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End Semester Exam:3 Hours

Course Objective

To understand the terminologies of quantum theory of chemical systems.

To study about various chemical bonding

To understand the stereochemistry of molecules.

To understand the thermodynamic functions.

To comprehend the basic organic chemistry and to synthesis simple drug.
Course Outcomes
Appreciate quantum theory of chemical systems.
Appreciate aliphatic chemistry
Describe the concepts of stereochemistry
Write simple mechanisms
To synthesis of organic molecules
Integrate the chemical principlesin the projects undertaken in field of engineering and
technology

Sk wdpE

UNIT I - Introduction to quantum theory for chemical systems:

Schrodinger equation, Applications to Hydrogen atom, Atomic orbitals, many electron
atoms
UNIT Il - Chemical bonding in molecules.

MO theory, Structure, bonding and energy levels of bonding and shapes of many atom
molecules, Coordination Chemistry, Electronic spectra and magnetic properties of complexes
with relevance to bio-inorganic chemistry, organometallic chemistry
UNIT Il - Introduction to Stereochemistry:

Stereodescriptors — R, S, E, Z.Enantiomers and Diastereomers.Racemates and their
resolution.Conformations of cyclic and acyclic systems.

UNIT IV - Reactivity of organic molecules:

Factors influencing acidity, basicity, and nucleophilicity of molecules, kinetic vs.
thermodynamic control of reactions
UNIT V - Strategiesfor synthesis of organic compounds:

Reactive intermediates substitution, elimination, rearrangement, Kkinetic and
thermodynamic aspects, role of solvents
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2. K.P.C. Volhardt and N. E. Schore, 5th Edition, (2014) Organic Chemistry: Structure and
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3. B. L. Tembe, Kamaluddin and M. S. Krishnan, (2009) Engineering Chemistry (NPTEL
Web-book)

4. Robert Nellson Boyd, SabalKanti Robert Thornton Morrison, (2012) Organic
Chemistry, Pearson, 7" edition

5. Michagl B. Smith and Jerry March, (2006) Advanced Organic Chemistry: Reactions,
Mechanisms, and Structure, Widly..

6. Arun Bahl and BS Bahl, (2014) Advanced Organic Chemistry, S Chand.
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TOTAL HOURS: 55

UNIT-I

Introduction to quantum theory for chemical systems
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Topics

Introduction to quantum theory

Schrodinger equation

Schrodinger equation-Particle in one dimensional box

Schrodinger equation -Particle in three dimensional box

Tutorid

Applications to Hydrogen atom

Atomic orbitals

Many electron atoms
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UNIT-II
Chemical bonding in molecules
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Topics
Introduction to chemical bonding
Molecular Orbital theory
Structure, bonding and energy levels of bonding
Shapes of many atom molecules
Tutorid
Coordination Chemistry
Electronic spectra of complexes
M agnetic properties of complexes
Bio-inorganic chemistry
Organometallic chemistry
.| Tutorial
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Total hours 9+2




UNIT-I11
Introduction to Stereochemistry

SNo Topics Hours
1. | Introduction to Stereochemistry 1
2. | Stereodescriptors 1
3. | R, S, E, Z notations 1
4. | Enantiomers and Diastereomers 2
5. | Tutoria 1
6. | Racemates 1
7. | Resolution of Racemates 1
8. | Conformations of cyclic systems 1
9. | Conformations of acyclic systems 1
10/ Tutorial 1
Total hours 9+2
UNIT-IV
Reactivity of organic molecules
SNo Topics Hours
1. | Introduction to reactivity of organic molecules 1
2. | Factorsinfluencing acidity 2
3. | Factorsinfluencing basicity 2
4. | Factors influencing nucleophilicity 2
5. | Tutorid 1
6. | Kinetics of reactions 1
7| Thermodynamic control of reactions 1
8. | Tutorid 1
Total hours 9+2
UNIT-V
Strategies for synthesis of organic compounds
S.No Topics Hours
1. | Introduction to synthesis of organic compounds 1
2. | Reactive intermediates 1
3. | Substitution reactions 1
4. | Elimination reactions 1
5. | Rearrangement reactions 1
6. | Tutorid 1
7. | kinetic and thermodynamic aspects 2
8. | Role of solventsin reactions 2
9. | Tutorid 1
Total hours 9+2
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Classical Mechanics and Quantum Mechanics

Mechanics: the study of the behavior of
physical bodies when subjected to forces or

displacements

Classical Mechanics: describing

Macroscopic: measurable or
observable by naked eyes

the motion of macroscopic objects.

/

/Quantum Mechanics: describing A
behavior of systems at atomic
length scales and smaller .
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Photoelectric Effect

Incident light with Emitted electron >Ecc<5
frequency V kinetic energy =T —
0 -
/
Metal Plate ,7 Vo v

f |
The photoelectric effect ( year1887 by Hertz) Experiment results

* Inconsistency with classical light theory

According to the classical wave theory, maximum kinetic energy of the photoelectron
Is only dependent on the incident intensity of the light, and independent on the light
frequency; however, experimental results show that the kinetic energy of the
photoelectron is dependent on the light frequency.

U

Concept of “energy quanta” 2



Energy Quanta

* Photoelectric experiment results suggest that the energy in
light wave is contained in discrete energy packets, which are
called energy quanta or photon

- The wave behaviors like particles. The particle is photon

Planck’s constant: h = 6.625%1034 J-s
Photon energy = hy
Work function of the metal material = hy,

Maximum kinetic energy of a photoelectron: T,..= h(v-1,)
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Figure 2.4 | The electromagnetic frequency spectrum.



Electron’s Wave Behavior

Nickel sample

Electron beam

f \J’

Scattered
beam

0 =45°

Detector

Davisson-Germer experiment (1927)

Electron as a particle has wave-like behavior



Wave-Particle Duality

Particle-like wave behavior Wave-like particle behavior
(example, photoelectric effect) (example, Davisson-Germer experiment)
\_ _/
Y

Wave-particle duality

Mathematical descriptions:

h
The momentum of a photonis: P = I_

h
The wavelength of a particle is: | =—

P

A is called the de Broglie wavelength



The Uncertainty Principle
The Heisenberg Uncertainty Principle (year 1927):

* |t is impossible to simultaneously describe with absolute accuracy the
position and momentum of a particle

AP AX = h

* It is impossible to simultaneously describe with absolute accuracy the
energy of a particle and the instant of time the particle has this energy

AE At >

The Heisenberg uncertainty principle applies to electrons and states
that we can not determine the exact position of an electron. Instead, we
could determine the probability of finding an electron at a particular
position.



Schrodinger’s Wave Eguation

One dimensional Schrodinger’s Wave Equation:
2 2
h® O LP(z<,t) PVOIP(x L) = oV (x,1)
2m  oX ot

Y (X,1) : wave function
“ll(x,t)‘z dx . the probability to find a particle in (X, X+ dX) at time t

2
\‘P(X,t)\ . the probability density at location X and time t

V (X) : Potential function

m-: Mass of the particle
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Figure 2.6 | Potential function of the infinite
potential well.
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Figure 2.5 | Potential functions and corresponding wave function solutions for the case (a) when the potential
function is finite everywhere and (b) when the potential function is infinite in some regions.

10



151

| —

10

wh
L

2

E (unils of

(a)

n=4

Il
o

n

]
[

n

n

'bn_.‘
|
|
|
|

x=10 X=a

(b)

(4, |F ——

AAA
V ¥ N
» -

x=10 X=

(c)

Figure 2.7 | Particle in an infinite potential well: (a) four lowest discrete energy levels,
(b) corresponding wave functions, and (c) corresponding probability functions.

(From Pierret [10].)
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Figure 2.9 | The potential barrier function.
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MOLECULAR ORBITAL THEORY

The molecular orbital theory is a method developed at the beginning of the twentieth
century by F. Hund and R. S. Mulliken to describe the structure and properties of different
molecules.

Molecular orbital theory approximates the molecular orbitals as linear combinations of

atomic orbitals which can beillustrated as follows.

Energy
i

Atorree Orbial & Atorrae Orbital

Maolecular Orbatal
Linear Combination of Atomic Orbitals (LCAOQO)

Molecular orbitals can generaly be expressed through a linear combination of atomic
orbitals (abbreviated to LCAO). These LCAOs are useful in the estimation of the formation of
these orbitals in the bonding between the atoms that make up a molecule.

The Schrodinger equation used to describe the electron behavior for molecular orbitals
can be written in amethod similar to that for atomic orbitals.

It is an approximate method for representing molecular orbitals. It’s more of a
superimposition method where constructive interference of two atomic wave function produces a
bonding molecular orbital whereas destructive interference produces non-bonding molecular
orbital.

Conditionsfor Linear Combination of Atomic Orbitals

The conditions that are required for the linear combination of atomic orbitals are as
follows:

Same Energy of Combining Orbitals

The atomic orbitals combining to form molecular orbitals should have comparable
energy. This means that 2p orbital of an atom can combine with another 2p orbital of another
atom but 1s and 2p cannot combine together as they have appreciable energy difference.

Same Symmetry about Molecular Axis

The combining atoms should have the same symmetry around the molecular axis for
proper combination, otherwise, the electron density will be sparse. For e.g. all the sub-orbitals of
2p have same energy but still, 2pz orbital of an atom can only combine with a 2pz orbital of
another atom but cannot combine with 2px and 2py orbital as they have a different axis of
symmetry. In general, the z-axis is considered as the molecular axis of symmetry.

Proper Overlap between Atomic Orbitals




The two atomic orbitals will combine to form molecular orbital if the overlap is proper.
Greater the extent of overlap of orbitals, greater will be the nuclear density between the nuclei of
the two atoms.

The condition can be understood by two simple requirements. For the formation of proper
molecular orbital, proper energy and orientation are required. For proper energy, the two atomic
orbitals should have the same energy and for the proper orientation, the atomic orbitals should
have proper ovelap and the same  molecular axis  of Ssymmetry.
What are Molecular Orbitals?

The space in amolecule in which the probability of finding an electron is maximum can
be calculated using the molecular orbital function. Molecular orbitals are basically mathematical
functions that describe the wave nature of electronsin agiven molecule.

These orbitals can be constructed via the combination of hybridized orbitals or atomic orbitals
from each atom belonging to the specific molecule. Molecular orbitals provide a great model via
the molecular orbital theory to demonstrate the bonding of molecules.

Types of Molecular Orbitals

According to the molecular orbital theory, there exist three primary types of molecular
orbitals that are formed from the linear combination of atomic orbitals. These orbitals are
detailed below.

Anti Bonding Molecular Orbitals

The electron density is concentrated behind the nuclei of the two bonding atoms in anti-
bonding molecular orbitals. This results in the nuclel of the two atoms being pulled away from
each other. These kinds of orbitals weaken the bond between two atoms.

Non-Bonding Molecular Orbitals

In the case of non-bonding molecular orbitals, due to a complete lack of symmetry in the
compatibility of two bonding atomic orbitals, the molecular orbitals formed have no positive or
negative interactions with each other. These types of orbitals do not affect the bond between the
two atoms.

Features of Molecular Orbital Theory

The atomic orbitals overlap to form new orbitals called molecular orbitals. When two

atomic orbitals overlap they lose their identity and form new orbitals called molecular

orbitals.

The electrons in the molecules are filled in the new energy states called the Molecular

orbitals similar to the electronsin an atom being filled in an energy state called atomic

orbitals.

The probability of finding the electronic distribution in amolecule around its group of

nuclei is given by the molecular orbital.

The two combining atomic orbitals should possess energies of comparable value and

similar orientation. For example, 1s can combine with 1s and not with 2s.

The number of molecular orbitals formed is equal to the number of atomic orbitals

combining.



The shape of molecular orbitals formed depends upon the shape of the combining atomic
orbitals.
According to the Molecular Orbital Theory, thefilling of orbitals takes place according to
thefollowing rules:
Aufbau’s principle: Molecular orbitals arefilled in the increasing order of energy levels.
Pauli’s exclusion principle: In an atom or a molecule, no two el ectrons can have the same
set of four quantum numbers.
Hund’s rule of maximum multiplicity: Pairing of electrons doesn’t take place until all the
atomic or molecular orbitals are singly occupied.
Formation of Molecular Orbitals
An atomic orbital is an electron wave; the waves of the two atomic orbitals may be in
phase or out of phase. Suppose Wa and Wg represent the amplitude of the electron wave of the
atomic orbitals of the two atoms A and B.
Case 1: When the two waves are in phase so that they add up and amplitude of thewaveis
=Y, + Yp

Case 2: when the two waves are out of phase, the waves are subtracted from each other so that
the amplitude of the new wave is ® =W, —Wg
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Characteristics of Bonding Molecular Orbitals
The probability of finding the electron in the internuclear region of the bonding
molecular orbital is greater than that of combining atomic orbitals.
The electrons present in the bonding molecular orbital result in the attraction between the
two atoms.
The bonding molecular orbital has lower energy as a result of attraction and hence has
greater stability than that of the combining atomic orbitals.
They are formed by the additive effect of the atomic orbitals so that the amplitude of the
new waveisgiven by ®= W, + WY
They are represented by o, m, and d.

Characteristics of Anti-bonding Molecular Orbitals



The probability of finding the electron in the internuclear region decreases in the anti-

bonding molecular orbitals.

The electrons present in the anti-bonding molecular orbital result in the repulsion

between the two atoms.

The anti-bonding molecular orbitals have higher energy because of therepulsive

forces and lower stability.

They are formed by the subtractive effect of the atomic orbitals. The amplitude of the

new wave is given by ® =W, — Wy

They are represented by o*, m*, 5+
Antlbondlng OrbitalsHigher in Energy

The energy levelsof bonding molecular orbitals are always lower than those of anti-
bonding molecular orbitals. This is because the electrons in the orbital are attracted by the nuclei
in the case of bonding molecular orbitals whereas the nuclel repel each other in the case of the
anti-bonding molecular orbitals.

The lowering of the energy of bonding molecular orbital than the combining atomic
orbital is called stabilization energy and similarly increase in energy of the anti-bonding
molecular orbitalsis called destabilization energy.

Difference between Bonding and Antibonding Molecular Orbitals

Molecular Orbital Theory
Bonding Molecular Orbitals Anti-Bonding Molecular Orbitals

Molecular orbitals formed by the additive effect Molecular orbitals formed by the subtractive effect
of the atomic orbitalsis called bonding molecular  of atomic is called anti-bonding molecular orbitals
orbitals

Probability of finding the electronsismoreinthe  Probability of finding electronsislessin

case of bonding molecular orbitals antibonding molecular orbitals. There is also anode
between the anti-bonding molecular orbital between
two nuclei where the electron density is zero.

These are formed by the combination of + and + These are formed by the overlap of + with — part.
and — with — part of the electron waves

The electron density, in the bonding molecular The electron density in the antibonding molecular

orbital in the internuclear region, ishigh. Asa orbital in the internuclear region is very low and so

result, the nuclel are shielded from each other and  the nuclei are directly exposed to each other.

hence the repulsion isvery less. Therefore the nuclel are less shielded from each
other.

The bonding molecular orbitals are represented The corresponding anti-bonding molecular orbitals

by o, , d. are represented by o* , 1*, 0.



VBT (VALENCE BOND THEORY)

The Vaence Bond Theory was developed in order to explain chemica bonding using the
method of quantum mechanics. This theory primarily focuses on the formation of individual
bonds from the atomic orbitals of the participating atoms during the formation of a molecule.

The Lewis approach to chemical bonding failed to shed light on the formation of
chemical bonds. Also, valence shell electron pair repulsion theory (or VSEPR theory) had
limited applications (and also failed in predicting the geometry corresponding to complex
molecules).

In order to address these issues, the valence bond theory was put forth by the German
physicists Walter Heinrich Heitler and Fritz Wolfgang London. The Schrodinger wave equation
was aso used to explain the formation of a covalent bond between two hydrogen atoms. The
chemical bonding of two hydrogen atoms as per the valence bond theory isillustrated below.

Q + QO — @

1s 1s H-H ¢ bond
H H
Valence Bond Theory (VBT)

This theory focuses on the concepts of electronic configuration, atomic orbitals (and their
overlapping) and the hybridization of these atomic orbitals. Chemical bonds are formed from the
overlapping of atomic orbitals wherein the electrons are localized in the corresponding bond
region.

The valence bond theory also goes on to explain the electronic structure of the molecules
formed by this overlapping of atomic orbitals. It also emphasizes that the nucleus of one atom in
amoleculeis attracted to the electrons of the other atoms.

Postulates of Valence Bond Theory

Theimportant postulates of the valence bond theory arelisted below.

Covalent bonds are formed when two valence orbitals (half filled) belonging to two
different atoms overlap on each other. The electron density in the area between the two
bonding atoms increases as a result of this overlapping, thereby increasing the stability of
the resulting molecule.

The presence of many unpaired electrons in the valence shell of an atom enablesit to
form multiple bonds with other atoms. The paired electrons present in the valence shell
do not take participate in the formation of chemical bonds as per the valence bond theory.

Covalent chemical bonds are directional and are also parallel to the region corresponding
to the atomic orbitals that are overlapping.

Sigmabonds and pi bonds differ in the pattern that the atomic orbitals overlap in, i.e. pi
bonds are formed from sidewise overlapping whereas the overlapping along the axis
containing the nuclei of the two atoms leads to the formation of sigma bonds.



The formation of sigmaand pi bondsisillustrated below.

Sigma bond pi bond
{1 pair of electron) (1 pair of electron)
i

s ¢ 3
Ff & 3

It can be noted that sigma bonds involve the head-to-head overlapping of atomic orbitals
whereas pi bonds involve parallel overlapping.

Applicationsand Limitations of VBT

The maximum overlap condition which is described by the valence bond theory can
explain the formation of covalent bondsin several molecules. Thisis one of its most important
applications. For example, the difference in the length and strength of the chemical bondsin H2
and F2 molecules can be explained by the difference in the overlapping orbitals in these
molecules.

The covalent bond in an HF molecule is formed from the overlap of the 1s orbital of the
hydrogen atom and a 2p orbital belonging to the fluorine atom, which is explained by the valence
bond theory.

Limitations of Valence Bond Theory

The shortcomings of the valence bond theory include:

Failure to explain the tetravalency exhibited by carbon
No insight offered on the energies of the electrons.
The theory assumes that electrons are localized in specific areas.
Thus, the limitations and the applications of the valence bond theory are discussed.



Diatomic molecules

Molecules formed upon the bonding of two same elements are known as homonuclear
diatomic molecules. For example dihydrogen (H-), dinitrogen (N), etc. In this article, we will
study the formation of these diatomic molecules, their stability, and other characteristics.

EA H H-H H

Some common diatomic molecules:

1. Hydrogen molecule (H»): Dihydrogen molecule belongs to the family of diatomic
molecules, which consists of two hydrogen atoms bonded to each other by a covalent
bond. According to the atomic number of hydrogen, it has only one electron inits 1s
orbital. The electronic configuration of H, moleculeis given as:

Hy: (01s)?

Bond order = = =

Due to the absence of unpaired electrons in the hydrogen molecule, it is diamagnetic in
nature.

2. Lithium molecule (Liy): Lithium molecule belongs to the family of diatomic molecules,
which consists of two lithium atoms, bonded to each other by a covalent bond. The
electronic configuration of Li, moleculeisgiven as:

Liz: (015)? (0*1s)? (025)?

Bond order ==

Thusthe Li, moleculeis stable and is diamagnetic in nature due to the absence of
unpaired electrons.

3. Carbon molecule (C,): Carbon molecule belongs to the family of diatomic molecules,
which consists of two carbon atoms, bonded to each other by a covalent bond. The
electronic configuration of the Carbon moleculeis given as,

C; :(01s)? (0*15)%(02s)? (0 *2s)* (M2p%= Tt 2p?))

Bond order = =

Due to the absence of unpaired electrons, C; is diamagnetic in nature. Furthermore, due
to the presence of four electronsin pi bonding orbitals, the double bond in C, consists of
both pi bonds.

4. Oxygen molecule (O,): Oxygen molecule belongs to the family of diatomic molecules,
which consists of two oxygen atoms, bonded to each other by a covalent bond.The



electronic configuration of the Oxygen moleculeis given as,

Oy (015)? (0*1s)? (02s)? (0 *25) (02p,) % (M2p= 1 2p3) (1*2pt= m*2pY)

Bond order = = 2.

Due to the presence of one unpaired electron, O,molecul e should be paramagnetic.

Helium molecule (He,): According to the atomic number of helium, it has two electrons
in 1s.The electronic configuration of the helium molecule according to molecular orbital
theory is given as.

Hey: (01s)? (0*1s)?

Bond order == 0.

Thus, He, molecule is unstable and does not exist.



CHEMICAL BONDING

Chemical Bonding refers to the formation of a chemical bond between two or more
atoms, molecules, or ions to give rise to a chemical compound. These chemical bonds are what
keep the atoms together in the resulting compound.

The attractive force which holds various constituents (atom, ions, etc.) together and
stabilizes them by the overall loss of energy is known as chemical bonding. Therefore, it can
be understood that chemical compounds are reliant on the strength of the chemical bonds
between its constituents; The stronger the bonding between the constituents, the more stable the
resulting compound would be. The attractive force that binds two atoms together is known as the
chemical bond.

Important Theorieson Chemical Bonding

Albrecht Kossel and Gilbert Lewis were the first to explain the formation of chemical bonds
successfully in the year 1916. They explained chemical bonding on the basis of the inertness of
noble gases.

Lewis Theory of Chemical Bonding

An atom can be viewed as a positively charged ‘Kernel’ (the nucleus plus the
inner electrons) and the outer shell.

The outer shell can accommodate a maximum of eight electrons only.

The eight electrons present in the outer shell occupy the corners of a cube which surround
the ‘Kernel’.

The atoms having octet configuration, i.e. 8 electronsin the outermost shell, thus
symbolize a stable configuration.

Atoms can achieve this stable configuration by forming chemical bonds with other atoms.
This chemical bond can be formed either by gaining or losing an electron(s) (NaCl,
MgCl5) or in some cases due to the sharing of an electron (F,).

Only the electrons present in the outer shell, also known as the valence electrons take part
in the formation of chemical bonds. Gilbert Lewis used specific notations better known as
Lewis symbolsto represent these valence electrons.

Generdly, the valency of an element is either equal to the number of dotsin the
corresponding Lewis symbol or 8 minus the number of dots (or valence el ectrons).

Lewis symbolsfor lithium (1 electron), oxygen (6 electrons), neon (8 electrons) are given below:
(T L
[} ' .
Lie +Q» sNe?
LAY |

Here, the number of dots that surround the respective symbol represents the number of valence
electronsin that atom.



Kossel’s theory of Chemical Bonding

Noble gases separate the highly electronegative halogens and the highly electropositive
alkali metals.

Halogens can form negatively charged ions by gaining an electron. Whereas alkali metals
can form positively charged ions by losing an electron.

These negatively charged ions and positively charged ions have a noble gas configuration
that is 8 electrons in the outermost shell. The general electronic configuration of noble
gases (except helium) is given by ns?np®.

As unlike charges attract each other these unlike charged particles are held together by a
strong force of electrostatic attraction existing between them. For example, MgCl, the
magnesium ion, and chlorine ions are held together by force of electrostatic attraction.
Thiskind of chemical bonding existing between two unlike charged particlesis known as
an electrovalent bond.

Explanation of Kossel L ewis Approach

In 1916 Kossel and Lewis succeeded in giving a successful explanation based upon the
concept of an electronic configuration of noble gases about why atoms combine to form
molecules. Atoms of noble gases have little or no tendency to combine with each other or with
atoms of other elements. This means that these atoms must be having stable electronic
configurations.

Due to the stable configuration, the noble gas atoms neither have any tendency to gain or
lose electrons and, therefore, their combining capacity or valency is zero. They are so inert that
they even do not form diatomic molecules and exist as monoatomic gaseous atoms.

Types of Chemical Bonds

When substances participate in chemical bonding and yield compounds, the stability of
the resulting compound can be gauged by the type of chemical bondsit contains.

The type of chemical bonds formed vary in strength and properties. There are 5 primary
types of chemica bonds which are formed by atoms or moleculesto yield compounds. These
types of chemical bonds include:

lonic Bonds

Covalent Bonds

Coordinate Covalent Bonds
Hydrogen Bonds

Van der Waals bond

These types of bonds in chemical bonding are formed from the loss, gain, or sharing of
€l ectrons between two atoms/molecul es.



lonic Bonding

lonic bonding is a type of chemical bonding which involves a transfer of electrons from
one atom or molecule to another. Here, an atom loses an electron which is in turn gained by
another atom. When such an electron transfer takes place, one of the atoms develops a negative
charge and is now called the anion.

The other atom develops a positive charge and is called the cation. The ionic bond gains
strength from the difference in charge between the two atoms, i.e. the greater the charge disparity
between the cation and the anion, the stronger the ionic bond.

. zz‘ O
CA O

Types of Chemical Bonds — lonic bonding

Covalent Bonding

A covaent bond indicates the sharing of electrons between atoms. Compounds that
contain carbon (also called organic compounds) commonly exhibit this type of chemical
bonding. The pair of electrons which are shared by the two atoms now extend around the nuclel
of atoms, leading to the creation of a molecule.

®Electron from hydrogen
#Electron fram carbon

Covaent Bonding
Coordinate Covalent Bonding

A coordinate bond (also called a dative covalent bond) is acovalent bond (a shared
pair of electrons) in which both electrons come from the same atom. A covalent bond is formed



by two atoms sharing a pair of electrons. The atoms are held together because the electron pair is
attracted by both of the nucle.

lone pair of coorcinate bond
electrons
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Hydrogen Bonding

Compared to ionic and covalent bonding, Hydrogen bonding is a weaker form of
chemical bonding. It is atype of polar covalent bonding between oxygen and hydrogen wherein

the hydrogen develops a partial positive charge. This implies that the electrons are pulled closer
to the more el ectronegative oxygen atom.

