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CH10 - HALOALKANES AND
HALOARENES

10.1 Write structures of the following compounds:
(i) 2-Chloro-3-methylpentane

(ii) 1-Chloro-4-ethylcydohexane

(iii) 4-tert. Butyl-3-iodoheptane

(iv) 1,4-Dibromobut-2-ene

(v) 1-Bromo-4-sec. butyl-2-methylbenzene.

Ans:

@ CH, —(I:H—CH—-CH2 CH,
|
a  cu,

(i) Cl

‘em CI}{S
(i) CH;CH,—CH — CHCH,CH,CH,
N
|
CH,
(iv) BrCH,—CH=CH —CH,Br
Br
CH,
v)

H,C — CH — CH,CH,

10.2. Why is sulphuric acid not used during the reaction of alcohols with KI?

Ans: Kl is expected to give HI on reacting with H2SO04 which will convert alcohols
(R - 0H) to alkyl iodides (R - I). However, H2SO. is a strong oxidising agent and it
oxidises HI formed during the reaction to I which does not react with alcohol.
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KI + H,80, ——s KHSO4 + HI
H,S04, — H;0 + SO; + (0)
2HI + (0) —> H,0 + L,
To solve the problem, H2S04 is replaced by phosphoric acid (H3P04) which

provides HI for the reaction and does not give 12 as is done by H2S04.
KI + H;PO4 — KH,P0O, + HI
Pot. dihydrogen phosphate
R—OH +HI — R—-1+ H;0
Alcohol Alkyl iodide

10.3. Write structures of different dihalogen derivatives of propane.
Ans: Four isomers are possible. These are :

Br—CH, CH,CH,-Br 1,3- Dibromopropane
Br—-CHz—(le —CH,, 1,2- Dibromopropane

Br
Br—CH—CH,CH;  1,]-Dibromopropane
o
CH;—'C-—CILI3 _ 2,2-Dibromopropane
£

10.4. Among the isomeric alkanes of mdlecular formula CsH12, identify the one
that on photochemical chlorination yields

(i) A single monochloride.

(ii) Three isomeric monochlorides.

(iii) Four isomeric monochlorides.
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Ans:
CH,

| !
() Neopentane H,C —{IT, — CH;. As all the

CH,

H-atoms are equivalent, the replacement of any
one of them gives the same product.

a b ¢ b a ;

(i) CH;CH,CH,CH,CH; n-pentane. a, b, c are
the three sets of equivalent hydrogens.
Therefore, three isomeric monochlorides are
possible. '

a b c d ) :

(i) CH;— (EH —CH,—CHj jso-pentane.

CH; e ¥
there are four sets of equivalent hydrogens

Designated as a, b, ¢, d. Thus, four isomeric
monochlorides are possible.

10.5. Draw the structures of major monohalo products in each of the following
reactions:

: OH
CH,NH, .
Brzheat or:
(i) /@ UV light
O,N &

v

CH,OH " 't
i) ,@ + HOL
OH
® @' + HI —>

) CI—IJCHIBr+ Nal ——

| heat or
..—},
Q) O * PR Oviight
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Ans
Cl
® O + 80O, + HCI

CH —CH,

ey

CH,CI
(i) Q/
(w} CKCI

(v) CH,CH,I+ NaBr
Br

(vi) + HBr

10.6. Arrange each set of compounds in order of increasing boiling points :

(i) Bromomethane, bromoform, chloromethane, dibromomethane

(ii) 1- Chloropropane, isopropylchloride, 1- chlorobutane.

Ans:

(i) The boiling points of organic compounds are linked with the van der Waals’
forces of attraction which depend upon the molecular size. In the present case, all
the compounds contain only one carbon atom. The molecular size depends upon
size of the halogen atom and also upon the number of halogen atoms present in
different molecules. The increasing order of boiling points is :
CHsCl(chloromethane) < CH3Br (bromomethane) < CH:Br2 (dibromomethane) <
CHBr3 (bromoform)

(i) The same criteria is followed in this case. We all know that the branching of
the carbon atom chain decreases the size of the isomer and this decreases its
boiling point as compared to straight chain isomer. The increasing order of
boiling pointis :

(CH3)2CHCI (isopropylchloride or 2-chloropropane) < CICH2CH2CHs (1-
chloropropane) < CICH2CH2CH2CH3z (1-chlorobutane)
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10.7. Which alkyl halide from the following pairs would you expect to react more
rapidly by an Sx2 mechanism? Explain your answer.
() CH,CH,CH,CH,Bror

> CHjCHz?HCHj
Br
s
(ii) CHJCHz?HCH3 or H:,_C—(IZ"-Br
Br CH,

(iif) CH3FHFH2CH2Br or CH3CH2'[|3HCH213I'

CH, : CH,
Ans: In Sy2 mechanism, reactivity depends upon the steric hindrance around the
C-atom carrying the halogen. Lesser the steric hindrance, faster the reaction.

