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Class 12 Chemistry Haloalkanes and Haloarenes

Introduction

Halo alkanes are the compounds containing halogen atom attached to the sp® hybridized carbon atom of an alkyl

group.
CHy—X
CyHX H,C——X
Monohaloalkane Dihaloalkane

Haloarenes are the compounds containing halogen atom attached to sp” hybridized carbon atom of an aryl group.

J o o

monohaloarene Dihaloarene Trihaloarene

Classification of halo alkanes and halo arenes On the Basis of number of halogen atoms
Depending on number of halogen atoms present in halo alkanes and halo arenes they can be classified as mono
(one atom), di (two atoms), or Polyhalogen (tri- (three atoms), tetra- (four atoms), etc.) compounds.
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] CH X
C,HX L%
CH,X
Monohaloalkane Dihaloalkane
X
X X
Monohaloarene Dihaloarene
CH,X X
I .
(IDHX A
CH,X X
Trihaloalkane Trihaloarene

Classification of halo alkanes and halo arenes on the basis of compounds containing sp3C—X Bond
(a) Alkyl halides or halo alkanes (R—X)
They create a homologous series represented by C,H,,.1X and can be further classified as primary, secondary or

tertiary.

Iil II{’ ff'
I{,—(l:_-\ R“—C—X R"_(I-:_X
|

II H RNI

Primary (1°) Secondary (2°)  Tertiary (3°)

(b) Allylic halides
The compounds with halogen atoms bonded to sp3-hybridised carbon to carbon-carbon double bond (C=C) i.e. to
an allylic carbon.

X
=

CH, X

24

(c) Benzylic halides
The halogen atom of these compounds is bonded to sp3-hybridised carbon atom placed next to an aromatic ring.
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RI
CH,X X
RI’

(1°) R'=CH,, R'=H (2°)
R'= R"= CH,(3%
Classification of halo alkanes and halo arenes on the basis of compounds containing sp, c—x bond
o Vinylic halides
The halogen atom of these compounds is bonded to sp’-hybridised carbon atom of a carbon-carbon double bond (C
=(C).

=\ X
X

(b) Aryl halides
The halogen atom of these compounds is bonded to the sp2-hybridised carbon atom of an aromatic ring.

o O
HC

Nomenclature

Nomenclature of halo alkanes

Select the longest chain of carbon that contains the halogen atom.

Give least possible number to the halogen atom.

The carbon containing double or triple bond is given the least number.

Place the suitable suffix like di, tri, tetra for 2, 3, 4 halogen atoms respectively.
Name the compounds as halo alkanes, halo alkenes or halo alkynes.

For example,

O O O O O O O

Cl
/\/\ Br\/\ & \/\
Br Br cl
2-chloropropane 1-Bromobutane 1.2-Dibromoethane  1_2-dichloroethane

o Nomenclature of halo arenes
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Commonly they are termed aryl halides.

Numerical prefixes (1,2) ; (1,3) ; (1,4) for [for positions of the compound with respect to halogen atom.
The halogen atom is given the least number.

For example,

O O O O

Br |

BROMOBENZENE 1-1I0DO-2-METHYL BENZENE

Problem:

Give the IUPAC names of the following compounds:
(i) CH3CH(CI)CH(Br)CHs

(ii) CHF,CBrCIF

(iii) CICH,C=CCH,Br

(iv) (CCls)sCcl

(v) CH3C(p-CICsH,),CH(Br)CH;

(vi) (CH3);CCH=CCICgH,l-p

Solution:
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0]
Cl Br

4 1 2 |
CHy—CH—CH—CH;
2-Bromo-3-chlorobutane
(i)

F Cl

2 1
E= ('H—(I‘—F

Br

1-Bromo-1-chloro-1, 2, 2-trifluoroethane
(iii)

Cl—CH; —C = i-—("n;— Br
1-Bromo-4-chlorobut-2-yne

(iv)

a a a
2-(Trichloromethyl)-1,1,1,2,3,3,3-heptachloropropane

Problem:
Write structures of different dihalogen derivatives of propane.
Solution:
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0]
Br — CH— CH, — CHj
Br

