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17.'1. General lniloduction #i,l:i:+-+;iiii-tr!;;I+!:r:..:i.:ijt, i:r:r!!:i! blood substitutes in surgery. Many q,nthetic or-
ganic halogen compounds are extensively used in
agriculture and industry and hence are being
manufactured in large quantities every year. Or-
ganic halogen compounds serve as valuable inter-
mediates for the synthesis of a variety of other
classes of orgadc compounds. Therefore, in this
unit, we shall briefly discuss the preparation,
properties and uses of simple organic halogen com-
pounds.

17-2, Classification ol Halogen Cr.:rpounds ,',,':iir,.

The halogen derivatives ofhydrocarbons arc
broadly classified into the following two types :

(a) Haloalkanes. The hologen d,eivotives of
alkanes are called haloslkatres. These are chssified
as flloro, chloro, bromo or iodo compounds ac-
cording to the type of halogen present and as

ms

IE unit 15, we have learnt that saturated
hydrocarbons (i.e. alkanes) react withhalogens and
unsaturated hydrocarbons (r'.e. alkenes and
alkynes) react with halogen halides to give com-
pounds containing one or more halogen atoms.

Since these compounds are derived from
hydrocarbons they are collectively called the
halogen derivatives of hydrocarbons. In all these
compounds, the halogenatom acts as the functiona-[
group and is attached to the carbon atom by a
covalent bond.

Many halogen containing organic compounds
occur in nature a.nd some of these are medicinally
useful. For example, the chlorine contaiuing an-
tibiotic chloromycetin or chloramphenicol,
produced by soil microorganism, is very effective
for the treatment of t),phoid fever. Our body
produces an iodine contai.uing hormone called
thyroxine, the deficiency of which causes the dis-
easc goitre. Some synthetic halogen containing
compounds are very useful in health-care and
medicine. For example, chloroquine is used for the
treatment of malaria fever and halothane
(CFr-CHClBr) is an anaesthetic agent used

durilg surgery. Certain perfluorinated (i.e. fully
fluorinated compounds are thought to be potential

tT ll
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HCI
ll

H-C-CI H-C-CI
ll
HH

IUPAC Name : chloromcthanc Dichloromethanc

Commoo Name : Mcthyl chloridc Methylenc chloride
(Monohalo9n <Dihalogeal

dqivotivc) ddivativ')

CI CI

ll
H-C-CI CI-C-CI

llcl cl
IUPACName : Trichlorcmclhane TctEchloromcthanc

Con)mon Name : chlorofomr carbon tetrachloride

€nhabgcn (Tetahologat
ddivatiYc) d'rivotivc)

The monohalogen deivqtives of slkanes drc

called all<yl halides or ntonohaloalkones or simply

haloalkanes. Their general formula is R - X
where R is any alkyl group and X Ls any halogen

atom i.e., E, Cl, Br, or I. They are also represented

as C,Hr,, *, Xwheren = 1,2,3, ... etc. These are

obtained by replacemcnt of one hydrogen atom of
an alkane with a suitable halogen atom. Thus,

-HR-H R-X
Alkane + X Haloalkane

(AlkYl halide)

Some important examples ofhaloalkanes are ;

cH3-Cl
C-lrlolomcthanc

(Malry'l chloridc)

cHrcHr-Br
Brcmocthane

(Etlryl bomid.)

cH3cH2CH2-I
1-lodoproP6nc

(n-hopyl icdidc)

Note. Wherever two names are given under

the formulae, the one outsido the brackets refers to

the IUPAC name while that given within the brack'
ets dcnotes the com-mon or the trivial name'

. AW halides
secondary Q')

alogen atom is
lertiary carbon

atoms rcsPectivebt For examPlc,

9H,3'l
cHr-c-cl

I

CH,
2-ChlorG2-mcthYIProPane

(T'fli04')

(D) Haloalkenes or Alkenyl halides qre lhe

holopen derivatives of alkenes. Their gcncral [or-
mula'is C,Hr,-, X where X = F. Cl, Br or I and

r-r = 2, 3,4 .... etc. For examPle,

321
CHz=CH-Cl Br-CHr-CH=CH,

Chlorocthcnc 3-BrofioProp_l-ene
(anyl chlorid.) (A Yl btont te)

4321
CHr-CH=CH-CHrCl

1-Chlorobut-2-€nc
(0ot!l chloddc)

123
CuHr- CH=CH-CHrCl
3-Ch loro-l-PhenylProP- l --ene

(CinnanYl chloide)

(c) Halmlkynes or AlhTyl halides arc tl&
halogen deivatives of allqnes. Their general [or-
mdi is qu.-, x where X = f;, C[, Br or I and

n = 2,3,4 .,.. etc.For examPle,

H-C = C-Cl
Clrlorocthync

(Chlotooc.ttla,c)

321
CH3-C = C-Br
l-EromoProP-1-r'nc

321
Br-CHr-C = CH

3-BromoPrcP- l-Yne
(Pruporgl boni&)

2. Aromatic halogen compounds. These are

obtained by replacement of one or more hydrogen

atoms of an iromatic hydrocarbon by an equal

number of halogen atoms' These have been ft:rther

classified into the following two major categories :

(i) Nuclear halogen derivatives, Hologen

deivatives of aromatic hydrocarbons in which the

exanples of aryl halides are :

t'
cHlcll2cll' - Bi

l-BroEopioPanc
(PnnatY)

CH,
xl

cH3-cH-I
2-lodopropalc

(Scconddy)
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l,

1_Bromo_ or2_Iodotoluene

4-methy'bcnzenc (o-Iodotofuarc)

or 4 - Bfomotoluene
Q)_Bnnotoluene)

. (ii) Side chain halogen derivatiyes. Halogen
deivativies of aromatic hydrocarbons in which the

of the carbon atoms oI
aryl group qre called

HHR3

If R is called
either hal e which,
in turn, m

the
tom
i.e.,

,CH,
1231231
CHr=Cg - 911.-X CHr-CH=CH_1CH_X

3-Haloprop-l -enc 4-HaloPent-2-enc
(AllS,l halide)

according as the halogen is linked to primary,
secondary or tertiary carbon atom. For example, 

-

3- Halocrrlohcx- I -ene

. (rl) Benzyllc haltdes. In these halides, the
halogen is attached to an sp3-hyb.idized caibon
atom next to an aromatic ring, i.e., to a benzylic
carbon, For example,

x

2-lodo-4-methylbenzene

d;
l,1-Dichtoro-

1-phcny'rncthaDc
(Bcnzal di.hloti.l4)

21
CH,CH,BT

Io
1 -Bromc-?-phcny'cthanc
( B-nwyU*yt troniat)

x

b;

Like alkyl hatides, arallryl halides are very
reactive and thus undergo a number ofsubstitution
reactions. Otr the other hand, aryl halides are far
less reactive and thus undergc only a few substitu-
tion reactions and that too under drastic condi_
tions.

the basis of type of
onded to the halogen
f hybridization of carb_

on towhich the halogen is attached, halogen deriva_
tives of hydrocarbons are of the follofong three
R?es :

(a) Compounds containing C,p3-X bond (X
= Fl, Cl, Br or I). This class is further divided into
the following three types :

a,kyr l;:j}il;jl
alkYl ologous serieswith 

, Xl They are
further classified as primary, secondary or tiartiary

-/Rt_c:_x
___ 

R,
(D) Compounds containing Crp2-X bord (X

= E, Cl, Br, I). This includes the following two
t)?es :

(i) Vnylic hatide rhe
halogen is attached to o s of
the carbon-carbon doub

cH2x

Phcnylhalonrethane
(Beruyl holid.)

CHr=Q11r-1
Haloethene

(VuAl halide)

4
I -Halo-1, 2, 3,4-

tett'ahydrcnaphthalene

2

3

1-Halocrrlohex- 1-ene
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(ii) Aryl halides. !:: these halides, halogen is

directly attached to the aromatic ring

.v@*
p-Halotolucnc

(c) Compounds contalnlng C,r-X bond (X

= [ Ct, Br or I).In these halides, halogen is directly

attached to one of the carbon atoms of the triple
bond. For example,

H-C-C-Cl CH3-C=C-Cl
Chloroethync ChlomPtoPYnc

17.3. l.lomenclature ol Haloalkanes i::li:irjlirrli::;ii:lr:1ji::::r:;i:l

(a) elkyt vial

sysrem, the mon are

called alkyl ha are

derived by nam the

or.
I{alobenzene

name of the halogen as halide i.e., fluoride,
chloride, bromide or iodide. The complele ndme of
any allql halide is alwq8 witten as two seParute

words.

ln lhe I(IPAC system, the monohalogen

derivatives of alkanes are named as haloalkanes.
Their individual names are derived by prelxing the
word halo' to the name of the longest straight

chain alkane. The numbering ofthe parent straight

chain alkane is always done in such a way that the

carbon atom carrying the halogen atom gets the

lowest possible nttmber. The IUPAC name ol any

monohalogen deivative of alkane is always written

as one word.

The common aad IUPAC natnes of some

monohalogen derivatives of alkanes are given

below :

I

CH3 - CH2-Br

321
cH3-cH2-cH2-I
121
cH3-cH2-CH3

I

I
4321
cH3 -c H2 -cHz -CH2 -Cl

1234
cH3-cH-CI{2-CH3

I
CI

I
QHr2l

cH3-c - cl
I

3cH,

54321
cH3cH2cH2cH2CHzCl

4321
cHr-CH-CH2CH2CI

I
cHr

321
cH3-cH-cH2-cl

cH.

Methyl chloride

Ethyl bromide

z-Propyl iodidc

Isoprotryl iodide

n-Buiylchloride

rec-Bu tyl chloride

Isobutyl chloride

rerr-Butyl chloride

,t-l'entyl chlorida or n-Amyl chloride

lsopentyl chloride or lsoam!,1 chloride

Chlorometharlc

Bromoethane

l-lodopropane

2-Iodopropane

1-Chlorobulane

2-ChlorobutaDe

l -Chloro-z-methylProPaDe

2-Chloro-2-methylProPane

1-Chloropentaoe

1 -Chloro-3-n]ethylbutane

IUPAC NAME
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CI,I,
L 2l "i a
CH,_C_CH.CH,"I

CI

,err-Pentyl chloride or rer-Amyl chloride 2-Chloro-2.methylbutane

cIl3
3 2l I
cH3-c-cHzcr Neopentyl chloride or Neoamyl chloride I -Chloro-2, 2-din]ethylpropane

(b) Dihalogen derivatives. These are of the
following three types :

(l) Allglldene dihalides. In the common sys-
tem, dihaloalkanes in which two halogen atoms of
the same q?e are present on ths same carbon atom
are called alkylidene dihalliles. F\rther since the
positions on the same carbon atom are called
geminal positions, therefore, alkylidene dihalides
are also called germinal dihalides or gem-halides.

h the IUPAC system, they are named as
dihaloalkanes in which the position ofthe locart for
the halogen after being repeated twice is prefrxed
to the name of the dihaloalkane. For example,

CHTCHBT, CH3 - CCl2 - CH3
,,1-DibmEocthanc 2,2-Dichloropropane

(Ethtlide,.c dibrumid.) (Isoprodid.nc dichbndc)

cH3cH2cHCl2
1,1-Dichloropropanc

(tuonlidarc diclloid.)
(ri) Alkylene dihalides.ln the common rystem

dihalogen dcrivatives of alkanes in which the two
halogen atoms ofthe same type are prese on the
adjacent carbon atoms of the carbon chain are
called allrylene dihalides, Further since positions
on the adjacent carbon atoms are vicinal positions,
therefore, alkylene dihalides are also called vicinal
dihalides or simply vic-dihalides.

I the IUPAC syslem, the locants for the two
halogen atoms are prefixed to the naine o[
dihaloalkane. For example,

CHrCt BTCHTCHTBT
Dichlorcmcthanc I, 2- Dibromocthane

(MehyLncdichloidc) (Efulcncdibromide)

cH3 - cHCl- CH2CI
1, 2 -Dichloropropanc
(hopylcne dichloid.)

(rii) Polymethylene dihalides. In the common
syslern, dihalogen derivatives of alkanes in which

oms are present on the
e., a, ar-positions of the
lymethy'ene dlchlorides.

lu the IUPAC rystenr, the locants for the same
or different halogcn atoms are prelr-{cd to the name
of the dihaloalkane. For example,

clcH2cH2cH2cI{2cl
L 4-Dichlorobutane

(.Te nomett D' I ene di c h I o de)

BTCHTCHTCHTCI
I - Bromo-3- chloropropane

(c) Polyhaloalkanes. In the common D)stem,
trihalomethanes and tetrahalomethanes are called
haloforms and carbon tetrahalides respectively.
For example,

CHCI3 CHI3 CHBI,
Chloroform lodoform Bromoform

CCl4 CBro
Carbontctrnchloride Crrbonretrabronudc

Fully halogenated hydrocarbons are called
perhalohydrocarbons (per = thoroughly). For ex-
ample , CF3-CF2-CF3

Octafluoropropane
ur Perfluoropropane

Systematic names of aryl halides are obtained
by prelxing "halo" (fluoro, chloro, bromo or iodo)
to the name ofthe parent aromatic hydrocarbon.In
case the parent aromatic hydrocarbon carries a
side chain or a substituent, the position of the
halogen atom with respect to this substituent is
indicated either by an arabic numerical or by
prefaes ortho (o-), mera Qn-) and pdra (p-) accord-
ing as the relative position ofthe halogen atomwith
respect to the substituent is 1,2-;1,3- and 1,
4-respectively. If, however, patent aromatic
hydrocarbon chosen is benzene, then the number-
ing begins with the halogen. For example,
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Br

d CI

1 - Chloro -2-mcthylbcnzcnc
or 2-{1ilonotoluenc
(o-Cltorololucna)

CI

6"
1,2-Dichlorobcrrzcnc
(o-Dichloobctwtc)

CI
Ll-

@''
1, lDichlorobcnzcnc
Qn-Dichlorobcnzznc)

Br

d.,
1-Bromo-3-.chlorobcnzcnc

6
Bromobcnzenc

(Pharyl brcnidc)

I -Chlorc-3-melhylbcnzcne
or :rcllorotolucne
Qn-ChlototoluaE)

H lNT9 FoRDtFFtcuLr ?p.obLr.l;.g
1. Eight isomers are possible. Their structures and

IUPAC names are given below ;

(i) CH3CH2CH2CH2CH2BT

l-Bromopentanc (l')
Br
I

(i0 cH3cHzcH2-+tH-cH3
2-Bromopcntane (2")

Br
I

(rii) cH3cH2dHCH2CH3
lBromopcntane (2")

.f',(iu) CH3CH2- CH-CH2Br
1-Bromo-2-methrbutanc (1')

f',(v) cHrCHCHrcHrBr
l-Bromo-Imethylbutane (l')

9Hr
(,r) an,-C-aH,ar,

L
2-Brcmo-2-mcihylbuiarc (3")

QHr
I(*r) CH3-C-CH2Br
I
cHr

1-Bromo-2, 2-dimcthy'propanc (f ")

CH3 Brtt.(iii) cH3-cH-cH-cH3
2-B.omo-lrncth,'lbu ta nc (2')

Only three isomers, ia, (rI), (iv) and (vix) are oPti-
cally active

2, Four isomers are possible. Their structures and
IUPAC nan)es are given below :

?,K;O-,IB :liEm:g .iO.R iF
l. Draw the slructuros of all eighl strucdural isomers

that have thc molecular formula CsHltBr. Name

cach isomer accordiDg 1o IUPAC system alld class-
ify them as primary, s€condary or tcrtiary bromide.
Point out ifany one is optically active.

(D.S.B. 1980 S ; A.I.S.B. l9E3 S ; H.PS.B. 1992 :
N.C.E.R.T.)

2. Amoogst the aromatic conlpouDds, having
molecular fornrula, gH?Cl, how many isomersare

possible ? Write their s(ructures and the IUPAC
DaDes.

(A.I.S.B. 1985 ; ES.B. 1990 S)
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cl{,cl
I

(0@
Phenfrhlommethane

0i)

fn,
(x,) O-" (,y)

3-cJrlorotolucnc

Hhlorotoluene

17.5. Methods ol Preparation cf t-laloalkanes,.,,,,,, Chloroalkanes or alkyl chlorides.
(c) Primary aad secondary chloroalkanes or

allryl chlorides are prepared by passing hydrochloric
acid gas through a suitable alcohol in the presence of
anhydrous zinc cl ork)e (Gruve's Ptocess)-

2-Chlorotoluenc

Haloa-lkanes or allvl halides are usually
prepared in the laboratory by the following
generaI methods :

.r p 1. Fhom alcohols : The most convenient
method for the preparation ofhaloalkanes involves
the substitution ofthe - OH group ofarr alcoholby
the halogen atom. This can be done by the following
methods :

(i) By the action of halogen acirls. Alcohols
are converted into haloalkaues by the action of
halogen acids.

R-OH+ R-X + HzO
Alcohol Haloalkine

For a given alcohol the reactivity of the
halogen acids in the above reaction follows the
sequence : HI > HBr > HCI and that of alcohols
for a given halogen acid follows the ord,er : teftiary
> secondory > ptimary i.e.,3" > 2' > 7"-

Reason. This reaction is an example of a
nucleophilic substitution reaction in which the
nucleophile, i.e., halide ion attacks the protonated
alcohol molecule with the expulsion of water-a
good leaving group.

.l t +
R-OH + H+ .----------r R-OH,

Anhyd. ZnCl2

HCI (r)

cH3cH2-cl + H2o
Chloroethane

(Etllll chbnde)

Aohyd. Ttrclz
+ HCI k)

CI
I

cHr-cH-cH3 + H2o
2-chloropropane

(Isoprupl chlotidr)

The purpose of anhydrous ZnCl, is to h€lp in
the cleavage ofthe C-O bond. Being a Lewis acid,
it co-ordinates with the orygen atom of the al-
cohols. As a result, C - O bond weatens and ul-
timately breaks to form carbocations. These
carbocations lhen readily react with chloride iou to
form chloroalkanes.

. _ (b) Tertiary alcohols, however, react readily
with conc. HCI even in the absence of zinc chloride.

CH,
I

cH3-c-oH
I

cH.
2-Mc rhy'propan-2-ol

(lat-Bu4,l alcohoD

cH3cH''oH +
Ethanol

(En$ alcohoD

OH
i

cH3.-cH-cH3
Pmpan-2--ol

(lnprop'l alcohol)

A! OHzRx-+ .......-.-r R_X + HrO

_ Since th.. nucleophilicity (i.a. tendency lo
donate an electron pair to the carhrrn atom) of the
halide ions decreases in the order. I- > Br- >
Cl-, the order of reactivity of the halogen acids
decreases in the same order, i.e., HI > HBr > HCl.

Further since the order ofstability ofthe car-
bocations (or theincipieut carbocations in thetran-
sition state of these reactions) follows the
s.equo-nc9 :3" ->,2' > 1', the ordcr of reactivity of
the alcobols follows the same sequence, r'.e., 3.
alcohol > 2'alcohol > 1o alcohol.

Roolrr tenro.
+ HCI

(Conc.)

CH.
I

cH3-c-cl + H2o
I

cH.r
2-ChlorG-2-mcthylpropane

(cd-Dutt'l c ondc)
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l:V,, l' itJipiKNrO-,, l:fip,@.:fi
Because ofthe strong te[Idenry of Deopentyl cation to rearrange to the more stable 3" carbocation, neopentyl

ctrloride cannot be prepared by the action of HCI on neopentyl almhol. Instead 2-chloro-2-methylbutane is

formed as showo below :

9H:I .', H'
CH,_C-CH,_OH"l

CH:
Ncopentyl alcohol

CH,t"
cH3-c-cHl

I

cHr
Neopentane

l' cstbocation
(tN st4bk)

Rcarlanges

by 1, 2-Mcthyl 6hift
3'carbocation
Qnote stoble) 2- Chtorc-2-methylbutanc

ID contrasq ftee radicals normally do not rearra[8e. Thereforc, the best method to PrcParo neoPentyl chloridc

is by photochemical ftee-radical chlorinatioD of DeoPentane.

hv
Cl1 * 2Cl

. QH:
ctl.Lr2

cH3-c-cH2
-HCl | -HCl

CH,
Neopentyl frec radical
(does nol rcanongE)

cu,-f,1cn *r,

CH.

cH.-J-cn,cr' t,,
Neopentyl chloride

Bromoalkanes or allryl bronldes are ob'
tained bv refluxinf a suitable alcohol with constant
boiling flydrobroii c acid (48V") in presence of a

Iittle cooc. [IrSOn as catalyst.
H2SO. , Rcflux

cHrcHr-oH + HBr
Ethatrol

CHrCtIr-Br + HrO
Bromocthanc

HBr can also be generated in ritu (during the
reacliod by the action ofconc. HrSO. on KBr. Thus,

A
KBr + II.SO. '-"""+ KHSOI + HBr

H2SO4 , A

HBr -..............-

CHTCHT-BI * HrO
Bromoethane

Iodoalkanes or alkyl lodides are prepared by
refluxing a suitable alcohol with constant boiling
hydriodtc acid (57%). HI may also be generated rz
siru by the action of 957o phosphoric acid on KI.

cH3cH2-oH+HI
Ethanol

Rcflux.-- cHscI{2-I+H2O
Iodoelhane

A

cH3cH2-oH +
Erhanol

cH3oH + KI + H3PO4

Mcthanol

CH3-I + KH2PO1 +H2O
Iodomcthane

(ii) By the halldes.
Phosphorus hali to form
haloilkanes or nt Yields
(80% or above).

Chloroalkanes or nllyl chlorldcs are
prepared by the action of either phosphorus pen-

rThcprcessofhcatinga tiquid ina flaskwith a condcnscrso that thclapours arc condcNcd back into ihc flaskiscaltcd rcflurdnA

Pradeep's
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tachloride (PCl5) or phosphorus trichJoride (PCl3)

on suitable alcohols.
R-OH + PC15 R-Cl
Alcohol Phosphorus Chloroalkane

penlachlonde (AI"JI chbnde)

+ POCI3 + HCI
Phosphorus
orychloride

e.g. CH3CH, -OH + PCl5

Ethanol
(tuhyl alcohoD

cH3cH2-cl + Pocl3 + HCI
Chloroethane

. (Ethrl chbnd.)

Also, 3R-OH + PCl3
Alcohol phosphorus

trichloride

3R-Cl + H3PO3
Al(yl phosphorus

chloride u.iO

e.g. 3CH3-CH-CH3 + PCl3

Propan-2.-ol
(lsoPto4'l alcohoD

CI
I

3 CH3-CH-CH3 + H3PO3
2-Chlo.opmpane

(Isoptopyl chloid.)

Similarly, bromoalkanes (or allryl bromides)
and iodoalkanes (or alkyl iodides) are prepared by
the action of phosphorus tribromide (PBr3) and

phosphorus tri-iodide (PIr) respectively on suitable

alcohols.

Since PBr, and PI, are not very stable com-

pounds, these are generally prepared rn srtu by the
action of red phosphorus on bromine and iodine
respectively. Thus,

Pa*6Brr..+ 4PBr,

P4+6Iz ----' 4PI3

3 CH3CH,CH2-OH * PBr, .._
Pmpan-l--ol

(n-Propyl olcohoD

3 CH3CH2CH2-Br + H3PO,
l-Bromopropanc

(n-hopyl btomidr)

3 CH3-OH + PI, -----------+ 3 CH3 - I +H3PO3
Methanol

(Methyl alcohoD
Iodorhcthane

(Methyl iodide)

(rrr) By the action of thlony' chlorlde.
Chloroalkanes or alkyl chlorides are conveniently
prepared by refluxing alcohols with thionyl
chloride in presence of pyidine (C5H5N).

Cl-.- h,ridincR-oH + ;S=oAlcohol Cl/
Thion'l chloridc

R-Cl + SO2 | + HCtt
Chlotoalkanc

ryridince.g CHTCHT-OH + SOCI2 ----------------

Ethanol Thiony'
(EtlvlalcohoI) chtoride

cH3cl{2-cl + so2 I + HCtl
Ctlorocthanc

(Ehflc ond.)

Thionyl chloride method is preferred over
hydrogen chloride or phosphorus pentachloride
method for the preparation of chloroalkanes since
boththe by-products (SO, aod HCI) inthisreaction
being gases escape leavirg behind the chloro-
alkanes in almost pure state.

2. From hydrocarbons. Haloalkanes can be
prepared from alkenes, alkl,nes and alkanes as dis-
cussed below :

(a) Ftom alk€nes and al\aes, Alkenes react
with halogen acids to form haloalkanes. The order
of reactivity being : HI > HBr > HCI > HF:,

CHr=6rI, + HI .- ' CH3-CH2 - I
Iodoelhane

(Ethylcnc) (EtIAl iodide)
Abscnce of peroride

CHrCH=CH, * HBr .--.............

ProPene Mark' addn'

(hopylarc)

cH3-cH-cH3
I

Br
2-Bromopropane

(Isopropyl bromidz)

HCI
CH3C=CH ----------' CH3 - C=CH,

proDu,,'e Mark. I" Addn. i_-f

HCI
---------------r CH,- C-CH,
Mark Add -",.\

CI CI
2, 2- Dichlorcpropane

OH

EA

+A
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The addition o rytlrogcn hilidci to an utts-rru-

metrical alkene takcs placr.r accordin-s to
Markovnikor's rule.

Horvevcr, in prcsencu o[ pcroxiclcs sttih a"
beuzoyl peroxide (L;H5CO-O-() COC;H,),

the addition of HBr (but not of HCI or Ht) to
urLsymmetrical alkenes takes place contrary to
Markovnikot's rule. ThLs is known as ltroxide ef-
fect or Kharasch effect. Thus,

(c6lt{coo)2
CHrCH=CH, + HBr

ProPene Anli-Mark addn'

(hopyle e)

cHrcHr-cH2Br
1-Bro lopropane

(n-Ptoryl brcmidc)

Nlyltc halogenation. When alkenes (except
ethylene) are heated with Cl or Br, at a high
temperature of about 773 K, the hydrogcn atom at
the allylic carbon (i.e. carbon atom next to the
double bond) is substituted by a halogen atom
forming allyl halides. For example,

713 K
CH3-CH=CH, + Cl2 -----------'

Propenc

CI-CH2-CH=CH2+HCl
3-Chloroprcp-1-.nc

(AtDlchbnde)
773 K

CH3-CH=CH. * Br2 .......'..-
Prcpene

BI-CH'-CH=CH2 + HBr
3-Bromoprop_l-cne

Such reactions br which lologenslion occurs ql

the allylic position of an qlkene aru called allylic
hal ogEl,'atloli rc s c li o n s.

However, o nrore specific reagent for allylic
bromination is N-bromosuccinimide (NBS). Thus,
when propene is treated with NBS in presence of
light, bromination occurs atthe methyl group giving
a good yield of 3-bromo-prop-1-ene.

Allyl ic chlorin atitn can 
^lso 

he csffied oul b! lreal-
ing an kcne with sulphuryl chbtida {SO2CI,) 4,
.175 K in presence of liglrt and lraLvs of orgunic
perorides. Thus

475&hv
CH3-CH=CHz+SOrCl:

I'Ep.ne 1m..6 ofp.roxldes

Cl - CII, - CH = CHe + SO2 + HCI
3-Chloroprop-l -G!!

'{; Frrrnr alkunes. Halogenatirtn o[ ulkancs
with Cl, or Br, in prcsence of heat or light usually

givcs a complex mixture of mono-, di- antl
polyhaloalkancs. For example, chlorination of
mcthanc gives lbur products, i.c.,

cl-

/1? or520-670 K
cH3cl

Chloromethaoe

+ CH2CI2 + CHCI3 + CCl4
D Dichloromcthanc Trkhloro- Tetrachloro_
' mcthanc mcthanc

Although substitution beyond monohalo-
genation can largely be suppressed by controlling
the ratio ofhalogen to alkane yet this method is not
of much practical use in the laboratory since the
boiling points of these haloalkanes are quite close
and hence cannot bc easily sepaiated. However, in
industry, such complex mixtures can be easily
separatcd using long fractionating columns.

ln case of higber alkanes, even monohalo-
genation gives a mixture of all the possible isomeric
haloalkanes indicating thereby that all types of
hydrogens whether 1o, 2o or 3o are substituted by the
halogen atom. For example,

az,tu
CH3-CH2 -CH3 .-.+ CH,-CHz-CH2-CI

Propanc 298 K l-chtoropropan. (457o)

+ cH3 - cHCl - CH3
2-Ch lorcPtoponc (5574)

Cl'o hv

CH3CH2CH2CH3'--.r CH:CHzCH2CH2CI
Butanc 2%K 1-o sro6g6nq 12E96;

+ cHrcHz-cHCl-cH3
2-O otobutanc (7l%)

The relative amouflts of these isometic
haloalkanes, however, depend upon the nature of
the halogen (Cl, or Brr) and the nurnber and tlpe

cHo
Mcthanc

cH2co\ hv
CH3-CH=CH2 + | ,,NBr'--"""'r

Propcnc CH2CO /
N-Bromduccinimide

(Ntss)

cHrco.-
Br-CHr-CH=CH, + l__ i*,lBromoprop-l-ene CIH2CO

(A yl brcnidr) Succininride

o?
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of hydrogen (1', 2. or 3') being substituted. In
general, the ease of substitution of various
hydrogens follows the sequence : 3' > 2o > -t'but
their relative rates vary with the nature of halogen.
For example, with Cl, , the relative rate ofsubstitu-
tion of3', 2'and 1' hydrogens at 298 K is 5 : 3.8 : 1
while with Brr, it is 1600 : 82 : 1 at 4O0 K.

