (E) is
easily replaceable during
bromination reaction in presence
of light?

CH;OCH, £€H CH,
3 % B a
(E)
(b) d-hydrogen

(d) a-hydrogen
[2019, 10 Jan Shift-1]

(a) B-hydrogen
(c) y-hydrogen

Ans. (c)

The compound (E) has two
allyl-hydrogen atoms (y). When E reacts
with Br, /hv, it readily undergoes allylic
free radical substitution and forms 3,
3-dibromobut-1-ene

> y B a Br,/
CH,OCH) &+ Cm - ™
-HBr
But--ene
Br

|
CH,OCH EH CH,
3 y B o

3-bromo-but-1-ene

E|§r
Dﬁth
- EDH @: CH C
-HBr |3—_| | B (tz
Br

3,3- dibromobut-1-ene

38 The major product of the following
reaction is [JEE Main 2018]

e
-
-y

NaOMe
MeOH

-
o

Ans. (b)

Complete reaction can be represented
as

+NaBr + MeOH

Thus, the given reaction is
dehydrohalogenation whichis a
B-elimination proceeding through E,
mechanism.

Mechanism The reaction proceeds
through the formation of following
transition state with simultaneous
removal of Brand H atoms.

Na® —Na*Br-
:BF (Product)

. Br
. Here, BB =
Bond breckage
<> - BF =
"~ Bond formation

MeCH (Product)

39 The increasing order of reactivity
of the following halides for the Sy1
reaction is

I. CH;CH(CI)CH,CH,
ll. CH;CH,CH,CI
lll. p-H;,COO CgH, CH,CI
[JEE Main 2017]
(b)) < (1)< (1)
(d) (I < <(n

(a)(n< () <(1)
(c)()< (<)
Ans. (d)

() Therate of S Treaction depends

only upon the concentration of
the alkyl halide.

(i) S\ Treaction proceeds through
the formation of carbocation.

The reactivity is decided by ease of
dissociation of alkyl halide.

RO X=—=R% X©

Higher the stability of R* (carbocation),
higher would be the reactivity towards
Sy Treaction.

p-H,CO O CgHyl  CH,”
stable carbocation due to resonance
and then CH; CHCH, CH; (2° carbocation)

|

is the most

g
while CH;CH, CH,(1°)is least stable.

Thus, the correct increasing order of
the reactivity of the given halides
towards the Sy 1reaction is



CH,CH, CH, Cl < CH, CHCH, CH;
|
Cl
(1 (1)
<p-CH,LO O CgHJ  CH,CI
(1

40 Which of the following, upon

treatment with tert-BuONa
followed by addition of bromine
water, fails to decolourise the
colour of bromine ? [JEE Main 2017]

0 CeHs
O YT
Br Br
0
Ss

Br
Ans. (a)

To show decolourisation, compound
must be unsaturated.

0 _ oy
O/ w tert-BuONa
s
Br O/OW
0—tBu

(Saturated)
(cannot decolourise Br, water)

CeHs
tert BuONa

o~

X

(Unsaturated)
(decolourise Br, water)

tert BuONa

oT »
(Unsaturated)
(decolourise Br, water)
tert BuONa
0
=z

(Unsaturated)
(decolourise Br, water)

H 3-methyl-pent-2-ene on reaction

with HBr in presence of peroxide
forms an addition product. The
number of possible stereocisomers
for the productis  [JEE Main 2017]
(a)six (b)zero

(c)two (d)four

Ans. (d)

The number of stereoisomers in
molecules which are not divisible into
two equal halves and have nnumber of
asymmetric C-atoms =2".
3-methyl-pent-2-ene on reaction with
HBrin presence of peroxide forms an
addition producti.e.
2-bromo-3-methyl pentane. It has two
chiral centres. Therefore, 4
stereoisomers are possible

2 4
W/ﬁs/\B HBr
—_
Peroxide
3-methylpent-2-ene Br
2 4
1 5 5

Anti-Markownikoff's addition
Four stereoisomers are possible
(As molecule has two chiral
centres and asymmetric).

The major product obtained in the
following reaction is [JEE Main 2017]
Br

H
CeHs

(a)(i)CGHBCH(OrBu)CHZCBHB
(b)CgHsCH= CHCgH

(c)(+) CgHsCH(O'Bu)CH,CgHg
(d)(=)Cs H-CH(O'Bu)CH,CgH

Ans. (b)

An alkyl halide in presence of a bulkier
base removes a proton from a carbon
adjacent to the carbon bonded to the

halogen. This reaction is called E2
(B-elimination reaction).

