HALOALKANES
¥ AND HALOARENES

BASIC CONCEPTS

1. Haloalkanes or alkvl halides are the compounds which have the general formula RX, where R 1s an alkyl
or substituted alkyl group and X 1s a halogen (F, Cl, Br, I). Likewise, haloarcnes or aryl halides are the
compounds containing halogens attached directly to an aromatic ring. They have the general formula ArX
(where Ar 1s phenyl, or substituted phenyl).

R—X Ar—X

An alkyl halide An aryl halide

(Haloalkane) (Haloarene)

R = Alkyl or substituted alkyl Ar = Phenyl or substituted phenyl
X=FClDBrl X=FCl,Br,1

Classification:

(a) Classification based on the number of halogen atoms: lThese may be classified as mono, di, or
polyhalogen compounds depending on whether they contam one, two or more halogen atoms 1n their
structures. For example,

CH» X
CHE X I
CoHsX | CHX
CH, X |
CH, X
Monohaloalkane Dihaloalkene Trihaloalkane
C éfx EE(X
X
Monohaloarene Dihaloarene Irihaloarene

Dihalogen compounds may be further classified as discussed below:

® Gem-dihalides: The two halogen atoms are attached to the same carbon atom 1n gem-dihalides.
For example,

LT ol
H (il & (II—H H (|: (Ii—Cl
H Cl H H C(Cl
Isopropylidene chloride Ethylidene chloride
(2,2 - Dichloropropane) (1, 1 - Dichloroethane)

@ Vic-dihalides: In these compounds, the two halogen atoms are attached to adjacent carbon atoms.
For example,

Cl
Cl—CH,—CH,—Cl CH;—CH—CH,—Cl
Ethylene dichlonde Propvlene dichlonde
(1. 2 - Dichloroethane) (1. 2 - Dichloropropang)
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(b) Classification based on hybridisation of carbon atom:
() Halogen compounds in which halogen is bonded to sp” hybridised carbon. This class includes:
(«) Haloalkanes or alkyl halides: They are the halogen compounds of saturated hydrocarbon.
Their general formula 1s C, H,, ., X. They are turther classified as primary haloalkane, secondary

haloalkane or tertiary haloalkane according to whether the halogen atom 1s bonded to primary,
secondary or tertiary carbon atom.

" 2
H R~ R
R'—C—X R'—iC—X R——X
H H R
Primary haloalkane Secondery haloalkane Tertiary haloalkane

If in R—X, R 1s an alicyclic, ie., cyclic aliphatic hydrocarbons such as cyclopropane.
cyclobutane, cyclopentane, etc., they are known as halocycloalkane or cycloalkylhalide. For

example,
T
A\
H,Cn_ H,C CH X H,C CH,
| >cH—X | |
H,C HCCH; H,C — CH,
Haloevclopropane Halocyclobutane Halocyclopentane

(h) Allylic halides: In these compounds, halogen 1s bonded to allylic carbon, i.e., to the 3;13
hybnidised carbon atom next to a carbon—carbon double bond. Examples are:

X
CH,—CH—CH,—X
Allyl hahde
(3-Halo-1-propene) 3-Halocyclohex-1-ene

(c) Benzylic halides: In these halides, the halogen atom is bonded to an sp® hybridised carbon
atom next to an aromatic ring, i.e., 1o a benzylic carbon. For example,

X II{I
: (C—X
yax GO O
- R
Benzyl halide 1-Halo-1, 2. 3. 4 Dialkylbenzylhalide

tetrahydro naphthalene

Benzylic halides may be primary, secondary or tertiary.

(if) Halogen compounds in which halogen is bonded to sp” or sp hybridised carbon.

(@) Vinylic halides: In these halides, halogen 1s bonded to one of the carbon atoms of a vinylic
carbon, i.e., carbon—carbon double bond which is sp” hybridised. The examples are :

X
CH,—CH—X @/

Vinyl halide 1-Halocyclohex-1-ene
(b) Aryl halides: In these halides, the halogen atom 1s directly bonded to carbon atom of aromatic
ring. These are called haloarene or aryl halides, ¢.¢.. halobenzene.

@—X

Halobenzene
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2. Chemical Properties of Haloalkanes
The chemical reactions of haloalkanes can be divided mto following types:
(a) Nucleophilic substitution reactions
(h) Dehydrohalogenation or B-elimination reactions
(¢) Reaction with metals

(a) Nucleophilic substitution reactions: When an atom or group of atoms is replaced by a nucleophile, the
reaction 1s called nucleophilic substitution reaction.

In haloalkanes, the halogen atom 1s attached to the carbon atom. As the halogen atom 1s more

electronegative than carbon, the bond between carbon and halogen 1s polar 1 character.

O+ O—
\\ a
=>C—X

Due to the presence of partial positive charge on the carbon atom, the nucleophiles can attack on electron
deficient carbon thereby resulting m the displacement of weaker nucleophile, the halide 1on.

&+ B < e
>C—X + Z » =>C—7 + X
Substrate Nucleophile Product Leaving group

Nucleophilic Substitution of Alkyl halides (R—X)

T KOH@g) , R—OH + KX
Aleohol

it -
L{:}RI* R—O—R'" + NaX
Ether
+ KCN(alc) R_CN + KX
Alkyl
cvanide

tAgCN L R NC 4+ AeX
Alkyl 1socyanide

_I_
R—X KNGOz  , R—O—N—0 + KX
Alkyl halide Alkyl nitrite
T )
AeNO; . R NO, + AgX
Nitroalkane
i 0
+R—C—O0—A ||
£y R—C—O—R' + AgX
Ester
+ LiAlIH, R
Alkane

chlE » R NH, + H X

PR R—SH + NaX

Thioalcohol

e
e » R—C=CH + NaX

Higher
alkyne

(6) Elimination reactions: When haloalkane with pB-hydrogen atom 1s heated with ethanolic potassium
hydroxide, there 1s elimination of hydrogen atom from [3-carbon atom and a halogen atom from o-carbon
atom. As a result, an alkene 1s formed. Since [P-hydrogen atom 1s involved 1in elimination, 1t 1s often
called [3-elimination reaction.

A

CH,—CH,Cl + KOH(alc.) CH, = CH, + KCI + H,0



1, H
H—C—C—H C=C + H,O + CI
|j‘ | - H,-*""' \-..H -
H H
o
p o p ale. KOH . . |
cH,—Cll—CH—CHy =———  Cl,—CH=—CH—CH,; + Cl;—CH,—CH=—CH,
| | | A But-2-ene But-1-ene
H Br H (81%) major (19%) minor
(¢) Reaction with metals
(/) Reaction with magnesium
R_X + Mg Dry ether . RMgX
Alkyl halide Alkyl magnesium halide
(Grignard reagent)
CH;—CH,—Br + Mg —~ . CH;—CH,—MgBr

Alkyl magnesium bromide

(if) Reaction with sodium (Wurtz reaction)

Dry ether

R—|X + 2Na + X LR - R—R + 2NaX
Alkane
CH;—CH,—I[Cl + 2Na + CI|—CH,—CH; —*** . CH;—CH,—CH,—CH- + 2NaCl
Ethyl chloride i-Butane

3. Preparation of Haloarenes

(a) By direct halogenation of benzene

@ 4 XZ Fe or FeX, " @—X + HX (X — Cl, Br)
dark
@ 1 IO, @‘I + HI
- or HNG::;

Todobenzene
(b) From diazonium salts
e S _
NH, =NCI
NaNQO, + HCl1
273-278 K
Benzene
diazonmumn chloride
Cu,Cl,/TICI @—CI LN
oo
] > | Sandmeyer’s
@__F . Cu,Br,/HB1 . Br | N seartions
N=NCI
+ K1
< > /\:>—I + KCI + N,
_ B_enzene |
diazomum chlonde + NaBl'y > @F + BF; + NaCl + N,

4. Physical Properties of Haloarenes

(a) Melting and boiling points: Boiling point of 1someric dihalobenzenes are very nearly same. However
p-1somer have higher melting point as compared to their ortho and meta-1somers. It 1s due to symmetry
of para-isomers that fits in crystal lattice better as compared to ortho and meta 1somers.
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(b) Nature of C—X bond: The C—X bond 1s polar as *X”1s more electronegative than carbon. The carbon
has partial positive charge whereas halogen has slight negative charge because shared pair of electrons

are more towards halogen atoms.
5+ &

—C —X
Dipole moment of CH,Cl 1s higher than CH,F due to greater bond length in C—Cl bond.
5. Chemical Properties of Haloarenes:
(a) Nucleophilic substitution reactions of haloarenes
Aryl halides are extremely less reactive towards nucleophilic substitution reactions due to the following
reasons:
(/) Resonance effect: In arylhalides C—X bond acquires a partial double bond character due to

resonance. As aresult C—X bond cleavage 1n aryl halides 1s difficult than alkyl halides and therelore
they are less reactive towards nucleophilic substitution reaction.

®X° & X

cX: ®X: @
ST S S
_ U S

Canonical forms

5

s‘fj 5

~

O
Resonance hybrid structure

(i) Difference in hybridisation:

X x/,-—sp:"- hybrid carbon H

C

(7if) Instability of phenyl cation: In case ol haloarenes, the phenyl cation formed as a result of sell-
tonisation will not be stabilised by resonance and therefore Sy 1 mechanism 1s ruled out.

