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College Organic Chemistry – S.Y.B.Sc.Alkyl Halides

CHAPTER 1

UNIT 3.1.1

Alkyl Halides

Nucleophilic substitutions in Alkyl halides:
When a substitution is brought about by a nucleophile it is called

nucleophilic substitution or SN reaction.
The number of molecules taking part in a chemical reaction as represented

by a simple chemical equation is called molecularity. Thus the reactions can
be classified as uni or mono molecular, bimolecular, ter-molecular etc. However,
the number of molecules whose concentration actually affects the rate of the
reaction is called order of the reaction. The SN reactions are further classified
as SN1 and SN2 in which the order of the reaction is 1 and 2 respectively.

(i) Mechanism of SN2 reaction (Substitution Nucleophilic
Bimoleculer)

Example: Mechanism of alkaline hydrolysis of primary alkyl halide:
Consider the action of aqueous sodium or potassium hydroxide on a

primary alkyl halide such as methyl bromide.
CH3Br + NaOH  ? ? ?   CH3OH + NaBr

In the ionic form the above equation can be written as:
CH3Br + OH–  ? ? ?   CH3OH + Br–

During the hydrolysis a stronger (more basic) nucleophile namely :OH–

ions displaces or substitutes the weaker nucleophile, Br– ions. Therefore, the
reaction is a nucleophilic substitution reaction (SN reaction).

Kinetics of the reaction: Experimentally it is observed that the rate of
reaction depends on the concentrations of both CH3Br and :OH– ions.

Rate = k [CH3Br] [OH–]
Therefore, it is a second order nucleophilic substitution reaction or SN2

reaction.
Mechanism of Hydrolysis: This is a one step reaction whose mechanism

is explained as follows.

HO      +    C Br?
?+ ?+? ?

H
H H

Slow
H

Nucleophile

??
HO ---- C ---- Br

H

H

Rapid
HO C    +  Br?

H
H

H

Inversion of
configuration

Transition state

The C? Br bond is polar. The nucleophile OH– is repelled by the halogen
atom having fractional negative charge. Therefore, the nucleophile, i.e., the
OH– group approaches the carbon atom from the backside, i.e., the side opposite
to the group to be substituted (Br). The formation of C? OH bond and breakage
of C? Br bond takes place simultaneously. Therefore, a transition state is
formed in which both OH and Br are loosely attached and negative charge is
evenly distributed between them. In this state the molecule has highest energy
content as five groups are attached to the central carbon atom. Therefore, the
transition state represents a highly unstable arrangement and very rapidly
eliminates :Br– ion to give the product.

The other three H-atoms attached to the central carbon atom move through
a coplanar configuration in the transition state. Due to the backside attack of
nucleophile the product is formed with inversion of configuration, i.e., the
product has exactly the opposite configuration as compared to the substrate.

Energy profile diagram: It is a graph of potential energy changes taking
place during the course of the reaction plotted against the reaction co-ordinates.

3.1 Reactions and Reactivity of Halogenated
Hydrocarbons

4

— 3 —
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E  = Energy of activation
H = Heat of reaction
a

?Ea

?H
CH Br + :OH3

CH OH + :Br3

Reactants

Product
Reaction co-ordinates 

H

?? ??
H

H

(Transition state)HO ----- C -----Br??
Po

te
nt

ia
l

en
er

gy

Fig. 1.1 Energy profile diagram of alkaline hydrolysis of methyl bromide by
SN2 mechanism.

Stereochemistry
For example, chlorosuccinic acid and malic acid can be interconverted

by nucleophilic substitutions.

COOH
CHO

H
CH COOH2

PCl5

KOH

COOH
C Cl

H
CH COOH2

AgOH

H
C OH

COOH

CH COOH2

(–) Malic acid (+) Chlorosuccinic acid (+) Malic acid

By these reactions, one enantiomer of malic acid is converted into another
by nucleophilic substitution at the chiral carbon atom. These reactions were
earlier known as Walden inversions.

Hydrolysis of (–) 2-bromooctane gives (+) octan-2-ol.

C
H

Br
Aq.NaOH

–NaBr

SN2    reaction

HO C
H

(–) 2-Bromooctane                                  (+) Octan-2-ol

C H6 13

CH3 CH3

C H6 13

Mechanism: SN2 reaction occurs in one step. The nucleophile ( OH
ion) attacks the carbon from the side opposite to the leaving group (bromine).
In the transition state, the carbon atom is partially bonded to both –OH and
–Br. The other three groups and carbon atom become coplanar. When C–O
bond is completely formed, at the same time C–Br bond is completely broken.
The overall reaction is a concerted process occuring in one step without any
intermediate. Hence, in their final product, the entering group occupies a
position different from the leaving group and thus causing inversion of
configuration in the product.