Iodlnatlon ls reversible, but it maybe camied
out in the prescnce of an oxidishg agent, such as
HIO3, HNO3, HgO, etc. which destroys thc HI as

it is formed and thus drives the reaction in the
forward dircction, e.g,

CHl + 12 :' CHil + HI

5 HI + HIO3 """- 3 12 + 3 H2O

mol-l), thereby resulting in fission ofthe molecule.
However direct fluorination of hydrocanbon-s may
be carried out succEssfuUy by diluting F, with an
inert gas such a" N2 or Ar. Alternatively, alkyl
fluorides are more conveniently prepared indirect-
ly by heating suitable chloro or bromo alkanes with
inorganicfluorides, such as AsF3, SbFr, CoF3, AgE,
HgrF, etc. For example,

CHrBr * AgF -+ CHrF + AgBr
Bromomcthrnc Fluromcthanc

2 CH3CH2-CI + Hg,F' -..-..-.....r
Orlorocih.oc

2 CH,CIi2-F + HACIz
FtloroctlrdtE

This rcaction is called Svarts rcsc0on.
When the orgaaic halide contaim two or three

halogen atoms at the same carbon, CoF, or the
more easily available SbF, is used. For example,

3CH3 - CCl2 - CH3 -l- 2SbF3 -------r

2, 2-Dichloropropanc

3CH3-CF2 - CH3 + 2SbCl3
2, 2-Difluoropropanc

OA

Flourlnadon of hydrocarbons with pure F,
gas occurs explosively. This is partly due to low
bond dissociation energy of F, molecule

(150.6kJmol-r) and pa ly due to strongly ex-
othermic nature of one of the termilatiou steps
('.e.,R.+F. , RF). This step is so exothermic
(447 . 7 k! mol- t) that the energy released is larger
than that required to break a C-C bond (347.3 kJ

Althougb free radical halogcnation ofalkanes is not suitable for the laboratory prcparation ofpu re haloalkanes,
it is still useful in certai'l cases

ri:lr I . When the structure of the alkane is such that formatioo of isomeric products is not possiblc. For eEmple,
cHr

cnr-J-cu, + cr,

8,,,
Ncopentanc

cH.-l-cH.cr * ucr-J",'
iri.:i 2. lv}len the diffcrenc€ in reactivity of.hldrogeDs attached ro different types of carbo[ atorrs is so large tbat only one

productisformcdundergivencoDdirions.ThcreactMtyofdifferenrtpcsoftldrogeosfolo.AthJonter:'
beMylic - altylic > rprtiary > secordary > primary > vinylic - aryl
Acrually vinylic and aryl hydrogeDs arc so much unreactilr rhat they do not participate iD ftee radical
halogenatioos. Hotirover, allylic aDd beDzytic halides can be prcpared ftom alkenes and'ar"ro 

"itt 
ouiu-r,y

complication,

cHr

or hcat
UV light

Ncopcniyi chloridc

CH, = 6g-ar,
Propcnc

oro'
Toluenc

m-a73K
+ Cl2 _...._ CH, = Cg-611ra,

gas Phase 3-chlorcprop- I -cnc

+Br, # @""t'*rr,
Benzyl bronlidc
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The high reactivity ofallylic and benzylic hydrogen atoms isdue to resonanc€ stabilization ofallylic and benzylic
free radical intermediates formed during the reaction.

Ctlz=CH-aH2 H Cll2-CH = CIl2

Resonanse stabilization of allyl mdical

u'* * u'* *.u* - s""* c[-"'
Resonance stabilization of benzyl radical.

I
t

g. By halide exchange. Iodoalkanes can be
easily prepared from the corresponding
chloroalkanes or bromoalkanes by beating with
sodium iodide in acetone or methanol.

Acctonc, A
CHTCHT-Br + NaI """""""'-
Brcmo€thanc CH3CHT-I + NaBr

Iodocthanc

This reaction is called Flnkclsteln rtaction
and is based upon the fact tFat 

-NaBi 
6Cing leis

soluble than !.14I in acetone or methanol gets

iefiiiiiia iuri-ng t]re course of the reaction. As a

result, the equilibrium shifts in the forwatd direc-
tion.

y' ftorn sllv€r salt of fatty acids.
Bromoalkancs can be easily prepared by refluxing
the silver salt of a fatty acid with bromine in carbon
tetracbloride.

COl , Rcflux

CHTCHTCOOfu + Br,
Siti'Er propanoa tc

CHTCHT-Br + CO2 + AgBr
Bromocthstc

This reactionis called Borodine Hundsdieck-
er r€action or simply Hunsdiecker reaction and is
believed to occur by a free radlcal mechanlsm.

The leld of the alkyl halide is primary >
secondary > kniory- Chloroalkanes can also be
prepared by this method by using Cl, instead of
Br, but the yields are poor. With Ir, silver salts give

esters instead of iodoalkanes.

CCla, Rcfluxl- 2 RCOOAg + I, RCOOR

FC02+2Agl
This is known as Birnbaum-Simonini reac-

tion.
Besides alkyl bromides, aryl bromides can

also be prepared by this reaction.

CCla, Reflux

C6H5COOAg I Br,
Silver benzoatc

C6H5-Br + COz+AgBr
Bromob!nzenc

.|

1. write IUPAC nanres of all isomers and one method
of preparation of sec-butyl chloride.

(A.I.S.B. 1989)

2. Suggest oneconvenient method for the+Ttbcsisof
the follol^ing

(i) 1-Iodobutane from l-buteDe

(ii)rec-Propyl bromide from isobutyric acid

(rii) Fluoro€thane from ethanol.

3. Identify all the possible monochloro structural
isomers that would be expected to form on free
radical chlorinarion of (cH3)2cHcH2cH3.

Neut Cout'sc Cltem i strq

IP:RACil..li0:E



ORGANIC COMPOUNOS WITH FUNCTIONAL GROUPS 17113

1. Four isomers are possible. Thcir structures aDd
IUPAC names are given on page 1714.

.1ec-Bu tyl chloride may be prepared bytheactioo of
SOCI2 or PCls or PCl3 on sec.buryl alcohol.

OH
la

CH3-CH-CH2-CI13 .r SOCI2

Butan-2-ol
(scc-Dutyl alcohoD Cl

I

cHr-CH-CItrctt, + so2 I +HCI I
2-Chlombutane

(scc-Butyl chlotide)

H Br, pclrdde
2. (') CH3CHzCH = CHz ==-._

l-Butcnc (Ant. m@k oddrl)

Nal/acetonc, A
CH3CH2CH2CH2-Br .-

I - Bromoburane (Finkelncin rcocion)

cH3cH2cH2cH2 _ I
1-Iodobutanc

CII^
| ' Aslcol

(,i) cH3-cH-cooH 

-

Isobuqaic acid -CO2' -H2O

CH^t'
CH3-CH-CoOAg

soc]2
(rrr) CH3CH2OH CH3CH2C|

Ethanol -So2, -HCl chtorocthane

Hg2F2, a
cH3cH2F

-H&clz I,luorocthanc

3. In the given compound, there arc four differeDt
types ofhydrogen atoms as shown below :

1234
cH3-cH-cH2-cH3

I
CH:
1

The replacement of each of these hydrogen
atoms will give the following four monochloro
derivatives.

(i) ctcH2-cH-cH2CH3
I
CH,

cl
I

(rl) CH,-C-CH.CH,-l
CH:

(ui) CH3-Cll-CH-CH3

cHr ct

(iv) CHr-CH-CH2-CH2Ct

cHr

Bry'Cfra, tctlrlfr

(Hut sdiccker rcacrion)

QH,
cHr-Eu-ar

r.c-Propy' brornidc

1 7.6. Preparalion ol Haloarenes i:s.n:;tj.bltrif:iiii+r.j;:ti,:,:rii

We have discussed above thathaloalkanes can
be easilyprepared from alcohols by replac€ment of
the OH group by the halogen atom. In contrast,
haloarenes or aryl halides cannot be prepared from
phenols because it is difficult to rcplace the
hydroryl group ofphenols by a halogen atom. This
is due to the reason that because ofresonance, the

*oH :oH
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1. From aromatlc hydrocarbons - by direct
halogenation.

(c) Nuclear halogenatlon' Chloroarenes
(aryt chlorides) and bromoatenes (aryl
Irlrmides) can be easily prepared by direct
clrlorination or bromination of aromatic
hydrocarbons. The rcaction is usually catied out
ut a low tempersntrc (310-320 K) in lhe sbsence

of sunlight anil in thc presence of a Lewis acid such

as anhydrous lenic or aluminium halide as

catalyst. "fhe function of the Lewis acids is to
carry the halogen to the aromatic hydrocarbon.
That is why these are usually referred to as

halogen carrlers. In addition to iron and

alurninium halides, iodine and iron filings have

also becn used as halogen carriers.Thus,
chlorobenzene isformed when benzcne is treated
rvil.h chlorine in the presence of iron. Under the
conditions of the reaction, iron first reacts with
chlorine to form ferric chloride which acts as a

catalyst.

2Fe +3C1, ' 2FeOr

Anhy. Fccls ot
anhyd. AIO!

+ cl2
310-320 K

+HCI

ChlorcbcMcnc

Anhyd. FcBrjoranhyd. AIOJ

+ Br2

For mechauism of
15.

+ HBr

refer to udt

cl

6

CI

lcletr+
G-Dichlorcbenzcnc

Qnin@)

CI

+
CI

,-Dichlorobenzcnc
(t ujot)

If toluene is used instead of benzene, a mix-
ture of o-and p-chlorotoluenes is obtained since

- CH3 group is o, piiectinS.

Qnajot)

The ortho and pcra-isomers can be easily

separated due to large difference in their metting

Points.
The direct iodination of aromatic hydrocar-

bons is not a useful reaction since the HI produced
during the reaction beiag a good rcducing agent

reduces the aryl iodide back to the aromatic
hy&ocarbon and iodine.

O ttz. '
I

6

f',
o.'

o-Chlorctoluenc (ruhol)

+HI

Bcnzlnc Iodobcnzcnc

However, in the presence of oxidising agents

sueh as nittic acid, iodic acid (HIOr), mercuric

oxide etc. the HI produced is either oxidised to
iodine or is elimiaated as mercuric iodide and thus

the reaction proceeds in the forward direction
producing iodobenzene.

2HI + 2HNO3 + 2H2O + 12

5 HI * HIo, '--""-"r 3I2 + 3H2o

HgO + 2HI 
--r 

HgI, + HrO

lfexcess ofhalogen is used - a second harlogen

is introduced in the ringmainly at o- andp'positions
p.r:r. to the first since halogens arc q p- direcling'

o
Bcnzenc

o
Bcnzcnc

CI
Io

(lhl.r.h,rne

Anhd. FcCl3

+ cl2
(Erceso
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Fluoroarenes (aryl fluorides), howcver, can-
not be prepared by direct fluorination of aromatic
hydrocarbon-s since the reaction is very violent and
cannot be easily controlled.

(6) Side chain halogenation. The most con-
venient methorl for the preparation of side chain
substituted aryl halides or aralkyl halides is by the
direct halogenation of a suitable hydrocarbon. For
example, when Cl is passed through boiling
toluene in the presence of sunlight and absence of
halogen carrier, phenylchloromethane (benzyl
chloride) is formed.

Instead of Clr, sulphuryl chloride (SOrC!) at
475 K in presence of light and traces of peroxide
can also be used for side chain halogenation of
arenes. For example,

47511" hv
c6H5cH3 + so2cl2
Tolucnc traces ofpercxidc

c6H5_cH2cl + soz t + HCI I
Benzyl chloride

Unlike nuclear halogenation which occurs
through the intermediate formation of carboca-
tions, side chain halogenation occurs through the
intermediate formation of free radicals. Thus side
choin halogenation like halogenation of alkqnes it a
frec-radical substitution reaction.

2. Ftom dlazonium salts.
(r) By Ssndmeycr reactlon, Chloroarenes

(aryl chlorides) and bromoarenes (aryl bromides)
are easily prepared when the diazoirium salts are
treated with CuCl dissolved in HCI or CuBr dis-
solved in HBr. This reaction is called Sandmeyer
reaction.*

+
N=NCl-

f',
O -,- cr, -Ia

SunUchr'.folueIe

cHzcl
I_.4\

IC) . .,, o'*""
- HCI

Benryl chloride CuCl,zHCl
+Nu

CII()r
Chlorcbenzcne

cl2 , 383 Iq n

- HCt

Benz

CH,
I

@
Ethylbenzene

- CH,

ct2, hv

27i K

Benzenediazonium
chlo.idc

Br
I

@ **, *.,-
Bronrobenzene

However, iodoarenes (aryl iodides) are
prepared by simply warming the diazonium salt
solution with aqueous KI solution. For example,

+

cH2cl
I

O +HCr

Phenylchloromelhanc
(Bn4t chloride)

If C! is passed for a longer time, the initially
formed benzyl chloride reacts further to form first
benzal dichloride and then benzotrichloride.

B€nzotrichloride

When the side chain is larger than a methyl
group, side chain halogenation preferentially oc-
curs at the benzylic carbon (i.e., carbon atom next
to the benzene ring). For example,

CH,

l-Chlo aoe

ccl2 - cH3

'ln
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Benzsnediazonium chloride needed for this
purpose is obtained by treating aniline dissolved in
dil. HCt with an aqueous solution ofsodium nitrite
at273-278K. (0"- 5"c)

NaNO, + HC.I (dil.) 

-Sod. nitritc

d
Aniline

C1

I

@
Chlorobcnzene

Br
I

@
Bromobenzene

+N,
HONO +NACI

Nitrcus acid

Ct/tlBr
273-274 K

+ HONO + HCl.---.-----------+

+
N =NCl-

+2H2O

Benzenediazonium
chloride

Fluoroarenes (aryl fluorides) are prepared
by heating the corresponding diazonium
tctrafluoroborates which, in turn, are obtained by

the diazotisation of a suitable aromtic primary
aminc with aq. NaNO, in presence of fluoroboric
;rcid (I{BFa) at 273 -278 K.

+
N =NBF|

NaNOy'HBF.

213-218 K
Bcnzcncdiazonium
tctrafluorobolatc

+N2+ BF:
Boron

trifluoride

This reaction is called Balz.Schiemann reac-

(7) By Gattermann reactlon. Haloarenes
paricularly chloro-and bro
prep4red by Gattermann re
tion of the Sandmeyer reac
mixure of freshly prepared copper powder in the

prcsence of corresponding halogen acid (HCl or
HBr) is used instead of cuprous halide dissolved in
the corresponding halogen acid (CuCVHCI or
{iuBr,'HBr) as used in Sandmeyer reaction. The

rielcls arc oftcn around 40%. Thus,

+Nz
A

Commercial preparation of chlorobenzene.

Chlorobenzene is preparcd commercially by

the Raschlg process. In this process, a mixture of
benzene vapours, air and hydrogen chloride is

passed over heated cupric chloride.

CuClr, A

2 C6H6 + 2HCl + ()2

2 C6HsCl + 2H2O

Due to electronegativity difference between
the carbon and the halogen, the shared pair of
electroa lies closer to the halogen atom.

l+ A-
\r-.x

As a result, the halogen carries a small negu-

tive charge, i.e, d- while the carbon carries a small
positive charge, r'.e. d +. Comequently C-X bond is a

polar covalent bond. The C-X bond length increa'ses

and bond energ/ deqeases as we move down the

group from F to I. The bond cnergies, bond lengths

and dipole moments of halomethanes are given in
\\bb77.2.

TABLE 172. Some Phlsical Data ol
Halomethanes ( CII.-X)

NH2
Io

Aniline

F
Io

Fluorobenzcne

tion.
c-X bond

energy/

kJ mol-l

Dlpole
moment/ctE

cH3F

cH3cl

CH3Br

cHsI

't39

178

193

2't4

452

351

293

B4

6.17 x l0-s
6.24 x ll-fi
6.04 x 10-30

5.40 x 1o-r

Cn/HCl

A

Hnlo- c-x bond
lergtlvpm



ORGANIC COMPOUNDS WITH FUNCTIONAL GROUPS 17117
't7.8- Physical Properties of Haloalkanes and Halo

soEe important physical properties ofharoalkanes and haloarenes are discussed berow :

l. Physlcal halides are colourless when pure, but bromides particularly
iodides develop Methyl chloride, meth/ br6midi, ethyl "hi;;id;;;J;;"chlorofluoromet __ es are gases at room temperatures. Other chloro, bromo,
iodo compounds are either liquids or solids. Maoy volatile halogen cornpounds have sweet smeli.

2. M€lting polnts and boillng polnrs
(a) 

-Haloalkanes. (i) The molecular masses of haloalkanes (alkyl halides) are higher than those ofparent alkanes As a resull, the mehing points and boiring potnts iy nitoatxanei or" ,"i"ra ij"", i,igri,
than nse of parent alkones moinbt due to greater magiide ol vai der lVaars lorces of attractiin.

_ 
(i) For.the same atl<yl Wup, the boiling points of halostkanes decrease in the order : RI > RBr > RCI> RJq This is because with the increase in tlie size and mass of the halogen, tt e mugritude orihe ,ariai,

Wdals forces of attraction increases. Thts,
Compound: CH3I CH3Br CH3CI CH3F CH4
b.p. (K): 3t5 m Z4g Lg5 111
(iii) For the same ttalogen atom, the boiling poitxs increase with inuease in the sizc oI the altEl Wup.Thus,

(ty) For isomenc a w h branching. This is due to the rcason
that with branching the es and hence tie m"grltrJ".i,ii. -- J]r,
Waals' forces of attracti

Haloalkane : CH3(CHrsCl (CH,)2CHCH2C| CH3CH2CHCICH3 (CH3)3C_ Ct

Ilaloalkane: CH,CI

b.p.(K): u9

b.p. (K) : 351.5

Haloalkane :

b.p. (K) ;

' CIr"
429

CIr. CIr" @

cH3cH2cl cH3(cH2)2Ct CH3(CH,3CI
285.5 3?t 351.5

342 34t 324
bronto qnd iodo compounds increase os lhe rutntber of(v) Generally, the boiling points of chtoro,

halogen atoms increase.r. For exarnple,
Haloalkane : CH3CI CH2CI2 CHCI3 CCL
b.p. (K): 249 373 334 350

. (6) Haloartnes. (i) The merting snd boiring points of haroarenes are nearry the same as those of
huloqlkanes with thc sume numbcr of carbon atonis.'

. (ii) For the sante aryl group, the ntelting and boiling points incrcase qs the size of ttrc ltalogett atont
increases, i.e., iodoarenes > bromoarenes > cltloroarenis- > fluoroarenes > arete. Tios,

,__ -__\:::) 
,o, ,O, tatne halogen atom, the melting atd boiling poinrs inueose as the size of rhe aryl group

lncreases.

(iv) The
different. Gen
This is due to
crystal lattice .

at a higher temperature ttran the corresponding a-a
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CI

+
CI

418 K

35K

CI

b.p.

m.P

d."
CI
I

@-.,

446 K

u9K
453 K

256K

2.S
moment,
ment, 1.6
insoluble
haloalkanes and haloarenes can neitherlorm hydngen

to those in the above solvents

3. Density. Alkyl fluorides and chlorides are

generallylighter than water whereas alkyl bromides
ind ioaidei are heavier. Their relative densities
follow the order : RI > RBr > RCI

Amons the alkvl halides, methyl iodide has

thc hiehest iensity. Fiowever, as the size o[the alkyl
group-iuc.euse., the densities ofalkyl halides go on

decreasing.
Further the density increases with increasing

number and atomic mass of the halogen.

cHzcl2 cHCl3 ccL

Density (8/ml) L'3136 1 ''l89 1 595

All aryl halides are, howewr, heavier than water '

4. Stability. Since the strength of tlre C - X bond

decreases in the order: C-F > C-Cl > C- Br >

presence of light to give iodine'
I-isht

2R-l " 
' R-R+12

bomides and iodides.

5, lnuammability. Organic halogen com-

pounds are less inflammable than the correspond'

extinguisher under lhe name 'pyrene'.

17.9. Chcrnrcal Prot)edies ol Haloalkanes

Holoalkanes or altEl halides ure highly txoctive

cotnPolt
halogen
number
substitu
of orqanomctallic reagents such as Grignard
reageits etc. It is because of this reason that
haloalkanes are considered to be one of the most

valuable synthetic reagents in organic chemistry.

Some ofthe important reactions ofhaloalkanes arc
discussed below :

tive charge and the halogen atom a partial Degative

charge.

Tbe presence of this small positive charge on

the carbon atom makes il susceplible to altack by

I d+ 6-
-C :X or

I

lr+ d-
-c-x

I

R-Nu+:X-f-\r- n-
Nu :- + 'R----:- X -'---'---"'

Such reactions in which a slronger rutcleophile

depart follows the sequence :
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I- > Br- > CI- > F-. It is because o[ this
reason that the order of reactivity of haloalkanes

bromoalkanes > chlomqlkdnes > fiuoroakanes.
Ilpes of Nucleophlllc Substitution r:ac"uons.
There are two types of nucJeophilic substitu-

tion reactions. These are :

(i) SNt (Subrrrrrnb n, nucleophilic, uttitnoleanlor)

(r'i) SN2 (.trbrrrturio4 rucleophilic, bimolecuhr)

(i) SNI rcactlons. The rate of \t reactions
depends only upon the concerkatiotr of,the alkyl
halide and Ls independcnt of the concentration of

is lhe mte-delenning step oI the reaction.

CH"
| 'A tonirrtion CH3\+/,,CH!

cH3-c-----x c + x-
1 Qtow src 

lCH: CH,
lerr- Butyl halidc ,ar-But d cadocation

---. Step 1

CHr--*7CH1---1
C<-- + :Nu-

Nucleophite

CH,
I

CH, - C-Nu ....... SEp 2
I

CH,
Substitution prcduct

II thc oll<yl halide is optically octivet, then the
lrtoduct is a raceruic mixAtre. Thk is due to the
reason that carbocatio
fore, tbe attack of the r
liom both the faces ( t

equal ease giving a 50 : 50 mixture of the two
enantiomers.

Rl

Nu-C-R,
I

R3

50Vo

Onc atuntiomer)

Mirror
i,

R2-C-Nu
I

R3

50%

I

CH,

g

Racemic mixture
All tertiary alkyl halidcs undetgo subsain4io,t bl

S N1 mechanism.

Sxr rcoctittts arc facilitated by polar pmtic

Aydroxylic) sobents such as wao6 olcohok, fomric
aci{ acetic aci4 oEteous otgsnic solvenls ctc. si\cc
lhese sohynE pmmote ionization by stabilizating tha
iow by solvotion.

(r0 Slz rtactions. The rate of Snz reactions

a Owsilion
are partially

*,.t(S.4-...-
s-'7"

H
Allyl halide

--' Nu - c.1R * x-\n
\H

Substitution product
'Or dinaly light has vibratiorE in all t lanes.

o[CaCO3 kno,\,n asc"lcitc), the cmcrgentti has vi

rnccnrlc mhturE.Ir is r€pr*cntcd by thc sign (r).

-A
t'
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It is interesting to note that in SN2 reactions,

the attack of the nucleophile (i.e., OH- ion) occurs
[rom the back side and the halide ion leaves from
the front side. As a res.ult, S # rcactions are always

uccontpaniedby ittvcrsion ol conftguration iust in the

sunrc tnanner as an umbrella tums $ide out in a
soortg wind. This inversion of configuration is com-
monly known asWalden inversion.lr lmP lies that if
tttc qltEl lnlide is optically qctive, the substitution
protluct is also opticslly active-

Alt pimary ollql halides undetgo substittttion
b)'S Nzmechanis h,hile secondary allqlhalides may

u dcrgo sttbstitution either by S N2 or S Nt mechanism

depending upon the reoclion conditions.

Relative reactivity of haloalkanes. As dis-

cussed above, the reactivity of haloalkanes is due to

mcthyl halides decreases in the order'

CH3-CI > CH,-F > CHr-Br > CHr-I
1.94 D 1.82 D 1.79D 1.64 D

therefore, the reactivity of the haloalkanes
should also decrease in thc same order, i.e.' RCI >
RF > RBr > RI. However the actual order is: RI
> RBr > RCI > RE This can be explained itr
terms of the bond dissociation energies of the C - X
bond ; 452 (CH3-F), 351 (CH3-CI)' 293

(CHr-Br) and 234 (CHr-I) U mol-r. Thus, C-I
has the minimum bond dissociation energy while

C-F has the maximum. Therefore, C-I bond is

the easiest to break and hence iodoalkanes are most

rcactive. Further, as the bond dissociation energy
increases, the ease of breaking the C- X bond and

the reactivity ofthe haloalkane decreases. Thus the
actual order is : RI > RBr > RCI > RP,

Relatlve reactivity of haloalkanes towards
Snr and Sr.,: reactions.

Ws have seen above that in Spz reactions, the

attack of the nucteophile occurs from the back at

the s-carbon. Evidently, the presence of an alkyl
or in size than the
or block the aP-
bon due to steric
ac6on difficult to

occur. As a result, as the number of alkyl groups

increases at the a-carbon, the SN2 reaction be-

comcs more and more difficult, Thus

SNl rcactivitY inclcascs

In contrast, in SNI reactions, carbocations are

the intermediates. Thus, the more stable the car'
bocation, the more easily it is formed, more facile
is the reaction. Since the order of stability of the
carbocations follows the order :

SNz rcactivity increases

cH3-x R-cH2-x R_CH-X
I

R'
2"

R"
I

R-C_X
I

R'

+
+cH3 < R-cH2

1'

+
< R-CH+ < R-C_R"

I

R'
I

R'
Therefore, reactivity towards SNI reactions

also increases in the same order as shown above.

Fbrther, due to greater stabilization of allylic
and benzylic carbocation intermediates by rqsonarc€,
primuy altylic aad primary benz/ic halides

/'-'\ +
CHrJcg!- 69, <""""+ CH2- CH=CHZ

Resonance stabilization of allyl carbocation

*t16:'

.--g!.'"'.- C)'""'
REsonarcs slabllization ol benzyl caJbocation

show higher reactivity in sNl reactions than other

primary alkyl halides.
^fhls, pimary all<yl halides predominontly un'

deryo substitution by S nP mcchanism whereos lettiary

all<ll halides rcact prcdominsntlyby S Nl mechsnism.

ry benrylic
by S*t or

S rV mechanisnr or by both the mechanisms without

much preference, depending upon the nolurc of the

nucleophile atd the solvent.

A few Rpical nucleophilic substitution reac-
tions of haloalkanes are given below :

+
.,'.,. ,Et''
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ni.Li.flj -oH(aq)
A cH3cH2-j "'B;" " "':

: + Agr:O
cHrcH,-i...Pt....... j
Baomoathanc
(Ehylbotnitu) CH3CH2\

,.O + 2AgBr
CH3CH2,'

Elhoryethane

--i. :i. l.{f : : j-cN (a/c.)

R-C=N + K+ X-
Alkancnitrilc

(AllEl qonid.)

e s, .',i:.i::i.+1";-cN1or. y

Iodomctharlc
(Methyliodidc)

CHr-C= N + K+ I-
Ethanenitrile

(Methyl qanidz
or Acetonitilc)

crr.crrri' iri' +' [i. ] -cN 1,r".1

Brcmoathanc

<Edtyl b@nnd.)

A
CH3CH2-C = N + K+Br-

Propancnildlc
(EW cl@tidc

or Prupio tilc)
Alkyl cyanides are very uscfirl compounds

sincc they can be converted hto (i) amides on
partial hydrolysis with conc. HCI or alkaline
hydrogen peroxide. (ri) carbo:ryllc aclds on com-
plcte hydrolpis with dilute mineral acids or a.lkalies
and (lr) prlmary amlnes by reduction with nasc€trt
hydrogen obtained by thc action of sodium on al-
cohol (Mendius reductlon) or catalytically witb
HrlNi or with lithium aluminium hydride
(LiAlH). Thus :

A

Haloalkadc
(Atlyl holid.)

e.s., cH,cH,i "Bi'i.51]-o, 
t,nl

Bromo€thanc

(Metlul iodid.) oxidc

CH3-OH + AgI
Mcthanol

(Methyl alcohoD

Vclsub.itution of halogen by alkoxy group.
(Formation of ethen). Haloalkanes when treated
with sodium or potassium alkoxides fotm ethers or
alkoryalkanes.

R-: X + Na+ :-OR't--------------J

' Alkyl halidc Sod. alkoxide

R-O-R' + Na+ X-
Ethcr

i.e. CH.CH, j ' 
Hi 

'i'i'.rri ' 
l-ocurcn:J . 1............J

Bronrocthane Sod. cthoxide
(Ethyl bromidz)
A

-- 
CH:CHz-o-CH2CH3 + Na+ Br-

Ethoiycthane
(Di.thyl ether)

A
cHr-i ..1.. L. _Iar_ i-ocH3

R-OH + K+X-
Alcohol

Sod. mcthonde

CH3-O-CH3 + Na+ I-
Methoxyncthane
(Dinalryl ether)

is called Wlliamsotr's Syn-

(Ethyl brcmid.) (Dicthtl ether)

a (iii) Substitution ofhalogen by cyano group.
CH3CH2-OH + K+Br- (Formarion oJ allql cyanidei o, 

-oion"ritil"i1.

Ethanol Haloalkaues or alk1,l halides react with alcoholic
(Ethvl alcohoD solution of potasiium cyanide to form alkyl

a cyanides or alkanenitriles as the major productcH3-: I + Ae'i -oH -----------+ ;i;d;;;;;iamounl of atkyl isocyanides.
Iooomctlrin'c''' "''tr.io'iitiiii,cr

A

I:laloalkaoc
(A cyl holid.)

AA

Iodomethane
(Methfl iodidz)

This reaction
thcsis.

Ethers can also be formed by heating allryl
halides with dry silver oxide, e.g.,

\r)



,fi

?\

CHr-C = N
Ethancnitrile

(Mcthyl ctani&
ot Acctonin'ih)

CHr-C = N
Etharlcnitdlc

(Mcthyl cfornd.)

Conc. HCI
+ H2O

or H?O2-NaOH

cH3-coNH2
Ethanamide
(Acetamide)

Dil. acid
+ 2H2O

orDil. alkali

cH3-cooH + NH3
Elhanoic acid
(Acctic acid)

Na/qHrOH

Neur Course Chemistrg

N3/qHrOH
cH3-N=C+4[HI CHr-NH-CH3

Methyl iro.t'dnidc Dimcthy'aminc

Haloalkane

Explanation. In the cyanide ion, -:C=N:,
both the carbon and nitrogen atoms have a pair of
electrons. Therefore, either the carbon or the
nitrogen atom can act as the electron dooor to the
alkyl halide. Such nucleophiles which have more
lhqn one site through which lhe reaction can occttr
qre called ambident nucleophiles, Thus, cyanide
ion is an ambident nucleophile. Alkali metal
cyanides like NaCN, KCN are predominarllly ionic.
In principle, the reaction can occur either through
carbon or nitrogen. But in practice, the reaction
o ccurs through carb on since C-C bonds are stronget
than C-N bonds and hence alkyl cyanides are the
chief products. On the other hand, silver cyanide is
predominantly covalent. Therefore, only nitrogen
electron pair is available for bond formation. .As a

result, alkyl isocyanides are the chief products

K+-
n.

-xu_-....R-C=N + K+ X-
Alkyl cranidc

^*4=,f\'i-& - +
R-N=C:- + AgX
Alkyl i6oc,"nide

pl7) Substitution of halogen by nitrite group
(Fotmation oI o gi nrTrires). Haloalkanes reac( with
sodium or potassium nitrite to form alkyl nitrites.

