PREFACE

In a bid to standardize higher education in the country, the University Grants
Commission (UGC) has introduced Choice Based Credit System (CBCS) based on
five types of courses viz. core, discipline specefic general elective, ability and skill
enhancement for graduate students of all programmes at Honours level. This brings
in the semester pattern, which finds efficacy in sync with credit system, credit transfer,
comprehensive continuous assessments and a graded pattern of evaluation. The
objective is to offer learners ample flexibility to choose from a wide gamut of courses,
as also to provide them lateral mobility between various educational institutions in
the country where they can carry their acquired credits.

UGC Open and Distance Learning (ODL) Regulations, 2017 have mandated compliance
with CBCS for U.G. programmes for all the HEIs in this mode. Welcoming this
paradigm shift in higher education, Netaji Subhas Open University (NSOU) has
resolved to adopt CBCS from the academic session 2021-22 at the Bachelors Degree
Programme (BDP) level. The present syllabus, framed in the spirit of syllabi
recommended by UGC, lays due stress on all aspects envisaged in the curricular
framework of the apex body on higher education. It will be imparted to learners over
the six semesters of the Programme.

Self Learning Materials (SLMs) are the mainstay of Student Support Services (SSS)
of an Open University. From a logistic point of view, NSOU has embarked upon
CBCS presently with SLMs in English / Bengali. Eventually, the English version
SLMs will be translated into Bengali too, for the benefit of learners. As always, all
of our teaching faculties contributed in this process. In addition to this we have also
requisitioned the services of best academics in each domain in preparation of the new
SLMs. | am sure they will be of commendable academic support. We look forward
to proactive feedback from all stakeholders who will participate in the teaching-
learning based on these study materials. It has been a very challenging task well
executed, and | congratulate all concerned in the preparation of these SLMs.

| wish the venture a grand success.

Professor (Dr.) Subha Sankar Sarkar
Vice-Chancellor



(VL3N
ERSITY

o

*
43 OPEN

Netaji Subhas Open University

Choice Based Credit System (CBCYS)
Course Name : Basic Organic Chemistry
Cours Code : Generic Elective Chemistry-3 (GE-CH-31)

First Print : September, 2022

Printed in accordance with the regulations of the Distance Education
Bureau of the University Grants Commission.



VL3N

o

o
=
=

Oy
Netaji Subhas Open University

Choice Based Credit System (CBCYS)

Course Name : Basic Organic Chemistry
Course Code : Generic Elective Courses-3 (GE-CH-31)

Members of the Board of Studies in Under Graduate Geography

Professor Kajal De Professor Ashok Prasun Chattopadhyay
(Chairperson) Professor of Chemistry
Director, School of Sciences University of Kalyani
NSOU
Dr. Sukanya Chakraborty
Dr. Sanjay Roy Associate Professor of Chemistry
Associate Professor of Chemistry Lady Brabourne College
NSOU
Dr. Urmila Ukil
Dr. Sintu Ganai Principal & Associate Professor of Chemistry
Assistant Professor of Chemistry Sibnath Sastri College
NSOU
Professor ChittaRanjan Sinha
Dr. Puspal Mukherjee Professor of Chemistry
Assistant Professor of Chemistry Jadavpur University
NSOU

Dr. Paritosh Piswas
Associate Professor of Chemistry
Chakdah College

Course Writer Course Editor

Dr. Prasenjit Mahato Dr. Sintu Ganai
Assistant Professor Department of Chemistry Assistant Professor Department of Chemistry

Raghunathpur College, Purulia School of Sciences

Netaji Subhas Open University

Format Editor
Dr. Sintu Ganai

Netaji Subhas Open University

Notification

All rights reserved. No part of this study material may be reproduced in any form
without permission in writing from Netaji Subhas Open University.

Dr. Ashit Baran Aich

Registrar






= Netaji Subhas UG : Chemistry

m
%a,%m; Open University (HCH)
Course : Basic Organic Chemistry
Course Code : Generic Elective Courses-3 (GE-CH-31)

Unit-1 Q1 Fundamentals of Organic Chemistry 7
Unit-2 Q  Stereochemistry 23
Unit-3 Q  Chemistry of Alkane 42
Unil-4 Q Chemistry of Alkane 54
Unit-5 Q  Chemistry of Alkane 77
Unit-6 Q  Aromatic hydrocarbons 94
Unit-7 Q  Alkyl and Aryl Halides 114
Unit-8 Q1  Alcohols 131
Unit:9 Q1  Phenols 154
Unit-10 Q  Ethers 174
Unit-11 Q1  Carbonyl compounds 185
Unit-12 Q  Carboxylic acid derivatives 202
Unit-13 Q4  Amines and Diazonium Salts 220
Unit-14 QO  Carbohydrates 238

References 266







Unit 1 O Fundamentals of Organic Chemistry

1.0 Objective

1.1 Introduction

1.2 Inductive Effect
1.3 Electromeric Effect
14 Resonance

1.5  Hyperconjugation
1.6 Cleavage of Bonds
1.7 Reacting Species
1.8 Carbocations

1.9 Carbanions and
1.10 Aromaticity

1.11 Summary

1.12  Solved Problems
1.13 Exercise

1.0 Objectives

By the end ofthis unit learners will be able to

° Gather information about The basic fundamentals of the organic chemistry.

° Know about various physical Effects, Electronic Displacements like Induc-
tive Effect, Electromeric Effect. Resonance and Hypcrconjugation.

° Know the types ofcleavage of Bonds e.g. llomolysis and lleterolysis
° Know about the nucleophilcs and clcclrophiles.

° Know about the structure, stability aixl reactivity of the reactive Intermedi-
ates like Carbocations. Carbanions and free radicals.

° Know about the strength of organic acids and liases and Comparative study
with emphasis on factors affecting pK values.

° Understanding of the fundamcnlal concepts of Aromalicity, Benzenoids
and Huckel’s rule.
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1.1 Introduction

Organic Chemistry is the subclass of chemistry that involves the study of carbon and
its compounds. It is established (act now that carbon can forms unlimited number of
compounds. Thus the domain of organic chemistry is continuously groxsing svith
nc» research finding being made around the globe. As a consequence, impact and
role of organic compounds in our daily lives is expanding from medicine to agricul-
ture and polymers to petroleum etc. Today, organic chemistry is well developed
science which has great deal of scope for further developments. Therefore, plethora
of information and theories are available on organic chemistry. This implies that ncsv
students of organic chemistry require a great deal of study to understand the latest
developments in the field. The study of organic chemistry seems involved; however
it is very interesting and in this course begins with concise details on the concepts
on fundamentals of in organic compounds.

1.2 Inductive effect

It is the parmanent dipole induced in a bond by another bond directly along a chain
of atoms within a molecule.

Inductive effect can also operate throgh solvent molecules or through space and
reffered as field effects. or I effect.

In simple word when an electronegative atom is attached to a carbon chain
parmanent bond polarisation is occured by displacement of electron this polasisation
is transmitted through out the carbon chain is inductive effect.

o+
CH, —* ,CH, —* sCH,—>Cl

Inductive effect is of two type :
(1) + I effect
(i1) — I effect
(i) +I effect : Groups having +1I effect attached to a molecule increases the overall

electron density on the molecle.

eg. = 0", -COO", (CH,), C—(CH,), CH, CH,CH,, CH,
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order will be ~0>C0O0 >(CH,)C->(CH,), CH>CH,CH, >~CH,
(ii) -I effect : The electron withdrawing nature of atoms or groups is called as —
I effect.
®
Such as —N=N,-NO,,-CN, -F, -Cl, Br, -1
Order will be :

®
—N=N>-NO,>-CN-F>-Cl>-Br>-1

Inductive effect is very helpful to detect the basicity of base, acidity of acids, diple
moment, chemical reactivity, and stability of carbocation.

1.3 Electromeric effect

The temporary or time variable effect involving the complete transfer of a shared pair
of electrons to one of the atoms joined by a multiple bond (double bond or triple
bond) at the requirement of an attacking reagent is known as electromeric effect or
E effect.

As soon as the attacking reagent is removed the transfered m electron pair again
from the bond and the molecule reverts to its ground state electronic configuration.
For this reason electromeric effect is sometime called as polarisability of multiple
bond.

Such as
H®

@
(a) &, (b) @ @
||-|\ >_—:O >— OH

In the presence of H?® the n electrons are completly transfered to one of the two

carbon atoms and H® gets attached. In the absence of H® (external - attacking
reagent) the m electrons assume their original position.

(-) or (+) I effect containing group determind the direction of electromeric effect.

®
(i) CHy~CH=CH, " ,CH,~-CH-CH,
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.. >
(i) CH,=CH-CH, »OH —*®CH,-CH,-CH,0H

H H
| \

i) CH, >C=0—"° ,CH,~C-OH
@

H H H
. | N | . |
(iv) CH; —»C=0 &)CH3— (‘: -0:"—=CH; - (‘: —-0OH
©NH3 NHj

Electromeric effect being temporary in nature. does not influence the physical
properties like melting point, boiling point etc. Electromeric effect is (+E) when the
transfer of electron pair occurs towards the carbon atom and it is (—E) when it is away
from the carbon atom.

