CHAPTER 6 Haloalkanes and Haloarenes

Question1. Write structures of the following compounds:

(i) 2-Chloro-3-methylpentane

(ii) 1-Chloro-4-ethylcyclohexane

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

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

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

Solution:



@ CH;—CH—CH—CH,CH,
' | | '
a ou,

@ O

_GH;
(i) CH;CH ,—CH — CHlI.'JHz'CH_?\CH3
A
I H,C—-C —CH,
|
| CH,
(iv) BrC H,—CH=CH —CH,Br
Br

CH,

(v)

H,C — CH — CH,CH,

Question2. Why is sulphuric acid not used during the reaction of alcohols with KI?

Solution :
Kl is expected to give HI on reacting with H,SO, which will convert alcohols (R = OH) to

alkyl iodides (R - I). However, H,SQ, is a strong oxidising agent and it oxidises HI formed
during the reaction to I, which does not react with alcohol.

heat
KI + H,80, — KHSO4 + HI
H,S80, — H,0 + SO, + (0)
2HI + (0) — H,0 +

To solve the problem, H2S04 is replaced by phosphoric acid (H3P04) which provides Hl



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

Question3. Write structures of different dihalogen derivatives of propane.

Solution
There are four different dihalogen derivatives of propane. The structures of these derivatives

are shown below.

- Br—CH,CH,CH,-Br 1,3- Dibromopropane
Br—CH,—CH —CH,, 1,2-Dibromopropane
Br
Br—CH—CH,CH,  1,1-Dibromopropane

Br
CH,—C—CH, 2,2-Dibromopropane

/\

Br Br

Question4. Among the isomeric alkanes of molecular formula C5H12, identify the one
that on photochemical chlorination yields

(i) A single monochloride.
(ii) Three isomeric monochlorides.

(iii) Four isomeric monochlorides.



Solution

CH,

| !
() Neopentane H,C —tll — 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, ¢ are
the three sets of equivalent hydrogens.
Therefore, three isomeric monochlorides are
possible. '

a b c d - .

(ii) CH3—(I3H—CH2—CH3 iso-pentane.

. CH; T )
there are four sets of equivalent hydrogens

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

Question5. Draw the structures of major monohalo products in each of the following
reactions:



3 OH
() O + SOClL, —>
CH,NH, .
Br.heat or
@i O UV light
DEN . &
CH,OH B
- i heat
(iii) /@ + HO —
OH
) C[ + HI —>

) CHJCHIHHNal —

heat or
—_—
V) O * B Gviigh



Solution

Cl
0 O/ + 50, + HCI
) | Br
|

CH — CH,

O,N
CH,CI
HO
HE-

(iv) |
(v) CH,CH,I+NaBr
Br

(vi) + HBr

Question28. Arrange each set of compounds in order of increasing boiling points.

(i) Bromomethane, Bromoform, Chloromethane, Dibromomethane.

(ii) 1-Chloropropane, Isopropyl chloride, 1-Chlorobutane.

Solution

(iyFor alkyl halides containing the same alkyl group, the boiling point increases with an

increase in the atomic mass of the halogen atom.

Since the atomic mass of Bris greater than that of Cl, the boiling point of bromomethane is
higher than that of chloromethane.



Further, for alkyl halides containing the same alkyl group, the boiling pointincreases with an
increase in the number of halides. Therefore, the boiling point of Dibromomethane is higher
than that of chloromethane and bromomethane, but lower than that of bromoform.

Hence, the given set of compounds can be arranged in the order of their increasing boiling
points as:

Chloromethane < Bromomethane < Dibromomethane < Bromoform.
(ii)

For alkyl halides containing the same halide, the boiling pointincreases with an increase in
the size of the alkyl group. Thus, the boiling point of 1-chlorobutane is higher than that of
isopropyl chloride and 1-chloropropane.

Further, the boiling point decreases with an increase in branching in the chain. Thus, the
boiling point of isopropyl alcohol is lower than that of 1-chloropropane.

Hence, the given set of compounds can be arranged in the increasing order of their boiling
points as:

Isopropyl chloride < 1-Chloropropane < 1-Chlorobutane

Question7. Which alkyl halide from the following pairs would you expect to react more
rapidly by an SN2 mechanism? Explain your answer.