1, 1-Dibromopropane
(i)

Br
CHy— (]‘—(-m

Br
2, 2-Dibromopropane
(iii)

Br

Br — CH,— CH — CH;
1, 2-Dibromopropane
(iv)
Br — CHy— CHy— CHy— Br

1, 3-Dibromopropane

Problem:
Give the IUPAC names of the following compounds:

(i) CH;CH(C1)CH(Br)CH;

(ii) CHF,CBICIF

(iii) A1CH,C?CCH,Br

(iv) (CCL);,CCl

(V) CH3C(p-ClCgH,),CH (B1)CH3

Solution:
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0]
Cl Br

4 1 2 |
CHy—CH—CH—CH;
2-Bromo-3-chlorobutane
()

F Cl

2 1
|~'—('H—(|‘—|~'

Br

1-Bromo-1-chloro-1, 2. 2-trifluoroethane
(iii)

4 3 p. |
Cl— CH; — C=(—CH,—Br
1-Bromo-4-chlorobut-2-yne

(iv)

ca ca Q

2-(Trichloromethyl)-1,1,1,2,3,3,3-heptachloropropane

Nature of C-X Bond

o Halogen atoms being more electronegative than carbon possess a polarized bond between the carbon halogen
of alkyl halide.

o The carbon atom of the alkyl halide possesses a partial positive charge. The halogen atom on the other hand
possesses a partial negative charge.

\8+ O-
_C_z
/

o The carbon-halogen bond length increases from C—F to C—I due to the increase in the size of halogen atom
while going down the group in a periodic table from fluorine to iodine atom.
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1222

o Consequently the carbon-halogen bond length also increases from C—F to C—I.

CH,-I 139 452
CH- CI 178 351
CH,-B1 193 293
CH_-I 214 234

Methods of Preparation of haloalkanes
o By halogenations of alkanes in presence of light, catalyst or heat:

C,Hg + Clyhy — = OHsCl -+ HCI
Ethane Chloroethane

o By halogenations of alkenes with HX :

H +HCl —— —c|:—<|:—
|4

2.3-dimethylbut-2-ene

2-chloro-2,3-dimethylbutane

H Markownikoff's
I Addition
C +HCI - CH;—CH——CH;
H 30/ \CHz
prop-1-ene gl

2-chloropropane

o Hunsdiecker reactions:
The Hunsdiecker reaction is an instance of a halogenation reaction which involves an organic between silver salts of
carboxylic acids and halogens resulting in the formation of organic halides.

RCOOAg + Br, — = RBr+CO)+ AgBr

o Allylic halogenations:
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Br
H H
Allvlic positgé hv
+Br; =——

o Preparation of alkyl halides from alcohols:

Treatment of alcohol with HCl in the presence of anhydrous ZnCl, phosphorous pentachloride, PX5(P,+ X;)or
SOCI, leads to the preparation of alkyl halide.

1. By the action of halogen acids:

ZnC13
CH;CH,OH + HCl — CH;CH,Cl +H,0O

Ethanol Chloroethane

1 and 2 degree alcohols require anhydrous ZnCl, while alcohols do not require ZnCl,. Mixture of conc. HCl and
anhydrous ZnCl, is called Lucas reagent.

Primary and secondary alkyl chlorides are prepared from their respective alcohols by using HCl gas and anhydrous
ZnCl,.

1. By the action of phosphorous halides:

3ROH + PX5a 3RX + H3POs.

Alkyl chlorides can be synthesized by the action of PCl; or PCls.

1. Darzen method:

Darzens halogenation is a chemical processs involving the preparation of alkyl halides from alcohols by treating
with reflux of thionyl chloride or bromide (SOX,) in the presence of small quantity of a nitrogen base like
tertiary amine or pyridine, or the equivalent hydrochloride.