(iv) Because of the possible repulsion, 1t 1s less likely for the electron-rich nucleophile to approach
¢clectron-rich areas.

However, at high temperature and pressure several nucleophilic substitution reactions are carried out.

| /_\Sp3 hybrid carbon
R/// N\
H

@ Substitution by —OH group (Dow’s process)

Cl OH
(/) NaOH. 623 K, 300 atm .
(iDH
Chlorobenzene Phenol

® Substitution by —CN group

Cl CN
CuCN, DMF .
473 K
Benzonitrile

@ Substitution by —NH, group

Cl NH,
NH,; "
CuQ. 475 K, 60 atm
Aniline
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(b) Reactions with metals

Cl 2Na, Ether .
(Fittig reaction)

) — ] Miphenyl

OLODELLZElE (Ulmann reaction)
Cl + Na, CH;—Cl
Ether h@_CH3

Toluene

Chlorol e
hlorobenzene T MgCl

Phenyl magnesium chloride

(¢) Electrophilic substitution reactions of haloarenes

8
]
-
]
e
]

X eX: ®X " »X: 5

Due to resonance, the electron density increases more at ortho and para positions than at meta positions.
Theretore, electrophilic substitution reactions take place at ortho and para positions.

Cl
+ Cly/anhyd. FeCl; 4 Cl
(Chlorination)
C]
-chhlﬂmbenzene
O (Maj or pmdnct)
Cl
Chlorobenzene
HNO3(conc.)/H;SO,4(conc.) . 4 O NO,
(Nitration)
p-Chlorom trobenzene
(Major product)
Cl Cl
conc. H>504 < 4 SOz;H
A(Sulphonation)
SO-H
p-Chlorobenzenesulphonic acid
(Major pmdnc’r)
Cl + CH;Cl CH,
Anhvd AICL,
O (Alkylation)
Chicrobanretia p-Chlm Dtﬂluene
(Major product)

O

[
| +CHsCC COCH;
ﬂﬂh\?d AlCI 3

(Acetylation) COCH,

p—ChJGmacempheuDue
(Major product)
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6. Mechanism of Nucleophilic Substitution in Alkyl Halides
The nucleophilic substitution reactions 1 alkyl halides can take place by either of two mechanisms:
Syl and S2
Substitution nucleophilic unimolecular (Sy1)

It takes place in two steps and the reaction 1s of first order. In the first step, alkyl halide undergoes slow
heterolysis to produce carbonium i1on (an intermediate) and a halide 1on. In the second step, nucleophile

rapidly combines with the carbonium 10n to complete the substitution reaction.

R’ R’
Step 1: R”T\,C—X ., R”%C+ + X
RI’”’ RI"”
Carbonimm 1on
(intermediate)
R’ R’
Step 2: ”\—\‘C+ + Nu > R”\C Nu
R.”b/ R.Hf.r/

Syl reactions of optically active halides are accompanied by racemisation. This 1s because the carbonium
formed in the slow step being sp” hybridised is planar (achiral) therefore, the attack of nucleophile on it can
occur from both the faces with equal ease giving a mixture containing two enantiomers in equal amounts.
This may be illustrated by hydrolysis of optically active 2-bromobutane, which gives ( &) butan-2-ol.

CH
H;C 3
3
&
H”ilil!llllll-LBf — = & T Bfe
H

H,CH,C hbker,
(+) or () 2-Bromobutane Carbonum 10n

i CH i H;C
CH /\ 2 gt | N 3
? HO ‘ / OH Humuuuuu) H

H g i "1 -R_ . 1( %ﬁ‘ -
W 1Y ear attac o o Frontal attack
(Inversion) A (Retention)
CH,CH;_ H;CH,C

CH,CH, ¢

Substitution nucleophilic bimolecular (Sy2)

It takes place 1n one step and the reaction 1s of second order. In this process the nucleophile attacks the
partially positive carbon of the C—X bond of the substrate, alkyl halide, [rom the back side of the C—X bond

and the leaving group, X, departs sunultaneously.

H

H
Nu_ +  Hum ||||!|$_X &

H /

Sy2 reactions of optically active halides are accompanied by inversion of configuration. This 1s because the
attack of nucleophile occurs from a direction opposite to the one trom where the halogen atom leaves.

The order of reactivity of alkyl halides towards S1 and Sy 2 reactions 1s as follows:

Transition state

Sy | reactivity increases

]Ts
CH, X RCH, X R—CH—X R—C—X
| |
R’ R"”
1° Fis 3°

S, 2 reactivity increases
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An alkyl group at the a-carbon, being bigger i size than H atom, tends to block the approach of the
nucleophile to carbon due to steric hindrance 1n Sy2 mechanism and makes the reaction difhicult to occur.
In the Syl mechanism, a carbocation 1s formed 1 the first, slow step. The more stable the carbocation,

more easily 1s the product tormed. lertiary alkyl halides undergo Sy 1 reaction very fast because of the high
stability of tertiary carbocation.

® @ ® ®
CH3 < R—CHE < R—CH—R" < R (lj R’
R"
Primary allylic and benzylic halides show higher reactivity in Sy 1 reactions than other primary halides. This
1s due to stabilisation of allylic and benzylic carbocation intermediates by resonance.

< B
CH,—CH ‘' CH, <—— CH, CH—CH,

Resonance 1n ally] carbocation

® &b
CH, CH, CH, CH,

CH, 2
C'@

Resonance stabilisation in benzyl carbocation

Thus, primary alkyl halides almost always react predominantly by S,2 mechanism. lertiary alkyl halides
react predominantly by Sy 1 mechanism. Secondary alkyl halides may react by both the mechanisms without
much preference. Polar solvents favour Sy 1 and non-polar solvents favour Sy2 reactions.

Important Name Reactions
(a) Sandmeyer’s Reaction:

Benzene diazonium chlonde 1s converted to chlorobenzene, bromobenzene, cyanobenzene on treatment

with CuClYHCI, CuBr/HBr and CuCN/KCN, respectively.

= s
N, Cl Cl
Cu,Cl,, HCI
o + N,
Benzene Chlorobenzene
diazommum chloride
N, CI Br
Cu>Br-, HBr
O — » O + N
Bromobenzene
+ _
N, Cl CN
CuCN
57 ;
KCN x N>
Cyanobenzene

(b) Finkelstein Reaction: Chloroalkanes or bromoalkanes are converted mto corresponding 1odoalkanes
by (reating with sodium 1odide dissolved 1n acelone.

CH;CH,Cl + Nal

Dry acetone

> CH;CH,1 + NaCl

Ethyl chloride Ethyl 10dide
. Dry acetone . . .
CH,CH,Br + Nal —= ~ CH,CH,1 + NaBr
Ethyl bromide LEthyl 1odide

(¢) Wurtz Reaction: Alkyl halides react with metallic sodium n the presence of dry ether to form alkanes.
T'his reaction 1s used for the preparation of higher alkanes. Ior example,

Lry ether -
CH;Br + 2Na + Br—CHs > ——— CH3CH; + 2NaBr
Methyl bromide Ethane
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CH, CH; CH; CH;
| l . Dry ether . [ |
CH;—CH—Br + 2Na + Br—CH—CH, -~ CH;—CH—CH—CH; + 2NaBr

Isopropyl bromide 2,3 -Dimcthylbutanc

Wurtz reaction 18 only usetul for the preparation of alkanes containing even number of carbon atoms and
not for the alkanes containing odd number of carbon atoms.

(d) Wurtz—Fittigc Reaction: Aryl halides when treated with alkyl halide and sodium m dry ether give
alkylbenzenes.

@—01 + 2Na + Cl—CH, —==<her @—Clﬂ + 2NaCl
= 5 2 Dy ether = ==
@_Ll Ir ZNH T Ll—L zH 5 _— @_L EHﬁ + ZNE,L l

(e) Fittig’s Reaction: In this reaction two molecules of haloarene combine with metallic sodium 1n the
presence of dry ether to give diphenyl or biphenyl.

Diphenyl or biphenyl

(/) Friedel-Crafts Alkvlation: Benzene and other aromatic compounds react with alkyl halides in the
presence of anhydrous AICI; to form alkyl benzene.

CH,
_ Anhyd. AICL -
@ + CH4CI — > @ + HCl
Benzene Toluene
CH 3 CH3 CH3
CHsCl CH;
3+
@ Anhyd. AlCls > @
Toluene Xy
o-Xylene I _13
p-Xylene

(2) Dow’s Process: When chlorobenzene 1s treated with an aqueous solution of NaOH at 623 K, 300 atm
pressure sodium phenoxide 1s formed which on acidification gives phenol.

Cl ONa OH

@ F INaOH () — K @ s @

() Hunsdiecker’s Reaction: Bromoalkanes are obtained by this method by refluxing silver salts of fatty
acids with Br, in CCl,.

R—COOAg + Br, —-—— R—Br + AgBr + CO,
CH,CH,COOAg + Br, ——*— CH,CH,Br + AgBr + CO,

This method can be employed to decrease the number of carbon atoms.