(i) CH,CH,CH,CH,Bror
! CH:..tf.‘HanIZH'{ZIH3
Br



o
(1[} CH]CHE(I:HCHJ or H:,_'C— {I:-' — Br
Br . CH3

(iil) CHyCHCH,CH,Br or CH;CH,CHCH,Br
CH, CH,

Solution
In Sy2 mechanism, reactivity depends upon the steric hindrance around the C-atom

carrying the halogen. Lesser the steric hindrance, faster the reaction.

() CH;CH,CH,CH,Br  1°alkyl halide
CH,CH,CH(Br)CH;  2°alkyl halide
As steric hindrance in 2° alkyl halideg is more,
thus reactivity of CH,CH,CH,C H,Br >
CH,CH,CH (Br)CH,
(i) CH,CH,CH (Br) CH, 2° alkyl halide
(CH,), CBr 3° alkyl halide

As steric hindrance in (CH,), CBr is 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 C,. As
aresult CHyCH, CH (CH,) CH,Br suffers greater
steric hindrance than CH, CH (CH,) CH, CH,Br
and will thus be less reactive in Sy2.

Question8. In the following pairs of halogen compounds, which compound undergoes

faster SN1 reaction?

1
SN
Cl
() A~ A and Ao~



Solution

(i)

Cl Cl
2 — Chloro — 2 — methylpropane (3%) 3 — chloropentane (2%

(n (1)

SN1 reaction proceeds via the formation of carbocation. The alkyl halide (l) is 3° while (Il) is
2°. Therefore, (I) forms 3° carbocation while (Il) forms 2° carbocation. Greater the stability of
the carbocation, faster is the rate of SN1 reaction. Since 3° carbocation is more stable than
2° carbocation. (l), i.e. 2—-chloro-2-methylpropane, undergoes faster SN1 reaction than (Il)
i.e., 3-chloropentane.

(i)

l

/’\-./"\/'L‘- TN

2 — chloroheptane {27) I - chlorohexane {17)
(1) {11}

The alkyl halide (I) is 2° while (Il) is 1°. 2° carbocation is more stable than 1° carbocation.
Therefore, (l), 2-chloroheptane, undergoes faster SN1 reaction than (Il), 1-chlorohexane.

Question9. Identify A, B, C, D, E, R and R1 in the following:

O—BHME dy ether, \ 10,

R-Br + Mg d¥ethety 0 D0, oy ey

3
D
CH, CH,
CH; CH, (Nalether p1_y
CH, CH, 1Mg



Solution

Br
I
R-Br = CH3_'CH'—"CH3
C= CH_?_—CH— MgBr
[
CH, R
CH3 CH;
i Nal I Mg
CH_;—C“CHZ — CHJ-—-{ —Br ——»
ether |
(-HBr) CH,
(R"—Br)
CH; CH,
J H,0 I

CH;—C—MgBr —» CH;—C—H-

H; CHj

Question1. Name the following halides according to IUPAC system and classify them
as alkyl, allyl, benzyl (primary, secondary, tertiary), vinyl or aryl halides:

(i)(CH4)2CHCH(CI)CH,
(ii)CH;CH,CH(CH,)CH(C.Hs)Cl
(iiii) CH;CH.C(CH:).CH:|
(iv)(CH1)3CCH.CH(Br)C6H;



(v)CH:CH(CH5)CH(Br)CH;
(vi)CH.C(C2Hs),CH2Br
(vii)CH,C(CI)(C.Hs)CH.CH:
(viii)CH;CH=C(CI)CH,CH(CH).
(ix)CH,CH=CHC(Br)(CH.),
(x)P-CICsH,CH,CH(CH.),
(xi)m-CICH.CsH,CH,C(CH),
(xii)o-Br -CH,CH (CH;)CH.CH;

Solution
(i)2-Chloro-3-methylbutane

(Secondary alkyl halide)
(if)3—Chloro—4-methyhexane
(Secondary alkyl halide)

(iii)1-lodo-2, 2 —dimethylbutane
(Primary alkyl halide)

(iv)1-Bromo-3, 3—-dimethyl-1-phenylbutane
(Secondary benzyl halide)
(v)2-Bromo-3-methylbutane
(Secondary alkyl halide)
(vi)1-Bromo—-2-ethyl-2-methylbutane
(Primary alkyl halide)
(vii)3—Chloro—3-methylpentane