(i}. CH, CH, CH, CH, Br 1° alkyl halide
CH,CH,CH(Br)CH,  2°alkyl halide
As steric hindrance in 2° alkyl halide is more,
thus reactivity of CH3CHZCH2C H,Br >
CH,CH,CH (Br)CH,
(i) CH,CH, CH (Br) CH, 2° alkyl halide
(CH), CBr3° alkyl halide
As steric hindrance in (CH,), CBris more, thus it
is less reactive than CH,CH,CH (Br) CH,
(iii) Both are 2° alkyl halides but CH, group at C,
is closer to Br atom than — CH, group at Cy. As
aresult CH;CH, CH (CH,) CH,Br suffers greater
steric hindrance than CH, CH (CH,) CH, CH,Br
and will thus be less reactive in Sy2.
10.8. In the following pairs of halogen compounds, which compound undergoes

faster Sn1 reaction?

|
Cl
(ii) /\/\/'\und NN
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Reactivity in S 1 is governed by stability of
carbocations.
Ci _
(M /i\ reacts faster due to greater stability
of 3° carbocation. |

Cl

(i) /\/\/'\ reacts faster due to °

greater stability of 2° carbocation over 1°
carbocation.

10.9. Identify A, B, C, D, E, R and R! in the following:

( —bromg dryether, | HO

dry et ; '
R-Br + Mg Sry.ether, . D G—}CH3?HCH3

D
_ CH, CH,
CH; CH, <Na/ether R'-x
CH, CH, lMg
H
D _2_9_) E

[ CLASS XII ]
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Ans:

COmrome =2 (v
=22 )

(B)
R—Bl’*‘Mg,—%-) C_DLO_, CH}__CH —CH3
|

D
Br

l
R-Br = CH;—CH‘—CH3
C= CH,—CH—MgBr

CHJ
CH3 CH3
l Nal , Mg
cther ,
(-HBr) CH3
(R"—Br)
CH3 CH3
, H,0 I

CH3—C—MgBr — CH;—C—H

|
CHJ . CH;

10.10. A hydrocarbon CsHi1o does not react with chlorine in dark but gives a single
monochloro compound CsHoCl in bright sunlight. Identify the hydrocarbon.

Ans: The hydrocarbon with molecular formula CsHio can either a cycloalkane or
an alkene. Since the compound does not react with Cl; in the dark, therefore it
cannot be an alkene but must be a cycloalkane. Since the cycloalkane reacts with
Clz in the presence of bright sunlight to give a single monochloro compound,
CsHoCl, therefore, all the ten hydrogen atoms of the cycloalkanes must be
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equivalent. Thus, the cycloalkane is cyclopentane.

Mo reaction -t—ﬂ-rlk-a— Q .

Cyclopentane
(CsH,o)

'L‘Iz ) Cl
Sunlight :

Mnnﬂchfﬂm—c}'clnpentanc
(CsHeCl)

NCERT EXERCISES
10.1. Name the following halides according to the IUPAC system and classify them
as alkyl, allyl, benzyl (primary, secondary, tertiary), vinyl, or aryl halides:
(i)(CH3)2CHCH(CI)CHs
(i) CH3CH2CH(CH3)CH(C2Hs)CI
(iif) CH3CH2C(CHs)2CHoI
(iv)(CH3)3CCH2CH(Br)C6Hs
(v)CH3CH(CH3)CH(Br)CH3
(vi)CH3C(C2Hs)2.CH2Br
(vii) CH3C(CI)(C2Hs)CH2CH3
(viii) CH3CH=C(CI)CH2CH(CH3)2
(ix)CH3CH=CHC(Br)(CHs)2
(x)P-CICsH4CH2CH(CH3):
(xi)m-CICH2C¢H4CH2C(CH3)3
(xii)o-Br -CsH4CH (CH3)CH2CH3
Ans: (i) 2-Chloro-3methylbutane, 2° alkyl halide
(ii) 3-Chloro-4methyl hexane, 2° alkyl halide
(iii) 1 -lodo-2,2-dimethylbutane, 1 ° alkyl halide
(iv) I-Bromo-3, 3-dimethyl -1-phenylbutane, 2° benzylic halide
(v) 2-Bromo-3-methylbutane, 2° alkyl halide
(vi) 1-Bromo-2-ethyl-2-methylbutane, 1° alkyl halide
(vii)3-Chloro-3-methylpentane, 3° alkyl halide
(viii) 3-Chloro-5-methylhex-2-ene, vinylic halide
(ix)4-Bromo-4-methylpent-2-ene, allylic halide
(x)1-Chloro-4-(2-methylpropyl) benzene, aryl halide
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(xi)1-Chloromethyl-3- (2,2-dimethylpropyl) benzene, 1 ° benzylic halide.
(xii)1-Bromo-2-(1-methylpropyl) benzene,aryl halide.