This creates a tendency for the hydrogen to be attracted towards the negative charges of

any neighbouring atom. This type of chemical bonding is called ahydrogen bond and is
responsible for many of the properties exhibited by water.

Hi:r+ H:'H‘

\O H— O/
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Hydrogen Bonding



Van der Waals bond

Hydrogen bonding is the third type of van der Waals forces. It is exactly the same as
dipole-dipole interaction, it just gets a specia name. A hydrogen bond is a dipole dipole
interaction that occurs between any molecule with a bond between a hydrogen atom and any of
oxygen/fluorine/nitrogen.

H = = = [ntermolecular force
o+ Interatomic force (bonds)

Hybridization is defined as the concept of mixing two atomic orbitals with the same
energy levelsto give a degenerated new type of orbitals. Thisintermixing is based on quantum
mechanics. The atomic orbitals of the same energy level can only take part in hybridization and
both full filled and half-filled orbitals can also take part in this process provided they have equal
energy.

During the process of hybridization, the atomic orbitals of similar energy are mixed together
such as the mixing of two ‘s’ orbitals or two ‘p’ orbital’s or mixing of an ‘s’ orbital with a ‘p’
orbital or ‘s’ orbital with a “d” orbital.

Table of Content

Types

sp Hybridization
sp® Hybridization
sp® Hybridization
sp°d Hybridization
sp°d2 Hybridization
Key Features
FAQs

What is Hybridization?

Redistribution of the energy of orbitals of individual atomsto give orbitals of equivalent
energy happens when two atomic orbitals combine together to form hybrid orbital in a molecule.



This processis called hybridization. The new orbitals thus formed are known as hybrid
orbitals.

= Also Read

Chemical Bonding
Molecular Orbital Theory

Types of Hybridization

Based on the types of orbitals involved in mixing, the hybridization can be classified as sp3, p2,
sp, SP3d, sp3d2, sp3d3. Let us now discuss the various types of hybridization along with their
examples.

sp Hybridization

sp hybridization is observed when one s and one p orbital in the same main shell of an atom mix
to form two new equivalent orbitals. The new orbitals formed are called sp hybridized
orbitals. It forms linear molecules with an angle of 180°

This type of hybridization involves the mixing of one ‘s’ orbital and one ‘p’ orbital of
egual energy to give anew hybrid orbital known as an sp hybridized orbital.

sp hybridization is also called diagonal hybridization.

Each sp hybridized orbital has an equal amount of sand p character, i.e., 50% sand p
character.

Examples of sp Hybridization:

All compounds of beryllium like BeF,, BeH, BeCl,
All compounds of carbon-containing triple Bond like CoHo.

sp® Hybridization

sp? hybridisation is observed when one s and two p orbitals of the same shell of an atom mix to
form 3 equivalent orbital. The new orbitals formed are called sp? hybrid orbitals,

sp® hybridization is also called trigonal hybridization.



It involves mixing of one ‘s’ orbital and two ‘p’ orbital’s of equal energy to give a new
hybrid orbital known as sp*.

A mixture of sand p orbital formed in trigonal symmetry and is maintained at 120°.
All the three hybrid orbitals remain in one plane and make an angle of 120° with one

another. Each of the hybrid orbitals formed has 33.33% s character and 66.66% ‘p’
character.

The molecules in which the central atom islinked to 3 atoms and is sp2 hybridized have a
triangular planar shape.

Examples of sp? Hybridization

All the compounds of Boroni.e. BF3;, BH3
All the compounds of carbon containing a carbon-carbon double bond, Ethylene (C,Hy)

sp® Hybridization

When one ‘s’ orbital and 3 “p’ orbitals belonging to the same shell of an atom mix together to
form four new equivalent orbital, the type of hybridization is called atetrahedral hybridization
or sp>. The new orbitals formed are called sp® hybrid orbitals.

These are directed towards the four corners of aregular tetrahedron and make an angle of
109°28’ with one another.

The angle between the sp3 hybrid orbitals is 109.28°
Each sp® hybrid orbital has 25% s character and 75% p character.
Example of sp® hybridization: ethane (C,Hs), methane.

sp°d Hybridization



sp°d hybridization involves the mixing of 3p orbitals and 1d orbital to form 5 sp3d hybridized
orbitals of equal energy. They have trigonal bipyramidal geometry.

The mixture of s, p and d orbital forms trigonal bipyramidal symmetry.

Three hybrid orbitals lie in the horizontal plane inclined at an angle of 120° to each other
known as the equatoria orbitals.

The remaining two orbitalslie in the vertical plane at 90 degrees plane of the equatorial
orbitals known as axial orbitals.

Example: Hybridization in Phosphorus pentachloride (PCls)
Do

sp’d® Hybridization

$p3d2 hybridization has 1s, 3p and 2d orbitals, that undergo intermixing to form 6
identical sp3d2 hybrid orbitals.

These 6 orbitals are directed towards the corners of an octahedron.
They areinclined at an angle of 90 degrees to one another.

Key Features of Hybridization

Atomic orbitals with equal energies undergo hybridization.
The number of hybrid orbitals formed is equal to the number of atomic orbitals mixing.

It is not necessary that all the half-filled orbitals must participate in hybridization. Even
completely filled orbitals with dlightly different energies can also participate.

Hybridization happens only during the bond formation and not in an isolated gaseous
atom.

The shape of the molecule can be predicted if hybridization of the molecule is known.

The bigger lobe of the hybrid orbital always has a positive sign while the smaller [obe on
the opposite side has a negative sign.

Try This: Give the hybridization states of each of the carbon atom in the given molecule.

H,C=CH-CN
HC=C-C=CH
HzC:C:C:CHz



VSEPR Theory is used to predict the shape of the molecules from the electron pairs that
surround the central atoms of the molecule. The theory was first presented by Sidgwick and
Powell in 1940. VSEPR theory is based on the assumption that the molecule will take a shape
such that electronic repulsion in the valence shell of that atom is minimized.
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V SEPR Theory and Shapes of Molecules
Frequently Asked Questions

What is VSEPR Theory?

The Valence Shell Electron Pair Repulsion Theory abbreviated as VSEPR theory is based on the
premise that there is a repulsion between the pairs of valence electronsin all atoms, and the
atoms will always tend to arrange themselves in a manner in which this electron pair repulsion is
minimalized. This arrangement of the atom determines the geometry of the resulting molecule.

The different geometries that molecules can assume keeping with VSEPR theory can be seen in
the illustration provided below.
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VSEPR Theory — Different Geometriesthat Molecules can Assume



The two primary founders of the VSEPR theory are Ronald Nyholm and Ronald Gillespie. This
theory is aso known as the Gillespie-Nyholm theory to honour these chemists.

Also Read

Chemica Bonding
Covalent Bond

Hydrogen Bonding
Hybridization

Molecular Orbital Theory

According to the VSEPR theory, the repulsion between two electrons is caused by the Pauli
exclusion principle that has greater importance than electrostatic repulsion in the determination
of molecular geometry.

Postulates of VSEPR Theory:
The postul ates of the VSEPR theory are listed below

In polyatomic molecules (i.e. molecules made up of three or more atoms), one of the
constituent atoms is identified as the central atom to which all other atoms belonging to
the molecule are linked.

The total number of valence shell electron pairs decides the shape of the molecule.

The electron pairs have a tendency to orient themselves in a way that minimizes the
€l ectron-el ectron repul sion between them and maximizes the distance between them.

The valence shell can be thought of as a sphere wherein the electron pairs are localized
on the surface in such away that the distance between them is maximized.

Should the central atom of the molecule be surrounded by bond pairs of electrons, then,
the asymmetrically shaped molecule can be expected.

Should the central atom be surrounded by both lone pairs and bond pairs of electrons, the
molecule would tend to have a distorted shape.

The VSEPR theory can be applied to each resonance structure of a molecule.
The strength of the repulsion is strongest in two lone pairs and weakest in two bond pairs.

If electron pairs around the central atom are closer to each other, they will repel each
other. Thisresultsin an increase in the energy of the molecules.

If the electron pairs lie far from each other, the repulsions between them will be less and
eventualy, the energy of the molecule will be low.

Limitations of VSEPR Theory:
Some significant limitations of the VSEPR theory include:
This theory fails to explain isoelectronic species (i.e. elements having the same number

of electrons). The species may vary in shapes despite having the same number of
electrons.



The VSEPR theory does not shed any light on the compounds of transition metals. The
structure of several such compounds cannot be correctly described by this theory. Thisis
because the VSEPR theory does not take into account the associated sizes of the
substituent groups and the lone pairs that are inactive.

Another limitation of VSEPR theory is that it predicts that halides of group 2 elements
will have alinear structure, whereas their actua structure is a bent one.

Predicting the Shapes of Molecules.

The following steps must be followed in order to decide the shape of amolecule.

The least electronegative atom must be selected as the central atom (since this atom has
the highest ability to share its electrons with the other atoms belonging to the molecule).

The total number of electrons belonging to the outermost shell of the central atom must
be counted.

The total number of el ectrons belonging to other atoms and used in bonds with the centra
atom must be counted.

These two values must be added in order to obtain the valence shell electron pair number
or the VSEP number.

What is VSEP Number?

The V SEP number describes the shape of the molecule, as described in the table provided below.

VSEP Number Shape of the Molecule
2 Linear

3 Trigona Planar

4 Tetrahedral

5 Trigonal Bipyramidal

6 Octahedral

7 Pentagonal Bipyramidal

Each of these corresponding shapes can also be found in the illustration provided earlier.
However, the VSEPR theory cannot be used to obtain the exact bond angles between the atoms
in amolecule.

Now, we will discuss each shape in detail:

Linear Shape of Molecule:



In this type of molecule, we find two placesin the valence shell of the central atom.

They should be arranged in such a manner such that repulsion can be minimized
(pointing in the opposite direction).

Example: BeF,
Trigonal Planar Shape of Molecule:

In this type of molecule, we find three molecul es attached to a central atom.

They are arranged in such a manner such that repulsion between the electrons can be
minimized (toward the corners of an equilateral triangle).

Example: BF;
Tetrahedral Shape of Molecule:

In two-dimensional molecules, atoms lie in the same plane and if we place these
conditions on methane, we will get a square planar geometry in which the bond angle
between H-C-H is 90°.

Now, if we consider all these conditions for athree-dimensional molecule, we will get a
tetrahedral molecule in which the bond angle between H-C-H is 10928 (toward the
corners of an equilatera triangle) CH,4

Trigonal Bipyramid Shape of Molecule:

Let’s take an example of PFs. Here, repulsion can be minimized by even distribution of
electrons towards the corner of atrigonal pyramid. In trigona bipyramid, three positions
lie dlong the equator of the molecule. The two positions lie dong an axis perpendicular to
the equatorial plane.

How can the VSEPR Theory be used to Predict the Shapes of Molecules?

The strength of the repulsion between alone pair and abond pair of electrons liesin between the
repulsion between two lone pairs and between two bond pairs. The order of repulsion between
electron pairs as follows:

Lone Pair- lone pair > Lone Pair- bond- pair > Bond Pair- bond pair.

1. Total number of electron pairs around the central atom = %2 (number of valence electrons of
central atom + number of atoms linked to central atom by single bonds)

For negative ions, add the number of electrons equal to the units of negative charge on
the ions to the valence electrons of the central atom.

For positive ions, subtract the number of electrons equal to the units of positive charge on
the ion from the valence electrons of the central atom.

2. The number of Bond pair = Total number of atoms linked to central atom by single bonds.

3. Number of lone pairs = Total number of electron — No of shared pair



The electron pairs around the central atom repel each another and move so far apart from each
another that there are no greater repul sions between them. This results in the molecule having
minimum energy and maximum stability.

The shape of amolecule with only two atoms is always linear.

For molecules with three or more atoms, one of the atomsis called the central atom and
other atoms are attached to the central atom.

If the central atom is linked to similar atoms and is surrounded by bond pairs of electrons
only, the repulsions between them are similar as a result the shape of the moleculeis
symmetrical and the moleculeis said to have regular geometry.

If the central atom is linked to different atoms or is surrounded by bond pair aswell asa
lone pair of eectrons, the repulsion between them is similar. As aresult, the shape of the
molecule has an irregular or distorted geometry.

The exact shape of the molecule depends upon the total number of electron pairs present
around the central atom.



CONCEPT OF CHIRALITY (STEREOCHEMISTRY)IBASIC TERMS

1) Anti conformation :

For example, anti conformation of butane, two methyl groups at an angle of 180° to each
other.

CH3

CH3

2) Chair_conformation :

Staggered conformation of cyclohexane that has no angle strain or torsional

strain and is therefore lowest energy conformation.

3) Chiral molecule:

A molecule that is not superimposable on its mirror image. Chiral molecules

have handedness and are capable of exisiting as apair of enantiomers.
4) Chirality :

The property of having handedness.
5) Configuration :

The particular arrangement of atoms or groups in space that is characteristic of a
given stereoisomer.

6) Conformation :

A particular temporary orientation of a molecule that results from rotations
about its single bond.

7) Conformational analysis:

An analysis of the energy changes that a molecule undergoes as its groups
undergo rotations(sometimes only partial) about the single bonds that join them.
8) Conformer :

A particular staggered conformation of a molecule.

9) Dextrorotatory :

A compound that rotates plane palarised light clockwise.

Concept of Chirality (Stereochemistry) 1



10) Diastereomers::

Stereoisomers that are not mirror image of each other.

11) Eclipsed conformation :

A temporary orientation of grups around two atoms joined by a single bond such
that the groups directly oppose each other.

12) Gauche conformation :

A gauche conformation of butane, for example, in which methyl groups at an
angle of 60° to each other.

CH3

@z CHg

13) Isomers:

Different molecules that have the same molecular formula.
14) Mutarotation :

The spontaneous change that takes place in the optical rotation of o & B anomers
of a sugar when they are dissoved in water. The optical rotations of the sugars change
until they reach the same value.

15) Plane polarised light :
Ordinary light in which the oscillations of the electrical field occur only in one

plane.
16) Racemic form (recemic mixture) :

An equimolar mixture of enantiomers. A racemic form isopticaly inactive.

17) Meso compound :

An optically inactive compound whose molecules are achiral even though they
contain tetrahedral atoms with four different attached groups.
18) Optically active compounds:

A compound that rotates the plane of polarisation of plane polarised light.

19) Periplaner :
A conformation in which vicinal groups lie in the same plane.

Concept of Chirality (Stereochemistry) 2



20) Stagger ed confor mation :

A temporary orientation of groups around two atoms joined by a single bond
such that the bonds of the back atom exactly bisect the angles formed by the bonds of
the front atom in Newman projection formula.

21) Resolution :

The process by which the enantiomers of the racemic forms are separated.
22) Rotamers:

Rotamers are extreme conformations.

23) Homomers:
Identical representation of same compound.

Concept of Chirality (Stereochemistry) 3



STEROISOMERISM i

Stereochemistry deals with the study of arrangement of atoms of a molecule in
three diamension space.

Stereoisomers are the compounds that have same molecular formula and mode
of attachment between atoms but differ in arrangement of atoms in space. This
phenomenon is called stereoisomerism. Stereoisomerism is of three types:

1) Conformational isomerism
2) Optical isomerism
3) Geometrical isomerism.

CONFORMATION ISOMERISM I

Groups bonded only by a sigma bond (i.e.by a single bond) can undergo rotation

about that bond with respect to each other. That is, these groups are not fixed in a single
position, but are relatively free to rotate about the single bond connecting them. The
different structures which result by rotation about a sigma bond are called as conformations.
Conformational stereoisomers interconvert easily at room temperature through
rotation about single bond.
A single conformation cannot be physically separated from one another.

METHODS OF REPRESENTING CONFORMATIONS

Three diamensional figures cannot be properly represented on a two

diamensional surface like that of paper. Hence various projectional formulae have been
suggested for drawing conformations. Four of them are discussed below:
1) Dotted line wedge formula :

Dotted line wedge formulais a shorthand notation used to simplify three
diamensional drawing. In this method the molecule is seen from the side of C — C bond.
1) Dashed lines show the bonds that go backward away from the reader.

2) Thick lines are used to show bonds that come forward, towards the reader.

3) The normal lines represent bonds within the plane of the paper.

Concept of Chirality (Stereochemistry) 4



A plane drawn through the H-C-H bonds of bonds A and B.
Projecting away
from you, behind

plane of paper () Projecting away from

you, behind H plane of
paper In plane
Qj ‘ of paper
LRI ii ]
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H
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G; by “"H Projecting:tgwérd

Tetrahedral structure

you, in front of
plane of paper

Representations of the three-dimensional structure

Though tadious, it is the best method of representation.

2) Fischer projection :

Fischer projection is a standard way to project three diamensional configuration
of each carbon onto a plane surface. The projection looks like a cross with a chiral
carbon at the point where the lines cross.

The Fischer projection can be written in the following way:
If amolecule has asingle chiral centre e.g.-D-glyceraldehyde, the carbon chain is drawn
vertical with the most oxidised atom at the top. Then mentally flatten the structure at
each chiral centre onto a plane surface.

The horizontal lines at the chiral center represent bonds that project forward. The

vertical lines at the chiral center actually represent bonds which project in the

rear.
CHO CHO
| z
H— OH = Hwe =~aOH
CH2OH CH2OH

Fischer formulae can be used for two or more chiral centres with,conventionally,
the longest carbon chain vertical, the bonds to top and bottom atom or groups go back,
and all the atoms or groups to one side or the other come forward.
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CHO [ cHO |
H—+t—OH |H = C -= OH
HO—1 H | HO = é - H
H—1— OH |H = cl: -= OH
H—1—OH |H = é ~ OH

CH20H B éHzOH

Fischer formulafor the open chain form of D-glucose
Fischer projection formulae is convenient method for representing acyclic

compounds with one or more chiral centres.

3) Newman Projection :

Newman’s projections are a way of drawing conformation.
To draw this formulawe have to look along C-C bond from the front.
The front carbon with its three substituents is denoted by inverted Y.

The back carbon is represented by a circle with three bonds pointing out from its periphery.

H Front carbon atom

2 g H /H
C
a
H
4 \ ’ ’
H

H Back carbon atom

Newman projection
formula

Three-dimensional
projection formula

4) Saw horseformula:
Sawhorse formulais the perspective formulawhich is used to specify a

conformation.
In sawhorse representation, the C—C bond is viewed side ways due to which the

C - C bond can be seen unlike in Newman projection.
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Newman projection Sawhorse projection

H
| H H
' H
Q H
H HH H
H
The eclipsed conformation The staggered conformation

CONFORMATIONS OF ETHANE

The two methyl groups in ethane are not fixed in a single positon. They are free
to rotate about the single bond connecting the two carbon atoms. The various structures
which result by rotation about a single bond are called as conformations.

H\ /H
H_\c_ﬁ_c —H
W \H

An infinite number of different conformations could result from rotations of the
CH3 groups about the carbon — carbon sigma bond since the dihedral angle between the
hydrogen atoms on the front and back carbon’s can have an infinite number of values.
The two extreme conformations of ethane are
1)Staggered Conformation.
2)Eclipsed Conformation.
There are innumerable number of conformations in between these two extreme

forms called as skew conformations.

1)STAGGERED CONFORMATION
In the staggered conformation, dihedral angle (0 ) i.e. the angle between C-H

bonds on the front carbon atom and the C-H bonds on the back carbon in the Newman
projection, is 60°.
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Stability :

The staggered conformation allows the maximum possible separation of the
electron pairs of the six carbon-hydrogen bonds thereby minimizing the repulsive
interactions between bonding pairs of electrons and therefore it has lowest energy.

2) Eclipsed Conformation :
The conformation of ethane with the dihedral angle of 0° is called eclipsed
conformation.

Newman projection of eclipsed conformation shows the hydrogen atoms on the
back carbon to be hidden (eclipsed ) by those on the front carbon.

B=0°
A
H H H H
\\,——
Y )
HH
Eclipsed

Stability :

In the eclipsed conformation, the electron pairs of the six carbon-hydrogen
bonds are closest and therefore eclipsing leads to steric repulsion of hydrogen atoms that
are not directly bonded. These non bonded interactions raises the energy of eclipsed
conformation by about 3 kcal/moal. It is of highest energy and has the least stability.

3) Skew Conformation :

Any conformation of ethane that is not precisely staggered nor eclipsed is called
as skew Conformation.

Concept of Chirality (Stereochemistry) 8



Stability :

In any Skew conformation of ethane, electron pairs of the cabon-hydrogen bonds
are not so far as in staggered conformation nor so close as in eclipsed conformation and
therefore it is more stable than eclipsed conformation and less stable than staggered
conformation.

TORSIONAL ENERGY

When ethane rotate towards eclipsed conformation, its potential energy increases which

leads to resistance to rotation. The resistance to twisting is called as torsional strain and 3 kcal/ mole
energy needed is called torsional energy. The torsional energy of ethane in lowest in staggered
conformation. In the eclipsed conformation, the molecule is about 3 kcal/mol higher in energy. This

barrier is easily overcome at room temperature and the molecules rotate constantly.

Pt ol oowripy s—-

“tagecs stz zced
Fols i —_—

CONFORMATIONS OF BUTANE

Focussing our attention on the middle C-C bond in butane, we see a molecule

similar to ethane but with a methyl group replacing one hydrogen on each carbon.

H H
|
CH3 Tf CH3
H H
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Due to the presence of the two methyl groups, two new point are encountered here
1) There are severa staggered and eclipsed conformations.
2)  vander Waals repulsion besides torsiona strain plays important rolein

conformational stahilities.

Various conformations of butane ar e discussed below :
1) ANTI CONFORMATION :
In anti conformation there is 180° dihedral angle between the largest groups.

In anti conformation of butane, the dihedral angle between two methyl groupsis
180°.

s

S el
[

w
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|

Stability :

The anti conformation does not have torsional strain because
a) the groups are staggered

b) two methyl grups are far apart from each other.

Therefore anti conformation isthe most stable.

2) GAUCHE CONFORMATION
A conformation with a 60° dihedral angle between the largest groupsis called

gauche conformation.

In the gauche conformation of butane, two methyl groups are 60° apart.

™
ol 1

[~ H

|
1]}
Asauzhe ssnfoation
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Stability :

In the gauche conformation, the methyl groups are close enough to each other
that the van der Waals forces between them are repulsive.
This repulsion causes the gauche conformation to have approximately 3.8 kJ/mol energy

more than the anti conformation.

3) PARTLY ECLIPSED CONFORMATION :
Eclipsed conformation of butane in which dihedral angle between two methyl

groupsis 120° is known as partly eclipsed conformation.

H..
sy

n i
i, ke

Tl O T
Stability :

Partly eclipsed conformation has torsional strain. It also has additional van der Waals
repulsions arising from the eclipsed methyl groups and hydrogen atoms. These repulsions cause
partly eclipsed conformation to have energy 16 kJ/mol than the anti conformation.

4) EULLY ECLIPSED CONFORMATION

The conformation in which the methyl groups are pointed in the same direction

(dihedral angle = OO) iscaled fully eclipsed conformation.

A1 e Pl GBI W IR

Stability :

Fully eclipsed conformation has the greatest energy and thus least stability of all
because, in addition to torsional strain, there is added large van der Waal’s repulsive
forces between the eclipsed methyl groups.
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[ CONFORMATIONS OF CYCLOHEXANE -~

Existance of an innumerable number of conformersin the case of cyclohexane as
happens in the case of ethane or butane is not possible. The number of conformersin the
case of cyclohexane are limited due to the presence of ring structure which isrigid.

Various conformations of cyclohexane are discussed below:

1) CHAIR CONFORMATION :

The chair conformation is free from angle strain since each angleis 109° 28’
In chair form all the C-H bonds are in staggered condition and thusit is free of

torsiona strain. Thus the potentia energy of chair form is minimum.

n"‘-.‘_“
feed

! T i
Fea -‘.._“_“-I.l

Chair (most stable)
2) BOAT CONFORMATION::
The Boat conformation is free from the angle strain since each angleis 109° 28",

Two flagpole hydrogen atomsin the boat conformation lie only 1.83 A® and thus

thereis steric repulsion between them. Morover C, and Cg are eclipsing C3 and Cs to which
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there is bond eclipsing strain.

The strain energy calculations indicate that the boat conformation is about 6.4
kcal/mol higher in energy than the chair conformation.

4 pr pr T

AN L7
H(bs) N/ H (bS)
3

;
Boat (Less stable)

3) Skew boat conformation :

When the two flagpole bonds in the boat conformation are moved apart, one gets

\-‘H‘__\_‘__‘-‘_‘_
Twist boat (Stable)
In the skew boat conformation, the flag pole hydrogens are thrown apart.

atwist or skew boat conformation.

In the first conformer C, and Cs and in the second twist form C3 and Cg have
gone down. Thusthereisless strain in twist conformer than in the boat as there is less of
hydrogen eclipsing and flagpole interactions.

According to Hendrickson, the twist form contains 1.6 kcal/mol less energy than
the boat form.

The strain energy calculations indicate that the skew boat conformation is about
5 kcal/mol higher in energy than the chair conformation.

4) Half chair conformation :

A transition state conformer between the chair and twist forms is supposed to
exist. This is known as half chair conformer. This has a high strain. It has about 11 k
cal/mole energy than the chair form and is least stable.

—7

Halt chair (List stable)
We can summarise the relative stabilities of the various conformations of
cyclohexane as :
chair > twist / skew boat > boat > half chair
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AXIAL AND EQUATORIAL BONDSIN CYCLOHEXANE
The bonds which are parallel to the three fold axis of symmetry of the chair are

known as axial bonds and those which extend outward from the ring are known as

equatorial bonds.

NN

axia bonds Equatoria bonds

Each carbon atom of cyclohexane has one axial bond and one equatorial bond.

CONFORMATIONSOF MONOSUBSTITUTED CYCLOHEXANE DERIVATIVES

In the case of cyclohexane derivatives when one hydrogen atom is replaced by a

larger group or atom then the two chair forms are obtained in case of this mono substituted
derivative. The two isomeric chair forms difer in the position of substituent. In one isomer,

the substituent is axially located whereas in the other, the substituent is equatorially located.