(Tertiary alkyl halide)



(viii)3—Chloro—5-methylhex-2-ene

(Vinyl halide)

(ix)4-Bromo-4-methylpent-2-ene

(Allyl halide)

(x)1-Chloro—-4-(2—-methylpropyl) benzene

(Aryl halide)

(xi)1-Chloromethyl-3-(2, 2—-dimethylpropyl) benzene
(Primary benzyl halide)
(xii)1-Bromo—2—-(1-methylpropyl) benzene

(Aryl halide)

Question2. Give the IUPAC names of the following compounds:

(i) CH.CH(CI)CH (Br)CH. (i) CHF.CBICIF (iii) CICH.C=CCH,Br (iv) (CCl).CCl
(v)CH_o,C(p-CIC.—,H4)zCH(Br)CH3 (Vl)(CHs)scCH=C(Cl)C6H4| P

Solution :
0) 2-Bromo-3-chlorobutane
(i) 1 JBromo-1 -chloro-1,2,2-trifluoroethane
(i) I-Bromo-4-chlorobut-2-yne
(iv)2-(Trichloromethyl)-, 1,1,2,3,3,3- heptachloropropane
(v)2-Bromo-3,3-bis-(4-chlorophenyl) butane

(vi)l-Chloro-I-(4-iodophenyl)-3,3- dimethylbut-l-ene.



Question3. Write the structures of the following organic halogen compounds.

(i) 2-Chloro-3-methylpentane

(ii) p-Bromochlorobenzene

(iii) 1-Chloro-4-ethylcyclohexane

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

(v) Perfluorobenzene

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

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

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

Solution:



() CH, — (lSH - ?H —CH,CH,
Cl - CH,

(i) Br.—D—Ci

Cl
(i) /O/
H.C

5~2
() 1ICH, — CH — (CH,); — CH;
Cl

(v) CH3 —CH,; — (l::H —CH_;

Br
(vi) CH, —CH, — (I‘,H — CH — CH,CH,CH,
| CH,),
CH,

N
_ CH,

(viii) BrCH, — CH = CH — CH,Br

Question4. Which one of the following has the highest dipole moment?
(i)CHsCI, (i) CHCI, (iii) CCl,
Solution:

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



N 7 ¢ |
N« f '\}
CIQX 2°
4*(: N
N
CCl, being symmetrical has zero dipole moment. In CHCI,, 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, CHCI; has a finite
dipole (1.03 D) moment.
In CH,Cl,, the resultant of two C — Cl dipole moments is reinforced by resultant of two C
- H dipoles, therefore, CH,Cl, (1 .62 D) has a dipole moment higher than that of CHCl..
Thus, CH,CI, has highest dipole moment.

Cl\ix / H Cl
C
0 .

Cl

Question5. A hydrocarbon C5H10 does not react with chlorine in dark but gives a single
monochloro compound C5H9CL in bright sunlight. Identify the hydrocarbon.

Solution
A hydrocarbon with the molecular formula, C5H10 belongs to the group with a general
molecular formula CnH2n. Therefore, it may either be an alkene or a cycloalkane.

Since hydrocarbon does not react with chlorine in the dark, it cannot be an alkene. Thus, it
should be a cycloalkane.

Further, the hydrocarbon gives a single monochloro compound, C5H9CLI by reacting with
chlorinein bright sunlight. Since a single monochloro compound isformed, the hydrocarbon
must contain H-atoms that are all equivalent. Also, as all H-atoms of a cycloalkane are
equivalent, the hydrocarbon must be a cycloalkane. Hence, the said compound is
cyclopentane.

The reactions involved in the question are:



N . Cl
0 reaction 4—51&—-«

Cyclopentane
(CsHyo)

‘A : Cl
Sunlight _

Mmuch!nm—cyclupentanc
(C3HyCl)

Question6. Write the isomers of the compound having formula C4H9Br.

Solution
There are four isomers of the compound having the formula C4H9Br. These isomers are

given below.