10.2. Give the [UPAC names of the following compounds:

(i) CH3CH(CD)CH (Br)CHs (ii) CHF2CBrCIF (iii) CICH2C=CCH:2Br (iv) (CCl3)3CCl
(v)CH3C(p-ClCsH4)2CH(Br)CHs (vi) (CH3)sCCH=C(CI)CeHa4l -p

Ans: (i) 2-Bromo-3-chlorobutane

(ii) 1 JBromo-1 -chloro-1,2,2-trifluoroethane

(iii) I-Bromo-4-chlorobut-2-yne

(iv)2-(Trichloromethyl)-1, 1,1,2,3,3,3- heptachloropropane
(v)2-Bromo-3,3-bis-(4-chlorophenyl) butane
(vi)l-Chloro-1-(4-iodophenyl)-3,3- dimethylbut-l-ene.

10.3. Write the structures of the following organic halogen compounds:
(i)2-Chloro-3-methylpentane

(i))p-Bromochlorobenzene

(iii)l-Chloro-4-ethylcyclohexane

(iv)2r (2-Chlorophenyl) -1- iodooctane

(v)2-Bromobutane

(vi)4-tert-Butyl-3-iodoheptane

(vii) 1-Bromo-4-sec-butyl-2-methylbenzene

(viii)1,4-Dibromobut-2-ene
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Ans:
() CH, —-(13H —-{|3H —CH,CH,
Cl - CH,

(i) Br.-—@—m

Cl
(iii) ,O/
H.C

52

(%) ICH, — CH — (CH,); — CHj
.Cl

(¥) CH; —CH; — tl:,H —CH;

Br
(vi) CH, — CH, — (fH — iH — CH,CH,CH,
| (CH,),
CH,

= |
(vif) CHy — CH, — CH—Q—Br
: CH,

(viify BrCHy) —CH = CH — CH,Br

10.4. Which one of the following has the highest dipole moment?

(i)CH3CI: (ii) CHCls (iii) CCl4

Ans: The three dimensional structures of the three compounds along with the
direction of dipole moment in each of their bonds are given below:

CI\E"‘C‘/# H CI!\‘\( )(/;,,C}

CCls being symmetrlcal has zero dipole moment. In CHCl3, the resultant of two C -
Cl dipole moments is opposed by the resultant of C - H and C - Cl bonds. Since the
dipole moment of latter resultant is expected to be smaller than the former;
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CHCIl3 has a finite dipole (1.03 D) moment.

In CH2ClI2, the resultant of two C - Cl dipole moments is reinforced by resultant of
two C - H dipoles, therefore, CH2CI2 (1 .62 D) has a dipole moment higher than
that of CHCls. Thus, CH2CI: has highest dipole moment.

10.5. A hydrocarbon CsHio does not react with chlorine in dark but gives a single
monochloro compound CsHoCI in bright sunlight. Identify the hydrocarbon.

Ans: The hydrocarbon with molecular formula CsH, 0 can either a cycloalkane or
an alkene.

Since the compound does not react with Cl. in the dark, therefore it cannot be an
alkene but must be a cycloalkane. Since the cycloalkane reacts with Cl; in the
presence of bright sunlight to give a single monochloro compound, CsHo(Cl,
therefore, all the ten hydrogen atoms of the cycloalkanes must be equivalent.
Thus, the cycloalkane is cyclopentane.

Mo reaction 4—%{— Q 7

Cyclopentane
(CsH,o)

' L‘Iz ) Cl
Sunlight ;

Monochloro-cyclopentane
(CH,CI)
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10.6. Write the isomers of the compound having formula C4HsBr.

Ans:
Double bond equivalent (DBE) for C HyBr
_4@4- 2)+9(l -2)+ I(1- 2)
2
So none of the isomer has a ring or

unsaturation, so the isomers are position or
chain isomers

|-Bromo butane
CH,
iy C} '
(i) CH; — CH —CH, Br
1- -Bromo-2-methylpropane

(i) CH, —CH, _?H —CH,
Br

2-Bromo butane

CH,
(v) CH; — (:3 —Br
CH,
2~Bromo-2-methylpropane
10.7. Write the equations for the preparation of 1-iodoobutanefrom (i)1-butanol
(ii) 1-chlorobutane (iii) but-1-ene.
Ans:

() CH,CH,CH, CH,0H +KI+H,PO,
-»cu,cu CH CH,I+H O+KH PO,

(i) CH,CH,CH, CH,Cl+ K| —4c¢tone_,
CH,CH,CH,CH,I+KCl {
(i) CH;CH,-CH =CH,+ HBr—2

CHJCH2CH2CH2 Br
 Nal | Acetone

10.8. What are ambident nucleophiles ? Explain with an example.
Ans: Nucleophiles which can attack through two different sites are called
ambident nucleophiles. For example, cyanide ion is a resonance hybrid of the

following two structures:
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TC=N:ie——:C =N~
[t can attack through carbon to form cyanide and through N to form is O cyanide.
10.9. Which compound in each of the following-pairs . will react faster in SN2
reaction with -OH? (i) CH3Br or CHsl
(ii) (CH3)3CCl or CH3Cl
Ans: (i)Since [-ion is a better leaving group than Br- ion, therefore, CHzl reacts
faster CH3Br in Sn2 reaction with OH- ion.
(ii)On steric grounds, 1° alkyl halides are more reactive than tert-alkyl halides in
Sn2 reactions. Therefore, CH3CI will react at a faster rate than (CH3)3CCl in a Snx2
reaction with OH-ion.
10.10. Predict all the alkenes that would be formed by dehydrohalogenation of
the following halides with sodium ethoxide in ethanol and identify the major
alkene:
(D 1-Bromo-l-methylcyclohexane
(ii) 2-Chloro-2-methylbutane.
(iii) 2,2,3-Trimethyl-3-bromopentane.

Ans:
Hﬂ
R T CH, CH,
) S\ pff —SHONIGHOH | C( . (:(
2
p .
H Major Minor
"H——(I:H2 ' Hs Il 1
C,HON# C,H,OH .
(if) CH, — CHx c-ﬁ:u,—’—’-—g-ﬁ CH,~CH = C-CH, + CH;— CH,— C=CH,
BI P (Neagoc) (Minor)
H Yc H
' CH, C}BTH ?Hg CH,
(,”') CH]_ C_ C——CH— CHJ CquoNa/ CZHQO“ CHJ_C— C_.CPII-CHJ
| I\ | (Minor)
CH, Br H CH,
CH, CH,
* CH,—-C— C=CH-CH,
| (Major)
CH

10.11. How will you bring about the following conversions?
(D Ethanol to but-l-yne.

(ii) Ethane to bromoethene

(iii) Propene to 1-nitropropane
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(iv) Toluene to benzyl alcohol

(v) Propene to propyne

(vi) Ethanol to ethyl fluoride

(vii) Bromomethane to propanone
(viii) But-l-ene to but-2-ene

(ix) 1-Chlorobutane to n-octane
(x) Benzene to biphenyl

Ans:

S0Cl4, Pyridine
(i) CH,CH,0H ——&—=m » CH,CH,—Cl
Ethanol Chhm&mm(l}

.CH=CH +NaNH, - 2MEI®K , 4 wC Nat
- : Sodium aﬁety]idl: (1

CH, —CH,—CI+HC= C~ Na* ——CH,CH, —'C=CH+ NaCl
()
{['.r

(i) CH,~CH, + Br, iﬂ"i’i_; CH,CH, -Br + HBr
Ethane

Bm.rmetham
KOH(alc) o -~ Br/CCl
— L5 CH, = CH, -Jz—_i—;srcrizcnzar—ﬁ@-—‘;f“‘%cnz = CHBr
< Bromoethene
i) CH. — CH= HBr,ROOR A
(iii) o M= O, e cee CHLCH,CH, B — 2802 QMO0 oy oy oy N,
I-Bromopropane Imlrupmpmw
CH, - CH,(1 . CH,0OH
: Cly /773K Aq.K
Toluene Benzyl chloride Benzyl alcohol
J I “2KBr, -2H 20 J-I;BC: CH
Br Br i
1,2-Dibromo

propane
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Elhami -Hg,Cly 3=ty
Eth)-l :Mnndc . Ethyl fluoride
(vii) CH, —Br_E‘l(fEl_) CH, CN—CHaMeBe/ether CH, “—‘|: = NMgBr
Bmm%lhane MEIDnlmle i CH3
S Ot 0 '
J —NH;, ~-Mg(OH)Br
CH,
. Pﬂ:-panme
(viii) CH,CH,CH = 1 HBr
? Blaxt—kcznc CHZ MarkownikofT s addition CH CH '|CH CH
Br
2-Bromobutane
- |KOH (alc.), A
- HBr
CH, —CH = CH—CH3
But-Z-ene

(Major product)

(:xJ 2CH,;CH,CH,C Dry ether :

1 cthmhulmeH -ty Wz reaction > CH3CH CH 2 CH,CH, CH,CH,CH; + 2NaCl
n—0Octane
ENa Drygih At ; '
O, N, e N N
Benzene Bromobenzene Biphenyl

10.12. Explain why

(i) the dipole moment of chlorobenzene is lower than that of cyclohexyl chloride?
(i) alkyl halides, though polar, are immiscible with water?

(iii) Grignard reagents should be prepared under anhydrous conditions?

Ans: (i) sp2-hybrid carbon in chlorobenzene is more electronegative than a sp3-
hybrid carbon in cyclohexylchloride, due to greater s-character. Thus, C atom of
chlorobenzene has less tendency to release electrons to Cl than carbon atom of
cyclohexylchloride.

