MODULE -7

Chemistry of Organic
Compounds

Notes COMPOUNDS OF CARBON

CONTAINING HALOGENS
(HALOALKANES AND HALOARENEYS)

You have studied about the hydrocarbonsin the previouslesson.When ahydrogen attached

toacarbon atomin the hydrocarbonsisreplaced by ahalogen atom (i.e. F,C1,Br or I), the
compounds formed are called haloalkanes or haloar enes.The halogen derivatives do
not occur in nature and they are synthesized in the laboratory. These compounds have
wide applicationsinindustry and domestic uses. They are used asindustrial solvents, in
the manufacture of pharmaceuticals, asdry cleaning agents, as pesticides, as anesthetics
in medicine, as refrigerants, as fire extinguishers and as antiseptics. In thislesson, you
will study the nomenclature, methods of preparation and properties of thisimportant class
of carbon compounds.

@ Objectives

After reading thislesson, you will beableto:

. definehaoa kanes and hal oarenes;
. name haloalkanes and hal oarenes according to IUPAC rules;

. explainmethods of preparation, physical properties, chemical propertiesand uses of
hal oal kanes and hal oarenes;

. distinguish between hal oal kanes and hal carenes, and

. explain the preparation, properties and uses of some important polyhal ogen
compounds.

27.1 Nomenclature of Haloalkanes and Haloar enes

You have learnt the nomenclature of hydrocarbonsin lesson 25. In this section, you will
learn the nomenclature of halogen derivatives of both aliphatic and aromatic hydrocarbons
i.e. haloalkanes and hal oarenes.
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Nomenclature of Haloalkanes Chemistry of Organic

_ _ _ Compounds
The following rules are used for naming hal oalkanes according to the [UPAC system.

1. Thelongest chain of the carbon atoms bearing the halogen atom is selected.

Notes

The longest chain of carbon atoms in the above example is shown in the box.

2. Numbering of the carbon atomsin the chain is done in such away that the carbon
atom bearing the halogen atom gets the lowest number.

For example.
1 2 3 4 4 3 2 1
CH, - C|:H — CH, - CH, CH,~CH-CH,-CH,
Cl Cl
(Correct) | (Incorrect) 11

In the above example, numbering shownin (1) iscorrect whilein (I1), itisincorrect
since the carbon atom bearing hal ogen atom gets lower number in | thanin1I.

3. Theword chloro, is prefixed to the parent hydrocarbon name.

So, the correct name for the above halocompound is

1 2 3 4
CH, - C|ZH —CH, - CH,

cl
2-Chlorobutane

4. Incaseof akyl substituted hal oal kanes, the longest chain containing halogen atomis
sel ected for numbering.

For example:
| |
R R A !
! 1 1|_22 33 ! ! ! 1 2 :
L_(_:_H§1'__El—,|____?j%_} !  CH; - |CH1C|3H2
11 _ 113
L CH,TICH |CH, | Cl
L -

In structurel, the selection of chain is shown by two different ways. Both the ways
of selection are correct since they include chloro group. In structure 11 numbering
shown isnot correct since it does not include chloro group.

171




MODULE -7

Chemistry of Organic | 5. When two or more halogen atoms are present in a compound, the longest chain
Compounds sel ected must contain the maximum number of halogen atoms. The multiplicative
prefixes (di, tri, tetra, etc.) are added before the name of halogen atom to indicate

the number of halogen atoms. The following examplesillustrate thisrule.

CH,-CH-CI CH,-CH-CH,
|
Notes Cl Br Br
1, 1 - Dichloroethane 1, 2 - Dibromopropane

CH,— CH - CH - CH, - CH - CH,
| |
Cl  CHCH, cl

2,5- Dichloro - 3 - etylhexane

Some more examples are givenin Table 27.1 to illustrate the above rules.