Alkyl bromides and iodides cannot be prepared by this method. The reason behind this is that thionyl bromide is
unstable and thionyl iodide does not exist. This method is preferred for preparing alkyl chlorides because here
by-products are gaseous SO, and HCl which escape easily. But this does not happen in the method involving
phosphorous chloride; hence it is not used for preparing alkyl chlorides.

Pyridine
Reflux

ROH + S0, Rl + S0, +HA

Methods of Preparation of aryl halides

o Nuclear halogenations:

This method can be used to prepare aryl chlorides and bromides. This is done by treatment of arene with chlorine
or bromine in the absence of sunlight and in the presence of halogen carrier like AlCl;, FeCl; etc. at low
temperatures. It is an electrophilic substitution.
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Cl
gl T +HCl
benzene chlorobenzene
o From phenol:
HX, PX;
CsHsOH » No Reaction
Phenol  or SOCl,
C¢HsOH + PCly —® (C¢H;Cl + HCl + POCly
Phenol Phosphorus chlorobenzene Phosphoryl
pentachloride Chloride

However the yield of Chlorobenzene is very poor as the main product is Triphenyl phosphate.
o By Hunsdiecker reaction:

Acetone or
CH;COOAg +Bn —» (C)HsBr + CO, + AgBr
Silver propionate CClyassolvent  Bromoethane Silver bromide
o Raschig process:
Cl
CUC12
Copper(ID)
2HCI (6] Chionde 2 +2H,0

- +2 g) + 0, —» 2 2

2 (8) + 0O, Heat 2

benzene chlorobenzene

Sandmeyer reaction

Diazonium salts are highly reactive compounds used to prepare arene derivatives. Treating diazonium salt with
copper (I) chloride (Cu,Cl,) or copper (l) bromide (Cu,Br,) leads to the formation of corresponding haloarene.
This reaction is known as Sandmeyer reaction.
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Cl
CuClHCl () A
—— SO +n1 5
/ 7 5
; Chlorobenzene 5
/ Br ]
/ -
/ 3 9
/ CuBrHBr =]
/ — -
t / S
N= NCl 7
J g
"‘:—N N /
( '.'I / I
B M KI ,,---1-»\ R PR
Benzene diazonium / > [7 +N, | + Cl
chloride vy R O]
N TIodobenzene
F
NaNO/HBF, L
Erarand (@) REYRL
Fluorobenzene

Gattermann reaction
Haloarenes can also be prepared by reaction of benzene diazonium chloride with copper powder in the presence of
corresponding halogen acid. This reaction is termed as Gattermann reaction.

Cl

CwHCl r«} PN
—> | 3

Cu/HBr ¥ s, - s
—>[()]+N.1 +a
N2

Physical Properties of halo alkanes

o Alkyl halides are colorless in pure state. Bromides and iodides cultivate colour on exposure to light

o Volatile halogen compounds possess a sweet smell.

o Intermolecular forces of attraction of halogen derivatives are stronger due to greater polarity and molecular
mass as well compared to the parent hydrocarbon thereby resulting in higher boiling points of chlorides,
bromides and iodides compared to hydrocarbons of equivalent molecular mass.

o The boiling points of alkyl halides for same alkyl group follow the order: RI> RBr> RCI> RF due to the increase in
size and mass of halogen atom thereby increasing the extent of van der Waal forces.
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B P (K)
4007 . CHLORIDE
300+ - BROMIDES

D IODIDES

200+

100 4

CH,X CH,CH,X CH,CH,CH,X

o Inisomeric haloalkanes the boiling points decreases with increase in branching.
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H, Hz Hp
H3C——C —C —C —Br

1-bromobutane B .P. 375K

H H
H3C——C ——C——CHj

B.P. 360K

2-bromobutane

CH;

H3C ——C——CHj

B.P. 346K
Br

2-bromo-2-methy Ipropane

o Para-isomers possess high melting point compared to ortho and meta-isomers due to the symmetry of para-
isomers fitting in crystal lattice better than ortho- and meta-isomers.

o Density increases with increase in number of carbon atoms, halogen atoms and atomic mass of the halogen
atoms. Consequently the density of Bromo, iodo and polychloro derivatives of hydrocarbons is greater than
water.

o The haloalkanes are only very slightly soluble in water due to release of less energy during the setup of new
attractions between the haloalkane and the water molecules which in turn is insufficient to overcome the
attractions between the haloalkane molecules and break the hydrogen bonds between water molecules.

o Haloalkanes dissolves easily in organic solvents due to the new intermolecular forces of attractions between
haloalkanes and solvent molecules having equivalent strength as the one that is broken in separate haloalkane
and solvent molecules.