C6 C6H13 H13

H
H3C

Br
OH

HO
H

C H6 13

CC

(–) 2-Bromooctane (+) Octan-2-ol

Br
–:Br

HO C

CH3

CH3
H

T.S

?– ?– –

Therefore, SN2 reactions proceed with stereochemical inversion called
Walden inversions.

Thus, every SN2 reaction at a chiral carbon atom results in 100% inversion
of configuration. The reaction with the reagents NaOH, PCl5, etc. follow SN2

mechanism and hence cause inversion of configuration. However, reaction
with AgOH does not cause inversion.

Hughes confirmed these facts by following experiment
When optically active, (+) 2-iodooctane was treated with radioactive

sodium iodide in dry acetone solution, it not only exchanged ordinary iodide
with radioactive iodide, but also lost its optical activity. It was observed that
the rate of loss of optical activity was twice the rate of isotopic exchange.

To account for the observed facts, it was concluded that the nucleophile
I

–*  attacks from the backside and passes through the T.S. and inverts
configuration.

C
H

I

    

I — C 
H

C H136 C H136

CH3
CH3

C H136

I I I
–* * *?– ?–C

CH3H
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Since the rotation of the inverted molecule exactly cancels the rotation
of unreacted molecule. Thus racemisation takes place. For every iodine atom
substituted by radioactive iodine atom (I*) two molecules get racemised.
Therefore, rate of loss of optical activity must be twice the rate of isotopic
exchange. Experimentally it is confirmed that the ratio of rate of racemization
and the rate of iodine exchange is nearly equal to 2.

Further, the rate of reaction depended upon the concentration of alkyl
iodide as well as radioactive iodide ions, conforming its SN2 character. These
facts prove that every SN2 reaction of chiral carbon atom results in the inversion
of configuration.

(ii) Mechanism of SN1 reaction (Substitution Nucleophilic
Unimolecular)

Example: Mechanism of Alkaline hydrolysis of tert-alkyl halide.
Consider the action of aqueous sodium hydroxide or potassium hydroxide

on a tertiary alkyl halide such as t-butyl bromide.
(CH3)3CBr + KOH  ? ? ?   (CH3)3COH + KBr

The ionic form of the reaction is:

(CH3)3 CBr + OH  ? ? ?   (CH3)3 COH + :Br–

During this hydrolysis the stronger nucleophile, :OH– has displaced the
weaker nucleophile, Br– and therefore, it is nucleophilic substitution (SN)
reaction.

Kineties of reaction: Experimentally is observed that the rate of the
reaction depends only on the concentration of (CH3)3CBr and is independent
of the concentration of the OH– ions, i.e.,

Rate = k [(CH3)3CBr]
Therefore, this reaction is first order nucleophilic substitution reaction

SN1 reaction.
Mechanism: This nuclephilic substitution takes place in two steps which

can be represented as follows.
Step (i): Ionization of t-butyl bromide:

C Br?
?+Slow

CH3

(T.S.)1

CH3
CH3

C ----- Br

CH3

CH3
CH3

??

Carbocation

C    +   Br

CH3

H3C CH3

The three methyl groups of tert-butyl bromide sterically hinder the
approach of the nucleophile and thus prevent the backside attack. Therefore in
the first step C–Br bond ionizes to give t-butyl carbocation and bromide ion.
Due to gradual breaking of the bond a transition state (T.S)1 is formed. The
electron repelling inductive effect of the methyl groups facilitates the ionization,
by stabilising, carbocation.

Step (ii): Attack of nucleophile ( OH ):

?+?+

(T.S.)2(T.S.)2

C ---- OHHO ---- C

CH3CH3

Backside
attack

t-Butyl aclohol

CH3CH3
CH3CH3

????
CH3

H3C

(Planer)

CH3

HO:     +    C     +   :OH Frontside
attack

HO  C?

CH3

CH3
CH3

Retention

C OH?

CH3

CH3
CH3

Inversion

+

The nucleophile ( OH ) attacks the carbocation forming t-butyl alcohol.
But due to gradual formation of the C–OH bond a transition state (T.S)2 is first
formed. The carbocation has planar configuration, hence it can be attacked by
the nucleophile from either side. The frontside attack results in the product
with retention of configuration. However, the backside attack results in the
product with inversion of configuration. Since the attack from either side is
equally probable, there will be retention in 50% of the molecules and inversion
in the 50% of the molecules.