R-i"i';'i.'! -o-N = o
,r,,"t",:;;"' '' ' '' ' Pot nirrirc

A
I R-O-N=O+ K+X-
l- atl.1,l nir.it"

,....:....-
e.g, CHTCHT-, 

- _Br + Kr ; -o-N = o
Ethyl bromidc

A

---' CH3CH2-O-N = O + K+ Br-
Eth,'l nitrite

V/i) Substitution of halogen by nitro grouP
(Fonnation of nitroalkanes). When an aqueous
ethanolic solution of a haloa.lkane is heated with
silver nitrite, a nitroalkane is formed.

R-X + Ag-O-N=O

)
, CH3-C: N +4[Hl

Ethancnitrile
(Acetonitrile)

(llendius redtcion)

cH3cH2-NH2
Ethanamine
(Ethylaminc)

The reaction of alkyl halides with potassium
cyanide gives us a convenient method for increasing
the length of the carbon chain by one carbon atom
at a time, t'.e., for ascending the homologous series.

(iv) Substltution of halogen by isocyanide
grotp (Formation of allql isocyanides). When the
aqueous ethanolic solution of a haloalkane (par-
ticularly iodoalkane) is heated with siliver cyanide,
alkyl lsoryanide or alkyl isonitril€ or alkyl car-
by'amlne is produced as the chief product
alongwith a small amount of the corresponding
alkyl cyanide.

qHroH/H2O

A

+-
R-N -:C or R-N=C:*AgX

Allryl isocyanidc or Alkyl carbylanrine

e.s., cnri'i'1'Ag" j- cx

Iodomcthane

c.H.otyH,o

A Methl'l isoryanide
+_

Alkyl isocyanides
darl amlues.

or CH3-N = C: + AgI
or Mcthyl carby'amine

on reduction give secon-

P()

Silvcr nitritc

1712
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c#solJ/Hzo ,O * ..O-

----..-..., 

R-N\a or R-NS +AgX
a -O

Nitroalkanc Nitroalkanc

e.g, CHTCHT-Br + Ag-O-N = O
Bromoethanc

qHroH/HzO ,o
CHTCHT-N<- + AgBra \- ()

Nitrocthanc

Explanation. Nitrite ion (-O - N=g; 111"

cyanide ion is an ambident nucleophile since it has

two sites (orygen and nitrogen) through which it
can attack an alkyl halide. Whereas tack through
nilrogen gives nitro compounds, sttsck thtough
orygen gives nitrites

,.";*,/.\'J-4, - .........*

Aglot Alkyl halide

Situcr ni(rirc

*-i7o *o***-\<-l-

/-\ r* n
O=N-O: *+ * \p t |a--
Potassrunr nitrite Alh/l halide

R-O-N=O + Na+ X-
Alk,, nitritc

Alkali metal nitrites are lbnrc compounds and
hencc have a negative charge on one of the orygen
atoms. Nucleophilic attack through this negatively
charged orygen atom on the alkyl halides mainly
gives alkyl nitrites. In contrast, silver nitrite is a

covalent cilrmpo]lELd and henc.e does trot have a
negative charge on the orygen atom. Instead both
the ox)€en atoms and the nitrogen aton carry lone
pair of electrons. Since nitrogenis less electronega-
tive, therefore, lone pair of electrons on the
nitrogen atom are more easily available for bond
formation. In other words, nucleophilic attack oc-
curs through nitrogen and hence silver nitrite
predominantly gives nitro compounds.

[',) Substltutlon of halogeE by carboxylate
grotp (Formation ol esten). Haloalkaues form
esters wheo heated with an ethanolic solution of
silver salt of a fatty acid.

f{r'iii) Substitution ofhalogen by amino group
(Formation of amines). Haloalkanes when heated
with au ethaqolic solution of ammonia in a sealed
tube at 373 K, form a mixture of primary secondarl
and lertiary amines alongwith quaterrary am-
monium salts.

cH, cH. -i ' 'B; 
+ A' ' '- NH___J-__l a. ---'...'-'- - ! "'2

Bromocthanc Anmonia
(Etlyl bromidc\

qH5oH
CHICH'_NH2 + HBT

A ett""non,ln.1t".1
(Ehyloninz)

cH3cH2NHi H'i'rii I -cHrGr,
Ethanafline Bronroethanc

qtIroH
--l- (CH3CH2)2NH + HBr

- N-Ethy'ethanaminc (2")
(Dialttlarninc)

(cHrcHr)rN1 ' [i'i di ]-cnrcH,

oil ............R'-C-O- As*X -R_. - 1. - -:,. -.. - -.t)rlvers:tl! ot 
Haloall,nc

3 trrry acro

oqHsoH ll
R',-C-OR + AgX

a Esrcr

o
il

e.g. CHr-C-OAg + Br-CHrCH,
Sitveracrtatc Bromo€thanc

(Etltyl btumid.)

o
il

CH3-C-OCH2CH, + AgBr
Ethrl ethanoate
(Ethyl acctate)

N-E(hylethanamine Bromoethane

c2H5oH

A

qHsoH
(CH3CH2)3N + HBr

' N, N-Oicthyterhanamine (3")
(liiehylanhc)

(CH3CHr3N + Br-CHrCH,
N,N-Diethylcthanaminc Bro oethanc

qH5oH
_____ _ (cH3cH2)4N+Br_

a 
Tctracthylammoniun brt,midc

(Quatai@y tor)
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P)o

N

This reaction is called Hofmann ammonolysis
of alkyl halides.

\IA) Substitutiotr of halogen by hydro sul.
phtd6 group (Formation ol thioatcohots).
Haloalkanes on heating with an aqueous ethanolic
solution of sodium or potassium hydrosulphide
form thloalcohols.

n- x +["N'a'+'..:9]r.:.;
Haloalkanc Sod.hydrcsulphide

c!H5oH/H2O- R-SH + Na+ X-
a Thioalcohol

e.s, cH,cH2 -i.lj.L.ry::..j -*
Bronroelhanc

qH|oH/H|O

A En ancthiol
(EthYl thioolcoholt

VdJ srb.titution of halogen by mercaptirle
grotp (Formation of thioethers). (a) By heating an

alkyl halide with sodium or potossium mercsPtide

n 
j'i'i"Nill -sn'" r..':.j..'.'.'.r ;; ,1

Haloalkane rhcrcaptide

sodium allrynides, haloalkanes form higher alkynes,

e.8.,
R_: X+yu+._e=C_R,

Sod. allrynide
R-C=C-R'+ Na+X-

Highcralryne

cH3cHr-f ilr' ; iir+i -c = cH
Bromoethirid''''''' - sod.acerylidc

.........- cHrcHr-c = cH + Na+Br-
But - 1-Ync

Sodium allglides are themselves prepared by
the action of sodamide (or Na in liquid NH, at 196

K) on termiaal alkmcs.
Uq. NH!, r% K

R-C=CH+ NNH2
R-C=C-Na++NH,

\rJ substltutlon of chtorlne or bromlnc by
lodhe (Formation of allcyl iodiiles). Nkyl chlorides
or bromides when treated with sodium or potas-
sium iodide in acetone undergo halogen exchange

CHrcHr-Br + Na+ -SCH2CH3

Erhyl bromide Sod. elhyl dcrcaptide

qHsoH/H2o CH3cHr ''r..

t cHrcHr./
Diethyl thioether

rlb) By heating an dllEl halide with sodiunt or
potassium sulphide

2R-X + Na"S
Haloalkanc Sod.sulphide

qH5oH/HzO
R-S-R + 2NaX

A Thiocthcr

e.g., 2CH3CH2-Br + NqS
Bronoethane Sod. sulphide

qH5oH/H20

A

to form allryl lodldcs. e.9.. -A CH"CH"-J O+K+: I-r '1........J' Ethy' chloddc

cH3cH2-I +
Ethy' iodidc

K+CI_

This reaction is called Finkelstein reaction
and is used for the preparation ofalkyl iodides from
alkyl bromides or chlorides.

hydrogen of the alkyl halide which is eliminated
comes from a p-carbon (i.e., the carbon atom next
to that which carries the halogen) and the halogen
from the s-carbon (i.e., the carbon atom which
carries the halogen).

HH
Pl al a

H-C - - C-H + K+ OH- (a16.) ----------1

lt
i' 11 Br

Bromoethanc
(Ethyl brcmitu)

H. -tI-c=c- +K+Br- + H2o
11.'/ \1-1

Ethene

. 

(Eth!l*")

qHsoH/HzO
R-s-R' + Na+ x-
Thioether

rc ruu..urPlrvv

cH3cH2 \ .\s + 2NaBr
cH3cH7/

Dicthyl thiocthcr

r(l) Substitution ofhalogen by all$'nyl group
(Foriation ol higfier alkynes). When treated with
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Since in this reaction, the hydrogen atom is
lost from the p-carbon, therefore, this reaction is

classifi ed as p-elimination reaction.

Similarly, l-chlorobutane on dehydrohalo-
genation gives but-1-ene.

pa
CH3CH2-CH-CH2 + KOH (a/c.)

tl
HCI' 

1-Chlorobulanc
A

"""""'. CH3CH2CH=CHz+KCI + HzO
But-l-cne

However, if the sfiucture of the all<yl halide is
such that il can undergo eliminalion in two dwrent
ways, due to the qvailability of different types of

p-hydroqeE, then the more higltly subslituted alkene
(i.e. hqvinE lesser number of hydroBen qtoms on the

doubly bonded carbon atoms ) is lhe mqior Product
of dehydrohologenqtion. Th:ts generalization is

known as Saytzelfs rule. For example,
Br
I

cH.r- cllr-cH- cH,
2-Bromobutane

CH3-CH = CH-CH3
Brr-2--cnc (alVo)

(Motc hi&hly srbs,i rcd
a/f,aE ; !nor. stabh)

CH3-CHr-CH = CH,
Btt-7--.n (19qo)

(I-crJ Ndhry ilni ukd
arr@rt ; lcs! !iaDl.)

KOH (are), A
CHr -CH2CI CHr=911,

Chlorccthane (1') -HCl Ethcne (Unsubstitutcd
alkenc,lcas! stablc,
lcesl G&rIy forhcd)

p
cH:\ KoH (drc), a

CH-CI r CHrCH=CH,
CH3/ - Hcl propcnc

2-ChloroDroDanc (2') (Monosubstituted
alkcne. more stablc,

r. .o.slty lorm.d)

* 
H..t 

= 
" "'r, 

* CH3CHTCH = CH,
l-Blutcnc(lg )

In general, the ease of dehydrogenation for a
given alkyl group decreases in the order :

teftiary Q') > secondary Q') > pimary (l')
and for a given halogen, it decreases in the

order:R-I>R-Br>R-Cl.
3. Reactlotr with m€tals. Most of the organic

chlorides, bromides and iodides react with certafur
metals to form compounds containing carbon-
metal bond. Such compounds are called or-
ganometalllc corEpounds, Some important

cHs..t ,..H
C=C'y,,/ -CH,

If the substituted alkene formed during dehydrohalogenation, is caPable of sho ing cit-tor$ isomerism, /te
tans-alkene being more sablz is alwayt formed at the nGior Fodacl For qamPle,

I xoH atc.
cH3-CH-cH2cH3 ..--

cHs\ .zcHz

2-Bromobutane

trans-2-Butene(717,) cis-2-Butcnc(tey'o)

Ease ofdehydrohalogeDation. In the light of CH, CH,
Saytzeff rule, any alkyl halide that Sives a m.re I ' Kor{ /a/..) a I '
stable (i.e., more highly substituted) alkeoe must CH,-C-Cl :::::l--5 CH3-C=CH,
undergo dehydrohalogenation faster than the ' | -Hcl z-ui"tt ytprop"n-"
one which gives a less stable (i.e., less highly CH, (Disubsti6tcd ;rkene,
substituted) alkene. Consider, for example, the , .*,^._' most stable,

dehydro- halogenation. o-t chloroethane. ( l'), 2- z-.",ty,'pJp"* f:f mosa Gf,sllv lomr.d)

chloro- prop3ng Q') and 2-chloro-2- ii,rr, ,t," ease of dehydrohalogenation of
methylpropane (3") 

these three alkyl halides increases as thi number of
p- hydrogens increases, r'.e.

l)
Ac
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reactions of alkyl halides with metals are discussed This reaction generally fails with tertiary alkyl
below : halides since under the basic conditions ofthe reac-

(o) Reactlon wlth magneslum (Formation ol tion, they.Prefer to-undergo dehydr-ohalogtnation
Grignid reagen*). Haloalfanes re a'ct with mag'- to. form,alkenes. When a miXure of two different
o"*Iiunr turning. in dry ether to fo; ,ikllr"d- a\{ naffgs is used, all tbe three possiblc alkanes

nesium balidei comnionly known as crignarl are lormed'

rugents. - Rr-X * 2Na * R2-X ""-

R-X +Mg -:a R-Ms-x
Allvl halide clher Grignad rcagent

CH3CH2-Br +Mg -lL CH3cH2-MgBr
Ethy' bromidc ether Ethy'magDcsiumbmmidc

As you will learn later, vinyl and aryl halides
also form Grignard reagents. Grignard reagents
are highly reactive compounds. They react with all
compounds which can donate a proton to form
hydrocarbons. Even water, alcohols, amines, ter-
minal alkynes etc. arc sufficiently acidic to react
with Grignard reagents to form the corresponding
hydrocarbons.

RMgX+ZI{--.+R+ZNleX
(whercZ: OH, RO, NH2, RNH, RC = C etc.)

It is, therefore, necessary to protect Grignard
reagents from moisture otherwise these will react
with water to form hydrocarbons. In other words,
Grignard reagents provide us a good method for
converting alkyl halides to hydrocarbons.

Grignard reagents also react with O, and

COr. Therefore, they should be prepared and used

in the absence of air preferably under inert atmos-
phere. Grignard reagents are very useful for
preparation of different classes of organic com-

e.g, CH3-i Br*2Na*Bri -CH3
Mcthyl bromidc

CH3-CH3 + zNa+Br-
Ethanc

Rr-Rr + Rz-& + Rr -R2 + NaX

Ttat is why this is not a good method for the
preparation of unsymme trical alkanes.

(c) Reactlon wlth othcr actlve metals (Fonna-
lion oI oryanometollic compounds). Besides mag-
nesium and sodium, alkyl hatides also rcact with
other active metals such as lithium, zinc, mercury,
lead etc. ir presence of dry ether to form the cor-
responding organometallic compoun&s. For ex-
ample,

Dfl
CH3CH2BT +zLi '. CH3CH2Li + LiBr
Erhy' bromidc cthcr EtMtithium

Dry
4CH3CH2Br + 4 PblNa
Ethy' brcmidc tu. l.-ad.llo,' cthc.

(CH3CH2)1Pb + 4NaBr * 3Pb
Tctraclhyilcsd CIEL)

Tetraethyllead (TEL) is used as an antlknock-
lng agtntin gasoline used for runfig automobiles.

,'rri Rrductlon. (Formation of alkanes).
Haloalkanes are reduced to the corresponding
a/kazes. This reduction can be done by any of the
followin-g reagents :

\lf Hydrogen in thc prescnce ol a meral catalyst
such as nickel or palladfun or platinum,

Ni

Rcd P
CH,CH2-I+HI . CH,-CH3 +12

todocthan 4mK Elhanc

(li) Nascent hydmgm pmdtcedby the action

pounds, such as alcohols, aldehydes, ketones, car- 7 , CHTCHTBT + H2 """'' CH3-CH' + HBr
boxylic acids etc, ,,/ Bromo.thanc Eth.nc

yf; neactlon wlth sortlum (Fonnation of '(i/1Hy*iodU acia in the presence of red phos-
higher alkanes). Alkyt halides react with metallic phorus. Alkyl iodides can be reduced to the cor-
sodium in presence of dry ether to form symmetri- responding, alkanes on reducton with HI in
cal alkanei containing double the numbei of carb- presence of red phosphorus at 420 l(
on atoms present in the alkyl halide.

D
R-: X+2Na+X :- n 

" 
R-R +2Na+X-1"""""J elher Alkane

Dry

clhcr

of zinc or tin on hydrochloic acid or by he oction of
zine-copper couple on alcohol.

Zn+HA
cH3cH2cl
Chlorocthanc or Zo-Cu + alcohol

cH3-cH3 + HCI
ElhancJThis reaction is called Wurtz reaction.
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W) Suustirution by hyeidc ion ot nduction-
Primary and secondary atty' balides are readily
reduced to alka.nes by lithium aluminium hydride
(LiAlH.).

t+ 3-
H- + R-X --"i R-H + HX

(ftom LiAIH)

or LiAlHr + 4RX 
- 

4R-H + Ax3 + LiX

lbrtiary alkyl halides, however, undergo
dehydrohalogenatioa to give alkencs. On the other
hand sodium borohydride (NaBHa) reduccs sccon-

dary and tcrtiary al$ halides but not primary
whereas triphenyltin hydride (PhrSnH) reduces all

the three t,?es of alkyl halides.

!J. Halogcnadon. Alkyl halides on treatmetrt
with halogcns in prcsencc oflight, heat or a catalyst,
gjve di, ti tetra or polysubatituted alkanes. For
example,

ha
cHrcl + cl2 cH2cl2 + Hcl

Gtommcthanc or 5a)-67) K Dicilorooctiror

c}{2cl2
Dichloromcthanc

hY

+ cl2
or 520- 670 K

cHCl, + HCI
Trichlorcmcthanc

(Chlotofotut)

ct
or520-6m K

ccl + HCI
Tctr-achloromclhane
(Carbon tctachloidc)

Vf. Isomerisation. When a haloalkane is

heated to 573K or at a lower temperature in
presence of a Lewis acid such as anhydrous
aluminium chloride as catalyst, it undergoes
isomerisation. For example,

5RK
cH3-cHz-cH2-cl

1-ChlorcProPanc or AnhYd Alclr

CI
I

cH3-cH -cH3
2-Chloroprcpsrc

573 K
cHr- cHr-cH2-CH2-Br

1-Bronrobutane orAnhld. AIC'll

Br
I

cH3-cH-cI{2-cH3
2-Brcmobutaoc

10. Reasons lor Low Reactivity
of Haloarenes (Aryl Halides)

Both haloalkanes (alkyl halides) and
haloarenes (aryl halides) or vinyl halides contain a
C - X bondbut haloarenes and vinyl halides are far
less reactive than haloalkanes towards nucleophilic
substitution reactions. The following reasons can
be given to account for the low reacrivity of aryl
halides taking chlorobenzene as an example.

1. Rrsonancc ellcct Chlorobenzene can bc
represented as a resonance hybrid of the following
five structures :

(i) As a result, C-Cl bond ac4uires some
double bond character, i.e., X is attached to C by
little more than a single pair of eleckons. On the
other hand, in case of alkyl halides (say methyl
chloride) carbon is attached to chlorine by a pure
single bond. Consequently, C-X bond in
chlorobenzene is little stronger than in alkyl
halides, and hence cannot be easily broken.

Like chlorobeozene, vinyl halides such as vinyl
chloride can be represented as a resonancc hybrid
of the following slructures :

cHo3 +
Trichloromcthanc

+ Cl:
u_,/\-:^n L./

\)
1\)

III

* 6t,

s

:Cl:

d
I

6!", 4, 
' -- -

+
: CH.-CH=CI:

F0
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As a result, C- Cl bond is vinyl halides,like in
haloarenes, is little morc stronger than in alkyl
halides and hence cannot be easily broken.

(r'i) As discussed above, aryl halides are
stabilised by resonance but alkyl halides are not.
Consequently, lhe energt of activorron for the dis-
placement of halogen from aryl halides is much
greater than that of alkyl halides. Thus, aryl halides
are much less reactive than allql halides towards
nucleophilic substitution redctions.

2. Hybrldzation of carbon bearing the
halogctr atom. An alternative explanation for the
stronger C-Cl bond in chlorobenzene or vinyl
chloride as compared to methyl chloride can be
offered on the basis of the type of hybridization of
the carbon atom holding the chlorine atom. ln
methyl chloride, this carbon is sp3-hybridized
whereas in chlorobenzene or vinyl chloride it is
sp2- hybridized. Since a sp2-hybridized orbital is
smaller in size as compared tosp3-orbital ofcarbon,
therefore, the C-Cl bond in chlorobenzene or
vinyl chloride should be shorter and hence stronger
than in methyl chloride. This has been confirmed
by the X-ray analysis which shows that the C-Cl
bond in chlorobenzene is 1.69 A whereas in methyl
chloride, it is 1.77 A. Cl

atom prgsgnt h aryl halides cannot be easily dis-
placed by nucleophiles.

6-
x
I d+

@
Haloal!ne oraryl
(C-X bond is

le+s polo, aid. harcc X
connot bc displaccd casi.
ly by nucl.ophilct)

Haloalkanc oa allvt
(C-X bond is

,noft pol@ hcn in arlt
halida dd harc. X c@t
bc casily disploc.d b!
,tuckophih\)

d+l 6-
-c-x

I

CI,r'dr^
H

3. Polarity (or Nature) ofthe carbcn-halogen
bond, Another reason for the low reactivity of aryl
halides over alkyl halides is their lesser polar char-
acter.

We know that a sp2-hybrid carbon is more
electronegative than a sp3-hybrid carbon. There-
fore, the sp2-hybrid carbon of C- Cl bond in aryl
halides or vinyl halides have less tendency to
release electrons to the halogea than a sp3-hybrid
carbon in alkyl halides. As a result, the C- Clbond
in aryl halides or vinyl halides is less polar than in
alkyl halides. This is supported by the obsorvation
that the dipole moment of chlorobenzene is just 1.7

D as compared to the dipole moment of methyl
chloride, i.e., L.94 D. Consequently, the halogen

17.'!i. C hernical PrLrperties ot
Haloarencs (Ary| HaIides) i..,!t:i$,giil#ir"ili$i"*Ell#

Some important reactions of
haloarenes are given below :

1. Nucleophlllc substltution reactlons. We
have discussed abovc that the halogen atom at-
tached to the benz€ne ring is firmly held and hence
cannot be easily displaced by nucleophiles such as

OH-, CN- etc. In other words, haloarenes are
much less reactive than haloalkanes towards
nucleophilk subslitulion reactions. However, under
drastic conditions, they do undergo nucleophilic
substitution reactions as shown below :

(i) Reaction with sodium hydroxide. When
heated with an aqueous solution of NaOH at 623 K
and under a pressure of 300 atmospheres,
haloarenes form sodium phenoxides, which upon
acidifi cation give phenols.

623 K 300 atnl.
+ 2NaOH (aq)

(6-t %) -Hzo, - Naq

OH
Io

Phcnol

This reaclion Iorms the basis of l)ow process

for the manufacfite of phenol.

DiI. HCI

- NaCl
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Dow process occurs through benryne intermediale irs shown belo\tr:

@o*,
Sodium phenoxidc

This mechaoism is suPPortcd by the observatioD that dipheoyl ether and p-pheDytphenol are rbe by producls
of this reactio[

2

475 K
+ CuCN ..--------r

B/ridinc
orDMF

(ii) Rractlon wlth ammonla. When
haloarenes are heated with aqueous NH, solution
in presence of cuprous oxidc as catalyst at 475 K
and under a pressure of 60 atmospheres, the
halogen is replaced by the amino group. For ex-
ample,

(iy) Rcactlon wlth sodamide in llquid am-
monla. AII the three reactions mentionCd above
occur by an aromalics n2 mechanism. However, if

d
e

r\
G;

Chlorcbenzene

LiAIH{ or Ni,/H2

475 K
+ 2NH, + Cr5O

60 atm

NH,
-t

z@ * 2cucl +H2o

Aniline
orAlk. HrO,

(Potial hydtotysb)

CN

d
Bcnzonitailc

+ CuBr
NaNHz, Liq NII3 , 196 K

(-NHr, - NaO)
(Eliminonon of HCt)Benzonitrile can be converted into other use-

ftl compounds. For example,

CN
I

@
Berrzonitrile

or Na,/qH5OH
(Reduction)

Dil HCI or NaOH

Conc- IICI
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Io']
1, 2-Didchydiobcnzcnc
(fomrcrty also bcnzFc)

Since in this reactiog frst elimiaation of HCI
occun and then sddition oI NHltakes pbce' the'e'

forc, lhis nucleophilic subtfituion meh@tism is also

c a I I ed elimination-addition mechoniv,l-

Rracttvlty of hnloarcne ln nudcolhlllc s[b'
stitution rucilons. We have disctssed above that

CI OH

ooH

+Nitrcchlorobcnzcnc 'Fl{itto'Phcdol

2. Electrophilic substitution reactions'

Haloarenes uadergo the usual electrophilic sub-

stitution rcactions of the benzene ring such as

halogenation, nitration, sulphonation and Friedel-

Crafts reactions. Ilalogen dtom is sliglllty deactivat'

tng ond o, P dircctin& therefore, further
substitution occurs at o- and p-positions w.;r. the

grven II, IV and !
ihere 'Position-s. In
other the electron

density incre
m-positions.
stitution in h
However, because o
tlon, the p-Product
o-product. F\rther
its - I-effect has

electrons ftom the benzene ring. As a result, the

ring gets somewhat deactivated as comPared to

beizene and hence the further electrophilic sub-

stitution reactiorB in haloarenes occur slowly and

under more drustic conditions as compared to lhose

in beruene.

CI

-J'- ,No,
iolY

Noz

(,) Aq. Na2cor ,4(}3 K

('i) Dil. HO

OH

q.''
Noz

(i) Halogenotion

CI
I

@ *.,
Chlorcbcnzcnc

CI
rl .
14i.,v

1, 2-Dichlorobcnzcne
(o-DchlotubaE@tc)

(minor)

(ii) Nitmnon
CI

Anhrd. Fcct!

cl

b:
CI

2, 4-Dinitrc-
chlorobclzcnc

CI

o'* j r*o'
I

Noz

2, +DittitroPhcDol

OH

H^o.323K 
o'zNVVNo'z

Y

1, ,t-Dichlotobcnzcnc
(p-DichlotobcrEcnc)

Qrajor)

Conc, HfOa
HNO3 -----
(Crrilr-) a

2, 4, 6-Trinitrochlorobcnzclc
(Picryl chlotitut

Noz
2, 1,6-TrinitroPhctrol

(fifih Ntn)

Chlorcbcnzcnc
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CIrl 

"

@^o' +

2-Nitrcchlorobenzene
oa o-Mtnrchlombcnzcnc

@nnot)

6)-.o",, +

p_Chloroacetophcnone
(*j*)

3, Mlsccllaneous rt{ctions. Besides thesen iLic substitution reac-ti number of other reac-
ti

(r) Reactlon wlth sorltum (c) Wurtz-Fittig
rtactlon. Haloarenes when treated with an etherea'i
solution of an alkyl halidg in presence of sodium,
form alkyl derivatives of benzenc. This reaction is
called l+Iutz- Fittig reaction.

CICI

Noz
+NitrBhlorobenzc nc

orp-Nitrochlorrbcozcnc
("Ejd)

o-ChloDacrtophcnonc

@iiot)

(iii) SuQhonation

CI
I

@
C-hlorobenzcnc

CI

Chlorobenzene

@-O + 2Nacr

Iodobcrzrnc
A

S.rlcd tubc

Bromo-and
when their
esium turn-

O-i.ii1?.,!.tst;@

@-i:iiiei:ij-@)
Iodobcnzcne

A
H2SO.
(Co&,

6*'"
2-O oroballzcnc-

sutphonic acid
(nin<*)

Orlorobcnzcnc

Olotobcnzrla
Dry crbcr

AtrLld.AtOr -..+

Merhy' chloridc

(iv) Fiedel- Cmfts reaction

+ cH3-cl
Methyl
chloridc

CH:

o-Cblorotolucnc
@hot)

CI

+
CH:

p-OrlorDtolucnc

An4jq)
+ 2CuI

o
il+ cH3-c-cl

Acctyl chloridc

&rhrd. AlOl
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Dry cthcr
Mg

ings. Chloroarenes form Griguard reagents otrly if
thI reaction is carried out in dry tetrahydrofuran
(THF) as solvent.

(O)-n'*
Brcmobcnzcna

@-t*'
Phenylmagncsium bromidc

Drv THF

(C)-t'+ Mg """"-r
C'hlorobcnzcnc

@-'*'
Ph.n)'tmagrcsium chlotidr

(ir,) Reactton vith llthium. Bromo- and

iodoarenes also react with lithium metal in
presence of dry ether to form the corresponding

organometallic compounds. For example,

6!u, *2r-i 
oo'*T 

C6-}r* ttr'\\ -,/ / \\-\:J
Brcmobenzcnc Phenyllithium

(v) Reductlo
itrto the corresPo
nickel-alurninium

CI
I m-o^oo'rAr * sclrAr + ?lHl------ 

-[9^*Y*
Chloobcnzcnc

We have so far studied the general methods of

DreDaration and properties of baloalkanqs and

i"loa.enes. Let us now sody, in detail, ctrtaiu
comoounds cAich are of commercial importance'

Th.i. ur" generally polyhalogen compounds, l"e'

compounds conlainiagmorc than one halogen alom

pu molecule.

17.12.1. Dlchloromethane or Mcthylene

chlorlde
Pr:paratlon. It is preparcd industrially b;

direct chiorination ofmethane. Tte mixture so ob'
tained is separated by fractional distillatioa.

ProPertlcs. It is a colourlcss, ssEet-saclling

volatile liquid, b.P. 31il K.

Uses. Because of its low b.p and low inflam'
mabilityitis extensivelyused as a solvent for extrac'

tion in food and pharmaceutical industries.

17.122. thichloromethane, Chloroform,
cHCl3

Preparatl on.

1, By dlstllllng ethanol (ethyl alcohol) or
propanore (acetone) with a suspension ofbleach'
ing powder in water (Laboratory method) :

The reaction in case of ethyl alcoltol is sup-

posed to take place as under :

(i) Bleaching powder supplies both chlorine

and calcium hydroxide.

CaOCl, +HrO- Cl2 + Ca(OH),
BleachingPorrdc,

(ii) Chlorine acts both as an oriduing as well

as a chloinating agett.

Oxidation:
(Oxidation)

CH3CH2OH +Cl2 

- 

CH3CHO +2HCl
Ethy'alcohol Acctaldehlde

Chloination :

Ca(oH),
cHlcHO+3C12....................- ccl3cHo- (Chlorurarion) 1.;.1'r1or*a"1r16.1'rr'6.