(/) Gatterman’s Reaction: The reaction of diazonium salts with ‘Cu’ powder in the presence of
corresponding halogen acids 1s known as Gatterman’s reaction.

@—Ngm S R @01 + N,
@—Ngcn S @Br N, | 1IC
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8. Distinctions between Pairs of Organic Compounds Containing Halogen
Silver nitrate test: In this test, the halide 1s warmed with aqueous or alcoholic KOH. The solution 1s then
acidified with dil. HNO; followed by addition of AgNO; solution.

Alkyl, benzyl and allyl halides give precipitate.
Aryl and vinyl halides do not give precipitate.
[t may be noted that the precipitate formed should be mnsoluble in HNO-,.

MULTIPLE CHOICE QUESTIONS

Choose and wrile the correct option in the following questions.

1. Which of the following is vinylic halide?

Br
Br
(@) CH,CH=CHCH,B1(}) (c) (j( (d) CHyCHCH=CII;
Br
2. The position of Br in the compound in CIH,CH=—CIIC(Br)(CIl;), can be classified as
i INCERT Exemplar]
(a) Allyl (6) Aryl (¢) Vinyl (d) Secondary
3. Which of the following is an example of vic-dihalide? |INCERT Exemplar |
(a) Dichloromethane (&) 1,2-dichloroethane (¢) Ethylidene chloride(d) Allyl chloride
4. Ethylidene chloride 1s a/an : [NCERT Exemplar]
(a) vic-dihalide (b) gem-dihalide (¢) allylic halide (d) vinvlic halide
5. Which is the correct IUPAC name for CH,—CH—CI,—Br ? [INCERT Exemplar]
|
CoHj
(@) 1-Bromo-2-ethylpropane () 1-Bromo-2-ethyl-2-methylethane
(¢) 1-Bromo-2-methylbutane (d) 2-Methyl-1-bromobutane
NO,
(>
6. The IUPAC name of the compound | 1S:
-3
CH;
(@) 4-fluoro-1-methyl-3-nitrobenzene (6) 1-fluoro-4-methyl-2-nitrobenzene
(¢) 2-fluoro-5-methyl-1-nitrobenzene (d) 4-methyl-1-fluoro-2-nitrobenzene

7. Which of the following 1s most preferred to prepare alkylchloride from alcohol?

(a) Concentrated HCl (&) SOCI, (¢) PCl, (d) PCl,

8. Arrange the following compounds in the increasing order of their densities.
INCERT Exemplar)
Cl Cl Br
0O e e, e
Cl Cl
(@) (1) < (it) < (ur) < (ev) 0) (1) < (rr) < () < ()
(c) () < () < (1) < (1) (d) () < () < (i) < (2)
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10.

11.

12.

13.

14.

15.

16.

84

Arrange the following compounds in increasing order of their boiling points.

INCERT Exemplar]
CIl,
(IHH_‘H |
(7) - _~GH—CHyBr (i) CII3CH,CH,CH,Br (i) H,C—C—CH,
4 3 |
Br

(@) (i) < () < @)  (b) () < @) < (iid) (¢) (iii) < (i) < (if) (d) (i) < (i) < (i)

Chlorobenzene is formed by reaction of chlorine with benzene in the presence of AICl;. Which

of the following species attacks the benzene ring in this reaction? INCERT Exemplar)
(a) CI' (b) Cl" (c) AlCl; (d) [AICL,]

Which reagent will you use for the following reaction? [NCERT Exemplar]
CH,CH,CH,CH; —— CH,CH,CH,CH,Cl + CH,CH,CHCICH,

(a) Clo/ UV light (6) NaCl + HoS0,

(¢) Cly gas i dark (d) Cly gas m the presence of 1iron in dark

The reagents for the following conversion is/are

B ;
rwBr ] > H—E—H

(a) Zn/CH;OH (6) alcoholic KOH followed by NaNH,

(¢) aqueous KOH followed by NaNH, (d) alcoholic KOH

The order of reactivity of following alcohols with halogen acids 1s ;
[NCERT Exemplar]
CH,

|
(A) CH,—CH,—CH,—OH (B) CH,CH,—CH—OH (C) CH,CH,—C—OH

| |
CH, CH,

(@) (A) > (B)>(C) () (C)>(B) > (A) (¢) (B) > (A) > (C)  (d) (A) > (C) > (B)

In which of the following molecules carbon atom marked with asterisk (¥) 1s asymmetric?

I|{ ]|J I|{ I|{ INCERT Exemplar|
G G G 1 G~ ¢
e Cl i Cl CH; o CHj;
1 \Br I \Br O~ \CEIIE H \CEIIE
(i (i) (iii) (iv)
(@) (), @), Gu), () (b) (), (), (1) () (i), (uz), () (d) (1), (n), ()
Which of the following structures i1s enantiomeric with the molecule (A) given below:
H [NCERT Exemplar]
.CH,4
¥ il
H.Cs
. \Br
(A)
(@) I () CH, (¢) H (d) Br
~CoHj w F - Br
féﬁp‘ = ﬁcﬁxxﬁ H fcﬁ# B1 "/’,C‘:@‘ H
H;C Br H;C H,C,
\ Br \CgHﬁ E \CEHE h \(erg

'lwo possible stereo-structure of Cll;—CI1I(O11)COOI11 which are optically active are called
(a) mesomers (b) enantiomers (¢) diastereomers (d) atropisomers
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17.

18.

19.

20.

Al

22.

23.

24.

25.

26.

27,

28.

29.

30.

31.

32.

33.

34.

35.

Alkyl halides undergoing nucleophilic bimolecular substitution involve
(a) retention of contfiguration (b) racemic mixture

(¢) inversion of configuration (d) formation of carbocation

Which of the following alkyl halides will undergo S, 1 reaction most readily? [NCERT Exemplar]

(@) (GHg)yC—F (h) (GHg4)3C—Cl (¢) (CHg);C—Br (d) (CHg);C—I

For the following (i) 1°, (i7) C1°, (iii) Br®, the increasing order of nucleophilicity would be:

(@) T%= B al]® ) Br°<CI®<I® (c) CI°<Br®<1® () 1°<CI°<B:®
Toluene reacts with a halogen in the presence of iron (III) chloride giving ortho and para halo
compounds. The reaction is : INCERT Exemplar]
(a) Electrophilic elimimation reaction (0) Electrophilic subsutution reaction

(¢) Free radical addituon reaction (d) Nucleophilic substitution reaction

Among the following compounds, which one will have a zero dipole moment?

(a) 1, 1-Dichloro ethylene (b) cis-1, 2-Dichloroethylene

(¢) trans-1, 2-dichloroethylene (d) None of these compounds

Which of the following will have least hindered rotation about carbon-carbon bond?

(a) ethane (b) ethylene (¢) acetylene (d) hexachloroethane

The number of structural and configurational isomers of a bromo compound C;H,Br formed by
the addition of HBr to pent-2-yne respectively are

(@) 1 and 2 (b) 2 and 4 (¢) 4 and 2 (d) 2 and 1

The C1—C—Cl angle in 1, 1, 2, 2-tetrachloroethene and tetrachloromethane will be about
(@) 120° and 109-5° () 90° and 109-5° (¢) 109-5% and 90° (d) 109-5° and 120°
'The C—1I bond distance is longest in

(@) CoHs (0) CoH, (¢) CoHg (d) CoHoBro

Chlorination of toluene 1n presence of sunlight and heat and followed by treatment with aqueous
NaOIl gives
(@) o-cresol (b) p-cresol

(¢) 2, 4-dihydroxytoluene (d) benzoic acid

1-chlorobutane on reaction with alcoholic potash gives

(a) but-1-ene (b) butan-1-ol (¢) but-2-ene (d) butan-2-ol
In the addition of HBr to propene in the absence of peroxides, the first step involves the addition of
(@) H™ (b) Br~ (¢) H™ (d) Br"

When HCI gas is treated with propene in presence of benzoyl peroxide, it gives

(a) 2-chloropropane (b) allyl chloride (¢) no reaction (d) n-propyl chloride
Geometrical 1somerism 1s shown by

(a) CH, = C (Br)I () CHsCH = C(Br)I (¢) (CH;), C = C (Br)I(d) CH;CH = CCl,
Toluene reacts with chlorine in presence of sunlight to give

(a) benzyl chloride (b) benzoyl chloride (¢) p-chlorotoluene  (d) o-chlorotoluene

The compou nd which reacts with HBr nbeying Markownikov’s rule 1s

(a) CH, = CH, (b) cis-but-2-ene (¢) trans-but-2-ene (d) (CH4), C = CH,
Silver benzoate reacts with bromine to give
(a) CgHg () CsH;COOBTr (c) m-Br-CsH,COOAg (d) C;H;Br

The reaction involved in the formation of fluoromethane from methyl bromide in presence of
silver fluoride is called
(a) Swarts reaction (6) Finkelstein reaction (¢) Sandmeyer reaction(d) Wurtz reaction

The intermediate during the addition of HCI to propene in presence of peroxide 1s

[ + s _[_
() CH,CHCH,Cl (b)) CH,CHCH, (¢) CH,CH,CH,  (d) CH,CH,CH,
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36.

37.

38.

39.

40.

41.

42,

43.

44.

45.

46.

47.

48.