Concept of Chirality (Stereochemistry) 14



The stabilities of both the forms are different. Let us consider the case of methyl
cyclohexane. This molecule can have two isomeric chair forms whose stabilities would
be different. The two isomeric chair forms are

1) Axial isomer, 2) Equatoria isomer.

1) Axial Isomer :

In the axial conformer the methyl group is located at axial position. In this
conformer, the methyl group is so close to the two axial hydrogens on the same side of the
molecule (attached to C-3 and C-5 atoms) that the van der Waals forces between them are
repulsive. This type of steric strain, because it arises from an interaction between axid

groups on carbon atoms that have 1,3-relation, is called asa 1,3-diaxial interaction.

" f OHQ —Axia

1,3—-diaxia methyl-hydrogen interaction is about 0.9 kcal/mole
The strain caused by a 1,3-diaxial interaction in methyl cyclohexane is the same
as the strain caused by the close proximity of the hydrogen atoms of methyl groups in
the gauche form of butane. These gauche interactions in the gauche butane causes
gauche butane to be less stable than anti-butane by 3.8 kJ/mol.

o
— 3 N
= £
w H

| H —~—
H o H i H—C—H
|

H_C :

|

]
1 H
H
Gauche-Butane

-1
(3.8kdmol  steric strain)

H H w
5 1
H | b |
i

6 H
Axial methylcyclohexane
(two gauche interactions =

7.6 kJmol  steric strain)
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2) Equatorial |somer :

In the equatorial isomer, the methyl group is placed at equatorial position. In the
equatorial conformer the methyl group extends into space away from the rest of
molecule because of which its hydrogen atoms are far away It is free from diaxidl
interactions because equatorial methyl group is anti to C-3 and C-5.

H H ~~Equatorial
| H
Hs5___ s, 17 CH3
/4
| | 2
H—jy4 H
| H

Equatorial methycyclohexane

STABILITY :
Equatorial conformer is more stable than axial conformer.

MAGNITUDE OF 1,3-DIAXIAL INTERACTION I

The magnitude of the 1,3-axia interactions varies with different substituents.

The energy difference between the axial and equatoria conformers can be larger or
smaller depending on the substituent on the ring.

Conformational freeenerqy :

The energy difference between conformersis known as conformational free energy or A
value. The important aspect of conformational analysis is that the two diastereomeric chair
forms are not of equal free energy and therefore are differently populated. In other words we can
say that the different monosubstitued cyclohexane derivatives display different conformational

preferances due to difference in energies of axial and equatorial conformers.
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H

[ H H
Ring flip
T e
H

CH3 ¢ .
- H
H
CH3
Equatoria tert-butylcyclohexane Axial tert-butylcyclohexane

There isadirect relationship between difference in energy, called the free energy ( A
GO) and the equilibrium constant (Keq) associated with a given equilibrium in solution

AGP = differencein free energy = RT | nkeq
where R = gas constant ( 0.00199 kcal/mole)
T = absolute temperature at which the
equilibrium is measured.

The product of R, T and the natural logarithm of keq gives A Gli.e. thefree
energy difference between the two conformersin kcal/mol.

AGlisusua ly negative is the difference of free energy between the equatorial
and axial conformer and A G° is known as conformational free energy of the substituent.

For substituted cyclohexane, it is conventional to specify the value of - A GO for
the equilibrium:

axial  ——— equatorid
A G will be negative when the equitorial conformation is more stable than the axial. The

value of A Gis positive for the case of substituent groups which favour the equatorial position.

The larger the A G°, the greater isthe preferance for the equatorial position.

Confor mational free energies of substituent groups

Conformational free energy values for many substituent groups on cyclohexane ring
are determined by NMR spectroscopy. Conformational free energy values are measured at

low temperatures. It is believed that these values do not vary much at room temperature.
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Conformational freeenergies (— A G°) for Substituent Groups

Substituent — A G° (kcal/mole)
-F 0.24-0.28
—Cl 0.53
-Br 0.48

=l 0.47
—CH3 1.8
—CH,CH3 1.8
—CH(CH3)» 2.1
—C(CH3)3 >4.5
—CH=CH, 1.7
—CgHs 29
-CN 0.15-0.25
—-0,CCH3 0.71
-CO,H 1.35
—CO,C,H5 1.1-1.2
—OH (aprotic solvents) 0.52
—OH (protic solvents) 0.87
—OCH3 0.60
-NO, 1.16
—HgBr 0

Concept of Chirality (Stereochemistry)



Relationship Between Free-Energy Difference and | somer Percentage for Isomers at
Equilibrium at 25°C.

Free-Energy More Stable | somer L ess Stable | somer
Difference, A G° (%) (%)
(k3 mol )

0 50 50
1.7 67 33
2.7 75 25
34 80 20
4.0 83 17
5.9 91 9
7.5 95 5
11 99 1
17 99.9 0.1
23 99.99 0.01

DISUBSTITUTED CYCLOHEXANE

The presence of two substituents on the ring of a cyclohexane alows for the
possibility of cis-trans isomerism. Geometrical isomerism in various disubstituted
cyclohexane is discussed below,

1,2- disubstituted cyclohexane:
The planar representation of the cis and trans isomers of 1,2- disubstituted

cyclohexaneis asfollows:-

H H CH3 H >
_[_._% ._}/
CH3 CH3 H CH3

Cis-1,2-Dimethylcyclohexane Trans-1,2-Dimethylcyclohexane
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CISFORM :
The cisisomer has two identical e,a- and a,e- conformations.

Consider cis-1,2- dimethyl cyclohexane, the two conformations — are

R//?\ o3 Pt SN,
S - 5

e — H3C y
| ~ : i ey
| H3C]
CH3
CH3 CH3
O, ETF

€eq,ax
(RN Tl

cis conformation has three butane gauche interactions.

TRANS FORM :
There are two possible chair conformations of trans-1,2- disubstituted cyclohexane.
In one conformation, both the groups are axial; in the other both are equatorial.

The two chair conformations of 1,2- dimethyl cyclohexane are
CH

LT
-f{"““x-/JCHQ, = \,,/“

Sif ax, ax cH3
RN T P Sl NS {.'-:uue? eTFRLIFITR PR e |
The diaxial form of trans-isomer in the case of 1,2- dimethyl cyclohexane has
four butane gauche interactions whereas the diequatorial form has only one, that

between the methyl groups. Thus, in the case of 1,2- dimethyl cyclohexane, the
diequitorial transisomer is more stable than the cisisomer by about 1.8 kcal/mole.

1.3 - disubstituted cyclohexane

1,3- disubstituted cyclohexane exist in diastereomeric cis and trans forms whose

planar representation is as follows
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I CH3

H H
CH3 H
CH3 CH3
Cis-1,3-Dimethylcyclohexane Trans-1,3-Dimethylcyclohexane

CISFORM :

There are two possible conformations of CIS form. In one conformation, both
the groups are axial whereasin the other, both are equatorial.

The two possible conformations of cis-1,3- dimethyl cyclohexane are given below.

H__/f\CHQ, by s
E.\/ S :
CH3

i
CH3

ety ax, ax
LS E Yy P

The diequatorial form of cis-1,3-dimethyl cyclohexane is more stable than the
diaxial conformation by about 5.4 kcal/mole. Thus diequatorial form ismost preferred one.

TRANS FORM :

The trans isomer has two identical e,aand a, e conformations.

Consider trans-1,3- dimethyl cyclohexane with identical conformations.

CH3
f’j A —
CH3 CH3
Fal, aX, eq

e i o St ol P Tl F A A L L )

The transisomer of 1,3- dimethyl cyclohexane has two butane gauche interactions.
Thus the cisisomer is more stable by about 1.8 kcal/mole than the trans isomer.
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1.4 disubstituted cyclohexane:

The planar representation of the cistrans isomers of 1,4- disubstituted

cyclohexaneis asfollows

H / >'-I H S':m

CH3 H3C
Cis-1,4-Dimethylcyclohexane Trans-1,4-Dimethylcyclohexane

CISFORM :
The cisisomer has two identical e,aand a,e conformation.
Consider the two identical conformations of cis-1,4- dimethyl cyclohexane.

[CH 3
CH 3
i My
ﬁ-\.‘ —
|

g ax,ax  CH3

e e AT Er

TRANS FORM :
There are two possible conformations of trans form of 1,4- disubstituted

cyclohexane,
In one conformation both the groups are axial; in other both are equatorial.
Consider the two conformations of trans-1,4- dimethyl cyclohexane.

s CH3
/Cr3~" 7 kwwf”\
HRC~" e e f*"f\l
ax, ax CH3

iy,
Tl iR e E

The diequatorial conformation is more stable than diaxial conformation and it
represents the structure of at least 99% of the molecules at equilibrium. The diaxid

conformation has four gauche interactions.
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Conformations and Energies of the Dimethylcyclohexanes

| somer Conformation | No. of gauche | Interaction
interactions kcal./mole

ea
cis-1,2 I 3 2.7

ae

ee 1 0.9
trans-1,2 I

aa 4 3.6

aa 4 54
cis-1,3 If

ee 0 0

ea
trans-1,3 I 2 18

ae

ea
cis-1,4 II 2 1.8

ae

ee 0 0
trans-1,4 I

aa 4 3.6

PROBLEM :
a) Write structural formulas for the two chair conformations of cis-1-isopropyl-4-
methyl cyclohexane. b) Are these two conformations equivalent ? c¢) If not, which
would be mor e stable? d) Which would be the preferred conformation at equilibrium?
SOLUTION::

|CH3

H CH3

; _
CHB_CHMx CH3

CH
Lherer s foedie Doy foemes T stable heven

L7 TR S LS PP FERE LENY LFRILEER £y (MT RO
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PROBLEM :

a) Write the two conformations of cis-1,2-dimethylcyclohexane. b) Would these
two conformations have equal potential energy? c¢) What about the two
conformations of cis-1-terta-butyl-2-methylcyclohexane? d) Would the two
confor mations of trans-1,2-dimethylcyclohexane have the same potential energy?

1
L H3C
f i~ _{~CH3 e 1
CH
b) Yes
C(CH3)3
A{-': --h__/;1 — V‘\K
T f#CH3 ,\/

C) C(CH3)3
Fomr agbaliee Sovonae Hio fape Ayt sdechfe Bor egrden T A
T e P11 TR T dare-fgred g i gLl

/ CH3 T
¢ —
. L~CH3 \_:Q/

d)

Mngt oA Ao iR Lot mpiamds fe prage baagh
b Rl R A T I, T el BT R E T L e g ST

CONFORMATIONAL EFFECTSON STABILITY
The free energies of acyclic diastereoisomers usualy differ. Generaly meso

forms are more stable than d | pairs. Thisis illustrated by considering meso isomer and
its active diastereo isomer in their most stable conformations.

L L
|
s“*xf"lyl M
'S M
M | S
L
Meso Active

Most stable conformation of meso and active isomers

L denotes the largest substituent, M the medium sized substituent, and S the

small substituent in the two isomers.

Concept of Chirality (Stereochemistry) 24



The gauche interactions observed in the meso form are 2L -
M+2L-S+2M-S+2L-M+2L-S.

The gauche interactions observed in the active form are
2M-S+2L-S+M-M+S-S.

The difference between thetwo formsis ~ 2M-S-(M-M+S-S).

In general, the crossed steric interactions between two groups of unequal size are
less than the sum of interactions between the groups of like sizei.e.(M-M+S-S)> 2M-S,
provided that interactions are purely stericin origin.

Thus it is follows from the above discussion that meso isomer is more stable

than the active isomer.

I
GEOMETRICAL ISOMERISM |~

Geometrical isomerism is another type of sterecisomerism arising out of
different spatial arrangement of groups attached to double bonds or rings in which
stereoisomers are not readily interconvertible.

GEOMETRICAL ISOMERS:
Geometrical isomers are sterecisomers which differ in spatial arrangement of

atoms or groups attached to double bonds or rings and this phenomenon is known as
geometrical isomerism.

CH3 CH3 CH3 H
2 %
cC=C C=~C
-~ T . T
H . H H CH3
e - e

Geometrical isomers

H i H cl i H
[ | I'_"I
a H cl

Geometrical isomers
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RESTRICTED ROTATION AND THE DOUBL E BOND
Substituents attached to the C = C can’t rotate freely since there is large energy

barrier to rotation associated with the groups joined by a double bond.

REASON FOR HINDERED ROTATION :
The C = C double bond consist of a = bond and a ¢ bond; it is difficult to rotate the

substituents 180°, since the n bond must be broken, a reaction which requires about 264
kJmol of energy. Such arotation will seldom happen at room temperature. The inability of
an olefinic double bond to rotate at room temperature is called hindered rotation.

GEOMETRIC ISOMERISM IN OLEFINS
There is hindered rotation about any carbon-carbon double bond but not all show

geometric isomerism. Geometric isomerism is only observed when there is a certain
relationship among the groups attached to the doubly bonded carbons.
The requirement for geometric isomerism is shown in following ol efin.

Y A
S &
_c—c

yd ~B

The requirement for geometric isomerism is A and B must be different groups,
asmust Y and Z; However, either A or B can besameasY or Z.
Thus, on this basis, we find that propylene, 1-butene and isobutylene do not

show isomerism.

H H H H H H
- £
~c ol o No geometric
I I [ isomerism
A5 <G A
CH3 H Et H CH3 CH3
Propylene 1-Butene Isobutylene

Geometric isomerism can’t exist if either carbon carries two identical groups.

N £,

B

C . .
” No isomerism
C

27 Ty
c d
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CISTRANSISOMERS
The prefixes cis and trans work well to specify the geometric isomers.
* CIS ISOMER :

The geometric isomer in which similar groups are present on the same side of

the double bond isrefererd as cisisomer.
Clug H
. Cf

!‘; Cis-1,2-dichloroethene

* TRANS ISOMER :
The geometric isomer in which similar groups are present on the opposite side of
the double bond is referred as trans isomer.

cl “ H

Hj trans-1,2-dichloroethene
H -~ ~Cl

DRAWBACKSOF CISTRANSNOMENCLATURE

Cis-trans nomenclature fails to specify the configurations of following compounds.

H3 H H3C H H cl H Cl
C\C.f N ~o o

[ | I |
C C C C

Br- ™l c” Tpr c” Spr Br” ™S

E-Z SYSTEM OF NOMENCLATURE i

E-Z system of nomenclature for geometric isomers have been developed after

Cahn-Ingold-Prelog convention for chiral carbon atoms.
In order to assign E-Z nomenclature to geometric isomer :

1) Thetwo groups attached to each carbon of the double bond are arranged in order
of priority.

2)  If thetwo groups of highest priority are together on the same side of the double
bond then the configuration is called as the Z isomer.

3) If thetwo groups of highest priority are on the opposite sides of the double bond
then the configuration is called as the E isomer.
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G AL
fTogether “"

| 1] JE Opposite
Br~_ Z _/CH3 Cl,, //'CHg E
Bc- “H BB~ ™ HE
(2)-1-bromo-1-chloropropene (E)-1-bromo-1-chloropropene
HC CH3 HC. H
CH %
32020/ 3>H 3 ;czc/
- e . it
H H CH3 >H H CH3
(2)-2-Butene (E)-2-Butene
Br cl
CH3>F i
3 e C=C
CH3>H H i o F
Z
Br CH3 cl CH3 CH CH2CH2CH3
M\‘C :::::C/ M\'C: C/ 3\\C:C//
o H B ™H H * CH2CH3

(1) (1) ()
When an alkene has more than one double bond, the stereochemistry about each

double bond can be specified with E and Z nomenclature.

\)\\;‘M\m

3-bromo-(3Z,5E)-octadiene
The E-Z nomenclature can aso be used to designate cyclic compounds. When the two
higher priority groups are on the same side of the ring then the compound is called as Z isomer
and when these groups are on opposite sides of the ring, the compound is called as E isomer.

A

CH3 CH3 CH3 H
Z-1,2-dimethylcyclopropane E-1,2-dimethylcyclopropane
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The Z or E isomers are not necessarily always the ones which would be called cis
or transisomers respectively under the old nomenclature because E and Z nomenclature

dependson thepriorities of the groups attached to the unsaturated carbon atoms.

Ch.. ~Cl ca >H Chi - /Br

C =C C
- " ™a
(E)-1-Bromo-1,2-dichloroethene (2)-1-Bromo-1,2-dichloroethene
(cis-1-bromo-1,2-dichloroethene) (trans-1-bromo-1,2-dichloroethene)

OLEFINSAND CHIRALITY

The compounds which show cis-trans isomerism with one double bond are not

chiral because the four groups are in one plane.

When the compound contains odd number of cumulative double bond
(thregfiveetc) then orbital overlap causes the four groups to occupy one plane and
hence cis-trans isomerism is observed in such compounds.

When the compound contains even number of cumulative double bonds and

when the both sides are disymmetric then optical activity is possible in such compounds.

MULTIPLE DOUBLE BONDS:

If a molecule has more than one double bond, each substituted properly so as to
give geometrical isomerism, then the number of possible geometric isomers of it will be

2". Thus four geometric isomers should exist if there are two such double bonds. The

four isomers of 5-cyclohexyl-2,4-pentadien-1-0| are shown below; these are designated

as trans-trans,Cis-cis-,trans-cis,and cis-trans.

H=  ™c_ C/ H =~ “w oy
H”" ™ CHooH
Trans-trans Cis-cis
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C-I <IN W CHoH
LC— a CH2OH \/‘\C— AT
o~ _C\C:C"f 2 H - _C\H
- ~H
Trans-cis Cistrans

Geometric isomersof 5-cyclohexyl-2,4-pentadien-1-0 |

Vitamin A has five doubl e bonds thus the total number of possible isomersis 2°=32,

PROPERTIES OF GEOMETRICAL ISOMERS

A pair of geometric isomers can be referred as diastereomers. Thus as far as

chemical and physical properties are concerned, geometric isomers show the same
relationship to each other as do the other diastereomers.
Chemical Properties:

The chemical properties of geometrical isomers are not identical, however, since
their structures are neither identical nor mirror images; they react with the same
reagents, but at different rates.(Under certain conditions-especially in biological
systems-geometrical isomers can very widely in their chemical behaviour).

Physical Properties:

Geometrical isomers have different physical properties such as melting points,
boiling points, refractive indices, solubilities, densities etc.

They can be distinguished from each other on the basis of their physical properties.
On the basis of the differencesin physical properties they can be separated.

INTERCONVRSION OF GEOMETRICAL ISOMERS

The most straight forward way of interconverting geometrical isomersis by heating.

The cis and trans isomers can be interconverted at higher temperatures or by irradiation
with light of suitable wavelength.

The interconversion of isomersinvolves the breaking of the = bond of the
carbon-

carbon double bond followed by rotation about the carbon-carbon o bond and subsequent

reformation of anew w bond.
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OPTICAL ISOMERISM i

ORDINARY AND PLANE POLARIZED LIGHT
The nature of light is such that no purely verbal description can adegately represent

all of its properties. However one of the oldest and most successful attempts at a description
of this phenomenon treats light as aform of energy which is transmitted in waves.

When an ordinary light is passed through a Nicol prism, it is converted into
plane polarized light. Plane polarized light can be defined as the light whose waves
vibrate in one direction (plane).

When ordinary light from a source with an infinite number of planes is passed

through a Nicol prism, only asingle plane is allowed to emerge.

. ah

| LA

Ordinary light Plane polarized light

OPTICAL ACTIVITY
Certain substances have ability to rotate the plane of polarized light

are caled as optically active compounds and this phenomenon of rotating the plane of
polarized light is called optically activity.

If the substance does not rotate the plane of polarized light, it is considered to be
optically inactive.
DEXTRO AND LAEVO ROTATORY SUBSTANCES

Optically active compound may rotate the plane of polarized light to the right or to the

left.
The substances which rotate the plane of plane polarized light to the right are
called as dextrorotatory and are designated as d or (+).
The substances which rotate the plane of plane polarized light to

the left are called as lagvorotatory and are designated as | (-).

SPECIFIC ROTATION

The presence of optical activity, its direction and extent of rotation is measured

by an instrument called polarimeter.
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The optical activity of acompound is reported as its specific rotation.
OPTICAL ROTATION::
If polarized light is allowed to pass through a solution of an opticaly active

compound then the single plane of polarized light will be rotated. The rotated light is
then allowed to pass through a second prism. This prism is rotated until the plane of
light is again vertical. The angle that the second prism must be moved to bring the light
back to vertical is called as optical rotation( o ).

|+—-.a

{/'w
\ / }

L
Diagram : Rotation of a plane of polarized light by an opticaly active organic
molecule. The dotted line indicates the origina plane of light and o the degree of

rotation from original plane.
Optical rotation is a function of concentration,sample thickness,

temperature,wavelength of polarised light etc.

SPECIFIC ROTATION:-[ o ] : Specific rotation is the number of degrees of rotation
of the plane polarized light to the wavelength of the sodium D line (5890 AO) when

passed through a solution of concentration 1gm/ml in a 1-decimeter tube.
Optical rotation is usually recorded in terms of specific rotation.

The equation to determine specific rotation [o ] iS
(04
Ky cl
Where [a |=specific rotation.
o = observed rotation.
C = the concentration of the solutionin gms/ml of solution. |
= the length of the tube in decimeters (1dm=10cm).
The specific rotation depends on the temperature and the wavelength of light that

is employed and hence specific rotations are reported so as to incorporate these quantities.

A specific rotation might be given as follows:

-25
[a. Q0 =+312°
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This means that the D line of a sodium lamp was used for the light, that a
temperature of 25°C was maintained and that a sample containing 1.00g/ml of the optically
active substance, in a 1 dm tube, produced arotation of 3.12% in a clockwise direction.

The specific rotation is considered as another physical constant like melting

point, boiling point, or density.

PROBLEMS ON SPECIFIC ROTATION

1) The concentration of cholesterol dissolved in CHCI3 is 6.15 gms per 100 ml. of solution.

A) A portion of thissolution in a5 cm polarimeter tube causes an observed rotation of -
1.2°. Calculate the specific rotation of cholesterol.

B) Predict the observed rotation if the same solution were placed in a 10 cm.

tube. Solution :

A] -39°

B] -2.4°

2) An aqueous solution of pure compound of concentration 0.10 g/ml had observed
rotation -30%in a 1.0-dm tube at 589.6 nm and 25°C. Deter mine the specific
rotation. Solution : -300°

CAUSE OF OPTICAL ACTIVITY
1] The theory of Van’t Hoff and Le Bel:-
By 1874,over a dozen examples of optically active organic molecules were known.

In every case a least one carbon in the molecule had four different groups attached to it.
Van’t Haff and Le Bel related the phenomenon of optical rotaton to the presence
of asymmetrically substituted carbon atoms (chiral carbon atoms) in the molecules.
Chiral Carbon:-
If the carbon atom is attached to four different groups or atoms, it is called chiral
carbon.

COOH
% i =

CHS_(f ~OH Asymmetric carbon atom
H

In the case of organic compounds, the presence of chiral carbon is most probable

cause of optical activity.
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They also realised that there could exist optically active compounds having no asymmetric

atoms.
They aso observed that many compounds were optically inactive though they

contained two or more asymmetric carbon atoms.

COOH
cl 2 CH3 |«
il H—C— OH
P C=cCc=cC *
H—C— OH
H \CMe |
3 |
COOH
Optically active though Optically inactive though contains
doesnt contains asymmetric two asymmetric carbon atoms
carbon atoms

Thus the concept of asymmetric carbon atoms could not explain satisfactorily the cause
of optical activity.

The theory of Van’t Hoff and Le Bel States that,for a molecule or a crystal to be
optically active,it’s mirror image must be non superimposable. Whereas a molecule with

superimposable mirror image is optically inactive.

NON SUPERIMPOSABLE MIRROR IMAGE

An object or molecule or crystal can be superimposable on its mirror image

when it has any one of the following elements of symmetry :
1)Plane of Symmetry

2)Centre of Symmetry

3)Alternating axis of Symmetry

1) Plane of Symmetry :
A molecule is said to possess as plane of symmetry when an imaginary plane

passing through the centre of molecule can divide it into two parts such that one is the
exact mirror image of the other.

If a molecule has plane of symmetry then the molecule and its mirror image are
superimposable and hence moleculeis optically inactive or achiral.

Few molecules with plane of symmetry are shown below :
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OH

|
HO — C — COOH

e
: Plane of symmetry

CH3 ! CH3
|

| i

| |

H ' H
¢H3

\ |

|

m |
[>

Brl Br |
CH3

2) Centre of Symmetry :

It isan imaginary point in the molecule from which the similar groups are at

equidistant.

Generally centre of symmetry is observed in the even membered rings.

The compounds having centre of symmetry are optically inactive or achiral.
Following isomer of 1,3-dichloro -2,4- difluoro cyclo butane has a centre of Symmetry:
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3) Alternating axis of Symmetry :-
It is aline about which the crystal may be rotated so that it represents the same

appearance more than once during a compl ete revol ution.

Line passing through

centre of molecule H3C -,
N 4 O

C
|
I

B

(c)
Mirror image of b
(identical with @)

Alternating axis of symmetry
Many compounds which posses alternating axis of symmetry are achiral.

A molecule is said to have alternating axis symmetry,if an identical structure
results when it is rotated around the axis by an angle of 2 = /n (n=number of fold of
Symmetry) and then reflected across the plane perpendicular to the axis. For example, 3,
4-dibromo-3, 4-dimethyl hexane has alternating axis of symmetry.

Many compounds which possess alternating axis of symmetry are achiral.

Thus a molecule that has a plane of symmetry,a center of symmetry and an alternating

axis of symmetry is superimposable on its mirror image and is optically inactive and a
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molecule that has no element of symmetry is not superimposable with its mirror image

and is optically active.

CONDITION OF OPTICAL ACTIVITY
A chiral molecule has a center of chirality within it and it consist of a suitable

atom substituted in a way so as to be non superimposable on its mirror image. Thus
chirality is the property of a molecule of being non superimposable on its mirror image.
The most common feature which gives chirality to the moleculeisachiral centre but not
always. We can say that many but not all molecules that contain chira centre are chiral
and many but not al chiral molecules contain chiral centre.