Problem:

Arrange each set of compounds in order of increasing boiling points.
(i) Bromomethane, Bromoform, Chloromethane, Dibromomethane.
(ii) 1-Chloropropane, Isopropyl chloride, 1-Chlorobutane.

Solution:
Bl‘ Br
CH;— Cl CH;— Br CH, — Br Br— CH—Br
Chloromethane Bromomethane Dibromomethane Bromoform
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Substitution reaction in halo alkanes

Nucleophilic substitution reactions are most common reactions of alkyl halides.
The most common nucleophiles are OH™, CN’, NO,, SH’, NH,’, OR" and RCOO
Following are some examples:

HO: +CH;—!° _ym CH;—OH +:iI¢
Nucleophile Substrate Substitution Leaving
Product Group

Nucleophilic substitution may take place in two ways:
1. SN1 Mechanism
2. SN2 Mechanism

Sy mechanism

—X + Nu~
R X > R —W R—\y
Slow Fast

The tertiary alkyl halides react by Sy' mechanism via formation of carbocation as intermediate. The reactivity order
for Sy* reaction is
Benzyl > Allyl >3 >2 >1 > CH;3X.

A mechanism for the reaction of tert-butyl chloride with water apparently involves two steps:

(s :
| 2«Chioro-2-methylpropanc Y me Rtopin ol A
| STEPI: o tert-hatanol !
FH! Slow2 _—iCHp
H3C—C_(?1: ) Ho C— C + + .a:'
Subatrute 3 W, © (.'ubumln.é\ Ca g
ns : “ i
STEP2 =
2
O k I -
o et Ll
Me—cT 4 —n o me—d—8
Sen | ett, Y
2 H 2
Nuckoplile
C,H'r
o M
Lo G O—H O
2 ] I |
H H
CH o
CHe z= g
b S H—O—H
Ha g l: | L
H
CcHz2

Sshstinaon Product

Stereochemistry of SN*:
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Ha C
3 \\ CHy CHn
Slow ] :
y C__ B > + Fast
o S g — s Ny
y / - Bx / W Nu
Hace y Hye S Ha &
Substrate 3 Carbocation CH3
Substitution Product
Key features:

More stable will be the carbocation intermediate; faster will be the SN* mechanism.

Polar solvents lead to polar transition state which in turn accelerates the SN* reaction.

If the initial compound is chiral then SN* reaction ends up with racemization of the product.
Weaker bases being leaving group favor SN* reaction.

Sn> mechanism

In case of Sy’ reactions the halide ion leaves from the front side whereas the nucleophiles attacks from the back
side; due to this reason Sy’ reactions are always accompanied by the inversion of configuration. Thus formation
of another enantiomer is lead by Sy’ reaction of an optically active halide i.e. optical activity is retained but with

opp05|te conflguratlon -

- "r‘.':".'.' = N RV 'T"

‘Moo 4 cn_,a —_— q,eﬂ-t-d.‘f"

MethylChloride Mefhanol
(Hr = T ci:
H._é"-"“)c/ —-/cJL. — '",C"'
H
H - ' tl
Substrate T"W‘ hn -
-.H H
- -:/ - LT
}{ S O'—' C -+ -c.'e *
H

Substitution Product

Stereochemistry of SN*:

Y

H

\ [ &~ l §- N / H
Nv 'c—-—>C"__X SRy I+ S NP | u-—-C~._‘

g H

e S\

W : H H H
#) Seberate Transition State Substituion Product
Key features:

In SN? reaction the stereochemistry around carbon atom of the substrate undergoes inversion and is known as
walden inversion.