49.
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The number of possible enantiomeric pairs that can be produced during monochlorination of
2-methylbutane is

(a) 2 () 3 (¢) 4 (d) 1
During debromination of meso-dibromobutane, the major compound formed 1s
(a) n-butane (b) but-1l-ene (¢) cis-but-2-ene (d) trans-but-2-ene
(CH;);CMgBr on reaction with D, O produces
(@) (CGHg)sCD (0) (CH;4);COD (¢) (CDs)sCD (d) (CD);COD
The reaction
CH3(CHz)s (CH,)sCH,4
g OH" s
H—C—Br » HO—C—H
~ =,
CH, CH,
1s described as
(a) Sg2 reaction (b) Syl reaction (¢) SN2 reaction (d) SN0 reacuon
The alkyl halide is converted into alcohol by
(a) addition (6) substitunon
(c) dehydrohalogenation (d) elimination

The pr]HEEmEﬂt of chlorine of chlarohenzene to givE phennl rﬂqllirﬂ.ﬁi drastic conditions hut
chlorine of 2, 4-dinitrochlorobenzene is readily replaced since

(a) NO, makes the ring electron rich at o-and p.
(0) NO, withdraws electrons from the m-position.
(¢) NO, donates electrons at m-position.

(d) NO, withdraws electrons from o-and p-positions.

Aromatic hydrocarbons show mostly

(a) electrophilic addition (6) nucleophilic addition

(c) electrophilic substitution (d) nucleophilic substitution
C,H, + Cl, —2" . C, H._Cl + HCI

1s an example of

(a) subsutution (b) elimination

(¢) addition (d) rearrangement reaction

A solution of (+)-2-chloro-2-phenylethane in toluene racemises slowly in the presence of small
amount of SbCl; due to the formation of

(a) carbanion (b) carbene (¢) free radical (d) carbocation

Which of the following is a best example of Sy2 reaction?
(@) CHyBr + OH —— CH3;OH + Br

() (CHy)oCHBr + OII" —— (CI14), CHOII + Br~
~HsO

(¢) CH4;CH,OH . CH,=CH,
(d) ((:I_]fzr)g(j—Bl" + OH —— ((:I_Ia})q(:—()l_l + Br

Which of the following possesses highest melting point?
(a) chlorobenzene () o-Dichlorobenzene (c) m-Dichlorobenzene (d) p-Dichlorobenzene

Which of the following will not give 1odoform test?

(a) ethanol (b) ethanal (¢) 1sopropyl alcohol (d) benzyl alcohol

In Friedel-Craft alkylation besides AlCl, other reactants are

(a) CsHy + NH, (b) CsHg + CH, (c) CgHy + CH,CI (d) CeHg + CH3COCI
The addition of HBr 1s easiest with

(a) CH, = CHCI (b) CICH = CHC(I (c) CH4CH = CH, (d) (CHq4)sC = CH,
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Which among MeX, RCH,X, R,CHX, R,CX is most reactive towards Sy 1 reaction?

(a) MeX (b)) RCH,X (¢) RoCHX (d) RyCX
Which of the following has highest nucleophilicity?

(@) F~ (h) OH™ (¢) CH; (d) NH,
The order of reactivity of the following alkyl halides for Sy2 reaction is

(a) RF > RCl > RBr > RI () RF > RBr > RCl > RI

(¢) RCl > RBr > RF > RI (d) RI > RBr > RCI > RF

The dﬂcrcasing order of reuctivity of the ['ullﬂwing uumpound towards ulectruphi]iu substitution is

Q@ © @

CH, OCH, CF;
I II ITI vV

(@) II1 >1>11>1V G IV>I>11>111 (o)I>1I>1U1>1V Il >1>111>1V

1, 2-Dibromopropane on treatment with 2x moles of NaNH, followed by treatment with
ethyl bromide gives a pent-2-yne. The value of x is

(a) onc (b) two (¢) threce (d) four
3Cl, ) Br, Fe ‘ Z/11CL
C?HE - A - B - C
The compound C is
(a) o-bromotoluene (b) m-bromotoluene
(¢) p-bromotoluene (d) 5-bromo-2, 4, 6-trichlorotoluene

'Iwo 1someric alkenes A and B having molecular formula C;14Cl on adding hydrogen, A gives
optically inactive compound while B gives a chiral compound. The two 1somers arc

(a) A1s 3-chloro-pent-1-ene and B 1s 4-chloro-pent-2-ene

(6) A1s 4-chloro-pent-1-ene and B 1s 2-chloro-pent-2-ene

(c) A 1s 3-chloro-pent-2-ene and B is 2-chloro-pent-2-ene

(d) A 1s 1-chloro-pent-1-ene and B is 5-chloro-pent-1-ene

When chlorine is passed through propane in presence of sunlight which of the following
products is/are formed?

(@) PVC (b) 2-chloropropane (¢) 1-chloropropane (d) Both (b) and (¢)
The number of stereoisomers of the compound 2-chloro-4-methylhex-2-ene 1s/are
(a) 1 (b) 2 (c) 4 (d) 16
Which of the following is an example arylalkyl halide?
(a) Benzyl chloride (0) Allyl chlonde (¢) Chlorobenzene (d) p-chlorotoluene
The product (A) formed in the given reaction is

©/CI + oH NiAl

o, NaOH
(a) Diphenyl (b) Benzene (¢) Todobenzene (d) Toluene
Iodoform on heating with KOII gives
(a) CHsCHO (b) CHsCOOK (¢) HCOOK (d)y HCHO
Hydrolysis of 1,1-dichloroethane gives
(a) CH;CH-,OH (b)y CHCl4 (¢) CH,COOH (d) CH;CHO

Chloroform on reaction with zinc and HCI gives
(@) formic acid (b) chloropicrin (c) methylene chloride (d) phosgene
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CH,;CH,CHCICH, obtained by chlorination of n-butane will be
(a) meso form (b) racemic form (¢) d-form (d) [-form

An organic compound on treatment with Br, in CCl, gives bromoderivative of an alkene. The
compound will be

(a) CHsCH = CIl, (b) CH,CH = CHCH, (¢) HC = CH (d) CH, = CH,
The reaction of alkyl halide with RCOOAg produces

(a) esters (b) ethers (¢) aldehydes (d) ketones

The addition of propene with HOCI proceeds via the addition of

(@) H™ in the first step (b) CI" in the first step

(c) OH 1 the first step (d) C1I" and OH™ in a single step

An Sy 2 reaction at an asymmetric carbon ol a compound always gives

(a) an enantiomer of the substrate (6) a product with same optical rotation
(¢) a mixture of diastereomers (d) a single stereoisomer

The number of isomers for the compound with molecular formula C,BrCIFI i1s

(a) 3 (b) 4 (¢) b (d) 6

In the presence of peroxide, hydrogen chloride and hydrogen iodide do not give anti-
Markownikov’s addition to alkenes because

(a) both are highly 1onic.
(b) one 1s oxidising and the other 1s reducing.
(¢) omne of the step 1s endothermic m both the cases.

(d) all the steps are exothermic in both the reactions.

Identify the set of reagent/reaction conditions ‘X’ and ‘Y’ in the following set of transformations:

X y

CH,CH,CH, Br Product CH, C H—CH

| 3
Br

(a) X = dil. agq. NaOH, 20°C; Y = HBr/acetic acid, 20°C

(b) X = conc. alc. NaOH, 80°C; Y = HBr/acetic acd, 20°C

(c) X = dil. ag. NaOH, 20°C; Y = Bro/CHClg, 0°C

(d) X = conc. alc. NaOH, 80°C; Y = Bro/CHClg, 0°C

The reactivity order of halides for dehydrohalogenation 1s

(a) RF > RCl > RBr > RI (6) RI > RBr > RCI > RF
(¢) RI > RCI > RB1r > RI (d) RF > RI > RBr > RCI
Which of the following i1s known as Sandmeyer Reaction?
| | AICL | | | 1Oy | |
@) CeHg + CHgCl ——2 » CH;CHgq (b) CsHzOH ——>— C3H5(OH)COOH
{.:Ilgfﬁ.lg

(¢) CgHzNjg Cl » CgH;Cl + Not (d) 2HCHO —— CH3;OH + HCOONa

n-propyl chloride on reaction with aqueous KOH gives
(a) propanol (b) propanal (¢) propane (d) propene

Which of the [ulluwing 1s a free radical substitution reaction?

(@) CHj | CH,CI
O = Gr
CH.
Anhvdrous
(b) @ + CHyCl — 57— @/
CH,CI CHoNO,
(f.) @/ -+ _L‘H‘E_gNDE - @

(d) CH;CHO + HCN —— CH,CH (OH)CN
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Which of the following are arranged in the decreasing order of dipole moment?

(a) CH4Cl, CH4Br, CHgF (b) CH,Cl1, CH I, CHBr
() CHsBr, CH;Cl, CHgF (d) CH4Br, CHgF, CH4CI
Which of the following reaction involves both aryl and alkyl halide?