As aresult, C - Cl bond in chlorobenzene is less polar than in cyclohexylchloride.
Further, due to delocalization of lone pairs of electrons of the Cl atom over the
benzene ring, C-Cl bond in chlorobenzene acquires some double bond character
while the C - Cl in cyclohexy! chloride is a pure single bond. In other words, C-Cl
bond in chlorobenzene is shorter than in cyclohexyl chloride.

Since dipole moment is a product of charge and distance, therefore,
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chlorobenzene has lower dipole moment than cyclohexylchloride due to lower
magnitude of negative charge on the Cl atom and shorter C-Cl distance.

(ii) Alkyl halides are polar molecules, therefore, their molecules are held together
by dipole-dipole attraction. The molecules of H20 are hold together by H-bonds.
Since the new forces of attraction between water and alkyl halide molecules are
weaker than the forces of attraction already existing between alkyl halide - alkyl
halide molecules and water-water molecules, thefefore, alkyl halides are
immiscible (not soluble) in water. Alkyl halide are neither able to form H- bonds
with water nor are able to break the H-bounding network of water.

(iii)Grignard reagents are very reactive. They react with moisture present in the
apparatus to form alkanes

R—Mg—X+H—OH —

R —H + Mg(OH)X

Thus, Grignard reagents must be prepared under anhydrous conditions.

10.13. Give the uses of freon 12, DDT, carbon tetrachloride, and iodoform.
Ans: lodoform: It was earlier used as an antiseptic but the antiseptic properties
are due to the liberation of free iodine and not due to iodoform itself. Due to its
objectionable smell, it has been replaced by other formulations containing iodine.
Carbon tetrachloride:

Uses:

(i)As an industrial solvent for oil, fats, resins etc.and also in dry cleaning.

(ii)CCls vapours are highly non-inflammable, thus CCls is used as a

fire extinguisher under the name pyrene.

(iii)Used in the manufacture of refrigerants and propellants for aerosol cans.
Freons: Freon-12 (CCI2F2) is most common freons in industrial use.

Uses: For aerosol propellants, refrigeration, and air conditioning purposes.

DDT (p -p’ - Dichloro diphenyl - trichloro ethane):

(i)The use of DDT increased enormously on a worldwide basis after World War I,
primarily because of its effectiveness against the mosquitoes that spreads malaria
and other insects which damages crops.

(ii) However, problems related to extensive use of DDT began to appear in the late
1940 s. Many species of insects developed resistance to DDT, it was also
discovered to have a high toxicity towards fishes. DDT is not metabolised very
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rapidly by animals, instead, it is deposited and stored in the fatty tissues. If the
ingestion continues at a steady rate, DDT builds up within the animal’s overtime.
10.14. Write the structure of the major organic product in each of the following
reactions:

() CH,CH,CH,Cl +Nal —Acctonc. heat_,

(i) (CH,),CBr+ KOH —thenclheat ,
(itf) CH,CH(Br)CH,CH, + NaOH —Y¥

(i) CH,CH,Br+KCN —t-chanal
(¥) CgHONa + C,H,Cl —
(v),CH,CH,CH,OH +SOCl, ——>

(vif) CHyCH,CH=CH, + HBr __Peroide
(viif) CHyCH=C (CH,), + HBr ——

Ans:
(i) CH;CH,CH,Cl+ Nal =0l Y CH CH, [+ NaCl

~ (Finkelstein reaction )
1—CI:I_omprupane I-lodopropane

- CH,

_ ' [,
(i) (CHy),CBr + KOH —p e, ¢y __C=CH, + KBr + H,0
2-Bromo~2-methylpropane " = ?

_ 2=Methylpropene

iif . . Water e
(i) CH; — CH — CH,CH, + NaOH gt CH, — CH—CH,CH, + Nabr + H,0

Br OH

: aq_ ethanol g
() CH,CH,Br + KON —rtite ssiion > CH3CH,CN + KBr

Propanenitrile

() CgH O Na* + C,H,C] —Milamsoa's , 3 O __C.H, + NaCl
Sr:litu: phenoxide E.lh:iuh]soride P e sP'I:lerLel::le o <

(v}) CH,CH,CH,0H + SOCI, —=i, CH CH,CH,CI + HCl + SO,

substilution
Prgpm~1—oi _ I-Chloropropane
y _ Peroxide ;
(vi) Cl‘;ffizfﬁ =CH, + HBr — addition) CHJFﬁEﬁﬂz o
e 7y
(Vi) CH, —CH = C—CH, + HBy Matkowikol's ,CH, —CH, — € —CH,

Br
2-Bromo-2-methylbutane

10.15. Write the mechanism of the following reaction:

n-BuBr+ KCN —E-tﬂ_—ﬂzﬂ—} n-BuCN

Ans: KCN is a resonance hybrid of the following two contributing structures:
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K+J C Q’I:d:—.):c =N-")

Thus, CN- ion is an ambident nucleophile. Therefore, it can attack the “carbon
atom of C-Br bond in n-BuBr either through C or N. Since C - C bond is stronger
than C - N bond, therefore, attack occurs through C to form n-butyl cyanide.