Double bond equivalent (DBE) for C JHgBr
_4(4=-2)+9(1-2) +1(1- -2)
2
Sn none of the isomer has a ring or

unsaturation, so the isomers are position or
chain isomers

() CH,CH,CH,CH,Br
|-Bromo butane

CH,

f
(i) CH; — CH —CH, Br
1-Bromo—2-methylpropane

(i#) CH, —CH, —{I:H — CH
Br

2-Bromo butane

3

CH,
CH,
2~-Bromo- 2~ methylpropane



Question7. Write the equations for the preparation of 1-iodobutane from
(i) 1-butanol

(ii) 1-chlorobutane

(iii) but-1-ene.

Solution:

() CH,CH,CH,CH,0H+KI+H ,PO,
—» CH,;CH, CH L,CH,I+H D+KH2PD

(i) CH,CH,CH, CH,Cl+K| —dcetone_,
CH,CH,CH,CH,I +KCl |
(iif) CH 3CH,—CH =CH, + HBr 2%,

EH 3_CH2 CH;]_CH: Br
L Nai ! Acetone
CH4CH,CH 2CHy=1+NaBr

Question8. What are ambident nucleophiles? Explain with an example.
Solution

Ambident nucleophiles are nucleophiles having two nucleophilic sites. Thus, ambident
nucleophiles have two sites through which they can attack.

For example, cyanide ion is a resonance hybrid of the following two structures:
TC=Nie—:C=N~
It can attack through carbon to form cyanide and through N to form is O cyanide.

Question9. Which compound in each of the following pairs will react faster in SN2
reaction with OH-?

(i)CHaBr or CH.l
(ii)(CHs):CCl or CH.CI



Solution :
()Since I- ion is a better leaving group than Br- ion, therefore, CH;l reacts faster CH;Br in
Sh2 reaction with OH- ion.
(ii)On steric grounds, 1° alkyl halides are more reactive than tert-alkyl halides in S\2
reactions. Therefore, CH,Cl will react at a faster rate than (CHs);CCl in a S\2 reaction with
OH-ion.

Question10. Predict all the alkenes that would be formed by dehydrohalogenation of
the following halides with sodium ethoxide in ethanol and identify the major alkene:

(i) 1-Bromo-1-methylcyclohexane
(ii) 2-Chloro-2-methylbutane

(iii) 2,2,3-Trimethyl-3-bromopentane.

Solution
W
-y B CH, CH,
0 C‘H\-t . CHON CHOH ©/ N d .
2
.HB Major : Minor
BH_?HQ I HOH ' (|:I-13 IHa
C,H,ONa/ C .
(i) CH, — CH= CxCH,— O > CH,~CH = C- CH, + CH,— CH,— C=CH,
i _{"Il-lﬂ (Major) (Minor)
H Yal
" CH, C}B-H cl;Hj CH,
(i) CH, — ¢ — G CH— CH, SHONYCHOB, oy ¢ — C-CH,CH,
| N | (Minor)
CH, Br H CH,
H, CH,
* CH,—~C— C=CH-CH,
| (Major)
CH

3

Question11. How will you bring about the following conversions?

(i) Ethanol to but-1-yne



(ii) Ethane to bromoethene

(iii) Propene to 1-nitropropane

(iv) Toluene to benzyl alcohol

(v) Propene to propyne

(vi) Ethanol to ethyl fluoride

(vii) Bromomethane to propanone

(viii) But-1-ene to but-2-ene

(ix) 1-Chlorobutane to n-octane

(x) Benzene to biphenyl.

Solution
50C1,, Pyridine B
() CH,CH,0H ——g&-2a=— CH,CH, -Cl
Ethanol Chloroethane (1)

CH; —CH,—ClI+HC*= C” Na* ——CH,CH, —'C=CH+NaCl
: (i)
L]



(i) CH, —CH, + Br, —2TK_, cy CH, -Br + HBr

Ethane - Bromoethane
) CH, = CH, —2/554 5 BrCH,CH, Br————M “oNE9_, CH, = CHBr
. Bromoethene
() CH, — CH=CH, — 30— CH CH,CH, Br — A2 HONH0 | oy oy oy ,NO,
Propene I-Bromopropane Iamlmpmpm:
: CH,CI CH,OH
@ m_z:;zx Elj ﬁg-l;'%lii A @
Toluene Benzyl chloride Benzyl alcohol
(¥) CH; —CH = CH, —22/%% _, CH;-‘J:H __]CH2 _';g;‘r“j;{t‘; > CH,-C=CH
Propene Prup'_'me
Br Br
1,2-Dibromo

propane



S0C
(vi) CH,CH,OH _532 "j’:’é:‘—, CH,CH,CI _-2-L+ CH,CH,F
Elhnmi El.hyl clllonde . E‘thylﬂmndr.