Table27.1: Namesof SomeHaloalkanes

Compound IUPAC name Common name

CH,CH_Br Bromoethane Ethyl bromide

CH,CH,CH_Br 1-Bromopropane n-Propyl bromide

CH, - C|3H - CH, 2-Bromopropane iso-Propyl bromide
Br

CH; - |CH - CH,-Cl 1-Chloro-2-methylpropane iso-Butyl chloride

CH,

CH, - |CH - CH, - CH, 2-Chlorobutane sec- Butyl chloride

Cl

P
CH,-C-CH
3 | 3 2-Chloro-2-methylpropane  tert-Butyl chloride

Cl

* All compounds essentially do not have common names.
Nomenclature of Haloarenes

Hal oarenes are those aromati ¢ hal ogen compoundsin which the halogen atomis directly

linked to an aromatic ring. Their general formulaisAr-X whereAr- represents an aromatic

ring and X denotes the halogen. In naming a haloarene, the prefix chloro, bromo-or

iodo- etc. is are added to name of arene according to halogen(s) present. The relative
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positions of halogen atoms are indicated by appropriate numbers. The prefixes ortho Chemistry of Organic

(o-), meta(m-) and para (p-) are also commonly used respectively to indicate therelative Compounds
positionsi.e. 1,2- ;1,3 - and 1,4- of substituentsin a benzene ring. Following examples
illustrate the nomenclature of some hal oarenes.
cl CH CH
2 L Notes
6 3 Cl 6 2
3 3
5 5 Br
4 4
Chlorobenzene 2-Chlorotoluene 3-Bromotoluene
(o-Chlorotoluene) (m-Bromotoluene)
Cl CH,
1 1
6 2 5 . cl
5 3 5 3
4 4
Br Cl
4-Bromochlor obenzene 2, 4-Dichlorotoluene

(p-bromochlor obenzene)

Cl
Cl 1
1
cl 6 2
° 2 5 3
5 3 4
4 Cl
1, 2-Dichlorbenzene 1, 4-Dichlorobenzene
(o-Dichlorobenzene) (p-Dichlor obenzene)

Intext Questions 27.1

1. Writethe lUPAC names of each of the following compounds:
(i) CH,- C|3H -CH,-CH, -CH,

Cl

CH,

|
(ii) CH,—CH,—-CH—CH-CH,
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3

|
(iii) CH,-CH,—CH - CH -CH,CI

|
CH,
Notes al
CH,
(iv) cl
Cl
CH,CH,
V)
Br Br
Br Br

|
(Vi) CH, - CH - CH, - CH - CH, - CH,

2. Draw structural formulae of the following compounds:
(i) 2-Bromo-3-methylbutane

27.2 Preparation of Haloalkanes and Haloarenes

27.2.1 Preparation of Haloalkanes

(i) From Hydrocarbons : Direct halogenation of hydrocarbons takes place in the
presence of sunlight or at high temperature in dark. For example, chloroethaneis
prepared by monochlorination of ethane.

174




(i)

(@)

(b)

(c)

CepENIERETEIRY | NODULE -7

CH, — CH, +Cl, —39" , ¢, — CH,CI + HCl
Ethane Chloroethane

Thisreactionfollows afreeradical mechanism. You have dready |earnt the mechanism
of chlorination of methanein lesson 26.
Bromo derivatives of alkanes are also prepared by direct bromination.

CH, — CHg + Br,—"9" , cH, _CH, — Br+ HBr
Ethane Bromoethane

Direct iodination is not possible with iodine as the reaction is reversible. Direct
fluorination isalso not possible because due to the high reactivity of thefluorine, the
reaction cannot be controlled.

From Alcohols : Alcohols are converted into haloalkanes by treating with
(&) hydrogen halides (b) phosphorus halides or (c) thionyl chloride.

Reaction with Hydrogen Halides : Hydrogen halides react with an acohol in
presence of a dehydrating agent such as anhydrous zinc chloride to produce a
hal oal kane.

Chloroethaneis conveniently prepared by the reaction of ethanol with concentrated
hydrochloric acid in presence of anhydrouszinc chloride.