CB
oH
CH /‘\?/CBHs _EBuOK,
eHs 2
4 "y CeMon

C==C
H \CsHs

+ tert-BuOH + Br~

2-chloro-2-methylpentane on
reaction with sodium methoxide in
methanol yields [JEE Main 2016]
CHy
O
I.C 2H50H2 CO OCH;4
O

CH,
Il. C,H.CH, C==CH,
0

CH;

. CZHECH ==C0O CHy
a
CHy

(a)Both land Il

(b) Only Il

(c)Bothland Il

(d) All of the above

Ans. (d)

Strong nucleophile (OMe) in polar
solvent(MeOH) gives elimination products
over substitution products but all
products are possible in different yields.

o]
MeONa
CHy;—C—CH,CH,CH
3 2 2 3 MeOH
CH, OCHs;

CH3-C-CH2-CH2-CH3+

CH3
(Lessyield)

CHy—C=CH—CH,CH3+CH, =C—CH,—CH,CHs

CH3z CH3z
(More yield)

H The synthesis of alkyl fluorides is

best accomplished by
[JEE Main 2015]
(a)free radical fluorination
(b) Sandmeyer's reaction
(c) Finkelstein reaction
(d) Swarts reaction
Ans. (d)

Alkyl fluorides can be prepared by
action of mercurous fluoride or
antimony trifluorides (inorganic
fluorides) on corresponding alkyl halide.
This reaction is known as Swarts
reaction.

CHBr+AgF 0. CH;F +AgBr

Methyl fluoride
But, when action of Nal/acetone takes
place on alkyl chloride or bromide, alkyl
iodide forms. This reactionis called
‘Finkelstein reaction’.

C,H,CI I

acetone

CoHgl+NaCl

Free radical fluorination is highly
explosive reaction. so not preferred for
the preparation of fluoride.

E How many chiral compounds are

possible on monochlorination of
2-methyl butane? [AIEEE 2012]

(a) 8 (b) 2 (c) 4 (d) 6



Ans. (b)

2-methylbutane an monochlorination
gives 4 isomers, among which | and Il
are chiral in nature.

CH, O CHJ CH CH, o2
0
CH; Cl
. O
CH,CH, —CHEH,Cl + CH,CH, 0T CH,
i O
CH, CH,
(1 (I
Cl
0
+ CHy —CH—CH -6H; + CH, CH, 0 CH O CH,
O 0 0O
CH; Cl CH,
(1) (1v)

Hence, 2 chiral compounds are formed
in the above reaction.

E Which branched chain isomer of
the hydrocarbon with molecular
mass 72 u gives only one isomer of

mono substituted alkyl halide?
[AIEEE 2012]

) Tertiary butyl chloride
) Neopentane
) Isohexane

) Neohexane

Molarmass =72=C,H,,,,
=12n+(2n+2)

n=5
Thus, hydrocarbon is C.H;,.
Since, it gives only single C.H;,Cl, This
suggests that C.H,, is symmetrical.
Hence, it is containing all 12 equivalent

H-atoms.
CH;
ad Cly
H,CO O CH; O
0 A
CH CH;

0
H,CODO CH,Cl+HCI
0
CH,

47 Consider the following bromides,

(A) Me ~~ > \gr

(©) Me /\/Me

Br

Me

Br [AIEEE 2010]

The correct order of Sy Treactivity
is

(a) (B)>(C)>(A)
(c) (C)>(B)>(A)
Ans. (a)

The reactivity of S Treaction depends
upon the stability of the intermediate,
carbocation formed during these
reactions. The stabililty order of the
carbocation formed from the given
speciesis

Me Me
/\/ >
+ Me +
Allylic carbocation 2°carbocation
(stabilises through (stabilises by

hyperconjugation
due to 6 a-H atoms)

+
> /\/CH2
Me *
1°carbocation
(stablises by hyperconjugation
due to 2 a-H-atoms)

resonance due to
conjugution)

Hence, the reactivity order of the given
bromide towards Sy Treaction is

Me Me
/\/ >Me/\/
Br Br
(B) (c)

VI N
(A)

The organic chloro compound,
which shows complete
stereochemical inversion during

anSy2reaction is
[AIEEE 2008]

(b) (CH;); CCl
(d) CHLI

(a) (C,Hg), CHCI
(c) (CHs),CHCI
Ans. (d)

Nucleophilic substitution bimolecular
(Sy2) prefers less sterically hindered
site to attack. Lesser the steric
hindrance faster the S 2 reaction. So
ease of reaction is 1°>2°>3°.