1.4 Resonance

Resonence is a hypothetical state of a chemical entity in which its electronic Structure
can be hypothetically represented by two or more structures, each differing in distribution
of shell electrons. The properties of the concerned molecule cannot be explained fully
from any of those structures but the properties may be explained from a combination
of the structures. The combination of these hypothetical structures is known as resonance
hybrid. Each of the contributing structures to the resonance hybrid is known as a
resonating structures and though non existent can be written on a paper placing a
double headed arrow (<>) between the each pair. The actual structures of the molecule
can not be written on a pair.

Rules of resonating structeres :

(1) All the cannonical from/structure must be written with proper bonds, lone pair,
electron, formal charge etc.
(2) Only the movement of 7 electrons are allowed G electrons are not distributed.
@ — ~ @
(3) The number and mode of unpair electrons in each resonating structures must

be the same.

@ - - @ . .
CH,=CH, «>CH,-CH, <>CH,-CH, <> CH, -CH,
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(4) The resonating structure should have comparable energy. If any structure has
high energy content the contribution of it to the resonance hybrid becomes minimum.

(5) All the atom Involved in resonance should be in the same plane. Any charged
structure which prevent attaining planarity will diminish the resonance because
maximum overlap of p orbitals is then becomes impossible. For example allene
molecule have no entended resonance is possible as the two = CH, Units are not be
in the same plane they be perpendiuar to each otuer.

H /// \HHHHHH\HH\‘H ///

\C /E: : C //

/T | ‘

H ,/ / (Not in same plane)
= N '

Contributing resonating Structures :

There are many contributing factors present that can stabilize the resonance
structures and make the structure more contributing such as more covalent bond,
charged uncharged structure, aromaticity, and equivalent resonating structure.

Resonance is very effective on acidity or basicity of acid and bases, respertively.
Resonance evergy :

The difference in energy between two most contributory resonating structure (E)
and the experimentally obtained evergy of resonance hybrid (E) for 1g mole of a
molecule is known as the resonance energy.

| Er =E; -E, | [ E; = Resonance energy |

Some point :
(1) aromatic resonance structure have more contribution then non aromatic structure.

(i1) R.E. increase with the nomber of stable resonating structure.

Application :
(1) Acid strength, (2) Basic strength, (3) Bond length.

But there are a number of exceptions, one of them is the steric inhibition of
resonance which opposed the resonance structure contribution and failed to maintain
the co-planarity in the molecule.
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1.5 Hyperconjugation

Hyperconjugation process is also known as no bond resonance or Baker Nathan
effect. It is defined as it is involved the delocalization or a molecule contains at least
one o-hydrogen atom with respect to a multiple bond or an unshared orbital. Canonical
or resonance forms of the following types can be drawn as follows.

Ll Lo
R-C-C=CR, <—>B—HC®:C—6R2
H

Hyperconjugation in the above example may be regarded as an overcap of the G-
orbital of the C — H bond and the © - orbital of C — C double bond.

Concept of Hyperconjugation arose from the discovery of (+)I effect alone. On
that basic we can a similar order of a Unsaturated system.

tertiary butyl > isopropyl > ethyl > Methyl + I effect decreased. Baker and Nathan
obserbed that reaction rate with pyridine and p-substituted benzylbromide were opposite
than expected from electron release by I-effect. The methyl substituted compound
reacted fastest and lertiary - butyl substituted compound reaeted at slowest.

H H He H

| o | - |
H—C|—@ © HC|—<=>®H H—C|—<:>©<—> H- C(=o

H H H H®

Three hyperconjugative structures are possible for toluene.
Application :

Hyperconjugation is the effect can stabilize the greater thermedynamix stability in
which the double bond is terminal.

Such stability is gain—
Me,C® > Me,C®H > Me®CH, >Me®
———> Stability decreases.

Me

3
Me,C > Me,CH > MeCH, > Me

Dipole moment also controlled by Hyperconjugation.
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1.6 Cleavage of bonds :

Bond cleavage is the Splitting of bond (Chemical bonds) in general word. This can
be generally referred to as dissociation of bond. when a molecule get divided into two
fragments.

There are two types of bond cleavage—
(i) Homolysis (homolytic bond cleavage)

(i1) Heterolysis (heterolytic bond cleavage)

(1) Heterolytic cleavage :

It is the breaking of a covalent bond in such a way that one gets both of the shared
electrons. The heterolytic comes from ‘greek’ word heteros ‘different’ and lysis
‘loosenig’.

In polar bond this types of bond cleavage occurs. If the compound is originally
uncharged then the cleavage make the atoms one cation and one anion.

Suchas H;C - Br —H,C-C® +Br ~

3

Since Br is more E.N. then ‘C’ so Br gets
charge.

—’ve charge and CMe, get +‘Ve’

(2) Homolytic Cleavage :

Homolytic cleavage is the breaking of a covalent bond in such a way that each
fragment get one of the shared electrons.

The word homolytic comes from Greek homoi ‘equal’ and lysis ‘loosening’ the
words are same homolysis/homolytic.

Such that, Homolytic cleavage produce free radical atom with unpair valence
eleetron.

CH-Cl —— Cl1+Cl [ Homolytic cleavage |

[The very common difference between the homolysis and heterolysis bond cleavage
is in homolysis electron from bond pair are received from one bonded atom and
produce free radicals reaetive intermediate.

But heterolytic cleavage leads to the formation of two ions, anion and cation not
the free radical.
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1.7 Reacting Species

The group which possess formal positive charge on it or are electron deficient, are
known as ‘Electrophilies’, which can act as species prone to combine with an electron

rich centre.

@ e @
Such as : NO,, Cl, H,SO, R* €tc. they are lewis acid in nature.

Nucleophiles :

The attacking reagents which have formal negative charge on them or possess
available unshared electron pairs are termed as nucleophiles they are lewis basic in

nature.

Such as : RO, HO CN, NHj, H,0, ROH etc.

Nucleophiles are nueleous loving and electrophiles are electron loving.

Nucleofuge : Leaving groups having a formal negative charge on them
possessing unshared electron pairs are called ‘Nucleofuge’ and the tendency of a
group to leaves an anion is termed as ‘Nuclcofugacity’ some common nucleofuges

are :
HO-, NH, RO etc.

Electrofuges : Leaving group having a formal +‘ve’ charge on them or possessing
/ or electron defficient are known as ‘Electrofuges’.

Some electrofuges are H*, R*, SO,

The tendency of group to leave as a cation is called electrofugacity.

1.8 Carbocation

If a positively charged atom contains covalent bonds more than that present in the
same neutral atom known as carbocation.

e.g. NH*, H,O*, CH,*, R,O" etc.

2775
When a bond of a substrate molecule or its conjugate acid dissociates and the
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bonded pair of electron get transferred to the leaving group then a corbocation is

formed.

| | | |
—|C—L = —(|:® +:1-: —C-LH" =-C®+LH
T |
Carbocation forms by (i) heterolytic fission of neutral species, (ii) By olah’s super
acid, (iii) by protonation of lone pair, (iv) Ionisation induced by lewis acid etc.

e.g—
(i) MesCBr = Me,C" Br~

(ii)) R —F +SbFy ——R ™" SbF,

H

H,S50, | H,S50

(iif) PhsC—OH <==== HSO; + PhyC-OH === py, C*+H,0" +2HSO;

(iv) MeCOF+BE, = MeC®0 BF,°

. NaNO, o+
From other cation R—NH, —75> R"+N, T

Stability of Carbocation :

(1) Stability of Carbocation increases with the increase in delocalization of positive
charge, e.g., +R, +I ec. stabilizes carbocation

Similarly -I, —R effect decreases the Stability of carbocation.

(i) The bond angle increases in a carbocation 1,e increase in Stability.

(iii) Solvent marke a great role in stability such as polar solvent is the cause of
greater stability compare to non polar solvent.

Some other effect aromaticity, steric relief are also the cause of the stability of
carbocation.

Some other type carbocation—

(i) Bridge head carbocation

N
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(i1) Non classical carbocation

1, 2 alkyl R
\? (ér)/ am{graﬁon . \C@— Co
/ ™~ |

rd

/

1.8 Carbanions

In simple way carbanion is a base and it can form a conjugate acid with an acid say
proton. The less is strength of conjugate acid the more stability of carboanion or vice

versa.
b A° |
_(ljlﬂ C\kg—) -C: § Cco, T (electrofuge)
0] |

| |
—Ckl SO, _, -C% +S0;, T (electrofuge)

|
| @f(l)
Formation of Carboanions :

(i) By abstruction of proton.

_ @/‘\/
CH,-CHO == :CHZ—S:SBHCHZ:(':—O‘

|
H H H

(i1) By the decomposition of anion.