CH4CH,OH + HCl 222, cH. — CH,Cl + H,0
Ethanol Chloroethane

Zinc chloride absorbs water from the reaction mixture and thus preventsthereverse
reaction.

Bromoethane is obtained by refluxing ethanol with HBr in presence of little
concentrated H,SO, as the catalyst.

CH3CH,OH + HBr —212%04_, CH,CH,Br + H,0
Ethanaol Bromoethane

Reaction with Phosphorus Halides : Haloalkanes are conveniently prepared by
the reaction of an alcohol with aphosphorus halide (PCI3, PClg or PBr3) according
tothefollowing equations.

3C,H.OH + PCl, —— 3 CH.Cl + HPO,
C,H.OH + PCl, —— C,H.Cl + POCI, + HCI
3 C,H,OH + PBr, —— 3 C,H.Br + H.PO,

Reaction with Thionyl Cholride : Thionyl chloride (SOCI,) is another reagent
which reacts with an alcohol to yield achloroalkane.
C,HsOH +SOCl, —— C,H:Cl + S0, T +HCI T

Ethanol Chloroethane

Chemistry of Organic
Compounds

Notes
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Chemistry of Organic As both the byproducts, SO,and HC1 are gases, the purification of final product is
Compounds not required.

27.2.2 Preparation of Haloarenes

(i) From Aromatic Hydrocarbons: Hal oarenes are obtained by direct halogenation
of aromatic hydrocarbons in the presence of a catalyst. Usualy iron filings or

Notes iron (111) halide is used as the catalyst.
X
@ + X2 Feor FeCl @ + HX
Benzene Halobenzene(Haloar ene)

where X = Cl or Br

Thedirect iodination of aromatic hydrocarbonsis not auseful reaction sincethe Hl
produced reduces the aryl iodide back to the aromatic hydrocarbon.
|

Qe O

Benzene IOdObmzme
However, in the presence of an oxidizing agent such asnitricacid, iodic acid (HIO,),
mercury oxide, theHI producediseither oxidized toiodineor iseliminated asmercuric
iodide and, thus, iodobenzeneis obtained.

5HI + HIO, —— 31, +3H,0
Fluorobenzene cannot be prepared by direct fluorination of aromatic hydrocarbons
sincethereactionisvery violent and cannot be controlled.

(i) From Diazonium Salts: Benzene diazonium salt isformed by treating an aromatic

primary aminewith NaNO, and dil. HCI at low temperature. The processisknown
as diazotisation.

+
NH, N= NCI—
@ NaNO,+ dil. HCl
273-278K
Aniline Ben zene diazonium chloride

Diazonium saltsare highly reactive compounds. They are used in the preparation of
alarge number of arene derivatives. When adiazonium salt is treated with copper (1)
chloride (Cu,Cl, ) or copper (I) bromide (Cu,Br,), the corresponding haloareneis
formed.

Thisreactionisknown as Sandmeyer reaction. It isused for introducing achloro

or bromo group in the benzenering.
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Cl

CuCl/HCI
. >© + NA |

Chlorobenzene
Br

CuBr/HBr -
. +N, 1 +cl
N= NCI —

Bromobenzene
|
Benzene diazonium Ki > + NZ/]\ +Cl—
chloride warm

lodobenzene
F

NaNO,/HBF,
272-278K +N, T +BF,

Fluor obenzene

Sandmeyer reaction

Hal oarenes can also be prepared by reacting benzene diazonium chloride with copper
powder in presence of corresponding halogen acid. Thisreaction is called Gattermann
reaction and is shown below :

Cl

CuHd
N —)©+N21\
N= NCI

o— .. &
Cu/HBr _
— + NZT +Cl

Intext Questions 27.2

1.  Writethestructure of the main product obtained by treating 1-propanol with excess
of hydrogen chloridein the presence of anhydrous zinc chloride.