+ 3HCI

(iii) Chloral is then hydrolysed by calcium

hydroxide to give chloroform.

oiii- - - -b-c-ricHo 
(Hydrotysis)

,+
oiI-. -. - 99l,jcHo

Chloral

HCOO\
+Ca

HCOO/
CalciDm fomate

In case of acetone, the reactions are :

(i) CaOCl, + H2O """'--'' Cl2 + Ca(OH)z

Ca(OlI)z
(ii) cHlcocHl + 3Cl2

iccronc (Chlotinqion)

ccLCocH3 + 3HCl
1, 1, 1-TrichlorcPrcPanone

Ca

2CHCl3
Orlorcform

I
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-..-oi u ccls;cocH3
(irr) Ce\ oi H ccr3: cocH3

t_________iJ
a, a, d-Trichloroacetone

(Hydrotysb) CH3COO\
2CHCI3 + '_Ca

chrorororir CH3COO/
Calcium acetate

Acetone is preferred to ethyl alcohol, as the
leld is better.

_ _In place of bleaching powder, ue may use in
the laboratory, an alkaline solution of sodium
hypochlorite, NaOCI obtaired by the action of
chlorine on cold sodium hydroxide solution.

The various rcactions laking place are as fol_
lows :

2NaOH+Clz- NaOCI + NaCl
Sod. hFochlorite

+ H2O

(i) Chloination :

CH3COCH3 + 3NaOCl .--.......r

Propanone
(Acetone) CH3COCCI3 + 3NaOH

1, 1, 1, -Trichloropropanone

(ii) Hydrolysis :

cH3co:cctr+H,oNa
L-__--_l

CHCL + CH3COONa
Trichloromeihare SoC. ac€tate

2. Chlorination of methane. (Industial
tnethod). lt is manuflactured by chlorination of
methaoe.

ay'h'
--- cH"cl
-HCt rrr"*y

chloride

Fc + Stcsmccll + 2[Hl CHCI3 + HCI
Carbon CttorDform

tctrachloddc

4. Purt chloroform can be prepared by the
action of sodium hydroxide solution on ctrloral
hvdrate

CCI3CH(OH)2 or CCITCHO.HTO + NaOH
Ctloial hrdratc

.._ CHCI3 + HCOONa + HrO
Chlorofom Sod, foamale

srugery.

Chemical Propertles.
1 Acidic naturc. The H-atom in CHCI, is

slightly acidic because of the followiag two reasons:
(i) Due to - I.efIect of the three Cl-atons, the

electron density in the C-H bond is low. As a
result, C - H bond is weak and hence can be easily
abstracted by a base.

,oG"4",, ?= H2o+:ccl3-

@) The : CClr- ion left after the removal of a
proton from CHCI3 is stabilized by resonaace in
which Cl-atom can e:rpand its valence shell to a
decnt (i.e. ten) because of the presence of d_orbi-
tals,

ay'he

-HO
CHo

Methane
cH2cl2

Methylene
chlo.ide

: CI: ,it..ll
<------- :Cl - C"l

'91

._l-
:cl - cl-

I

: Cl:
v"
-; *:*:"".'

The mixture so formed is separated by frac_
tional distillation.

3. Reduction of carbon tetrachloride. (Iz_
dustrial method). Reduction is brought about with
iron filings and steam.

<.-....' etc

This type of resonance is als o called pn _ d:t_
electron delocaliztlion or d-orbital rcsonance.

exposure to air and sunlight,
slow oxidation to form hi-gh-
gas, COCI.
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02,light
CHCI3 -- coct + HCI

Chlorofoml Carl'on,'l chloridc
(Phosaar)

So to keep chloroform pure, to be used as an

anaesthetic agent,

(i) it is stored in brown bottles to cut off light'

(ii) the bottles are filled to thebrim to exclude

any air.

2qHsoH + cocl2
Ethyl alcohol Phosgcnc

(qHs)2COr + 2HCl
Dicthy' carbonatc

3. Reduction. Reduction of chloroform with

zinc and HCI gives methylene chloride'
Zo + HCI

cHCl3 + z[Hl -' ; cH2cl2 + HCI

chrorcrorm Tiffi:'
Reduction with zinc dust and water yields

methaIre.
'1^ + HzO

CHCI3 + 6[Hl 
-""""+ 

CH4 + 3HCl

Chloroform Mcthanc

4. Chlorination' When treated with chlorine

in presence of sunlight, it is converted into carbon

tetrachloride.
Sunlight

cHCl3 +ctz .-- ccll +HCl

Chloroform Carbon
tctra'hloridc

oncBntrated

aqu roxide, it is

hvd

/cl + 3Koll
H-C-CI\Cl - 3Ko
Chloroform

-Hro -
--.----.- | HcOoH I

L Formic acid J

KOH
HCOOK

- tl2o PoL fonn tc

c,H,-NaH . 
t' 
)"1], i,.r59t./iI{i

Lii* )H cl I i gI (arc.)
Anrlrnc vr I

(1" Arofitarb ana.) Orbrofonn

A.

Phcn,'l irocYsnide
(PharYl cobYloninc)

A

cH3cHzNH2 + CHCI3+3KOH 
-'Ethylaminc (alc')

(1" AliPhatic a ii.)

cHscH2N = C + 3KCl+3H2O
Ethy' isocFnide

(EthYl c@bfl@nin')

This reactionis used as a test (under thename

o.t"iu.tr,. test or lsoclanlde test) for both

aliphatic and aromatic prirnary amines'

Csrbylamine r.{ctlon occurs through dichlolcarb€nc intcrmcdiate'

CHCI3 + OH- P- tlrQ 1 ; QQlr- | : CC[ :C$ + Cl-
Dichlotocrrb.nc

-u.r - -Cl- +- ""i nN - CCI -'- R-NeC:-
Alhd isocTanidc

slow

RNH2 + : CCh

1'Aminc
- n-frrq-ecr, 

-'l nNn-ct',
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_ 7. Debalogenatlon. Chloroform on warming
with silver powder undergoes debalogenation to
give acotylene.

HC 
i9rr - I919 -*- -c-t 

j cH
A

Chloroform Chloroforrn

HC=CH + 6AgCl
Acciyicnc

8. Condensation with ketones. Chloroform
adds to ketones in the presence of potassium
hydroxide. For example, with acetoni it gives
chloretone.

CH.
I

cH3-c-oH
I

CCI,
Chlorctonc

Chloretone is used as at hypnoic (sleep t-
ducing drug).

9. NitratioD. Chloroform may be nitrated on
heating with conc€ntrated nitric acid to give
c hloropicin or nitochloruform.

CHCI3 +HoNO2 .......r CCI.NO, +HrO
Chloroform Nitricacid Chloropicrin

(conc.)

It is used as an insecticide. It has also been
used as a war gas.

10. Reimer-llemann rtaction. Chloroform
reacts with phenol and alcoholic KOH at 340 K to
form salicylaldehyde as the najor product.

+ cHCl3
KOII/340 K

-KO, -2H2O

_ 2{, snall smsunt of p-hydroxsibenzaldehyde is
also obtained in this reaction-

This reaction is called Reimer-Ilemann
rcactlon.

Uses. Chloroform is used as ;

1. a solvent for resinq rubbers, oils and fats.
2. a preservative for anatomical specimens.
3. a laboratory reagent (e.g. for tasting primary

amines).

4. In medicines.

17.1.1!3. Illlodomethane, Iodoform, CHI,

_ . 
Preparadon. Iodoform can be prepared by

hs6ting ethyl alcohol or acctone with sodium
hydroxide and iodine or sodium carbonate and
iodine.

. (a) Witt etiy' alcohol. The reactions ta.king
place are :

2NaOH + NaOI
Sod. hypoiodire

+ NaI + H2O

(i) Ofllation: CH,CII2OH + NaOI
E0lyl alcohol

---, CH3CHO + NaI + HzO
Acrtstdchrdc

(ii) Iodinuion: CHTCHO + 3 NaOl
A.ctsldctydc

cl3cHo + 3 NaOH
Triiodoacct ldchyde

(iii) Hydrolysis : NaO, II+_CI3, -CHO

-+ 
CHI3 + HCOoNA

Iodoform Sod. lonnate

The complete reaction may be written as :

CHsCH2OH + 4I2 + 6NaOH--*
Ethy' al.ohol

CHI3 + HCOONa +5NaI + 5HrO
Iodofom Sod. formate

If NqCO, is used in place of NaOH, the
reaction is :

CH3CH2OH + 4I, + 3NarCO, 

-+CHI, + 5Nal + HCOONa +3CO2+ 2HxO

CH.
I

CH.-C=O +H - CCl3
Acetonc Chloroform

KOH

Phenol

OK

-\..r"t,(,J 2KOH

-2KCt

-/oH
CH\on

OK
Un6iablc

OH
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(r) With acetone. The reactions taking place

2NaOH+l- + NaOI +NaI
' Sod. hpoiodite

+ HzO

(i) Iod rution: CHTCOCH, * 3NaOI
Ac€tonc

CH3COCI3 + 3 NaOH
a,d,a-Triiodoacetone

(ii) Hydrotysk: CHrCo I 
eir- i- it, oNo

CHI3 + CH3COONa
Iodoform Sod acctate

The complete reaction may be written as :

CH3COCH3 + 3I, + 4NaOH """""-r

CHI, + 3NaI + CHTCOONa + 3HrO
lodoform Sod acetatc

Physical properties. It is a pale yellow solid,
m.p.392 K, having a characteristic odour. It is

insoluble in water but dissolves readily in cthyl
alcohol and ether.

Chemlcal properties' Its chemical properties
are similar to that of chloroform'

Uses 1. Iodoform is used as an antiseptic for
dressing
skin,l.e.,
explains
pleasant
[ormulations contaiaing iodine.

2. It is used iE the ma[ufacture of certain
pharmaceuticals.

17.123.1. Iodoform Tbst

When ethanol, ethanal, propan-2-ol, pro-
panone etc. or any compound cortaining the

o
ll

R-C-CH3 +
(Iodination)

3NaOI

o
il

R-C-CI3 + 3NaOH

I

CHr-C=O
I

or CHr-CH-OH

o
lt

R-C-CI3
Hldrolrsis

+ NaOH
(C - C cleavogc)

o
II

cHI, + R-C-ONa
Iodofomr

If I, is replaced by Br, or Cl, in the above

reaction, it is called haloform test.

Uses. 1. Iodoform test is uscC in qualitative

analysis for the detection of CH3CO - or

CH3CHOH - grouping in any organic compound.

2. This test can be used to distinguish between

some of the following pairs of compounds :

(i) Ethyl alcohol and methyl alcohol.

(l'i) n -Propyl alcohol and isopropyl alcohol.

(iii) sec-Butyl alcohol and n-butyl alcohol (or
isobutyl alcohol or ,er-butyl alcohol).

(iv) Acetaldehyde and propionaldehyde (or
any other aldehyde).

(v) Pentan-2-one and pentan-3-one etc.

11.12.4. Tbtrachloromethane, Carbon
Thtrachloride, CCl.

Preparation. Carbon tetrachloride is

prepared industrially by the following methods :

(i) Flom methane.By chloinotion ofnretltane
(natural gas) in presence ol psttly rcduced cuPic
chloide as catalyst.

CuC12

CH1 + 4Cl2 + CCl4 + 4HCl
Methanc Carbon

tetmchloridc

(ii) From carbon disulphide. By cltloination
o/ carbon disulphide in presence of ferric chloide
or aluminium chloide as catalYsl-

Alct3
CS2 + 3Cl2 

-+ 
CCl4 + S2Clz

Carbon Cafton SulPhur

disulphide tetrachloride nlonochloride

grouping (linked either to carbon or hydrogcn) is

[eatia wiit iodine and an aqueorxi solution of
sodium carbonate or sodium hydroxidc, yellow ppt.

of iodoform are produced. This reaction which
involves oxidatior\ iodination atrd cleavage of
C-C bond is called iodoform tesL

oHo
1 lo,iaodonl l] ---R-CH-CH3+NaOI ; R-C-CH3

Methylcarbinol Mcthy' kctonc

+ NaI + HzO
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Sulphur monochloride thus formed is
separated byfractional disti.llation and then heated
with fresh carbon disulphide to feld more carbon
tetracbloride.

2SrC! + CS, -"""- CCl4 + 65

Physical properti€s.It is a colourless, volatile,
non- inflammable liquid, D.p. 350 K. It has sickly
smell. It is insoluble in water but dissolves readily
in organic solvents such as alcohol, ether etc.

Chemical properties. Some i-Eportant
properties of carbon tettacirloride are giveu
below :

1. Stabillty. CClo is stable to red heat (about

773 K). Its vapours are highly non-inllamrnable i.e.
do not catch fre. It is because of this property that
CClo is used as a fire extinguisher under the name

Pyene . At thtshig! temperature, it is hydrolysed by
water vapours to some extent to form highly
poisonous gas, 1.e., phosgene.

CCl4 + II2O 
--+ 

COCI2 + 2HCl
(steom) Phosgcne

2. Reduction. On reduction with moist iron
filings, carbon tetrachloride gives chloroform.

Fe/HzO
CCl4 + 2 [Hl -"-""' 

CHCI3 + HCI
Carbon Chloroforfi

tetrachloride

Tterefore, after using CCln to extinguish fire,
the room should be well ventilated.

3. Ilydrolysis. On boiling with alcoholic KOH
solution, it undergoes hydrolysis to produce potas-
sium carbonate.

A
CCln + 4KOH .._

-4KCl

co2 + 2KoH 
-*

Ic(oH).1
Unstablc

------1 co2+ 2H20

K2CO3 + H2O

4. Reaction with antimony trillouride. It
uoride in presence of an-
as catalyst to form
or Freon.

$os
3CCl4 + 2SbF3 --.-----' 3CCIF2 + 2SbCl3

Frron
Freon is.widely used as a refregerant (cooliag

agent) in refrigerators and air conditioners.
5. Ri€m€r.Tlemann neaction. Carbon

tetrachloride reacts with phenol and alcoholic

+ ccll

COOK Di'HO,

-2KCt

KOH at 34O K to form salicylic acid as the major
product.

OK
Io

Phenol

OK
I -oH

@"'al

&."'i #:
OH

-1.- -.oo,e/
Sahrylic acid

A small amount ofp-hydrorybenzoic acid is
also obtained in this reaction.

Uscs. Carbon tetrachloride is used :

1. As an industrial solvent for oils, fats, resins,
lacquers etc., and also in dry cleaning.

2. As a fire extinguisher under the aame
'PWne'.

3. For the industrial preparation of
chloroform.

4. As a medicine for hook-woros.
17.125. p-Dichlorobenzene

Prtparation. It is prepared by chlorination of
benzeue followed by filtratiotr.

CI
I

@*r.r,3 @t'
o - D ichlo rcb enzene (li qu i [)

@n"q)

+ cr-fl)\-cr\:2./
?-Dichlombenzene (Sofi.d)

Q"oio4
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HCIProp€ les,It is a white,volatile solid, m.p.323
I( which readily sublimes.

Uses. It is used as a general insecticide, ger-
rnicide, soil fumigaat, deodorant and moth-repel-
lent.

17,12.6. freons
Detlnition and classlncatlo[. Chlorofluoro

compounds ofmethane and ethatre in which all the
H-atoms are repraced byhalogen atoms are collec-
tively called freons. These are further classified on
the basis of oumber of fluorine atoms present itr
them. For oxample,

CFn (Freon-14), CFrCI (Freon-l3),

CFrCl, (Freon-l2), CFCI, (Freon-ll)

PrcparatioE. Out of all these freons, Freon-
12 is the most widely used refrigerant. It is manufac-
tured from carbon tetrachloride by Swarts
reaction.

s-bcl5

3CCl4 + zSbF! .........* CClzFz + 2SbCl3
Freon-12

It may also be prepared by passing HF
through CCla in presence of antimony trichloride

&s catalyst.
sbct!

ccla + 2tIF- CCI2F2 + 2HCl

Uses. Freon is an odourless, oon'corrosive,
non-toxic gas which is stable even at high tempera-
tures and presswes. Ithaslowbp., low specific heat
and can be easily liquefied by applying pressure at
room temperattue. It is, therefore, rzde ly used as a
,zlrigerunt (cooling agent) in religemton and air
conditioners. It is also used as a propellant in
derosols and loarns (i.e., hab sProys, deodoranls,

shaving creoms, cleansen, insecticides ac).

Recently, it has been shown that freon is
yer in the
freons as
has been

drastically curtailed or banned in Eany western

countries.

17,L21, B,enzel,e Eexachlorlde (BHC),

c6lr6c15.

The trade name of benzene hexachloride is

Gammemne or Lindane or 666. Its IUPAC name

is 1, 2, 3, 4, 5, 6- hexachlorocyclohexane.

Preparation. It is prepared commercially by

the chlorination of benzene in presence o[
ultraviolet light.

+ 3 Cl2

BHC

It occurs in a number of stereoisomeric forms
but the 7-isomer is the most effective.

Uses. It is exten"sively used as a pesticide in
agriculture for exterminating (killing) termite
(white ants) from soil.

17.12.t. DDT [2, 2-Bis(4-chlorophenyl)-1, 1'
1-trichloro€thanel

General. DDT stan(Ls for p,P'-
dichlorodiphenyltrichloroethane. In fact, this name
is a misnomer. Its actual name is 2, 2-bis (zl-

chlorophenyl)-1, 1, 1-trichloroethane.

Preparation. It is prepared by heating
chlorobenzene with chloral (trichloroacetal-
dehyde) in presence of couc. HrSOo

-:1. . -ct{r )\-, H 
'\\l.z; + o:=cH-cctl

/,-\ \ ChtoralCI<ilF: H :
L>Z-l L -

ChlorcbenzEne

-CH-CCI, + H"O

ctlt-\/'
\\--,./

DDT

Uses, DDT is a cheap but powerful insec'
ticide. It is widely used for sugarcane and fodder
crops and to kill mosquitoes and other insects. It is

Anopheles
ugh its use,
from India

and large part of the world.

Thaglc side elfects' DDT is leot biodegradable.
Its residues accumulate in environment which are

toxic to mammals and human beings. Therefore, its
use has been abandoned in many western countries.
However, in India, in spite of these tragic side
effects, DDT is still being widely used due to the
non-availability of any other cheaper insecticide.

H
ct
H

ct

'HLisht ClO
Bcnzenc

Crnc. H2SOa

A
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17.12.9. Perlluorocarbons (PFC's)

Their general formula is C, Fr*r.
Preparation. These are obtained by control-

led lluorioation of alkanes diluted with N, gas in the

vapour phase in the presence of a catalyst.
vapour phasc, Nr,573 K

gHr6 + 16F2 c?Fr6 + L6HF
Hcptanc coF2 (catalFD Pcrlluorchcptane

Properties. (i) Perfluorocarbons are colour-
less, odourless, no!-toxic, non;fiammable, noo-
corrosive, non-polar, e:ft remely :table, unreactive
gases, liquids or solids.

(ii) They are stable to U / Iight and other
ionising radiatiors and, therefore, do not deplete
the ozone layer.

Uses. (i) They are good elecrrical insulators.
They are also usod as lubricanls, surface coatings,
dielectrics, heat transfer media in high voltage
electrical equipment etc.

('i) In electronic industry, they are used for
vapour phase soldering gross leak detection of
sealed microchips etc.

@i) They find several applications in health
care and medicine. For example, ia skin-care cos-
metiqs, wound healing, liquid ventilation, retirra

reattachmenl, carbon monoxide poisoaing and
medical diaguosis.

17.12.10. Wesron or l,llr2.lbtrachlorocthane
Prcparatlon, Westron or acetylene tetrachlo-

ride is prepared by passing acetylene and chlorine
orcr iron filings.

HC=CH+Cl2

CICH = CHCI
Acetylene dichloride

Fc

Cty'Fe
----------* cl2Hc - cHCl2

Acetylene tetruchloride

Uses. It is a colourless, non-inflammable
heavy liquid with b.p. 419 K It is widely used as a
solvent for oils, fats, paints varnishes, rubber etc.

17.12.11. Westrosol or 1,1/-Tllchloroethcnc
Prrparatlon. Westrosol or trichloroethylene

is prepared by passing Westron over heated
BaCt as catalyst.

BsCt, , A
CI2CH - CHCI2 """"-"- CICH = CClz + HCI

WasEon Wcstrosol

Uses. Westrosol is a colourless, non-inflam-
mable hcavy liquid with b.p. 363. It is a better
solve than Westron. It is used in dry clcaning and
also as a sohent for rubber.

C 'dueet,ions
{iriiqil*tti{]kcr.niidx:}itarj4ltr.r.:i!:.11u: t::

Q. l.AnzogceochotthelollordrgsetrofcoDpour.laltrorderoiiLcreesittgboiliugpoiDkr
(a) Bromoethane, bro[ofonq chloroEethane, dibromomethsDe.
(6) Propane, 1-chloropropan., lsopropyl chloride, l. chlorobutane. (N,C.E.R.T)

Atts. (4) Since boilhg Poittis iDcrease with iocrEasio8 molecular mass due to greater magnitude of !€n der als,
forc€s of attractioo, the boiliDg poirts of thes€ compounds iocrease in the order :
Chlorometbanc, brcmometbane, dibromometbane, brorDoform.
(6) Tbe boiling Points increase with increasing molecular mass but decrease with branching. Isopropyl
chloride being branched has lo*rr boiling point than 1-chloropropane. The actual order oi lncreasing
boiling poinis is : Propane, isopropyl c.bloride, l -chloropropane, 'l-chtorobutane

Q, : ArrsDge ahe followlog in odcr of inrrwdgg boiling !'olnts
(r) ,-smyl chloridg [eosmyl chloride, rerl.oDyl chloridg isosDyl chloride.
(i0 r-hexyl chlorlde, rr-pentyl chloridg ,srr.butyl chloride, r.pmpyt chloride, sec_butyl chlorlde.

Arrs' (i) Amo[gst isomeric alkyl halides, boiling Points decreasc as tbe branching i[creases. Sinca branching increases
in the order:n-anryl chlorido, isoarnyl chloride, ,err-amyl chlorider neoimyl ctrloride, ttrerefore, itre uoifing
poinrs decrease in the sameotder : n-om),1chtoride > isoonylchloriae > rcn-'amylchwde , *"oiyt 

"uoiii.(ir) As tho length ofthe carbon chain increases, the
boiliog point decreases as the bra[cbing incre3ses.
b.p.
wirh
and
chloride with no branchiDg. Thus, the overall order is :

n-huyl chloridz > n.penlyl cltoride > sec-butyl chloide > en-butyl chloride > n-propyl chloide.
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Q. r. Haloarenes are insoluble in water but are soluble in benzene. (D.S.B. tgeE)

Ans. Haloarenes are insoluble in water because neither carr they form H-bonds with water nor can they break the

H-bonds already existing in water. However, in accordance with the general principle of solubility, Le., likc
dissolves lilce, haloarcnes due to the presence of a large hydrocarbon part (benzene ring) are soluble in

hydrocarbon solvents such as benzene, petroleum ether etc.

e .1. p-Dichlorobenzene has higher melting point and lower solubility than those of o- and m-isomers

Ans. Thep-isomer being more symmetrical fits closely in the crystal lattice and thus has stronger inter molecular

forces of attraction than o- and m-isomers. Since during melting or dissolution, the crystal lattice breaks,

therefore, a larger amount of energy is needed to nrelt or dissolve thep-isomer than the corresponding o-and

m- isonrers. In other words, the melting point of the p-isomer is higher and in sohrbility lower than the

conesponding o- and rn- isomers.

{J, s, Draw the structures of the major monohalo product in each of the following reactions :

,o, 
or*gcH2cH3 

Bry'F: 
,0, 

orr.gcH2cH3 ffi
Peroxlde

(c) CHTCH2C=CH + HCt (1 equiv) 
- 

(d) CH3CH2C=CHz + HBr 
- 

|
I
cHs

@)U''*rrr- aQ*r,,
or IJV llSht

cH2oH hcar
+HCl+O, U"" *.o",, - (r) 

,og
(d) cH3cHrBr + NrI """too". (y) cHrcH2Br + Hgrr'2 .* W.C.E.R.T)

relftx
Ans. (a)Inpresenceofhatogencarrierandabsenceoflight,electrophilicsubstitutionoccursatpositiononlro(since

ibep-position is already occupied) to the electron-donating CH2CH3 group.

CH2CH3 ky'Fe. CH2CH3

N ,/+BrozN ozN

(b) In presence of light, side chain (free radical)- halogenation occurs at the benrylic hydrogen.

Br

ozN

Mark.
(c)CHTCHTC=CH + f Cl 

- 

CH3CH2-C=CH,

CI

rd) cH,cH,-C=CHr + HBr 
Peroxide , cH3cH2-cH-cHrBr

| - Anti-Mark. I

CH, Add. cHr

,rrUt'' + Hr 
Mark', 

-(:"'Adtlition V
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Br

o O .,, ##r b rrrl];-o'*socr2- [.Ycr+so,+ucr
(r) Due to resonance, C-O bond iD pheDolsismuch strooSer than C-O bond ill alcohols and hence substitution
occurs only at the alcoholic group.

lO("'"' * ",oHO

acctorc. rcflux
(i) CH3CH2BT + NaI 

- 

CH3CH2I + NaBr
(Finkebt.in rc@tion)

HaloEcn cxchansc
(r) 2CH3CH2B[ + Hg2Fz -----:-----:- 2CH3CH2F + Hg2Cl2

(Sw@ti rcoction)

Give the struchrEs of the main orgsric suh6titution plodud exp€cted ftom the reoctlon of l-bromobutaDe with

cH2oH hcar
+ HCI 

-HO

(4) (cH3)3N (r) (CIIJ)2S (c) CHTCOOAs (d) LiAlH. (e) C5H5ONa. (N.C.E.R.T)

l-Brcmobutanc But'itrimcthylarfl rnoniuI,l bromide

,or,.rr,rr,4Ifurr4, --- 11cur;r$-cH2cH2cH2cH3rBr-
ButyldimcthyLulphoniurn brcEidc

(c) CH3COOAS + CH3CH2CIICH2-Br 
- 

CHTCOOCHzCHTCH2CH3 + AgBr
Butyl cthanootc

(d) UAIH. + 4CH3CH2CH2CH2BT 
- 

4 CH3CH2CH2CH3 + LiBr + AlBb
,'1-----\ n Mlliamson s

(e) C2H5O-Na+ + CHsCH2CH2-B[ CH3CH2CH2CH2-O--qH5 +NaBr
sYnthsis Butyt cthyt cthcr

Q. 7 Glve reogents lnor8snlc or orSanlc, Ecedcd to coDvcrt bctrzyl broEldc illto (a) bcnryl lodldc (r) b€lrzyl cthyl
ethcr (c) bcrzyl rlcohol (d) Dazyl cyonldc (") heEryl ocrtatc (/) (trlhoEcthyl)haurtr

G) tri-n-butylbenzylammonium bromide, (N.C.E.R.T\

(a) Nal/acctonc
C6HjCH2l (benzyl iodide)

(,: ./ NaOqH5
C6H5-O-CH2CH3 (benzyl ethyl ether)

(c) NaoH (aq)
C6H5CH2OH (benzyl alcohol)

C6H5CH2-Br

BcDryl

bromida
(d) KCN (alc.)

C6H5CH2CN (b€ozyl cyanide)

(d) CH3COOAg
CH3COOCH2C6H5 (benzyl acctate)

(D AgNoz
C6HjCH2NO2 (pbeDylnitromctbane)

G) (or3clrrcHrcrrrrN 
- ___ ___ ___ ___ t
[(cH3cH2cH2cHr3NcH2c6H5 J Br-

(tri-rl-butylbeDzylammoDium bromide)
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Q. f RCI is hydrolysed to ROII slowly hrrt the reaction ls rapid lfa catal,,tic nmountofKl isodded to therenction
mixturc.

Ans. Iodide ion is a powerful nucleophile and henca reacts rapidly with RCI to form RI.

Kr-_ K++I- ; r1\lLr+ R-I+cr-
Further because I- ion is a better leaving group than Cl- ion, therefore, RI is more rapidty hydrorysed than
RCI to form ROH,

R-l + OII- * R-OU+I-
The I- ion thus re8enerated recyclcs in the above rcaction thereby explaiDing its calalytic effect.

Q (.r. The treatrneDt of slkyl chloride with flqueous KOH leads to the formation of nlcohols but ln pr€sence of
alcoholic KOII, alkenes are the major products, Itxplain t"hy ? (H.S.B. 1990 S ; fl.PS.B. 1991)

tus. In aqueous solution, KOH is almost completely ionized to give OH- ions which being a strong nucleophile

briugs about a substitution reactioD oD allVI halides to fornr alcohols. Furlhcr iD the aqueous solution, OI-l-
ions are highly solvated (hydrated). This solvation reducrs the basic character of OH - ions which, therefore,
tail to abstracl a hydrogeD from the p-carhon of the alkyl chloride io form an alkene.

In contrast, an alcoholic solution of KOH clotains alkoxide (Ro-) ioDs which beiog a much stronger base

than OI I - ions pref erentially eliminates a molccuie of HCI from an alkyl chloride to form alkenes.
(.) ltl Arrange the following halides in order ofincreasing S*2 reactivlty:

CH3C|, CH3RI, Ct!3CH2Cl, (CH3)2CHCl. (NC.E.R.T)

ADs. As the size ofthe alkylgroup inqeascs, SN2 reactivity decrease.s. Further C--Br bcing weakcr is easier to brcak

than C-Cl bond. Therefore, thc ovcrall inqeasing SN2 reactivity follolvs the order :

(cH3)zCHCl < CH3CfI2C| < CH3CI < CH3B[.

(J I j Predict the order ofrenctivity ofthe lnllowing compoflnds in SNI reactiors. (N.c.E.RT)

u'''ctr:i'' cr;:'' ctr:*
Ans The first compound is a 2' alkyl halide while all others are 3' alk)'l hali&G. SincE 3" alkyl halides are more

rcaclivc than 2'alkyl halides in SNI reactions, therefore, first compound is the l€a$ rcactive. F'bnher reactivity

increases in ibe order : chloride < bromide < iodide. Thus, the incaeasing order of reactMty iD SNI reactions

is the same iIl which they are listed above.

Q. 12. Predict the order of rcoctivity of the folloruing compounds in SN I atrd SN2 Eactlons.

(a) The four lsomeric bmmohutanei
(r) c6HscH2Bn (c6Hs)2CH-Br, C6H5CH(CH3)Br, (c6Hr)2C(CH3)Br.