R-C? S R9+cO,T

(iii) less stable to more stable

e b
Ph alc CH, Ph—-C-CH,Ph (more Stable)
©
P

(less stable)
(iv) By Grignard synthesis

cO cd
CH;—CH,Br+ Mg —% 4%, CH,CH,MgBri.e. CH,CH,-Mg Br
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1.10 Aromaticity

Aromatic compand : In a more specific chemical sense aromatic compounds are
defind as those which meet the following criteria—

(1) The structure must be cyclic and must contain some number of conjugated
bonds.

(2) Each atom in the ring must have an unhybridised p-orbital.

(3) The hybridized p-orbitals must have overlap to form a continuous ring of
parallel orbitals, usually reached / achieved planar (almost planar) arrangement allowing
the most efficient overlape.

(4) Delocalization of the electron (1) over the ring must result in a lowering of the
electronic energy.

An antiaromatic compound is which meets the first three criteria but delocalization
of the & electrons over the ring results in increase in electornic energy.

Acyclic compound that does not have a continous overlaping of ring of p orbiltals
is can’t be aromatic or antiaromaic is the compound known as non aromatic.

** Aromatic compound is more stable then antiaromatic or non aromatic.

Some examples of aromatic and antiarmatic also non aromatic compounds :

2 T @

Aromatic Antiaromatic non aromatic

Huckel aromaticity :

Huckel develop a quick way to predict which would be aromatic and which be
antiaromatic.

If (and only if) the molecule in question meets the criteria for being either aromatic
or antisaromatic (i.e, 1 it must have a continous rings of overlaping p-orbiltals arranged
in planar or almost planar fashion then the Huckel rule is applied.

Rule : It is the rule that states that if the number of & electron in the cyclic system
is equal to (4N+2) where N is a whole number integer then the system is aromatic.

If the number of & electron in the cyclic system is 4N where ‘N’ is a whole integer
then the system is antiaromatic.
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So, the system 2, 6, 10, 14 ... & electron are aromatic and 4, 8, 12 © electron
system are antiaromatic.

Examples of the compounds :

N
(1)@ 5xC——5me
N IxN——1T7 e
Total =6 e Aromatic

(2) 3xC——3me

1 negative charge 1 ® e
Total=4 e Antiaromatic

Benzenoids :

In a single word benzenoids are those compounds which have at least one benzene
ring in the structure of the molecule.

According to Huckel’s aromatic compounds must contain (4n+2) w electrons.

Benzene is an ideal example which fulfil all the criteria of aromaticity.

AN .
@ 67 electron Perfectly aromatic

(Ax+2)yn =1 aromatic
example of benzenoids :

OH CH, NH,
selJN <IN e
(1)

(ii) (iii) (iv)

1.11 Summary

This chapter provides with the concise description of fundamental concepts of the
organic chemistry. The description on topics such as hybridization, localized and
delocalized chemical bond, resonance, hyperconjution, aromaticity, steric effect and
electronic effects make base to comprehend organic chemistry. Introduction to the
topics such as structure, shape and reactivity of organic molecules e.g. nucleophiles
and electrophiles and reactive intermediates stimulate the interest of reader to the
basic studies in organic chemistry. Other significantly important topics such as strength

of organic acids and bases are also given with lucid diagrams.
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1.12 Solved problems

(1) Explain why in the following pair one has dipole moment but the other compound
has no dipole molment—(i) Cis and trans CICH = CHCL

Ans. The cis isomer has both cholorine groups on the same side whereas the trans-
isomer has them on opposite sides. Dipolemoment depends on the variation in
distribution of electrons along the bond. In the trans isomer the dipole moments of
the two C-Cl bonds cancel each other as they are inopposite directions. Where as in
the cis isomer the polar C-Cl bonds are on the same side of the double bond, thus
the resultant has a (+)ve value

a0 a<. A
/C = C\ /C =C Q
H H H Cl
Cis structure Trans structure

(2) Write down the difference between inductive effect and electromeric effect?
Ans.

Inductive effect Electromeric effect

(1) If is the permanent polarisation of (1) It is the polarisability of
single bond. multiple bond.

(2) only electron displacement takes (2) Complete transfer of =
place in the inductuctive effect. electrons take place in the

electromenric effect.

(3) o electrons are involved. (3) m electrons are involved.

(4) Tt effect both physical and chemical (4) It does not effect the physical
properties as well as the reactivity of the | Properties but enhance the chemical
molecule. reactivity of the molecule.

(3) What is called Homoaromatic compound? Give an example.

Ans. If a stabilized cyclic conjugated system (4n+2 es) can be formed by passing
one saturated atom, the system is called homoaromatic compound.

Homotropylium ion is formed when cyclooctaene is dissolved in concentrated
sulphuric acid is the best example to demonstrate homoaromaticity. Here, Six electrons
are spread over seven carbon atoms.
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= Cx

(4) Why carbocations are highly reactive species ?

Because of having a strong tendency to complete the octet of the electron-difficient
carbon. Thus carbocations are highly reactive species.

(5) What do you mean by ringchain and valence tautomerism?

Ans. The type of tautomerism where one tautomer is acyclic and other is cyclic
is denoted as ring chain tautomerism. The ring and openchain form of tautomers are
possible when one functional group of a bifunctional acyclic molcule react with other
and forms a cyclic system e.g. D-glucose, D-Mannose, etc exhibit ring chain
tautomerism.

In such cases open chain aldehyde is converted to the cyclic hemiacctal form by
inter molecular reaction between —OH and —CHO group.

Valence tautomerism is a type of tautomerism in which single and/or double
bonds are rapidly formed and ruptured, without migration of atoms or groups. Oxepin
and Benzeneoxide represent a pair of valence tautomers.

= ™0
N\ g
Oxepin Benzene Oxide

(9) Athough there are eight free elctrons phenyl anion C H, is aromatic.

Ans. The unshared electron pair of the phenyl anion is located in an sp* orbital
which is co-planar with the ring and perpendicular to the m elcectron cloud. The
negative charge therefore can’t be delocalized through resonance interaction with 7
electoron cloud of the aromatic nucleous. Thus the species (Planar) is a closed loop
of six [(4x+2)r  n = 1] & electrons and It is aromatic.

 Se

This species is aromatic because it is planar and contain (4n+2) = electrons.
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(10) An nucleophiticity order in protic solvent.

RS®>R,P>1°>CN® > R;N>O0H® > Br® > NH, > C1° > CH,CO0® > F® > CH,0H

1.13 Excercise
(1)  Which carbocation is more stable and why ?
® @ ®
(a) CH3—C|H—CH2CH2, CH3—C|H—CH2C2,CH3—CH2—|CH—CH2,
Cl1 CH, Cl
@ @
() CH-O-CH, CH, - NH - CH,
R
2 ;?Q

C RN -C <
) ~H .
(2) Hydrazine (NH,-NH,) is considerably more nucleo philic than NH,

although it is less basic? Why?
(3)  Which species is the smallest aromatic substance?
(4) Classify the following molecule ions as aromatic non-aromatic and anti

aromatic.

©
@) /\ : A
H @ H Me "
Me,C cZ MZ
(i1) < 7
N
C Me,
0 0 o
@ 0
e ®

(5) What is resonance energy ? What is the salient feature of resonance energy?
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(6) Acidity order can be determined by carbanion stability - arrange of the given
acids with increasing acidity?
CICH,COOH, HCOOH, CH,COOH

(7)  What is hyperconjugation or Baker-Nathan effect? why hyperconjugation is
called as Baker Nathan effect?

(8)  Give the suitable stability order of the given carbocations,, methyl, isopropyl
tertiarybutyl, ethyl carbacations.

(9) Dipole moment of CO have both c-moment and m-moment show that?

(10) Explain why the following comnpounds no dipole moment and why?
CCl,, CO,, NF,.
But some other compounds have dipole moment e.g. CH,Cl, SO,, NF, - give
explanation.

(11) Acetone exist almost exclusively in the keto form-Why?

(12) For phenol there is no evidence for the existence of the keto form (the
cyclohexadienone)?

(13) Explain why carboxilic acids behave as acidic in aqueous medium and they
are much stronger acids than alcohol?

(14) State the nucleo-philicity order of the following nucleophiles with
explanation—
(a) NH,, H,O,, NH, -NH,
(b) CI~, NH,, OR", C'H,

(15) What is the free radical? Give a process by which you can delect the free
radicals?