2. What will bethe product obtained on treatment of 1-propanol with thionyl chloride?

3.  Giveoneexample of preparation of chlorbenzene using Sandmeyer reaction?

Chemistry of Organic
Compounds

Notes
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4.

Completethefollowing reaction:

27.3 Properties of Haloalkanes and Haloarenes

Theimportant physical and chemical propertiesof akylhalidesand aryl halidesarediscussed
below:

27.3.1 Physical Properties

1

The lower alkyl halides (CH,F, CH,CI, CH_Br, C,H.Cl) are gases at room
temperature. The other alkyl halides containing upto C , are liquids having high
boiling points.

& &
Hal oalkanes and hal oarenes are moderately polar molecules (—:6 - X). Still they

areimmiscibleinwater. It isdueto their inability to form hydrogen bonds with water
molecules.

The melting and boiling points of hal oalkanes and hal oarenes are higher than those
of their parent hydrocarbons (Table 27.2) Thisis dueto (i) the greater molecular
mass and hence greater magnitude of van der Waals forces of attraction in
hal ocompoundsthan in the parent hydrocarbonsand (ii) the existence of intermol ecular
dipole-dipoleinteraction, as shown below:

For a given akyl or aryl group, the boiling points increase from fluoro to iodo
compounds asthe size of halogen atomincreases. The boiling points of halomethanes,
hal oethanes and hal obenzene given in the Table 27.2 to show thisvariation.

Table27.2: Boiling Pointsof Haloalkanesand Hal oarenes

Compound Boailing Point(K)

X=H X=F X=Cl X=Br X=l

CH3-X 1115 1946 2488 2766 3154

C,Hs - X 1843 241 285 314 5

CgHs - X 31 38 406 49 461

4.

All monohal obenzenes are liquids at room temperataure. Among dihal obenzenes,
the para isomers have the highest melting points. It is due to the greater symmetry
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that causes a better packing of molecule in the para isomer.

T

m.p. 256K 249K 325K
27.3.2 Chemical Properties

Hal o compounds can undergo the following types of reactions:

Substitution Reaction with metals

Elimination Reduction

1. Substitution : Substitution reactions are those in which an atom or a group of atoms
from the reactant moleculeisdisplaced by another atom or agroup of atoms. For example,
on treating chloroethane with sodium hydroxide, the chlorine atom of chloroethane is
substituted by the hydroxyl group and ethanol isformed asthe reaction product.

C,Hg — Cl+ OH™ —— C,HzOH + CI”

In this reaction, it is to be noted that the hydroxide ion (hucleophile) displaces the chlorine
atom from C,HsCl as chloride ion (another nucleophile). Such reactions which are initiated

by the attack of a nucleophile are known as nucleophilic reactions. In haloalkanes, the
carbon atom carrying the halogen atom is electron deficient due to — | effect of halogen
atom. This electron deficient carbon atom is susceptible to attack by a nucleophile. Thus,
you may conclude that haloalkanes undergo nucleophillic substitution reactions.
Following are a few examples of nucleophilic substitution reactions of haloalkanes.

OH > R-OH
NH; (Alcohol)
> R-NH,
- (Alkylamine)
» ” (ARIk;IC'I\I'l )
— nitrile
R-x* Sli > R-SH
(Haloalkane) R—-NH, (Alkathiol)
R —NHR
OR™ (Secondary amine)
R-0-R
Rv C _ C_ (Ether)
————— R-C=C-R
(Higher alkyne)

In al the above reactions, the stronger nucleophile (HO*, C,H;07,CN™ or NH4 etc.)

Chemistry of Organic
Compounds

Notes o
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displaces aweaker nucleophile X~ as

—}f—ﬂ S+ e 5— v—
Nu:+R7"— X" —— R—-Nu+:X
Stronger Weaker
nucleophile nucleophile
Haloarenes are almost unreactive to reagents such as NaOH, C,H,ONa, NaCN and
NH, under ordinary laboratory conditions but can show nucleophillic substitutionreactions
under drastic conditions.