Ans" (a) ID Slll rcactions, the order of reactivity depeDds upon the stability of the intermediate carbocations,

therefore, (cH3)3CBr whicb give.c a 3' c€rbocation, i.c. (cHj3C+ is the mct reaclive.

CH3CH2CH(CDCH3 which gives a 2" carbocction, i e. CH3CH2EHCHJ and heoce is less reactive that

(cH3)3CBr. Out of thc ren]aining two 1'alkvl halidcs, the csrbGation (cH3)2CHCHi is more stable than

lhe carbocatiou cH3cH2cHzcH2+ due to greater +l€ffeci of (cH3hcHcHz-group lnrl
CHTCHTCIJTCHT-group and henct the alkyl halide, (cH3LCHCH2Br is utore reactive thaD

CI13CIlzCIlzCH2Br. Thus ihe L\eratl iDcreasirg rca.tivity of the four isomeric bromobutanes to'rErds SNI

reaction folloq,s the oider :

lN.c.E.RT.\
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cHrcH2cH2cHrBr < (cH3tCHCH2Br < CH3CH2CH(Br)CH3 < (cH3)3CBr

The reactivity io SN2 reactions, ho$rever, follows the reverse order, ie.,

CH3CH2CH2CH2Br > (cH3)2cHcH2Br > CH3CH2CH(Br)CH3 > (cH3)3CBr

since the stcric hindrance around the electrophilic carbon (ie d-carbon) rncreases in thal order

(D) Since the reactMty in SNI reactions increases as the stability of the intermediate carbocation increases,

therefore, (c6H5)2qCHrBr which gives 3'carbocatioD, ie., (c6Hr;QCft l is ttre most reaciive. Of the two

2" bromides, the carbocation intermediate derived from (c6Hj)zCHBr r'.a (C6H5)2CH+ is more stable as

compared to the carbocation C6H58HCH3 obtained ftom C5H5CH(CH3)Br b€cause it is siabilized by two

pbenyl groupo due to resoDance. The fourth alkyl bromide, ie., C6tI5CtI2Br which gives the l" carbocation,

ie., C5H5CH2+ is, hc,veever, thc least reactive. Thus, the @erall reactivity of th6e alkyl bromides to#ards

SNl reaclions follows tbe order :

(c6H5tqcHrBr > (c6H5tCHBr > C5H5CH(CH3)Br > C6H5CH2Br

In q{2 reactions, it is the stcric hindrance which determines the reacrivity. Since a pheDy' group b muci bulkier

than a methy' group, therefore, (C6H5)2C(CH3)Br is the least rcactive follosEd ty (c6Hj)2ClIBr and

C6H5CH(CHr)Br while C6H5CH2B[ is the most reaclive- Ttrus the overall reacdMty of these alkyl bromides

tcffards SNz reactions follows the order :

c6H5cH2Br > qH5CH(CH3)B[ > (c6HstCHBr > (c6H5tqCHrBr

Q. I3. Identig thc possible alkenes Oatwould be formed on dehydrohalogeDation ofthe followiDs orgortc holides
with alcohollc KOH. AIso id€Etily the Dajor alkere.

(a) l-Chloropentane (r) z-Chloropertatre (c) 2-Chloro-2.methylbut{tre (d) 2-Chloro-3-methylbutrre

(e) 3.Chloro-2-methylpcDtane. (N.C.E.LT)

KoH (a'c)
tus. (a) CHjCHTCH2CH2CH2CI -----j+' CH3CH2CH2CH=CH2

l-orloro,pentane A Pent-'l -cnc

(6) CH3-CHCI-CH2CI{2CH3
KoH (a/c.) A

CHrCH=CHCHTCH3 + CH3CH2CH2CH=CH2
(sot'tzcffrule) Pent-2-cnc?naior) Pcnt-l-cnc(mtid)2-Chloropentane

CI
I(c) cH3-c-cH2cH3
I

CH,
2-Chlorc-2-nrethy'butane

KOH (arc.), A CH: \__:_-_- __ i c=cHCH3 +
(saytzefrrute) CHr'

2 - M ethtlb lt - 2 - en e (maj ot )

CH. = C-CH.CH,. 
J,,

2-Methylbut-l-ene (mlror)

+ cH, = cH-cH-cH,-l
cIJ3

3- Methylbut-1-ene

KOH (a,lc ), A(d) cH3{H cH3 -----:----- cH3-cH = c-cHl
Lt $ortz?ff rule) 

Jr,
2- Chloro-3-meth,,tbutane 2_Merhylbut_2_cne

KoH (ar6.), A 
Qnaior) (nlb,-)

G) CH3-C -CH-CH2CH3 *;fr, 
cH3-cH-cH = cHCHr + CH3_C = CH_CH2CH3

CH3 at ' CH: 6H,
3-Methy'pcnt-2-cne

@ntu )
3- Ctloro- 2- meth!heniane 2-Methy'pent-2-enc

(rnajot)
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,.! ! I AEange the following halldes tn the decreasing order of sNr renctivity

CH3CII2CH2C| (l), CH, = CHCHCICHT (II; and CH3CH2CHCICH3 (ll)
Ans. (i) In SN1 reaciions, carbocations are tbe intermediates. Obviously more stable the carbocation, more reactive

is the allvl halide. Sinc€ alkyl balide (U) gives an allylic carbocation which isstabilized by resonanc€, therefore,
auql halide (ll) i\ the most rcactive.

-o- /-\ * +
CH, = C11-6119,-"Hl .................. CHz -: CHI-CHCH3 H CH2--CH - CHCH3

(Ionizotion)

0i) Out of alkyl halides (I) and (III), III gives a more stable 2'carbocation while I gives a le$s stable l'
carbocation, therefore, alkyl halide 0II) is orore reactive thao alkyl halide (I).

Ionization +
CH3CH2-CHCI-CH3 

- 

CH3CH2-CH-CH, + Cl-
m 2' Butyl carbocation (rrrrt,trdrr.)

Ioniz.tion +
CH3CH2CH2CI CH3-CH2-CH2 + Cl-

I l'Propyl carbocation
(l.ss stoble)

Thus from the above discussion, it folloEs that the overall reactivity iD SNI reaction folls\ s tbe sequeDce :

II>III>I.
1"! Ii Explain thc following in one or trdo serteDces.

(i) Allyl chloride is hydrolysed more reedily than ,-propyl chlorlde

(id) Vinyl chloride is hydrolysed more slowly thar ethyl chloride, -
turs. (i) Allyl chloride readily undergoes ionization to produc€ resonaoce stabilized aUyl carbocation. Since carboca-

tioDs are reactive speciqs, thereforc, altyl catio[ readily combines with OH- ions to form allyl alcohol.

Ionizrtion /-\ +
cHz=cH-cH2-cl .+ lcH' 1cH l- gHrl*61-

Allyl chloridc sloc' 
t

oH-1v
cHr=c11-6I{16' .- [CHz-CH=CH2]

A yl atcohol Fast

In contrast, r-propyl chloride does not undergo ionization to produce n-propyl carbocation and hence allyl
chloride is hydrot sed more readily than n-propyl chloride.

(ii) Vinyl chloride may be represented as a resonance hybrid of ihe following two structures :

n/)-+
CH2!CH-kl' ._ :CH2-CH=CI:

As a result ofresonance, the carbon-chloriDe bond acquires some double bond character.ID contrast, in ethyl
cbloride, I he carbon-chlorioe bond is a pure single bond. Thus, vinylchloride undergoes hydrolrsis more slowly
than ethyl chloride.

r.! :(,. Account for the folloting :

Holoalkanes undergo nucleophilic substitutions whereos hsloarenes undergo electrophilic substitutions.

6.1.5.8. 1997)

Ans. Haloalkanes are more polar than haloare[es. consequently the carbon atom carrying the haloSen in

haloalkanes is more electroD- delicient (more positively charged) tban that irt haloarenes. As a result,

haloalkadet undergo nuclaophilic s'L.bsritutions morc reodily lhan haloatenes.

In contrast, haloarenes mntain a benzene ring. Since the typical rcactions of benzcoe ate electophilic
rubstifittions, tltercfore, haloarenes undergo electrophilic substitutions while haloalkaneswhich do not contain

a benzene riDg do oot uDderSo electroPhilic substitutions.

._, Out of the varlous possiblc isomers of gl+Cl contoitrirg a b€rze[e rlng, suggest ihe structure with the

weakest C-Cl bond.

Net4 Coqrse
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Ans. Fou ible, thelr structures a

(i) (,,)
I

o-e

+CH2

O
Ionization

ftrctcHz

d -cl-

CH,tiiit i---r ri"l cHr@ci

@., p-Chlorotoluene
,n -Chlorotoluene

Just as in chlorobenzene, the c-cl bood in o, m- arrd p+hlototoluenes, has some double bond character due
to resonance. In coDtrast, in beDzyl chloride, the c-cl bond is a pure single bond Hence, out of lhe four
isomers, the c-cl bond is the w€akest in bc nryl crrloide. Allcmoivcly, theileavage of c-cl boDd in beDzyl
chloridc gives benzyl cation which is stabilized by resonance.

.s
Resonanc€ structures of beEyl cation

OD the other hand, cleavage of C-Cl bond in o-, m- ot p-chlototoluene gives tolyl cation which is highly
unstable. As a result, the energy ofactivalion for the cleavage of C-CIbond in bcDzylchloride is much sma-ller
than that of C-CI bond ino', n- orp{hlorotoluenes. Crosequently, the C-Cl bond is theweakesr in benzyl
chloride.

l.) li An alkyl halide (A), or rcaction with magresi[m in dry ether followeil by treatment with ethonol gave
2.methylbutane. Write all the ossible structures o[A. 1tt.C.f.n.n1

Ans. The structures ofa[ the p6sible alkylhalides ihat can be obtained by monohalogeoation of2-mettrylbutane are:
CH3-CH-CH2CH2Br, CH3-CH-CH_CH3,t-ttCH: CH, BT

cHr .. -. Br
Br_CH._CH_CH"CH, . .C-

' -1" cH3 / \ cH2cH
CH,

The GrigDard reageDts of all these four alkyl halides will givc 2-methylbutane on treatmcnt with erhanol.
,.. ., Explain the formation of two products in the followiDg reaction.

CH3CH=CHCH2CI + II2O+ CH'CU=CHCH2OH + cH3CH(OH)CH=CH2

Ans. lonization of the Siven alkylic ciloride gives a carbocation which is a resooancc hybrid of structurcs (I and II).
NuclmPhilic attack by tI2O folloi,rd by loss of a proton on cither of these'two carUocatlons'giyes ttt'e
corresponding alcohols (IU and IV)

(NC.E.R.T)
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cHrcH=cHCHr-cl 
Ionization' 

[cH3-cH-cH-EH2 .- cH3-EH-cH-cH2

(i) + II2o
CH3CH=CHCHTOH + cH3-CH(OH)-CH =CHz

_H+ III IV

(-l lr An excess of methylmsgoesium iodide rcacts rf,ith 0 6I ofortsric comPound CrHuO3 to evolve 295 7ml

of methane gas ot S,T,P Catculote the ]lultrber of active hydrogen atoms in the molecule o[ the orBonic

comPornd. (N'C'E R T)

Ans. Mol. ma.ss of qH5O, = 3 x 12 + 6 x I + 3 x 16 - 90 Smol-l
0 6gofthe comPound evolve CH. = 295 7 ml at S.TP.

..90gof the compound willevolve CH4 =ff{ rso =44355mlats.TP

No. of moles of CH4 Oroduced = ffi = 1 9E0 = 2 (aPProx)

Thus 1 mole of the compound produces 2 moles of CH4, thercfore, there are two active hydrogcn atonls

prqscnl in one n]olecule of the orgaoic mmpouDd
(.', tt.lvhotmflssofprop€nelsohtsiDedfrom34.0toff-iodopropeDeolrhc{thgwithethsnolicKOH,ifth.leld

is 36tra. (N'C'E'R T)
A

Ans. CHTCH2CH2I + KoH (orc.) 
- 

CH3CH=CH, + KI + H2ol
42817o I

Thcoretical amount of ProPene formed from 348ot CH3CH2CH] - lh x 34 = E 4 t

Acrualyicld of prop€Dg = 
qgl! 

= 3 624 r;

'l I I write steps to brlnS ahout the following tronsformotiols ln not more thon two steps i

(a) Acetylene to pent-2-yne (r) ,rt -BuBl bromide to isobutyl broDide (c) Butan'l-o, ,o O"-',ilLr.^.a,

Ans. For ans ers rcfer to APPendix 3.

Q 13. Howwlllyou offect the follortln8 two stlP conversiona ?

(a) chlorobenzene toP-nitroPhehol (6) lrnzene to (N.C.E.R.T.'

Ans For answers refer to APPndix 3.

Q.2J. ln each ofthc lollorlng reactlonq a n ritr8 is formed. us€ curftd arrow Dotatlons to erplaln the lormstion

of new rlng.
(a)1'+DlbromobutoDc(0'lEolG)lEtr..t!dgithsodlumculPhldc(0.lmole)icoquco[sGthsnol.
(r) f-Chtoro-2-(2-hydrcxyphenyl)ethare is treoted wlth squeous sodium hydmxlde' (N.C.E.R.T)

An& (4) since l, 4dibromobutane (0 1 mole) and N%s (0.1 mole) 8re used in equimolar amounts, therefore,

sulphide ioD (s2- ) displac€s only one Br atom to form ion (I) which thon u ndergocs intramolecular nucleophilic

attack on thc C - Br bond forming cydic comPouDd (II)

cHz-cH2 _NaBr
I I +Na-S .-...........

Br-tH, CHr-s,
1,4-Dibrcmobutanc

9H, - QHztt
-NeHr cn" cs.

\//
s

II (N.C.E.R.T.\

intramolecular(D) The dven pheDol dissoh'es iD NaOH to form phenoxide ( I) whicil then under8oes

nricteoptriic attict on lhe c - cl bond formiDg cyclic cotrrPound (fy)
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.A.LoH NaoH
l9FcH2-cH,cr

12
l-Chloro-2-

@luo--"*
IV

[2 - hydrorphcnyl lc thare
How will you brlDg obout the folloying conyersions itr trot Dot thsD t o st ps ?
(a) Ethatrol to but-l-yne (r) Ethere to broDoethene (c) propelle to l-EitropropsDe
(d) TolueD. ao benzyl slcohol (e) prcp€rc to propyne (/) EthoDol to Gthyl nuorldc
G) Bromomethsne to pFopanone (rr) But-l.ene to but-2-€tre (, l-Chlorobutstrc to r.o.tatrc
(r) Bromoethane to crs-hex.3.€Ie (t) Benzyl olcohol to phctrylethsreEitrile
(I) Benzene to dlphenyl (ri) Cyclopentetre to cyclopcnta-I, ldicne (r) Atrilire to phenyl isocyantde

(N.C.E.R.T)
Ans. For aNwers refer to Appendix 3.

Q. l. cive the co[mon ond the IUPAC nnme for CGH5CH2CH2CI.

Ans. Contnlon : p-chloroethylbenzene ; IUPAC: l-chloro-2_ phenylethaDe.
Q.2. Give the IUPAC ard the triyial usEte ofCdH6Cl6. :) ., :,.
Als. Tiivial oame : benzene hexachloridc; IUpAC: l, 2,3, 4,5,6- herachloiocaclohexane.
Q, 3. What t,?e ofisoheiism is shown by !,2dichtomethene ?
Ans. cir-rfanf or geometrical isomerism.

Q' 4' out ol chlorobenzene nnd chlorcmethare which is more reoctiye toworals nucleophilic substitutioh
reoctions:

AIls. Cbloromethane sioce ii is aD alkyl halide.

Q. 5. Whlch is n better nucleophile, a bmmide ion or an iodide lon ?
Ans. Iodide ion because of its bigger size and lourr electronegativity.
Q. 6. write the structure ofthe rnai, product ohtaired by the ection ofconc. H2s04 on 2-methylbrtqn-l-or.
Alrs' 2-Methylb!12-€ne ; the initially formed 1o carbocation rearranges to the more stable 3. carbocation by a 1, 2-

hydride shift which then eliminates a proton to give 2-methyrbui 2-eneas the main prodr"t in ,..orJu,i"",riG
the SoytzelT rule.

cHrcnr-[X'- cHroH ""o: .rr.rr- [X'-tn, I, 2-h]drid,e

2-Methrlbutan-l -ol

. cH._H+
CH,cH =C-CH.

(SayEd climina,ion) r_Ui ngor_Z_.n'.

Q. 7, A hyilmcrfton Cr,ro doec not rcact ,lti chlorl.c ln dsrt hf Sft3 a slngle monochl,oro co,poond
CaEeCl ln bright sunHght ldcud! ttc hydroorbon.

Ars- Tbe compouod c5Hr0 contains ooe site of unsaturation bur behaves rike a sa!urs,* ."r**. lil;laf*
a singe monochloro derivative, therefore, it must be slmmetrical, i.. gdopeotaDe.

Q. t, A hydro.a$on CsHr2 giyla o[[, onc ltroDochtorltredotr product Id6 Iy 6c hydE rrtor. ,,. C 7:)Ans. CjHl2 gii€s o'ty one monochloroderi\ative, ie., all the hldrogens are eguiyalent. ft must Ue nmfn

l" CarbocatloD
(le's stobk)

9H:
cHrcur- E-.u,

3' Carbocation
(morc stoblc)

OT Na+r--r /i ......_
CHr-CHr-!61 - 11"61

III
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Q.g.whlchcompoundlnGachofthefollowingpairswillrcactfasterlnSNereactlonvithOH-?
(a) CHrBr or CHI (6) (cH3)3ccl or cHscl (c) cH2=cHBr or cH2=cHcH2Br'

An& (a) CH3l beeuse iodides are more reactivp than bromidcs

CuCl/HCl or CuBr/HBr
C6H,X (X=Cl , Br or I)c6H5N2Cl

or KI + Cu posdcr

(N.C,D.R.T)

(D) CH3CI because 1" alkyl halides arc more reactive than 3o allryl halides iI SN2 reactions

(c) CH2=cHcH2Br b€cause allyl bromides are more reactive than vinyl bromides'

Q.l0.Whothappenswhenchlorineispassedthroughboilingtolueneintheprcsencecfslnlight?/l/'r',,\'-
Ars. Free radical substitutioo occurs at the methyl grouP 8ivin8 first benryl{hloride, then benzal dichloridc aDd

finally benzotrichloride.

Q'll.writethestructrlresofihePosslbleisomersofdichloroethene.whichofthemwtllhsvczerodlpole
Eoment ? tll:tt\':

H-..-^ ^-.-H H--_.--tt H\"-"-cl
lns. (it C'.-C=C-_ Ct 

(x) 
Ct-"="-H H /'=--q

ciF1,2-Dichlomcthenc lr@ts-l'2-Dichloroethcnc 1'l_Dichlorocthcne
(l.>0) (,,=0) (r>0)

Q, 12, Describe a rnethod for the PreParation ofhsloarenes from diazonium sElts' I' \ ? I i'l I

Ars. By treatmcnt with cucl / HClor CuBr / HBt (Son.lmeyerfeoction) ot lfeatmelnt of diazonium salts with KI

in presenc€ ofcoPPer Powder.

Flu orobenzene is, howeve t , Veparcd 6y Balz-Schiemann reaction as follo^ns :

HBFT A
c6HiN2cl ;; "unr*, 

,oo * CcH5F * N, + BF3

Q. 13. Glve one example (wlth equation) ofllUrtz'FittiE reaction' tll'\lt i'')t"\)
Dlv Gther, A

Ans. C6H5CI+2Na+C|CH3 

- 

C6H,CH3+2 NaCl

Q. 14. whst elfect should the followiug resonance of vinJ'l chlorlde hoYe on its dlPole moment ?

n+
chr\cutci, H clt2-cH=cl

Q.1.7:1987)

Ans This resonaDcr effect decreas€s the dipole momeDt ofvinyl chtoride relative to ethylchloride'

Q. 15. Nam€ the Product formed when berzetrc is treeted tf,lth exc€ss of chlorine ttr pEsence of sunlight'

An$ ln presenc€ ofsunlight addition ocours to give benzene hepchloride'

Q, 16 \{hlch compound8 glve iodofortrt tt6t ?

Ans. Compounds containiog cH3cHoH- or CHrCo- group linked to either carbon or hydro8eD'

Q. 17, Give one cheDlc4l test to distiDguish between C2HsBr and CaH5Br' (A.I.S.B. 1991 S)

fus.HydrolysisofqHsBrwithrefluxinsaqucousKoHfollgwedbyacidificationwithdil.HNosaDdsubsequent
'treatmentwithA8NO3grvesliShtycllos'PPt.ofAgBrwhereasC6HiBrdoesDotgiYethistest'

Q. ls. whlch aU(yl hsllde hos the hl8h.6t deD6ity gDd trhy ?

ADs CH3I ; because of its smallest carboD content and hesviest halogen ie' I'

Q. 19. Explaln vhy thlonyl chloride method is Prtferrcd for prcPsrlng ollql chlorides froo alcohols ?

Ans.BecausothebyProductsofthereaction,ie,sO2andHClbeinssasesescapeintotbeatmGsPherclcaving
behind alkyl chlorides in almost Purc state.

Q. 20. Drow tha structurc aDit glv. tic chcmlcal Dame ofDDT'

AneForstructurc,refertothctext.Itschemicalnameis2,,bis(4-chloroPhenyl)-1,1'l-trichloroethane'

Q. 21. Iodofor[ 8lv!s preclpltstc wlth silver nltrat' or heathg but chloroform does not. Explah'
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Ao* c-I bond is much $'eaker (bond enersr zI4 u mor-t; than c-ci botrd (bond c,,erry 35r rd mor-l).
Theretorc, when cHl3 is heated, G-I bond breaks easily ao givc I- ioos whid react with AgNO3 solution ro
gveyello* PPt ofAgl. oo theother hand whco CHCI3 is he8ted C-ClboDd do€s llot breaktoiveCl- ions
and hence ppi. ofAgcl is not formed.

Q' 22. u[der what cotrdttloDs, 2-mcthyrpmFne con be couvertcd iEto tsobutyr bro'rde by hydrogco bromrde ?

Ans. In prqsence of p"rffides anti-Markovnito/s addirioo of HBr to 2-mcthyrpropene gi"* ir"b"q4 l'#j::''
Q. 23. Wrrt4 the structural formule of4<hloro-2.pentele. U.I..t: Igslt)
Ans CH,CH - CHCHC|CHs.

Q. 24. Arrange the follol^ting in ordcr ofincrcasing eslc towrrG trucleophiuc substltution.
4-nitrochlorobenzene, cilorobeozerc, a 4, 6 tri,itrochlombeDzene, 2,4diniEocilombeozene.

ADs" chlorobenzcne < zl- Nitrochrorobenzene < 2, 4- Dinitrtrhl orcb,'Izene < z, 4, 6- -Itioitrchrorobenzene.

Q. 25. Arrslge the follotdDg ir order of llcttrsirg boilitrg poiEt ,
(, CErcH2CHrcE2Br (n) (c[r3cBr (iii) (cHr2CHcE Br.

Aff The b.p. increas€s as the branching decreasc.s, r:,e., (cH!)3CBr<(cHrtCHCH2Br < CH3CH2CH2CH2BT.
Q' 26' Arrange t.he lollowlDg lE itrcl€ash8 order of Eactivlty torrf,rds sulphoosdotr rlth fuDlry culpturlc acld !

berzene, tolueDg Dcthoxybenz.elq chlorobenzene. 
(1,1. t: t gss )Ans. Reactivity increas€s as the electron density h the beMenc ring increrasB, ia, calorob"ozcne < Beozene i'Ibluene < Methoxyb€nzcnc.

Q. 27. Hotx tdll you oba{ln l-brcmopropuc ltou pmpcne ?

Ars. with HBr in prcsence of per ides (cHrcH - cI{2 HBr, pcrdrrcr 
cH3cH2c}I2BO

Q' 2& Anao8r thc folrowing rn order of thcrr rrc.ashs nactivrty rn nucrcophfltc sirbcdhtion reactloos l
CH3F, CHrl , CE3Br , CH3CI.

Ans. Reactivity increases as the carboD-halogen bond dissociation eners/ decreases, ie-,
CH3F < CH3CI < CH3Br < CH3L

Q. 29, Wtite a chemicsl reaction to illustrote Saltzelps rule.

Ans. CH3CHBTCH2CH, 1I#

Q. 30. Name abe alkyl halide which c.al be rrsed to prepar€ methare atrd ethstrc itr Elrgle saeFe

Ars. Methyt iodide (cH3t). cH3t + Ht I9l1 c11o a 1,

2 cH3I +2Na ,,,oo"n"l , cH3-cH3+2NaI
Wurtz rcaction

Q. 31. How is DDT prepared ?

Ans' DDT is prepared by coDdensarion or cbbrobenzene with chrorar, ie., trichloroac€tardehyd" ,J;:;',ilr:iconc. HzSOa. For equalion, refer lo the lexl.

Q. 32. What happens wber chlorobenzene is treated with sodamlde in llquid amttronia ?

Ans. Aniline is formed vi,z intermediate formarion of beDzyne. For equation, refer to thJ 

trYr::";:;:;;r-i;l

(I.t.T 1992)

GlPsB 1994)

CHrCH=CHCH3 + CH3CH2CH= CH2
Wo 2Vo
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n1\'ve" Que',ti-iltl:; CARRYING 2 or s MARKS

\rL ," I t. Name the followiDg halides accordiDg to IUPAC system and classiry them as alkyl, allylic, bcnrylic
r,I I (prrDary, secondary, tertiary), vinylic or aryl halides.

(a) (cH3tcHCH(Cl)CH3

(c) CH3CH2C(CH3!CH2I

(b) cH3cH2CH(CH:)CH(QHs)Cl

(d) (cH3)3ccH2cH(Br)C6H5

(e)cHrCH(CH3)cH(B0cH3 0)cH3c(cl)(qH5)cH2cH3

k)cH3qqH5hcH2Br (r) cH3cH= qCI)CH2CH(CH3L

(0cH3cH=CHqBr)(cHr)2 op-ctc6H1ClI2CH(CH3h

(r()rn-clcH2c6H.cH2c(cHdr (0 o-Br-C6H1CH(CH3)CH2CH3.

(6) 3-Chloro{-methylhcEne, 2" alkyl halide

) l-Bromo-2, 2dimetlryl-1-Pherylbutane'
ne, 2' alkYl halide

(n 3-Chlorc.3- m€ttrvl wntsne, ? atkJl tlolide G) l'Bromo'2'ethyl'2'methylPentanc,
" f ollql halidc 1ii 

j lc'ttoros'mert'Jlhtl/.'2.ne,eirvlic halide

= (f) 4-Bromo-4-me thylrf"at'24rte, ahy6c hali de

(r) 1{,1-chloroPheryl)'2'r;,f; h|]i,rrioDg,ne, atyl halide

(,() 1-chloroEethyl-3-(2" 2dimethylproPyl) &nzene, l" benz ic halidc

(r) 1-Bromo-2.(l-mcrMPtoptl)bewqne,syl haltuLl

Give the IUPAC nam€s of tbe follo$'ing comPouads :

(N.C.E.R.T)

(a) cH3cH(Cl)cH(Br)CH3 (b) CHFTCBTCIF (c) CICHTC = CCH2BT

(d) (ccl3)3ccl (e) cH3c(p-crc6Ha)2CH(B0CIr3 f) (cH3)rccH=c(cl)c6Hal-P

G) CH3CHC(CH2)2CCLqH5 (N.C.E.RT)

tADs. Bromo-4-

chloro 2-Bis (+
chlom bePtanel

Wrile the structures ofthe following ortanic halogen comPounds:

(4) 2-Chloro-3-methylP€otaDe (,)P-Bromochlorobonzene

(c)1-Chloro-4-cthylcyclohexane (d)2-(2'Chlorophenyl)-1-iodooctane

(e) Perfluorob€nzeDe (f) 4-lel-Butyl-3'iodoheptaoe

1gi 1-Bromo4+ec-butyl-2-methylbenzene ('r) 1,4-Dibromobur2'cne' N'C'E'R'[\

lA$.(a)cHr-cH-cH-{H3 {r1 n,-@)-cr (c) (Y't- | Hsc(\/clCH3a,

F

cHr

(r)cH3-cH2-cHiH;,.",.r: k)Grr-ln-.r,Q-J'J,

(rr) BTCH,CH=CHCH2Br]
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4. Give the IUPAC namcs of the following :

(0 CH3CHC|CH,CH, (H.S.D. t9s9) 0i) (cH3)3ccl 
@.IS.R. resz, 90 S ; D.S.D. 1992)

0i0 C|CH2CH2CI (D.S.B. IqSE) (jy) BTCH2CH2BT (D.S.B. rssE S)(y) CH3-CH-CH'CH'CI U.I.S.B. tgSS S) (vi) CH3 _ CH _ CH2C| (D.S.B. t99j)
crr3 4u,

(vrr) CHz = CH - CH-C=CH 1 6.1.5.8. t993)tt
qH5 cl

(vru) CH, -C[IBr-CH2-CH2B[ (n) B[CH2_CH2_CH2_CH2C|.

(A.I.S.B. 1994; II.S.B. 1994)
(r) (CH,3CCH2CH2C| (D.S.B. t99n

5. Give the IUPAC namcs of the following:

f',(, cHrcH, -c-cH-cH. -cr- - 
[,b.

QHs QHs

lrry cHr-f-+rr-J-cu,
d, J,

(nD c6H5cH2cH2cl (D.5.8.19E2) (iv)CH.CHCICHBTCHTCH, 
6.I.58.rsE2)

9H:
I

(v) cHr-cH2-9H-C-cH2o (AJ.SB.2NN)

[, [.
6. Vy'ritc structursl fonnulae aDd giye thcir IUpAC narnes :

(0 Isopropyt bromide (D.S.B. tgEn (n) ,ar.Buryt chtorid e (A.I.S.R. tgsg)
(ri) Allyl chloridc (iv) Vinyt chtoride (v) Isobutyl iodide (l4) Crotyt chtoride
(ui) Proparryt bromide (wr) Cinnamyt clrtoridc (!r) GBromototuere (AJ,S.B. tgsy)(r) Benzyl chloridc (D.,J. t9S7)

7. Write names atrd pcsible structures for thc compouodc having t'be molecular formula, qH7Cl.

(H.5.8. t990)& Vihite thc pGiblc structurat koEcrs of C.H9Br. point out optically actir€ homer, if any.