(16) What is the Neighbouring group participation?
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Objective
Introduction

Optical Isomerism

Chirality

Elements of Symmetry

Enantiomers

Diastereomers

Homomers

Stereeochemical nomenctature of Configurational stereoisomess
Geometrie Isomerism

cis-trans nomenclature

E/Z Nomenclature

Conformational isomerism

2.12.1 Conformational analysis of ethane

2.12.2 Conformational analysis of n-butane
Interconversion between various projection formula
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2.0 Objectives

By the end of this unit learners will be able to

Describe isomers and explain the structural formulae for a variety of isomeric
organic compounds

Explain various kinds of structural and stereo isomerism along with their
representation. ‘ Differentiate geometrical and optical isomers
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e Represent three dimensional organic molecules in two dimensions
e Learn chirality, enantiomers, diastereomers and their relative/absolute con-
figurations

e Learn the nomenclature (cis-trans, E/Z, D/L, d/l, erythro/threo and R/S) of
different stereo isomers

2.1 Introduction

Stereochemistry deals with three dimensional representation of molecule in space.
This has sweeping implications in biological systems. For example, most drugs are
often composed of a single stereoisomer of a compound. Among stereoisomers one
may have positive effects on the body and another stereoisomer may not or could
even be toxic. For an example human body can digest D-Glucose whereas L-Glucose
cannot be digested and is toxic. The study of stereochemistry focuses on stereoiso-
mers and spans the entire spectrum of organic, inorganic, biological, physical and
especially supramolecular chemistry. Stereochemistry includes method for determin-
ing and describing these relationships; the effect on the physical or biological prop-
erties.

2.2 Optical Isomerism

When isomers of a compound are capable of rotating the plane of plane-polarized
light, are known as optical isomers and the phenomenon is known as optical isomerism.

A molecule is optically active, when it is non-superinposable with its mirror
image.

2.3 Chirality

A molecule which is devoid of any ‘elements of syenmetry’ is known as a chiral
molecule and the property is known as chirality.

A chiral molecule is non-superimposable with its mirror image.

The carbon atoms, for which chirality arises, is known as chiral centre.
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2.4 Elements of Symmetry

There are two fundamental elements of symmatry (I) Proper or rotational axis of
symmetry and (II) Alternating axis of symmetry.

(I) Proper or ratational axis of symmetry
It is an imaginary axis, passing through a molecule, such that the molecule rotates

(8}

about the axis through an angle 360 results in an equivalent molecule. It is denoted

by C, where ‘n’ is called fold or order.

If a molecule possess multiple C ares with different values of n, the axis with
maximum ‘n’ value is called principal axis of symmetry.

i
VARN c, .
H C @
H C, (along molecular) 2 i
|
2 J

U C
C | C,
2 CZ

1
(6C, in plane) C,. C,. C, (Perpendicular
? to the molecular plane)
(I) Alternating axis of symmetry

(8}

0 , followed by reflection through a plane

Rotation about this axis by

perpendicular to this axis produces an indistinguishable structure. It is denoted by S ,

of order n. u H
Ph | COOH oo
H 180° rotation COO
=t about S, » L -
reflection
COOCH | Ph TI777777777777777777
Ph COOH
| (perpendicular to H
2 the molcular plane) H

COOH Ph
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Plane of symmetry (c or S))
It is a plane bisecting a molecule such that each atom on one side of the plane,
when reflected through the plane encounters an equivalent atom on the other side.

*Every linear and planar molecule neccessarily have a 6-plane, i.e. the molecular
plane.

o, — o-plane perpendicular to principal axis C, (h = horizontal)

o, — o-plane containing the principal axis C, (v = vertical)

o, —> o-plane containing principal C and bisecting the angle between two C, (d
= diagonal)

Centre of symmetry (i or S))

It is a point within a molecule such that if a straight line is drown from any part
of the molecule through the point and extended an equal distance by a stright line
on the other side, a like atom or part is encountered.

Ph COOH
| /]
H H
H H
H

I 7/ \
COOH Ph
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Equivalent symmetry operations

(1) C» = E(E stands for operation of identity or I)
iil)c’ = E

iii) i’ = E

iv) S = E (n = even)

v) S22 =52 = E (n = odd)

2.5 Enantiomers

A pair of stereoisomers having non-superimposable mirror image.
COOH COOH

* JoH Ha,| * Enantiomers are chemically alike

Ph  OH OoH FPh
(* chiral centre)

2.6 Diastereomers

A pair of stereoisomers having no mirror-image relationship
COOH COOH
H ——— OH HO H

H L om " OH (eg. mp, bp, solubility optical activity)

Diastereomers are chemically different.

C%()) H C(()I%H I and II are diastereoisomers

2.7 Homomers

Any two structures, that are superimposable.

H CH, CH, H H CH,
\czc/ and \c:c/ I8, \c :c/
7\ RN /N

H ) CH, CH; (1 H H CH,

(I) and (II) are homomers
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Optical properties of molecules containing two chiral centres

Example 1. CH,CH(Br) CH(Br) COOH

COOH COOH COOH COOH
H—T—Br Br——H H——Br Br——H
H—71T—2_8r Br—r—H Br——H H—1—Br

CH, CH, CH, CH,
~—— ~————
Pair of enantiomers pair of enantiomers

Example 2. CH,CH(OH)CH(OH) CH,

CH, CH, CH, Meso Compound
HO——H H—/——O0OH H——OH A stereoisomer, i.e, faint
H —— OH HO—F]——H H ——OH to be optically inactive,
CH, CH, CH, inspite of the presence of

S— Meso multiple chiral centres,
Pair of enantiomers Compound due to presence of o, i

or S
n

2.8 Stereochemical nomenctature of configurational stereoisomers

A) Relative nomenclature—It depends on some standard compound.
1. D/L nomenclature

Here, glyceraldehyde is taken as a standard compound.

CHO CHO
H——OH HO —|— H
CH,OH CH,OH
D-glyceraldehyde L-glyceraldehyde

Now, D isomer — In the true Fischer projection, hetero-atom/group in on
Right hand side.

L isomer — In the true Fischer projection, hetero-atom/group in on
Left hand side
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e.g.
COOH COOH Here, (+) = dextrorotatory
H —|— OH HO —|— H i.e. rotates the plane
CH, CH, of plane plarised
D(-) lactic acid L(+) lactic acid light clockwise
(-) = laevorotatory

i.e. rotates the plane
of plane polarised
light anti-clockwise

N.B. A compound, whether it is dextrorotatory or laevorotatory has no relationship
with its configuration. It is determined experimentally.

2. Erythro / threo nomenclature

Here, CH_C(OH)_C(OH)_CH ,OH 1is taken as a standard compound

CHO CHO CHO CHO
H —— OH HO —rH H —r— OH HO——H
H —— OH HO —T—H HO—1—H H—7—OH
CH,OH CH,OH CH,OH CH,OH
D-erythrose L-erythrose L-threose D-threose

Now, Erythro isomer — two sets of like atoms are on the same side
Threo isomer — two sets of like atoms are on the opposite side
eg. COOH
/"I/{ S OH,,/'I o-plane (meso compound)
H—7— OH
COOH

erythro-tartaric acid

B) Absolute nomenclature — It doesn’t depend on any standard compound.
1. R/S nomenctature

This metod of configuration was introduced by three scientist Cahn, Ingold,
Prelog, known as CIP rule.

1) For molecules with chirality, near groups get priority over far groups.
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i1) Priority of atoms increases with atomic number.

iii) If same atoms are attached directly to the chiral centre, then P-atoms are
considered. If B-atoms are also same, then y-atoms and the d-atoms and further, until
priority is decided.

iv) Double and triple bonds are considered as 2 and 3 bonds separately joined to
same atoms (imaginary, phantom).

©000)  Nooo)
|
I
Nwoo)y  Nooo)

v) If still no conclusion is reached, then mass number is taken into consideration.
vi) Groups with different configuration follow the sequence rules as follows.
a.cis>trans, Z > E
b.R>S , R-R or S-S > R-S
Now, assignment of R/S
a priority > a>b>c>d
(lowest priority group is below the plane)

(rectur, (sinister,
clockwise) anti-clockwise)
a c
c ﬁb;b aﬁé;b (When,
lowest prierity group is at vertical axis)
R S
clockwise anti-clockwise
b c
a % d a@_d (When,
lowest prierity group is at horizontal axis)
S R

clockwise anti-clockwise
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2.9 Geometric Isomerism

This type of isomerism is exhibited by molecules having a planar, rigid part (i.e.
rotation of that part is restricted).

Compounds having double bonds are most common examples.

When each double bonded atom is bonded to two different atoms/groups, then
there arises two configurations. These are called geometric isomers.

As, these isomers do not have mirror image relationship, they are also now called
diastereomers.

2.10 Cis/trans Nomenclature

This nomenclature applies only if at least one same atom/group or like atom/
group reside on both sides of the double bond (or the rigid part)

Cis-isomer — the two like atoms or groups are on the same side of the double bond

trans-isomer — the two like atoms or groups are on the opposite side of the double bond

e.g.

H,C CH, H,C H H,C C,H,
\c:c< : >c:c< and Sc=c_ .
v NH H CH,
cis trans cis
O /
C == C\
CH,
trans

2.11 E / Z Nomiaclature

This nomenclature can be applied to any geometric isomers.