Cl OH
(i) 6 — 8% NaOH, 623K , 300 am

(i) dil. HCI
Chlorobenzene Phenol

It is also observed that the presence of electron withdrawing groups such as -NO,

groups at o- and p-position (but not a m-position) with respect to halogen activates the
hal ogenstowards nucleophillic displacement.For example:

cl OH
(i) 15% NaOH, 433K
(ii) Dil. HCI
NO, NO,
4-Nitrochlorobenzene 4-Nitrophenol

Hal oarenes can al so readily undergo substitution reactionsin benzenering. The benzene
ring isan electron rich species. Therefore, it is attacked by an electron deficient species

suchasNOj . As ortho and para positionsin hal oarenes are el ectron rich due to resonance

(Fig. 27.1), the e ectrophilic substitution takes place mainly at these positions. For example,
the nitration of chlorobenzene, with amixture of concentrated HNO, and H,SO,, givesa
mixture of 2-nitrochlorobenzene and 4-nitrochl orobenzene.

conc. HNOsz+ conc. HoSO,4 ©/ @

Chlorobenzene 2-Nitrochlorobenzene

Cl

4-N|trochlorobenzene

Haloalkanes are highly reactive compounds dueto the presence of apolar carbon-halogen
bond in their molecules. The bond energy values of C—X bonds in haloa kanes and
hal oarenes are given in Table 27.3.
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Table 27.3 : C-X bond energy Values

Bond Bond Energy/KJ mol-*
C-F 485
ccCl 339
C-Br 284
C- 213

These bond energy values show that C-1 bond is the weakest bond and C-F bond is the
strongest bond. Therefore, theorder of reactivity of haloalkanesisiodoa kane >bromoakane
> chloroalkane> fluoroalkane.

Comparing the hal oalkanes and hal oarenes, hal oalkanes are found to more reactive than
hal oarenesin reactionsinvolving the breaking of C—X bond (X =F,C1,Br, or I). Itisdueto
the existernce of the phenomenon of resonance which cause carbon-halogen bond to
acquire double bond character in hal oarenes. The resonating structures of chlorobenzene

are shown below :
:Cl: ot dél: :Cl:
D= (= —C
«—> «—> «—> «—>

Fig. 27.1 : Resonance Structures of Chlorobenzene

S
Cl:

2. Elimination reactions : When haloalkanes are heated with aqueous solution of
potassium or sodium hydroxide, the magjor product formed is the alcohol, produced by

nucl eophilic displacement of the halogen atom by HO .

CH.Cl _aKoH , CHOH + CI
Chloroethane Ethanal
If a haloalkane is heated with concentrated alcoholic potassium hydroxide, the major

product formed is an alkene due to the elimination of hydrogen halide. Thisis called
[3-elimination or dehydrohal ogenation.

C,H.Cl —2KM , cH, = CH,

Chloroethane Ethene

In thisreaction, the OH™ ion acts and a base removes a proton from the molecule.

If the structure of alkyl halideissuch that it can undergo elimination in two different ways,
then the more highly substituted alkene (i.e. having lesser number of hydrogen atomson
the doubly bonded carbon atoms) is the major product of elimination. Thisisknown as
Saytzeff'srule. For example, elimination reaction of 2-bromobutane gives 2-butene as
major product according to the Saytzeff's rule, (refer lesson 26).

Chemistry of Organic
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French Chemist

Victor Grignard
awarded Nobel
Prizein 1912. He
introduced
organomagnesium
halide as a common
synthetic reagent.
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———> CH,CH = CHCH,
CH3CH2 - CH- CH3 But-2-ene
Br ac.KOH (80%)
2-Bromaobutane CH,CH,CH = CH,
But-1-ene
(20%)

3. Reactions with metals : Haloalkanes and hal oarenes react with a variety of metals
(zinc, magnesium and lithium).The compounds so obtained have a metal atom directly
bonded to acarbon atom. Such compoundsin which the metal atomisdirectly bondedto
acarbon atom areknown asor ganometallic compounds. The organometallic compounds
of magnesium with alkyl and aryl halides are known as Grignar d reagents.