H H
Y, .
H- Cl — Nu ~H
H

H

Sy2involves inversion of configuration
stereo, chemically.

Since, 1° alkyl halides are prone toS,2
reactions, therefore CH;Clundergoes
complete strerochemical inversion.

E Which of the following reactions

will yield 2, 2-dibromopropane?
[AIEEE 2007]

(a) CH;0 &= CH+2HBIL
(b) CH,CH == CHBr + HBr [,
(c) CH=CH+2HBr 0.

(d) CH;0 CE= CH, +HBfL
Ans. (d)
(a)CH;0 & CH+HBr
o cHy =% CH,
Br
DH"
l
BEHE9eMS™ e cHO CH,
(Hydride transfer) 0
Br
Br
a Br~ +
CH;0 COCH;«O @H; COCH,
O O
~ Br Br
2, 2-dibromopropane More stable

carbocation
(b) CH,CH==CHBr [HBr
CH;CH,CHBE,

(c) CH = CH m*®  CH,CHBr,

(d) CHy;00 CH= CHEL™® CH;
CHBrCH;

50 HBr reacts with CH,=CHI] OCH,

under anhydrous conditions at
room temperature to give

(a) CH{LHOandCH3Br  [AIEEE 2006]
(b) BrCH,CHO and CH,0H

(c) BrCH, O CHJ] OCH4

(d) H.CO CHBE  OCHs

Ans. (d)

CH, = CHO OCHJm- ™

CH, O CH DO OCH,
0

Br
First protonation occurs, two possible
intermediates are
CH3 -0 CH -0 OCH;
- O
H (1)
(-1 effect destabilises carbocation)

and CH;0 CH 0 CH,
(1w
(+ Meffect stabilises carbocation)
II, is more favourable. Hence, Br®
attacks and productis
CH; O CHOO CH;

O
Br



51 trans-2-phenyl-1-bromocyclopentane
on reaction with alcoholic KOH
produces [AIEEE 2006]
(a) 4-phenylcyclopentene
(b) 2-phenylcyclopentene
(c) 1-phenylcyclopentene
(d) 3-phenylcyclopentene

Ans. (b)
O
HO B Alc.KOH
_)_
Er
H anti-elimination
Br H H

3-phenylcyclopentene

Anti-elimination, means —H and the —Br
both departing group must be present
at dihedral angle of 180° (anti).

52 CH,Br+Nu™ . CHy Nu+Br~

The decreasing order of the rate
of the above reaction with
nucleophile (Nu™)Aand Dis

[Nu = (A) PhO™,(B)AcO™, (C)HO™,
(D)CH;07] [AIEEE 2006]
(a) D>C>A>B (b)D>C>B>A
(c) A>B>C>D (d)B>D>C>A
Ans. (a)
Nucleophilicity order is
CH;—>—0>H ——0%
(D) (C)
+ | effect =)
0
¢ g
>CH; O [D
(A) Negatlve charge
Negative charge ;:Sambr)eatr:;:e‘y

stabilised by

phenoxide ion
resonance

TOPIC 2

Haloarenes
53 0
Br,
AIBr3/(C,Hs),0
w
(Major product)

Consider the given reaction, the
product Ais  [2021, 26 Aug Shift-II]

Br

(a)

(b)/@)k/\/
Br 0

(c) @)‘\/\/
Br 0

(d) [:::TJL\,/\\(/

Br

Ans. (c¢)

In presence of Lewis acid, electrophilic
halogenation reaction

takes place at meta position to give
@)O‘\/\/
Br

Brz
AIBrs/(CyH 5)2

as follows

Br
(A)
(Major product)

54 Among the following compounds
[-IV, which one forms a yellow
precipitate on reacting
sequentially with
(i) NaOH (ii) dil. HNO,

(i) AgNO4? [2021, 26 Aug Shift-1]

/©/C| ; Cl
| Il
CHs
Br Cl
©:CH3 @CHﬂ
1 \%

(a) (b) IV (c)l (d)m

Ans. (b)
i)NaOH
(i) dil. HNOB
CH,| (iii AgNOs

+ Adl
yellow
ppt.)