Chirality is necessary and sufficient condition for exhibiting optical activity.

The optical activity of sodium bromate, sodium iodate, quartz is lost when their
lattice structure is destroyed by melting or dissolving in water. This indicates that
chirality isin the lattice structure.

Many organic compounds show optical activity even in solid, liquid, vapour or in
solution form. This indicates that chirality is inherent in the molecule. Hence, they show

optical activity even if their physical state is changed. That is they have molecular chirality.

ASYMMETRIC AND DISSYMMETRIC MOLECULES
A disymmetric molecule lacks those elements of symmetry which preclude a mirror

image relationship, whereas asymmetric molecule has no elements of symmetry at all.
Disymmetric and asymmetric molecules are usually opticaly active.

(A molecule having none of the elements of symmetry which preclude a mirror image

relationship or having only an axis of symmetry is not superimposable with its mirror

image and is called disymmetric.)

DETERMINING WHETHER A MOLECULE ISCHIRAL OR NOT
A foolproof method to determine whether a molecule is chiral or not, is to

construct molecular models of the molecule and its mirror image relationship and look if
these pass the test of superimposition. The chiral molecules are those in which object is

non super imposable on its mirror image.
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I

Cl

Achiral or Meso compound because contains plane of symmetry

Achiral because contains plane of symmetry

Chiral because has non superimposible mirror image

Achiral because has plane of symmetry.

Achiral because has plane of symmetry

Chiral because has non superimposible mirror image

Chiral because has non superimposable mirror image
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Achira (Plane of symmetry)

CH3 CH3
Chiral
CH3 «l
Chiral
: Chiral
CH3 d
CH3
Achira (Plane of symmetry)
CH3
CH3
Chiral
f’f’,’
“CH3
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CH3

@\ Chiral
Chiral
“

Q Achiral

CH3

CH3

Achiral

-

C2H5

CHIRAL COMPOUND WITHOUT CHIRAL CENTRE
The presence or absence of chiral centreisno criteriafor chirality. Many compounds

are chiral though they do not contain chiral centre. Some of such compounds are listed below :

1) BIPHENYLS:
Properly substituted biphenyls are chiral. Their chirality is due to restricted rotation

about the central bond (atropisomerism). Biphenyls with heavy groups in the ortho positions
when substituted suitably can’t rotate freely about the central bond because of steric hinerance.
In biphenyls, two rings are in perpendicular planes. Biphenyls are chira provided both sides are

dissymmetric. Introduction of bulky o-substitutents would prevent free rotation of
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the nuclei about the coaxis and at the same time produce a coaxia twist. Hence the two
benzene rings cannot be coplanar due to impingement of the o-substituents and thus
biphenyls become dissymmetric.

2) ALLENES:
Suitably substituted allenes are chira provided both the sides are dissymmetric.
Following types of alleneswill be dissymmetric provided that a= b.

a i a

. o : <, .
i:c::c::c:~ : C—cCc—C
b : “~b
N,

Enantiomeric alenes
Molecular dissymmetry is possible because the groups at one end of the allene
molecule liein aplane at right angles to those at the other end.

(a).
c_c_cC
(b)~
(d)

3) SPIRANES:

Suitably substituted spiranes are chiral provided both sides are dissymmetric.

In spiranes, the two rings are orthogonal as a consequence,groups attached to the
ends of the system lie in planes which are mutually perpendicular.

Dissymmetric spiranes are obtained by attaching unequal substituents at each

end of the system.

Hé/,\,/\\

A X X wer

R VNV R

dissymetric spiranes
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(a)
(c)

‘\x\\'\

(b) N (d)

4) METHYLENE CYCLOALKANES:
Substituted methylene cycloalkanes are chiral provided both sides are dissymmetric.

4-Methyl cyclohexyliden acetic acid was the first chiral compound of this type that

H, coon
™ H
CH3

4-Methyl cyclohexyliden acetic acid

was reported.

This substituted methylenecyclohexane is dissymmetric because the groups attached
to the double bond liein a plane at right angle to those attached to the 4-position of ring.

Another example of dissymmetric methylene cyclohexane is show below:-

a
( L%

(c)

Pe

(b) - (d)
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OPTICAL ISOMERS i

The stereoisomers which are otherwise same but differ in their action towards
the plane polarised light are called optical isomers and this phenomenon is called optical

isomerism.

Eg:- d-lactic acid and | - Lactic acid are optical isomers.

COOH COOH
Cs .C
H 7/ Non ~ \Q:“H
OH
CH3 CH3
d-lactic acid | - lactic acid
[o] =+2.24° [a]=-2.24°

Similarly d-tartaric acid and | -tartaric acid are optical isomers.

ENANTIOMERS
Stereoisomers that are mirror images of each other are called as enantiomers.

Eg:- d-lacticand | -lactic acid are enantiomers.

COOH : COOH

C : C..
: OH B
CH3 3
d-lactic acid | - lactic acid

PROPERTIES OF ENANTIOMERS

1)Enantiomers have identical physical properties such as boiling point, refractive index,
relative density etc but differ each other in their action on plane polarized light. If one of
the enantiomer rotate the plane of plane polarized light to the right, the other will rotate

to the left. However the extent of rotation is same.
Eg- The properties of two 2-methyl-1-butanols are shown below :
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Property (+)-2-Methyl-1-butanol (-)-2-Methyl-1-butanol
Specific rotation +5.90° -5.90°

Boiling point 128.9°C 128.9°C
Relative density 0.8193 0.8193
Refractive index 1.4107 1.4107

2) Enantiomers have same chemical properties except the fact that they differ in the rate
of reaction with the other optically active reagents (chiral probes).
DIASTEREOISOMERS

Stereoisomers that are not mirror images of each other are called diastereoisomers.

eg.:

CH3 CH3
H——r— Br H——F+—Br

H——— Cl Cl——H

CH3 CH3
) (1)
(1) and (I) are diastereomers.
PROPERTIES OF DIASTEREOMERS
1)Diaster eoisomer s have different physical properties:

Diastereomers have different physical properties like melting points,boiling
points,solubilities in a given solvent,densities,refractive indexes etc. Diastereomers
differ in specific rotaton;they may have the same or opposite signs of rotation, or some
may be inactive.
2)Diastereoisomers have different chemical properties.

EPIMERS AND ANOMERS i

Severad sugars are closely related to each other and differ only by the

stereochemistry at a single carbon atom. Sugars which differ only by the
stereochemistry at a single carbon atom are called epimers. The carbon atom where the
two sugars differ is generally stated and when it is not stated it is assumed to be C-2.

Eg- D(+)- glucose and D(+) — mannose are C-2 epimers.
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CHO ) CHO

“u,
H————OH ——1—H
OH
HO——H HO——H
H—1—OH H—1—OH
H——— OH H—— OH
CH2OH CH2OH
D (+) - glucose D (+) — mannose
C-2 Epimers
Similarly D-glucose and D-Galactose are C-4 epimers.
CHO CHO
H OH H——OH
P e
H H—*-+—OH
OH
H OH H_—1 — OH
CH20H CH2OH

C-4 Epimers
Anomers:

Glucose and other hexoses exist as an equilibrium mixture with their cyclic
hemiacetal isomers in which the latter strongly predominates. The carbonyl carbon turns
into a new stereocenter on cylcization. Thus glucose has two cyclic forms which differ
only in the stereochemistry at C-1 and the hemiacetal carbon is called as the anomeric
carbon. Such isomers are caled as anomers. The two anomers are commonly
differentiated by the Greek letters oo and B and thus in the case of glucose these

diastereomers are termed o -D-glucose and § -D- glucose.
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HO———H H——
HO
e H ——OH
H OH
—H O —— &
OH OH
H———— OH H ——OH
H H
CH20H CH20H
B -D-Glucose a -D-Glucose

Anomers

STUDY AID I

An approach to the classification of |somers:

We can classify isomers by asking and answering a series of aquestions::

Do the Molecules | Mo
have the ssme === N\ ot iSOmers
molecular_formula? |

lYes
Yes
Homomers

Arethey superimpasahle 2 s

M
»
Isomers|
N

Dothey havethesame | ™2 . Structural isomers
molecular constitution ?

|Yes
¥

Stereomers

Are they non-superimposable
mirror images ?

P

Enant|omers Diasteromers
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SOME SOLVED PROBLEMS

1) Find out the enantiomeric pair amongst following compounds.

COOH

H—+— OH

H—— OH
COOH

(A)

Solution : B and C are enantiomeric pair.

2) Find out relationship between i and ii.

(i)

Solution : i and ii are diastereomers.

3) Choose the correct relation of (ii) and (iii) with (i).

COOH COOH
H— OH HO ——— H
HO 1 H H ——OH
COCOH COCOH
(B) (C)
CH3 CH3
——QOH H———OH
— OH HO———H
—— OH H————OH
CH3 CH3
(i)
CH CH
I Y 3 i S 3

Solution : Compound (ii) is a diastereomer of (i) whereas (iii) is enantiomer of (i).
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4) ldentify therelationship between following pairs of structures.

__»
a) )__
Cl
CH3
H Cl
b) H Br
CH3
Cl
\_»
)
f -,,’J/
Cl
d) And
CH3
H——Cl
g H—C
CH3
Solution :

a) Diastereomers
b) Enantiomers
c) Same

Cl

Cl

Cl

L&Q\O
And
Cl
CH3
a — __H
And
Br ———H
CH3
Cl Cl
And
v 4
Cl cl
]
CH3
Cl—I—H
And
H——]— Cl
CH3

d) Constitutional isomers

€) Diastereomers
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DETERMINING NUMBER OF STEREOISOMERS i

According to van’t Hoff’s rule, the maximum number of optical isomers for a molecule

having plural centres of asymmetry is 2", where nis the number of asymmetric carbons.
Eg- D-Glucose whose structure can be abbreviated as HOCH, — (CHOH) 4 —

CHO has four asymmetric carbon atoms and therefore there are 2% or 16 isomers of this
structure. One of these is D-Glucose and one of the remaining 15 isits mirror image,L-
glucose and remaining 14 isomers of D-Glucose are diastereomers.

SOLVED EXAMPLES
1)How many stereocisomersare possible for cholesterol.

H3Cj§~H

Solution : Number of sterecisomers =28=256,

2)Menthol hasthree asymmetric centres. How many epimers and diaster eoisomers
arepossiblefor it?
Solution : 3 Epimers and 6 diastereoisomers.

3)M ethyl-D-glusoside has five asymmetric centres how many epimers(E) and
diaster eoisomer (D) are possible for this molecule?

HO —
HO/"".,‘\J_,,-"/- OMe
HO

Solution : 5 Epimers and 30 Diastereoisomers.
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4)Natural cholesterol on hydrogenation affords cholestanol as one of the products

H
.

Cholestanol

Asthis compound has nine asymmetric centres, it can existsas 2’ i.e. 512 possible

isomers. The number of diaster eomers of cholestanol are Solution : 510.

RACEMIC MIXTURE i

Racemic modification or mixture is defined as a mixture containing equimolar

quantities of a pair of enantiomers. It isrepresented as, (+) or dl.

When a pair of enantiomers is mixed in equal molar proportion, the resulting
mixture do not show optical activity and it is called racemic mixture.

The optical inactivity is because, the right hand rotation (+) by dextro component is
nullified by equal left hand rotation (-) by laevo component, since they are present in equal

proportion. Thistype of compensation is called external compensation.

RESOLUTION
The separation of enantiomers from a racemic mixture is called as resolution.

Since enantiomers have amost similar physical and chemical properties, it is difficult to

separate them from racemic mixture.

METHODS OF RESOLUTION
V arious methods of resolution are discussed bel ow.
1) USING CHIRAL PROBE :

Resolution is carried out by converting the mixture of enantiomers (recemic mixture)

into a mixture of diastereomers by using chiral compound called as resolving agent. Since
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the resulting products will be diastereomeric, these can be separated. Separated

diastereomers are converted back to enantiomers.

CO2H Thisisthe
resolving agent

H— !|:— OH
o AA +

(R) - lactic acid NH2 INH3 COop
—C— —C— H—C—OH
+ CgH5 | CH3 CgH5 | CH3 |
O2H H H CH3
HO—C—H ( S)-1-phenylethylamine ( S)-1-phenylethylammonium ( R) - lactate
| .
CH3 + —
(S) - lactic acid |NH3 02
e | —C— —C__H
Racemic ( R,S)-acid CgHs | CH3 HO |
H CH3
( S)-1-phenylethylammonium ( S) - lactate
|
T
These sdlts are diastereomers
and can be separated

a) Resolution of Acidsand Bases:
Acid-base reactions are often used to resolve racemic acids and bases.
A racemic acid reacts with optically active base to form diastereomeric salts which

can be separated. Separated diastereomeric salts are then converted back into enantiomers.

(S)-acid (S,9)- st
+  (9)-aminet at
- aming™ Separae S9-sdt T (SR-slt
(R)- acid (SR)- st lHCI LHCI
(S)-acid (R)-acid
+ +
('S)-ammonium ('S)-ammonium
chloride chloride

The resolution of the racemic form of an organic acid
Similaraly, a racemic base reacts with opticaly active acid to form
diastereomeric salts which can be separated. Separated diastereomeric salts are then

converted back into enantiomers by conventional methods.
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b) Resolution of other compounds:

Racemic compounds which are neither acids nor bases are often resolved by first attaching
an acidic handle. Consider an example of racemic alcohol. A racemic alcohol reacts with cyclic
anhydride to form both an ester and an acid. The racemic acid thus produced is separated via
diastereomeric salts and converted back to the enantiomeric acids. The acidic handle is then removed

by hydrolysis of the ester group and the separated alcohol enantiomers are obtained.

O
!! Q
lC |
(+)RCH20H CH2 \\ (+)R° CH20C™ CH2CH2  CO2H
+ | o ——> o
| £
CH2 /f
() RCH20H c ()R —CH20C — CH2CH2-—CO2H
I | |
o
Racemic Succinic Racemic acid
alocohol anhydride
T}I
] ] 2
| [ i .
(+) R CHQOCCH2CH2COH ===, (+) R- CH20H !
B —H-
I
DO

Various naturally occuring alkaloids (optically active) are available for the
resolution of racemic acids. Common examples are strychnine, brucine, morphine,
ephedrine, cinchonine, quinine, quinidine. One of the most important synthetic basic
resolving agent is o -phenyl ethyl amine. Among the acids which are used in the
resolution of racemic bases are camphoric acid, camphor-10-sulphonic acid, methyoxy
acetic acid and pyrrolidine-5-carboxylic acid

2) CHROMATOGRAPHIC TECHNIQUES
The resolution by using chromatography depends on the difference in the rates

of reaction of the two enantiomers with the chiral probe material on the column packing.

The method involves preparation of column of solid optically active compounds like

tartaric acid, sucrose etc. The enantiomeric components of the racemic mixture form
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diastereomeric complexes with the chiral material used on column. (one enantiomer passes through
the chromatographic column faster than the other due to varied rate with the chiral material).
The racemic mandelic acid has been resolved by column chromatography on starch.
Racemic p- phenylenebisiminocamphor has been resolved on lactose column.

Racemic Troger’s base has been resolved on lactose column.

3) ENZYMATIC RESOLUTION
Enzymes are complex optically active protenoid catalysts which are produced by

living organism. A fundamental property of enzymatic reactions is high degree of
stereosel ectivity due to the asymmetric nature of enzymes. Enzymes show different rates
of reaction with the two enantiomers. For example, a certain bacterium digest only one
enantiomer and not the other. This method has limiting value since one of the
enantiomer is destroyed during resolution.

E.g. : Penicillium glaucum destroys ammonium (+) tartarate more rapidly than the (-)
tartarate in a dilute solution of ammonium (%) tartartes.

Racemic o«c-amino acids are resolved by using swine kidney acylase.

4) MECHANICAL SEPARATION

Enantiomers of very few substances can be crystallised into asymmetric crystals.

Since the appearance of these crystals are different, atrained crystallographer can
separate them with tweezers.

The method was first time used by Pasteur. The mechanical separation is an
attractive method for effective resolution. However, difficulties arise due to the fact that
very few substances can be crystallised into asymmetric crystals. Sodium ammonium

tartarate is one of this rare group of compounds, and even in this case the crystalization
must be carried out below 27°C.

5) DIFFERENTIAL REACTIVITY
Since enantiomers react with chiral compounds at different rates, it may be possible

to effect a partial separation by stopping the reaction before it goes to completion.
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R & SNOMENCLATURE i

The R, S convention is governed by three rules which are quite logical and easy

to remember; these rules set a priority sequence for the four substituents, A, B, D, E,

about an asymmetric carbon.

Rule-1 : The priorities assigned to the four substituents on an asymmetric carbon
depend upon the atomic number of the attached atom. Greater the atomic number of
atom, greater isthe priority. [For example, the halogens have the priority | >Br>Cl > F
; other obvious prioritieswould be Cl > O >N > C|]

Let us now consider the configurational assignment for bromochlorofluoromethane,
which has the atomic priorities Br > Cl > F > H. Visualize the molecule in such a way that
the atom with lowest priority projects behind the paper ; the remaining three substituents are

arranged in order of priority either clockwise or counterclockwise as follows

TN

1 Coafize I | o |
W \ # N\ H )
Clockwise Counterclockwise
(R) configuration (S) configuration

The clockwise direction is assigned the R configuration (Latin: rectus, right) and

the counterclockwise direction is assigned the S configuration (Latin: sinister, |eft).

Rule-2 : When two or more substiuents on the asymmetric carbon have atoms with the
same atomic number, then Rule 2 applies; precedence is given to the substituent with
the highest atomic number in the second atom from the asymmetric center.

For example, with sec-butyl acohol, two of the adjacent atoms are C. However, the
C of -CH,-CH3 is bonded to C, whereas the C of -CHs is bonded only to H; therefore, -CH,-

CH3 takes priority order for sec-butyl alcohol is OH > C,Hs > CH3z > H.
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OH

CH3CH2— cI: —CH3
!
sec-Butyl alcohol
Rule-3 : If the second atom from the asymmetric center has an identical atomic number in two
groups, then the total of the atomic numbers attached to the first carbon are considered. With this
rule adouble bond, -C=A, istreated as -CA ; for example, -C=0 would be treated as— C.::Z
Similarly atriple bond, C = A, would be treated as -CAs.

With this rule, the carboxyl (-COOH) with combined atomic numbers of 48
would take precedence over an adehyde (-CH=0) with combined atomic numbers of
33; similarly -CH=0 would take precedence over -CH,OH (combined atomic numbers
= 18). Thusin the case of glyceraldehyde, the priorities are

—OH > -CH=0 > CH,OH > H.

The phenyl substituent is treated as -C-C3 with combined atomic numbers of 36; thus
phenyl would take priority over isopropyl, -CH(CH3),, with combined atomic numbers of 25.

By applying these rules to some common substituents, one obtains the following
sequence (group of highest priority first): I, Br, Cl, SO-R, SOR, SR, SH, F, OCOR, OR,
OH, NO,, NHCOR, NR,, NHR, NH,, CCl3, COCI, CO,R, CONH,, COR, CHO,
CR,0OH, CHOHR, CH,0H, CR3, CgHs, CHR,, CH2R, CH3, D, H.

CHO

Cy .
N
HOCH20H
R-Glyceraldehyde

COOH

O H
H3C NH2
S- Alanine

If more than one asymmetric carbon is present, then each configuration is
specified, aong with the position number of the asymmetric carbon.
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H

HO, : oCOOH
N
I
C
HOOC v * ™oy
H

2(R), (R)-Tartaric acid

CO2H
H— C — OH
|
HO—C —H
|

CO2H

2(R), 3(R)-Dihydroxy

succinic acid
OH
" H--H-'_
™ OH

Cyclohexanediol-1(R),

2(S) or meso-
cyclohexanediol-1,2

CHO
HO——é-——H

H——-é-——OH

H——‘%‘—‘OH
CHDOH

2(9), 3(R), 4(R), 5-
Tetrahydroxy- pentanal

H3C

s

!

H |

CH3
1(S),3(S)-Dimethyl
cyclohexane
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Factors Influencing Reactivity of Organic Reactions

Electronic  factors that influence organic reactions include the inductive
effect, electromeric effect, resonance effects, mesomeric effects and hyperconjugation. These
electronic factors involve organic molecules, most of which are made from a combination of the
following six elements: carbon, hydrogen, nitrogen, oxygen, phosphorus, and sulfur (known
collectively as CHNOPS). Yet, the limited number of building blocks does not prevent organic
compounds from taking on diverse properties in their physical characteristics and chemical
reactivity. The subtle differentiation of various compounds in organic chemistry is essential for
the biological functions of the molecules and creates a wide variety of reactions.

H H H H H H H H O
] | L
H—C——C—C—H H—C——C—C—0—H H—C——C—C—0—H

A ] ||
H H H H H H H H
Propane (C;Hy) Propanol (C;H;0) Propanoic Acid (C;3H40,)

Part of this variety in organic chemistry stems from differences in electron behavior when
elements other than carbon and hydrogen participate in molecular bonds. For example, the three
compounds pictured above have similar formula units and structures, but react very differently
from one another because of these -electronic factors. Varying electronegativity can
cause delocalization effects, where the electron cloud for a given bond expands to more than two
atoms within the molecule.

Contents

Polarity of Organic Molecules
Examples of Electronic Effects
Inductive Effect

Resonance

Mesomeric Effect
Electromeric Effect
Hyperconjugation

Polarity of Organic Molecules

Partial polarity within a molecule leads to electron transfer among the atoms in a
molecule, leading to different behavior than what would be expected in a non-polar version of
the compound, where no sections were electron-rich or electron-deficient.

Saturated hydrocarbons are nonreactive because there is no polarity in C-C bond and
practically no polarity in C-H bonds. Carbon and hydrogen are almost identical
in electronegativity, so the electrons involved in a bond between the two atoms are equally
attracted to each nucleus and spend roughly the same amount of time orbiting one as the other.

Electron density is evenly distributed between the two atoms in a non-polar bond, which
prevents charged species from attacking or altering the bond. In contrast, charged species
(electrophiles and nucleophiles) react with polar organic molecules because there is an imbalance
in electron density or polarity.
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Elements with higher electronegativity, including oxygen and the halide group, can
change the electron density around an organic molecule and make the molecule more reactive.

Electronic effects complicate chemical reactions, and they can stabilize a molecule, make
a compound less volatile, make a molecule more likely to react in a desired fashion, or affect the
acidity or basicity. Understanding the factors involved in electronic imbalance is vital for
understanding the underlying mechanisms of a chemical reaction, predicting the products of a
reaction and predicting organic molecules' behavior.
Examples of Electronic Effects

1. The Inductive Effect
2. Resonance

3. The Mesomeric Effect
4. Electromeric Effect

5. Hyperconjugation
Inductive Effect

The inductive effect is a permanent state of polarization. The electron density in a ¢ bond
between two unlike atoms is not uniform. The electron density is more dense toward the more
electronegative of the two atoms.

The inductive effect is a distance-dependent phenomenon:

The atom XX above acquires a slightly negative charge (J—), and the carbon atom a

slightly positive charge (0+), which means the bond is polarized:

c¥ L %, ¥, ¢ x°

¥ . ¥Y

+

If the electronegative atom XX is connected to a chain of carbon atoms, then the positive
charge is relayed to the other carbon atoms. C1, with its positive d charge, exerts a pull on the
electrons of C2, but the pull is weaker than it is between XX on C1. The effect rapidly dies out
and is usually not significant after the 2nd carbon atom, or at most the 3rd.

The inductive effect is permanent, but relatively weak, and can be easily overshadowed
by the electronic effects discussed later.

There are two categories of inductive effects: the electron-withdrawing (-I effect) and
the electron-releasing (+1 effect). The latter is also called the electron-donating effect. In the
image above, XX is electron-withdrawing and Y'Y is electron-donating.

-I effect:

The -1 effect is seen around a more electronegative atom or group, and electron density is
higher there than elsewhere in the molecule. Electron-withdrawing groups include halogen, nitro
(—NO,), cyano (—CN), carboxy(—COOH), ester ((COOR), and aryloxy (—OAr).

+1 effect:

The +I effect is observed among the less electronegative atoms of the molecule by
electron-releasing (or electron-donating) groups. The alkyl groups are usually considered
electron-releasing (or electron-donating) groups.

Resonance

Sometimes, there are several correct Lewis structures for a given molecule. Ozone (Os) is
one example. The compound is a chain of three oxygen atoms, and minimizing the charges while


https://brilliant.org/wiki/halides/
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giving each atom an octet of electrons requires that the central oxygen atom form a single bond
with one terminal oxygen and a double bond with the other terminal oxygen.

When drawing the Lewis structure, the choice of placement for the double bond is
arbitrary, and either choice is equally correct. The multiple correct ways of drawing the Lewis
structure are called the resonance forms.

Based on the resonance forms, a beginning chemistry student might wonder if ozone has
bonds of two different lengths, since single bonds are generally longer than double bonds.
However, the ozone molecule is perfectly symmetrical, with bonds that are the same length.
None of the resonance forms represent the true structure of the molecule. Rather, the negative
charge of the electrons that would form a double bond are delocalized, or distributed evenly
across the three oxygen atoms. The true structure is a composite, with bonds shorter than what
would be expected for single bonds, but longer than the expected double bonds.
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The resonance hybrid for ozone is found by identifying the multiple resonance structures
for the molecule.

Thus for Os the two structures (I and II) shown above constitute the canonical structures
or resonance structures and their hybrid (i.e. the III structure) represents the structure of O3 more
accurately. Resonance is represented by a double-headed arrow between the resonance
structures, as illustrated above.
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The resonance hybrid is more stable than its canonical forms, i.e. the actual compound
(hybrid) is at a lower energy state than its canonical forms. Resonance stability increases with
increased number of resonance structures.

The difference in the experimental and calculated energies is the amount of energy by
which the compound is stable. This difference is known as resonance energy or delocalization
energy.