(a) Wurtz reaction () Wurtz fittig reaction
(¢) Sandmevyer reaction (d) Friedal-Crafts reaction

Which of the following compounds 1s not formed when a mixture of methyl bromide and ethyl
bromide is treated with sodium metal in the presence of dry ether?
(a) butane (b) ethane (¢) propane (d) methane

C-Cl bond of chlorobenzene in comparison to C-Cl bond in methyl chloride is
(a) Longer and weaker (b) Shorter and weaker

(c) Shorter and stronger (d) Longer and stronger

Which of the following undergoes nucleophilic substitution exclusively by Sy, 1 mechanism?
(a) Benzyl Chloride  (b) Ethyl chlonde (¢) Chlorobenzene (d) Isopropyl chloride
A Grignard reagent may be made by reacting magnesium with
(a) Methyl amine (b) Diethyl ether (¢) Ethyl 1odide (d) Ethyl alcohol
The conversion of an alkyl halide into an alcohol by aqueous NaOH is classified as
[GBSE 2020 (56/5/1)]

(a) A dehydrohalogenaton reaction (b) A substitution reaction

() An addition reaction (d) A dehydration reaction

Fitting reaction can be used to prepare

(a) Toluene (b) Acetophenone (¢) Diphenyl (d) Chlorobenzene
Identify the end product (c) 1s the following sequence:
SOCly KCN 20H /H*
Cgrag L Pyridine (a) (alc.) () ()
(a) CoH;CH,NH, (b) CoH,CONH, (c) CoH;,CO.H (d) CoH;NH, + HCOOH
lc. KOH HB Na/ether
CH.CHLCHCl ———p | ——pp  ——y. )
In the above reaction, the product D is
(a) Propane () 2, 3-Dimethylbutane (¢) Hexane (d) Allyl bromide
CH; l’TIIIZC.lI CH; + HBr — A; ‘A’ is
CH;
]li’;r
(a) CHjy cl“: CH.—CH- (b) CH, (l_TI—I—(lfIH—CHﬂ
Cil, Br CIH,
0) CHy—LH—CH—LELbr (d) BrCH,—CH—CH,—CHs
CH, CH,

Which of the following alcohols will yield the corresponding alkyl chloride on reaction with
concentrated HCI at room temperature?

() CH,CH,—CH,—OH %) CHsCHy—CH—OH
CHg
CH,

() CH,CH, CH—CH,OH @) CH,CH,—C—OH
(|3H3 (|3H3
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88. Identify the compound Y in the following reaction.

+ -
NH, ] N,C1
NaNO, + HCI1 Cu,Cl,
©/ 278.278K ©/ > Y + Nyl
¢l
C1 =
Y o © @f (@)
Cl 1

89. Which of the following is halogen exchange reaction?

(@) RX + Nal RI + NaX

Mo i N
(b)y JC=C_ + HX > ”%_(E\
H X
(©) R—OH + HX —2%2 . R_ X + H,0
CHo, . CH; CHs
(@ ©/ t Xo—grr @ + /©/
" X X

90. Which reagent will you use for the following reaction?

CH,CH,CH,CH, CH,CH,CH,CH,Cl + CH,CH,CHCICH,

(a) Clo/UV hght (6) NaCl + H,SO,

(¢) Cls gas m dark (d) Cls gas m the presence of iron 1n dark.
91. The position of =Br in the compound CH;CH = CHC (Br)(CIH,), can be classified as

(a) Allyl (D) Aryl (¢) Vinyl (d) Secondary
92. A primary alkyl halide would prefer to undergo

(a) Syl reaction (b) Sy2 reaction (¢) a—Elimination (d) Racemisation
93. The correct IUPAC name for diethyl bromomethane is

(@) 1-Bromo-1,1-diethoxvethane (6) 3-Bromopentane

(¢) 1-Bromo-1l-ethylpropane (d) 1-Bromopentane

94. Reaction of C;H;CH,Br with aqueous sodium hydroxide follows

(a) Syl mechanism
(b) Sx2 mechanism

(¢) Any of the above two depending upon the temperature of reaction

(d) Saytzett rule

95. Which of the carbon atoms present in the molecule given below are asymmetric?

o7 C (|“ ? C\H
H OH
(a) a,b,c.d (b) b, c (¢) a,d (d) a, b, ¢
96. Which of the following compounds will give racemic mixture on nucleophilic substitution by
O™ 1on?
Br
(1) CH;—CH—DBr (17) CH; l(l CH; (i2r1) CH;—CH—CH,Br
(|IEI-I;.-, élgllﬁ (EEHE
@ ) &) (@), (i), (it (©) (i), it (d) (), (il
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Arrange the following in increasing order of rate of reaction towards nucleophilic substitution
reaction.

Cl Gl Cl

NO,
0 e i )
NO,

(@) (1) < () < () (b) () < (1) < (2) (c) (1) < (ur) < (1) (d) () < (2) < ()
Which is the correct increasing order of boiling points of the following compounds?

l1-lodobutane, 1-Bromobutane, 1-Chlorobutane, Butane
(a) Butane < 1-Chlorobutane < 1-Bromobutane < 1-lodobutane

(b) 1-lIodobutane <. 1-Bromobutane < 1-Chlorobutane < Butane

(c) Butane < l-lodobutane < l-Bromobutane < l-Chlorobutane

(d) Butane < 1-Chlorobutane < l1-Iodobutane < l-Bromobutane

Which is the correct increasing order of boiling points of the following compounds?
1-Bromoethane, 1-Bromopropane, 1-Bromobutane, Bromobenzene

(a) Bromobenzene < l-Bromobutane < l-Bromopropane < 1-Bromoethane

(b)) Bromobenzene < 1-Bromoethane < 1-Bromopropane < 1-Bromobutane

() 1-Bromopropane < l-Bromobutane < l-Bromoethane < Bromobenzene

(d) 1-Bromoethane < 1-Bromopropane < 1-Bromobutane < Bromobenzene

Arrange the following in increasing order of rate of reaction towards nucleophilic substitution

reaction.

Cl Cl Cl
CIL,
(7) (17) (1)
GHE GH;{

(@) () < (i) < (ue) (D) (1) < (1) < (tw2) (¢) (ut) < (1) < (1) (d) (1) < () < (u)

Anh Y. :"HCIJ

CsH; + (CH;),CHCH,Cl - ‘A’

The product ‘A’ is

(a) cumene (b) m-butyl benzene (¢) CH;CH-,CH(CHjs)o (d) t-butyl benzene
Chlorobenzene on reaction with acetic anhydride in presence of Anhy. AICl,; will give
(a) 4-chloro acetophenone (6) 4-chlorotoluene

(¢) 3-chloro acetophenone (d) m-chlorotoluene

The reaction of 1odobenzene with copper powder is known as
(a) Sandmever reaction (b) Ullmann reaction

(c) Fitug reaction (d) Wurtz reaction

Which of the following sequence would yield m-nitrochlorobenzene (B) from benzene?

. . Ho SO 4 HNO: Anhy. FeCla/Cl:
(ﬂr) [JGHﬁ : - L A - ek > 3
: Ha50) 4 \HNO5
(0) CsHg - B
3 Cls 1HINO;q
c) CeHg - A — B
() CeHeg Anhy. FeCls HoSOy
. CH,COCI HNO.
(d) (JﬁHH 2 - A S . B
Anhy. FeCls Ho SOy

Which of the following nucleophiles favours Sy2 mechanism?
(@) CN™ (b) T (¢) OH (d) NOj3

{aloallkanes and Haloarenes | 91



106. Racemisation occurs in |CBSE 2020 (56/3/1)]

(a) SN2 reaction (b) Syl reaction

(¢) Neither 542 nor Syl reactions (d) Sy2 reaction as well as S 1 reaction
107. Alkyl halides on reaction with magnesium in presence of dry ether forms

(a) alkyne (b) alkene (¢) grignard’s reagent (d) magnesium halide
108. KEthyl alcohol gives ethyl chloride with the help of

(a) KCI (b) NaCl (¢) Cl (d) SOCl,
109. Alkyl halide + Mg —— (A) —— Propane

2

The alkyl halide is

(a) 1sopropvl chloride (b)) ethyl bromide (¢) t-butyl chloride (d) n-butyl chloride
110. C,H;Cl —> . X; Here X is

(a) CoH;—O—N=0 (b)) CoH;—N=0 (¢) CoH,—NO, (d) None of these
111. The IUPAC name of vinyl chloride is

(a) 1-chloroethane () 1-chloroethene (¢) 3-chloropropene (d) l-chloropropene

112. Anti-Markovnikov addition of IIBr is not observed in
(a) propene (b) but-1-ene (¢) but-2-ene (d) pent-2-ene

113. The reaction conditions leading to the best yield of C,H;Cl are

2 4 uv hght | -

Room LEIHPEI'HLUI'E

(Excess)
. uv light g s
(E:) (_:E Hﬁ + (112 o (d) (‘:L} Hﬂ _|_ (_:lt} uv ]igllt N
(Excess) B B
114. Only two 1someric monochloroderivatives are possible for
(a) n-hexane (0) 2, 4-dimethylpentane
(c) benzene (d) 2-methylpropane

115. n-propyl bromide on treatment with ethanolic KO produces

(a) propane (h) propene (¢) propyne (d) propanol

116. 52 mechanism proceed through the formation of
(a) carbonium ion (b) transition state (¢) tree radical (d) carbanion