(vii) CH, — Br—KONG) , oy oy _CiyMgbe/cter ‘[CH ‘—"f NMEBTJ

Bmm:}:lhme Memmml: CH}
H” '
CH3 —C=0% 0 —
| —NH;, -Mg(OH)Br
CH3
Propanone
. . HB
(viii) CI—;SEPECH = CH, —gm— saddinon—> CH;CH,CH — CH,
=Ene
Br
2-Bromobutane
- {KOH (ale,), A
— HBr

CH, —CH = CH—CH,

But-2-ene
(Major product )

ix) 2CH,CH Dry ether ' :
( ) ,CH,CH,Cl + 2Na ~Warz reaction > CH3CH,CH, CH,CH, CH,CH,CH, + 2NaC|

1-¢h|omhu lan: n—Octane
. Bry /FeBry 2Na, Dryether, A* ' .
o) @ @- Fitlig reaction Q@ + 2NaBr
Benzene

Bromobenzene Biphenyl

Question12. Explain why

(i) the dipole moment of chlorobenzene is lower than that of cyclohexyl chloride?

(ii) alkyl halides, though polar, are immiscible with water?

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

Solution

(i)In chlorobenzene, the Cl-atom is linked to a sp2 hybridized carbon atom. In cyclohexyl

chloride, the Cl-atomis linked to a sp3 hybridized carbon atom. Now, sp2 hybridized carbon
has more s-character than sp3 hybridized carbon atom. Therefore, the former is more



electronegative than the latter. Therefore, the density of electrons of C-Cl bond near the Cl-
atom is less in chlorobenzene than in cydohexyl chloride.

Moreover, the —R effect of the benzene ring of chlorobenzene decreases the electron density
of the C-Cl bond near the Cl-atom. As a result, the polarity of the C-Cl bond in
chlorobenzene decreases. Hence, the dipole moment of chlorobenzene is lower than that
of cyclohexyl chloride.

(ii) To be miscible with water, the solute-water force of attraction must be stronger than the
solute-solute and water-water forces of attraction. Alkyl halides are polar molecules and so
held together by dipole-dipole interactions. Similarly, strong H-bonds exist between the
water molecules. The new force of attraction between the alkyl halides and water molecules
is weaker than the alkyl halide-alkyl halide and water-water forces of attraction. Hence, alkyl
halides (though polar) are immiscible with water.

(iii) Grignard reagents are very reactive. In the presence of moisture, they react to give
alkanes.Therefore, Grignard reagents should be prepared under anhydrous conditions.

Question13. Give the uses of freon 12, DDT, carbon tetrachloride and iodoform.

Solution
Uses of Freon - 12

Freon-12 (dichlorodifluoromethane, CF2Cl2) is commonly known as CFC. It is used as a
refrigerant in refrigerators and air conditioners. It is also used in aerosol spray propellants
such as body sprays, hair sprays, etc. However, it damages the ozone layer. Hence, its
manufacture was banned in the United States and many other countries in 1994.

Uses of DDT

DDT (p, p—-dichlorodiphenyltrichloroethane) is one of the best known insecticides. Itis very
effective against mosquitoes and lice. But due its harmful effects, it was banned in the
United States in 1973.

Uses of carbontetrachloride (CCl4)

(i) It is used for manufacturing refrigerants and propellants for aerosol cans.



(ii) It is used as feedstock in the synthesis of chlorofluorocarbons and other chemicals.
(iii) It is used as a solvent in the manufacture of pharmaceutical products.

(iv) Until the mid 1960’s, carbon tetrachloride was widely used as a cleaning fluid, a
degreasing agent in industries, a spot reamer in homes, and a fire extinguisher.

Uses of iodoform (CHI3)

lodoform was used earlier as an antiseptic, but now it has been replaced by other
formulations-containing iodine-due to its objectionable smell. The antiseptic property of
iodoform is only due to the liberation of free iodine when it comes in contact with the skin.