All resonance structures are not equivalent. The following rules help determine whether
or not a resonance structure will contribute significantly to the hybrid structure.

Rules of Resonance

Rule 1: The most significant resonance contributor has the greatest number of full octets (or if
applicable, expanded octets).

Rule 2: The most significant resonance contributor has the fewest atoms with formal charges.

Rule 3: If formal charges cannot be avoided, the most significant resonance contributor has the
negative formal charges on the most electronegative atoms, and the positive formal charges on
the least electronegative atoms.

Rule 4: The most significant resonance contributor has the greatest number of covalent bonds.

Rule 5: If a pi bond is present, the most significant resonance contributor has this pi bond
between atoms of the same row of the periodic table (usually carbon pi bonded to boron, carbon,
nitrogen, oxygen, or fluorine).

Rule 6: Aromatic resonance contributors are more significant than resonance contributors that
are not aromatic.

Mesomeric Effect

The permanent polarization of a group conjugated with azbond or a set of
alternate 7 bonds is transmitted through the z electrons of the system, resulting in a different
distribution of electrons in the unsaturated chain. This kind of electron distribution in unsaturated
compounds conjugated with electron-releasing or withdrawing groups or atoms is
called mesomeric effect.
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As shown above, a polarity is induced in compounds due to transfer of electrons
through 7 bonds. This effect is a consequence of resonance and is seen in compounds that
contain a double bond that is separated from another double bond or a lone pair of electrons by a
single bond.

Electromeric Effect

The electromeric effect is an intramolecular movement of electrons from a pi bond to
another atom in the molecule due to attack by a reagent. It is temporary and reversible.
There are two distinct types of electromeric effects:

(i) Positive Electromeric Effect (+E effect): In this effect the \piz-electrons of the multiple
bond are transferred to that atom to which the reagent gets attached. For example:

\ (S + N+ e

—C + H —= C—
/ w SN
H
(ii) Negative Electromeric Effect (-E effect): In this effect the \piz-electrons of the multiple

bomd are transferred to that atom to which the attacking reagents do not get attached. For
example:

A

_ N
/CQ“ AN
I

Hyperconjugation helps explain the stability of alkylradicals. It involves the
delocalization of g-electrons belonging to the C-H bond of the alkyl group attaching to an atom
with an unshared p orbital. The more the hyperconjugative hydrogen, the more is the stability.

Hyperconjugation

Eclipsed Staggered

Bonding orbitals Antibonding
Orbital

Y, N4,
B “H
H

Pauli Exchange Weakened Strengthened
(repulsive) Hyperconjugation Hyperconjugation
(attractive)
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Steric Effect

The structure and reactivity of many compounds in organic chemistry are greatly dictated
by the presence of bulky groups or constituents in the molecule. This is called steric hindrance.
It arises because of inter-electronic repulsions due to spatial crowding amongst bulky groups.
Using steric factors, we can conclude that trans-2-butene is more stable than cis-2-butene.

Steric

hindrance No steric
\ / hindrance
H
C=C
.,

H CHy

cis-But-2-ene trans-But-2-cne

Steric Hindrance in Organic Chemistry

Hydrogen bonding

Hydrogen bond or hydrogen bonding is a type of weak force that results in the formation
of dipole-dipole interaction between a hydrogen atom and an electronegative atom that is
strongly bonded to another electronegative atom. The bond or bonds are mostly strong in
comparison to normal dipole-dipole and dispersion forces. However, they are weak compared to
true covalent or ionic bonds.

In a molecule, when a hydrogen atom is linked to a highly electronegative atom, it
attracts the shared pair of electrons more and so this end of the molecules becomes slightly
negative while the other end becomes slightly positive. The negative end of one molecule
attracts the positive end of the other and as a result, a weak bond is formed between them. This
bond is called the hydrogen bond.

As a result of hydrogen bonding, a hydrogen atom links the two electronegative
atoms simultaneously, one by a covalent bond and the other by a hydrogen bond. The conditions
for hydrogen bonding are:

1. The molecule must contain a highly electronegative atom linked to the hydrogen atom.

The higher the electronegativity more is the polarization of the molecule.

2. The size of the electronegative atom should be small. The smaller the size, the greater is

the electrostatic attraction.

Strength of the Hydrogen bond

The hydrogen bond is a weak bond. The strength of hydrogen bond is in-between the
weak van der Waals forces and the strong covalent bonds.

The dissociation energy of the hydrogen bond depends upon the attraction of the shared
pair of electrons and hence on the electronegativity of the atom.
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Properties of Hydrogen Bonding

e Solubility: Lower alcohols are soluble in water because of the hydrogen bonding which
can take place between water and alcohol molecule.

e Volatility: As the compounds involving hydrogen bonding between different molecules
have a higher boiling point, so they are less volatile.

e Viscosity and surface tension: The substances which contain hydrogen bonding exists
as an associated molecule. So their flow becomes comparatively difficult. They have
higher viscosity and high surface tension.

e The lower density of ice than water: In the case of solid ice, the hydrogen bonding
gives rise to a cage-like structure of water molecules. As a matter of fact, each water
molecule is linked tetrahedral to four water molecules. The molecules are not as closely
packed as they are in a liquid state. When ice melts, this case like structure collapses and
the molecules come closer to each other. Thus for the same mass of water, the volume
decreases and density increases. Therefore, ice has a lower density than water at 273 K.
That is why ice floats.

Types of Hydrogen Bonding

There are two types of H bonds, and it is classified as the following:

e Intermolecular Hydrogen Bonding
e Intramolecular Hydrogen Bonding

Intermolecular Hydrogen Bonding

When hydrogen bonding takes place between different molecules of the same or different
compounds, it is called intermolecular hydrogen bonding.

For example — hydrogen bonding in water, alcohol, ammonia etc.

Intramolecular Hydrogen Bonding

The hydrogen bonding which takes place within a molecule itself is
called intramolecular hydrogen bonding.

It takes place in compounds containing two groups such that one group contains
hydrogen atom linked to an electronegative atom and the other group contains a highly
electronegative atom linked to a lesser electronegative atom of the other group.

The bond is formed between the hydrogen atoms of one group with the
more electronegative atom of the other group

Examples of Hydrogen Bonding

Hydrogen Bonding in Hydrogen fluoride

Fluorine having the highest value of electronegativity forms the strongest hydrogen bond.


https://byjus.com/chemistry/close-packing-three-dimensions/
https://byjus.com/chemistry/close-packing-three-dimensions/
https://byjus.com/chemistry/ammonia/
https://byjus.com/chemistry/electronegativity/

B~ 5
Hydrogen Bonding in Water

A water molecule contains a highly electronegative oxygen atom linked to the hydrogen
atom. Oxygen atom attracts the shared pair of electrons more and this end of the molecule
becomes negative whereas the hydrogen atoms become positive.

'S.
0
L / \\ o+ 5
H H'-»J_S H H
0
: "
"-"H/ \\HO’ &-

Hydrogen Bonding in Ammonia

It contains highly electronegative atom nitrogen linked to hydrogen atoms.

H — —
| 4 s l5. " lg.
N H ) -

H - -

Hu+

Hydrogen Bonding in Alcohols and Carboxylic acid

Alcohol is a type of an organic molecule which contains an -OH group. Normally, if any
molecule which contains the hydrogen atom is connected to either oxygen or nitrogen directly,
then hydrogen bonding is easily formed.

R g R
v Jal v OcEY s O-H - (b—H

Hydrogen Bonding in Alcohols

//o———H—o\

R—G //C— R
O0—H---0
Hydrogen Bonding in Carboxylic acid

Hydrogen Bonding in Polymers

Hydrogen bonding is an important factor in determining the 3D structures and properties
that are acquired by synthetic and natural proteins. Hydrogen bonds also play an important role
in defining the structure of cellulose as well as derived polymers such as cotton or flax.
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6—1 SUBSTITUTION REACTION

In a substitution reaction, a functional group in a particular chemical
compound is replaced by another group.

Nucleophilic Aliphatic Carbocation Aliphatic nucleophilic substitution

Do . . A ti lectrophili bstitution
Electrophilic Aromatic Carbanion HOMELSE ELEOLEORI LG SEDELILELLC

Free radical Free radical substitution

» The electrophilic and nucleophilic substitution reactions are of
prime importance.

> Detailed understanding of a reaction type helps to predict the
product outcome in a reaction. It also is helpful for optimizing a
reaction with regard to variables such as temperature and choi
solvent. C‘




[. ALIPHATIC NUCLEOPHILIC SUBSTITUTION

General description
R—L + Nu: -» R—Nu + L:

= Nucleophilic substitution reactions can carry out at a saturated

aliphatic carbon or at other unsaturated carbon centre.
= Charge type:

Typea R—| + OH—> R-OH+ |
Typeb R—I + NMes—> R-NMes+ |
Typec R-NMes+ OH —> R-OH + NMe,
Typed R-NMes+ HyS —> R-SH, + NMes

Solvolysis: solvent used as a necleophile.
Alkylattion: nucleophilic substitution at an alkyl carbon.

Acylation: nucleophilic substitution at an acyl carbon.

All
necleophiles
are Lewis
bases.



CENTRES

Bimolecular Nucleophilic Substitution (Sn2)

H3C
HO +

\\

H
H

CHs;

C—Br —>| HO--- C----

~
~
~

L HH

CHj

/ _
Br| —> HO—C_  + Br

//H
H

= The kinetic evidence: Rate = A[RX][Nu]
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NUCLEOPHILIC SUBSTITUTION MECHANISMS AT SATURATED CARBON

~ Structure of
the S\ 2 transition state

= Walden inversion:
(+)-chlorosuccinic acid

1 was rnnuartad +n L)
vasS CUNvEiCu O )

malic acid 2 by action
of Ag,0 in water with
retention of
configuration, in the
next step the OH was
replaced by Cl to 3g4by
reaction with PCl..



Philips (1923)

CHZPh CH,Ph  EIOH CH,Ph
Moo TSCL 72T KaCO; oHo
—C- — > Me—C-OTs > Me—C-OEt
H (a) H (b) H
[a] = + 33.0° [a] = + 31.0° [a] = -19.9°
Kl(o)

Me—C—-0OK ﬂ Me—C-0OFt There is a high probability that
H

(d) H _(a), (¢) and (d) proceeded
la] =+ 23.5°  with retention, leaving (b) as
the inversion.



ESCHENMOSER ET AL.

SO, SO Intramolecular O
O _base, ? \O attack? 5020
cl;H © L. intermolecular |
CH, 3 CH CH, —intermolecular o
| ° attack? (|:H CHs
Ts Ts Ts

The negatively charged carbon attacks the methyl group of
another molecule rather than the nearby one in the same molecule,
that is, the reaction is intermolecular and not intramolecular. The
transition state in an SN2 reaction must be linear.



Unimolecular Nucleophilic Substitution (Sn1)

CHs CHs
HC—Br + 2H,0 = HsC ‘ OH + Br + Hs0"  — Reaction kinetics:
CH CH
° ’ rate = k [RX]
CH .
-4 ';3(: [\‘B . c':®3 . BF Ionization of the
" 2 ' L ' substrate is the rate-
3 3 determinating step.
CH3 H HC  H ) _
S\ < HiC-C® 4+ 0 — HC——0® tBuCl —> #Bu* + Cl
L 2 \ .
CHs H H3C H 630 kJ/mol (in gas phase)
G H*\ HaC 84 kJ/mol (in water)
/ _H
\ HC——0® + 0] —> ch%—OH + HyO*
H,C H H HsC

= Salt effect and common-ion effect: An increase in ionic strength of the
solution usually increases the rate of an SN1 reaction. A common ion will
depress the SN1 rate.
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proceed ver sIowa at the brldgehead position of [2,2,1 ](norbornyl)
systems.

30% KOH in 80% C,H50H, 21h
or: aqueous ethanolic AQNOs, 48h

= X
Cl
1-chloroapocamphane

» Stereochemistry: An excess of inversion is usually observed, as
the leaving group can remain in proximity to the carbocation
intermediate for a short time and block nucleophilic attack.

H3C‘ CH,CH3

_ C
|~ attacks PN
H3C‘ CH,CHjs QC CD froW | CH,CH,CH;
C\
CHACHCHZ ™ \ HsC CH,CH;
Planar C | attacks \:

carbocation |H2 from right CH3CH2CH2/ C\
is achiral  CHgz |



SR SR x SR + (1-X)RS

SHTSNZ SHT(b) SHT
RX === R*X" === R* Hx—

o 1N

RX === X Rt ==X HR* /

SHiSNZ SHl SHl

RS RS x RS + (1-x)SR

A complete picture of the possibilities for
solvolysis in a solvent SH (ignoring the
possibilities of elimination or rearrangement).
RS and SR represent enantiomers; x = some
fraction.

i. SN2 process: a
complete inversion

ii. Intimate ion pair R*X":
total inversion if (a)
does not take place or
to a combination of
inversion and
racemization if there is
competition between (a)
and (b).

iii. Solvent-separated
R* [ X~: more
racemization (perhaps
total)

iv. Free R*: complete
racemization

v. The difference: SN1
and SN2 mechanisms (s in
the timing of the steps.



e The Neighboring-Group Mechanism

OBSERVATION with certain substrates:

i. The rate of reaction is greater than expected,

ii. The configuration at a chiral carbon is retained and not inverted or
racemerized.

The neighboring-group mechanism consists essentially of two Sn2

substitutions, each causing an inversion so that the net result is

retention of configuration.

Et Et Et Et Et Et Et Et
hY'eg o ¢ ci N o
RN —> /N S / N\ —> __/ \

HO" “c_q O__c-a »\/O_C""'Me O C—OH
Meul"/ Me \v \ Me /

H H H H
1 2 3
]|3r
HO
,,,,,,, C H /()\OH- o)
Hl ‘., // > \ —C//

NN ——> o
Me g_/C_O RS LS Me/c\ /C HEIEEE H / N
O Me



EVIDENCE:

(i) Configurational retention. Note that both products are optically
inactive and so cannot be told apart by differences in rotation. The
meso and d/ dibromides have different boiling points and indexes of
refraction and were identified by these properties.

H CH3 CH3 H H CH3 CH3 H
HBr
Br/OH * Br/OH ——> Br/ Br + Br/ Br
H™cH, CHs > g H™>cn;  CHy Ny
Rt T doo

Br CH3 CH3 H
OH < OH,

(2S,3S) (28,3S) (2R,3S) (2R,3R) (2S,3S)



H

el §

Hj3 H H CH; CH;
HBr
Br/OH + Br/ OH — > Br/ Br
r I dxt 75 I, meso
Br 143-

r CH;

H/ "CH; -mo CHj... g/ \2 ...... H  H—F—Br

CHs H 4 L __j \CH3 H Br
<OH2 i CH;

(2R,3S) (2S,39)

meso



(iii) Acetolysis of both 4-methoxy-pentyl brosylate 1 and 5-methoxy-
2-pentyl brosylate 2: the same mixture of products. In this case the
intermediate 3 is common to both substrates.

CHj

CHs CHs
H H o) H
LN ny = WK N
CH3 H CH3 H BsO CH3 H
1 3 2
CH, CHs
H H H
(@) WOAC
A~ L
ACO™ “CH; CHz ™
60% 40%

= Important neighboring groups: COO-, COOR, COAr, OCOR, OR, OH,
O-, NH,, NHR, NR,, NHCOR, SH, SR, S, I, Br, Cl.

= The effectiveness: I > Br > Cl.
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C. NUCLEOPHILIC SUBSTITUTION AT AN ALIPHATIC TRIGONAL CARBON.
THE TETRAHEDRAL MECHANISM

Acyl substitution is basically a two-step nucleophilic addition and
elimination reaction. Both reaction steps are reversible reactions.

{ﬂ . ﬂ;, . O
R‘%\'L R""'}I.-\L R‘JL'HLI
. CITRE 4 i
Nu L
When reactions preliminary R—C—X + H*—>[R—C—X <> R—Gé—x
are carried out OH @E'H OH
in acid solution, - Y
there Stepl  R—C—X + Y — R—(:Z—X
may also be a ®OH OH
preliminary and 1 T Y
a final step. Step 2 R—C—X —> |R—C=>=R—C® |, }©
OH ®OR OH
I

Final R—C® — » R—C—Y + H?
|l



D. Reactivity

e The Effect of Substrate Structure

» For the SN2 mechanism, branching at either the « or the g carbon
decreases the rate.

A .
v | Primary and secondary
i | substrates generally react by
i | the SN2 mechanismand,
R Relatiwe |2 B et ive "‘E‘ tertiary by the SN1 mechanism.
rate rate %
o
Methyl 30 [sobutyl 0.03 £
=]
Ethyl 1 Neopentyl 107 <
i
Propyl 0.4 Ally 10 §
Butyl 0.4 Benzyl 120 -
Isopropy 0.025
1

»  Elimination is always a possible side reaction of nucleo
substitutions of tertiary substrates (wherever a hydrogen is presen




» Substrates of the type RCOX are usuaily much more reactive than
the corresponding RCH,X. The mechanism here is always the
tetrahedral one. Explanation:

i. The carbonyl carbon has a sizable partial positive charge.

ii. In an SN1 reaction a o bond must break in the rate-determining
step, which requires more energy than the shift of a pair of =«
electrons, which is what happens in a tetrahedral mechanism.

iii. A trigonal carbon offers less steric hindrance to a nucleophile than
a tetrahedral carbon.

» Unsturation at the p-carbon.

CH,CH,~ 0. 26 PhCH,~ 100
(CH) ,CH- 0. 69 Ph,CH- T 100
CH,=CHCH, - 8.6 Ph,C- T 1010 '




NOTE

= In general, SN1 rates at allylic substrate are increased by any
substituent in the 1 or 3 position that can stabilized the carbocation
by resonance or hyperconjugation. Among these are alkyl, aryl, and

halo groups.
= SN2 rates for allylic and benzylic systems are also increased (See

Tab.1), probably owing to resonance possibilities in the transition
state.

» a-Substitution — resonance effect, field effect

ZCH,X SN1 relative rate
Z = RO, RS or R,N- Very rapid
Z = RCO, HCO, ROCO, NH,CO, NC, FsC Decreased compared to CH;X

e Agw 27

0SO,CF;  OSO,CFs | s
Relative Solvolytic
rate: 1 1073 rate (k) 4x107"7/s  3x10%s



Table 3. List of groups in approximately descending order of

B RN G 7) U B e A

reactivity toward SN1 and SN2 reactions. (Z = RCO, HCO, ROCO,
NC, or a similar group)

SNl feaetivity SN2 redctivity
Ar,CX RCHDX Ar,CX R,CX
Ar,CHX RCHDCH,X Ar,CHX ZCH,CH,X
ROCH,X, RSCH,X, C=CX ArCH,X R,CCH,X
R,NCH,X
R,CX ZCH,X ZCH,X 50
C=CCH,X ZCH,CH,X C=CCH,X ArX
R,CHX ArX RCH,X el B 0

RCHDCH, X

RCH,X ~ R,CCH,X [2,2, 1]bridgehea R,CHX
d-X



e The Effect of the Attacking Nucleophile

» SNI1 rate: are independent of the identity of the nucleophile, since
it does not appear in the rate-determining step.

» For SN2 reactions in solution there are four principles that govern
the effect of the nucleophile on the rate.

I. A nucleophile with a negative charge > its conjugate acid.
OH~ > H,0O, NH,~ > NH;

ii. In comparing nucleophiles whose attacking atom is in the same
row of the periodic table, nucleophilicity is approximately in order
of basicity. NH,~ >RO~ > OH~ > R,NH > ArO~ > NH; > C,H:N > F~
> H,0 > ClO,; R;C>R,N">RO™ > F.,

lii. Going down the periodic table, nucleophilicity increases, though
basicity decreases. I~ > Br- > CI- > F~(solvation, HSAB principle)

iv. The freer the nucleophile, the greater the rate.

Ex.: The rate of nucleophilic attack by (EtOOC),CBu-Na* in benzene was
increased by the addition of 1,2-dimethoxyethane.



NOTE:

i. The four rules given above do not always hold. One reason is
that steric influences often play a part.
Basicity: Me;CO~ > OH- or OEt"
Nucleophilicity: Me;CO~ < OH~ or OEt

ii. Nucleophilicity order for SN2 mechanism (in protonic solvents):
RS> Ar>1">CN > OH > N; > Br >ArO- > Cl- > CH:N
> ~0OAc > H,0.

iii. For substitution at a carbonyl carbon, the nucleophilicity order is
not the same as it is at a saturated carbon, but follows the
basicity order more closely.

EtO-> MeO~> OH™ > ArO~> N; > F > H,O0 > Br~ I~



sroup

e The Effect of the Leavin

u::
@

» At a saturated carbon. The leaving group comes off more easily
the more stable it is as a free entity. This is usually inverse to its
basicity, and the best leaving groups are the weakest bases. Thus
iodide is the best leaving group among the halides and fluoride the

poorest.
- R-C¢ OSOZQCH3
ROTs

: p-Toluenesulfonates, Tosylates

R—— 0802@ Br ROBs

! p-Bromobenzenesulfonates, Brosylates
R-— OSOZ%;>—NO2 RONSs

: p-Nitrobenzenesulfonates, Nosylates

R—OH<

_ Rl ROMs

— OSO,CHjs Methanesulfonates, Mesylates



» At a carbonyl carbon. In the tetrahedral mechanism at a carbonyl
carbon, the bond between the substrate and leaving group is still
intact during the slow step. Nevertheless, the nature of the
leaving group still affects the reactivity in two ways:

The greater the electron-withdrawing character of X, the greater
the partial positive charge on carbonyl carbon and the more rapid
the attack by a nucleophile.

The nature of the leaving group affects the position of
equilibrium. There is competition between X and Y as to which

group leave: Y
N, |
R ﬁ X + Y —=>R (|3 X

0 2

RCOCI > RCOOCOR’ > RCOOAr > RCOOR" > RCONH, > RCOOQO:-.



e The Effect of the Reaction Medium

Table 3. Transition states for SNl and for SN2 reactions of the four charge
types

Reactants and transition Charge in the transition How an increase in solvent
state relative to starting polarity affects the rate
states materials
Type a RX + Y- — Y& R"X8- Dispersed Small decrease
Type b RX + Y — Y3 RX& Increased Large increase
Type ¢ RX' + Y —>Yd—"RX8* Decreased Large decrease
Type d RX" +Y — Y¥ RX& Dispersed Small decrease
RX — RO&*Xo* Increased Large increase
RX* — RO&"X8* Dispersed Small decrease

» When there is a greater charge in the transition state than in the
starting compound, the more polar the solvent, the faster the reaction.
» Even for solvents with about the same polarity, there is a difference

between protonic and aprotonic solvents. In ¢ype a and b, TS solvation:

polar aprotonic solvents > prontonic solvents.
» [t is quite possible for the same reaction to go by the SNI 1

solvent and the SN2 in another. (see: J. Am. Chem. Soc. 1961, 83, 618)




e Phase Transfer Catalysis

A difficulty that occasionally arises when carrying out nucleophilic
substitution reactions is that the reactants do not mix.

organic  Q*CN + RCl —2» RCN + Q*Cl "

%\W\Wﬂ%
1
agueous 3
phase Q*CN-+ Na*Cl === Na'CN-+ Q*Cl -
Q" = R4N+ or R4P+
0
e (i
L CN \_,O_ OMe
v

@) OMe

—0-” \‘O/
K/O\) "naked" anion —



e Ambident Nucleophiles /7 Substrates. Regioselectivity

» Ambident nucleophiles: Some nucleophiles have a pair of electrons
on each of two or more atoms, or canonical forms can be drawn in
which two or more atoms bear an unshared pair.

» Ambident substrates: Some substrates (e.g., 1,3-dichlrorbutane)
can be attacked at two or more positions.

[ T R
S |
—gO=g— | —g—C—o— | —e—c—¢—
@) OR @) | @) @) O
O-alkvlation A C-alkvlatinn
O-aikyiation $ C-aikyia
@) O@
oy R - H
R—C—CH,O —= (A > R—C-CH,Y
|



E. Reactions

———————————————————————————————————————

'RX + R,NH — RR',N
' RX + R3N —» RR'3N*X-
RX + OH~ —> ROH ' RX + R'CONH~ —» RNHCOR'
RX + OR~ —» ROR! o o
|| | | ! —C\—/C— + RNH2—>—C—(|;—
—G-g— —= —Co— s
Cl OH A T ’

R—OSO20R" + OR' —» ROR'
2 ROH —= ROR

' RCOX + H,0 — RCO,H |
' RCOOCOR' + H,0 —» RCO,H + R'CO,H ;
—C—C— + ROH —» —C—C— || RCO,R' + H,0 —» RCO,H + R'OH .
\O OH OR ' RCONR' + H,0 —» RCO,H + R,NH (R = H, alkyl, aryl):
' RCOX + R'OH — RCO,R ;

R,0* + ROH —» ROR' . RCOOCOR + ROH —> RCO,R' :
RX + R'COO- — R'COOR ' RCOOH + R'OH —» RCO,R" + R'OH :
- ' RCOX + R'COO- —» RCOOCOR' :

RX + OOH™ —> ROOH | ,
' RCOX + H,0, —= RCO3H ,.



[I. Aromatic Electrophilic Substitution

Most substitution at an aliphatic carbon are nucleophilic. In
aromatic systems the situation is reversed, because the high
electron density at the aromatic ring attracts positive species
and not negative ones. In electrophilic substitutions the
attacking species 1s a positive ion or the positive end of a
dipole or induced dipole. The leaving group must necessarily
depart without its electron pair.

€ In nucleophilic substitutions, the chief leaving groups are
those best able to carry the unshared pair: Br-, H,0, OTs-,
etc., that 1is, the weakest  Dbases. In electrophilic
substitutions the most important leaving groups are those that
can best exist without the pair of electrons necessary to fill
the outer shell, that 1is, the weakest Lewis acids. The most
common leaving group in electrophilic aromatic substitutions 1is
the proton (HY).