Energy profile diagram is obtained by plotting the potential energies
of all the species against the reaction co-ordinates. The two-humps in the graph
indicates two steps in the reaction.

Activation energy is the energy which must be supplied to reactants in
order to form the transition state. It is equal to difference in potential energies
of reactants and the transition state. The step-(i) has a higher activation energy,
hence it is slow. The step-(ii) has lower activation energy, hence it is fast.
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Step I
(T.S)

(CH ) C  ----- Br
1

3 3

?H
(CH ) Br + :OH3 3

(CH ) C OH + :Br3 3

Reactants

Product

Intermediate

Reaction co-ordinates 

Po
te

n
tia

l e
n

er
gy

Step II

(CH ) C  ----- OH

(T.S)2

3 3

C

CH3 CH3

Ea2
Ea1

CH3

+ :Br

Fig. 1.2 Energy profile diagram of alkaline hydrolysis of t-butyl bromide by SN1

mechanism.

Ea1 = Energy of activation for step 1
Ea2 = Energy of activation for step 2
?H = Heat of reaction.
In multi-step reactions the slowest step determines the overall rate of

reaction. This is called the rate controlling step. In the slow step only t-butyl
bormide takes part and not the nucleophile. Hence it is a first order reaction.

Stereochemistry
SN1 reaction results in racemisation, e.g., when optically active 3-bromo-

3-methylhexane is heated with aqueous solution of acetone, the racemic mixture
of 3-methylhexan-3-ol is obtained.

C H2 5
C H2 5 C H2 5

C Br
CH3

(+) 3-Bromo-3-methylhexane (+) Isomer (–) Isomer

C OH
CH3 CH3

C

Aqueous

+  HO

3-methyl-3-hexanol
(Racemic mixture)

CH COCH33

C H3 7 C H3 7 C H3 7

Mechanism: It is a two step reaction:
(i) In first step, the alkyl halide ionizes to form a carbocation and bromide

ion. The carbocation has trigonal planar structure and is achiral.
(ii) In the second step, the nucleophile attacks from either side with equal

rate. The attack from the opposite side results in inversion of configuration
and attack from the same side results in retention of configuration. Thus, the
SN1 reaction results in almost complete racemisation. Thus, the faces of
carbocation are enantiotropic.

BrC
?+

C Br
?–

C + Br

(+) Isomer (T. S)

C H2 5

C H3 7
C H3 7

CH3

CH3

C H2 5 C H2 5

C H3 7

+

H3C

C+ :OH2

2

CH3

–H+

Backside
attack

2

1

1

HO

OH

C

C

CH C H3 73

(–) Isomer

(Inversion)

(Retention)

(+) Isomer

Racemic
mixture

Frontside
attack

C H2 5

C H3 7

C H3 7

CH3

C H2 5

C H2 5

H O:2

However, the mixture is found to be slightly optically active. The bromide
ion which is detached may take some more time to move away from the
carbocation. Hence, the attack of nucleophile from the same side will be slightly
delayed. Hence, the product with inverted configuration will be slightly more.
Hence, the mixture will be slightly optically active.

Factors Affecting SN1 and SN2 Reactions:
(i) Nature of substrate: As we go from primary to tertiary alkyl halides

the stability of the corresponding carbocation increases (primary < secondary
< tertiary). Hence tertiary halides would prefer SN1 mechanism. Further, the
crowding of the alkyl groups increases from primary to tertiary halides. Hence
the attack of the nucleophile is hindered sterically by the alkyl groups. Hence,
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SN2 type of mechanism can take place in primary halides where steric repulsion
is minimum.

SN1 mechanism
? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ?

Primary Secondary Tertiary
? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ?

SN2 mechanism
(ii) Strength of nucleophile: In SN2 reaction the attack of nucleophile

on the carbon atom takes place in the rate controlling step. Hence strong
nucleophiles are required to promote SN2 reaction. In SN1 reaction the
nucleophile reacts with carbocation only in the fast step. Hence weak
nucleophiles like water can also result in SN1 reactions.

(iii) Concentration of the base: With the increase in concentration of
the base the probability of attack of the base ( OH ) on the carbon atom
increases, hence SN2 reaction is favoured. In SN1 reaction the base ( OH ) has
to react with the cation. Hence low concentration of the base will be sufficient
to cause SN1 reactions.

(iv) Nature of Solvent: The polarity of the solvent has a marked affect
on the mechanism of the reaction. The SN1 reaction involves formation of a
carbocation which can be stabilised by solvents through solvation. Hence,
more polar solvents favour SN1 reaction. Whereas, in SN2 reaction there is a
dispersal of charge in the transition state. Hence, less polar solvent are sufficient
for SN2 reactions.