Question14. Write the structure of the major organic product in each of the following
reactions:

()] CH_]CHICHI'C] +NaJ —Acetone, heat |
{H} {CHJJJCB'-+ KOH Elhanol, heat
(i) cHSCI{(Br}CHICHJ +NaOH Warter

(iv) CH,;CH,Br+ KCN —:cthanol_,
(") C;H,ONa + C,H,Cl —>
(v),CH,CH,CH,0H + SOCl, ——»
(vif) CH,CH,CH = CH, + HBr _Peroide
(viii) CH;CH=C (CH,), + HBr —>




Solution

1 acetone, heat :
(D) CHyCH,CH, Cl+ Nal 22523 CH,CH, CH, I+ NaCl
I—Chl_ompmpam |-ledopropane

- CH,

‘ |-,
(i) (CH,),CBr + KOH etanolhet __, oy __C=CH, + KBr+ H,0 .
I—Brmiaiz—meﬂw!pwme Dehtydrohalogenation _ZEM}'IPI'BM 2 ?

] w . = "
(i) CH, — (|:H — CH,CH, + NaOH —{TMAZ‘{J;S—} CH, — CH—CH,CH, + NaBr + H,0
Br ' '

. aq. ethanol N
(iv) CH;CH,Br + KCN { Nucleophilic su:sﬁtulion} » CH,;CH,CN + KBr

Propanenitrile

() CgH O Na* + C,H,Cl —Ymens , o gy _ 0 CH, + NaCl
Sodium phenoxide E.d:,:imlsorid.e Synthesis ¢ sPhenmale s

(vi) CH,CH,CH,OH + SOCI, 2B, CH CH,CH,CI + HCI + SO,

Propan—1-ol . substitution I-Chloropropane
: _ Peroxide d
() CH CHLCH = OB, 4 M — ey CH,CH,CH,CH B
FH; (FH:
(viif) G CH= (o Markownikoff s — — C _
CHJ CH C (:H3 + HBr WCH3 CH: i CH3

Br
2-Bromo~-2-methylbutane

Question15. Write the mechanism of the following reaction:

n-BuBr+ KCN —E-tﬂ_—ﬂzn—} n-BuCN

Solution .
KCN is a resonance hybrid of the following two contributing structures:
+, o X

K I :{TQ:H:C:N:_J

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.

/‘\

. 8 ~ET
K'CN™ + CH, CH, CHj CH{~~ Bf——> CH,CH,CH,CH,CN + KBr
n-Butyl bromide n-Butyl cyanide

Question16. Arrange the compounds of each set in order of reactivity towards SN2
displacement:

(i) 2-Bromo-2-methylbutane, 1-Bromopentane, 2-Bromopentane
(ii) 1-Bromo-3-methylbutane, 2-Bromo-2-methylbutane, 3-Bromo-2- methylbutane

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

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



CH,

| .
(N 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-Bromopentane

(3% (2
|- Bromopentane > 2—-Bromopentane > 2—Bromo-2—methylbutane

CH, CH, CH,

‘ I

(i) CH; —CH —CH,CH, Br CH, —C—CH,CH, CH, —CH—(i:H—CH
I—Brnn';c::]::a)—methﬁhm | | ’

- B{ Br
—Bromo—2-methyl- 2- -
P hyl ) Bromo '.'!{-;:gemylhulmt

|-Bromo-3-methy|butane > E-Eromo-}methylbutane > 2-Bromo -2-methyl butane

CH,
y |
(iif) CH,CH,CH,CH,Br CH; —C—CH,Br
I1-Bromobutane |
(1* with no branching) CH
(1*withtwo Bomethylgroapey
CH, CH,
CHJCHz —CH —CHZBF CH3 —CH —CH2 —-*‘CH2 —Br
|- Bromo— 2 -methylbutane 1=Bromo-3-methylbutane
(1" with one B-methyl group) (1* withane methyl groupat y - positien)

Since in case of 1° alkyl halides steric hindrance increases in the order) n-alkyl halides,
alkyl halides with a substituent at any position other than the B-position, one substituent
at the B-position, two substituents at the B-position, therefore, the reactivity decreases in
the same order. Thus, the reactivity of the given alkyl bromides decreases in the order:
1-Bromobutane > |-Bromo-3-methylbutane > I|-Bromo-2-methyjbutane> 1-Bromo-2,2-
dimethyl propane.