The rate of reaction depends on the steric bulk of the alkyl group.

Increase in the length of alkyl group decreases the rate of reaction. Alkyl branching next to the leaving group
decreases the rate drastically.
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Under the following conditions Sy! and Sy? reactions take place:
o The alkyl is secondary and tertiary.

o The solvent is Protic or Aprotic.

o To stabilize the intermediate stage.

Sy’ reaction and conditions required for it

Alkyl halide: Sy* reaction will be slowed down if there exists steric congestion around the carbon atom undergoing
the inversion process.

CHsX > RCH,X >> R,CHX >>> R5CX

i.e. we conclude that if there is less congestion then the reaction will be faster.

Leaving group: the leaving group with a full negative charge is always expelled out. As a result the best leaving
groups are those that can best stabilize an anion.

Solvent: Surroundings which the solvent surrounds can cause a reaction to go faster or slower. Solvent are of two
types:

1. Protic solvent: Nucleophile suffers salvation in which Protic solvent hydrogen bonds with anion that tries to
attack the alkyl halide thus creating a shield around the nucleophiles. As a result reaction is slowed down. E.g.
Alcohol, water

2. Aprotic (polar) solvent: Aprotic solvents are those not capable of donating H's. Due to which it's favorable in
SN reaction because it's a 1step reaction and it doesn't require forming or having H's to stabilize the
Carbocation step. E.g. Acetone, DMSO.

Sy! reaction and conditions required for it

Alkyl halide:
Sy! reaction occurs faster if the carbocation intermediate is more stable and has a lower activation barrier.
3 carbocation > 2 carbocation > 1 carbocation.

Leaving group:
The leaving group with a full negative charge is always expelled out. As a result the best leaving groups are those
that can best stabilize an anion. In this reaction, it will not be odd to consider water as a leaving group.

\'NHTER AL @ [tb-viﬂf group. !
— , 3 /‘*@ .5
Q,_H'ﬁe Ce):fq_ gy —!GD Ex
>

Substrate C: arbofation .

—Br

Substitution Lmd-c.t‘v};

Solvent:
When a carbocation undergoes solvation it allows the carbocation to get surrounded by more electron density
thereby making the +ve charge more stable. The solvent can be protic or Aprotic but it must be polar.

Nucleophiles:
Those nucleophiles that undergo Sy' mechanism are weak neutral molecules. Any nucleophiles stronger than this is
also a strong base that results in elimination reactions.
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Elimination reactions:

This reaction involves the loss of two atoms or groups from the substrate as by product with formation of pi-bond.
A halogen along with a hydrogen atom is removed from adjacent carbon atoms to form a double bond. This
elimination introduces multiple bonds. It can be classified into E1 and E2 reaction.

E1 reaction

Itis a unimolecular reaction. Rate determining step consist of formation of carbocation intermediate. Stability of
carbocation intermediate determines the reactivity of E1 reaction.

Order of reactivity for E1 reaction is 3° > 2° > 1°. Both elimination and substitution reaction involves the use of
(same reactive intermediate) carbocation. Therefore both the products are formed in comparable amount. This
reaction is favored by entropy of reaction therefore increase jn temperature favors the E1 reaction.

I + H0 —> city= (‘(“fs)z+ Heoty T q

¥l propanc 2-methylprop-1-ene

Chg b EHe e
__,',t I _S® L pe—cl i
l o H; © i \(IQ S
Carbocation
oy ms
R b s o "
: 5 /'_) t / Tl S +
" - L R £\+ > H |
. [ cHy H H
sl Elimination Prod

Stereochemistry of E1 reaction:

E1 eliminations generally lead to the more stable stereochemistry.