First, we have to assign priority to the two atoms/groups, bonded to both the
double bonded atoms by CIP rule (cahn, Ingold, Prelog)

E isomer — the two superior atom or groups are on the same of the double bond.

Z isomer — the two superior atom or groups are on the opposite of the double bond.
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e.g.

H,C3 H,C? priority order for C-1

i\ 2 < NE_¢ Br)H
- B \ prionity order for C-2
. E H Cl/CH,

more examples

H,C_ /H H,C CH, C\ H
CH, \H i CH;,
V4 E
H,C CH,
2C=C<
Cl H
trans

2.12 Conformational isomerism

Stereo isomers that can be interconverted by mechanical process (free
rotation about a single bond) without involving any chemical process (making or
breaking of bonds), are known as conformational isomers / rotational isomers /
rotamers.

Conformational isomers / conformers reduce about 16-25 kJ/mole of energy due
to interconversion.
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Dihedral angle—Dihedral angle of a molecule of the type (A—C—C-B) is the
angle between planes ACC and CCB.

%e dihedral angle

Torsion angle—In a system of attached atoms X-A-B-Y, where neither X nor Y
is collinear with A and B, smaller angle subtended by the bonds X-A and Y-B in
a plane projection obtained by looking at the system along the axis A-B.

It is positive (+) when clockwise and negative (—) when anticlockwise

c

torsmn angle oa (posmve) B torison angle ® (negative)
(Backside) (frontside)

2.12.1. Conformational anglysis of ethane

There is free rolation upon the C—C bond of ethane (although there is an energy
barrier) and hence there is infinity of possible conformers. For the analysis we
will consider the two entries, in terms of energy (maximum energy and minimum

energy).
eclipsed conformation less stable :

H
H—c / Zf = H
/ \
H
staggered conformation more stable :

H
e i
H
- 60°
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skew conformations : any conformation between these two entries

_____ (Eclipsed)
T /\ /\ /\ 12.4 KJ/Mol (energy
PE barrier)
(KJ/Mol) i v (Staggered)
! | | [ { ]

l 1 T T T T
—-180° -120° —60° 0° +60°  +120° +180°
torsion angle —

2.12.2. Conformational analysis of n-butane

1. about C, — C, ratation—This is very similar to the situation with ethane, but
the energy barrer is much higher.

2. about C, — C, ratation—There are two energy-minimas—gauche-staggered &
anti-staggered and also two energy-maximas-partially eclipsed & fully eclipsed.

CH, CH, CH, CH, CH,
HC, H CH H H H H
i I 2 - HC
<~ <« <~ 3
HY H H H H INH g H g H
H CH, CH, H

fully-eclipsed ganche staggered partially eclipsed anti staggered partially eclipsed

() w=o0° () w=+ 60° (g w=+120° (b/h) w=+180> (i) = -120°
N
CH CH
3CH3 CH, 3 -
H 2
H H
0 H T H
fully eclipsed

gauche staggered

€&)yw=0° () w = —60°

All other possible conformers between these entries are called skew conformers.
elée

Energy Barrier

PTE h —» f = 3.7-4.1 kj/mol
: h = 14-15.1 kj/mol
(KJ/Mol) e ymo

h — e = 19-25.6 kj/mol

} T T T T T
—180° —120° -60° 0° +60°  +120° +180°

Torson angle —
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2.13 Interconversion between various projection formulas

L.

Flying wedge to Fischer projection and vice versa—

COOH COOH COOH
= HOw———=H =
CH; H B o HO H
OH CH, CH,
Flying-wedge Fischer

2. Fischer to Sawhorse projection and vice versa—

Cl

CH C

\ H, H H
H ——Br H\/Br_ Br B; CH, Br
Br ——H s~y H CH, < H CH,
H, CH, H Br

CH, C
Sawhorse Sawhorse
(eclipsed) (staggered)
3. Sawhorse to Newman projection and vice versa—
H
B
CH ' CH, H Br
: H Br H cl
CH, Br H
= H =
H cl H cl CH,
Sawhorse CH, CH,CH,
(staggered) Newman “H, Sawhorse Newman
(staggered) (eclipsed) (eclipsed)

2.14 Summary

Stereochemistry is all about the three Dimensional spatial aspects, properties of
molecules and reactions.

Molecules that differ only in the arrangement of bonds in three Dimensional
space are called”stereoisomers”

An object that has a non-superimposable mirror image relationship is said to
be “chiral” (Greek = “handedness”) and one that has a superimposabfe mir-
ror image is called “achiral”.

Pairs of molecules that are non-superimposable mirror images relationship with
each other are called “‘enantiomers”
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* The most common type of “chirality” is observed when a carbon atom has
four different groups attached to it This carbon atom is then described as a
chiral or asymmetric or stereogenic center. This later term can also be con-
tracted to a stereocenter.

* Chiral molecules cause the plane of polarized light to rotate in some directions
(clockwise = +ve, anticlockwise = -ve). This can be measured using a polarimeter.
An achiral molecule is optically inactive.

* Enantiomers have the same chemical and physical properties (melting points, boil-
ing points, heat of combustion etc.), except for their interaction with plane polarized
light or with other chiral molecules (reagents, solvents, catalysts, etc).

» Diastereomers are stereoisomers that have the same molecular formula and
sequence of bonded elements but which are non-superimposable and have no
mirror image relationship with each other.

e Cis-Trans and E-Z forms of molecules shows geometrical isomerism i.e. these
isomers are diastereomers to each other, Trans- or E- isomer is more stable than
Cis-or Z- isomer respectively.

* Conformational isomers (or conformers or rotational isomers or rotamers) are ste-
reoisomers produced by rotation (twisting) about o bonds, and are often rapidly
interconverting at room temperature.

2.15 Solved Problems

1. Indicate the simple axes of symmetry present in the following molecules/ions :
(a) ethylene (b) methyl cation, (c¢) allene (d) cyclohexane.
Ans. (a) Ethylene (CH, = CH,)

It has three C, axes.

(b) Methylcation ()
It has one C, axis and
three C, axes.
(¢) Allene (Ch, = C = CH,)
It has three C, axes.
(d) Cyclohenane (CH )
It has one C, axis and
three C, axes.
2. Indicate the elements of symmetry (other than C ) present in the following
molecules :
(a) anti conformation of meso-tartaric acid (b) 8-chlorospiro [4,5] decane
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(©) H CH,
CH, H
H CH,

Ans. (a) anti conformation of meso-tartaric acid
It has a centre of symmetry (i)
(b) 8 chlorospiro [4,5] decane
It has a plane of symmelry (o)
(¢) The molecule has a four-fold
atternating aris of symmetry (S,)

3. Identify the chinal centre(s), if any, in each of the following compounds and
indicate each of them with an asterisk :

(1) CH,CH = CH-CHCICH,CH,
(b) CHyCH, N(CH,)CH,CH(CH;)C,H;

(@]
cH—¢CH,
CH,
© o @ Q ©
H CH, OH
i o i
Ans. (a) CH,CH=CH-C-CH,CH, (b) CH,CH,— III*—CHZ— C"CH,CH,
cl ) CH;
CH; CH, % = chiral centre
CH,
(©) 0]
H &

(d) There is no chiral centre in the molecule

(e) There is no chiral centre in the molecule.
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4. Convert the following flying wedge projection into Fiseher projection :

H Br H CP
‘\H H 1]
H“H ,BI' ‘\C, ‘W HM‘C, HHIU_I 1 CH3
Ans. ‘C / AN CH. = BI‘\ C — \ ‘M‘/BI‘ = H—2_ Br
CH, dw““ vy CH, CH H-—Br
5 5 CH,

5. Convert the following Fischer projection into sawhorse and Newman projection
as directed :

Br
Cl — H (Projection having a
H — Br centre of symmetry)
Cl Cl
Cl H ] a
Ans. Br H ) H H Br
B
Cl — H _ Br °0 H___ 4. _
H _Cl Br C . Cl Br il q
(eclipsed) (staggered) Newman
(projection)

6. Convert the following Zigzag projection to Fischer projection :

Ans.
Br Br H CH,
g H H—] Br
Br Br gL @
CH, ~  CH, CH, CH, H—{—Br
CH,
7. Assign R/S designation to the following compounds :
priority order : CHO > —> -CH > -H
% 2
“““ C | = % 1—2—3 anticlockwise
H N~ ) )
A CHO 3 s configuration

CH,
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8. Designate the following structures with threo/erythro prefix :

COOH
Br\ /F HO H
(a) H—=C - C=—ClI (b)
cT NH
H OH
COOH
Ans. (a) threo form, (b) erythro form

9. Specify the configuration (E or Z) of each of the following compounds :

C CH
(a)Hzic - N RS Sc=c=c= C<EH3
CH, S H

10. (a) Calculate the ee and the specific rotation of a mixture containing 10g of
(+) = 2 butanal and 6g of (—) 2-butanol. The specific rotation of enantomerically
pure (+) - 2 butanol is +13.5°.