CH, I : CHpOH+Nal

This compound halide will only give
yellow ppt. as benzyl carbocation
formed shown below is highly stable by
conjugation.

[::I:C
CHy

Benzyl carbocation

oL
o, =

Other compounds halide cannot be
removed because their corresponding
carbocation is highly unstable.

OH OH
IR
Br

(Major product)

The given reaction can occur in
the presence of

(A) bromine water
(B)Br,inCS, 273K
(C) Br, /FeBry

(D) Br, inCHCI,, 273K

Choose the correct answer from
the options given below

[2021, 22 July Shift-I]
(a)(B)and(D)only
(b)(A)and(C)only
(c)(B), (C)and (D) only
(d)(A).(B)and (D) only
Ans. (c¢)
Only bromine water gives tribromo
products, while all other gives

monobromo products in which para
bromo is major product.

OH

+ Bry/water —>\©/
Phenol

2,4,6- tr|bromophenol
(Major product)



When phenol reacts with bromine in the
presence ofCS,, FeBrs, CHCI50, it results
in the formation of two products. The
products is ortho bromophenol and
para bromophenol. The major product
of this reaction is p-bromophenol
because no steric hindrance is present
at para position.

OH
. 273K
+ BryinCS, —
orBry/FeBrs
Phenol o B, /CHCI,
OH OH
Br
.
(Minor Br
product) (Major product)

o-bromophenol  p-promophenol

Main products formed during a
reaction of 1-methoxy naphthalene

with hydroiodic acid are
[2021, 18 March Shift-1]
|

(a) OO and CH;0H

OH

(b) OO and CHsl

OH

(c) OO and CH;0H

(d) OO and CHsl

Ans. (b)

Given reaction is completed via SN2
mechanism. Methyl of methoxy group
will be substituted by

H* ion to give O OH(hydroxy group) as
follows

Mechanism

1-methoxy
naphthalene

%
%}cﬁ

8

SN2

OH
—C

1-naphthanol

+ CH3*‘

Methyl
jodide

57 Which of the following reaction is
an example of ammonolysis?
[2021, 17 March Shift-I]

(a)CgH.COCI+ CgHNH, O-
CeH.CONHC H,
d_lj]
(b)CgHeCH,CN L1 CgH.CH,CH,NH,

(C)CeHNH, OF' CoHe NHLI™
(d)CgHeCH,Cl+ NH; [ CgH:CH,NH,
Ans. (d)

Reaction of alkyl halide with ammaonia is
called ammonolysis reaction.

CoHCH,CI ™S CoH CHNH,

Carbon-halogen bond in alkyl or benzyl
halides can be easily cleaved by a
nucleophile. Hence, an alkyl or benzyl
halide on reaction with an ethanolic
solution of ammonia undergoes
nucleophilic substitution reaction in
which the halogen atom is replaced by
anamino (O NH,) group.

This process of cleavage of the CO X
bond by ammonia molecule is known as
ammonolysis.

58 Cl 0™Na*

+NaOH —

The above reaction requires
which of the following reaction
conditions? [2021, 17 March Shift-1]
(a)573 K, Cu, 300 atm

(b)623 K, Cu, 300 atm

(c)573 K, 300 atm

(d)623 K, 300 atm

Ans. (d)

When chlorobenzene is treated with
NaOH at 623 Kand 300 atm sodium

phenoxide is formed by nucleophilic
substitution.

Cl
623 K
+NaOH - 505
Chlorobenzene ONa*

(Dow process)

Sodium phenoxide

Nucleophilic substitution is not
preferred in aromatic compounds. So,
to do such reactions high temperature
and pressure are required.

59 Match List-| with List-Il.
List-I

cl
N,CI”
A ©/ — N,
cl
N,CI™
Cu,HCI
B. E— N,

C. 2CH,CH,Cl+2Na mE"™
C,Hg O C,H, +2NaCl
D.2C ¢H,Cl+2Na mh™

CgHg O CgH, +2NaCl
List-Il
(i) Wurtz reaction
(ii) Sandmeyer reaction
(iii) Fittig reaction
(iv) Gattermann reaction

Choose the correct answer from

the options given below.
[2021, 26 Feb Shift-11]

A B C D
a) (iii) (i) (iv) (i)
b) (i) (i) (iv) (iii)
c) (i) (iv) (1) (iii)
d) (iii) (iv) (i) (i)
Ans. (c)
Benzene diazonium chloride undergoes
Sandmeyer reaction in presence of
Cu,Cl, while undergoes Gattermann
reaction in presence of Cu/HCl to give

chlorobenzene along with nitrogen gas
(N,).