The rate of the E1 reaction depends only on the substrate, therefore more stable the carbocation is, faster will be
the reaction. Slowest step is the formation of the carbocation. Alkenes formation doesn’t require strong base,
since there is no leaving group that needs to be displaced. So there is no requirement for the stereochemistry
of the starting material;

E2 reaction

It’s a biomolecular reaction. It is a single step reaction whose rate depends on the concentration of base and
substrate. Reactivity depends on both strength of base and nature of alkyl halide. Order of reactivity for E1
reaction is 3°> 2° > 1° This reaction proceeds at room temperature.

Example:

8

OO i

General mechanism:
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;'};< !wi_»[ /_ —/ } s c—c<+ H-Bate -+ X

Substeate X Elimination Reaction

Stereochemistry of E2 reaction:

E2 eliminations may or may not lead to the more stable stereochemistry. Initial material for this reaction has two
sp® hybridized carbons which on rehybridization forms two sp? hybridized carbons. The C-X bond and the C-H
bond lines up in the same plane and faces in anti directions to each other.

ﬂ\_ H RO"—\," " #
o A
H— " } g .| & ., .
7
H —1——B / Fi 4, 6 ¢
Ph i (tic)
50 X
( Fleso) H o0, ;
£ P w Py
¥ | ) AR &
TSR NN Vgt
6/{ H = /\-‘ fh . [ £h ] __.
te & 2 |
Fh (T oN) :
(Al‘[) 2

Conditions of E2 reaction:

The conditions favoring Sy’ reaction favors E2 reactions which are as follows:

Alkyl halide: Sy* reaction will be slowed down if there exists steric congestion around the carbon atom undergoing
the inversion process.

i.e. we conclude that if there is less congestion then the reaction will be faster.

CH3X > RCH,X >> R,CHX >>> R5CX

Leaving group: the leaving group with a full negative charge is always expelled out. As a result the best leaving
groups are those that can best stabilize an anion.

Solvent: Surroundings which the solvent surrounds can cause a reaction to go faster or slower. Solvent are of two
types:

1. Protic solvent: Nucleophile suffers salvation in which protic solvent hydrogen bonds with anion that tries to
attack the alkyl halide thus creating a shield around the nucleophiles. As a result reaction is slowed down. E.g.
Alcohol, water

2. Aprotic (polar) solvent: Aprotic solvents are those not capable of donating H's. Due to which it's favorable in
SN? reaction because it's a 1step reaction and it doesn't require forming or having H's to stabilize the
Carbocation step. E.g. Acetone, DMSO.

Saytzeff's rule of elimination:
According to this rule although alkene synthesis leads to the formation of more than one product, the more
substituted alkene is the major product.
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FHE ?"

H _-(','-—C",-‘ é— C—#H
e |
H " hn H

Conditions of E1 reaction:

The factors that favors Sy* reaction also favors E1 reaction which are as follows:

Alkyl halide:

E1 reaction occurs faster if the carbocation intermediate is more stable and has a lower activation barrier.

3 carbocation > 2 carbocation > 1 carbocation.

Leaving group:

The leaving group with a full negative charge is always expelled out. As a result the best leaving groups are those
that can best stabilize an anion. In this reaction, it will not be odd to consider water as a leaving group.

Solvent:

When a carbocation undergoes solvation it allows the carbocation to get surrounded by more electron density
thereby making the +ve charge more stable. The solvent can be protic or Aprotic but it must be polar.

Nucleophiles:

Those nucleophiles that undergo E1 mechanism are weak neutral molecules. Any nucleophiles stronger than this is
also a strong base that results in elimination reactions.

Like the E2 reaction, the E1 favors the Zaitsev product (always).

Comparison of Sy', Sy, E1 and E2

1. ElandE2

E2 reaction is favored by strong base whereas strength of base doesn’t determine whether the reaction will be
favored or not.

Order of reactivity is same for both the reactioni.e.3 >2>1.

E1 reaction is favored by polar protic solvent because it accelerates the reaction by solvating halide ion forming
carbonium ion whereas E2 reaction is decelerated by polar protic solvent.

E2 reaction is favored at room temperature whereas E1 reaction requires little higher temperature.

2. Sy2and E2

High concentration of a strong nucleophiles or base favors both the reactions.