117. The correct IUPAC name for HyC—CH—CH,—CH,—Cl s

|
Gl

(a) 1-chloro-3-methylpentane (6) 1-chloro-3-ethylbutane

(¢) 3-methyl-1-chloropentane (d) 3-ethyl-1-chlorobutane

118. Arrange the following compounds in order of increasing dipole moment :

Toluene (I); m-Dichlorobenzene (1I); o-Dichlorobenzene (111); p-dichlorobenzene (1V).
(a) I < IV < 1II < 111 (6) IV <1 < II < 111

) IV<I<Il < II (d) IV < 1l < I < 111
D,0

119. CzH; + MgBr - ‘B’
The product ’B’ is
(a) CeH;OH () CsH;OD (c) CgHg (d) CgH:D

120. Which of the following reaction 1s most suitable for the preparation of n-propyl benzene?

CGHEJ MgBI‘

(a) Friedel craft’s reaction () Wurtz reaction

(c) Wurtz-Fittig reaction (d) Grignard reaction
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121. In order to convert chlorobenzene to phenol, the reagents needed are
(@) NaNOo/HCI and dil HCI (6) NaOH and dil HCI

(¢) NaOH and H,O (d) conc. H,SO, and H,O
122. 'The conversion of an alkyl halide into an alcohol by aqueous NaOll is classified as
[CBSE 2020 (56/5/1)]

(a) A dehydrohalogenation reaction () A substitution reaction
(¢) An addinon reaction (d) A dehydrauon reaction
Answers
1= (&) 2. (a) 3. (b) 4. (b) 5.2 6. () 7.(D) 8. (a)
9. (¢) 10. () 11. () 12. (b) 13. (b) 14. (b) 15. (@) 16. (b)
17. (¢) 18. (d) 19. (¢) 20. (b) 21:(¢) 22. (a) 23. (b) 24, (a)
25. (@) 26. (d) 27. (a) 28. (a) 29. (a) 30. (b) 31. (a) 32.(d)
33. (d) 34. (a) 35. (b) 36. (a) 37.(d) 38. (a) 39. (¢) 40. (b)
41. (d) 42. (¢) 43. (a) 44, (d) 45. (a) 46. (d) 47. (d) 48. (c)
49, (d) 50. (d) 51. (¢) 52. (d) 53. (d) 54. (c) 55. (b) 56. (¢)
57. (d) 58. (¢) 59. (a) 60. (b) 61. (c) 62. (d) 63. (¢) 64. (h)
65. (c) 66. (a) 67. () 68. (d) 69. (d) 70. (c) 71. () 72. ()
73. (¢) 4. (a) 75. (a) 76. () 7. (b) 78. (d) 79. (c) 80. (a)
81. (c) 82. () 83. (¢) 84. (¢) 85 (b) 86. (a) 87. (d) 88. (a)
89. (a) 90. (@) 91. (a) 92. (b) 93. (b) 94. (a) 95. (b) 96. (a)
97. (¢) 98. (a) 99. (d) 100. (¢) 101. (d) 102. (a) 103. (b) 104. (a)
105. (a) 106. (&) 107. (¢) 108. (d) 109. (a) 110. (a) 111. (b) 112. (c)
113. (a) 114. (d) 115. (b) 116. () 117. (@) 118. (b) 119. (d) 120. ()
) )
I. Read the given passage and answer the questions that follow. [CBSE Question Bank]

Nucleophilic substitution reaction of haloalkane can be conducted according to both Sy1 and Sy 2
mechanisms. However, which mechanism 1t 1s based on 1s related to such factors as the structure
of haloalkane, and propertues of leaving group, nucleophilic reagent and solvent.

Influences of halogen: No matter which mechanism the nucleophilic substitution reaction
1s based on, the leaving group always leave the central carbon atom with electron pan. This
1s just the opposite of the situaton that nucleophilic reagent attacks the central carbon atom
with electron pair. Therefore, the weaker the alkalinity of leaving group 1s, the more stable
the anion formed s and it will be more easier for the leaving group to leave the central
carbon atom; that 1s to say, the reactant 1s more easier to be substituted. The alkalinity order

of halogen 1on1s 1 < Br < Cl < F and the order of thewr leaving tendency should be
I > Br >ClI" >F . Therefore, in four halides with the same alkyl and different halogens, the

order of substitution reaction rate 1s RI > RBr > RCI > RF . In addition, 1if the leaving group 1s
very easy to leave, many carbocation intermediates are generated in the reaction and the reaction
is based on Sy 1 mechanism. If the leaving group is not easy to leave, the reaction i1s based on Sy2

mechanism.

Influences of solvent polarity: In Syl reaction, the polarity of the system increases from the
reactant to the transition state, because polar solvent has a greater stabilizing effect on the
lransition state than the reactant, thereby reduce activation energy and accelerate the reactuon.

In S+2 reaction, the polarity ot the system generally does not change from the reactant to the
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transition state and only charge dispersion occurs. At this time, polar solvent has a great stabilizing
effect on Nu than the transition state, thereby increasing activation energy and slow down the
reaction rate. For example, the decomposition rate (Sy1) of teruary chlorobutane m 25”C water
(dielectric constant 79) is 300000 times faster than in ethanol (dielectric constant 24). The reaction
rate (Sy2) of 2-bromopropane and NaOH 1n ethanol containing 40% water 1s twice slower than
in absolute ethanol. In a word, the level of solvent polarity has mfluence on both Sy 1 and Sy2
reactions, but with different results. Generally speaking, weak polar solvent 1s favourable for Sy2
reaction, while strong polar solvent 1s favourable for Sy 1 reaction, because only under the action
of polar solvent can halogenated hydrocarbon dissociate into carbocation and halogen 1on and
solvents with a strong polarity 1s favourable for solvation of carbocation, 1mcreasing its stabality.
Generally speaking, the subsutution reaction of tertiary haloalkane 1s based on Sy 1 mechanism in
solvents with a strong polarity (for example, ethanol containing water).

(Ding, Y. (2013). A Brief Discussion on Nucleophilic Substitution Reaction on Saturated Carbon Atom.
In Applied Mechanics and Materials (Vol, 312, pp. 433-437). Trans Tech Publications Ltd.)

The following questions are multiple choice questions. Choose the most appropriate answer:
(1) Sxy1 mechanism 1s favoured in which of the following solvents:

(a) benzene (b) carbon tetrachloride  (¢) acetic acid (d) carbon disulphide
(1) Nuclcophilic substitution will be fastest 1n casc of:

(@) 1-Chloro-2,2-dimethylpropane (0) 1-lodo-2,2-dimethylpropane

(¢) 1-Bromo-2,2-dimethylpropane (d) 1-Fluoro-2,2-dimethylpropane

(1121) Syl reaction will be fastest in which of the following solvents?

(a) Acetone (dielectric constant 21) (b) Ethanol (dielectric constant 24)

(c) Methanol (dielectric constant 32) (d) Chloroform (dielectric constant 5)
(iv) Polar solvents make the reaction faster as they:

(a) destabilize transition state and decrease the activation energy

(b) destabilize transition state and increase the activation energy

(¢) stabilize transition state and increase the activation energy

(d) stabilize transition state and decrease the acuvatuon energy

() Sy1 reaction will be fastest in case of:

Answers

94

(a) 1-Chloro-2-methylpropane (0) 1-Iodo-2-methylpropane
(¢) 1-Chlorobutane (d) 1-Todobutane
(1) (c) (22) (0) (e22) (c) () (d) (v) (0)

Read the passage given below and answer the following questions:
The polarity of C—X bond 1s responsible for the nucleophilic substitution reactions of alkyl halides
which mostly occur by Sy 1 and Sy2 mechanisms. The rates of Sy 1 reaction are governed by the
stability of intermediate carbocations while that of S 2 reactions are governed by steric factors.
Chirality has a great role in understanding the mechanism of Sy;1 and Sy 2 reactions. Sy 1 reactuons
of chiral alkyl halides are accompanied by racemisation. Whereas Sy2 reactions are characterised
by inversion of configuration.
(Source: Smelizer, WW,, & Young, D.J. (1975). Oxidation properties of transition metals.
Progress in Solid State Chenustry, 10, 17-54.)
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The following questions are multiple choice questions. Choose the most appropriate answer:

() Alkyl halides undergoing nucleophilic bimolecular substitution mvolve

(a) retention of configuration

(¢) mversion of conliguration

() racemic mixture

(d) formation of carbocation

(i1) Which of the following alkyl halides will undergo Sy 1 reaction most readily?

(@) (CHg)sC—F

(h) (CHy),C—Cl (©) (CHp),C—Br  (d) (CHy)yC—I

(1221) In the following reaction, ‘A’ 1s

(@) CH,CH,ONO

KNO,

2 EAE
(¢) CH,CH,OH

CH, CH, CI

) CHy,CH,NO, (d) CH,CH,KO

(iv) An optically active compound having molecular formula C,H - Br reacts with aq. KOH to

give a racemic mixture of prnducts. The compound 1S

(a) CHz—CH,—CH,—CH—CH, CHoCIH;

(¢) CHs—CHo—CHy—C.