.

el B
K'CN" + CH, CH, CH, CH,/~~Be——> CH,CH,CH,CH,CN + KBr
n-Butyl bromide n-Butyl cyanide

10.16. Arrange the compounds of each set in order of reactivity towards Sn2
displacement:

(i) 2-Bromo-2-methyibutane, 1-Bromopentane, 2-Bromopentane.

(ii) I-Bromo-3-methylbutane, 2-Bromo-2-methylbutane, 3-Bromo-2-
methylbutane.

(iii) 1-Bromobutane, 1-Bromo-2,2-dimethylpropane, 1-Bromo-2-methylbutane, I-
Bromo-3-methyl butane.

Ans: The Sn2 reactions reactivity depends upon steric hindrance. More the steric
hindrance slower the reaction.Thus the order of reactivity will be 1°> 2° >3°

CH,
|
()CH, —C —CH,CH, CH,CH,CH,CH,CH, —Br .  CH; —CH —CH,CH,CH,
| 1-Bromopentane |
Br ) Br
2-Bromo-2-methyl butane 2-8r6mopenlane

(3% @)
1-Bromopentane > 2-Bromopentane > 2-Bromo-2-methylbutane
CH, CH, CH,

| l |
(i) CH3 —CH——CHZCHZBI' CH3 —C—CHZCH3 CH3 —Cl"l-—CH—CH3
l—Bmmo(—lg)-melhylbume | |

2 BromoBZr B
- -2-methyl- 2-Bromo-3-methyl butane
butane (3°) : @

1-Bromo-3-methylbutane > 2-Bromo-3-methylbutane > 2-Bromo -2-methyl butane

CH,
. I
(éif) CH,CH,CH,CH,Br CH, —C—CH,Br
1-Bromobutane |
(1°with nobranching) CH
3
(o B
CH CH,

3
: | |
CH,CH, — CH —CH, Br CH; —CH—CH, —CH, —Br
|- Bromo—-2-methylbutane 1-Bromo-3-methylbutane
(1 with one B-methyl group) (1° with one methyl groupat y ~ positien)

Since in case of 1° alkyl halides steric hindrance increases in the order) n-alkyl
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halides, alkyl halides with a substituent at any position other than the (3-position,
one substituent at the 3-position, two substituents at the 3-position, therefore,
the reactivity decreases in the same order. Thus, the reactivity of the given alkyl
bromides decreases in the order:
1-Bromobutane > 1-Bromo-3-methylbutane > I-Bromo-2-methyjbutane> 1-
Bromo-2,2-dimethyl propane.
10.17. Out of CéHsCH2Cl and C¢HsCHCICsHswhich is more easily hydrolysed by
aqueous KOH.
Ans: C¢HsCH2Cl is 10 aryl halide while C¢HsCH(CI)CeHs is a 2° aryl halide. In Sn1
reactions, the reactivity depends upon the stability of carbocations.
C¢H; — CH—C H, —tnitin , CH, —CH—CH, +CI”

| Carbocation isstabilized by

Cl B delocalization over two
CygHgrings

C¢H,CH,C] —2uztion_, CHSCH +CI-

Carbocation is stabilized by
delocalization over one
CgHgning

Since the CsHsCHCsHscarbocation is more stable than C¢sHsCH2 carbocation,
therefore,CsHsCHCICeHs gets hydrolysed more easily than CsHsCH2Cl under Sn1
conditions. However, under Sn2 conditions, the reactivity depends on steric
hindrance, therefore, under Sn2 conditions,C¢HsCH2Cl gets hydrolysed more easily
than CeHsCHCICsHs.

10.18. p-dichlorobenzene has higher m.p. and lesser solubility than those of o-
and m-isomers. Discuss. (C.B.S.E. Delhi 2013)

Ans: The three isomers are position isomers which differ in the relative positions
of the chlorine atoms in the ring :

SN <"

.-::-Dmhlﬂmbenzene m- Dmlﬂﬂmbcnzene p- Dmh]ombenzene

As we know p-isomer is more symmetrlcal as compared to the other isomers.
This means that in the crystal lattice, molecules of the p-isomers are more closely
packed as compared to the other isomers. As a result, it has a higher melting
point and lower solubility as compared to ortho and meta isomers.
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Haloarenes are less polar than haloalkanes and are insoluble in water. This is
because of lack of hydrogen bonding. As a result, the attractive forces in
haloarenes—water system remain less than the attractive forces in H20
molecules which are hydrogen bonded. Haloarenes are soluble in organic solvents
of low polarity such as benzene, ether, chloroform, carbon tetrachioride etc.
10.19. How the following conversions can be carried out:

(i) Propene to propan-l-ol (ii) Ethanol to but-1-yne

(iii) I-Bromopropane to 2-bromopropane (iv) Toluene to benzyl alcohol
(v)Benzene to 4-bromonitrobenzene (vi) Benzyl alcohol to 2-phenylethanoic acid
(vii)Ethanol to propanenitrile (viii) Aniline to chlorobenzene

(ix)2-Chlorobutane to 3,4-dimethylhexane (x) 2-Methyl-1 -propene to 2-chk>ro-
2-methylpropane.