(
(
(
(



® O
: ,N,Cl

Benzene
d|azon_|um Cu,Cl,
chloride

Cl
+ Ny

(Sandmeyer reaction)

Chlorobenzene

(Gattermann reaction)

So, (A)-(ii)Sandmeyer reaction
(B)-(iv) Gattermann reaction

(C) Ethyl chloride reacts with sodium in
presence of dry ether to give n-butane.
This reaction is known as Wurtz
reaction.

2CH,CH,Cl +2Na

Ethyl chloride
[Aliphatic 1°-halide]

CH;CH, O CH,CH; + 2NaCl
n-butane

It is Wurtz reaction in which an aliphatic
1° or 2° halides produces a symmetrical
alkane like n-butane.
(D) Chlorobenzene reacts with sodium in
presence of dry ether to give biphenyl.
This is known as Fittig reaction.

Cl
2 @ +2Na —Ether,
Chlorobenzene +2NaC|

[Biphenyl]
Itis Fittig reaction in which a
halobenzene
produces biphenyl.
So, C-(i) Wurtz reaction
D - (iii) Fittig reaction
So, correct match is A-(ii), B-(iv), C{i)
and D-(iii).

60 For the given reaction,
CH,CHs 2

Br,

OViioht (Major product)

monobrominated

CN
What is A? [2021, 26 Feb Shift-I]
CH,CH; CH,CH5
Br
(a) (b)
CN CN

Br

CH CH,CH

CN Br CN

Ans. (c¢)

When 3-ethyl benzonitrile undergoes
photochemical reaction (UV) with
bromine (1equivalent), we get a
monobrominated product 1bromo-1(3 -
cyanophenyl) ethane (A) as the major
product.

CH,—CHsz
Bry (1eqi.)
UV light
CN -HBr
3-ethyl benzonitrile
Br
SCH-CH;

CN

(A)
1-bromo-1(3-cyanophenyl)
ethane (Major)

The reaction follows benzylic free

radical substitution mechanism which

has a2°benzylic free radical

intermediate (stable due to resonance

with the benzene ring).

(i) Initiation step In this step radicals

are generated via homolytic
fission of covalent bond.

Bv\f\ér Brr+Br®
(ii) Propagation step 3-methyl
benzonitrile reacts with bromine
radical to give
1-bromo-1-3-cyanophenyl) ethane
along withH".

—CH—CH3z +BrY ——
H

Benzylic carbon

e
Br

(iii) Termination stepH" andBr®
reacts to form HBr.

H*+Br" [ HBr

, MBH—CH;
Intermediate :
2° benzylic
free radical
CN

61 The decreasing order of reactivity
of the following compounds
towards nucleophilic substitution
(Sy2)is

CHZCI

)

CH,CI

(1)

NO,
(a) (1)>(1N
(b) (IV)>(ll
(c) (1) > (Il
(d) (1>
Ans. (a)

Rate of Sy 2 reaction

(I

CH,CI
@
NO

[2020, 3 Sep Shift-II]
)

2

)>(IV)>(l
)>(1)>(1)
)>(1V)>(1)
)>(1)>(1V)
1
Stability of carbocation

Stability of carbocation [

=I/-M
(effective group)
[ 0"
CH, =0l CH,CI
NO,
~l-effect -M-effect
0] -l-effect

(1)

(Distance dominating)

[ [
CH,CI CH,CI
NO, NO, NO,
NOZ -l-effect
-M-effect (1v)
-l-effect

(1

So, the decreasing order of reactivity of
the given compounds towardSy2
reactionis

(10> (11> (1v)>(1).