(b) What is the percentage composition of a mixture of two enantiomers of 2-
butanol whose rotation is +2.7°?

Ans. (a) In (10+6)g = 16g mixture, there is 4g excess of the (+) enantiomer.

10 6
. .74 74 o, (10-06) o, _ 4 o/ _~zo
.. OP=ee= T056 ><lOOA)—(10+6)><100A)—16><100A)—25A)
74

- . . . . OP
". observed specific rotation = specific rotation of the pure enantiomer x 100

(+13.59)x25 o

+2.7
+13.5

The mixture consists of 20% (+) enantiomer and 80% racemic modification.

(b) OP= x100% = 20% [ with respect to the (+) enantiomer ]

The total of (+) eneantiomer is thus (20+82—O)% or 60%

and the renaining 40% is (—) enantiomer.
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2.16 Exercises

1. Are D,L- symbols retated to the sign of rotation of the optically active
compounds?

2. Assign R/S designation to the following compound :

H COOH
COOH
. | WCH,
@ CongcH,  ®
3 H
HN

3. How can you draw flying wedge structures for the following compound :
(R) — 2-butanal
4. Specity the configuration (E or Z) of the following compounds :

OCH,
H,C _ CH,CH,Br ol
@  >C=c< (b) Q’ COOH
H CH,CH,CH, CH,

2

5. Write the structural formula for the following compounds :
(a) (Z) — 3 — methyl - 2 - hexane (b) (Z,E) — hepta-2, 4-diene

6. Designate each of the following structures with erythro or threo prefix

CH,Ph
COOH HA~0H
H—}—CH o
(a) | 3 (b) OH
HOOC C.H, L
NH,

7. Which of the following compounds has a stereoisomer that is a meso compound :
(a) 1, 3-dimethylcyclopenlane, (b) pentane 2, 3, 4 triol

8. Identify chiral and achiral molecules in each of the following pairs of
molecules :

H H HO U H CH
CH, .. CH,--.. and 3/><\ CH
(2 ~ )\OH and . )\Br (b) Cﬁ\/\ CH, ’

Br Br H OH
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9. Label the following pairs of structures as homomers, enantiomers or
diastereomers :

OH OH

Br Cl
HC—]—H H—1—CH,
a) H Cl and Br F ® 73 and
e = =
F H

H H

10. The dipole moment of active 2, 3-dibromobutane is larger than meso-2, 3,
dibromobutane. Explain the observation.
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Unit 3 O Chemistry of Alkanes

3.0 Objectives
3.1 Introduction
3.2 Preparation
3.2.1 From hydrogenation of unsaturated hydrocarbons
3.2.2 From alkyl halide
3.2.3 Waurtz reaction
3.2.4 Kolbe’s electrolytic method
3.2.5 From Grignard reagent
3.3 Reactions
3.3.1 Free radical Substitution
3.3.2 Halogenation
3.3.3 Medhanism of halogenation raction
3.3.4 Evidence in support of free radical mechanism
3.4 Summary
3.5 Solved Problems
3.6 Exercise

3.0 Objectives

By the end of the unit the learner should be able to :
e Recognize the hydrocarbon families, functionally substituted derivatives of
alkanes.
o Know the method of preparation of alkane.
e Understand the different types of reactions in alkane.
e Mechanism of free radical substitution with reference to halogenations.

3.1 Introduction

Alkanes are saturated open-chain hydrocarbons containing carbon-carbon single bonds.
Methane is the first member of this family. Methane is a gas found in coal mines
and marshy places. If we replace one hydrogen atom of methane by carbon we get
hydrocarbon with molecular formula C,H, called ethane.
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Alkanes are organic compounds with only C-C and C-H single () bonds.
General formula for alkanes : C H, .,

Some common names of alkanes :

Name Formula n value
Methane CH, 1
Ethane CH,—CH, 2
Propane CH,-CH,—CH, 3
Butane CH,-CH,-CH,—CH, 4
Pentane CH,-CH,-CH,-CH,-CH, 5

3.2 Preparation

Petroleum and natural gas are the main sources of alkanes. However, alkanes can be
prepared by following methods :
3.2.1 From Hydrogenation of unsaturated hydrocarbon :

Dihydrogen gas adds to alkene and alkynes in the presence of finely divided catalyst
like platinum, palladium or nickel to form alkanes. This process is called
hydrogenation. These metal adsorb dihydrogen gas on their surfaces and activate the
hydrogen-hydrogen bond. Platinum and palladium catalyse the reaction at room
temparature but relatively higher temparature and pressure are required with Ni
catalyst.

Ethene Ethane

CH,=CH,+H, 24N s CH,-CH,-CH,
Propene Propene

CH,-C =C-H+H, 224N ,CH,-CH,-CH,
Propyne Propane
3.2.2 From alkyl halides

Alkyl halides (execpt fluorides) on reduction with zine and dilute hydrochloric acid
give alkanes.

+
CH,-Cl +H, 25 CH, + HCI
Chloromethane Methane
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Basically :
+
R-X &, R-H+H-X
Alkyl halides Alkane

3.2.3 Wurtz reaction

Alkyl halides on treatment with Na (sodium) metal in dry ethereal (free from moisture)
Solution give higher alkanes. This reaction is known as Wurtz reaction and is used
for the preparation of higher alkanes containing even number of carbon atoms.

r——— " dry
R-X+2Na+X-R ——=— R-R+2NaX
L= — ether

I 1
H,CBr+2Na +Br -CH, —Y_, H,C-CH,+2NaBr

r— 1
C,Hs - Br+2Na+Br - C,H; %) CH,;-CH, -CH,-CH; +2NaBr
When different alkyl halides are used, a mixture of three alkenes is obtained or
shown below :

Na
CH3—BI'+C2H5BI' W 2?

— CH,Br + 2Na + Br - C;H; — CH,; - CH, — CH, 2NaBr
Methyl bromide Ethylbromide Propane (A)
CH;Br + 2Na + Br - CH; — CH; — CH; + 2NaBr

Ethane (B)
C,HBr + 2Na + Br - C;Hy — C,Hy — C,Hs + 2NaBr
Butane (C)

So the product is mixture of (A), (B) and (C).
Mechanism : Two meehanism have been suggested for the reaction :
Meehanism I : The reaction takes place in two steps as shown below :
R-X+2Na— R-Na+Na-X
R-Na+X-R—> R-R+Na-X
Meehanism II : Again the reaction takes place under

two steps : R — X + Na — R+ NaX
R+R — R-R
hydrocarbon

3.2.4 Kolbe’s electrolytic method

An aqueous solution of sodium or potassium salt of a carboxylic acid on electrolysis
gives alkane containing even number of carbon atoms at the anode for examples :
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2CH,CO0° Na® +2H,0 —&etolvsis y oy CH, +2C0, +2NaOH +H,

The reaction is suppossed to follow the following path :

2CH,COONa —>2CH,CO0° +2Na®

i I
I _
2CH,-C-0° —22,2CH, -C-0: —2CH,+2C0, T

CH,+CH,; — C,H,

H,0+e~ —> OH®+H

2H —H, T
Methane can not be prepared by this method.

3.2.5 From Grignard reagent
Organic compounds in which a metral atom is directly linked to carbon atom are
known as organometallic compound e.g. HC = CNa, (C,H;),Pd, (C,Hy), Zn etc.

Alkyl or aryl magnesium halide (R-MgX) are also called Grignard reagent or
organometallic compounds Basically, Alkyl halides react with magnesium in dry
ether to form alkyl magnesium halides (Grignard reagent. Grignard reagent on double
decomposition with water or with other compounds having active H (The hydrogen
attached on O, N, F or triple bonded carbon atom are known as active H) give
alkane.

R-X +Mg —¥, R-MgX
Alkyl halide Grignard reagent

OH
R-MgX+H-OH —> R—H+Mg<
X

NH,
R -MgX+HNH, —> R-H+Mg<{
X
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OH
CH,MgBr+H-OH —> CH, +Mg<
X

Methyl magnesium bromide

3.3 Reaction

3.3.1 Free radical Substitution

One or more hydrogen atoms of alkanes can be replaced by halogens, nitro group
and sulphonic acid group. Halogenation takes place either at higher temparature
(573-773K) or in presence of diffused sunlight or ultraviolet light.

Lower alkaanes do not undergo nitration and sulphonation reactions. These reactions
in which hydrogen atom of alkanes are substituted are known as substitution reaction.
When substitution occurs through free redical meehanism then the reaction is named
as Free redical substitution reaction. As an example, chlorination of methane is given
below :

3.3.2 Halogenation

CH,+Cl, -5 CH,CI+HCI

Chloromethane

CH,Cl+Cl, ™ CH,Cl,+HCl

Dichloromethane

CH,Cl,+Cl, - CHCI,+HCl

Trichloromethane (Chloroform)

CHCl,+Cl, —> CCl,+HCI

Tetrachloromethane

CH,CH,+Cl, - CH,-CH,Cl+HCI

chloroethane

It is found that the rate of reaction of alkanes with halogens is F, > Cl, > Br, >
l,. Rate of replacement of hydrogens of alkanes is : 3° > 2° > 1°.