(xi)Ethyl chloride to propanoic acid (xii) But-1-ene to n-butyliodide
(xiii)2-Chlropropane to 1-propanol (xiv) Isopropyl alcohol to iodoform
(xv)Chlorobenzene to p-nitrophenol (xvi) 2-Bromopropane to 1-bromopropane
(xvii)Chloroethane to butane, (xviii) Benzene to diphenyl

(xix) tert-Butyl bromide to isobutyl bromide (xx) Aniline to phenylisocyanide
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—Hec/Pewide 5 CH,CH,CH,Br —33K94_, oy CH,CH ,OH

H
Wlholyels Pmpn—hol

(if) CH,CH,OH —2:%5 CH,CH, | KM@ __, oy - cH,

Ethanol

CH;l | Nucleophilic DEh
(excess)| substitution
CH,—C=C —CH,
But-2-yne

2% KOH (akc),
(iif) CH;CH,CH,Br (slc).4

Dehydrohalogenation

Bry/CCl,

lelec!mrbilic
addition
KOH (ak), A

NaNH,, Liq. NH,
Na*Cs=C Na* €220 ClacH KOO0 CHy —CHy

Dehydro
belogemstion ‘5, Br

» CH sCH=CH, — 18, cH, —CHBr—CH

Dehydrohalogenation

H, H,C
) gzt.sutgc,w é xou A

Mark. addition

Toluene Benzylalcohol
Conc. HNO; +Conc. H2504 R
®) < > Elec ._-l.c Br (Nitration) 0 N e
Benzene 4-Bromomlmbenzcnc

CH,0H CHLI
i) KCN, Et-OH-H,0
_so2 -HCI (Nucleophilic °

Benzyl alcohol

CH,CN CHLOOH
H*/H,0
Hydrolysis Q/

2-Phenylethanoic acid
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(vii) CH,CH,0H —2:2 CH,CH,| —XXE-MH0 , oy oy o
B | zophilic 3 2
hano: substitution) Propanenitrile

+-
NH, N=NCT™ Cl
.. NaNO, /HCI,273-278K :
s > . CuCl
{ ”.) Diazotisation & SIL.:'IEIJ;rL:SIl' O/

Aniling e

Chlorobenzene

(ix) 2CH, —CH—CH,CH, +2Na— 20—, CH,CH, —CH—CH—CH,CH, + 2NaCl
|

Waurtzreaction
- 3,4-Dimethylhexane
CH, .
| cr
(x) CH, —C=CH —J-[-G.—-—-p !
2—Mje1hy|~:_pwf Mark. addition CH, —C —CH,
Cl

2-Chioro=- 2—mﬂh)'rlpmpane

¥ KCN, EtOH=-H,0 g ‘Ht
(xf) CH,CH,Cl — e 5 CH,CH,CN—A 29, oy el cooH
Ethiyl chloride subsitution ) Propanenitrite e Propanoic acid

.. o HB/RCOOR Ni
i) CH,CH, CH = CH, — s CH,CH,CH, CH, By Nabtestom , oy oy oy oy

But—i-ene

(,r.l'fj} reaction n-Butyliodide
CH, —CH-—CH KOH(alehA HBr, Peroxi
=5 3 ebydromsiogenanos > CH — CH=CH, —tEubadde , oy oy oy pr
. Propene addition 1-Bromo—propane *
2-Chloropropane
CH,CH,CH.OH M
. I-Propanol
(xiv) CH, — CH — CH, +41, +6NaOH A
3 | 3 2 w CHI, +CH3CODNa+SNaI+5H20
reaclion Todoform .
OH
Iso propyl alcoliol .
; Cone, HNO4 +CanE.H2304 .
) o —ImBRummit, onlC_p—c
Chiorobenzene p-Nitrochlorobenzene

(Major isomer)

(i)15% NaOH 433K _
(i) Dil HCT O=N_©_OH.

p-nitrophenol
) cH. —cH — KOH{alc) & HBr / Peroxid
H, (ril-i CH, —Seiyaohsiogenaian— CH;CH=CH, — =%, oy cH. CH,Br
Br " 1-Bromopropane