62 In the following reaction
sequence, [Clis

NH,

(i)NaNO, + HCI, 0-5°C
(i) Cu,Cl, + HCI
Na+dry ether
CHy AR (]
(Major
product)

(A1 (8]

[2020, 4 Sep Shift-I1]

(a) CIO @D CH3 CH, @—CI
(b) CH3O @D @D CH
(c) CIO @D CH3 @D CH3 Cl
(d) C|IH2D @D @D (|:H2

Cl cl

Ans. (a)
NH, NoCI™

NaNO, +HCI, 0-5°C

CuyCly, (Diazotisation
reaction)

CHs CHs

(A)
Cl
|
@ CuyCly @

Cl
CH,CI CHz
(8)

Cl,
(Wurtz reaction)

hv
Na/ether
(©)

(Final product)

E Consider the following reactions :

) @ . @—Cl Anhyd. AIC

Anhyd. AICI
(B) +Cly(excess) &S,
dark

Cl Cl
Cl Cl

¢ cl
(C) @ +CHy= CH—C]-Anhyd:AlCly

ars"
(D) @ +CH, = CH—CH,CI

Anhyd. AICI5 QCHZ—CH:CHZ

Which of these reactions are

possible? [2020, 7 Jan Shift-II]
(a)(B)and (D) (b)(A)and (D)
(c)(B)(C)and(D) (d)(A)and(B)

Ans. (a)

(A)and(C)are not possible : Aryl halides
and vinyl halides in the presence of
anhyd. AICI; do not act as electrophiles
to give Friedel-Crafts reaction with
benzene. Therefore, these reactions are

not possible.
Anhyd. AICI
(B) ©+CI2 (excess)n—éaﬁ
Cl
Cl Cl
Cl Cl

|
(This reaction is possible)

(D) @ + CHy—CH—CH,—Cl
(

Allyl halide : easily form
electrophile with AICI; and

can react with benzene to give
Friedel-Craft’s reaction)

Anhyd. AIC
e, @CHZ—CH:CHZ

(This is also possible)

6_4 Which of these will produce the
highest yield in Friedel-Crafts
reaction? [2020, 9 Jan Shift-1]

Cl

CONH,

NH,
(a) ©

OH
(c) @ (d)

Ans. (b)

Friedel-Crafts reaction is an
electrophilic substitution reaction. In
general, the rate of these reactions
is highest when benzene have

some electron releasing groups, (i.e.
ONHL] OH)attached to the
nucleus.

NH,  OH
Butin@and@, 0 NH, and

O OH groups are deactivated because the

Lewis acid(anhydrous AICI;)

used in these reactions form an adduct
with the '00NH,"or 00 OH groups and
becomes ineffective.

|
‘00 NH,"isaelectron withdrawing

(deactivating) group.
CONH,

ad is not highly reactive.'d CI

in is weakly electron

withdrawing (deactivating) group, but
among the given options, it is most
reactive towards Friedel-Crafts
reaction.

E The major product of the following

reaction is
CH;
(1) Cly/hv
(2)H,0, A
cl
[2019, 8 April Shift-11]
CHCl, CO,H
(a) (b)
cl cl
CH, OH CHO
(c) (d)
cl cl



Ans. (d)
CHs
Cl
hv/benzylic free radical
substitution with Cl,
’ Cly(Teqv.) ‘ ’ Cly(2 eqv.)‘ Cly(excess)

F R

: _CH,CI : _CHCl, /@/CC|3
EFH cl) 72HCIJ2H oa -3H J’SOH“’Q)

Lon
CH,OH CH %?H ?E,OH
: : §0H
Cl Cl Cl

(Option-c) Gem-diol
H,0
(unstable) OH

J.Hzo c=0
CH=0 /@/
Cl
as Cc0o0
(Option-d)
Cl

in basic medium

lH;o@
: COOH

cl (Option-b)

So, considering the second reaction condition, CI™, H,0, Ain the

statement of the question, the correct answer is option (d).
66 The major product of the following reaction is

1. KOH (alc )

2. Free radical
polymerisation

[2019, 9 April Shift-1]

SO
M@\ n

Cl

CH3
c)
n
n
OH
OH

Ans. (b)

In presence of alc. KOH, the given halide undergoes
elimination reaction.

The alkene produced undergoes polymer|sat|on via free
radical mechanism. This process invaolve three steps, i.e.
initiation, propagation and termination.

/@/\/ Polymerisation /@}—Q

Polymer

67 Increasing rate of Sy1reaction in the following
compounds is

<(B)<(C)< (b
( )(A)<( )< (D)<(C) (d

Ans. (b)

More stable the carbocation intermediate, higher will be the rate
of Sy Treaction.