C,Hs — Cl + Mg—2¥*™ , C,H, -~ Mg-Cl
Chloroethane Ethyl magnesium chloride

These are named after the French chemist Victor Grignard.

Alkyl halides react with metallic sodium in presence of dry ether to form symmetrical
higher alkanes. Thisreactioniscalled Wurtzreaction.

2R-X+2Na—* ,R_R+2Na"X"
Ethyl bromide can react with lead in presence of dry ether to form tetraethyl lead (TEL)
which is used as antiknocking agent in gasoline used for running automobilies.
4 CHZCH,Br + 4 Po— ", (CH,CH, ), Pb
Bromethane Tetraethyl lead

When hal oarenes react with alkyl halidesin presence of sodium and dry ether, the alkyl
derivatives of benzene are formed. Thisreactionis called Wurtz-Fittig reaction.

Cl CH,
@ +2Na+CH,Cl __dyehe . @ + 2NaCl
Chlorobenzene Toluene

When haloarenes are treated with sodium, diaryls are produced. Thisreaction is called
Fittig reaction.

Cl

Chlorobenzene Diphenyl

4. Reduction : Haloa kanes can be reduced to the corresponding alkanes. For example,
bromoethane can be reduced to ethane by using metal catalyst such asnickel or palladium
or platinum or by using hydroiodic acid (HI) in presence of red phosphorus.
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Ni o Pt Chemistry of Organic
Bromethane Ethane
CH4CH,l + HI—9P 5 CH, — CH, + 1,
| odoethane Ethane
Notes

Distinction between haloalkanes and haloarene

Hal oalkane and hal oarenes can be distinguished by silver nitrate (AgNO,). Hal oalkanes
react with AgNQ, to give white precipitate of AgCl while haloarene do not react.

RCl + NaOH —— NaCl + ROH

NaCl + AgNO, —— AgCl { NaNO,

Intext Questions 27.3

1.  Although haloalkanesare polar in nature, they areimmiscibleinwater. Explain.

2. Which oneof thefollowingisomers hasthe higher boiling point and why?
(i) o-dichlorobenzene (ii) p-dichlorobenzene

4.  What productswill obtained when ethylbromide reactswith
(i) ag. KOH and (i) ac. KOH

27.4 Some Useful Poly Halogen Compounds

A large number of polyhal ogen aliphatic and aromatic halogen compounds are known.
These areextensively used as solvents, pesticides, anaesthetics etc. Some of theimportant
compoundsare chloroform (CHCI,), iodoform (CHL,), carbontetrachloride (CCl ), benzene
hexachloride (BHC), DDT, etc.

Let us now study some of these compounds.
27.4.1 Chloroform

Chlorofom is a derivative of the simplest hydrocarbon, methane. Its IUPAC name is
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trichloromethane. In thelaboratory, it is prepared from ethanol or propanoneasgiven below:

1. From Ethanol

Chlorofom is prepared in the laboratory by treating ethanol or propanone with chlorine
gasin the presence of an alkali. Following isthe reaction sequence in this process :

CHyCH,0H —— 2 CH,CHO —322—  CI,CCHO
Ethanol Ethanal Trichloroethanal

(Chloral)

Ca(OH), + 2Cl;C ~ CHO——> (HCOO), Ca+ 2 CHCl,

Calcium chloroform
formate

3Cl
CH3COCH; ——-2— Cl;C~CO-CH,
Propanone

Ca(OH), +2CCl,CO - CHy — (CH3CO0), Ca+ 2CHCl;

Calcium chloroform
acetate

Chlorofomisacolourlesssweet smelling liquid (b.p. 334K). It isslowly oxidized by airin
the presence of light to a poisonous gas, phosgene. Chemically phosgene is carbonyl
chloride, (COCI,). Therefore, chloroformisstored in dark coloured bottlesto protect it
from light. The bottle are completely filled so that the air is kept out. A small amount of
ethanol is added to chloroform to convert toxic phosgene, if formed, into a nontoxic
compound, ethyl carbonate.