Increase in temperature favors elimination over substitution. They are entropically favored over substitution due to
the fact that products of elimination are greater in number than the reactants and increase in temperature
increases the entropy effect. This is due to the relation AG® = AH® — TASC.

Another way to influence the elimination reaction is to strong sterically hindered base. In the reaction mentioned
below E2 reaction is 85 % whereas Sy’ is 15%
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(H;
|
N fen ) con g
CHy—C —O + Myfch,) cor ey —p, Pz z f
] M b e e "(C""")S“':ml"' C”afbl;)sm‘_u*_"" I

('H? 1

Using a strong and slightly polarized base such as amide ion, alkoxide ion influences the elimination reaction.

i e i 0
- I *
CH,C— O + CH3zcH—Bs ——> CHac— O— cHcHg + By
Acetic Acid 2-bromopropane Ester
3. Sy'andE1l

E1 reactions are favored by the use of substrates that can form stable carbocation. They are also favored by the use
of polar solvents. At lower temperature Sy' is favored over E1 reaction.

Strong nucleophile & Weak Nucleophile

Strong nucleophile

Usually anions with a full negative charge and no steric hindrance. Nucleophilicity increase with increase in charge
density. For example, NaOR, RLi, NaOH or KOH, NaCN or KCN, NaCCR, NaNH,, NaNHR, Nal, LiBr, KI, NaN3.

Weak Nucleophile: Neutral. For example,

Basicity and Nucleophilicity essentially describe same phenomenon, except basicity concerns donation of lone pair
of hydrogen and Nucleophilicity concerns donations of lone pair to all other atoms.

Nal Na+T ——»  Strong Nucleophile Weak Base

NaOH Na+ OHF —— Strong Nucleophile Strong Base

Organometallic Compounds

Most organic chlorides and iodides react with certain metals to give compounds containing carbon-metal bonds
called organo-metallic compounds.

For example, RMgX is referred to as Grignard Reagent in 1900 by Victor Grignard.

Carbon-magnesium n=bond is covalent but highly polar.

Grignard reagents are highly reactive and react with any source of proton to give hydrocarbons.

Chemical properties:

It involves

1. Nucleophile Substitution

2. Elimination Reaction

3. Reaction with metals

Nucleophilic Substitution: Resonance effect

Aryl halides are extremely less reactive towards Nucleophilic substitution reactions. Let us now discuss resonance
effect.

. + +
Cm F Cl Cl Cl

N

— ) S 4 -
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Nucleophilic Substitution:sp, hybridised

C-X bond in halo alkane is 177 Pico meter. Whereas C-X bond in haloarenes is 169 Pico meter. Therefore the C-x
bond in haloarenes is strong and stable and hence difficult to break. Hence the Nucleophilic substitution in
haloarenes is difficult.

Nucleophilic Substitution: unstable cation

Cl
+
Resonating Structure No resonating Structure
Stable Unstable

In figure Il resonance structure is not possible. Cation formation is not possible as the cation is unstable.
This shows that Sy' is totally ruled out.
S\2is possible.

Polyhalogen Compounds
Dichloromethane (Methylene chloride)

CI/\CI

Methylene chloride

It is used as solvent, paint remover, propellant in aerosols, process solvent in the manufacture of drugs.
It is used as metal cleaning and finishing solvent.

But human beings can be adversely affected when exposed to Methylene

It causes harm to human mental health.

Human exposure to even lower levels of mythlene chloride in air can lead to dizziness, nausea, tingling,
numbness in fingers and toes, etc.

Direct exposure to Methylene chloride can cause intense burning and mild redness in the skin.

o Cornea of eyes can be adversely burnt on direct exposure to Methylene

O O O O O

Trichloromethane (Chloroform)

Cl

Cl
Cl
Chlorof orm

o Chloroform is a sweet smelling, heavy and colorless liquid. It has low B.P. of 61°
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o Itisinsoluble in water but soluble in organic solvents.
If it is inhaled it causes unconsciousness.
It is used as anesthetic because when pure chloroform is inhaled it affects the heart due to which after mixing
with ether and other suitable anesthetics chloroform can be used as anesthetic.

o Chloroform on oxidation in air leads to the formation of phosgene which is a poisonous gas due to which it
should be stored in a dark colored bottle.

light
CHCl; +120, — ™ CcoCl,+HA

o Before using chloroform as an anesthetic it is tested with AgNOs. Poisonous chloroform gives white precipitate
with AgNOs.