2~ Bromopropane ’

in v Dry ether
[.‘ﬂf’.‘n‘) 2CH:§CH2 Cl + 2Na —wu'nm—) CH3 CHz —CI‘[2 CH3 + 2NaCl
Chloroethane Butane
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xviii /Fe _.2Na.Dryether,A
(xviii) @ ___2_3'2_4 @— T e, Q—Q + 2NaBr
Benzene o Biphenyl
tI:H3  CH, CH,
, . ' |
(xix) CHy —C — CH, —5 e b—, CH, — C=CH, —tBulemi® , oy _ CH—CH,Br
I|3 Addison Isobutyl bromide
un—Buly]rbrmnide
NH, N2C
_ (xx) + CHCL, + 31{01-[ W O +3KCl + 3H,0
Aniline

10.20. The treatment of alkyl chlorides with aqueous KOH leads to the formation
of alcohols but in presence of alcoholic KOH, alkenes are major products.
Explain. (Pb. Board 2009, Haryana Board 2013)

Answer:

In aqueous medium i.e., water, KOH will be completely dissociated to give
OH-ions. They being a strong nucleophile, will bring about the substitution of
alkyl halides to form alcohols. At the same time, the OH” ions will be highly
hydrated also. They will not be able to abstract a proton (H*) from the p-carbon
atom to form alkenes. In other words, in aqueous medium, OH- ions will behave
as weak base and elimination leading to alkenes will not be feasible.

In alcoholic KOH, the solution will also contain ethoxide ions (C2Hs0-) in addition
to OH- ions. They being a stronger base than OH- ions, will abstract a H* ion from
the B-carbon atom giving alkene as the product as a result of
dehydrohalogenation.

10.21. Primary alkyl halide C4H9Br (a) reacted with alcoholic KOH to give
compound (b) Compound (b) is reacted, with HBr to give (c) which is an isomer
of (a). When (a) is reacted with sodium metal it give compound (d), CsH1is which
is different from the compound formed when n-butyl bromide is reacted with
sodium. Give the structural formula of (a) and write the equations for all the
reactions.

Ans: (i) There are two primary alkyl halides having the molecular formula,
C4HoBr.

CH,
!
CH]CHECH:ZCHEBr and CH3CH—CHIB:'
- Butyl bromide Isobutyl bromide
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(ii) Since compound (a) when reacted with Na metal gave a compound (d) with
molecular formula CgH1s which was different from die compound obtained when
n-butyl bromide was reacted with Na metal, therefore, (a) must be isobutyl
bromide and compound (d) must be 2,3-dimethylhexane.

Wurtz reaction

2CH, CH, CH, CH, Br+2Na — —CH,CH, CH,CH,CH, CH,CH,CH,
n-Octane

CH, CH, CH,

| : | I
2CH, —CH — CH,Br + 2Na —Yutzresction , CH; —CH—CH, —CH, — CH—CH,
2,5-dimethylhexane (d)

(iii) If compound (a) is isobutyl bromide, than the compound (b) which it gives
on treatment with alcoholic KOH must be 2-methyl-1-propane.
T CH,
CH, —CH —CH,Br —~2@kd ", CcH —C=CH
} Isobutyl bromide 2 b e Z—Mbglﬂ-l-wwizw

(iv) The compound (b) on treatment with HBr gives compound (c) in accordance
with Markownikoff rule. Therefore, compound (c) is tert-butyl bromide which is
an isomer of compound (a) ,i.e., isobutyl ‘ bromide.

o
CH, —C=CH, —2 CH, —C—CH,

r
test - Butylbromide
; {mmufmnw:aﬂll)
Thus
(a)is isobutyl bromide,

(b)is 2-methyl-1 -propane,

(c)is tert-butylbromide, and

(d)is 2,5-dimethylhexane.

10.22. What happens when .

(i) n-butyi chloride is treated with alcoholic KOH.

(ii) bromobenzene is treated with Mg in the presence of dry ether.

(iii) chlorobenzene is subjected to hydrolysis.

(iv) ethyl chloride is treated with aqueous. KOH.

(v) methyl bromide is treated with sodium in the presence of dry ether,
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(vi) methyl chloride is treated with KCN.
Ans:
()) CH,CH, —CH,—CH, —Cl + KOH (alc) —5 m:bgm >

n-Butylchloride

CH,CH,CH=CH, + KCIl + H,0

But-1-ene
(il')@g, +Mg —Drycther @—Mglir
Bromobenzene Phenylmagnesium bromide
' . (i)6-8% NaOH, 623K, 300 atm ,
(iii)<—--:—>_('I * HNeO82 (0g) (i) Dil. HC1 OH

Chlorobenzene

(iv) CH,CH, —Cl + KOH (aq) —2¥2¥% , CH,CH, —OH +KCI+H,0
Ethykchloride Ethyl alcohol

(v) CH, —Br + 2Na +Br —CH, —22*__, CH, —CH, + 2NaBr

( wurtzreaction)
Methylbromide

Et-OH-H50, 4
(vi)CH, —Cl+KCN —2 ) CHJC!N + KCl
i‘ i Nucleophilic substitution A
chloride

% %k 3k 3k 3k %k Kk k ok Kk 3k k k k k k
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