CHCl; +0,—9" , cOCl, + 2 HCl
Phosgene

COCl; + 2C,H5OH —— CO(OC,Hs), + 2HCI
Ethyl carbonate

Chloroformis used in isocyanide test for the detection of primary amines. Inthistest, a
mixture of amineand chloroformisheated with acoholic NaOH. A foul smellingisocyanide
isobtained. Thistest is also known as car bylaminetest. It can be used to test aliphatic
and aromatic primary amines.

C,HsNH, + CHCl; + 3NaOH—— C,H;NC + 3NaCl + 3H,0
Ethylamine Ethyl isocynanide

27.4.2 lodoform
lodoformisapaleyellow solid with adistinct smell. ItsIUPAC name istriiodomethane.
Preparation

lodoformis prepared by heating ethanol or acetone with iodinein the presence of alkali.

CH3CH,0H +3l, + 4 NaOH —— CHI; + CH;COONa+ 3Nal + 3H,0
Ethanol lodoform




CepENIERETEIRY | NODULE -7

CH 3COCH3 +3 2t 4 NaOH 324® CHI 3+ CH3CONa+ 3Nal + 3H 20
Acetone lodoform
Yellow crystalsof iodoform can easily be recognized by the characteristic smell. Formation

of iodoformisused to test compounds containing CH, — IC =0 or CH,- C|:H —group.This

OH

test is known asiodoform test. lodoform is used as an antiseptic.
27.4.3 Dichlorodiphenyltrichloroethane (DDT)

Itisavailablein several different forms: powder, aerosols, granules, etc.

o

cl

CH- CCl,
DT

Uses: Itisused mainly to control mosquito-borne malaria. It isalso used asan argicultural
insecticide. The use of DDT has been banned in many countries because being non-
biodegradable, it accumulatesin environment. It istoxicto other living organismssuch as:
mammals, birds, fishes, etc.

27.4.4 Benzene hexachloride (BHC)

It is sold under the name gammexane, lindane or 666 and has the formulaC.H.Cl ..

Cl g
Cl H
H Cl
Cl H
H Cl
Cl H
Gammexane

(1,2,3,4,5,6-hexachloro cyclohexane)

Uses: It isused as a pesticide in agriculture.

Chemistry of Organic
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. Hal oal kanes and hal oarenes areimportant organi c compounds having wideindustrial
and household applications.

. Variousrules for IUPAC naming of hal oalkanes and hal oarenes.

. Methods of preparation and chemical properties of hal oalkanes and hal oareneswhich
are summarized below :

R-H Cl, aq KOH R_OH
(R = alkyl) sunlight (R = akyl)
Mg
> R-Mg-Cl
R - OH HCI dry ether (R = alkyl)
(R =alkyl) “anhy. ZnCl, Na
p— > R-R
B PCl, ryether (R = alkyl)
R-OH N R-Cl
(R = alkyl ’ Fb
yl) or PCI, - (R),Pb
(R=akyl dry ether ~ )
or aryl) (R = alkyl)
R-OH Lﬂ? Na, dry ether R—CH
(R = alkyl) > R-CH,
CH,Cl (R =aryl)
R - OH cl, Na__ . Rr_p
(R=aryl) Fe or Fe Cl, dry ether (R =aryl)
Nencl-  CuclHC L, R-H
—_— Ni or Pt or Pd (R = alkyl)
HI
Red P (R =akyl)

. Duetothe polar nature, halo compounds have higher melting and boiling pointsthan
the corresponding hydrocarbons.

. Chemically, fluoro compounds are comparatively least reactive and iodo compounds
arethemost reactive. Also, hal oalkanesare morereactivethan haloarenesin reactions
involving cleavage of C-X bond.