Triiodomethane (lodoform)
I

|
Iodoform

o They are used as an antiseptic due to the liberation of free iodine. It is not because of lodoform itself.
o Butdue to the offensive smell it was replaced by some other solutions that contain iodine.

Tetra chloromethane (Carbon tetrachloride)

Cl
Cl Cl
Cl
Carbon tetrachloride

o They are used in manufacturing refrigerants and propellants for aerosol cans.

o They are also used for the synthesis of chlorofluorocarbons, pharmaceutical etc.

o It was extensively used as cleaning agent in industry and as a degreasing agent at home as well.

o Itis also used as a spot remover and fire extinguisher.

o Exposure to CCl4 can adversely affect the heart beat and make it beat irregularly or make it permanently stop.

o Exposure to eyes can cause irritation.

o Exposure to atmosphere can lead ozone depletion that may lead to rise in the level of exposure to ultraviolet
rays. This in turn leads to increased risk of skin cancer, eye diseases and other disorders as well as weakened
immune system.

Freons
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Cl F

| |
Cc—C—Cl Cl—C—Cl

l |
F F

Freon-11 Freon-12

The chlorofluorocarbon compounds of methane and ethane are jointly called freons.
They are very stable, non-corrosive, non-toxic, and unreactive liquefiable gases.
Freon 12 (CCI,F,) is most commonly used Freons in industrial sector.

Freons are manufactured from tetra chloromethane using Swarts reaction.

Freons are extensively used in aerosol propellants, refrigerants and air conditioners.

O O O O O

p,p’-Dichlorodiphenyltrichloroethane(DDT)

Cl
Cl Cl

H

Cl Cl
dichlorodiphenyltrichloroethane

o DDT stands to be the first chlorinated organic insecticides originally discovered in 1873 which was then further
studied and it was 1939 when Paul Muller discovered the effectiveness of DDT as an insecticide.

o Itis highly poisonous to all living organisms as it does not get metabolized rapidly by animals and gets
deposited and stored in the fatty tissues.

Problem:

Write structures of the following compounds:

(i) 2-Chloro-3-methylpentane

(ii) 1-Chloro-4-ethylcyclohexane

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

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

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

Solution:
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(M)
ci CHy
! % 2 4 &
CM3 CH CH “HZ "'H3

2-Chloro-3-methyl pentane
(i)

cl

C2| i5

1-Chloro-4-ethyicyclohexane

(iii)
I
| 2 3 ] 5 6 7
CH;—CH;— CH—CH—CH,—CH,—CH,
CH;— (l'""(‘H;
(.H;

4- tert-Butyl-3-iodoheptane

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

(i) (CH5),CHCH(CI)CH;,

(i) CH,CH,CH (CH;)CH( C,H:)Cl
(iii) CH3CH,C(CH3),CH,I

(iv) (CH;3);CCH,CH(Br)CgHs

Solution:
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CH, Cl
4 k) 3 |
CH;—CH—CH—CH;
2—Chloro-3—methylbutane
(Secondary alkyl halide)
(i)
CH; Cl

6 5 J 3 b !
CHy;=—CHy=—CH—CH—CH;—CH;

3-Chloro-4-methyhexane
(Secondary alkyl halide)
(iii)

CHy

; y

CHy;— (“Hg—-.(l'—l(‘li:—l
CHs
1-lodo-2, 2 -dimethylbutane

(Primary alkyl halide)

(iv)
CH; Bi
4 }l, 2 I _@
CHy=— C =—CHy—CH
I
CH;,

1-Bromo-3, 3-dimethyl-1-phenylbutane

(Secondary benzyl halide)
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