Fluorination is too violent to be controlled.
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Iodination is very slow and a reversible reaction It can be carried out in the
presence of oxidizing agents like HIO, or HNO,;.
CH, + I, — CH;I + HI
HIO; + 5HI — 31, + 3H,0

Halogenation is supposed to proceed via free radical chain mechanism inrolving
three steps namely chain initiation, chain propagation and chain termination or given
below.

3.3.3 Mechanism of halogenation reaction

(i) Initiation : The reaction is initiated by homolysis of chlorine molecule in the
Presence of light or heat. The Cl-Cl bond is weaker than the C—C and C-H bond
and hence is easiest to break.

Cl-cl — o ¢Ci+cCi

homolysis
Chlorine free redicals

(ii) Propagation : Chlorine free radical attacks the methane molecule and takes
the reaction in the forward direction by breaking the C—H bond to generate methyl
free radical with the formation of H-CI.

(@ CH,-Cl 5 CH,+H-CI

The methyl radical thus obtained attacks the second molecule of chlorine to form
CH,CI with the liberation of another chlorine free radical by homolysis of chlorine
molecule.

(b) CH,+Cl-Cl 5 CH,-Cl1+Cl

( chlorine free radical)

The chlorine and methyl free radicals generated above repeat steps (a) and (b)
respectively and there by setup a chain of reactions. The propagation steps (a) and
(b) are those which direetly give principle products, but many other propagation
steps are possible and may occur. Two such steps given below explain how more
highly halogenated products are formed.

CH;Cl1+Cl — CH,CI+HCI

CH,CI+Cl-Cl — CH,CI, +Cl
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(iii) Termination : The reaction stops after some time due to consumption of
reactants and/or due to the following side reaction :

The possible chain termination steps are :
(@ Cl1+Cl — Cl-Cl
(b) HyC+CH; —» H,C-CH,

(¢) HyC+Cl - H,C-Cl

Though in (C) CH; — Cl, The one of the products is formed but free radicals are
consumed and the chain is terminated. The above mechanism helps us to understaned
the reason for the formation of ethane as a byproduct during chlorination of methane.

3.3.4 Evidance in Support of free radical mechanism :
The following points support the free radical mechanism :

(i) Reaction does not take place in dark at room temparature but requires energy
in the form of heat or light. This is due to the fact that the chain initiation step is
endothermic and hence needs a large amount of energy to break the CI-CI bond into
radicals.

(i) Oxygen acts as an inhibitor. This is due to the fact oxygen combines with the
alkyl free redical to form peroxy alkyl radical (R-O-O) The radical is much less
reactive than alkyl free radical (R.) to continue the chain. As a result the halogenation
of alkyl in the presence of oxygen is slowed or stopped. Thus the role of inhibitors
like oxygen in this reaction gives support to the above mechanism.

(ii1) The reaction has high Quantum yield of products.

Halogenation of an alkane containing more than one type (1°, 2°, 3°) of hydrogens,
gives a mixture of isomeric products. For example, chlorination of propane, butane
and isobutane give the following products.

(i) CH,—CH, - CH;—2—>CH,~CH, -CH,-Cl + CH, —C|1—CH3
298k

Cl

n-propyl chloride  isopropyl chloride
(45%) (45%)
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(ii) CH,—CH,-CH,-CH, §C§—1§‘212>CH3 ~CH,-CH,-CH,—Cl + CH,-CH, —C|H—CH3
Cl
n-butyl chloride sec-butyl chloride
(28%) (72%)
CH3 CHy CH3
(iii) CH3—C‘H—CH3 SR EN CH3—C‘H—CH2—C1 +CH,- C -ClI
CHy

Isobutyl chloride tert-butyl chloride
(64%) (36%)

Bromination gives the corresponding bromides but in different proportions :

+

(iv) CH,—-CH,-CH, —2—> CH,-CH,-CH,-Br + CH3—C|H—CH3
400k
Br
n propyl bromide Isopropyl bromide
(3%) (97%)

(v) CH,-CH,-CH,-CH; —2—> CH,-CH,-CH,-CH,-Br + CH, —CH, ~CH-CH,

400k Br

n butyl bromide See-butyl bromide (98%)
CH3 CHz CH3
(vi) CH3—C‘H—CH3 R CH3—C‘H—CH2—Br+CH3— C -Br
400k CH;
Iso butane Isobutyl bromide Tert butyl bromide (99%)

The result given above shows that the relative amounts of the different isomeric
products differ largely depending upon the halogen used. It is also important to note
that the bromination, in contrast to chlorination, leads to the formation of only one
of the possible isomeric products. This is reflected in the percentages like 97%, 98%
and 99% for one of the products in each reaction. Thus bromine atom is more
selective in the site of attack than chlorine.
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It is possible to predict the product distribution of different monochloro derivatives
resulting from the chlorination of an alkane with non-equivalent hydrogens. Let us
take the example of chlorination of propane.

H H H H H H
Removal | | e | | |
of I°oH[— H—C|—$—$ — H—C|—$—$—Cl
H H H H H H
H H H n propyl radical n propyl chloride
| | | g
SRR
H H H
H H H H H H
Ll g o
—> H-C-C-C-H —2> H-C-C-C-H
Removal | . | | | |
of 2°H H H H Cl H
Isopropylradical Isopropyl chloride

The relative amounts of n-propyl chloride and isopropyl chloride depends upon
the relative rates at which the intermediate n-propyl and isopropyl radicals are formed
as the rate-determining step is the formation of n-propyl and iso-propyl radicals by
the attack of chlorine radical on propane at the proper site.

The relative rates depends on the stability of intermediate radical and the decreasing
order of stability of radicals are,

Tert radical > see-radical > primary-radical

Thus any single chlorination will favour substitution at the most substituted carbon.

3.4 Summary

* The alkanes are hydrocarbons that only contain single covalent bonds between
their carbon atoms. This means that they are saturated compounds, has no
specific reactive functional groups and are quite unreactive.

* Alkanes of homologous series have the general formula C H, . The simplest
alkane has only one carbon atom and is called methane.
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* Alkanes are saturated hydrocarbons because they have the maximum number of

hydrogen atoms. Alkanes are also called Paraffins because of little reactivity
towards reagents.

An alkyl halide on Wurtz reaction leads to the formation of symmetrical alkane
having an even number of carbon atoms.

Halogenation of an alkane takes place by a free radical reaction. Free radicals

are very reactive as they are trying to pair up their unpaired electron. If there
is sufficient chlorine, every hydrogen will eventually be replaced.

The reactivity of the halogens with alkane decreases in the following order: F
> Cl, > Br, > |,

3.5 Solved Problems

1. The halogenation of alkanes in the presence of tetraethyl lead proceeds at a lower
temparature than when it is carried in its absence why?

Tetraethyl lead decomposes to preduce ethyl radical as under,
Pb(C,H;), —2>Pb+4C,H;

As the halogenation of alkanes follows a free redical mechanism the reaction can
take place at a lower temparature.

(2) Write down the structure of Neo-pentane and Isopentane?

H

|
H-C-H
T o
L

H‘f‘c‘f‘f‘H H- ? C- ?H
H H H H H
H—?—H

o HC|H
Isopentane H

Neo pentane
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(3) write down the product.

CH, -CH,-COOK |
| + 2H20 Electrolysis A+B+C+D
CH, —-CH,-COOK

It is an example of interamoleculer kolbe electrolysis

CH, -CH, -COOK CH, - CH,
| FOHO0—ok s | | +2C0,
CH, -CH, -COOK CH,-CH, (B)
(A) +
2KOH
(®)
+
H,T (D)
(4) Prepare CH,D from CH,.
CH,D+Mg(OD)Br

5. Produce Propane from Grignard reagent.

CH,CH,CH,MgBr+H,0 41, cH,CH,CH, + Mg(OH)Br.

3.6 Excercises

Marks : 1
1. Write down general structure of Alkane.
2 What is Grignard reagent?
3. What is aromatisation?
4

Write down the products obtain from substitution of Methane via Cl, / hv.

Marks : 5

1.  Explain : Bromine is less reactive but more selective whereas chlorine is
more reactive and less selective in its attack with alkane.
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Write short notes on Wurtz reaction.
3. Write short notes on Corey-House synthesis.

Which would have a higher boiling point and why?

CH;
|
CH,CH,CH,CH,CH, or H,C- ‘C —CH,
CH;

5. Why is Wurtz reaction is not preferred for the preparation of alkanes
containing odd number of carbon atoms?

[llusrate your answer by taking an examiple.
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4.0 Objectives

By the end of the unit learners should be able to:

e Structure and bonding ol’alkenes leads to their being unable to rotate around
the double bond and results in the formation of cis and trans isomers for
disubstituted alkenes.

o Isomerism of alkenes.

e Various methods of alkene preparation Physical and chemical properties of
alkene

Draw the major product of the addition reaction of an alkene with diborane
followed by basic hydrogen peroxide.

e Use Marknovnikov’s rule to predict the major product of an addition reaction
of an alkene.

e Draw the major product of the addition reaction of an alkene with mercuric
diacetate followed by water

4.1 Introduction

Alkenes are also called olefins.

