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PREFACE

We have a great pleasure in presenting this book of
‘Organic Chemistry’. This book is written strictly according to the
revised syllabus and the guidelines prepared by the Board of Studies in
Chemistry of North Maharashtra University, Jalgaon for T.Y.B.Sc. to be
implemented from June 2017.

The aim of this book is to provide a concise information of each topic
in a simple language. More emphasis is given to different mechanistic
approaches with supporting evidences and stereochemical aspects which
will serve the needs of students in enhancing the comprehension of
reaction mechanism. The unique feature of this book is simplified
treatment of important topics such as structural effects, substitution
reactions, electrophilic and nucleophilic addition reactions, aromatic
substitution reactions, rearrangement reactions etc. At the end of each
chapter, question sets with problems are given.

We are sure that the book will be useful not only to students but also
for the teachers. The authors will appreciate suggestions and useful
criticism from friends and teachers for the improvement of this book.

Our special thanks to the publishers Shri. Dineshbhai Furia,
Shri Jignesh Furia and entire staff of Nirali Prakashan Pune especially,
Mr. Kiran Velankar, Mr. Ilyas Shaikh, Ms. Shilpa Zede and Ms. Chaitali
Takle for keen interest and constant encouragement to make this book
an ideal one. Mr. P. M. More has also made a thorough follow up of the

manuscript.

AUTHORS
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Chapter 1

STRUCTURAL EFFECTS

11 ‘ INTRODUCTION

We have already studied a number of basic organic reactions. We
have noticed that functional groups are major factors controlling the
reactivity of organic compounds. In fact, the reactivity of an organic
compound depends on its structure. Two compounds having the same
functional group undergo the same set of reactions but their rates are
different. The reaction at the functional group is influenced by the rest of
the molecule. Inductive effect, resonance, steric effect etc. control the
rate of a reaction, the mechanistic features of a reaction and also

strength of acids and bases. The main object of this chapter is to study
the factors controlling the rate of a reaction.

1.2 ‘ INDUCTIVE EFFECT

Consider the covalent bond between homonuclear diatomic
molecules such as H,, Cl,, F, O, etc. In these molecules, the bonding

electron pair is equally shared between the two atomic nuclei.
H:H, Cl:d
In heteronuclear diatomic molecules such as HCl, HBr, HF the bonding
electron pair is not equally shared because these atoms possess different
electronegativities.

o+ o— o+ 60—
H—CI H—Br

HC_cl H<_ DBr

In HCI molecule, chlorine is more electronegative as compared to
hydrogen, hence electron pair is attracted slightly towards the chlorine
atom. Due to this electron density around hydrogen decreases and that

(11)
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around chlorine increases. This develops partial positive charge (3+) on
hydrogen and partial negative charge (36-) on chlorine. Thus, HCl
molecule gets polarised. The withdrawal of electrons by chlorine is
represented by showing an arrow towards chlorine. All the heteroatomic
molecules which show such polarisation are said to be polar molecules.

Consider the molecule

3 2 1 o—
HyC—— CHy>— CHz>Cl

Propyl chloride

The C;, — Cl bond gets polarised due to more electronegativity of
chlorine and C; becomes partially electron deficient acquire 8+ charge.
In order to overcome the electron deficiency of C,, it tries to pull the
sharing electron pair between C; and C,. This induces some positive
charge on C,. This positively charged C, now pulls the C, — C; bonding
electron pair towards C, and some positive charge induces further on C;.
Thus inductive effect is transmitted from C; through C, to C;. Thus, the
polarisation in the C; — Cl bond induces polarities in the adjacent carbon
bonds.
Definition of Inductive Effect :

The polarisation induced in the adjacent bonds due to polarisation in
one bond is called as inductive effect.

Features of Inductive Effect :
1. Itis permanent effect and develops due to polarisation of bond.
2. The magnitude of inductive effect is very small.
3. It operates in straight chain.
4

It is associated with ¢ bonds connected by two dissimilar atoms
or groups.

u

It operates in the ground state of the molecule.

6. The magnitude of inductive effect decreases as distance
increases from polar bond and practically diminishes after C,.

Types of Inductive Effect :

Depending upon the direction of pulling of electrons, inductive effects
are classified into two types :
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(i) Electron donating inductive effect (+ I effect) :
e.g. Following groups show +I effect in decreasing order.

o o R\ R\ R I
—0,—Cc—0’, R—C—, R—C—, H—C—, H—C—

(ii) Electron withdrawing inductive effect (- I effect) :
e.g. Following groups show —I effect in decreasing order.

@ @

-NR,, -NH,, -NO,, ~SO;H, —F, =Cl, -Br, [, -C = N, -C = C-R, -HC = CR,
General trends of inductive effect :
1. Negatively charged groups or atoms exert maximum + I effect.

e.g. —0° —C—0° etc.