Question17. Out of CsHsCH,CI and C,HsCHCIC.Hs, which is more easily hydrolysed by
aqueous KOH?

Solution :
CsHsCH,Cl is 10 aryl halide while CsHsCH(CI)CsHs is a 2° aryl halide. In Sy1 reactions, the
reactivity depends upon the stability of carbocations.



+
C¢Hs — CH—CH, —Jonization , CoHg —CH—C¢H; +Cl
| _ Carbocationisstabilized by
Cl : delocalization over two
CgHgrings

. . +
C¢H CH,Cl 20, ¢ HCH, + CI-
. - Carbocation is stabilized by
delocali zation over one
Cﬁerin\g

Since the C¢HsCHC¢Hscarbocation is more stable than CcHsCH, carbocation,
therefore,CsHsCHCICsHs gets hydrolysed more easily than CsHsCH,Cl under Sy1 conditions.
However, under Sy2 conditions, the reactivity depends on steric hindrance, therefore,

under Sy2 conditions,C¢HsCH,CI gets hydrolysed more easily than C¢HsCHCIC¢Hs.

Question18. p-Dichlorobenzene has higher m.p. and lower solubility than those of o-
and m-isomers. Discuss.

Solution
Cl Cl Cl
Cl '
Cl
o-Dichlorobenzene m-Dichlorobenzene p-Dichlorobenzene

p-Dichlorobenzene is more symmetrical than o-and m-isomers. For this reason, it fits more
closely than o-and m-isomers in the crystal lattice. Therefore, more energy is required to
break the crystal lattice of p-dichlorobenzene. As a result, p-dichlorobenzene has a higher
melting point and lower solubility than o-and m-isomers.

Question19. How the following conversions can be carried out?

(i) Propene to propan-1-ol

(ii) Ethanol to but-1-yne

(iii) 1-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-chloro-2-methylpropane

(xi) Ethyl chloride to propanoic acid

(xii) But-1-ene to n-butyliodide

(xiii) 2-Chloropropane 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



Solution

() CH,CH=CH, —===% CH,CH,CH,Br —£S82 CH,CH,CH,OH
Propene Prnm--d

(i) CH,CH,0H —"2:2 CH,CH, 1 — XMW _, oy ey

Ethanct Dehydrohalogenation
Biy/CCl,
elecirophilic
. Lig. NH, KOH (ak), A addition
Na*C=C Na* +-—§ﬁ-—- CH=CH ¢—pmo CH, —CH,
CHsl I N il halogenaty
ltxﬂgss} m::m: ™ Br- Br
But-2-yne
..  KOH(ak).A N - HBr
(i) CH,CH,CH,Br T p—— CH ;CH=CH 2 it sagiia—* CH; —CHBr—CH,
2-Bromopropane
H,
()
Toluene
IR - Cone.HNO3 + Con S04 _@_
) Q —B'z—zag—)ﬂ HED—Br Niation] ON Br
Benzene = obstitution 4-Bromonitrobenzene

CH,OH
(vi) KCN, EI-OH-H,0
-so2 ~HCl (Nucleophilic  °
substitution)
Benzyl alcohol

CH,CN CHLOOH
H*m 0 :

Hylkolym

2-Phenylethanoic acid



(vil) CH,CH,0H —2:% CH,CH,| ~<NEHHO , o oy oy
Ethano prmi e
substitution) Propanenitrile

+.
NH, NaNCT cl
. NaNO4 [HCI,273-278K ¢
Vil i 3 CuCl/H
(vit) Diazotisation f _s:nmcjl*} O/

Aniline e

Chlorobenzene

(ix) 2CH, uFH —CH,CH, +2Na— 2, CH CH, ——C[H—(EH——CHZCHJQNaCI

Iﬂﬂuﬁmm | o, O,
. 3,4-Dimethylhexane
CH, \
| ' CHJ
Y (s HOl ‘
( } E]‘kﬂh IC CHI W CH! _C_CH
~Methyl-|-propene ’
Cl