(v) Nature of leaving group: A group attached to the substrate which
departs along with the electron pair from the molecule is called the leaving
group. The nature of the leaving group also decides the mechanism. The basicity
is one of the factors, i.e., a weaker base is the better leaving group. For example,
halides are good leaving groups as they are weak bases. The other factor is the
size of the group, i.e., a larger group will be a better leaving group. Among
halogens, iodine being largest, acts as a better leaving group.

The –OH group is not a good leaving group but the aryl sulphonate
(–OSO2Ar) is excellant leaving group. A good leaving group favours SN2

reaction.

SN1 Reactions
(i) Rate of the reaction depends only

on concentration of alkyl halide

(ii) Rate depends on the structure of
halides in the order of 3o > 2o > 1o

> CH3X
(iii) Reaction is favoured by more polar

solvents
(iv) Nature of the leaving groups does

not affect position of reaction
equilibrium.

(v) The reaction takes place even with
weak nucleophile

SN2 Reactions
Rate of the reaction depends on
concentration of alkyl halide and
nucleophile
Rate depends on the structure of
halides in the order of CH3X > 1o

> 2o > 3o.
Reaction is favoured by less polar
solvents.
Nature of the leaving group
affects position of reaction
equilibrium.
The reaction is favored by more
powerful nucleophile (strong
base).

(iii) SNi Reaction
When an alcohol is treated with thionyl chloride, the hydroxyl group is

replaced by chlorine atom. This is a nucleophilic substitution which follows a
second order kinetics. When a chiral alcohol is used, there is no change in the
configuration, i.e., there is retention of configuration. For example,

CH3

C OH    +   SOCl2

C H6 5

H H
C H6 5

C

CH3

Cl  +  SO     +   HCl2

Mechanism: The reaction does not follow SN2 mechanism, as there is
no inversion of configuration. The alcohol first reacts with thionyl chloride
forming an intermediate alkyl chlorosulphite (R-OSOCl) which can be isolated
under mild conditions. In this step, no inversion is possible as the bond between
chiral carbon atom and oxygen atom is not broken. Then the chlorosulphite
loses SO2 and forms an intimate ion pair. The intimate ion pair is short-lived
intermediate in which the carbocation carbon and chloride are in close
proximity. Before the carbocation changes its configuration, it combines with
chloride ion to form alkyl chloride having similar configuration as the chiral
alcohol.
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CH3

H
C

C H6 5

OH   +  Cl

O
S

Cl

CH3

H
C O

C H6 5

O
S

Cl
–SO2

CH3

C+ Cl–

H C H6 5

C

CH3

Cl
H

C H6 5

Alkyl chlorosulphite

Intimate
 ion-pair

Retention of configuration

From

same side

Due to the intimate ion-pair, the halide ion joins C-atom from the same
side and does not allow any change in the configuration. Hence, there is no
inversion of configuration even though the bond to the asymmetric carbon
atom is broken. As the reaction is intramolecular, it is called substitution,
nucleophilic internal, i.e., SNi reaction.

QUESTIONS
1. Explain the mechanism of alkaline hydrolysis of methyl bromide giving energy

profile diagram.
2. Explain Walden inversion with example.
3. Explain with mechanism: Hydrolysis of (–) 2 bromooctane gives (+) octan-2-ol.
4. Explain the mechanism of alkaline hydrolysis of tert-butyl bromide giving energy

profile diagram.
5. Explain with mechanism: SN1 reaction results in racemisation.
6. Distinguish between SN1 and SN2 reactions.
7. What are the factors which effect SN1 and SN2 reactions?
8. Explain with mechanism SNi reaction.
9. Explain the stereochemistry of the following reactions.

(i) 2-Iodooctane + NaI (acetone)
(ii) 3-Bromo-3-methyl hexane + Aqueous acetone

(iii) 1-Phenyl ethanol + Thionyl chloride

(iv) (–) Malic acid PCl5? ? ??  (+) Chlorosuccinic acid AgOH? ? ? ?  (+) Malic acid.

State True or False
(i) In SN2 reaction rate of the reaction depends only on concentration of alkyl halide.

(ii) SN2 reactions proceed with stereochemical inversion called Walden inversion.
(iii) In SN1 reactions the rate of the reaction depend only on the concentration of

alkyl halide.
(iv) SN1 reactions are favoured by less polar solvent.
(v) SN1 reactions result in racemization.

(vi) In SNi reactions there is no inversion of configuration.
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