I
0

2. Alkyl groups exert +I effect. Magnitude of +I effect increases
with increasing number of alkyl groups.

3. Positively charged groups or atoms exert maximum — I effect.
eg. —I?JR3, —I?JH3 etc.

4. Groups having more number of electronegative atoms will have
more -1 effect than groups having less number of electro-
negative atoms.

5. As the % of s character of carbon atom increases, —I effect also
increases.

6. Inductive effects create permanent polarisation in the ground state
of a molecule, hence they change the physical properties such as
dipole moments.

RESONANCE EFFECT (Mesomeric Effect)

Definition :

Electronic redistribution operating i(n unsaturated (especially in
conjugated) systems via 'z’ bond is known as mesomeric or resonance
effect.

Many times properties of a molecule cannot be explained by a single
classical structure. This can be explained by two or more individual
structures, which are generally interconvertible. These individual
structures are known as resonating, contributing or canonical structures.
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Canonical structures possess nearly same energy. These canonical
structures differ only in the arrangements of electrons, but not in the
relative positions of atomic nuclei. Canonical forms are shown by putting
a double headed arrow between them.

+R effect or +M effect : The atoms or groups (transmitting or)
donating electrons by resonance are said to have electron donating
resonance effect (+R effect) or positive mesomeric effect (+M effect).

eg. -0° -C-0°% -F, -Cl, -Br, -, -NR,, —H, -SH, -SR etc.

I
0

—R effect or —M effect : The atoms or groups withdrawing electrons
by resonance are said to have electron withdrawing resonance effect
(—R effect) or negative mesomeric effect (-M effect).

e.g. -NO,, -SO,R,-C =0, -C=N etc.

Conditions for Resonance :
1. The position of the atomic nuclei in all the contributing
(resonating or canonical) structures must be same.
2. The resonance structures must have the same number of paired
or unpaired electrons.
H,L2E O GH, <«  H,C— CH=CH,
3. Each contributing structure should have nearly same internal
energy ie. they should have nearly the same stability.
Rules for Writing Resonating Structures : (Oct. 14)

1. The resonance structures are interconvertible and are represented

by a double headed arrow ().

2. While writing resonance structures, only movement of electrons is

shown. Atoms remain in the same relative position in each
structure.

H,C=CH— CE/\F\II <—>H20=/@— %=(r\?<—> HE— CH= c=ﬁ
Acrylonitrile (Propene nitrile)
3. All the atoms involved in resonance should be coplanar. If
coplanarity is lost then electron delocalisation will not take place.
4. The actual molecule is the resonance hybrid of all the contributing
structures. This resonance hybrid has less energy and more
stability as compared to each of the contributing structures.
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5. More the number of resonance structures, more is the stability of
the resonance hybrid.

6. The resonance structure in which the negative charge is present on
the more electronegative atom is more stable.

oy

HC—C—H <> HOC=C—H

P

O (1)
(Anion of acetaldehyde)
Structure (II) is more stable as the negative charge is on oxygen
atom.
7. The structures which contain different bond angles and bond
lengths are less stable.

J— 0

Kekule's structure Dewar's structure
of benzene of benzene
(More stable) (Less stable)

Resonance Structures of some Compounds :
Naphthalene

CO — 00—

2. Anthracene

O~
L0~

3. Phenoxide ion

Ot -0

[0}
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4. Aniline (Oct. 15)

NH,

@ @ @
‘NH, NH, NH,
-+ -+ -+
U oJ

Resonance hybrid concept : Resonance hybrid is a combination of
two or more canonical structures of a molecule, ion or radical
It represents a true structure of a molecule. e.g. Benzene can be
represented by a number of resonating structures as shown.

O—-0-D—-0—C

It was observed that none of the above structures can satisfactorily
explain all the properties of benzene i.e. none of the above structures is a
true structure of benzene. Hence, the combination of all above five
structures or a resonance hybrid is a true structure of benzene.

Resonance hybrid
The resonance hybrid accounts for the identical C — C and C — H bond
lengths and bond energies observed in benzene. Thus, the resonance
forms are fictional or hypothetical.

Difference between Inductive and Resonance Effects :

Inductive effect Resonance effect

1. Operates both in saturated | 1. Operates only in unsaturated
and unsaturated compounds. compounds  especially in
conjugated compounds.

2. Involves o electrons in bonds. | 2. Involves n electrons in bonds

and orbitals.
3. Transmitted over a short|3. Transmitted from one end to
distance and decreases as other end of quite large
distance increases. molecule provided the

conjugation is present.
4. Less powerful. 4. More powerful.

5. Operates in straight chain only | 5. Operates only when all the
and no planarity is required. atoms are in the same plane
i.e. it requires planarity.