A. The Arenium lon Mechanism

» In the arenium ion mechanism the attacking species may be
produced in various ways, but what happens to the aromatic ring
is basically the same in all cases. For this reason most
attention in the study of this mechanism centers around the
identity of the attacking entity and how it is produced.

O s | e O =

G complexes

Y . .
Y arenium ions
X fast /
-X+
X X X Y
o ©
() ove = (£ — (Y

The attacking species
IS not an ion but a dipole.



> Evidence:

i. No isotope effects

[f the hydrogen 1ion departs before the arrival of the
electrophile or if the arrival and departure are simultaneous,
there should be a substantial isotope effect (i.e., deuterated
substrates should undergo substitution more slowly than
nondeuterated compounds) because, in each case, the C—H bond is
broken in the rate—determining step.

However, 1in the arenium 1on mechanism, the C—H bond 1s not

broken In the rate—determining step, so no 1sotope effect should
be found.

ii. Isolation of arenium ion intermediates

1
H
Me Ve y 2 6
| |e H
EtF-BF; H Et 5
\ (o)
Me™~ Me 80°C Me/ \Me / \ Benzenonlum ion

mesitylene (Mp -15°C) Me lnsl-él): FSth5 ?;%CSF_
2F2a



B. Orientation and Reactivity
» Monosubstituted Benzene Rings

7 V4 Z
® H H H
Ortho Y - Y - ©<Y
® @
(A)
|Z Z Z
® ®
Meta H - H - H
® Y Y Y

f 7 a

Para > >
@ @

(B)

O Any group Z that has an electron donating field effect should stabilize

all three ions.
O Electron—withdrawing groups will increase the positive charge on the

ring, and destabilize the arenium ion.
O Field effects should taper off with distance and are strongest at the
carbon connected to the group Z. +7 groups should stabilize all three ions

but mostly the ortho and para



Z IZ Z@

e
TG
H{;Y % [

@
/
|
<> - -
® ©

Y H Y H vy

T

Some substituents have a pair of electrons (usually unshared) that
may be contributed toward the ring. Not only to direct ortho and

para, but also to activate these positions for electrophilic attaek



Three Types of Groups:

i. Groups that contain an unshared pair of electrons on the atom
connected to the ring.

0-, NR,, NHR, NH,, OH, OR, NHCOR, OCOR, SR, the four
halogens, and SH <(except for the case of thiophenols
electrophiles usually attack the sulfur rather than the ring).
= (Cl, Br, and I deactivate the ring, but they direct ortho—
para.

ii. Groups that lack an unshared pair on the atom connected to the
ring and that are —1.

Approximate deactivating ability: NRs"> NO, > CF; > CN > SO.H >
CHO > COR > COOH > COOR > CONH, » CCl5 > NH;".

< The NH;" group is an anomaly, since this group directs para
about as much as or a little more than it directs meta.

iii. Groups that lack an unshared pair on O
the atom connected to the ring and that ‘ H—C
are ortho-para-directing. C H 1

-R, —Ar, -COO~ groups, which active the ring. O Y ©<Y
(E) (F)
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Generalization

I. If a strong activating group competes with a weaker one or with a
deactivating group, the former controls.

Directing order: NH,, OH, NR,, O~ > OR, OCOR, NHCOR >, R, Ar >
halogen > meta-directing groups.

& @\ OCHs
© G

ii. All other things belng equal, a thlrd group is least likely to enter
between two groups in the meta relationship (steric hindrance).

iii. When a meta-directing group is
meta to an ortho-para-directing NO, NO, NO,
group, the incoming group primarily 2 ¢ “ @
goes ortho to the meta-directing QC' T\j\ C[
group rather than para.

NO,

ortho effect



Reactions

Nitration
OH OH OH NH, NH;HSO,
NO
2006HNOs ? . IHNO
W&sto4
NO,
Sulfonation

Halogenation
/\

SO o s -
5+l ds -H -
S— — SOy — X, + FeXj—= X—X->FeX;

O

/X . SO;H — FeXy
@ +S0;H —— SO3Hi> @ * X—X*Fexs T X ——>

Fridel-Crafts Reactions
t -

R—CI+AICl; —— R--Cl-- AICl; —= R*+AICl,

AlCl - +
@ + CH3CH,;CH;Cl——» PhCHMe,+PhCH,CH,CH;  CH3CH,CH,Cl 4 aic; 25 CH3CH,CH; — > CH;CHCH;
70% 30%

CH;3CH,CH,C— O

H,S0, —H+
— ©Q< @ + CH;CH,CH,COCl Al
HO

\ N Zn-H
(9T R e CH3CHZCH2CH2©

HCI



I[TI. Aliphatic Electrophilic Substitution

MECHANISMS

Aliphatic electrophilic  substitution can be distinguish
unimolecular (SEl) and bimolecular (SE2). The bimolecular
mechanisms are analogous to the SN2 mechanism in that the new
bond forms as the old one breaks.

Halogenation of Aldehydes and Ketones:

H®

Step1 R,HC-C-R' ——> R,C=C—FR Step 1:
| slow , OH-
O OH R,HC-C-R' —> R,C=C—FR'
Step 2 RZC:(,Z—R' + Br—Br—> ch—cl:—R'+Br 0
| .
OH Br OH s%?z o
® T e
Step 3 ch—$—R' — > R2C|2—C|2—R' + HO RZCSCI:)_R + Br—Br—> R2(|:—|c|:—R + Br
|
Br OH Br O 0o Br O



I[V. Aromatic Nucleophilic Substitution

X B Nu
Nu
| ~ LY | \
2N _ X
R X R

X = halogen etc. Nu = nucleophile

I. Reactions activated by electron—withdrawing groups ortho
and para to the leaving group;

ii. Reactions catalyzed by very strong bases and proceeding
through aryne intermediates; ZK/Jkt

i1i. Reactions initiated by electron donor;

iv. Reactions in which the nitrogen of a diazonium salt 1is
replaced by a nucleophile. H & Zh



the SyAr (addition—elimination) mechanism
- . OEt
X X Nu - Nu EtO_ _OMe
Nu X ON.__! NG 5 O,N _NO,
| S ;> @ —L’ | N \© + OMe — P > efc.
a‘ a‘ ||
EWG | EWG| EWG NO, 0N .o
EWG = electron- o complex 0 O:
withdrawing group Meisenheimer-Jackson salt
1902
OCH;H;-n NHPh
NO, NO,
180°C

+ PhNH, ——>

NO, NO,
* the aromatic Syl mechanism
+
Nz Nu
\ Nt N | NuH N
SRS G
R R H" R

aryl cation



The Benzyne Mechanism

-u NaNH; [Ol] O/NHZ %
IIq NH3 NH,

benzyne

Two factors affect the positions
of the incoming group:

1. The direction 1in which the
aryne forms.

ii. The aryne, once formed,
can be attacked by two
positions. The favored
position for nucleophilic
attack is the one that leads
to the more stable carbanion
intermediate, and this 1in

turn also depends on the
field effect of Z.

almost equal amounts

X must
form
ét @l o @
| should
g|ve

o
>

Q.

must
glve

_musty
glve

should
give

0 ¢

shoul

©|

_should,
give

z

must @
—
form =

Q.

give ©



VI. Free—Radical Substitution

Some general characteristics:

Reactions are fairly similar whether they are occurring
in the vapor or liquid phase, though solvation of free
radicals in solution does cause some differences.

They are largely unaffected by the presence of acids or
bases or by changes in the polarity of solvents, except
that nonpolar solvents may suppress competing 1ionic
reactions.

They are 1initiated or accelerated by typical free-
radical sources, such as the peroxides referred to, or
by light.

Their rates are decreased or the reactions are
suppressed entirely by substrates that scavenge free
radicals, e.g., nitric oxide, molecular oxygen, "ot
benzoquinone. These substances are called inhibitors.



» Mechanisms at an Aromatic Substrate
In the first step, the radical attracts the ring in much the
same way as would an electrophile or a nucleophile:

b @ @ é

) Dlsproportlonatlon @ @

1

H_ _Ar Y

2 n

1



> REACTIVITY IN ALIPHATIC SUBSTRATES

In a chain reaction, the step that determines what the
product will be is most often an abstraction step. What is
abstracted by a radical is nearly always univalent, it 1is
hydrogen or halogen for organic compounds.

__» H—CI + CH3CHy* AH =-13 kJ/mol

CH3CH4; + Cle
T X CH,CH4CI + He AH = +76 kJ/mol
i. A univalent atom is much more exposed to attack by the
incoming radical;
ii. In many cases abstraction of a wunivalent atom 1is
energetically more favored.

Table 5. Relative susceptibility to attack by Cl- of promary,
secondary, and tertiary hydrogen in the gas phase

Il Primary Secondary ler inny
100 1 4.3 7.0
600 I 2.1 A o

Temperature T selectivity |



CH,H  CHyCH,H (CH,) ,CH-I1 (CHy) 4C-H  PhCH,H  PhCH-H  PhyC-H
Br-  0.0007 1 220 19400 64000 1.1x105 6. 4x106
Cl-  0.004 1 4.3 6.0 1.3 2.6 9.5

Compounds containing electron—-withdrawing substituents
CH; — CH, — COOH
CH,: 1 7.8
Cl- ! 0

Electrophilic radical: halogen atoms
Nucleophilic radical: Mee, t-butyl, benzyl, cyclopropyl

= When the substrate molecule contains a double bond,
treatment with chlorine or bromine leads to addition rather

than substitution.
= Vinylic hydrogens are practically never abstracted, ally@
hydrogens are greatly preferred to other position of

molecule.




> REACTIVITY IN AROMATIC SUBSTRATES

Generalizations:

I. All substituents increase reactivity at ortho and para
positions over that of benzene. There is no great difference
between electron—donating and electron—withdrawing groups.

ii. Reactivity at meta positions is usually similar to that
of benzene, perhaps slightly higher or lower. This fact,
coupled with the preceding one, means that all substituents
are activating and ortho—para-directing; none are
deactivating or (chiefly) meta—directing.

iii. Reactivity at ortho position 1is wusually somewhat
greater than at para positions, except where a large group
decreases ortho reactivity for steric reasons.
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Allylic Halogenation

Olefins can be halogenated in the allylic position by a number
of reagents, of which N-bromosuccinimide (NBS) is by far the

most common.

| I peroxides | |
—CH—C—C— + N—Br - C—C—C—
C=—C ccl, | Cc=—C
Br

NBS (Wohl-Ziegler bromination)

Coupling of Alkynes

CuX,
2 R—C=C-H — R—C=C—-C=C-R
pyridine
The mechanism of the reaction probably begins with loss
of a proton, then carbanion becomes oxidized to the radical.



6—2 Addition to Multiple Bonds

There are basically four ways in which addition to a double

or triple bond can take place.

€ A two-step process, with initial attack by a nucleophile, an
electrophile, or a radical, and then second step consists of
combination of the resulting intermediate with, respectively, a
positive species, a hegative species, or a neutral entity.

€ A one-step mechanism, attack at the two carbon atoms of the
double or triple bond is simultaneous.

Which of the four mechanisms 1s operating in any given case
is determined by the nature of the substrate, the reagent,

and the reaction conditions.



[. Stereochemistry

i
Syn addition //C\B
. A—C
€® Syn addition— \
B
the erythro d/ Y
' WA
pair o l /
/STB
A—C
\
B
A
I /
Anti addition /5B
® Anti addition A—ﬁ W
- B
W A
the threo d/ l C/
: or 7 B
pair A /L

> erythro dl pair

~ threo dl pair




L.

Electrophilic Addition

There is much evidence that when the attack is by Br® (or a

carrier of it),
and the addition i1is anti.

<o
Br*

The atom 1S
electrophilic at this
time and attacks the
negatively charged,
high energy n—bond
portion of the
alkene’s C=C bond. Tt
forms for an instant a
single o—bond to both
of the

involved.

carbon atoms

the bromonium ion 1s often an intermediate

bromonium Br

ion

. C) A bromide 1ion attacks the

Br C—Br 0 % antibonding

) \ 9 9 1 1 N~
molecular orbital of a

bromonium ion.

The two halogens add in an
anti addition fashion, and
when the alkene is part of

a cycle the dibromdde
adopts the trans
configuration.



Brominations of maleic acid and fumaric acid: stereospecific
trans—addition:

H COZH oo CO,H
I COZH + Br
H™ >CO,H c02
(S,S) (RR)
Br
H._ _CO,H
Br, H™ XCO,H
| — 7 RS)
HO,C HO,C
Br
HOOC _Br

HOOC-C—C=C-COOH + Br, —> /C—C (70% trans)

Br "COOH



» When the electrophile is a proton:

. The reaction 1is general—acid, 1implying rate—-determining proton
transfer from the acid to the double bond.

ii. The existence of alkyl substituent effects.

ii1i. Open carbocations are prone to rearrange.

}_\ (+) }_\ (+) ’_\
Tl — - c—g" ) W € A~ 7
Semelm K K

The Reactivity Toward Electrophilic Addition:

CC1.,CH=CH, < CHC1,CH=CH,< CH,C1CH=CH,< CH,CH=CH,
(CH,) ,C=C(CH,), > (CH,),C=CHCH,> (CH,) ,C=CH, > CH,CH=CH, > CH,=CH,



» Orientation — Markovnikov’s rule: For electrophilic attack, the positive
portion of the reagent goes to the side of the double or triple bond that has more
hydrogens.
Y
_ ® Y | ©
R—-(ll—(\l—H + Y" —» R-C-C-H or R-C-C-H

| | ]
H H H H H H

Il
CHyCH=CH, +  H —O0SOH ——= CHyQH-CH; 1O CH GH-CH,

C|l OSO,H OH
CH.-CH-CH
CH3-CH:CH2 + BrH —_— 3 ? 3
Br
CH,CH=CH, 4 H—oH _ 3% CH,-GH-CH,
A OH
CH,-CH=CH, + H—oc|:|c:H3 CH,-CH-CH,
© OCCH,
I
0
Br
CH;CH,CH,~C=CH +HBr __,  CHCHCHC=CH, Er»CH3CH2CH2—(|E—CH3
Br

Br



»Rearrangement

M HCI T3 _cr i
H3C—(|3—CH-CH2 — H3C C—C+H CH, — H3C—?—CH—CH2
i H H Cl

11 2-HiT %
CH; CH;
H3C—C—?H—CH2 =cr, H3,C—|é—§H-CH2
H Cl H

HgSO, =
CH3(CH2)5C§CH + HOH HZSO4 > CH3(CH2)5C:CH2 -_— CH3(CH2)59—CH3
H O



= Markovnikov’ s rule also applies for halogen substituents or
the case where bromonium ions or other three—membered rings are
intermediates.

Y Y
.. @ | @ | |
CI—C—C-H + Yt—> :(;°I_C|:_$_H -~ 1 Cl= C—C|:—H or CI—(l:—C\:—H
H H H H H H H
More stable
®
Y Y W

W ||
H,C—CHR —> H,C—-CHR

Stereochemical Orientation Many electrophilic additions to
norbornene and similar strained bicycloalkenes are syn
addition, in these cases attack is always from the exo side.
unless the exo side is blocked by substituents in the 7
position, in which case endo attack may predominate.

7

DOAC D
— OAc



III. NUCLEOPHILIC ADDITION
A. Addition to Carbon-Hetero Multiple bonds

E;nl# "
>0 o) o
R4 R R/ ™R R/ ™R
\ Nu Nu
N N

(1,2-nucleophilic addition)

» With a carbonyl compound electrophiles, the Nu can be:

e an alcohol in Acetalisation

e an amine in Mannich reaction

e a vylides in Wittig reaction

e an enolate ion an Aldol reaction

e a hydride in reduction

e an organometallic nucleophile (RMgX) in the Grignard reacti®n



Acetalisation

Rl RBOH Rl OH R3OH Rl OR3

0 >< + H,0

+
R® " 1g? or?] H g ORS
ketone hemiacetal acetal

Ly

CzHs-0 -GzHs
i, 0)‘ H 4 2cCaHeOH ,,..t':",‘.:'é:'l"i.m " ©><:
: »
2. g + Ho ™o h..::f.:ﬁ:':':m ~ @
Ha
s somred, oo i (e
H a

3
\" ¥

acld nltllr:t
Temove water

4,
HO ¥ a
Ha

5. + 2 |: 8 + 2Ha0
H3C" 'CH3

The acid often used to catalyze acetal formation is p-toluenesulfonic acid Halo =0zH

Toluene is usually the solvent, and water is removed azeokropically by distillation



Mannich reaction

H

\ \ /
NH + C=0+CH-C, > N-CH;—C—C

H

=

\ R \ | R

/ 0
1

H&Ayﬁ

H,{?;L Rl \_ t@
= S,
H 2

b



Schiff base

R,C=0 + R'NH,==R'NH-(R,)C-O-H==R,C=NR' + H,0

reactant * Y-NHMt —— Ric=R-v :::::;t' | Y=NHg —— RaCui-Y
n (1 ]
r + (CHaWC=NHy ——s “\C(CH:J: R
a 1°-amine Imine Tn + HaN=NHz ——= NHz
hydrazine hydrazone
0
kr + HO=NH3 — CH
hydroxyl amine oxime o ~NHz2 . O
Lol & ° — T F
H
Ikr’ﬂ HaNCONH-NHz —— "\f&ﬂ NHq
sam carbazids R

samicarbazane

phiwriylbiydrdglim

phernylhydrazons




Wittig reaction

H
o ®
® ) Ph.P PhsP—O
o - N3 1 -
PhgP—( H)J\Rz —_— H === L]
R %" r R; R
2

ylide
R
—> [ + Ph3;P=0
R1
Aldol reaction
oL o Q @H
iddtﬂl‘lg
Hf'"L"'*-:'r'ﬂH + -JL- Eh v 'E;.n
H Fh
CH, r.rt
LT HE e PYEH prodet Al
{mucieophile) {slecrophlle) oarbon-onrbon bond formed

@ oH .

]
Q
,-L H : aidl condaneetion
Fh *1-.,,\r4 +H’lF‘h_— FhJ\P\Ph _Iﬁﬂg"rh)kf\?h'lmlu

ety CHy LH;




Grignard reaction

. H .
- & H._ /™ | H |
R—Br ——= R—MgBr + H‘;r::t:: — R—0—OkgBr ——= R—G—CH
H H
R
5- B+ R /% | H™ |
R—Br —= R—MgBr + H“;c:-::: — R—O—OMgBr —= R-C—OH
H H
5= B+ R i H'

|
R—Br —=  R—MgBr +H“‘_::G£E — R—0—OlgBr —= R—C—OH



B. Addition to Carbon-Carbon Double Bonds

Ordinary alkenes are not susceptible to a nucleophilic attack (apolar
bond).

R B Muc IEWG- E.'E E\G
S ) . R T - 7
Huce "-.\ & \"\ A
o
R R il R FE\H

Nu\/\/flfg \)H\,//O
¢ Nu

e Nucleophilic
conjugate addition:




o Michael reaction (1,4-addition)

R" H R"

B:
H + m » R
)\ , RandR'" electron-withdrawing

R R groups (acyl, cyano, etc.) R'




IV.  FREE—-RADICAL ADDITION

initiation
M\ oL
R—OlO—R A R-O- termination
R-O° + H-Br — R-OH + Br: ~ Br- + *Br » Br—Br R
1
propagation R. J—

>_< 3
R? W ¢ R R
] R Br R4 R1 ./N ) R1 R2 Br R4
VRN H R R R? R® —> R R3
R2J§<R3 + H-Br — R2/|3<R3 + Br: Br R4 Br R4 R4 BrR1 R2
Br R* Br R*
Br H Br

R—(f:(\:‘H + Bre—> R—CI;_(ij_H_> R—C—C—H
|

H H H H H H
) _ preferentially product
The main effect seems to be steric. formed

intermediate



V. CYCLOADDITION: CLICK CHEMISTRY

The Huisgen 1,3-dipolar cycloaddition using a Cu(l) catalyst at
room temperature — the “cream of the crop” of click reactions.

RI_ +
N—N=N Cat. Rl"lil/N\\N Rl'lil/N\\N
+ e + 1,2,3-triazole

2 — —( 4 50—
e — I
Cat.: Cul, CuOTf-CgHg 1,4- 1,5-

CuSO,
ligand (L)
R, reducing agent
\1/ N N—R, +H' .\ R, —

eN—N—
) L *: ,.f 62% 1.4 regioisomer
4

.
o @ / MR

R
N Na N ”
K‘ 38% 1,5 regioisomer TNTTUR, e
‘( A
5 : e Ra

R




6-3 Elimination Reactions

| “~ .. __Cu C
—,T—?— —» —C—C— —A-B—W —> —A-B ? (Ij — / \
cC—~C
W X )|(> W X
B-elimination o~elimination v -elimination

I. E2 and E1 Mechanism

| 0x | H

Be-c“ —> —Cc—c— + X + BH

~ H/J |* (a) anti-periplanar
B E2 Mechanism M
i. The proper second-order kinetics; (b) syn-periplanar

ii. An isotope effect: ky/k, = 3~8;
iii. Stereochemistry — the E2 mechanism is stereospecific: the five atoms
involved (including the base) in the transition state must be in one plane.



» Anti elimination is usually greatly favored over syn elimination,
probably because a is a staggered conformation and the molecule
requires less energy to reach this transition state than it does to

reach the eclipsed transition state b.
#

ch gHEJ'_BF—‘
R
_E- - BI‘
HC CH3 Br CHs(:IH2 O K H.C _ H 4+ o
r.-,,H
H H H,C H
o+
CH.CH—0 K+ CH.,CH; O




For a six-membered ring, anti-periplanarity of the leaving groups
requires that they be diaxial even if this is the conformation of higher
energy.

Pr H
H H i
H o Me 7 o
H 25% Cl
Me  Cl , )/// H o,
1L 100% Me Pr l
:> <::> 75%
H | | 5
Me Cl Prl Me—< :>— Pri
H o H
Ho o, "
Relative Product
rate
¢1s—HOOCCH=CC1COOH 1

HOOC—C=C—-COOH
trans—HOOCCH=CC1COOH 50




» syn-Elimination

a)

b)

Br
The deuterated Aj y - HBL Aj
norbornyl bromide [I—)I ’ H 94%

O O cis-isomer: HCl elimination is much

\“ \\‘ slower than from corresponding
nonbridged compounds.

N N trans-isomer: Syn elimination can

H Xl Cl QH take place (dihedral angle about 0°);

Cl Cl . :
H H reached about eight times faster than
cis-isomer trans-isomer cis-isomer.

Anti elimination requires a dihedral angle of 180°. When this
angle cannot be achieved, anti elimination is greatly slowed or
prevented entirely.

Anti elimination is generally favored in the E2 mechanism, but
that steric (inability to form the anti-periplanar transition state),
conformational, ion-pairing, and other factors cause syn
elimination to intervene (and even predominate) in some cases.



The E1 Mechanism

The E1 mechanism is a two-step process, ionization of the substrate

to give a carbocation that rapidly loses a 3 proton to a base, usually
the solvent:

i. Tertiary and some secondary
L « ® .- substituted alkyl halides.
ii. First order kinetics

| |

H H iii. Reaction mostly occurs in
complete absence of base or

(|:@ solvent | presence of only a weak base

|

slow‘

|
ol

iv. E1 are in competition with Sy1
v. No deuterium isotope effect
vi. No antiperiplanar requirement:

|
H
Example 1: 0 H

O H heat
O o
H H H

o) pyrolysis

A\ A\

sulfonate ester of menthol A B



IT. E1cB MECHANISM (CARBANION MECHANISM)

77N
T
. Y ,
ozN—C}?l(l:HR L OZN—g—CHRi» 0,NCH=CHR + L
' D
B S
, = [
N F N s
ARy
OH- %
L~
l HL—I T" ,;-ﬁ“?
-
| B E,th # m
———
H‘.-f \ﬁ\'r - - H‘.-' 1-.".-:'!“}
. | ! I e | I
.- oS
oH- |- ril F

The E1cB reaction mechanism. Dehydration of 1-methyl-2-(2-
fluoroethyl)pyridinium iodide).



Example 2. 36.3% » M3C~C=CHa~_ 35 79
/ CH3 \ o)

©,
t-BuCl \ t-BuSMe,
63.7% t-BUOH 4@/0

Solvolysis at 65.3°C in 80% aqueous ethanol.

If this reaction had taken place by a second-order mechanism, the
nucleophile would not be excepted to have the same ratio of preference for
attack at the B hydrogen compared to attack at a newtra/ chloride as for
attack at the pB hydrogen compared to attack at a positive SMe, group.

%
W

I'I"I
m
U.)

O

5 (32%) 6 ( 68%)

Menthyl chloride (2), which by the E2
mechanism gave only 5, under E1
conditions gave 68% 6 and 32% 5.



T11. Orientation of the Double Bond

A i1 v A AN AS \J A RS

i. No matter what the mechanism, a double bond does not go to a
bridgehead carbon unless the ring sizes are large enough (Bredt’s

rule). Lb/Br/r Ab
\L% forbidden

ii. Zaitsev's rule: the double bond goes mainly toward the most
highly substituted carbon.

e SN (Qﬁ)

/A\/L\‘ﬁgg*> NI R
51% 18% 31%



iii. Elimination from compounds with charged nucleofuges, e.g., NR;™,
SR,* (those that come off as neutral mlecules), follow Hofmann’s rule
if the substrate is acyclic: the double bond goes mainly toward the
least highly substituted carbon, but Zaitsev’s rule if the leaving group
is attached to a six-membered ring.

more
acidic
MeH * Me
Me— C C CHy; —> Me——CH CH=CH,

less == H s|\/|e2
acidic ® (Hofmann product)

iv. No matter what the mechanism, if there is a double bond (C=C or
C=0) or an aromatic ring already in the molecule that can be in
conjugation with the new double bond, the conjugated product
usually predominates, sometimes even when the stereochemistry is
unfavorable.