9, wtite thc st 'r,.,*ri6,*,6*- L. <EPS'B' 1991)

atoms cac[ two optically active halides coDtaioing five carbon

ro. Ho,marry ,r'jT'*ffiff:;'ii,lfffi1il"J:l[:n::
,, *1,1",I19^::f: -_..ltl_8 

Four. ForstrudurEs and IUPACnames rerer !o e. l.onpage 17161rr. wnrerJre equatrcos m[ thc preparstion of l_iodobutane from (a) l.Bubnol
(r) t-Gitorobutanc (c) But-l€oe- 

@.C.E.R.T)12. How is cblorobcozeoc prepared from :

(, Benz€De and (i0 ADitiDc or BcnzenediEoDium cl oridc ? (A.I.S-8. t9S9)
13' Exprain why frcc rsdrcar brominatio, ofn-butaDe yicr& 2- bromobntanc as the major product.
14. Explain the fotlodtrg :

(i) Although haloalkanca 8re polar in characrcr Fr thry arc irrolublc in c/ater.

or Alkyr haridcs arc i*orubre in c/arer rho"sh ,h.,, .o"oio iPi;; 'Ym*' t 

fr.ii;';liT,(n) Tbe boiling poinr of bromoctharc is higier thao rhat of cblorcthaDc. (pS.D. 2wnl(ir) The dipotc momcnt of d orocrhaoc i! highcr than rhrt of chtombcttzcrc (pS.B. 2@I)

Scc. 17.5.
to l7.l l.
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15. What doyou understand by:
(i) nucleophilic substitutioD and (ri) electrophilic substitution reactioos ?

Illustrale ry taking one example in each case.

16. Wby do alkyl halides show nucleophilic substilu tion reactions ? (PS.B. 1991 S)

17. Acrouot lbr the fact that halogen irl chlorobenzeDe rs less reacrive than in methyl chloride,
(PS.B. I99o S)

1t. ExplaiD why alkyl halides undcrgo hydrolys$ more easily as comPared to aryl halides ?

(D.S.B. 1992 S)

19. Why are aryl halides less reactive than alkyl halides lowards nucleoPhilic substitution reactions ?

(PS.B. 1990)

20, Why are haloarenes ntore stable than haloalkanes and undergo electrophilic substitution at ortho-
and para-positioDs ? (A.I.S.B. 1991)

21. ArraDge the followiDg compounds in order ofiocreasing reactivity towards nucleoPhilic substirution
reactions :

(i) 2, 4-Dinitrochlorobenzene

(ii) ChlorobeDzeoe

(iii) 2, 4, 6rlHnitrochlorobenzene

(iv) 4-Nitrochlorobenzene

Give reasons.

22, Rearrange the following in order of increasing ease of dehydrohalogenation,

CH3CH2CI, CH3CHCICH3 and CH3CCI(CH3)2

Give reasons.

23. How do the products differ when ethyl bromide reacts separately with :

(i) Aqueous KOH and alcoholic KOH

(ii) KCN and AgCN (iii) KNOz and AgNO2 ?

24. How willyou mnvert ethyl bromide into :

(i) ethane (ii) butane (iii) propanoic acid and (iv) ethoryetbane ?

25, How will you convert n-propyl brorDide into isoproPyl bromide ? (H.PS.B. 1992)

26. How is ethyl iodide converted ioto (i) diethyl ether 0i) eihylene ? Q4'.1.5.D. 1992 S)

27. What are anrbident nucleophiles ? ExPlain with aD examPle. (N.C.E.R.T,

2t, Outline the preparation of following comPounds using a nucleophilic subslitution reaction.

(a) CIJ3OC(CH3)3 (b) CHrC=CCHTCH3 (c) CH3CH2CH2N(CH3)2 (d) C6H5C[I2OCOCH3

(e) CI{rCHrCHrCH,NO2 0r) CH3CH2CH2CN G) C6H5CH2fi = C:- (h) CHTCH2-O-N=O
(N.C.E.R.T)

lllint. (o) (cH3)3CONa + CH3I and not the reverse CH3ONa + (CH3)3CI]

29. Arrange rhe following comPounds io increasing order ofSNl reactivity.

(a) CICHTCH=CHCH2CH3, CHrC(CD=CHCH2CH3, CH3CH=CHCHzCHzCI

(b) CH3CH2Br, CH2=CHCH(Br)CH3, CH2-CHBr, CH3CH(Br)CH3

(.) (cHr3CCl, C6I{rC(CH3)zCl, (cH3)2CHCl, CH3CH2CH2CI (N.C.E.R.T)

lAns. (a) CH3C(CI)=CHCH2CH3, CH3CH=CHCHzCHzCl, CICH2CH=CHCH2CH3

(b) CH2=CHBr, CHrCHrBr, CH3CH(Br)CH3' CH2=CHCH(B0CH3

(c) CHTCHTCI{rCI, (cH3)2CHCI, (cH3)3CCl, C6H5C(CH3)2CI]

30. Predicr all the alkeDes that would be formed by dehydrohalogenation of the following halides with
sodiunr ethoxide iD ethanol and identiry the major alkene.

(AJ.S.B. tger S\

(H.5.8.2000)

(ILS.B. 2000)

(PS.B. 1990)
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(a) 1-Bromo-l-methylryclohexane (D) Cycloherylmerhy' bromide (c) 2-Cbloro-2.merhylburaoe
(d) 3-BromopeDll-ene (e) 2, 2, 3:lrinerhyl-3-bromopentane (N.C.E.R.T')

[tus. (a) l.Methylcydobqene (major) + methyieDccyclohE)Bne (rnrrror) (D) same as iD (4)
(c) 2-Methylbut-2€oe (major) + 2-mcrhylbu[-l€De (minor) (d) penta-l,3diene
(e) 3,4,4-'Itimethylp€ri-2.ene (major) 2,3, 3- lrimerhytbut-1-ene (minor)]
Predict the order of reactMty of the following compouDds in dehydrohalogenation.
(z) CH3CH2CH2CH2CI, (cH3)2CHCH2CI, (cH3hCH-CH2B[, CH3CH(BOC}I2CH3,

(cH3)3C-Br

(6)CH3CH(BoCH3,CH3CH2CH2Br,(CH3)2CH-CH2Br,(CH)3C-CH2Br 
<N.C.E.R.T)

[Ans (a) (CH3)3CB[ > CH3CH(B[)CH2CH3 > (CH3LCHCH2Br > (cH3)2cHcH2ct >

cH3cH2cH2cHzcll

(6) (CH3)3CCH2B[ > (CH3)2CH-CH2Br > CH3CH(BoCH3 > CH3CH2CH2BrI

Whcih of the followiog compouods wil give positive iodoform test ?
Butan-l-ol, butan.2-ol, ,err-butyl alcohol, ethanal, propanal, propanone, buta-2-otre, Fhiao-3.one,
cyclohexanone, 1-methylclclohexaDol, 1-phenyletharot, 2-phenylethanol. (N.C.E.R.T)

[AIls, Butan-2-ol, ethanal, propaoone, butaD.2.one, 2- pheDylethanoll

How willyou distilguish between :

(a) Methanol and ethanol (D) Propan-l-ol and propao- 2-ol (c) Benzyl chloride aod chlorobeDzene
(d) a-Butylamine and diethylamine. W.C.E.R.T)
Explain why
(a) the dipole moment ofchlorobeDzene is lou,er than that ofcycloho(yl chloride.
(6) alkyl halides, though polar, are immiscible with warer
(c) ViDyl chloride is uoreactive in nucleophilic substitution reactions.
(d) Neopentyl bromide undergoes nuclepbitic subsritutioD reaction very slowly.
(e) 3-bromocyclohexene is more reactive tban 4- bromocyclohexeDe in hydrofAis with aqueous
NaOH.
(l) rerr-butyl chloride reacts with aqueous sodium hydroide by SN I mechaDism while n-butyl chloridc
reacts by SN2 mechanism.

G) Grignard reagents should be prepared u[der anh]drous conditions.
Explain. Why ?

(a) The nucleophilic substirutioo or primary alkyl chlorides with sodium acetatc is catalysed by sodiumiodide. @.C.E.R.T)
lHint. In presence of NaI, alkyl chlorides form alkyt iodides which being more reactive catat]se tbe
nucleophilicsubstitutioD reactionl
(D)p-MethoxybeDzyl bromidc reacts faster tbaDp-oitrobenzyl bromide wi l ethanol to form an ethcrproduct. W.C.E.R.T)
[HinLp-Methorybenzyl catioD isstabilized by the + R. effect of the methqygroupwhilop-Dirrobenzyl
cation is destabilized by the -R.effec.t of the NO2 groupl

With the help of chemicale4uatiom, show hon,willyou convert :

(i) 1-propanol to 2-bromopropa[e.
( ) 2-bromopropane to l-bromopropane ?

(ui) 1-Bromopropane to 2-bromopropaDe

(iv) Propanone io iodoforD.
(v) Isopropyl chloride to n-propyl chloride.

37. Explain why chlorobenzene does Dot react Mth aqueous potassium hldroxide and aDmonia under
the conditions in which alkyl chlorides react ?

(N.C.E.RT)

(D.S.B. te96)

@.LS.B. 1996, D.S.R. 199E,2001)
(D.S.B. l99E ; PS.R. 2000,2001)

<D.S.B. t99E)
(PS.B. 2000)
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3E. HaloalkaDes reaot with Potassium cyanide to Sive alkyl cTanides bul Sive alkyl isocyanides with silver

cyaDide. Explain.

39. Discuss briefly the mecbanism of sN I and sN 2 reac(iolrs.

40. Account for the followioS:

(i) Haloalkanes are more re€ctive than haloarenes. (H.S.B. l99E ; A-I.S-8. 1999 ; PS.B. 2000)

(ii) Melhyf chloride is hydroll4ted more readity than chlorobeDzene. (H.S.B. 1992, 99 ; P-5.8. 2001)

43. Wtite equatioos for the reaclions involvcd irl the manufacture ofchloroforD from ethanol.

(iii) HaloalkaDes undergo oucleophilic substitutioD reaclioos.

(i}') Haloarenes undergo electrophilic substitution reactions.

(u) Vinyl chloride is hydrolysed more slowly than ethyl chloride.

41. I Iow will you prepare chloroform from

(a) acetone

(6) ethanol ?

42. How will you coovert acetoDe into chloroform ?

44. What products are formed when chlotofomt rs :

(i) boiled with aqueous KOH
( ) exposed to air and sunliSht

(rii) heated with silver po der
(iv) aniline in pres€nce ofalcoholic KOH
(v) phenol in presence ofalcoholic KOH at 340 K ?

45. How is iodoform prepared from

(A.I.S.B.2tN0)

6.I.S.D.ztm)
(PS.B. 2000)

(H.P,SJB. 1992, PS.B. 2000, 2tN1'
(H.PS B. I 992, P.S.D. 2000, 200 l)

(H.S.B. 1992 ; H.P.S.B. 1993 S)

(D.S.B. 19e2 S)

(D.S.B. 1992 S; H.PS.B. 1998)

(D.S.B. 1992 S ; 95)
(D.S.B. 1e92 S)

(a.I.s.B. I9e0)

(C.B.S.D. Sarrph Pqet 1990, H.S.B.2001 ;PS.B.2Nl)
<P.s.R.2001)

(a) aceto[e

(D) cthanol ?

46. Describe the preparation of iodoform- Hottr, does it reactwith: (i) silver Powder (ii) caustic
poEsh ? 6.PS.B. 1992 S'

47. U,?ite the re€crion invohied in the preparation of iodoform ftom 2-Propanol.

4& What hapFns whcn :

(i) Iodoform is heated with sitver powder ? (Gh€ equatloDs).

(ri) Iodoform is warmed witb a primary amirc and alcoholic KOH ? (Give equations).

49. E)plaio, gMng equatioDs, what happ€ns when :

(a) Ethyl alcohol is Ireated with iodine in pres€nce of alkali

(D) Chloroform is heated with a solutioD of phenol aod sodium hydrqide ?

6.1.5.8. Ieee)

(H.PS.B. 1991)

(H.PS.B. 1992)

(H.PS.B. 1999\

(H.S.B. 1994)

50. Give reasoDs :

(i) Chloroform is a chlorioe compourd bul it does not giw white preciPilate with silver nilrate
solution. (Al.Sts. l9N S ; H.PS.B. l99i ; P5.8.2000)
(ri) A small amount of alcohol is usually added to cblomform bottles.

51. Describe carbylamine reaction and illustrate with a balanced chemlcal equation.

52. What is an iodoform test ? Brietly describo its utility in organic chemistry.

53. Ho$, is carbon tetrac.hloride prepared on a mmmercial scale ? Holv does it react with (i) Fe / H2O

(ir) boiling alcoholic KoH and (iii) antimony lrifluoride in presEllce of antimony pentachloride as

calatyst ?

34, Ho willyou prepare cbloroform from ethanol? Give reactioos ofchloroform wilh (r) Nitricscid (rr)
Silver po$rder. {H.PS.B. teel

55. White tbe complctc rcactioas iflolved in (a) the isoqanide tcst, aod iD (D) the iodoform tcst.

(D.S.B. 1999,
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56. Whai does DD-l'stand for ? Whar is its chentical namo ?

57. How is DDT prepared from chlorobenzene ? Give the chemical equalion oDly. (It.pS.B, Iggi)
5t. How is DD'l' prepared comntercialty ? l)iscuss bricfly its uses afld tragic side effects.
59, What does BHC stand for ? Hcr'/ is it prepared and what are its uses ?

60. What are perfluorocarbons. Write their Uses.

l. Write the structures of thc major organic product formed in c€ch of the folloeing reactions :

acelonc
(a) CH3CH2CH2CI + Nal +

heal

(c) CH3CH(Br)CH2CH3 + NaOt,

heat
(e) (cH3)3CBr + H2O --.'-...

hcat
G) CH3CH2CI + SbF, 

-(i) c6H5cH2cl + qHsoNa -.-'
D€roxide

(t) CH3CH2CH=CH2 + HBr : *

cthenol
(D) ((rHj)rCBr + KOH 

-
hcat

ao. clhaDol
(d) CH3CH2BT + KCN

C.HjONa

ctha^ol./he1t

Liq. NH1
(/') CH2=CHCH2BT + CHrC=CNa 

--
0) CHICH2CH2OH + SOCI2 .......-

(4 CH3cH=qcH3h + HBr 

-

wun

@)6(8' + NaSH-.. \CH2Br (") cr 
no'n,,

(o) 
Iorc,zcHzou

HO ''o,*,,CI(:o,+ 
c'H'oNa 1!9

,r, @"'tt'')'* r,, 11 ,,, 
.r@o 

+Hxo, Ifl (N.c.E.R.r.)

tlBr

[Ans. (a) CHTCHTCH2I (6) (cH3hC=CHz (c) CH3CH(OH)CH2CH3 (d) CH3CH2CN

(e) (cH3)3COH (f) (cH3)2C=CHCtl2CH3 k) CH3CH,F (1,) CH2=CHCHTC=CCH,

(,) C6H5CH2OCzHs (r) CH3CH2CH2C| (t) CH3CH2CH2CH2BT (0 CH3CH2qBTXCH3)2

(-) @:;,,, ", ry'
@) _,)ofn"'"'rr^ r@.*]jHO ozN

(o) orq"*t'"i, 
"@xl,

MISCELI.ANEOUS QUESTIONS
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How are the following conversioDs carried out ?

(i) 2-Propanol into 1-bromopropane

(ii) 'Ibluene into beozyl chloride

(r.i) Ethyl bromidc to ethylamine

(iv) n -Propyl chloride to n-propylamine

(v) Ethyl alcohol to chloroforDr

(vi) z-Chlorobutane to 2-butanol

(vii) Methyl bromide to ethyl bromide

(vir'i) Acetono to iodoform

(ir) Carbon tetrachloridc to freon

(r) Benzene into benzene heGchloride

(r) Chloroform into chloropicrin

(ri) Aniline iDto fluorobenzene

(rii) Aniline into bromobeDzeDe

(rv) Aniline into chlotobenzeDe

(.rv) AcEtone iDto chloretone

(rvi) Propene into 1-bromopropanc

(rvr'i) Chloroform into diethyl carboDate

(-Eviii) Acetone into chloroform

(Er) Ethyl alcohol into tri-iodomelhane

(]r) Methyl bromidc to aaetic acid

(-E) Isopropyl bromide to propyleDe

(.81) Chloroforn into acetylene

('lljii) 2-Propanol froDr ethanol

(-ev) Chlorobcnzene inio aniline

(.rv) ChlorobenzeDe into toluene

(-Evi) Propene to l-bromoproPane.

(-ryvii) Iodofornr to propyne.

Give atleast one characteristic test which can distinguish between

(i) Chlorobenzene (C5H5C|) and cycloheryl chloride (C6H Cl) (D.S.B. 1979 S)

(ii) Chlorobenzene and benzyl chloride

(iii) ,-Propyl bromide and isoProPyl bromide

(iv) 1, l-DibromoethaDc aDd l, 2dibromo- ethane

(v) Chlorobemene and z-heryl chloride.

(vi) cH2=cH-cHzBr and CH3CH2CH2Br

(vii) Ethyl bromide and bromobenzeDe

(viii) o-ChlorotolueDe and benzyl chloride

(D.S.B. 1995 ; C.B.S.E. Sample Paper, 1997)

(&) o-Chlorobenzyl bromide and o-bromobenzyl chlorido

(r) Cbloroform aEd carbon tetrachloride

0z) Benzyl chloride and benryl bromide.

(.rir) Bromob€nzere and bcnryl bromide (PS,B. 1995; AI.S.B. I99E; P.S.B.l99E)

Givc rcasons in ooe or two sentences for the followinB :

(i) Afkyl halides are better solvenb ihsn aryl halides. (fl-P.S.B. 1993 S)

(i) OrgaDic halogen compouDds used as solventJ in industry are chlorides mtber tlrsn bromides and

iodides.

(C,B.S,E, Swttpb Paper, 1997'1

(D.S.B, 1981, S)

(D.S.R. l9E4 ; Pj.R.2001)
(D.S.B. t9E9)

(D.S.D. 1984 S ; PS.B. 2001)

(PS.B. 19E9,

(P5.8.200t\
(D.S.B. t9e4)

(E PS.D. te90'
(r.P.s.B. lgeo)
(LPS.D. 1990')

(D.S.B. 1992'
(A.LS.B. te92)

QI.PSA. 1998 ; D.S.B. 199E,

(H.S.B. 1992 ; PS.B. 20oI)
(D.S.B. t992)
(D.S.B. I9e2)

(H.P.S.B. 1993 S)

(A.I.S.D. l9E6)
(PS.B. 19E8 ; H.S.B. 2001)

(PSB. l98E)
(ES.B. 1994,1996)

(AI.S.B. 1994 ; PS.B. 19981

(P.S.B. 1994 ; H.S.D. 20011

(D.S.B. 2000)

(P.S.B. 2000 ; H.S.B. 20011

(D.S.B. 19E0, foruIo 1996)

(.aJ.s.B. 1988)

(D.S.B. 19E5\

(A.I.S.B. t99t S)
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(ro?.Dichlorobe0zene has e higher meltiog point lhan o- and m{somers bu[ thc boiliog Points of
these isomers are [early the s€mc.

5. Give a brief account of the folloring with one ocample of each.

(.rl.s.B. 1990, H.s.B. 1990)

(II.S.B.200l)

(!,J.5.8. 1990, H.S.B. 1990 ; P5.8.2000)
(!4,.1.5.8. 1990)
(,/ll.S.B. 1990)

(E.S.B. 1990 ; H.P.S.B. 1993 S ; D.S.B. 1996,99 ;
A.I.S.B. l99E ; PS.B. 1998,2000,2001)

(rzii) Kharasch efrecr U.LSA. l99E)
(i9 Balzschiemann reaction.

Identify the compouDds X, Y and Z in each of the following sequence of re€ctions :

ao. KOH 12. NaOH
X--:-Y-Z

(i) Friedel-Crafrs reaction

(ii) Ftiedal-Crafis acylatior.

(ir'i) Fiiedal.claffs alk,'lation.

(rv) Vtufiz reaction

(v) Reimer-'IiemanD reaction

(vi) Markor'nikov's rule

(vii) Sandmeyer reaction

alc. KoH B1 alc. KoH
(it) qHsBr + x..._ Y +Z

cty'Fe CuCN H+ ,I{2o
(iii)C6H6 

-X -Y -Z
pyridine, A

NaNO2, HCI CuBr/HBrriv) CoHrNH2 X 

-Y

273-278 K

CH3CI Cl. (l mole) KOH(v) CuHu X +Y 

-Z
+Anhyd.AlCl3 sunlight

(cHrco)2o
Z (major product)

+ Anhyd. AlOl

HBr
(0 qHl --_

Sec. 17.1.
ao 11.7.

1. What are haloalkancs ? Hol are they named according to IUPAC E/8tem. Hort can haloalkanes be

Prepared ftom
(i) alcohols (fi) alkenes and (iO alkanes?

2. What are baloarenes ? Hoq, are theyclassified ? Git€ one method each for the preparation ofnuclear
and side chain substituted haloarenes.

3. Describe the syothetic reactions ofalkylhalides, illustratint hc'w a wide Eriety oforganiccompounds
can be synthesized from them ? (H.S.B. 1gEE)

4. Write eight synthetic reactions ofhaloalkanes taking iodomethane for the purpose. <fl.5.8- 1991)

5. Write aDy frve chemical propertics of alkyl halides to shorv their synthetic importancE. (PS.B. 1993)
6. Why are haloareDes less reaciive than allqlhalides ? Discuss some important nucleophilicsubstitution

reactions of haloarenes.

7. Comment upon lov reactMty of haloarenes. Holr can this low reactivity be increased ?

t. Ho$, is chloroform prepared fiom (i) ethyl alcohol (ii) methane and (i,i) carbon telrachloride ?

Starting from chloroform, how will you prepare the follc'wing : (r) phGgene (ri) chloretooe (iii)
ehloropicril (rv) formic acid (v) phenyl isocfaoide ard (vi) salicylaldehyde?

9. Give the preparation and uses of chloropicrio, chloretone, Freon.l2,pdichlorobeozene, BHC, DDT

Sec. t7,t.
to l7.l l.

Sec.l7.l2.
to 17.22.

carbon tetrachloride, iodoform and perfluorocarbons. (N.C.E.R.T)



1. Analysis ofAtkyl ord Aryl Halides
'lte presence of halogen iD orSanic mmpounds is tested by the followinB two Icsts :

(!) Beil*ein ttst In this tesq a comer stdp b heated srrngv h the hr rs€n flame till it €as€s to imparl aDy greenjsh or
blubh gre€n fhrne. A phch ofthe crganic halide b th€D phced cn thb hot copper slrip ard then rehtrdu€d into the flarDe.

If a geen or bhtish geen fiomc reappean, it indicales the prcsence of halogen in the organic compourul.

This test fu very seruitive bu! does nol bdicak the nohre of halagen (Le. ch)orine, brcmine or iodine).

(ii) Lassalgtre,s test. In this test, a fleshly cut pea- sizc sodium metal is placEd in a fusion tu be and stroDgly

heated till it forms a shioing globule. The fusion tube iswithdrawn from the flame and a pinch ofthe organic halide

added- The fusion tube is agairi heated in the flame to red-heat and then plunged into distilled water and filtered.
The filtrate thus obtained is called LossoiStre's extract.

The Lassaigne's cxtract is then boiled with dil. HNO3 to expel gases, if evolved. The solution is theo cooled

and AgNO3 solution added to it.

(o) A white precipitate solabk h NH nOH indicate:t the Prctence of chloine.

(h) A pnlc yellow precipitote ponially sohtble in NH aOH indicoter the pretence of bromine.

(c) A bight yellote precipitote insoluble in NH,OH indicates the pretence of iodine.

Io principle, the organic halides conlain the follo\ iDg three typ€s ot halogens.

(i) lori. halogen ar rz benzznediozonium hrtlides and quatemay anvaonium holi.let i.e.,

++
C6H5N2X- and R4NX- (where X=Cl, Br or I)

(ii) Lslrile halog.n ar in allEl, allyl and ben4l hahdel i,e.

R-X, CH2 = CH-CH2X ; CuHr-CHrX (whcre X = Cl, Br or I).

(ir'i) Inert hnlogen aJ in aryl hahdes, i.e. chlorobenzene, bromobenzene, i<xlobenzzne elc. and vinyl halidet
i.e., inyl chloride, viayl bromide etc.

A dislioctioD bctwecn tbese types of halotens is carried out on the basis of A8NO3 test,

(r) AgNO3 test lD the cold. An aqueous solution of the organic halide is aciditied with dil. HNO3 aod ther

treared with A8NO3 solution iD the cold. flie appearance oi a white or yellow precipirote irdrcrrres ionic halogen.

(r'i) AgNO3 test tD the hot. The organic halide is t()ilcd with aqueous KOII solutioo. The reaction mixture

iscooled,acidifiedwithdil.HNO3aDdthentreated\rithAgNOrsol]ulion.Theappe'onceofawhiteoryellowppt.
irdicarer lobile hAlogen.

If bolh the above tesls arc negalive, the presence of inett hilogeu is indiured.
r7l5a

EULI.NF'OR'MA
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c. B.s.E.- P.tt.T. ( fliArA'S) S pEC tA[.

Q I Explain why alkyl halides are generally not
prepared in the laborotory by frce rodical
halogcnotlon of slkrrc&

Ana Free radical halogenation is not a suilable
method for laborabry synthesis of alkyl halides
because of the follc'$,ing two reasoDs :

(0 It gives a mixture of isomeric
monohalogenated producb whce boiliDg points
are so close that they cannot be easily separated
in the laboratory.
(tr) Potyhalogenation may aho occur to some
extcotthoreby iklng tbc mixtut" mor€ compl€x
and hence more dimcult to separate.

Q.2. ErphlD t'by chlorlnrtloE of ,+utsre lD
prescnc! ofllght rt 29t K 8lvts s E lrtul! of72%
ot 2-chlorobutstrG aEd 2.8,6 of l. cblorcbutal|e.

Ars. According to thc question,

c]2, 298 K
cH3cH2cIlcH3 

- 
cHr-9H-4HzCHr

n-Burrnc lidri 
&

2-O oEbutlDc (72%)

+ cH 3cH2cH2cH2-cl
l-Chlorobutrr. (E7o)

The reladvc ratiG of thes€ two Llomeric
chlorobutancs can be easily cal@lated by knol -
ing: (i) the number aDd type of hydrogens (ia 1',
2. or 3) to be substituted aDd (ri) their relative
ratcs of substitutioo (r'.e. 1 : 3 8 : 5.0 for Cl2 at

298 K). Thus,

I -Chlorobutane No. of l'H Reactivitv of lo H
tjmErosutane = No. ofFH ^ Re"-AmE offtr

6 zaVo
15 2 72Vo

, W[rtz reaction fslls ln cose ofrerr-alkyl halides"
Explain.

ADs. /er-Alkyl halides prefer to undergo
dehydrohalogenatiofl io presenc€ ofa strong base
such as Na nretal instead of uodcrgoing qfurtz
reactioD as shor,vn below :

(cH3)lC-Br + 2Na ......- (cHr)3C-Na+ + NaBr
tal-Buty' bromidc ,sr-Burylsodium

CH..t'
TCH.LC-Nat + H-CH"-C-Br 

-I - NaBr
CH:

QH,

(cHrbcH +cur=f-cH,
lsobutane lrcbutylcne

Thus, only 1" and 7 allql halides undergo llurtz
reaction while ? ollql halides peler lo totdergo
delqdrohologenation to form olkenet.

!, .l Why docs trucl.ophillc sub6titualoD resction of
chloroberzetre aakc ploce through benzyne
Eechanlsm ond thst of p-ritrochlorobenzene
procc€ds via oddition.clibihation mechanism ?
Erplatn.

A[s. In p-nitrocblorobcozene, the carbaDron (I)
resultiDg through initial attackof the nucleophile
is srabilized ry electron-withdrawi[g -No2
group as well as by the benzene ring as sho\rn
belor :

?'z<l ''\./'CY-; n,\ liii-1 -6
NOz NOz

p-Nitrochlorobcnzcnc 0)

t. JurJr
(Cornn

61
4 " 3.8

-'olb'-j
In the second step, the carbanion (I) loses a
cbloride ion to complete the subslitution.

(l) Substitution product

This two-*ep bimolecular atomatb nucleophilic
t'ubstitution mechanitm i.t olso caued addiaio.t-
elimination mechanislrr,
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In contrast, the carbanion (II) resulting through
oucleophilicattack on chlorobenzene is stabilized
only by the benzene ring.

CHCI! + OH- F- H2O + CCE

CDCI3 + OD-
Dcutcr.tcd chlorcfonh

CDCI3 is Mdely used as a sokent io NMR
spectroscopy.

(ri) When CHCb is heated with sodium ethqide,
it forms ethyl orthoformate as shol+n belor, :

qHsO- + CHCI3 
-- : CClt + qHjOH

: CCl, + Cl-
Dichlorocarbcnc

: CClz + 2qHsO- .-:C(OqH5)2+2Cl-
: C(oqHs)2 + qHjoH 

- 
HC(oCrH5),

Triethyl orthoformatc

e ,. Glve reasons ln one or two sentences for the
following:
Iodoform is obtained by the reaction ofacetone
with hypoiodiie but not with iodide ion,

(I.I.T teel)
tu"' To prepar" iodoform from acetone, l+ ion is

required which is supplied by IO- bul not by I-
as shown below :

',.\r ll )
CH3-CO-CH2-r-+I + -O-l .....-

Acetone

CH3-CO-CHt + H-O-I

Ar* A-
CH3-Co-CH2- + \l 

-!-oH ........

lsource of I+)
CHr-CO-CHrt + OH-

+IO-

Dzo

Sl(n'
: CClt 

-

Chlorobcnzcnc

CI Nu Cl Nu

Chlorobenzenc

Ila

Slabilized by benzene ring
Since stabilization byNOz group is much greater

than that by benzetle ring, therefore, carbanion
(I) i! easily formed aDd bencep-nitrochloroben-
zene undergoes substitution via additlon.
eliminatioD mechaoism. ln contrast, lhe
carbanion (II) is only slightly stabilized and
henc€ is not easily forDed. Therefore,
chlorobenzene undergoes nucleophilic substitu-
tion by an alternate mechanism involving ben.
zyne intermediate or elimination-addition
mechanisrn as sho$,n below :

Qr
Benz}'lre

IIb

Nu-H oix'(Addition)
Substitution prcduct

Q. s. CHtrr ts lcas acldlc than CHClr. Brplaln.

Ars. Due to stronger-I-effect of F than cl, cHF3

should be morc acidic than CHC|3. But actually

reverse is true. This is due to the reason that
: CCI left after the removal of a proton from
CHCI3 is stabilized by resonance due to the

prescncc ofd.orbitals on Clbut: CF leftafter
the removal of a proton from CHF3 is not

stabilized by resoftlnce due to the abseDce of
d-orbitals on E

e. 6. Horu rvlu }tu prcpaE thc loll@tu8 fom
drlomforrr :
(r) CDCI, ond (rt) HC(OC1H!)3 ?