1-Chloro=2-methylpropane

) CH KCN, EIOH-H,0 ' HY/H40
(vi) CH,CH,Cl —e i CH,CH,CN—e ey CHLCH, COOH

Ethyl ¢hloride subsitution) Propanenitrile Propanoic acid
y _ HBr/R COOR
(xii) CH}C&_?HLCHZ vt aain > CHa CHLCH, CH, Br — B0, 0y oy Cpy |
(ﬂﬁ} l —ene , , : reaction n-Butyliodide

CH, —CH-—CH KOH(alc)A i
3 ' S Dyintaoceais CH; —CH=CH, —uemide CH,CH,CH, Br

Anti-Mark,
Propene addition 1-Bromo- propane

CH,CHCHOH ewl

I-Propanal

2-Chloropropane



(xiv) CH, —CH —CH, +41, +6NaOH __4__, oy, +CH,COONa-+5Nal +5H,0

| et Todof
OH reaction om !
Iso propylaleohal .
; Cone, HNO‘* +COHE.H2504 . .
Chiorobenzene p-Nitrochlorobenzene

(Major isomer)

(i)15%NaOH 433K .
(mpiHc O‘N_@OH.

p-nitrophenol

{xvi) o CH KOH(alc), & . HBt/Peroxid
CH, ?IH CHy —Seiyaromiogenan~ CH;CH=CH, — 2l , oYy, CH,CH,Br

Br " 1-Bromopropane
2- Bromopropane : ‘

(wvif) zcrlsgii:mg +2Na — o0, oy CHza;mCH" CH, + 2NaCl
(aviii) @ —By/FeBy | Q_B.. e, & >_</ > + 2Nabr
Benzene o Biphenyl
CH, ~ CH, _ CH,
(vix) CH, —C — CH, — KOH@RIA__, oy, CoCH, —HBLPootte , oy ~(I3H—CH25r
b Addition Isobutyl bromide
tert = Butylbromide
NH, NZC .
| (xx) O + CHCL, + 3]%%—[ %} O +3KCl + 3H,0
Aniline "

Question20. The treatment of alkyl chlorides with aqueous KOH leads to the formation
of alcohols but in the presence of alcoholic KOH, alkenes are major products. Explain.

Solution:

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 (C,HsO-) 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.

Question21. Primary alkyl halide C,H,Br (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 gives compound (d), CsH.s 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.

Solution

(i) There are two primary alkyl halides having the molecular formula, C.HsBr.

o
CH3CE{2CHZCHIBr and CH,CH— CH,Br
#—Butyl bromide Izobutyl bromide

(i) Since compound (a) when reacted with Na metal gave a compound (d) with molecular

formula CgH,s 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-Oxctane
CH, CH, CH,

| - _ | I
2CH; —CH—CH,Br + 2Na Wortz reaction_, CH,4 _CH_CHz_CHz_"CH_CHJ
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.

(H, CH,
CH, —CH —CH.Br KOH(alch 4 ', CH. —C=CH
3 C
Isobutyl bromide 2 Deby penation E—Miﬂ-t-m{il

(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 (@) J.e., isobutyl ‘ bromide.



e
- HBe :
CH, —C=CH, —% CH, —¢—CH,

. Br
‘ m?mufmnm:{:zd[a]}
Thus
(a)is isobutyl bromide,
(b)is 2-methyl-1 -propane,
(c)is tert-butylbromide, and

(d)is 2,5-dimethylhexane.

Question22. What happens when

(i) n-butyl 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,

(vi) methyl chloride is treated with KCN.



Solution

. . ‘
(i) CH,CH, —CH,—CH, —Cl + KOH (ale) —55550a
n—Butylchloride .

CH,CH,CH=CH, + KCI + H,0

But-1-ene
Bromobenzene Phenylmagnesium bromide
' {i)6-B% MaOH, 623K, 300 atm __
(iirj@m + NaOH (aq) (ii) Dil. HOY OH

Ch Iumben.:me

(iv)CH,CH, —Cl + KOH (ag) —2*2= , CH,CH, —OH+KCl+H,0

Ethykehloride Elﬁﬂl.lcﬂiﬂl

(v) CH, —Br + 2Na +Br —CH, —D'!LCH —CH, + 2NaBr

{wurtzreaction
Methylbromide

E-OH-H)0.4
(v))CH, —CI1+KCN Mw"lum?mm"m CH,C=N + KClI

Methyl ﬂhyl cyanide
chloride .