IV. REACTIVITY
Factors influencing the elimination reactivity:
Substrate structure
The attacking base

The leaving group

The medium
» Elimination Reaction vs Nucleophilic Substitution:

Substitution generally predominates and elimination occurs only
during precise circumstances. Generally, elimination is favored over

substitution when
steric hindrance increases
basicity increases
temperature increases
the steric bulk of the base increases (KOBut)
the nucleophile is poor.



Competition between E and Sn

Steric hindrance —‘|5—(|?—
RO", ROH sN1< H) g1
CH;3(CH;)5sCH,CH,Br W CH;(CH,);5CH=CH,+ CH;(CH,);5CH,CH,OR .
\l L]
CH;0", CH;0H ~1% (E2) 99%(Sx2)
X
Me;CO’, Me;COH ~85%(E2) ~15%(Sx2) It IC[s
Sx2 <I 1|1) E2
Basicity G LT

. 1°RX 2° RX 3° RX
CH3COO +(CHj3),CHBr —» CH3;COOCH(CHj3),+Br

E2HC B30, Sn2 EL Bl B4R
C,Hs0 +(CH3),CHBr —» CH3CH,0—CH(CH3),+CH,=CHCH;

kit  C,H,0>CH,COO" 21% 79%
25 3

Temperature

C,H;OH
(CH3;)C—Br+C,HsONa —» Me;C—OEt+CH,=CMe,

25°C 9% (Sy1) 91% (E1+E2)
55°C 0% 100%(E1+E2)



6-4 Rearrangement Reaction

In a rearrangement reaction a group moves from one atom to
another in the same molecule. Most are migrations from an atom to
an adjacent one (called 1,2 shift), but some are over longer
distances.

13 13
—C-C-C— —» —C-C-C—
R R

> A rearrangement is not well represented by simple and discrete
electron transfers. The actual mechanism of alkyl groups moving
probably involves transfer of the moving alkyl group fluidly along a
bond, not ionic bond-breaking and forming.
» Some key rearrangement reactions:

e 1,2-rearrangements

e pericyclic reactions

e olefin metathesis



Wagner-Meerwein rearrangement

A Wagner-Meerwein rearrangement is a class of carbocation 1,2-

rearrangement reactions in which a hydrogen, alkyl or aryl group
migrates from one carbon to a neighboring carbon.

The rearrangement was first discovered in bicyclic terpenes:

OH

v

isoborneol



Beckmann rearrangement

This is an acid-catalyzed rearrangement of an oxime to an amide.
Cyclic oximes yield lactams.

The mechanism is generally believed to consist of an alkyl migration
with expulsion of the hydroxyl group to form a nitrilium ion followed

by hydrolysis:
OH
O N Q
| N/H
NH,OH @ H,SO,4
_— —_—
cyclohexanone cyclohexanoxime caprolactam
— I —
@ R—N=C—R' e
OH OH. L OH, OH O
N H® HC 2 H,0 H,0! )\ HY /L J\
| == || —_— # R. oA _ ==R_ 2z, _—R_ .
/\\ )\ ® N R N R N R
R R R R’ R—N=C—-R' H




Claisen rearrangement

The Claisen rearrangement is a powerful carbon-carbon bond-
forming chemical reaction. The heating of an allyl vinyl ether will
initiate a [3,3] rearrangement to give a y, d-unsaturated carbonyl.

Claisen Rearrangement
of Allyl Vinyl Ether

0 t\ Heat _ 0~
SN

Aromatic Claisen Rearrangement

» L
Isomerization




Pinacol Rearrangement

)
H
H./ _H H: ) _H _H
O O O)O H,C O
- - +
>LE‘*
Hi%c cﬁ3H3 H o cﬁé"ﬂ H3;C CI—CI3H3
pinacol H
O" O
—_— HgC + CHS—F :3g>Hj\CH3
H3C CH, 3~ CH,4
pinacolone
OH
OH @ o
s, Ph H30
Ph Ph

Ph



Hofmann rearrangement

O Brz _0 HQO
N — > |R. .C"" | —— > R—NH,
R™ "NH;  NaOH N -CO;
a primary amide isocyanate a primary amine
j)\ Br, O NaOH j\
R™ "NH; NaOH R~ “NHBr RN
-Br N H0 N _on -CO;
— R Cy, — R R=NH;
O
| N CONHz o\ on | o NH;
Z 70~75°C Z

N N 65~75%



6—5 Organic Redox Reaction

In organic chemistry oxidations and reductions are different from
ordinary redox reactions because many reactions carry the name but
do not actually involve electron transfer in the electrochemical sense
of the word.

» Categories or simple functional groups arranged according to
oxidation state |

RH —C=C— —C=C— R-C-OH CcO,
ROH R-C-R O CCly
RCI R-C~NH
RNH, © o2
etc | O

' —C-Cl
Cl ¢
[ g
—¢—¢— a
Cl ClI etc
|

Approximate oxidation number

-4 -2 0 +2 +4



[. Organic reductions

Several reaction mechanisms exist for organic reductions:

e Direct electron transfer in Birch reduction

e Hydride transfer in reductions, LiAlH,

e Hydrogen reduction with a catalyst such as Lindlar catalyst
e Disproportionation reaction such as the Cannizzaro reaction

H._H
Birch reduction: @ Na _
NH; (I), ROH
H

@*EJ_—(ﬁ @



H,O C.. (=
R—C:J—H <2 <R R R—C=N then HZO> R—CH,NH,
Rl
5 0 LiAIH, 0 e o
QH H30+ Q R/C\OH R/C\O' | H3O+ |
R-C-H=—"—R-C-H R-C—H —> R-C-H
H H H H
4 Hy (1 atm) A Lindlar catalyst: consists of

Lindlar catalyst - X palle_ldium deposited on
quinoline, hexane calcium carbonate and treated

with various forms of lead.

Cannizzaro reaction

OH



[1. ORGANIC OXIDATIONS
Several reaction mechanisms exist for organic oxidations:

Single electron transfer;

Oxidations through ester intermediates with chromic acid;
Hydrogen atom transfer as in Free radical halogenation;
Oxidation with oxygen (combustion);

Oxidation involving ozone (O5) in ozonolysis;

Oxidations involving an elimination reaction mechanism such as
the Swern oxidation;

oxidation by nitroso radicals, fremy’s salt or TEMPO.

Nazcr207, H2804 N

94%



Ri Rs 05 Ry R3
Ozonolysis >=< — >:O + 0:<
R2 R4 R2 I:34

+*
/O:::-
O \ O 1.3 ,..-O:T retro 1,3 .0
" y /7 =3 cycloaddition .'\O ,_,O cycloaddition Q o
. - 1 " 4 - 1 \ / 4
R’ R* "R R R
molozonide carbonyl + carbonyl oxide
(Criegee intermediate)
. i flip carbonyl
Reductive Workup:- )
ketones (R™ = alkyl, aryl)
aldehydes (R! & R3 =H, R
ydes ( o, RLy O\ .

R* & R* =alkyl, aryl)

, ary R O L\ clo: 1ddi[mn R %\
Oxidative Workup:- 3 3 R

R R
acids (R! & R* =H, trioxolane
R* & R* =alkyl, aryl) °




1) Oxalyl chloride

OH DMSO
-
R Ry 2)Et3N R Ry

Swern oxidation

Oxidation by TEMPO

TEMPDQ ME- Q TEMPO gxoammonium
T:J Y
Q

OH 7Cj< OH
Q CH,OH N >(\/|< R CHO
: “og § OH—> N
OH

s

R. CH. '
C(CH;);

C(CH3); Hig

C(CH;);




Questions optl opt2 opt3 opt4 Answer
Which of the following is known as the Schrodinger equation? E=he E = mc? h=p "HA=EA |["HA=EA
Thev all They all
For the hydrogen atom, which of the following orbitals has the lowest N have the
4s ap 41d have the
energy? same
same energy
energy
Number of lobesin fifth d-orbital are 1 2 3 4 2
Size of 2s-orbital as compared to 1s-orbital is large small medium very large  |large
Planck proposed that energy travelsin discontinuous |continuous Jow manner genera discontinuo
manner manner manner us manner
Energy is absorbed by body in form of photons guantas waves energy photons
Size of s-orbital increases when value of principal quantum number Decreases increases Li{:;lanri fluctuates  |increases
ltisthe Itispresent | 118 Itisthefirst| LIS
The s-orbital does not show preference to any direction because smallest ISP spherically . spherically
. in every atom . orbital :
orbital symmetric symmetric
The p-orbital isin the shape of a Sphere Dumbbell m “shaped |\ ) shape | Dumbbel
complement |behavior of motion of procedure |behavior of
Schrodinger's equation described the of thewave |["matter" lioht for splitting |" matter"
function waves g an atom waves
protons,
Which subatomic particles contribute to the mass number of an atom? protonsand - jprotonsand - |neitrons and neuitrons, protons and
neutrons electrons electrons  |and neutrons
electrons
. they arenot |. . -
Where are the neutrons located in an atom? outsidethe jthe electron foundinan | dethe insidethe
nucleus cloud aiom nucleus nucleus
What is the shape of the s orbital ? dumbbel| spherical flower flat spherical
What is the shape of ap orbitatl? peanut spherical flower flat peanut




flower or flower or
What is the shape of the d orbitals? peanut spherical four leaf flat four leaf
clover clover

What quantum number describes the energy level and size of an orbital? || m S n n
What quantum number describes the spin of the electron? I m S n S
What quantum number describes the orientation of the orbital and tells | m S N m
how many orbitals exist in an a sublebvel ?
if n=2, then"I" can equal 1 2 3|0and 1 Oand 1
How many elelctrons can occupy any one orbital ? 2 4 6 8 2
Using 2nsgquare calculate how many elelctrons could occupy the 6th 6 % o 7 7
energy level of an atom.
How many orbitals are therein the "d" sublevel? 1 3 5 7 5

energy level |orbital or orientation ?;Et?;;:ien orientation
The "ml" quantum number describes the of the electron. and size of the|sublevel or  |of the i of the

- . the first .
energy level |shape orbital orbital
level
. Electron

The smallest particle of an element or matter Proton Atom Electron Cloud Atom
The central part of an atom that is made up of neutrons and protons Protons Neutrons Nucleus Reactivity |Nucleus
The region around the nucleus where the electrons may be found. Electron Reactivity Neutron Atom Electron

Cloud Cloud

" . . Subatomic
Positivley charged particle located in the nucleus of an atom. Electrons Protons Particles Neutrons  |Protons
. . . Subatomic

Negatively charged particle found outside the nucleus of an atom Electrons Protons Particles Neutrons |Electrons
What are the maximum number of electrons that go on thefirst 3 energy 2416 2818 4812 346 2818

levels?




the number the number
electrons on the of electrons |of electrons
What are valence electrons? the first nucleus outermost |onthe on the
orbital always shell outermost  |outer most
orbital orbital
electrons,
Which particles make up the nucleus of an atom? protonsand - |electrons and protons, and electrons protonsand
neutrons protons and neutrons|neutrons
neutrons
Max Planck’s great discovery was that radiation energy is emitted in wave function |photon Lanta ammar uanta
packets that he called what? P q 9 Y
In the Heisenberg uncertainty principle, which two measurable properties [Energy and  |Sizeand Position and | Spin and ;?:t'on
of a particle cannot be observed precisely at the same time? torque speed momentum |color
momentum
Niels Bohr used quantum mechanics to describe which element? Zinc Hydrogen Carbon Helium Hydrogen
The square of a particle’s wave function describes the probability of what [That it will Tha_t ltisat a That it hasa|That it will That 'j[ Isat
about the particle? decay particular specific spin|disappear aparticular
' place place
\I,\r,]hc;:'?ntum mechanics, the angular momentum of a particleis called sin wirl rotation orbital sin
3rd
Magnetic quantum number is also called 1st quantum |2nd quantum |3rd quantum|4th quantum quantum
number number number number
number
Value of 'm' depends upon values of S I d f I
Sub shell which is not sub-divided into any other orbital istermed as p-sub shell s-sub shell d-sub shell |f-sub shell |s-sub shell
Region around nucleus which can be filled with one or two electronsis : . atomic atomic
field axis zone . .
knows as orbital orbital
Electronic configuration of atom which possess lowest energy is most stable unstable transitional |ductile stable




Rutherford

The uncertainty principle was enunciated by Einstein Heisenberg Pauli Heisenberg
: Principle of . :
The position and velocity of asmall particle like electron cannot be Hesenperg de Broglie's Pauli S Aufbau's H asenbgrg
. . ) . uncertainty exclusion o uncertainty
simultaneously determined.? This statement is o wave nature o principle .
principle principle principle
of electron
Sometimes
Si multan_eous determination of exact position and momentum of an Possible Impossible possi b_Ie alwgys Impossible
eectronis sometimes |Possible
impossible
Physical Physical
Uncertainty principle gave the concept of Probability | Anorbital |meaning meaning Probability
of ¥ of W2
Which guantum number is not related with Schrodinger equation Principal Azimuthal Magnetic  [Spin Spin
Space
Space around Circular path around the
the nucleus around the nucleus
where the nucleusin Amplitude ([squareof |wherethe
Orbita is probahility of which the of electrons |electrons  |probability
finding the wave wave of finding
. electron
electronis the electron
. revolves .
maximum is
maximum
The electronic energy levels of the hydrogen atom in the Bohr?stheory  [Rydberg Orbits Ground Orbitals Orbits
are called levels states
The energy of aphoton is calculated by E=hv h=Ev h=v/E E=h/v E=hv
Electron occupies the available orbital singly before pairing in any one Pauli S . Heisenberg's|Prout's Hund's
. . exclusion Hund's Rule o .
orbital occurs, itis principle  |hypothesis |Rule

principle




Questions optl opt2 opt3 opt4 Answer
One two three four two
When two atomic orbitals combine they form molecular molecular molecular |molecular |molecular
orbital orbital orbital orbital orbital
2 1 electron 4 All 4
In a double bond connecting two atoms, there is a sharing of electrons eectrons |electrons  |electrons
By By mutual By sidewise |By By sidewise
overlapping |[sharing of pi |overlapping |overlapping |overlapping
1 bond is formed of a_ttomic electron of hal-f filled of_ s-orbitals qf half
orbitals on the p-orbitals  |with p- filled p-
axis of nuclel orbitals orbitals
Sidewise as [Sidewise Endtoend [No End to end
well asend to |overlap of overlap of |overlapping |overlap of
In asigmabond end overlap of |orbitals takes |orbitals orbitals
orbitalstake |place takes place takes place
place
A sigmabond [A sigmabond| A double | A double |A sigma
isweaker is stronger bondis bondis bond is
Which of the following is not correct than mbond (than mbond ([stronger shorter than |weaker
than asinglelasingle than 1 bond
bond bond
. - . - Sigmabond |Pi bond (n- | Covalent Dative Sigma bond
Bond created by overlapping of one modified orbit on another orbit is (o-bond) bond) bond bond (o-bond)
known as
The paramagnetic nature of oxygen molecule is best explained on the Valence bond Resonance MO.I ecular Hybridizati|M o!ecular
basis of theory orbital on orbital
theory theory
Complete transfer of one or more electrons between atoms constitutesin | ionicbond  |covalent bond| co-ordinate (dative bond | ionic bond

forming




The bond order of NO moleculeis 1 2 2.5 3 25
. . Pauling Paulingand |Mulliken |Thomson |Pauling and
Molecular orbital theory was devel oped mainly by Sater Sater
Not attracted | Containing |Carryinga [Containing |Containing
Paramagnetism is exhibited by molecules intoa only paired |positive unpaired unpaired
magnetic field|electrons charge electrons  |electrons
The difference in energy between the molecular orbital formed andthe  |Bond energy | Activation |Stabilization|Destabilizati |Stabilizatio
combining atomic orbitalsis called energy energy onenergy |nenergy
With increasing bond order, stability of abond Remains unalty Decr Iner l\rl](g of Iner
The total number of electron that takes part in forming bondsin N2 2 4 6 10 6
Which moleculeislinear NO2 ClO2 CO2 H2S CO2
Planar Pyramidal Angular Trigonal Trigonal
Compound formed by sp3d hybridization will have structure bipyramidal |bipyramida
I
Octahedral molecular shape existsin .......... hybridisation sp3d Sp3d2 $p3d3 P sp3d2
Shape of methane molecule is Tetrahedral  [Pyramidal Octahedral z?zna;e ;I'etrahedra
. . e Ammonia Methane Water Carbon Carbon
Which species do not have sp3hybridization dioxide dioxide
As compared to pure atomic orbitals, hybrid orbitals have Low energy | Same energy | High None of Low
energy these ener gy
The number of unpaired electronsin O2 moleculeis 0 1 2 3 2
Single Double Dative Triple bond [Double
When two pairs of electrons are shared, bond is covalent covalent bond{bond covalent
bond bond
Carbon atoms in diamond are bonded to each other in a configuration Tetrahedral | Planar Linear Octahedral ;I'etrahedra
Additionof [Mixing up of |Removal of |Separation |Mixingup
Hybridisation involves aneectron  |atomic an electron |of orbitals |of atomic
pair orbitals pair orbitals




The geometry of sulphur trioxide moleculeis Tetrahedral | Trigonal plangPyramidal | Square Trigonal
planar planar
The shapes of BCI3,PCI3 and 1CI3moleculesare all Triangular Pyramidal T-shaped L inear Triangular
sp3 hybridization leads to which shape of the molecule Tetrahedron | Octahedron  |Planar Linear Eetr ahedro
In sp hybridisation, shapeis Tetrahedron |Octahedron [Planar Linear Linear
The geometry of the molecule with sp3d2 hybridised central atomis Tetrahedral  |Planar Linear Octahedral |Octahedral
sp3d2 hybrid orbitals are Tetrahedral  [Planar Linear Octahedral |Octahedral
The trigonal bipyramidal geometry results from the hybridisation dsp3 dsp2 d2sp3 d3sp2 dsp3
The valency of carbon isfour. On what principle it can be explainedina | Resonance |Hybridization [Electron cannot be |Hybridizati
better way transfer explained |on
Orbitalsof  |Orbitalsof |Orbitalsof |atoms {Or bitals of
Hybridization is due to the overlapping of different different same energy same
energy levels |energy content energy
content content
The d-orbital involved in sp3d hybridisation is d x2-y2 dxy dz2 dzx d x2-y?2
Same as Sum of Same as difference |Sameas
The coordination number of ametal in coordination compoundsis primary primary and - jsecondary |of primary - |secondary
valency secondary valency and valency
valencies secondary
Iltisasmal |[Ithasan Itisa Itisa It hasan
. . molecule unshared negatively |positively |unshared
A group of atoms can function as aligand only when dectron pair |charged ion |charged ion |electron

pair




Thenumber |The number |The number |The number |The
of ligands around a of ligands |of only number of
around a metal ion around a anionic ligands
The coordination number of acentral metal atom in acomplex is metal ion bonded by pi- [metal ion  |ligands around a
determined by bonded by bonds bonded by |bondedto |metal ion
sigmaand pi- sigma bonds|the metal bonded by
bonds bath. ion sigma
bonds
That ion or molecule which forms a complex compound with transitional |Recipient Ligand Coordinate igNo special ndLigand
metal ioniscalled
They are They arefree |They are They have |They are
positively radicals either no charge |either
charged ions neutral neutral
, . . molecules or molecules
Generally, agroup of atoms can function as aligand if negatively or
charged ions negatively
charged
ions
Accepte-- |Donatee—  |Neither All of these |Donate e—-
Ligands, in complex compounds par par accept nor - [happen pair
donate e—-
pair
The number of neutral molecules or negative groups attached to the Atomic Effec_tlve Coordinatio | Primary Coordinati
) L number atomic nnumber |valency on number
central metal atom in acomplex ionis called number
In complex compounds, metal ligand bond is Coordinate boHydrogen bon{lonic bond |Covalent Coordinate
bond bond
carbon Molecular  [Molecular |Hydrogen pe/M olecular
A molecule which contains unpaired electronsis monoxide nitrogen oxygen oxygen




According to VSEPR theory, the most probable shape of the molecule Tetrahedral  [Planar Linear Octahedral |Tetrahedra
having 4 electron pairs in the outer shell of the central atom is I
Axid Latera Axia Axia Lateral
Which type of overlapping results the formation of a m bond overlappi g overlapping  |overlapping |overlapping |overlapping
of s—s orbitals |of p—p of p—p of s—p of p—p
orbitals orbitals orbitals orbitals
Cyanocobala |Haemoglobin |Chlorophyll |Carboxypep |Chlorophyl
min isthered saregreen [ticase-Ais |[lsaregreen
isB12 and pigment of [pigmentsin |an enzyme |pigmentsin
Coordination compounds have great importance in biological systems. In |contains blood and plantsand |and contains|plantsand
this context which of the following statementsisincorrect cobalt. containsiron. |contains zinc. contains
calcium. calcium.
In the case of small cuts, bleeding is stopped by applying potash alum. Fungicide Disinfectant |[Germicide |Coagulating |Coagulatin
Here alum acts as agent g agent
. . trans —[Co(N |[cis—[PtCI2(N | cis—=K2[PtC |Na2CO3 cis—[PtCI2(
The complex used as an anticancer agent is H3)3CI3] H3)2] 12Br2] NH3)2]
Ethyl Tetraethyl leaq Sodium Trimethyl Sodium
Which of the following is not an organometallic compound magnesium ethoxide aluminium |ethoxide
bromide
Asacatayst |Asacatalyst |For reducing|For creating [For
in addition in knocking |knocking |reducing
What isthe use of tetraethyl lead reaction of polymerizatio knocking
alkenes n reaction of

akenes




Questions optl opt2 opt3 opt4 Answer
Compounds which have different arrangements of atomsin space while |position f?;lftlonal chain stereoisomer |ster ecisome
having same atoms bonded to each other are said to have isomerism group isomerism |ism rism
isomerism
Which of the following can make difference in optical isomers? heat temperature ﬁ;ﬁr ized pressure ﬁ;lhe,:r ized
Geometric
Therear® | i optical |They have
They differ in | They have the|two types of |22 O &
) . . isomerism |the
: : : . both physical |different Isomerism : :
Choose the incorrect option regarding | somerism: : aretwo different
and chemical |molecular Structural
. types of molecular
properties formula and Stereo
. Stereo formula
Isomerism .
Isomerism
Isomerism that arises out of the difference in spatial arrangement of atoms | Structural Stereo Geometrical |Optical Geometrica
or groups about the doubly bonded carbon atoms are called? Isomerism |somerism Isomerism [lsomerism |l |somerism
Isomers with similar groups on the same side are called as . trans ” cis” isomers|. R 7 S” isomers|. trans
isomers isomers isomers
These have
same Nonsuper_l mp _Th@e differ Seperation T_hese'
: . : . magnitude but |osable object |in all . differ in all
Which among the following correctly defines Diastereomer , . . . isvery .
different signs|mirror physical e physical
. . . . difficult .
of optica relationship |properties properties

rotation




A pair of A pair of
A pair of A pair of stereoi somer ster eoisome
stereoisomers |sterecisomers |sthat are : rsthat are
each of which |that arenot  |non- Any pair of non-
Which of the following is the definition for enatiomerism? . . . stereoi somer .
has two mirror images|superimposa superimpos
chirality of one ble mirror able mirror
centres another images of images of
one another one another
They rotate They react They rotate
They have  |P€ atidentical || Ny have plane
Which of the following statements is not true regarding pairs of ey polarized ! identical polarized
. identical . rates with ) L
enantiomers o . lightin . melting light in
boiling points . chiral . .
opposite reagents points opposite
directions &g directions
All (-) All ()
. (+)and (-) |enantiomer
enantiomers enantiomers |srotate
AllR All (+) rotate plane
enantiomers |[enantiomers |(polarized rotate plane. |plane
Which of the following statements regarding optical rotation is not true are are lioht in a polarized |polarized
g lightin ~ |lightina
dextrorotatory |lagvorotatory |counter .
, opposite counter
clockwise N .
. directions |clockwise
direction o
direction
Which of the following notations is not used to distinguish between pairs Rand S EandZ +and— D and L EandzZ

of enantiomers?




Assignments

ofRandS  |ThelabdsR Thelabels |The specific [Thelabels
(+)and (-) |rotationof |RandS
: — . : labelsand (+) |and Srefer to .
Which among the following is true about enantiomerism? : areusedto |enantiomers |refer to
and (-) labels |different o . )
distinguish |isequal and |different
are not conformers . .
connected enantiomers |opposite conformers
. Itisthe
It rotates It_|sthe mirror
It rotates . mirror :
lane. plane- Itisa image of the image of
Which of the following is true of any (S)-enantiomerism? plane . . |polarized racemic « . |the
polarized light|;. correspondi .
. lighttothe |form correspondi
to the right ng (R)-
lef R)-
t enantiomer |9 (R)
enantiomer
. _— . ] . . . . |specific . specific
Which of the following is not true of enantiomers?They havethesame:  |boiling point |melting point rotation density rotation
analogousin|analogous
absolute in absolute
In the absence of specific data, it can only be said that dextrorotatory | levorotatory |optically configuratio |configur ati
(R)-2-bromopentane is which of the following? (+) ) inactive nto onto
(R)-2—chlor |(R)-2-chlor
opentane  |opentane
(+)-A can Ef)):: \?VTT: (+)-A can
A racemate [(IfAis also be rotate also be
contains equal |resolved, it is |labelled R- olarized |abelled R-
Which statement about a chiral compound A isincorrect? amountsof  |separated into |A, because ﬁ ht equall A, because
(+)-A and (-)-|its (+) means bgtineq y (+) means
A enantiomers |the same as : thesameas
R opposite R

directions




The non- A molecule [Thenon-
The ) )
: superimposa(that hasa  [superimpos
superimposab |A molecule 1, ui oy | carbon atom ability an
Which of the following is the definition of chirality? ility of an with amirror [ @ . ey
. : . object onits |withfour  |object on
object onits |image . . . :
miror image mirror different itsmirror
0 image substituents |image
A pair of
A pair of stereoisomer|A pair of A pair of
stereoisomers sthat are  |stereoisomer |ster eoisome
Which of the following is the definition of a pair of diastereomers? each of which |Any par of jnon- , sthat ae rsthafc are
has two stereoi somers |superimposa|not mirror  |not mirror
chirality blemirror |imagesof |images of
centers imagesof |one another |one another
one another
Which of the following can exist as diastereomers? Lacticacid |1-Butene 2-Butene Ethane 2-Butene
change of the change of change of
electrical g electrical
olarisation |conductivity angle of conductivity |polarisation
Polarimeter works on the principle of which of the following? Po'e . refraction . .
of light of solution . of solution |of light
. with .
with .. |with
" composition
composition temperature
Angle of Concentrati 'rA\ort]gLieoch:c of
: Polarity of the(rotation of an pH of the .
What does a polarimeter measure? . . |on of the an optical
substance optical active substance .
substance active
compound
compound
Which of the following groups has the highest priority according to the CH3 CH2C CH20H CHO CH2C

Cahn-Ingold-Prelog sequence rules?