. Hal oalkanes undergo nucleophilic substitution reactions. But in haloarenes, the
substitution in the benzenering isan electrophilic substitution reaction.

. Grignard reagents are produced by the reaction of a haloarene or haloalkane with
magnesium metal .

. Chloroform and idoform are useful trihalo derivatives of methane. Chloroformis
prepared in the laboratory from ethanol or propanone by reacting with chlorinein
presence of alkali.

I
. lodoform test is given by compounds containing either CH;-C=0 or

I
CH, — CH — OH group.

186




preepiETREIgETEIY | MODULE -7

a Chemistry of Organic
B Terminal Exercise Compounds

1. GivelUPAC names of thefollowing compounds:
(i) sec-butyl chloride
(i) iso- propyl bromide

Notes

Cl
(iii)

Cl

Br

CH,

(iv)

CH

3

(v) CH3—(|3H—C|H—CH3
Br Br

2. Namethe product obtained by treating 2-propanol with hydrogen chloridein presence
of anhydrous zinc chloride. Also writereaction involved.

3. Alkyl halides are more reactive towards nucleophilic reagents than aryl halides.
Discussbriefly.

4.  Writechemical equationsfor thereactionssof :
(i) n-propanol with PClg
(i) chlorine gas with benzene in presence of FeCl ;as catalyst.

(iii)  bromoethane with agueous K OH solution.
(iv) nitrousacidwithanilineat 278 K.

(v) chlorobenzenewith magnesium.
(vi) chlorobenzene with amixture of conc. HNOzand H,SO, .

5. Givereasonfor thefollowing:
(i) Haloakanesundergo nucleophilic substitution reactions.
(i) Haloarenesundergo e ectrophilic substitution reactions.

6. What isaGrignard reagent ? How isit prepared?
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MODULE -7

Chemistry of Organic | 7.  Disucssbriefly thefollowing:

Compounds (i) lodoform test
(i) Carbylaminetest
(iii) Diazotization
Notes (iv) Releativereactivities of chloroethane and bromoethane

8. How ischloroform prepared in thelaboratory? Write the reaction for its prepartion
from ethanal .

@ Answersto Intext Questions

27.1
1. (i) 2-Chloropentane
(ii) 3-lodo-2-methyl pentane
(iii) I-Chloro-2,3-dimethyl pentane
(iv) 1,3,4-Trichloro-6-methylbenzene or 2,4,5 - Trichlorotoluene
(v) 1,3-Dibromo-5-ethylbenzene
(vi) 2,4-Dibromohexane
2. () CH,~ CH-CH-CH,

|
CH3 Br

(i) CH;— CH, - |CH - ?:H - CH,CH,

Cl CH,
Cl
Br
CH3
Br
(iv)
Br
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on Containing Halogens @ KV 'e'p § Il =4

27.2

1. CH4CH,CH,CI
2. 1-chloropropane
3. TheDiazoniumsalt ontreatment with copper (I) chlorideCu,Cl , giveschlorobenzene.

+
N= NCI

Cl
Q == Q™

Chlorobenzene

Cl

&

27.3

1. Duetotheirinability toform hydrogen bonds.
2. Paradichlorobenzene; dueto greater symmetry and hence a better packing.

Cl cl Cl
3_ HNO3 + H>SO,4 N +
o-Nitrochlorobenzene NO

2
p-Nitrochlor obenzene

5. CH;— CH,— CH-CH, __deKOH . CH,CH=CHCH,
| major product

Br

27.4

1. (i) Trichloromethane
(i) Triiodomethane

2. Chloroform oxidisesto phosgenein the presence of air and sunlight. Dark coloured
bottlesreduce formation of poisionous phosgene

CHCl; + 0, —2M9" _, cocl, + HCI

3. Compoundshaving CH, - C=0 Or CH; - CH - unitsintheir structure.
I

OH
Dark coloured bottles reduce formation of poisonous phosgene.
4. DDT, BHC, CHCI, and CHL.,

Chemistry of Organic
Compounds

Notes
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