[2019, 10 April Shift-I]

o

=
o
A

=

The reaction involving carbocation intermediate formation
for the given compounds are as follows:
CH; j Three positive

hyperconjugation
©4_ 2°-benzyl carbocation
S
i BN b Stable
rds
(A) g
R
MeO o CHs
—L5 Me0 ] O Less
rds
‘—g‘ stable

-leffect
from m-position
(BN)



,|O

rds

CHz
/@) [0 More stable
H30
Addmonal
three hyperconjugation
()

e
-k

Add’mona\ +R effect from

0 Highly
stable

p-position(DN)
Stability of intermediates will follow the
order
B < A < C' < D
() (-HPC=3) (+HPC=6) +HPC=3
+R=1

So, the rate of S Treaction with the
given compounds willbe, B<A<C <D

g The major product of the following
reaction is

[2019, 9 Jan Shift-1]
Ans. (d)

The road map of the given reactionis :
Iso\atedC [

Br, /CCl,
Anti-addition (electrophilic)

of Br, with the isolated
(non-aromatic) C==C

Br

*

Br

%,
K7

medium as well
as nucleophile)

EtOH (Polar protic
S\ 1.-Br

2°-benzyl
(carbocation
(Stable)
o D
EtQH Br
S e— *

ooy

Racemlsed tas we\l as
inverted (+and -

6 The major product of the following
reaction is
KOH(uq

/5 (||)CrO /H*

Br (i) H,S0,/A
0

’ Yj

qu
Ans. (a)

Key Idea The reaction involves
hydrolysis or nucleophilic substitution in
first step followed by oxidation and
dehydration in last step. The most
important fact is that, the Br group
attached directly to aromatic ring will
not undergo substitution in step (i)

The road map of the given reaction is as
follows:

[2019, 9 Jcm Shift-1]

Br aq. KOH H CrOs/H*

S\2 0 1
Br Br

Itis aryl halide, remains unaffected
under ordinary Sy 2 reaction conditions

H,S0,/A
“H,0
(Intramolecular
dehydration) Br

70 The compounds A and Bin the
following reaction are, respectively

HCHO+HCI AgCN
Oy, s

(a) A=Benzyl alcohol,
B =Benzylisocyanide
(b) A=Benzyl alcohal,
B =Benzyl cyanide
(c) A=Benzyl chloride,
B =Benzylisocyanide
(d) A=Benzyl chloride,
B =Benzyl cyanide
[2019, 9 Jan Shift-1]

Ans. (c¢)

The mechanism of the given reaction is
as follows:

itis electrophilic

ﬁ s substitution (Ar S¢2):
[CHZ-%JH]C\ ' Haloformylation

\e— -chl
[CH,=

CH=0ZH Cf

Y
AgCN (¢
More covalent
(Ag—C=N}
“AqCl (A)

(Benzyl chloride)

@/CHZCN @/CH LONC

(Minor) B(Major)
(Benzyl
isocyanide)
Thus, both benzyl cyanide and benzyl
isocyanide are the products of reaction
but benzylisocyanide being the major
product gives the correct option as(c).

Which of the following compounds
will produce a precipitate with

AgNO;? [2019, 11 Jan Shift-Il]

Br
JeRle

NS
N
Br Br
Q 9

Ans. (a)

Only ionic halides(X™) give precipitate of
AgXwith AgNQ; solution. So an organic
bromide able to produce R (stable
carbocation)andBr~ in aqueous
solution will give precipitate of AgBr
with AgNOs.

+ R- effect
@f Q o Bre

Unstable
(Aryl carbocation)

(Bond energy

alsoincreases)
Stable carbocation

(b) @—Br
(Aromatic, BTtsystem)
1O = Oyt

(Unstable carbocation)

® +Bro

_
5



Y. (+R-effect)
N=— N=

Unstable
(Aryl carbocation)

Br

So, only produces a

precipitate of AgBr with AgNO; solution.

72 The major product in the following
conversionis  [2019, 12 Jan Shift-I]

CH3O—®fCH:CHf CH3

HBr(excess)
Heat

(a) CHs0 @*CHCHZC}—Q

Br

(b) HO @CHchcm

Br

(c) CH0 @CHZCHCHB

Br

(d) HoO @CHCHZCH3

Br

?

Ans. (d)

Key Idea The excess of HBr and high
temperature in given reaction serves
for dual purpose :

(i) Hydrolysis of ether via§2
mechanism,
i.e. Zeisel's method.

(ii) Markownikoff addition at double
bond of the branch.