Answers

0) ()

(b) CH,CH,CH,CH,CH,CH,CH,Br
|

Br
CH, (‘:H?,
CHE CHS ((j) C;HH GHQ CHQ C C‘:HE Br
|
(22) (d) (i2) (@) (1v) (¢)

ASSERTION-REASON QUESTIONS

In the following questions, a statement of assertion followed by a stalement of reason is given.
Choose the correct answer out of the following choices.

(a)
(b)
(c)
(d)

o

Assertion and reason both are correct statements and reason is correct explanatiﬂn fm* assertion.

Assertion and reason both are correct statements but reason is not correct Explanatiﬂn fnr assertion.

Assertion 1s correct statement bul reason is wrong statement.

Assertion is wrong statement but reason ts correct statement.

Assertion (A)
Reason (R)
Assertion (A)
Reason (R)
Assertion (A)
Reason (R)
Assertion (A)

Reason (R)

Assertion (A)
(R)

Reason

: Phosphorus chlorides (tr1 and penta) are preferred over thionyl chloride for the

preparauon of alkyl chlorides from alcohols.

: Phosphorus chlorides give pure alkyl halides.

: Boiling points of alkyl halides decrease 1n the order

R—I>R_Br>R_Cl>R_F [CBSE 2020 (56/2/1)]

+ Van der Waals forces decrease with increase 1n the size of halﬂgen atom.

: KCN reacts with methyl chloride to give methyl isocyanide
: CN™ 1s an ambident nucleophuile.
: tert-Butyl bromide undergoes Wurtz reaction to give 2, 2, 3, 3-tetramethylbutane.

: In Wurtz reaction, alkyl halides react with sodium in dry ether to give hydrocarbon

containing double the number of carbon atoms present in the halide.

: Hydrolysis of (-)-2-bromooctane proceeds with mversion of configuration.

: This reaction proceeds through the formation of a carbocation.
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6. Assertion (A) : 3° alkyl halides are most reactive towards Sy 1 reaction.
Reason (R) : In Syl reaction, the rate of the reaction depends only on the concentration of
alkyl halide.

Presence of a nitro group at ortho or para pmsitimn increases the 1‘Ea{:tivit}f of

7. Assertion (A)

haloarenes towards nucleophilic substitution.
Reason (R) : Nitro group, being an electron withdrawing group decreases the electron density
over the benzene ring.
8. Assertion(A) : Nitration of chlorobenzene leads to the formation of m-nitrochlorobenzene.

Reason (R) : —NO, group 1s a m-directing group.

9. Assertion (A)

It 1s difficult to I‘Eplace chlorime b}: —OH 1n chlorobenzene in CmnpariSm'l to that

in chloroethane.

Reason (R) : Chlorine-carbon (C—CIl) bond in chlorobenzene has a partial double bond

character due to resonance.

10. Assertion(A) : In monohaloarenes, turther electrophilic substitution occurs at ortho and para

positions.
Reason (R)
11. Assertion (A)

Halogen atom 1s a I‘ing deactivator.

Arvliodides can be prepared by reaction of arenes with 1odine in the presence of

a1l Dxidisiug agent.

Reason (R) : Oxidising agent oxidises I, into HI.
Answers
1. () 2. (¢) 3. (d) 4. (a) 5. (c) 6. (0) 7.(a) 8. (d)
9. (@) 10. () 11. (c)

HINTS/SOLUTIONS OF SELECTED MCQS

9. (¢) With increase 1 surface area boiling point increases.

14. (b) The carbon atom having four different group is called asymmetric carbon atom.
18. (d) The reacuvity of the hahdes are
R-I> R-Br>R-CI>>R-F. Hence, (CHg);C

22. (a) Free rotation around carbon-carbon bond takes place easily in alkanes. Now ethane and

I will undergo the reaction most readily.

hexachloroethane both are alkanes, but in hexachloroethane bulky chlorine atom 1s present

cdue to which rotation of C—C hindered.

HyC—HyC—C=C—CHy + HBr —— H43C—HyC (I] (l CHjy
=3; (b) Br H
(A)
+ Hy; C—CHo T;—? CHg
H Br
(B)

Both (A) and (B) exists as a pair of geometrical 1Isomers. Therefore, there are 2 structural and
4 configurational isomers.

24, (a) The Cl—C—Cl angle m 1. 1, 2. 2-tetrachloroethene (carbon 1s Spﬂ hybridised) and

tetrachloromethane (carbon 1s 5;!::5 hybridised) will be about 120" and 109.5" respectively.
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26.

2.

29.

30.

32.

33.

35.

36.

< FP

38.

OH

_ Sunlicht _. Na ~H.O
() G GOy —E, & S, e, @

Heat

Benzoic acid

Alc. KOH

(¢) H,C—CH,—CH,—CH,—Cl —=22 . CH,—CH,—CH = CH,
] - -:.l‘.nlfmnlmtanf* But-1-ene
| o Benzoyl
(@) CHsCH=CHs + HCl—F(0sc™> LHS(FH( H,
Propene C1

2-Chloropropane

[-.- Peroxide effect is not observed with HF, HCI and HI]

_ HsC ~Br _
(b) Only O =1 , will show geometrical 1somerism because of presence of two ditferent
v ™~
H |

gloups oIl thE‘ S5c111€ CH[’IJEIII atom.

(_]:Hg (?iH:; CH;y
(] CHp— C=CHy + HBr — CHy—{—CH; i Br
2-methylpropene PI) r CH 9
2° Bromo -2~ methylpropane 1 -Bromo-2-methylpropane
(Major) (Minor)
All others are symmetrical alkenes.
COO Ag' Br
(d) + Brp.—2ttig + COo + Agbr
Bromobenzene

() The mtermediate formed during the additnon ot HCI to propene 1n the presence of peroxide
1s CHs CH" CHs.
In case of HCI, peroxide has no eflect. Secondary carbocation 1s formed as 1t 1s more stable

than primary carbocation.

(@) Two enantiomeric pairs can be produced, i.e., 1-chloro-2-methylbutane and 2-chloro-3-

methylbutane.

The given reaction i1s undergoing substitution 100% inverse of configuration and 1s a one step

reaction. Therefore, it follows S\ 2 mechanism (substitution nucleophilic bimolecular).

(d) CH,
|

I_I ? Bl‘ T‘}F'-I_'I'Pﬁmil"lﬂriﬁl"l . I_‘L\ ’/PI + H\ ’/ CHJ
T C Ry / \\ /’ \

|' CH, 13 CH,

: (cis-hut-2-ene) (trans-but-2-ene)
CH 35 (Minor) (Major)

Meso-dibromobutane

(@) When (CHg)sCMgBr reacts with D,O the C—Mg bond donates its electron pair to a deutermum
atom, forming (CHg); C—D and Mg(OH)Br.
This occurs because the C that 1s bonded to Mg 1s strongly nucleophilic and can attack a
region of positive charge density such as the deuterium atom in a water molecule.
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41.

42.

44,

45.

46.

47.

48.

49.

51.

54.

98

(d) NO, group shows —M effect due to which electrons are withdrawn trom ortho and para
position which makes the benzene ring more prone to nucleophilic substitution reaction and
hence replacement of Cl can be done easily.

(¢) The more loosely held electrons are open to attack by electrophiles. Hence, the characteristic
reaction of benzene 1s electrophilic substitution reaction.

(d) Formation of carbocation occurs:

1§

| ;
CeH, (]': Cl  + SbCl; —— CgH;—C—H + SbClg

(+)-2-chloro- ph{—‘lleI hane Carbocation

(@) l'he order of reactivity of alkyl halide towards $y2 mechanism follows the order:
CHy Br > (CH;),CHBr > (CHg4)sC—DBr
L'hus, reaction (@) 1s a best example of S\2 reaction.

(d) p-Dichlorobenzene has symmetrical structure, so it fits closely in the crystal lattice. Therefore,
1t has highest melung pomt.

(d) Benzyl alcohol does not have CH;CO™ group or CH;CH,O™ group so it will not give positive

1odoform test.

() CH,

anhvdrous

AlCls
@ + CHgCl —> + HC1

Benzene Toluene

(d) More the number of alkyl groups, more will be the stability of carbocation and easier will be
the reacuon.

(¢) A nucleophile 1s a chemical species that donates an electron pair to an electrophile to form a
chemical bond in relation to a reaction. So, less the electronegativity more the nucleophilicity

of 1on. Thus, CH; has the highest nucleophilicity.

D"T\ I\Hg \I \JHL’J " — .y
(¢) CHaq (rH(qu — ) CHs—C=CH———2s CH;—C=CNa
Br Br
—2 5%, CH,C = CCH,CH;
(b)  GHs CCl;
3Clo/A
B
—3HCI
Toluene ()
lBrgﬁE“e
Gl Cll,
B]—QHLI % By
(B) (C)

m-bromortoluene
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59.

61.
62.

63.

65.

66.

67.

() Ho
H;C—CHy—C=CH—CH, —» H;C—CHy—GH—CH:CH;
Cl Cl
3-chloro-pent-2-ene 3-chloropentane
A Optically mactive
H'ﬂ
CHy—CHy—CH=C—CH; —=> CH,CH,CHLCHCH,
Cl Cl
2-chloro-pent-2-ene 2-chloropentane
B Optcally active

(c)

CHs ?—C[-I;(EI—I—CHQCI—IS
Cl R

Here, the molecule has one double bond, so there 1s one geometrical centre and one chiral

= = . 2
centre. Theretore, number of stereocentres(n) = 2 and number of stereoisomers = 2° = 4

CH-CI

(a) @ 1s an cxample of arylalkyl halide as halogen atom 1s attached to the side chain

Benzyl chloride

of the carbon atom of benzene I‘ing.