Ars. (r) Due to acidic nature, the H-atom of CHCI3

can easily undergo deuterium exchangq on treat-
ment with D2o in alkBlinc solution.

+Io-
cH3 cocH2l 

- 

cH3cocHI2 

-
-oH- -oH-

OH
CH3COCIs ..- CHI3 + CH3COO-

e. tt. Opttcally actlvc 2-lodobutrne on treotm.ntwlth
Nal iD acietone Slvcs a product lrhlch do€s not
show optical activity. Q.I.'I: tees)

AIls. Opticalty active 2-iodobutaDe on treatmcnt with
NaI io acetone undergoes racemization and
bence tbe product does not shotv optical actMty
as explained below :

Nu:
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cH, ct{"/ \r h Ar-.hI-+ H__jC r I .+ I_C_II +l-t_-
cH2cH3
I

2-lodobutanc
(soy dafrorota,ory)

1,4 arrarrr- J= arr- arr,
3-Ethy'pcn t-2<nc

Ans.

Rr

, -l- nn

fr.O-{- ,
I

Ph

NaYacctonc Pt
M.O

(Fi,*clstein
t.odion)

I

Ph

c
Fink lttein reaction b used to coovert alkyl
bromidca to the corresponding alkyl iodides. It is

an g)(ample of a SNz reaction in which I- ion

attacts from the Dack s.de gMDg rhe iodide (C)
'rrilh inversion of configuration (note that the
position of H and Ph have been exchanged) at thc
upper chiral carboD undergoing nucleophilic at-
tack.

Q. Il. Predlct thc msJor produd ln cach ofthe follow-
lng reocdons :-

(I.I.T r997)

Jr,.r,
|l

2-Iodobutrnc
(loarorota!<rrt)

H

H

Wben 2.iodobutaoc (I) is treared with I- ion, it
undergo€s Walden iLenion (SN 2 reaction) to
give2.iodobutaDe(II)which istheenantiomerof
I. Nw 2- iodobutane (Il) undcrgo€s r*hlden

inversion to giveenantiomer L As a result ofthese
two Wblden inversions, ultimalely a 50 : 50 mix-
iure of the two enaotiomers is obtained.In other
words, optically active 2- iodobutane undergoes
reacemization.

Q. 
q. Glve thc stntctures of the major oBsDic

produc.ts from 3-ethylpe[t z.enc under each of
the follorvilg condltloDs.
(d) HBr in presence olpemrldc
(b) Bt2/ II2O

CHzCH:
(I.I.T t996\

I HBrlDcroxidc
(i) CH3CH2-C=Cll - CH3 

------:......._lEthy'pcnt-2-.nc Q4hti-MsLaddition)
cH2cHl
I

cH3cH2-cH--cH -cH'
tr,

2-Bromc-1-€thylpcntan-3--ol

crl2cH3

AtcN
(4) CE,CE2-Br -i-

tu& (0 CO3 isn dire{tin&

CIZ/F.
(r)

d.ay'F.6
CI

or Br+oH-
(M@* addiron)

cH2cH3
I

cHlcHr-c---cll-cH1"lt'
OH Br

2-Bromo-3--€ thylpc n tan-3--o I

Predict the str[ctrrre of the product in the fol.
lowing reactior.

Br

Benzotrichloride l't-Chlorobenzotrichloride
(ii) A8CN reac$ with ethyl bromide to give ethyl
isocyanide as tbe major product.

AcCN
CH3CH2-Br S CH:CHz-N I C

Ethyt brcmidc -AgBr Ethyl isocranidc

Q. 12. Write down the structlres ofA and B.
NaNH2, McI N0/NH3 (f)

Phc=cH A 

-B

(r.r.T 1994
NaNH2 - McIAns. PhC = CH .......- PhC = C Na' _-

Phcny'acetytcne -NH3 r:;"&li?, -Nar

Na/NH3 (I)
PhC = CMe

t -Phcnytprop-l-ync (A) (Bbch rctucton)

Ph\^ ^/,H
H/"="\M"

f@n-I -Phenylprop-1-cnc (B)

Bty'Hp

Q. t0.

H
McO

NaI
Ph -----------' C

H acetonc

(I.I.T, 1996)
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Q. 13. Completc the followlDs, glfhg thc structurcs of
the princlpal orga]tic products.

Ph.- ...H A
(0 .c=c- + KNH2 .+ -......." pa./ \Bt

tnr@

alcoholic KOH, hcrt

-HO
(Iklryttochloinana)

HCr
cuHr-LLcuu,

Hg
1-Chloro-1,2-
dipheny'clhanc

CoHs: ...HC=C +
H" -coH,

tans-1,2-
Diphcnylethcne
(rnajot yodacq

ceH, zcsHs
C=C

H/ -\H
cis-1,2-

Diphcny'cthcnc
Qninot Wduct)

CH:
I

cHl-c-cHl-+
II

red- Butyl caft ocation (3')
Qflotc stohle)

NoNH2

NHr

<I.I.T reeg)
Ans. This rcaction occurs through internlediate for-

mation of bel,rne as shown below :

9CHr QCHrtAt

<x," 
."i:1:"' 

Qr(_ HBr)
o-BDmoanisolc Benzync

irtemrcdiate

In principle, the benzynr intermediate nay add

NH2- forming either carbanioo (I) or (II). Since

carbanion (I) is destabilized and carba[ion (II) is
stabilized by -I-cffect of the - ocg3 group,

co r"r*-@r + cu + heat- ....B...

(rrD d
cHr
I

+ CH3-C-CH2Br
I
II

L
+ Anhyd. Alcls- .......... (I.I.T l99n

Ans. (i) DehydrobromiDation ocflrs with lhe miSratior
of the phenyl Sroup to give diphenylac€tyleDc.

Ph-.- J->H--l=\
-C = C^ + KNH.- 

-
Phl -Br ' -NH,

2 , 2- Dipheny'-l-5romo€thene

Ph.'- Ptr..- f..
,nrt=t-LPt ; @2

Ph-C = C-Ph
Diphcn lacct icnc

(ii) p-Iodotoluene when heatcd with copper uo-
deryc/ef Ulhnn n bisyl stnthesb rcurion to ENe 4,
4'4imethyldiphenyl.

/-:1 azcH3{=)tsr+2cu +
p-lodotoluco€

"Hr-@ cFIl
I(:-CH.
t'ctll

p-CYmcnc

Q.lJ. The lollorlDg rDrctiotr glves hf,o products.

.lcohollc I(OH, bc.r
c6H5crr2cHctc6H5

llhlle thc structures ol tbc products.

Q.I.X teeE)

Ans C6H5CIIrCHC!C6H5 upon heating with al-

coholic KOH, undergocs dchydrocblorination to
yield 1, 2diphcrylethenc (rrrrDcrr?) whici exhibits
geomehical isomcrism. Tbus, thc ts.o products
fofined arc | 

'otrt-1,?- 
diphorrylethcne aDd cir- 1,

2dipherrylethene.

"r. 
VZ-\-16!- CH. + 2 CuI Q. ls. Explalr bdcny thc fomradoD of the product

' \\-/,/ \\-// " givltr8 the structure olthe latermcdlote.
4 , 4'-Dimcthyldiphcn ,l

(ir) The initially formed less stable t'carbocation
(I) undergoes rcarrangement by 1, 2-hydride shift
to form molp stable 3'catuoca(ion 0I) which then
attacf,s the toluene ring to formp{)mene

cH. ctl3
| - Anhyd. AlOr | +

CH,-C-CH^Br CH,-4-CH"' 'nt'-lAlclrBrl tn /
Isobutyl bromidc 

Y
lsobutYI

carbocation (1)
(1..$ stablc)

1,2-Hldride
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arr+
Noz

m-Anisidine

Q. I 6 . Whst tyould be the Dojor prcducts in the follow-
ing reactions ?

CH^
I ' c2H,oltlc2H5oH

(i) cH!-c-cH2Br --------
l
ĉHr

(I.LT 2000 ; C.B.S.E. PM.T 2004
F

(Rm*ce 2000)

Ars. (i) Neopcntyl bromide (I) firsl undcrgoes iooi?a-
tioD to give l" c€rbocation (lI) which rearranges
to a more stable 3" csrb@tion (III). Ill rhen
undergoes nucleophilic attack by C2H5OH to

Sive W which sub6€quently lG€s a proton to give
2-ethory-2- methylbutaDe (V).

1-Brcmo - 2-rncthyl -
qrtohcrane (E)

Q. 17. Erploin wty Grigrard reagent froE
BrCE C = CH cinmt bc prepar€d ?

(llbn Bengt I.E.E. 200 I)

(rr) F is activated tot ard.! Duclcophilic subGtiru-
tion by thc electron-withdrawing elIect of the

NO, group. Nucleophilic attack ry CH3O- Iirsi

Sives carbaniol (l) which then loses a F- to give
p-nitroanisole.

1,.:^-,
.,,2v or:ll-il-t-v

INoz Noz
I

p-Nitroanisole

therefore, oDly carbaDion (it) is forDred. This
Ihen abslracts a protoo fronr NH, lo lornrilr-
auisidiue.

CHr

cHr-f-cH,cn.
6qr,

2- Ethory-2-mcthy'butanc (\r)

No(rcH3

A

(I.I.T 2000)

.----.CHt fr,(n'i)l il 
-lrl

\_,,, pcrDddc

-F-

(iro In prsscnct ofperoxides, addition ofHBr to
alkenes occurs arrli io Markor'ntkot's rule. Thus,

?,,
CH, -C-CH"Br'[*,'

Ncopcntyl bromidc (l)

l' Crrbocatio[ (II)
(lcss itablc)

Ionization

-Br-
ctr"' HBr./Pcroxidc

(Anti - Ma*nwik v's ouiiot)
1-Mc0yl-
c}tlohclcnc

G;:
1,2-Mclhy'

6hifr
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Ans. To begin with, Mg reactswith BTCHTC = CH to

produce the corresponding Grignard reagent (I).
Since BTCHTC = CH has acidic acetylenic

hydrogen, it immediately reacts with the Grig-
nard reagent (I) to produce (II) antl propyne.

Drv
(i) BTCHTC = CH + Mg +

Propargd bromide ether

BTMgCHTC = CH
Grignard rcagent (I)

(ii) BTMgCHTC = CH + BTCHTC = CH-
I

BTCHTC=CMgBr+CH3C=CH
II Propyne

These two reactions occur in tandem tillwhole of
proparryl bromide is consumed. It is because of
this reasoD that Grignard resgent ftom
BrCtIrC = CH cannot be prepared.

Q. lE. Hor many lsomem ane posslble lor CHrCl, as-

suming carbon to have

(i) rectangular planar geometry ond

(ii) square planar geometry ?

(Wet BnealtEE.200l)
Ans. If carbon has rectangular planar geometry, then

CHzCl2 will hare the folloring three

stereoisomers:

And if carbon has square planar geometry, then
CHzClz will have the follorving two

stereoisomers:

Q. 19. Whcn phcnol rcec'tc wlth phcphorus peu-
tachloridg mlnor amount of chlorobenzene is
forured. T9hat ls the maJor product ? SLltc down
its structure. (West B engal t.E.E. 20 0 3 )

Ans. Because of resonanc€, C-OH bond in phenols
is much stronger than C-OH bond in alcohols
and hence cannot be displaced by Cl. Instead

phenol acts as a nucleophile and bringp about a
nucleophilic displacement reaction on PClr.

However due to steric hindrance only three Cl
atoms are displaced to form intermediate (I)
which upon subsequent hydrotpis gives
triphenylphosphate

,. H+/Hro
3 C6H5OH + PCl5...- (C6H5O)3PC|Z 

-

(D Hydrolysis

(C6H5O)3P: O
Triphenylphosphate

l,nthbm /. A chloro compound (A) on reduction
with Zn-Cu couple and alcoho[giv6s the hydrocaibon
(B) with live cnrbon atoms. When A is disSolved in ether
and treated with sodium 21 2, 5, 5- tetramethylhexane is
formed. Write the structures of A and B.

Solution. Step l.Tb delertnine the stntctvtre of com-
pound (A)

Since A, a five carbon atom chloro compound, on
reaction with sodium in ether (Wunz reaction) gives2,2,
5, 5- tetranrethylhexane, therefore,,4 musl be; neopentyl
chloride or 1 - c hloro- 2, L dime thy lpropane.

CH.
l' Dryether

2 CH3-C-CH2-C|+ 2Na
I (Wurtz reaction)
cHr

1 - Chloro -2, 2-dimethy'tpropane (A)

QHr QHr

cn--Lcn^-cH^-LcH^ + 2 Nacr'l t'l '
CH: CHT

2, 2, 5, 5 -Tetramethylhexane
Step 2. To determine the strucfitre of compound (B)

Since A on reduction with Zn-Cu couple and
alcohol gives a hydrocarbon (B), therefore, B must be
neopenlane or 2" 2- dimethylpropane.

cHr,l
cH3-c-cH2cl + 2 [Hl

I

cHr
1 - Chloro-2, 2-dimethylpropane (A)

Zn-Cu couplc

-oH(ccHso)rP(o, ;;;i
B, PROBLDMS

* alcohol

CH:
IcH3-c-cH3 + HCI

I

cHr
2, 2-Dimethylpropane (B)

a,
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Thru, A = l-chloro-Z 2-dimetlylpopaae and B =
2, 2. dimethylpopane.

Problem 2. A sPeet smelllng organlc compouad
A is slowly oxldlsled by air in preselce of light to a
bighly polsonous gas. On worming rflth silver powder,
It forrEs a Saceous substorlce B, whlch is olso
produced by the actiotr of cslclum carbide o[ woter.
Ide[tlIy A oEd B atrd wrtt€ the chchicll equotions ol
abe reactlons ltrvolved. (C-B-S-e. Sarnplc fuper 1997)

Step l. Io determirE the structure of
compound (B)

- CaCz + 2H2O 

- 
HC = CH + Ca(OHb

Cal. c.6ide Accir'lcne (B)
Step L Tb detetrnine lhe sfircnw of compound (A)
Sirce compouDd (B), ie., acetytene is produc€d by

warming compound (A) with siker potrder, rherefore,
compowtd (A) ruut be chlorolorm

cH ct3+6Ag+Ctr CH a.

Chlorofom (A)
HC=CH+6AgCl

Acctytctrc (B)
The fdct that compound (A) is actualty chtoroform

is confirmed by tbc ohervation that (A) is slostly o,ddised
by air in prescnc€ of light to a highly poisonous gas, ie.,
phosgene-

hv
2 CHCI3 +O2 

- 
2 COC\ + 2IlCt

Chlorcform (A) Phosgcnc
(poienous Bat)

fhul A = CHC| Ghlorufonn) arul B = HC = CH
(scetylene)

," n.Butane ts ploducld by Doro-
hmmlnaalon ofethane folloi{ed byWurt resction. Cal.
culate the volume ofethane at NIP rcquired to produce
55 g ofn.butstre, lf the brcmltrstlor tak€s placc yirh 90
per cetrt ldeld 8nd Whftz resctlo! with t5 pcr cera yield.

(LI.T teEe)

Q I An organic compoutrd (X), or analysis gives
24,24% C and 4,047o H. Further, sodium extract
of1.0 g of(X) gtves 2.90 g ofsilver chloride with
acidialed silver nitrate solution. The compound
(X) cAn be represetrted by two isomeric struc.
tures (Y) and (Z). (Y) o\ arestDent with
oqueous potasslum hydrordde 6oludo[ giy.s o
dthydroxy compound, wbtlc (Z) or siEilar
treatmert glycs ethanal. Fiud out the molecular
formula of (X) and give the structu rls of (y) aDd

Reactions irryolved hereiD are :

CH3CH! + Br2

Ethanc Monobromination
22 4 litrEs at NTP

CH3CH2BT +HBr ...(r)

Elhyt bromidc
lU) E

Wurtz
2 CHICH2BT + 2Na ._
Eth,'l bromidc rcacllon

2xl09=2tt9
CHTCH2--{H2CH3 + 2NaBr ..(i0

,l-Butanc
589

From Eqn. (O using wcight-weight retatioDship, wc
bave,

58 g ofz-butane are obtaioed from
CH3CH2BT = 218 I

. . 58 g of rr-butane will be obtained from

curcurnr = 4!fqs
B ut the yield of l,\tu r tz rcaction k ollty gsVo

.-. Amount of CH3CH2BT actually required
100 2r8_TrxlE_xs5 _243.29

From EgD. (i) usiDg weight-volume retarionship,
we bave,

109 I of CHJCH2BT are obEined from clhrne =
22.4 lirres at NTP

.. 243.29of CHTCH2BT will be obrained from
cthane

= 
22'a 

fiia3'2 titres at wrr
But theyield of bromi[ation is only 90%
. . Volume oF ethaoe actually required

= 1!! x22 4 a?43'2 = 55.53 titres ar NTp

An& fat % O = - .Aa. sr. of Cl
MoL wt. of AgCl

Mass of AeCl formcd. )( IUU'' Mass of subslancc talcn

=ffi,ffi,.r00= .'l.74%

Now c:u:cr=11? ,++,#
= l:Zi 7

.. E.E ofX = CHuCt

l-1.7. UlnArArSl .S IAL

(:z). (IJ.T 19Ee)
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Sinrc CH2C|isnota stable c.mpound, therefore.

lowest possible M.E

= 2 x CHzCt = qt[4ctz.

(6) The rwo possihle isomers cf qH,al2. (X.l l.e.

(Y) and (Z) a.e :

Q. -1. (w) and (X) are oPtically sctive isomer'ls ol
C5H9cl. (W) on treatment with one mole of Ili
is conveled to ar opticslly inactive coDPouEd
(Y), but (X) gives a[ optically sctive comPound
(Z) unde.r the saEG conditions. Givostructu.e
of (Y) ard cotrllgurotiotr of (W), (X) and (Z) iD
lischer projections. (Roo*ee 2000)

Ethyl€ncdichloridc Ethylidenedichlcddc

(c) SiDce (Y) on treatment with aqtleorts Ko[I
gives a dihydroxy compound while (Z) on sitDilar

treatment Sives ethanal, therefore, (Y) must be

ethylene dichloride and (Z) musr be ethylideoe

dichloride.

CH.CI CH.OII
l' + 2KoII(aq) 

- 
L - + 2KCl

CHrcr cH2ol I

Ethy'cnc Ethyl€ne glltol
dichloridc (Y) (a dilE&ory .omPound)

i',
cHCh

2 KoH (aq) CH3 fll.
I

-2 Kc'r CH(OH)2 -ltro cHo
(urlrobk) Ethanal

,Lns. (i) No. of double bord equi!"lents (D B E.)

-I,!:-?)r '2

wheren = no. ofatoms, u = valency of ihe atom.
SubstitutinS the lalucs of , and u for caoh aton'l
in the formula, C5HeCl, we have,

D.B.E._5(4-2)+9(l_ 2)+ l(l 2) + t

--0+1=1
Thus, theformula C5H9Cl suggests that (W) aDd

(X) are either saturated chlorocycloalkaoes or
chloroalkenes. Since both (W) aDd (X) underSo
hydrogenatioo, therefore, they are chloroalkene.s
and not chloroclcloalkanes. Further since both
(W and X) are opticalty active chloroalkenes,
therefore, tb€y must contain at least one chiral
carbon atom, and hence their Probablcstructurqs
are :

CI
I

CH2 = CH -CH -CIJ2CH3

i
CI
I

CH, = CI1-611r-4n-..',

;
CI
I

cH3-cH = cH-cH-CH3

,i,

CH"CI

ln,",
CH"

1"t,,

Ethylidcnc
dichloridc (Z)

O An sllql holide, )q olformulo C5Ht3Cl on treat-

ment with potassium ,t r-butoxide gives two
isomeric slkene6 Y aDd Z (c5Hr2). Both alkencs

or hydroscretion SlvG 2' 3ilmcthylbutaDe.
Predict thc structur.d of X, Y nnd Z

Q.I.r 1e96\

Ans. (z) SiDca the two isomerie alkenes Y aDd Z
(c6Hrz) on catalytic hydrogenation give the same

2,3- dinethylbutane, therefore, Y and Z must

differ in the position ofthe double bond, ie.,

cH3 cH3 cH3 cH3

rrll
cH3-C = C-CH, cH2 = c-c-cllj

2, 3-Dimcthylbut-2 - enc (Y) 2, 3- Dirncthy'but - 1-cnc (Z)

If this is so, ther the alkyl halide X (c6Hl3Cl) must

have a H-atom or! either side of Cl atom,,:e, X
must be 2-chloro-2, 3-dimcthylbutaDe

QH, 9Hr
I I Poi. r-butoxidecH"-C-C-cH, + Y + 7.'ll'-Hcr
CIH

2-Chloro-2,3-
dimcthylbutanc (X)

H3C Cl cHzcl

.r, = J- l" -.r, .t, =.r-[r-.n,
Iv+

H2
(ri) Now (w) -; optically iDaclive (Y) aDd (x)
H2
...- optically acrive (Z).

An inspection of the fti,e formulae given above
suggests that only structure (I) on hydrogenation Slves
optically inactive compound (Y). Therefore,
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CI
I H^/Ni

cH2 = cH-CH-cH2cH3 -j..*
w (oprickty actiw) Cl

I

cHlcH2-aH -CH2CHl
Y toDtica ! ih,lctiee\

Funher since (X) on hydrogedariorfgiv€s an'opli-
caliy actile compound (Z), therefore, ()c) cao halr
aoy of the four structures (II io \r). If c,E assume
that formula II reprEents compound (X), then the
structure of compound (Z) h as under:

CI
I HlNi

CH, = 61'1 'CH2-CH-CH3

x Qpti)fi ocnve': 
Cl
I

cH3cH2cH2_cH _cH3

Z(Opfically octivc)
(iit) IhowiDg the slructures of (W), (X) and
(Z), their Fischer Projectioos may be writtcn as
follows :

Mirror

(c).
(i) Si[c€ (C) on treahcnt with HBr in presence
of rf;"r]o/ide (ofi-Mqkowtikov's addiion) gives
1-bromo-3- pheEylpropane, thercforc, (C) rflust
be 3-phenyl-1-ppne.

FIBrlpcroidc
qI4CH2CH = CH2

3-Phery'- 1-Popcnc (q (Anli-M^tk' odd'L)

C6H5CHzCH2CH2BT

1 -Brcmo-3-phcny'propanc
Stap L To detetmine tfu snacruns of compundt
(D) ond (E).

beiog a ter-

fl1T;ffi
gmmetrical

isomers, (D aM E). Since (C) has the same M.E
as (E), therefore, (D) and (E) are isomers of (C),
ie., on heating s,ith KOH (C) undergas
isomerisation to give thc more stable l-pheDyl-l-
propenc. Ftrther since our of (D) and (E), (D)
predominales, thcrefore, (D) must be the more
stable ,rans- isomer, ie., t4ar-1.phe[yl-l-
propenc and (E) mu$ be ahe less srable cir-
isomcr, r'.e, cir-l-phenyl- l-propenc isomer.

presence o[ a peroxide. Give structures of (A),
(B) aud (C) ard coDllgurstion of (D) and (E)
Mth reasons. (Ra*ee 2001\

KOH,/A
c6H5cH2cH = cH2

3-PhcDy'-r-propcnc (C)

",+
CH2CH=CH2

IsomcrisationEnantiomers of (W)
Mirror

CH2CH=CH,

-/H ciHs\
+ c=

11.'/\.r,
coHs\

H./
C=C c\n

A

ll@n- I -phcny'
-1-propcnc (D)

EDantiomers of(X)
Mirror

CH,

,-L:,
I

cH2cH2cH3
"+,

cH2cH2CH3
C6HrMgBr + BTCH2CH - CHz
PhcEyl ma& 3-Bromo-l-ptopcnc (B)
bromidc (A)Enaniiomers of (Z)

A Grignard rcsgetlt lAl and a haloalkeoe [Bl
react toSether to give [Cl. Compourd (C) or
heatitrg wlth KOH yietrls o mixture of two
georuetrical isomers, (D) ond (E), ofwhich @)
prcdomirat€s. (C) and (E) havc the saEe
molecular formula but (C) giv€s l-bromo-3.
phenylpropane otr rE{ctlol rylth EBr in thG

qH,CH2CH=CHr+MgBr,
3-Phcny'-l -

/CHt

cir- t -phcnyl
-1-propcnc (E)
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1. Which of the following comPounds does not react (c) 2-Buteoe (d) 2-Butanol.
( l.l.'L I9t)1 )

E. In the addition of HBr to ProP€ne in the absence
ofperoxides, the first steP involves the addition of

with bromine ?

(a) Propene

(c) Phenol

(b) EthylaDine
(d) Chloroform.

G,A.S.E, PM.T 19IE)

PhosSene is a common name for :

(4) Phosphoryl chloride

(D) Carbon diodde and PhosPhine
(c) Carbonyl cbloride

(d) Carbotr tetrachloride- (C'B'S,E EM'T' l98t)
Whe[r hydrochloric acid gas is trcatcd with ProPeoe
in prescnce of berEoyl Perodde, it Sivcs

(c) 2-ChloroproPano (D) A.llyl chloride

(c) No reaction (d) E-ProPyl chloride.
(c.&sE PM,T l99j)

The reactioD of toluene with chlorine in Presenc€
of ferric chloride gives Predominantly :

(4)Benzoylchloride (6) -Chlorotoluene

(c) Bcnryl chloride (d) o-andP-Chlorotoluene.
(I.l.IJ9E6)

Tbe reaction cooditions leading to the best yield of
qHscl are :

UV lisht
(d) qH6 (excess) + Cl2 +

Dark
(6) qH5 + Cl2

room tenPeratule

UV light
(c) qHd + Cl2 (excess) .....-

Uv IiEht
(d) qH6 + cl2 

-

(l.l.T 1993 )

9. Arrange the following compounds in order of in-
creasirg dipole moment : lbluene (I), rn-
dichlorobeDzene (II), o- dichlorobeEene (III) and
p-dichlorobeDzene (IV).
(c)I < IV<II<III (D)fV < I < II < III
(c) IV < I < III < II (4 fV < II < I < III.

U.I.T 1996)

10. Silver beMoate reacts with bromine to

... (a) QHe (b) C6H5COOBT

(c) tn-Br-cdH{-COOA8

(d) C.6HjBr. (C,E,D,T Haryam 1996)

11. SN2 mc{tanim Procc€&thr rgb thc tntr'rEntidr of

(a) Ca6onium ion (6) TiaNition statc

(c) Free radical (d) CarbaoioD.
( M. I-. N. R. Allahobdd I 996 )

12. Substitution of chlorine takes Place readily at
highcr temperature in :

(a) CH3CH = CH2 (b) HzC = CH2

(c) HC = CH (d) None of the above.
(M.L.N R Allahnbdd I996 )

(o) H*
(c) H'

(b) Br-
(d) Br'

Chlorination of tolueoe iD presencr of light and

heat followed by treatment with aqueous NaOH

SNes :

(a) o-Cresol (b)p-Cresol

(c) 2, 4-Dihydroxytoluene

(d) Bemoic acid. u.t.I teeo)

?, l-Chlorobutane on reaction with alcoholic potash
gives :

(a) 1-Bulerle

13. The reaction is desoribed

cH3(cH2)5 ...-

:;/-''

(t,t.T t986)

oH-

(cHrscH3

Ho-c-li.H as

t.d
ll ,,

2.c
12- d

(D) 1-Butanol
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(a) SE2

(c) SN2

(a) addiiion
(c) dehydrohalogenation

(d) elimination.

(a) CH3CHCH2CI

(c) CH3CH28H2

(a) o-toluidine
(c) p-toluidine

(6) SNt

(d) sNo.

(L:.B.S.Ii. PM.T t997)

(r) su bstitution

(c.B.s E. M.T. 1997)

(a) (CH3)3CD

(c) (cD3)3CD
(D) (cH3bcoD
(d) (cD3)3oD

(D) 5

(d) 10
(.l.t.PM.E.R 2000\

20. (CH3)3CM8BI on reaction with D2O produces

14. The alkyl halide is orverted iDto an atcohol W (t.!.T. 19e7)

21. Whichof thefollot irlg reactions is Dost suitable for
the preparation of n -propylb€Dzene

(a) Friedel-Crafts atkytarioo
(b) Uturrz reac{ion

(c) r,\turtz-Etting reaction

(d) GriBnard reacdon (M.PLM.T199E)

16.

17.

The replaccmcDt of cilori[c of chlorobcozcne to
Bive phenol requires drastic conditions bur chlorine
of 2, 4-dinitrochlorobenzene is readily rcplaced
since

(d) NO2 makes lhe riog clectron riclr at orrrp aod

PTA.
(6) NO2 \yithdralra clcctrons from the ,rrrra-pci-

tion
(c) NO2 donat€s elcctrons at mcro- pcition
(d) NO2 withdrati.s electrons fiom arhobo, pci-

tions. (C.8.5.f,. PM.I:1997)
LishtqHt + Cl2 --:- qHTCl + HO is ao erampte of

(a) Substitution
(r) Eliminafioo
(c) AdditioD
(d) Rearrangment reaction.
ID tbc follolving grou[s :

-oAc (I) , - oMe (II)

- OSO2Me (III) , - OSOzCF3 0V)
the order of leavillg group ability ts
(a)I > II > UI > IV (b)W > III > I > II
(c) III II>I>IV (d)II >III> fV>I.

1l I l: Iet)7t
The iDtermediate during the addirion of HCI ro
prop€De in presencc of perodde is

.+

2-Bromopenmne is heated with potassium
ethqide in ethanol. The major product obtained is

(a) 2-Ethoxypertanc (D) Pentene-l

(6) CHsCHCII3

+
(d) cH3crtcH2

I I l.'f 1997)

In the reactionofp.chlorotoluenewith KNH2 in liq.

NH3, the major producr is

(c) cir-Penrene-2 (d) l/q,f-PetJ:rene-2

(c. t).s. E. M.t.l: r ee8 )

23. Which of the following is all example of SN2 reac-
tion ?

(a) CH3Br + OH- 
- 

CH3OH + Br-
(6) (cH3)2cHBr+OH-+(cH3)2cHoH+Br-

- Hzo
(c) CHTCH2OH 

- 
CHz = CHz

(d)(cHr3C-Br +OH-- (cH3)3COH+Br-.