The road map of complete reaction is as
follows:

CH;—0 @CH =CH—CH;

H*lHBr excess/Heat

CH;—0 {é}[m—wz—w3
lBr’

CHsﬁ@CHCHZCHz

% Br

Br'lH+
H
5 N
B¢ 'BB'O@CHfCHZ—CHS
/N iBF |
H o H g8 Br

Transition state

Sy2 Reaction J(
(Zeisel's Method)

CH3Br + HO@(‘?H—CHZ—CHS

Br
Product

Here, BB = Bond breakage
BF =Bond formation

Compound (A), C gHgBr gives a white

precipitate when warmed with
alcoholic AgNO5. Oxidation of (A)
gives an acid (B), C gHg0,,. (B) easily
forms anyhydride on heating.

Identify the compound (A).
[JEE Main 2013]

CHzBr CZH5
(a) (b) @[
Br

CH3
CHzBI’
CHB,r
(©) (d) @(
CHs
CHs
Ans. (d)

Compound A gives a precipitate with
alcoholic AgNO; (here white is
misprinting because the colour of pptis
light yellow), so it must contains Brin
side chain. On oxidation, it gives CgHg0,,,
which shows the presence of two alkyl
chains attached directly with the
benzene nucleus.

Since, compound B gives anhydride on
heating, the two alkyl substituent must
occupy adjacent (1, 2) position.

Thus, Amust be
@ECHQBI’
CHsz
and the reactions are as follows
or "
CHs
CH,O OR
QL " o
CHs

l(A)
Oxidation

COOH
QL,,,, ## QL
-H,0
COOH

(B)

r
Alcoholic
AgNO3z

0
Phthalic anhydride

74 A solution of
(-1 }-chloro-1-phenylethane in
toluene racemises slowly in the
presence of a small amount of
SbCl, due to the formation of
[JEE Main 2013]
(b) carbene
(d) free radical

(a) carbanion
(c) carbocation

Ans. (c¢)
The given compound, (=)=

chloro-1-phenylethane in the presence
of SbClg forms a carbocation.

SbClg
ClO0 CHO CHE.
Toluene
]
Ph

[PhO CH  CH,]SbCI;

Since, the carbocation is a planar
species, therefore it can be attacked by
SbClg either from the front or back side
of the carbocation with equal ease. As a
result, 50 : 50 mixture of two
enantiomers of
1-chloro—1-pheynylethane undergoes
racemization due to the formation of a
carbocation intermediate.

[PhOCH CH,)SbOi

PhO CHO CHy  SBCI,
O
Cl

[d and | forms]

E The structure of the major product
formed in the following reaction is

©/\ NaCN
SN
OMF
[AIEEE 2006]
CN
(a) @/\
cl
(b)
NG

CN
cl
(c)
CN

» @/\cl\l



Ans. (d)

Cl NaCN
DMF

CN

Chloride present on 1° aliphatic carbon
can be substituted easier than iodide
because | is attached to benzene ring.
Lone pair of e~ oflisinvolved in
delocalisation with Tt—e™ of benzene.

Cl

Hence, |is difficult to substitue.

% The compound formed on heating

chlorobenzene with chloral in the

presence of concentrated
sulphuric acid is [AIEEE 2004]
(a) gammexane

(b) DDT

(c) freon

(d) hexachloroethane

Ans. (b)

CCI;CHO +2 @—m
Chloral
Chlorobenzene

ConcxH,S0, DoT
—_—

77 Bottles containing C gHland

CgH;CH,llost their original labels.
They were labelled A and B for
testing . Aand Bwere separately
taken in test tubes and boiled with
NaOH solution. The end solution in
each tube was made acidic with
dilute HNO5 and then some AgNO,
solution was added. Substance B

Bgave a yellow precipitate. Which
one of the following statements is

true for this experiment?
[AIEEE 2003]

(a) AwasCgHl

(b) AwasCgH.CHyl

(c) BwasCgH,l

(d) Addition of HNO3 was unnecessary
Ans. (a)

In tube A
CoHe| DﬁfO_H No reaction (~.-pH -/
boil

does not break)
(i) DILHNO
11N No
(i) AgNO 5 yellow ppt. of Agl

Intube B
NaOH, boil (i) DILHNO 4
CBH5CHZI [T [ Nal
—CgHg CHy OH (i) AGNO 5
Agl
0 yellow ppt.

!
(PhCH, I bonds breaks)
Thus, Awas CgH,l.