; 3KkOH - o KOH
(ﬂ) CHI; m’* [CH(OI—I.}S] E}HC()OHFHCOOK
(d) Cl  oreen OH
C:Hﬂ—czH< ROF@d) | cH, CH<
Cl OH
1.1-dichloroethane
“H,O
Y
CH;CHO
Ethanal
¢ Cl Cl
H—C—Cl + HCl 22~ H—C—l
Cl H
(Methylene chloride)
SC
1C = CE iy —=2t . HO=CH
€©) HC=CH + Br
Ethyne [ l

Br DBr

1.2 -dibromoethene

(@) R'’X + RCOOAg —— RCOOR’ + AgX
Alkyl halide Lister

(h) HOCl + HOCl —— H,O + OCl +CI"

+ +
CHs—CH=CH, + Cl — CH,CH—CH.CI
loﬁ
CH.CHCH,CI

|
OH
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69.

70.

71.

74.

75.

76.

117.

78.

100

(@) The number of possible isomers is 6:

F Br Cl Br
- -
Cl I F I
F Cl Br Cl
~Nco=c 7 . ~c=c”

Br-~ 1 ' F7 TN

F\C—{:’/ Bl‘ F\\C—C/ Cl
|l Ssp 7 -~ NBr

(¢) In case of HI, HF and HCI, one of the step 1s endothermic while in case of HB1, both the steps
arc cxothcermic and thercfore HI, HF and HCI docs not undergo anu Markovnikov's addition

in presence of peroxide.

conc. alc. NaQOH 20°C

e CHs—CH=CH,
RO : 2

(b)) CHyCHsCHsBr - CH3 CH—CHj

HBr/acetic acd

Br

(¢) 1'he reaction in which chloroarenes can be prepared by treating benzene diazonium chloride
with cuprous chloride 1s known as Sandmeyer’s reaction.

Fr

NoCl Cu,Cl Cl
o e @

Chlorobenzene

(@) CH3CHoCHoCl + aq. KOH —— CH3CIHoCHoOH + KCI

n - propvl chlonde Propanol

CH; CH,CI
(@) The reaction @/ gt @/ + TIC] 1s a free radical substitution reaction.

This can be explained as
Step I: Cly > 2Cl
Step II: .

CHE _ GI_IE .
o A&, (O  +i

CH, CH,Cl
o +a— O

The other given reactions imvolves the formaton of 1ons.

Sunlight

Step 111:

(b)) The dipole moment decreases on decreasing the electronegativity of the halogen from Cl to
I. Moreover, the CH3F has lower dipole moment than CH4CI because of very small size of I

which outweighs the effect of greater electronegativity.

(h) In Wurtz-T'ittig reaction, aryl halide is heated with alkyl halide in the presence of sodium in
dry ether. Here, halogen atom is replaced by alkyl group and alkylarene is formed.

(d) CH3Br + CoHgBr + 9Na —2"" . CH,CH,CHy + 2NaBr

Propane

Dry ether

(]HHBI' ot (AH,}BI + 2Na

- CHy—CHy + 2NaBr

Ethane

Dry ether

CoH:Br + CoH:Br + 2Na - CH;CH,CH,CH; + 2NaBr

DButane
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79.

81.

83.

54.

85.

86.

88.

89.

90.

93.

94.

' N 0 . . N
(¢) In chlorobenzene, chlorine group 1s attached to sp° hybridised carbon and i methyl
chloride it 1s attached to 5})5 hj,-fl:u'idised carbon so the C—CIl bond 1s shorter and stronger 111
chlorobenzene.

dry ether

(¢) CHyCH31 + Mg —— - CH;CHyMegl

Ethylmagnesium 1odide

QQ—X + 2Na dry .

diphenyl (X = Cl, Br)

. SOCls , . KCN(alc) , . 20OH/H"' , ,
(¢) CollzOll e T 99 = e > Colls CN s CollsCOOLI
= pyndine
. . . . ale. KOH . . . HBr
) CH3CHCH,Cl = - CHy—CH=—CH, L.
| | - chloropropane
Na X
‘ ) ether
Br CH, CH,
2.5 -diunethvlbutane
Hydnde
, ﬂ, 1 , 2 S s Dy s g
(¢) CHy—CH=CH—CH,—> CH,CHCHCH, ~—> CH,C—CH.CH,
| | |
CH. CH, CH,
Br
Br |
— CH;C—CH-CH;
|
CH,
2-bromo-2-methylbutane
+
NoC1 Cl
2 NaN OE + HCI1 CuoCl,
>
5‘ -278K (Sandmeyer’s + Nof
reacion)

(@) The halogens X and I are exchanging their position in this reaction:
RX + Nal —— RI + NaX
(@) CH,CH,CH,CH, —— CH,CH,CH,CH,Cl+ CH,CH,CHCICH,

Cl.;_, 1n presence of UV light gives monochlorimated 1someric prﬂducts via free radical

mechanism.

)  CH.CH.

5 |
I—I—F—BI

CHoCHj

3-Bromopentane

(@) _, * .
CHoBr CHs CH,OH
Step I . B @DH
< + Br ———
Step 11
Benzyl brommde (Stable carbocation) Benzyvl alcohol
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96.

97.

98.

101.

105.

107.

108.

109.

110.

113.

114.

1135.

117.

(b)

()

(0)

They are sp° hybridised carbon and attached to different substituents.

Assymetric carbon atom 1s the chiral carbon which 1s 5}35 hybridised and attached to different
substituents. Here, carbon atom (b) and (c) are assymetric.

For racemic mixture, the compound should contain at least one chiral carbon in the compound.
As (a) contains chiral carbon so 1t forms racemic mixture.

Electron withdrawing group increases the rate of reaction towards nucleophilic substitution
reaction. Its effect is more at ortho than meta position

Boiling point of chlorides, bromides and 1odides are higher than those of parent hydrocarbon

cdue to areater pﬂ]arit}f and higher molecular mass. Thus, the correct increasing order 1s

Butane < 1-Chlorobutane < 1-Bromobutane < 1-lodobutane

(IJH3

Anhy. AICI, C—CH,
@ + (CHj3)oCHCH.CI » (O]
CH;

t-butyl benzene

Stronger the attackig nucleophile, higher 1s the reacuvity. The order of nucleophilic strength
tollows the order CN™ > OIl" > > NOj3 . Thus, CN ™ favours Sy2 mechanism.
-+ .
Dry ether 0 o o

R—X + Mg - R—MgX
Alkyl halide '

{}rignm‘rl’ﬁ Reagent

Pyridme

CH;CH,OH +  SOCI, - CH3CH,Cl + SOy 1 + HCl |

Ethyl alcohol Thionvl chloride Chloroethane

Since alkane formed is propane, therefore the alk}’l hahde may be isupmp}:l chloride.

e ot e . T T T —Mg (O
]T;.:,(J—u(]i”—(;ﬂg + Mg HyC (iJ—I (CHy Ha0 (BoiD

Cl MeCl

isopropyl chloride

- HyC—CHy—CT,

Pro pane

3 : KNO9 3 . -
Chloroethane Ethylnitrile
(X)
UV hght

CoHg + Cly

(excess)

-~ CoHsCl + HCI

In this reaction, if we use Cl, in excess, then mono, di, tri and tetra chloroalkanes are formed

as product and 1if ethane 1s used 1n excess, then ethyl chloride forms as major product.

(|3H5 (I’H ? (|H ’
Clo
v
H H Cl
2-methylpropane I-chloro-2-methylpropane  2-chloro-2-methylpropane

Eliminaton reaction occurs.

. . y Lthanolic KOILI i} .
(.‘Hg (JHE(JHE Br HB * (JHJ,(H
2= 1'

7 -pr{;-p}sl bromde Propene

CHs

(@) The correct IUPAC name of the given compound 1s

3 2 i
CH—CH,—CHs,
|

Cll,Cl,

1 )

| -chloro-3-methylpentane

H,C Cl
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118.

(&) CH; C1 Cl o
, | | Cl
) Ll »
Toluene m—dichlorobenzene  o—dichlorobenzene C1
CHj 1s less 0= 120" 0 = 60° 0= 180"
electronegative Maximum p-dichlorozene
than CI dipole moment It has zero dipole

so has less
dipole moment

So, theorderis1V <1 < 11 < 111

119. @) ¢ Hy + MgBr —— CH;MgBr

120. (¢) Wurtz-Fittg reaction:
Br
CHsCH,CH,Br + @ + 2Na
Propyl bromide
121. (b
wenoog
623 K, 300 atm
@ + NaOH T T
Chlorobenzene

moinent

Do

- C¢HsD + Mg(OD)Br
=

dry ether
'—'I-

CH3CHoCHy 4 2NaBr

H -pl‘Dp}’l benzene

Sodium phenoxide ~NaCl| dil. HC1

\/
OH

Phenol
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