6. Itis permanent. 6. Itis temporary.
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iR’y APPLICATION OF INDUCTIVE AND RESONANCE
EFFECT IN DECIDING STRENGTH OF ACIDS AND
BASES
Inductive effect and resonance effect are useful in deciding strength
of acids and bases as follows :
Inductive Effect and Strength of Acids : (Oct. 15)
Strength of acids depends on:
Inductive effect.
Strength of electron withdrawing groups.
Number of electron withdrawing groups.
Stabilization of conjugate base.
5. pK;value.
Simple Aliphatic Acids :
Example : Formic acid (pK, = 3.77) is stronger than acetic acid
(pK, = 4.76).

HwnN

©
(0] ('O (o)
Il & &+ 1] |
H—C—OJH = H— —{89 + H@<—>H—C=O
Formic acid Formate anion Stabilization
©]
(o) (@) (o)
I & &+ CII {© @ |
H,C—C—O0—H = H,C— O + H -—— H,C—C=0

Acetic acid Acetate anion

In acetic acid, the +I effect of methyl group decreases the polarity of
O-H bond and therefore liberation of proton becomes difficult.

Similarly, the conjugate base (acetate anion) formed is destabilized
by the +I effect. In formic acid, +I effect is absent. Hence formate ion is
more stable than acetate anion. Due to this, formic acid is stronger than
acetic acid.

Substituted Aliphatic Acids :

The effect of introducing electron withdrawing substituents into
simple aliphatic acid is more remarkable.

[A] Consider the following acids with their pK, values :

(0] (0] Cl O Cl o
I [ Ll L
H;C-C-OH H,C-C-0OH H—(|:—C—OH CI—(|:—C—OH
|
Cl Cl cl
Acetic acid Monochloroacetic Dichloroacetic Trichloroacetic

pK, = 4.76 acid 2.86 acid 1.25 acid 0.65



T.Y.B.Sc. Organic Chemistry (S-V) (NMU) 1.8 Structural Effects

Halogens exert -1 effect. Therefore, replacement of H atom by Cl
atom changes +I effect into -I effect. Thus, acid strength of substituted
acid increases.

Il Il o o
CI*—CHz—'—C-'-(zJ—H = Cl~—CHy~—C—O0 "+ H
Conjugate base

The -I effect helps to dissociate —OH bond and also stabilizes the
conjugate base formed. Due to this monochloroacetic acid is stronger
than acetic acid.

With increase in the number of chlorine atoms, -I effect increases
and therefore acid strength also increases. Thus, trichloroacetic acid is
very strong organic acid.

[B] As the electronegativity of the substituent increases, -1 effect
increases and therefore acidity increases.

e.g. F-CH,COOH C(I-CH,COOH Br-CH,COOH I-CH,COOH
pK, = 2.37 2.86 2.90 3.16

Electronegativity decreases in the order F > Cl > Br > I and -1 effect
also decreases in the same order. Fluorine being the most electro-
negative (electron withdrawing), hence acid strength of fluoroacetic
acid increases 100 times as compared to acetic acid.

[C] The introduction of halogen atom further away from the
carboxyl group than the adjacent a-position has less effect i.e. more
the distance from the - C-OH (carboxyl) group, weaker is the acid

o
because inductive effect decreases with increasing distance.
vy B«
HsC-CH,-CH,-COOH H3C—CH2—TH—COOH
Cl
Butanoic acid a-Chlorobutanoic acid
pK, = 4.82 2.84

y B « Y B«
H;C-CH-CH,COOH H,C-CH,-CH,COOH

Cl cl

B-Chlorobutanoic acid  y-Chlorobutanoic acid
4.06 4,52



T.Y.B.Sc. Organic Chemistry (S-V) (NMU) 1.9 Structural Effects

[D] Other electron withdrawing groups :
eg. RN® -C =N, -N = O, SO,R, -C-, —-C-OR increase the

v o
o] o) O
strength of simple aliphatic acids.
0O,N—CH,COOH Me;N®—«CH,—«COOH
pK, 1.68 1.83
N = C—CH,—«COCH HO—CH,-C-OH
247 I
o)
3.83

Acidity of Phenols :

Phenol (pK, = 9.95) is acidic but cyclohexanol (pK, = 16) is neutral
even though both possess the —~OH group.

In phenol the —OH group is attached to sp? carbon. Hence, it exerts
-1 effect which helps in dissociation of H® ions. After dissociation, the
conjugate base of phenol (i.e. phenoxide ion) is stabilized by resonance.
Thus, phenol shows acidic properties.

54 -

Phenol Phenoxide
(0]
(<] o
OH o
@ + H@
Cyclohexanol Cyclohexyl oxide ion

In cyclohexanol, —OH group is attached to sp® carbon which exerts +1
effect. On dissociation it gives H® and negatively charged conjugate base
(cyclohexyl oxide) which cannot be stabilized by resonance like
phenoxide ion.
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