Isomers

Isomers Isomers .
. . having
Isomers Isomers having having
. . ) ) same
having same |having same |different different molecular
. molecular mol ecular molecular [molecular
What are Stereoisomer? formula
formulaand |[formulabut |formulabut |formulaand but
same different same different )
) . . . ) . . . |different
configuration |configuration |configuratio |configuratio . .
N N configur ati
on
Molecules Molecules
Molecules Molecules which do which do
with non- with not have same not have
What are diastereomers? superimposab |superimposab |non- molecules non-
le mirror le mirror superimposa superimpos
images images ble mirror ablemirror
images images
When atoms
attached to a Lonepair |A grou
A group gets [double bond |A group gets| P group
AR Sz 2 Tlgetsmore  |gets
priority if its |have same priority if its riority and loriority if
Choose the correct option from the following. atomic atomic atomic P y P y
. . is ranked itsatomic
number is number, the |[number is .
) . above number is
high first atoms |low .
hydrogen  [high
are
considered
_Conformatl onsare dlffer.ent arrangements of atoms that can be converted |Covalent Double bond |Single bond |Triple bond |Single bond
into one another by rotation about bond
The energy required to rotate n-butane molecul e about the carbon-carbon . Torsiona Enantiomeri |Potentia Torsional
. Rotational ene
bond is called energy C energy energy energy




The rotation about the (C2 — C3) carbon-carbon bond of n-butane requires 100 k¥mol 150 kymol 10kImol 13 kymol 3kJ/mol
the energy of about
Skew Staggered Eclipsed Skew
The infinity of intermediate conformations are called . conformation |conformatio |Gauche confor mati
conformations
S ns ons
Staggered Eclipsed {St aggered
The potential energy of n-butane is minimum for . conformation |conformatio |Gauche confor mati
conformations
S ns ons
Staggered Eclipsed Eclipsed
The potential energy of n-butane is maximum for . conformation |conformatio |Gauche confor mati
conformations
S ns ons
'(Ij':;:trslatlve instability of any of the intermediate skew conformationsis Lateral strain |Shear strain | Longitudina |Torsional str{Torsional str
| strain
60
In gauche conformations, the methyl groups are 60 90 180 degree | 360 degree apar
g ’ Yl group degree apart |degree apart |apart degree apart N € a
Vander . Vander
Gauche conformation is less stable due to Hydrpgen Cova_l ent Waal’s Torg onal Waal’s
bonding bonding . strain .
repulsion repulsion
Racemic
modlflcatlon Meso Meso M es0
isan .
Limolar compounds |compounds |Racemic compounds
: . . eq contains more|are mixtureis |are
Select the incorrect statement from the following option. mixture of )
than one externally |designated |externally
dextrorotatory| | . .
and chiral carbon |compensate |asdl-pair  |compensate
centre d d
levorotatory
isomers
The number of_conflguratl onal isomers of molecules having (n) different on 2 power n 2 power n-1 |2 power n+1|2 power n
chiral carbonsis




The isomers which can be inter converted through rotation around a single

positional

] conformers  |diastereomers|enantiomers |. conformers
bond are: isomers
An isomer of ethanol is: methanol diethyl ether |acetone dimethyl dimethyl
ether ether
an
. . : an assymetric |acentre of aline of angle of assymetric
optical isomeerism arise from the presence of
carbon atom |symmetry symmetry |symmetry |carbon
atom
Optically active molecules which rotate plane-polarized light in a of R dextrorotar of S. .
S . levorotary . : configuratio |levorotary
counterclockwise direction are said to be configuration |y N
What is the relationship between 1-butene and cis-2-butene? unrelated _constltuu onal enantiomers diastereome copsntunon
compounds  |isomers rs al isomers
What is the relationship between trans-2-butene and cis-2-butene? unrelated _constltutl onal enantiomers diastereome | diaster eom
compounds  |isomers rs ers
direction of direction of
Which of the following physical properties differ for each of a pair of solubility in rotation of boiling ko nt index of rotation of
. plane- and melting . plane-
enantiomers? ethanol . . refraction .
polarized point polarized
light light
. . . 0 .
An optically active compound is composed of 75% of the (R) enantiomer 87 5%. 7506, 50%. 37 5%. 500

and 25% of the (S) enantiomer. The enantiomeric excess (ee) is equal to




Tobe

Tobe Tobe Tobe .
. , . Tobe diastereom
diastereomers,|diastereomers|diastereome | . .
) . . diastereome |ers, a pair
apair of , apair of rs, apair of rs apar of |of
Which of the following statementsis TRUE? molecules molecules molecules » ap
molecules |molecules
must have2 |must haveat |must be
. . . must bea |must be
or more chira (least 1 chiral |stereoisomer .
racemate. |stereocisome
centers. center. S. s
apair of apair of apair of apair of apair of
Which of the following may be separated by ordinary physical methods? |identical enl?antiomers diastereome |identical diastereom
molecules rs atoms ers
optical isomerism arise from the presence of asymmetric - |centre of line of double bond asymmetric
carbon symmetry symmetry carbon
. . . Structural Chemical Molecular |Physical Molecular
Isomers have essentially identical . :
formula properties formula properties |formula
Edlinsed and Staggered and|Staggered | Eclipsed and|Stagger ed
In ethane and cyclohexane which one of the following pairs of P chair and boat boat and chair
. chair . . . .
conformations are more stable . conformation |conformatio |conformatio |confor mati
conformations
S ns ns ons
Compounds with same molecular formula but different structural .
Isomers | sotopes Isobars Isoel ectronic|l somers
formulae are called
Chair and bC:a"’;” and
It hastwo It has three E(?ri‘torm atio tégf::.orm atio confor mati
Which statement is true for cyclohexane possible conformation | . , . |onsdiffer
L SOmers S nis most ns differ in in ener
stable energy by by 44 9y
a4kymol | Y

kJ/mol
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Questions optl opt2 opt3 opt4 Answer
. : Electron
According to the Lewis definition, abaseisa(n) Proton donor. Electron pair H ydroxide pair El_ectron
donor ion donor. pair donor
acceptor
Acid-base
reactions
The stronger Thg aways favor
the acid. the conjugate the
Which one of the following is atrue statement? . base of a formation of Strong
larger isits . . .
Ka. strong acid is |the stronger |Strong acids |acids can
P astrong base |acid and the |can have have
stronger negative negative
base. pKavalues. |pKa values.
Which of the following is more acidic al cohol ? Phenol Cyclohexanol |Methanol  |Ethanol Phenal
Attract
Repel Attract electrons
electrons electrons towards
Electronegativity is defined as the power of an atomin amoleculeto towardsitself |towardsitself |[Expand itselfinot related  |itself
Which of the following is a permanent electron displacement effect? inductomeric |Electromeric | Inductive |tautomeric | Inductive
Which of the following is atemporary effect brought into play at the requirement inductomeric |Electromeric | Inductive  |mesomeric Electromeri
of attacking reagent? c
Conjugate Conjugate Conjugate Conj ugate
effectis  |effectis  |effectis effect is
Select the correct statement from the following option. no relation |stronger
stronger than |weaker than (-{same as (-1) than (-1)
(-1) effect ) effect effect offect
When the complete transfer of m-electrons take place away from the atom
at the requirement of attacking agent, it is called (-E) effect (+B) effect (1) effect (+) effect |(+E) effect
The positively charged and electro_n deficient compOt_Jnds which have a Electrophiles [Nucleophiles |Homophiles |Heterophiles Electrophil
tendency to form a bond by accepting the electron pair are known as es
Which of the following is an example of lewis base? ZnCl2 BF3 NH3 FeCl2 NH3




They

They po They attack | Examples PO an
They are an empty on electron |are: OH- empty
Which of the following is an incorrect statement about the nucleophiles? eyae orbital to . ' ' |orbital to
electron rich ) deficient NH3, H20 )
receive the receivethe
. |centres etc
electron pair electron
pair
Those groups which are electron repelling and have lesser electron
. - + - + +
attracting power than hydrogen show (-E) effect (+E) effect  [(-1) effect (+) effect | (+1) effect
An atom
A multiple A muiltiple \g)vz:\itr tloo?ﬁe
In mesomeric effect, the electrons are transferred from bond to an bpnd toa adjacent All OT the Al Of. the
single . mentioned |mentioned
atom single
covalent bond
covalent
bond
Which of the following is a resonance effect? inductomeric |Electromeric | Inductive |mesomeric |mesomeric
he phenomenon in yvhl ch2or more structures, |nv_oIV| ng identical position Conjugation |Resanance Hyper  Vibration  |Resonance
of atoms can be written for a particular molecule, is called conjugation
The actual Resonating
. structure lies |structures :
Resonating Resonating
between are useful as|benzene has
. . . . structures . . structures
Select the incorrect option from the following option. various they adlow |Resonating
have ared . haveareal
. possible usto structures .
existence . . existence
resonating  |describe
structures molecules




TWo Resonance  |Resonance First and Resonance
consecutive hybridand  |hybrid and last hybrid and
The resonance energy is defined as difference in energy between . most unstable [most stable . most stable
resonating . ) resonating :
SrUciLres resonating  |resonating SrUciLres resonating
structure structure structure
Dinole Strength of
Which of the following is not an application of mesomeric effect? mopment acids and Bond length [Vibration |Vibration
bases
Benzenering |All the bond All the
have two lengthin All the bond length
; 9NN hond length |All the bond | N
different benzene ring inbenzene |lenath in in benzene
Select the correct statement from the following option. typesof bond |isequal due | . " g . _|ringis
ringisequal |benzenering
length for to . equal due
. . dueto is not equal
singleand hyperconjuga to
. resonance
double bonds |tion resonance
Lesswill be |Morewill be |tV Nt Morewill
Greater the number of resonating structures for a given intermediate, its sabilit its stabilit effect its norelation |beits
y Y |sability stability
Phenyl group show (-E) effect (+E) effect  [(-M) effect | (+]) effect |(-M) effect
. |concentrati
concentratio
n of on of
On which factor the rate constant of a reaction does not depend upon? temperature |activation enelfcatalyst reactants reactants
and products and
P products
Therate of reaction, A + B Products, is given by the equation, r = 5 0 1 unpredictabl 1
k[A][B]. If B istaken in excess, what would be the order of reaction? e




all molecules a
donates an . . .
. |orionswitha nucleophile
electron pair . . .
{0 an freepair of |nucleophile |becomes nucleophile
Which of the following is not true about nucleophile? electrophile to electrons or . ar(? Lewis atracted to ar_e Lewls
at least one pi |acids by afull or acids by
forma o . o
. bond can act |definition |partia definition
chemical "
as positive
bond .
nucleophiles charge
A substance which increases rate of reaction but itself remain chemically subsirate enzvime reactant roduct enzvme
unchanged is called a 2y P 2y
If prqportlpn of particleswith energy is greater than activation energy, Jow down speed up remains end up Sow down
reaction will constant
both both.
. reaction
. . - : . . reaction and
Order of reaction can be identified by plotting graphs of reaction concentration |pH value . |and
concentratio .
N concentr ati
on
Atoms with
full octet
Asthe resonance |Resonance | Asthe
number of |Zero charge |[formare isunstable | number of
charges of resonance [more stable |in case of charges
Identify the fal se statement regarding resonance increases, |isthemost |when unfilled increases,
the significant  |{compared |octet of the
resonance |one with the one [nitrogen resonance
forms gets with atom forms gets
more unfilled more
significant octet significant




CE3> CF3™> CH3> CH3> CF3>
. , . CH2F > CHF2 > CH2F > CHF2'> CHF2'>
Identify the correct sequence with respect to Inductive effects OHE2'> CH2F'> CHE2'> CH2F'V CH2E'>
CF3 CH3 CF3 CF3 CH3
Onelone {
A resonance L
m pair will be
Y Delocalizing |counted as |Twosigma |[Two sigma
sometimes ) .
. . onelonepair |two pi bonds make |bonds make
Select the incorrect statement: cause sp3
causes electrons  |up adouble (up adouble
atomsto - '
aromaticity |according to |bond bond
become sp2 ,
- Huckel’s
hybridized .
equation
. The same
\dentical - |Nearlythe | oo of | identical | Identical
Resonance structure of molecule does not have arrangement  |same energy ) : .
paired bonding bonding
of atoms content
electrons
_ . Inductive ,
All bondsin benzene are equal dueto Tautomerism effect Resonance |lsomerism |Resonance
. Molecular
Aromatic properties of benzene are not proved by Aromatic Resonance orbital bohrs theory bohrs
sextet theory |theory theory theory
It has carbon-{Carbon are |m electrons |m electrons
. . It has double . L
Benzene is unreactive because bonds carbon single |sp2 hybridis|are are
bond ed delocalised |delocalised
Resonance Resonance
Absence of & stabilisation | Reactivity Hvdrogen stabilisatio
Carboxylic acids are easily ionised. The main reason of this statement of of & ydrog n of
hydrogen bond
carboxylate |hydrogen carboxylate
ion ion
'C-C’ bond length in benzene lies between single and double bond. The . . Inductive
. Resonance Isomerism  |Metamerism Resonance
reasonis effect




Credit for the ring structure of benzene goes to Wholer Faraday Kekule Baeyer Kekule
. N . Electromeric |Inductive Homolytic Electromeri
Which of the following is observed in ethylene molecule offect effect fission Resonance c effect
Or_bltal mt_eract_l on petween the sigma bonds of a substitutent group and a Conjugation |Resonance Hyper ~ |Vibration Hyper _
neighbouring pi orbital is known as conjugation conjugation
Completion
Heterolytic  |of the octet .
. . . . Steric
Homolytic  [fission results|providesa |Steric bulky bulk
fission results [in the maj or group ) ouy
Select incorrect statement in the formation of |driving increases | OUP
. . ... |increases
formation of |Lewisacid |forcefor the [nucleophilic nucleophili
freeradicals |and Lewis |Lewisacid- |ity. . P
city.
base base
reaction
Which of the_ foII9W| ng is through space-effects on polarizability due to Field effect Resonance Inductive Ef Polarizabilit Field effect
electronegativity differences? effect
Whlch of the following occurs as aresult of electronegativity Fiald effect Resonance Inductive Ef Polarizabilit Inductive Ef
differences? effect
Which of the following involves the actual movement of electrons through| _. Resonance . Polarizabilit | Resonance
. Field effect Inductive Ef
apie-bond system? effect effect
The movement.of electrons through a conj ugat_ed system aIIovv_sfor L ocalization Delocalizatio Polarization Depolarizati |Delocalizati
charges to be dispersed over several atoms. This phenomenonis n on on
_S|gm&bond| ng electrons, especially those from C-H bonds can be donated Polarization Depolarizatio conjugation Hyper ' Hyper _
in a process known as conjugation |conjugation
Inductive mesomeric stabilisation mesomeric
relative basic strength of amines does not depend on steric effect effect effect of cation by offect

hydration




It operates Itsrangeis |It operates |It operates |It operates
Which statement is correct about the inductive effect? through o- limited to one |through through - [through o-
bonds. bond. space. bonds. bonds.
Iltsrangeis |It operates It operates |It operates |It operates
Which statement is correct about the field effect? limited to one |through through o- [through - |through
bond. space. bonds. bonds. space.
the
The )
. Theenergy |Theenergy . difference
difference Theincrease
consumed released L between the
between the when when in disorder energy of
Which of the following best describes the enthalpy change of areaction  |energy of chemical chemical of asystem bond
bond asareaction .
. bonds are bonds are formation
formation and proceeds
broken broken and bond
bond cleavage
cleavage
Enthalpy is represented by the symbol K H S U H
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Questions optl opt2 opt3 opt4 Answer
Which intermediate carbocation is more stable in pinacole -pinacolone . . :
primary secondary tertiary guarternary |tertiary
rearrangement?
As
As branching In_ In_ most branching
unimolecula [unimolecula [at carbon
at carbon I reaction I reactions |increases
Which of the following statementsis correct for alkyl halide? & the halideE1l |mechanism
show SN1 favoured as . .
. temperature |reactionis |isfavoured
mechanism |compared to
SN1 donot favoured as
: favoursEl |over SN1  [compared
mechanism . .
mechanism |[reaction to SN1
mechanism
. In E2
E2isa Order of elimination
concerted . )
o reactivity of |different
reaction in . )
which bonds akyl halides |stereoisomer
Which of the following statement is correct? break and towards E2 | (diastereom |All O.f the Al Of. the
dehydrohalog |er) converts |[mentioned |[mentioned
new bonds . .
form at the enation is into
.. |foundtobe |different
sametimein a
sinale st 30> 20> 10 |[stereo
giestep product
Formation of asingle product from two reactant molecules is known as add't.l on ellml_natlon subst'|tut| on oxidation addlt.l on
reaction reaction reaction reaction
Reaction in which replacement of one atom or group of atoms are addition elimination |substitution N substitution
. . . . . oxidation .
involved istermed as reaction reaction reaction reaction
. . L addition elimination |substitution . .
Breakdown of any molecule with water (H20 in any reaction is reaction reaction reaction hydrolysis |hydrolysis




afiledcr (GRS matond |21 CH [ one
Stablization of acarbocation by alkyl groups involves hyperconjugation |sigmabond gr . g sigma-bond g
. . orbital with |witha . . with a
between: with avacant with afilled
*_orbital the vacant p- |vacant p- p-orbital vacant p-
P orbital orbital orbital
Whlch of the following will react with an alkene to give aproduct in a NBS, H20, carbene H30 cl2 carbene
single step? DMSO
they cannot
the the geometry ?:é I?rz id b :)Zegbcgcgg be
Which of the following statements concerning a carbocation is not true?  |hybridization |istrigonal d "|observed,
. hyperconjug |isolated or |.
issp2. planar. ation traooed isolated or
' apped. trapped.
Choose the correct one which will react faster in the SN2 nucleophilic CH2- CH2=CH- |CH2=CH- |CH=CH2- |[CH2=CH-
substitution reaction CH=CH2=Br |CH2 - Br CH2=Br |CH2-Br |CH2-Br
What will be the reactivity of chlorobenzenein an electrophilic Reactsvery |Reactsin the | Reacts Does nqt Reacts very
L . . dowly than [sameway as |faster than |react with |dowly than
substitution reaction with benzene?
benzene benzene benzene benzene benzene
Primary alcohols undergo what reaction to form alkenes? Elimination |Oxidation Reduction |Hydrolysis |Elimination
both both
ronagation  |termination initiation initiation
In afreeradical reaction, freeradicals are formed at initiation step 2 hag o step and step and
P P propagation |propagatio
step n step
An acceptor of pair of electron istermed as nucleophile |electrophile | carbocation |anion electrophile
both homo |both homo
homolytic heterolytic ~ |homolytic  |and and
Covalent bonds can be break by fission fission fusion heterolytic |heterolytic
fission fission




Formation of radicals which attack reactants molecules generate more free|. ... . propagation | termination |elimination |propagatio
, : . initiation step
radicals. Thisstepisa step step step n step
non-polar donorsof  |formed non-polar
Organic solvents are polar solvents P Hydrogen |through P
solvents . . solvents
ions sigma bonds
. r
Most of organic solvents are strong electrolynon-electrolyt{weak €l ectrol iﬂggl ators non-electroly
tetra
Organic solvents do not include alcohol water petrol chlorometha|water
ne
— islower
is lower than Is higher does not . than the
than the depend upon|forms highly
. . . the energy energy
In exothermic reactions, final energy content of products energy theenergy |stable
contents of contents of
contentsof  |content of |compounds
the reactants the
the reactants |the reactants
reactants
formsa . N .
contains resultingin | . contains
compound roducts that |overall gives overall roducts
Incorrect statement is: An exothermic reaction, which gives P negative P
. _|arevery enthal py that are
out heat while enthalpy.
. stable change zero very stable
being formed




energy given |energy given |o0 %Y energy
9y gIVe 9y gIVE givenoutin given out in
out in making |out in making . . .
. ) making thefina making
bondsisless |bondsismore ; .
than the than the bondsis energy bondsis
Exothermic reactions take place when equal to the |content of |morethan
energy taken |energy taken .
. . energy taken|productsis |theenergy
infor infor . )
breakin breakin infor lower taken in for
9 g breaking breaking
bonds bonds
bonds bonds
Epgpoh:“ "o, neutralization breaking of | breaking
Exothermic reactions does not include ydroge of acidsand |respiration |chemica of chemical
resultsin .
alkalis bond bond
water
:;rrll ;rvglec&h of the following species the central C-atom is negatively Carbanion iC(:):;llrbonl um Carbocation | Free ragical |Carbanion
Which of the following free radicalsis most stable Primary Methyl Secondary |Tertiary Tertiary
Which of the following contains three pairs of electrons Carbocation |Carbanion Freeradical |Primary Carbocation
Which of the following carbanion is most stable Primary Methyl Secondary |Tertiary M ethyl
Among the given cations, the most stable carboniumion is sec-butyl ter-butyl n-butyl quat-butyl |ter-butyl
Which of the following intermediate have the complete octet around the _Carbonl um Carbene Carbanion  |Ereeragical |Carbanion
carbon atom ion
S . . Triphenylmet . |mpropyl Triphenylm
Which is the most stable carbocation iso-propyl hyl cation Ethyl cation cation ethyl cation
: Bimolecula
Unimolecular {Bimolecular Unimolecul Bimolecular |r
To which of the following four types doesthis reaction belong B- + . L ar . -
electrophilic |electrophilic ... |nucleophilic |nucleophili
R-A - B-R + A- o L nucleophilic -
substitution  |substitution - substitution |c
substitution

substitution




Dehydrohal

An akyl halide may be converted into an alcohol by Elimination |Addition Substitution ogendion Substitutio
Both {
Nucleophilic nucleophilic
Dehydrohal ogenation of an akyl halideis aan substitution EI|m|_ nation | substitution |Rearrangem EI|m|.nat|on
. reaction and ent reaction
reaction o
elimination
reaction
. ' Nucleophili . Free
Conversion of CH to CHCl is EIeCt.mph'“C Freg ! adica c Free ra@cal radical
substitution |addition _ substittion .
substitution substittion
S , Nucleophili |Electrophili |Nucleophili
(CH3)sCBr + H20 - (CHs)sCOH + HBr isan example of Fe';g:: gi“o” zg;iﬁ'igar: c c c
substitution |substitution |substitution
The electrophile in the nitration of benzeneis NO2+ CO2 NO CO NO2+
The_foIIOW| ng compound will undergo el ectrophilic substitution more Nitrobenzene |Benzoic acid Benzaldehy Phenol Phenol
readily than benzene de
Equimolar . . Predomina
Elimination of bromine from 2-bromobutane results in the formation of mixture of 1 Predominantl | Predominant ntly 2-
y 2-butene  |ly 1-butene
and 2-butene butene
Bromination of alkanesinvolves Carbanion _Carbonl um Carbocation |Freeradica Freg
ion radical




Reactions by
the E1 Reactions b Reactions |Reactions |Reactions
mechanism the E1 y bytheEl |bytheEl |bytheEl
Which of the following statements regarding the E1 mechanism is wrong? ar(? mechanism mechanism mechan|§rn mechanism
unimolecular usually aremulti-  |usually
. are generally . ;
intherate- . occur in one |step occur in
. first order. .
determining step. reactions. |onestep.
step.
Reactions by | Reactions b Reactions [Reactions [Reactions
y y bytheE2 |bytheE2 |bytheE2
the E2 the E2 mechanism |mechanism |mechanism
Which of the following statements regarding the E2 mechanism is wrong? |mechanism  |mechanism
usually usually usually
areadways |aregeneraly . . ’
. occur in one |occur in two |occur in
bimolecular. |second order.
step. steps. two steps.
The E1 The EZ. The E2 TheE1lcB |TheE1l
mechanism mechanism mechanism |mechanism |mechanism
Which of the following statements regarding mechanisms of elimination generally . .
. does not is isusually |doesnot
reaction iswrong? . occurs under | .
require a . . |stereospecifi [unimolecula [requirea
highly basic
base. 7 r base.
conditions.
k[nucleophile
The reaction rate of an Snlreactionis k[electrophil€]|][electrophile | Zero order  [second order|k[electrophil
]
In an E2 reaction, the beta hydrogen is to the leaving group. adjacent anti attached gauche
acigtrans
product' . the most a complete
depending on |acomplete |aracemic highl <ter eochemi
The stereochemistry of an Sn2 reaction resultsin the stereochemic |mixture of gy
L . ) substituted |cal
antiperiplanar |a inversion |products . .
akene inversion

nature of the
substrate




Dehydration of alcoholsis an example of a(n) mechanism. Elor E2 rearrangement| SN 1 SN2 Elor E2
the most the less with more with the the most
Saytzeff rule states that the mgjor product is substituted  |substituted most substituted
hydrogens
akene alkene neutrons alkene
acigtrans
product' . the most .
depending on |acomplete |aracemic highl aracemic
The stereochemistry of an Snl reaction resultsin the stereochemic |mixture of su% st?{[ut od mixtur e of
antiperiplanar |a inversion |products products
akene
nature of the
substrate
Therate of an Sn2 reactionis 0 1 2 -1 2
Therate of an Snl reactionis 0 1 2 -1 1
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