{c.Pilt't 199e)

24. Which of rbe follolying possesses highest melting
Poinr ?

(a)Chlorobenzene (6)o-Dichlorobenzene
(c) rn-Dichlorobenzene (d)p-DichlorobeDzene.

(('.1:11.T t,r9e\

25. Whicb of the follorring will not give iodoform resr ?

(4) Ethanol (D) Ethanal
(c) Isopropyl alcohol (d) Bcnzytatcohol.

t(:.l!,v..1:1999)

Gammexaoe is

(a)Chlorobenzene (6)Benzylchloride
(c) Bromobenzene (d) Benzene hexachloride.

(( RSD.!:.\tTI9ee
If H is rcplac€d by a Cl arom io ClHeCI, the roral

number of struclural isomoN will be

(A.FM.C.teen

1t.

(6) rf.toluidine
(d) p{hloroaEiline.

(I.LI:1997)

(a) 4
(c) 7

15. d 16. a
25. d 26. d

13, c 14. b
23. d 24. d

17. b lE. 6 19. b 2ll. a 21. c
27. d

22. d
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2t. The conversion of CI-CH = CH-CI to
CI2CH-CHCI2 can be carried out with

(6) cHt : NHt > oH- : F-

(c) CH.- > NH2- > HO- > F-

(d) NH2- > F- > HO- > CHt.
(.1.I IIM.Ii R 2t)oo)

35. Which among MeX, RCH2{ R2CID( R3CX is

mct reactive towards SN2 reactioD :

(a) qz

(c) d2/ AJCls

(a) Pvc
(c) Vinyl chloridc

(b) clz/hv

(d) Cl2laq. NaOH.

(D.C.E.20ooJ

29. 1, }Dibromopropane on trextment with X molcs
of NaNH2 follo$,ed by treatment with gthyl

bromide gives a pentyne. The lalue of X is (D) RCH2X

(d) R3cx

u.LM.E.R.2ooo)
36. SNI reaclion ofoptically aciivE alkyl halidBleads to

(a) rctcntion of configuradon

(D) racemisation

(c) inversion of configurdtion
(d) none of these. u.r.PM.ti.R. 2000)

37. The addition of HBr is easiest with

(d) CH2 - CHCI (6) C|CH = CHC|

(c) CtL-cH - CH2 (d) (cH3tC = CH2.

0I.PPll.T 2000)

3t. lodgform on heating with KOH gives

(a) MeX

(c) F?cHx

(r) cHscooK
(d) HcHo.

(M.r! Pill.T 2000)

Unpleasant smelling carbylamioes are formed by
heating alkali and chloroform with
(a) Any aliphatic amine (b) Any aromatic amine

(c) Any smine (d) &ry primary amine.

(KC.E.T 2000)

40. Chloroform on reaction with zinc and HCI forms.

(d) formic acid (D) chloropicrin
(c) melhylene chloride (d) phcgene.

( tll.l! c.L.li. 2000t

The order of reactivities of the following alkyl
halides for a SN2 reaction is

(a) RF > RCI > RBr > RI
(r) RF > RBr > RCI > RI
(c) RCI > RBr > RF > RI
(d) RI > RBr > RCI > RF (t I.'t: 200t))

Which of thc follopiDg has thc highcst nucleo-
philicity ?

(a) F- (6) oH-

(a) One
(c) Three

30. The compound,

3ay'L
9Hs-a

(D) Tiro
(d)F}UI. \D.C.D. )000)

Bty'Pc Zn/1g;Ct+ B 

-C
The mmpou[d C is

(4) o-Bromotoluene
(6) m-Bromotolucne
(c) r-Bromotolucne
(d) 3 -W omo-z, 4, 6-trichlorotoluene.

(D.C.E.20oo)

Tivo iromcric slkcocs A and B having moleorlar
formuh qHeq on adding H2 , A gives optically

inactive compound xhile B SivEs a ciiral com-
pound. Tbc twD isomer8 are :

(o)A is 34hloro-l-pcntenc and B is,tchloro-2-
pcntenc

(6) A is 4-chloro-l-pentEnc and B is 2,chloro-,
PeDtenc

(c) A is 3-ciloro-2-pctrteDe and B is l-ciloro-2-
PeDtene

(d)A is l-chlorG l-pentenc ard B is s{hloro-l-
pntene. @.C.E. 2000)

Thc conwrsion of 2, 3dibromobutrDc 0o abutene
with Zn alld alcohol is

(a) Redq reactlon (6) a-Elimination
(c) P-Elimination
(d) Both p.climinatiotr and rcdq rcaction"

(D.C.D.2000)

Whcn chlorine is passcd througb propcDc at
40OC, which of the follGling is formed ?

(6) Allyl chloride
(d) 1, z-Dichloroethane.
(Haryam C. Ii.L.'ll 2000)

34. Nucleophilicity order is correctly represcnted by

(a) CHt < NH2- < HO- < F-

(a) CHTCHO

(c) HCooK

39.

-11. (, 32. d :I-1. , 34. r: x.b 31.d

l'radca p's Neu, Coursc €hemisiiy ffrlD
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(c) cHl (d) NH; t r.t.t: )ooa)

43. Tbe additioD of propenc wth HOC| proceeds via
the addition of

(a) H+ in rhe firsr step

(b) Cl+ in tbe first srep

(c) OH- in the first step

(d) Cl+ and OH- in a single siep. t t I :/)t:l
44, An SN2 reaction at an asymmetric carbon of a

compouDd ahf,als gives

(a) an eoantiomer ofthe suhtratc
(6) a product with oppcite opricalrorarion
(c) a mixture of diastereomers

(d) a single stereoisomer.

45. ID the presence of perodde, hydrogen chloride and
trydrogen iodide do oot giv€ anti-MarkovDikov,s
addition to alkenes becausc

(4) botb are highly ionic
(D) one is oddising and the other is reducing
(c) ooe of thesteps is eDdothermic in both ahe c€ses

(d)all the stctr are oothermic in both the rsac-
lio[rs.

The reactivity order
dehydrotalogenation is

(a) R-F > R-Cl > R-Br > R-I
(b) R-I > R-Br > R-Cl > R-F
(c) R-I > R-Cl > R-Br > R-F
(d) R-F > R-I > R-Br > R-Ct

t( .tt .\ t:. t:,,t t. )ttt)11

Wheo primary aDtine reacts wrth chloroform in
ethanolic KOH, then the product is

(r) X = dit. aqueous NaOH, 20"C;
Y = Br2,/ CHCI3, O'C

(d) X = conc. alc0holic NaOH, 80.C
Y = BrzlCHCI:, O"C , )

49. Anrong rhe following, the moleculc with rhe highest
dipolc momeDt h
(a) cILo
G) CHCrs

s0. Bottles containing C6H5I and C6H5CH2I lost their
original labcls. Tbey were labelled as A atld B for
testing. Aand B were separately takefl ill tcst tubes
aod boilcd with NaOH solution. The eod solution
iD cach tube was made acidicwith dilutc HNO3 aDd

some ABNO3 solution was added. Substance B
gave a )rllov precipitate. Which one ofthe foltow-
ing statemenb is truc for this €xperimeDt ?

(a) AdditioD of HN03 was unnccrssary

(D) A 'ias CGH5I

(c) Aw'as C5HjCHl
(d) B 'ms C6HjI

Which of the follo$,ing is a ftee radicat substitution
reac.tion ?

,,, @tn' +cqllri @"'.t'
., O *.H,o 114 @t''
,., @ "*"t'*or*o, --- [-fr 

tn'*o'

(d) CH3CHO + HCN 
- 

CH:CH(OH)CN

52. Which of the following are arranged io the decreas-
iDg order ofdipole moment ?

(a) CHrCl, CHrBr, CII,F
(b) clI3cl, cH3F, CHrBr

(c) CHrBr, CHrCt, CHrF

(d) CH3B[, CH3R CH3C|

53. The most reactive nucleophile among the following
ts

(a) CH3O- (b) c6H5o-

49. a 50. , 51. a

(b) cH2ctz

(d) CCll \ r r .t :i)0 j

(I.r.T 2o0t)

46,

tt Il: 200t)

of halides for

47.

(r) an aldehyde

(d) an alcohol
(A.l l: l: L 2002\

rE. Ideoti$, the set of reagent/reaction conditions ,X,
and 'Y'ill the following s€t of traosformatioDs :

XY
CH3-CH2-CH,Br 

- 
Product 

-cH3_cH_{Hl

[.
(a) X = dil. aqueous NaOH, 20"C;

Y = HBr/ac€tic acid, 20.C
(D) X = qoDs. s1665qlic NaOH, 80'C ;

Y = HBr/ac€tic acid, 20"C

(4) an isolyanide
(c) a cyanide

42. c 43. b 44. tl 45. c .16. r: 47. a 4a. b

(A.l.D.E.E. 2003)
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(c) (cH3)2CHo- (d) (CH3)3CO-

{/l 1/ r/.\-. ,{;/) l)

54. 'Ib prevent chloroform to form phosgene gas

(poisooous Bas) what is added ?

(r) qHsoH
(d) cH3oH

( M. G. I. M. S. Ward ha 2 00 j )

15. Chloropicrin is obtained by the reaction of
(a) Steam on carbon tetrachloride

(D) nitric acid on chlorobenzene

(c) ctrlorhe or picric acid

(d) nrtricacid on chlorofrm t( 11.l/:. l:1l l :t)ttt
56. Which ol lhe following will not fornl a yellow

preqpitatc on heating with an alkalino solution of
iodine ?

(a) CH3CHOHCH3 (D) CH3CH2CHOHCH3

(c) CHroH (d) CH3CH,OH

( ii\I Iltl L.'t),t!

57. Which of the following is least reactive itl a

nucleophilic suhtitutioo reaction ?

Which ol the tbllowirg cannot be uscd in Friedel-

(r) FeBCa

(d) Nacl

(A.FtLC.2ooJ)

63. Which of the followi[g reacts fastest whh N-bromo
succinimide ?

(r) c6H6

(c) Pyridine

NaNH2/liq. NIL
A

(Katdh M.Ii.E. 2004)

(a) CHrCocH3

(c) CHrCooH

(4) chloroform
(c) etharol

Crafts reactions ?

(a) FeCl3

(c) AlCl3

(6) acetaldehyde

(d) phos8ene

(D) cH4

(d) lbluene

u&KC.ri.T2004)

62.

64.

(r) cHz = cHcl
(d) cIlz = cHCH2Cl

tc.R s.li. PM.T 2004)

5& The silver salt of a faity acid on rofluxing with aD

alkyl halide givcs aD

(d) (cH3)2C-Cl

(c) CH3CH2CI

(a) acid

(c) ether

(b) ester

(d) amine

(l't.O.f .M..S llhrtllut 2002 ; Ktnatk.' C.E.'l:2001)

5t wllicn of the follo$,int stiltements about benzyl

chlo[ide is itcorrect ?

(a) It is le.ss rcactive than alkyl halides

(6) It can bc oddis€d to benzaldehyde by boiling
witb copper nitrate solution

(c) It is a lacirymatory liquid and aDswers

Beilstein's tcst

(d) It gives a while preciPi
nitrate

6l), An alkyl bromide produces a single a.lkeoe when it
r€cts with sodium ethcide and ethanol. This
alkene oni hydroge[8tio[ produc€s 2-methyl-
butaro. What.i& th6 identity of tbe alkyl halidc ?

(4) 1-Bromo-2, 2dimethyl proPaoe

(D) 1-Bromobutane

55. d 56. c 51. b
65. c

CI

54. b
64. a

53. a
63. d

(c) 1 -Bromo-2-methylbutare

(d) 2-Bromo-2-methylbutane
(e) 2-Bromopentane

61. Acetollc is mixed with bleaching Powder to give

(c) #*' (d)

65. Which represents nucleophilic aromatic substitu-
tion reaction ?

(4) reaction of benzene with Cl2 iD sunlSht ?

(b) benzyl bromide hydrolysis

(c) reaction ofNaOH with dinitrofluorobenzene

(d) Sulphonation of benzene

5t. , 59. a 60. c 61. a 62. d
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3. Peroxide effect is ohserved onl), iD case of HBr.
With HCl, even in the presence o[ peroxides, only
Markovniko\,'s product, i e.,2-chloropropane is ob-
tained.

tt. Irl absence of peroxides, electrophilic addition oc-

laiple Ch

Heating with alc. qH5OK brings abour
dehydrobromination to give rr4rr-penlene-2 as the
major product.

ClrIeCl has four isomers (I, II, , ry). These on
furlher chlorination will give l0 isomers as shown
below :

(Ja
cH3cH2cHzcHzo 

-
1 -UG

CH3CI{2CHzCHCI2 + CH3CH2CHCICH2CI
(/) (,,)

+ cH3cHCtct{2cHzct + ctcH2cH2cH2cH2cl
(iiD (Iv)

Lt1
cH3-cHo-cH2cH3 ---:

lI - HCI

cH3cH2cHCICH2Ct + cH3-CCt2 - cH2cH3
(,,) 0)

+ cH3-cHCt-cHo-crl3
0,,)

t2.
13.

17.

curs, rle, H+ adds first
Allylic chloriration.
Inversion ofconfiguration occurs is SN? reactions.

Weaker the base better is the leaving group. Now
acidity increases in the order CF3SO2OH >
MeSO2OH > ACOH > MeOH, therefore, basicity

of their coDJugate ba6es iocreases in lhc reverse

direction, r:a, CF3SO2O- (W) < MeSOTO- (III)
< AcO- (I) < MeO- (II). Thus, rhe correct order
is : IV > III > I > II, ia, option (b) is correcr.

,4nti Markovnikov's addition is observed ontywirb
HBr. Therefore, with HCI, even io rhc presence of
psroxides, reacliorl occurs thrcugh a more stable
carbocation intermediate, ie. option (6) is coftect.
The benzrne formed as an intermediare gives a
more stable carbaniorl when the nucleophilic attack
by the amide occurs at the ,r-posirion than at the
/-Position.

lE.

19.

NHz

o'. 
cnr-J-cr

o2

-HO t,,
(t)

Destablized by + I-effecr Shbitized by + I€ffc{r
of the CH3 group of thc CH3 group

20, (CH3)3CMgBr+D-OD 
-
(cH3)3CD+Mg(OD)Br

21. Friedel-Crafts alkylation of benzene wirh n- propyl
bromide will glve^ isopropylbeEzene as thc major
product. Therefo-re, \Urrrz-Fitlig reaction is the
right choice.

cH, cH-l" ct^ r'
cH3-dH-cH2o ' CH3-CH-cHctz

Itr - HCI (v )

f',
* cHr-Co-cHrct

("iii)

29. Thre€- CH3-CHBI-CII2BI + 2NaNH2

-CH3C=CH+2NaBr+2NHl
CHrC = CH + NaNH, -*

CHrC = C- Na+ + NH,

anrJ CHrC = C- Na+ + CHTCHTBT 
-CHjCe CCH2CH3 + NaBr

. 
2-Pcnrlne

cH2cl
I

cHr-cH-CH2CI
(*)

cH2ct

HI NT5,/EXPLANATIONS to M
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30. ,1, -Bromotoluene

i',o*
u.r. = 9Hr

Br (Rearion)

+ ll2
cH, - cH-61r"'-at rar,

3-Chlorc- 1-pentcne (A)
(Optically active)

cH3cH2-cHo- cH2cH3
3 - Chloropenrane
(Optica y inoc.ive)

H.
CH,CH = CH-CHCI-CH3

4 -Chloro-2-p.rtcn. (B)
(Oprically active)

cH3cH2cH2-3HCl-CH3
2 - C'h loropcntane
(opticolly octive)

All tbe remaining opdons are iDcorrect. Ch€ck
yourseli
p-EliDrination. CH3-CHBI-CHBr-CH3-F

Z^/alcohol

- 

cH3_cH = cH_cHr
- Z^Btz 2-Botenc

This rcactioD is called B-diminatioo reaction since
lhe hlo Br atonrs are lost tom sdjacent carbon atoms.

Further in this reaction, Zl getso)ddised whilc alkyl
halide gets reduced. Therefore, it is also a redox
reaction. Thus, optioD (d) is correct. 

400"C
Allyl chloride. CH3CH = CHz + Cl2 

-CICHTCH-CHr+HCl-
As lbe electronegatMty of ths atom dEfieas€s (F
> O > N > C), ils tendeocy to doflate clectroos
increascs, 1.e., nucleophilicity incrcascs. Thus, op-
tion (c) is correct.
As the numbet ofsubstituents otl the carbon atom
carrying halogeh ii6reases, stcric hindrance in-
crcas€s and renc€ the rate efi SN2 rcaction

decreases. Thus MeX haviDg leabt geric hindraDcc
is mosl reaclNc lolpards SN2 rcactions.

Grqter the DUD ber of electron-donating grouPs
attached to the double bond, morc is the r-
clectron-density and hencc easie t is the addition.

Thus, option (d) is correct.
Reactrvcly decreascs as the C-X bond energy in-
creases.

As the eleoronegatMty of the atom decreilses
(F>O>N>C), its tendeDcy to donate a pair of
ole{trons, i-e., nuclcophilicity increasqs. Thus

ClI3- has he highest nuchofrtilkity-

Since O is morc clcctronegative thaD Cl, therefore,

heterotytis nssior of HO-CI gives HO- and Cl+.

HO-CI * HO-+Cl+
Since alkenes undergo electrophilic additioD reac.

tions, rherefore, theelectrophile (Cl+) attacks first
to generate a more stable cartocation wbich then

undergo€s nucleophlic attack by HO- to give
propylcne chlorohydrin.

+
CI{,CH=CH2 + Cl+* CHr-CH-CHzCl

oH-+ cH3-cHoH_cHzcl
44, In SN2 reactions, inwrsion ofconfiguration occurs-

Since the reactaflt and the product are Dot e[an.
tiomers, therefore, the sign of optical folatiod may
or may not change and hence a single stereoisom€r
is obtaincd, r'.e., option (d) is correct option.

45. One of the steps is endotherDric in both the cases,

49. As tbe oumber of halogen atoms increases, dipole
moment decrcases.

52. Due to mucb larger C-O bond lengh thaD C*F
bond length, dipole moElcDt of CH3CI is higher

than that of CH3F.

53. Smaller the size ol the ruclmphile (ic. CH3O-)
more reactiw it is-

st. RCOOA8 + R,X- RCOOR' + AgX
59. Benzylcbloride is more rsrctive than elkyl halides.

CH:
I cr{ioNa/c2HrioH

60. CH3CH2-{H-QH2f,1 

-

I -Brcnro-2-nrethylbutane
CHT CH:
I Hy'csrElFr I

CH3-CH2-C =CH, 

-g11iClI2-CH-CH3

2-Methylburane

62. NaO is not a Lewis acid.

63. NBS reacls fsstest with allylic/bedzylic lrydrogeDs,
r'.e., loluene which contains benzylic hydrogens.

NBS, iv or AC6H5CH3 C6H5CH2Br + HBr
Toluenc Bcnzylbromide

Bty'Fc

7-i/HA

31.

34.

31.

33.

,
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64.

Qnot ltable)

I ruH,
l(-NHi)
Y

p-Ankidine

MMz NH2-

Mr(')

1

ADDIT'ONAL uEsTtQNs

6
$,-"

Since carbocation (II) is destabilbed and carbanioo (I) is stabilized by -I effect of tbc OCH3 group, therefore,
p-adsidine and (not ,t1-anisidine) is formed.

Ag s erii o n -R,e a s o n Ty p e Q.u e sti o n s
Thc qu.sdoDs glvr[ bclov cooslst of al ,.Assrrtlor', tn columt I and ahc sRlasoo' h coluED 2, Usr thc
followlng key to chocc tbG spproprlotr sn cri
(c) Ifboth ors.ralon and rcalon arc CORRE(if,, and rtasol la thc CORRECT cxplensdoE oithG as.rtlon.
(D) If both asstrtloo a[d r.asotr rlr coRREcf bot r.a5o ts Nor rtG ooRRElcr qplsrrdon oartp rss.itiotr
(c) Il ess.rtlor ls CORRECr, but Eosotr ts INCORRECL
(d) If ssscrtlon t8 INCORRECI, but rtcson lr CORRECf,,
(.) Il both ssocrtlotr snd reason src IAI,SE

ABtCrdoD (ColuDn 1)

pDicilorobenzene is less soluble in organic solvents
thsn lhe cqresponding o-iromer.

4 3, 4-'Itichlorop€ntaoe can odibit optical isomcrism

,€r-Butyl chloride on keatment witb sodium metal in
dry ether giv€s A a 3, 3-tctramctry butane.

A.lkyl halidcs arc not soluble invater.

ChloroEeDzeoe b l€ss rEadive tban dlorocthaoe
romrds nudeophilic $Ihtitutir rca(ifuis

In comparison to etlryl drloride, it is diffiorlt to carry
out nudcophilic substitution on vinyl ciloride.

Methylmagnesium iodide should be prepared undcr
perfectly anhydrous conditions.

Reasor (Column 2)

o-Dichlorobenzeoe h polar while pdichlorobenzene
is zoz-polar.

2, 3, 4-'Itichloropcntane has two chiral one p'seudo-
chiral carbon atom.

,er-A.lkyl halidcs readily uDdergo W.rrrz reactioD.

Although polar in natureyet alkylhalides are nor able
to form H-bonds with water rDolecules.

The reason for lo reactMty ofaryl halides over alkyl
halides is their low polar character.

Vinyl group is eledrondonating

GritDard reageDts readily react with rrrater.
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t.
Aslcrtlon (ColuEn 1)

The Hatom in CHF, can more Hsily undergo

deuterium exchange on treatment with D2O in

alkaline solution than CHC|3.

Aryl halides underSo nucleophilic subsiitution reac-
tions with ease.

Addition of Br2 to 1-bu tene git'Es two oPtical isomers.

l-Butenc on reactioo with HBr in the presencc of a
perqide Prcduces I -bromobutane.

Addition of bromine to ,74rrJ-2-butene yiel ds meso-2,
3dibromobutane.

Benzyl bromide when kePt in acetone - water it
producrs b€nzyl almhol.

Hrdrory ketones are not directly used in criSnard
reaction.

2-Bromobutane on reaction with sodium ethmide in
ethanol gives l.buteDe as I major producl.

l. ChlorobeMene and benzll chloride caD be distiD-
guished by boilin8 with aqueous KOH follorved by
acidification with dil. HNo3 and subsequent treat-

ment with AgNO3 solution.

2, 4, 6jltinitrochlorobeDzene can be obtained by

treatment ofpicric acid with PCls.

3, a 4-Dinitrochlorobenzene is lcss reactive than
chlorobenzene to\vards nucleophilic substitution
reactions.

4. The correct chemical name of DDT is p ,p'-
dichlorodiphenyltricbloroethane.

5. Carbon tetrachloride burns in air when liShted to
give phosgene. (r.r.T 19Ei)

6. Carbon tetrachloridc is inflamn:able. (I.I.T 19ES)

7. m -ChlorobromobenzeDe is an isomer of m-
bromochlorobenzene. <IJ.T tets)

Fill ln The
The boiling point of an alkyl halide is hiSher thar
that of thc correspondiDg alkane because of....

Alkyl halides are insoluble in water be4ausc they do
not form .............. with uater.

Small quantity of .............. k addcd to chloroform
to aroid oddation of chloroform i[to phcS€ne.

Pbeoyl isocranide is formed when ctloroform is

trcated with .............. in Presence of alcoholic
potash.

Reason (Column 2)

CHF3 is more acidic than CHCll.

The carbon-halogen bond in aryl halides has partial
double bond character. (I.I.T. 1991)

The product contains onc asymmetric carboD.
(r.I r99E)

It invoh,es formation of a primary radical,
(IJ.T Screarillrg Tcs 2000)

Bromine addition to a]t alkeoe is ao elecrophilic
addition. (IJ-I S(,"caE,,elLs 2001)

The reactio[ follosrs qt2 mcchanism.

@,t.LLrs.2003)

Grignard reagents re€cf with hydrqyl group.
(AI.I.M.S.20oi'

l-Butene is more stable than 2-butcne.
(A.1.UW.5.2004)

10.

It.

14.

15.

True/Falee ?latemente
t. Iodide ion is a better nucleophile thar bromidc ion.

(r.r.T t9E5)

9. Tbe rcactioo ofvinyl chloride with hydrogcr iodide
to give 1- chloro-1-iodoethane is an e)(ample of
aDti-Markownikw's rule. (l.I.T 1989)

10. 2, 3, 4-Ttichloropentaoe has three asrmmetriccarb-
on atoms. (r.r.T 1990)

ll. Tbe formation of CH3CI by the gEs phase

ulkaviolet irradiation of a mixture of CH4 and Cl2

involves ftee radical intermediate.
(M.L.N.n tget )

12. The dipole moment of CH3F is greater than

cHlcl. (It.n D93)
13. Photobromination oflmcthylpropane gi'/Es a mh-

ture of 1 -bromo-2- mcthy'propane and ,bromo-2-
methyfpropane in the ratio 9 : 1. (IJ.I 1993)

Dlanks
Formation of pbenol from chlorobeDzene is an
example of .............. aromatic substitution.

(IJ.I 1989)

Benzcnediazonium chloride is formed when
.............. is treatcd with aqueous sodium nitriteand
hydrochloric acid.

The well knou,n refrigcrant freoD has the structu re,7.
(l .L.N.R. All4lubad, 1994)
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9.

10.

11.

Preparation of chlorobeMene ftom benzene tZ.
diazonium chloride and aq. HCI is known ai.,.......
teaction. (G-A.TE.1994) 13.
Carbon tetrachloride is used as a fire extinguilher
since it is a .............. liquid. 14.
.............. is used to eradicate malaria.

When ptrenolis heated with chloroform in prcsenc€ lS,
of etbanolic KOH at 340 K .............. is formed as
lhe major product.

Matci the cotries in column Awith thce in column B.
AB

l, 3-Butadieoe with bromine in molar ratio

Vinyl chloride oD reaction with dimethyt copper
Slves (LI.T te97)
Tbtal number of isomers of3, 4-dichlorchexane is
3. (Roorkee 2001)
Addition of Hl to 3, 3-dimerhyt-1-buteDe Dot only
gives f- iodo-3, 3-dimethytbutano, but atso 2-iodo-

(Roorkee 2001)2,3- dimethylbutane.

W atchin O Ty ? e Qlestions

t.
2.

3.

Iodoform
Saran

DDT

(a) CopoDmer ofvinyl chtoridc and vinytidene dichtoride
(D) Used for refrigeration

(c) IDsecticide

(d) RMsx
(€) Artiseptic

4. Grignard re€gent

5. Freon

ASSERTION.TYPE OUESTIONS 
A /V S{,U ERS

r.(D) 2.(c) 3. (e) a. (a) 5.(a) 6. (c) ,t.(a) t (e) e.(d) 10. (a) ll.(c) rz. (D)
13. (c) r4.(o). rs. (e)
TRUE/FALSE STATEMENTS

14. hlse,3, 4dichlorohqane has two simitar chiral carbon atoms,

1, Tlue 2. Ttue 3. Fblse, morc reactive 4. Elsc, Z 2-bis(4.cnlorophenyl)-1, 1, l_rrichloroerha[e
5. Else, noo-inflammable 6. Fhlse, is non.inflammable 7. EIse, iamc compounO f. Itue 9. Itue
10. Fblse, only two sinco the third (or middre) carbon atom is symmetricaly sub.riruted. 1r. Ttue
la Fhbe, dipole moncnt of C[I3F is b*r than that of CHrO beca,sc of ah; muctl snaler C_F (138 A)
bondlength than c--{] (1'77 A) bond length. 13. Fbrse, apprq. 0.6% : gg.4%-This is due to the reasor
rhat rhe relatiw rates of sbuactioo of 1., 2. and 3. H-ab;l by bmmine radicals is t ; 82 : I 600.

and only orc 3o_H atom, tberefore, the ratio of the products formed,
to 2.bromo-2. methylpropane should bc apprdE 9 i 1 : 1600 x I or :

FILL IN THE BLANKS

1. dipoled_il:le_ interactions. Z h)drogcn bonds. 3. ethyl atcohol. 4. aniline. 5' Ducleophilic.
6. aniline 7. CC|2F2 t. cart€rmann 9. no[-inflammable. 10. DDT ff.2-hydr*ybei:zatOelryOe
(salicrlaldchrde). f2. 1,4-dibromobut-2€ne is obrained by l, 4_addition of Br2 ro
1,3-butadiene. 13. CH3CH = CH, (propene). The reactioD is

CHr=6991 + (CH3tCu 

- 
cHz=CHCH!+CH3CuBr

ct
Ic CH-€H2CH3

therefore, like tartaric acid, it has three srereoisomers, r'.e. (+), (-) aod meso and lwo optical isomers,
ie. (+) and (-).3, 4-dichtorohoene.
15. Pahe, addition of tII to 3,3dimethyl-l-butene nor only gives 2-iodoi,3dimethytburaoe
(M@*owikov\ poda.t) but arso lhe reananged product, ie, ,odo-2,3-irimethy'butair as slrour beror:

,,;

iir

:ll

tl
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3' Caoocalion 2-Iodo-3, 3- ditnclhylbutanc
(moc iabr.) (Mdkovnikoe't Wdac,)

I

ll/r-
cHr

cH.-LH-cH,'tt'
I CH:

2 -Iodo-2, 3-dimcthylbutanc

MATCHING TYPE OUESTIONS

r. (e) 2. (a) 3. (c) a (4 s (D).

HINTg/EXPLANAf lONS to Assertion'Reaeon Type O.uestions

chiral carbon atoms. thus 2, 3,
has threc chiral carbon atolra.

Carbon atoms 2 and 4 are chiral carbon atora bul
' the ceDtral carboo atom is attached to mt oflly two

differeDt atoms (H and Cl) but aho to two similsr
chiralcarboo atoms (2and 4). Sucb a carbon atom
is call€d Frudo chlrol ctrlrcn 8tom. For the pur'
pose of calqllatiDg th€ to18l trumb€r of
stereoisomers, optical ilomers afld mesoforms,
pseudocnifal carboo atoms are also mnsidered as

13, Codect rua\on: Beozyl hslides undergo hldrousis
by SNI mechanism.

f!. Although additioo of Br2 to an alkere fu an
elcctrophilic additbn rraction yet it is due to t4ns-
addition ofBr2 to tau-2-bu leoe that Sives ,rz.ro-a
3dibromobutanc.