Alkene is an unsaturated hydrocarbon that contains at least one Carbon-Carbon
double bond. The general formula of alkenes are C H, in comparison to alkanes

with general formula C H, .

4.1.1 Structure

The double bond of alkene consists a strong c-bond and a weak w-bnd. Each
carbon of the double bond is sp> hybridized and trigonal planar with bond angles of
approximately 120°.

In a double bond, the two carbons are bonded together by overlapping two sp’
orbital head to head, forming a c-bond. The other two sp? orbitals are overlapping
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with the S-orbital of two H-atoms. The two unhybridized p orbital of two carbon
atoms are overlapping side to side to form m bond.

m-bond

(200 0 P
1CY C
120?5 1200 0 S

4.1.2 Isomerism : Due to restricted rotation around the double bond, geometrical

isomerism is possible in alkenes. For the alkene with general formula. R-CH=CH-R,

if the two hydrogens stays in the same side is called cis-isomer and if they are
in opposite side is called trans isomer for e.g.

R R R H

1 ' \
H cis H H trans R

4.1.3 Stability of alkenes : A general rule is that, the stability of alkenes increases
with increase in the number of alkyl group (containing hydrogen) on the double
bond i.e. the more highly substituted an alkene is, the more stable it is. This is also
known as saytzeff’s rule.

It is due to increase in the number of contributing hyperconjugative structures
with increase in the no of alkyl groups on the double bond.

The increasing order of stability of alkenes with increase in the number of methyl
groups is depicted below.

E>C=C<E< Sc- c< ¢ >C C< ¢ 3>C C< <

CH, CH
>C=c<
CH, CH

This order is also supported by the heat of hydrogenation data of these
alkenes. The value of heat of hydrogenation decreases with increase in the stability
of alkene.


https://www.print-driver.com/?demolabel-en

NSOU e GE-CH-31 57

In general, trans isomer is more stable than cis isomer because of decreased steric
interactions.

4.2 Preparation of alkenes

4.2.1 by elimination reaction :

One of the common synthesis of alkene is by the elimination reaction from alkyl
halide, alcohol and similiar compounds. Alkyl halide undergoes dehydrohalogenation
and alcohol undergoes dehydration to form corresponding alkene.

4.2.2 by dehydration of alcohols :

When an alcohol is heated in presence of a strong acid such as conc. H,SO,, H,PO,,
at 165-170°C, removal of one molecule of H,O takes place in order to obtain the
corresponding alkene.

In this reaction, an hydroxyl (-OH) group from the oc—C and a H-atom from the
[3-carbon are removed.

B o
_ _ Conc. HpSO4 _ _
for e.g — R=CH=CH, —2 20805 R ~CH = CH, +H,0

H OH
alkene

primary alcohol

B o
Conc. HpSOy4 _
— =
CH, = CH, —22 25045 CH, =CH, + H,0
H OH

Ethyl alcohol

ethylene

For an unsymmetrical secondary and tertiary alcohols more substituted alkene is
the major product.

H OH H
| | |
CH, - CH- CH-CH, — 204, CHyCH = CH-CH,+CH,CH,CH=CH,
o

2-butanol 2-butene (80%) 1-butene (20%)
(Saytzeff pdt)
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Mechanism

The reaction proceeds through E1 mechanism
Step-1 : Protonation of alcohol.

@
R-CH,-CH,-OH+H,8S0, =R -CH, -CH, -OH, +HSO?

Step-II : Elimination of H,O and formation of carbocation.

> >
R-CH,-CH,-OH, === R-CH,-CH, +H,0

Step-III : Elimination of proton from carbocation.

H

| ® Hso?
R - %H—CHZ =———= R-CH=CH,+H,S0,
ol

alkene
4.2.3 By dehydrohalogenation of alkyl halide :
When an alkyl halide is heated in presence of ethanolic KOH. alkene is obtained.

In this reaction, elimination of H-atom from the -carbon and halogen atom from the
a-carbon take place.

B o .
R- CH-CH, shundle S8 R—CH = CH, +KX+H,0

H X
Alkyl halide (X=CL, Br,I) Alkene

e.g. ~> CH,-CH-CH, —cthanolie ROR, CH,CH =CH, +KBr +H,0

H Br
propene
1-bromo propane

For an unsymmetrical secondary or tertiary alkyl halide, more substituted alkene
is the major product. The product is called Saytzeff product.

for e.g. — when 2-bromobutane is heated in presence of ethanolic KOH, 2-butene
is produced predominantly.

©
S OH \bx
H H CH,CH = CHCH, + KBr + H,0
| ( 2 - butene (80%)
CH,-CH-CH-CH, Saytzeff product
b a _
/LD CH, = CH - CH, - CH, + KBr + H,0

1-butene (20%)
Hofmann product
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* If the reaction is carried out in presence of aqueous KOH for 1° alkyl halide.
Substitution reaction takes place and an alcohol is obtained.

for e.g.— CH,CH,CH,Br 2o RO 4 , cH.CH,CH,OH

1-bromopropane propanol

* The reactivity of different halide in case of dehydrohalogenation reaction
Alkyl iodide > Alkyl bromide > Alkyl Chloride

The reactivity of alkyl group—
Tertiary > Secondary > Primary

4.2.3 By reduction of alkyne :

(i) Partial catalytic hydrogenation

When an alkyne is reduced by H, in presence of Lindlar catalyst generally cis
alkene is obtained.

Lindlar catalyst : Pd/Baso, or CaCO;, Quinoline

In presence of Lindlar catalyst, the reaction stopped to the alkene and if it is not
used further reduction of alkene occurs to produce corresponding alkane.

H H
H =
R-C=C-R Lindlar %atalyst H >C ¢ <R

Cis alkene

" CH, CH,
e.g. = CH,C = C-CH, W H>c = C<H
2-butyne Cis-2-butene
(ii) Birch reduction :
Alkynes can be reduced to trans alkenes with the use of sodium metal in liquid

NH,.

R H
R-C=C-R—pnig H>c =C (R

Alkyne
trans alkene
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H

CH,
for e.g. - CH;C = CCH, linﬁth H>C =C -
3

trans -2-butene

4.3 Reactions of alkene

Introduction to addition reaction :
The charcteristics reaction of alkene is addition - the ® bond is broken and two
new o-bonds are formed.

\ \
4.3.1 Addition reaction : C ? C +X-Y—>C- ‘C—
Y

\
n—bond is broken I@v)é{ c-bonds formed
As alkenes are electron rich, simple alkenes do not react with nucleophiles or
bases, reagents that are themselves electron rich.
Alkenes react with electrophiles.
Since the carbon atom of a double bond are both trigonal planar, the elements of

X and Y can be added to them from the same side or from opposite side.
Y

| |
C=C 225 _C-C-+ C-C-

|
\
X Y X
Two modes of
addition syn addition  anti addition

Syn addition takes place when both X and Y are added from the same side.
Anti addition takes place when X and Y are added from the opposite side.
(a) Addition of Halogen (bromine) to alkene (trans-addition)
It is a type of anti-addition.
Halogens adds to alkene in normal temp in presence of CCl, to give vicinal
dihalide normally with anti addition.
Br
e.g. - R—CH=CH, +Br,—%45 R—-CH-CH, (Vicinal dihalide)
Br

CH, =CH, +Br, =4 BrCH, CH, Br

1, 2-dibromoethane
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Mechanism

Halogen (bromine) is electrophilic in nature —a nucleophile will attack an one end
and displace a halide ion.

Step-1 : formation of bromonium ion.

®
Br
/C = C~ t .B_r.—B_r. - -C-C- + Br
bromonium ion

Setp-II : Ring opening of bromonium ion by the back side attack of nucleophile
to the less hindered site to give the final anti product.

Br
(Bf L
-
o
Br Br

(attacks from the back side)
Br
« CH;CH,CH = CH,—g&—~> CH; - CH, - CH-CH,
Br
(b) Addition of Halogen Acid :
(i) Addition of HX with alkene produce alkyl halide.
Reactivity of halogen hydracids
HI > HBr > HCl > HF

R-CH=CH-R+HX — RCH,-CH-R (X=F,CLBr,I)
|
X

e.g. > CH, = CH, + HBr — CH,CH,Br

(i) With an unsymmetrical alkene, HX can add to the double bond to give two
constitutional isomer, but only one is actually formed.
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H H H H
CH, H e | | | |
—C=Cc< —-CH, -C -C-H + CH;-C -C-H
1T TH 4 Lok
C, C I—Chloropropane 2-Chloropropane
(less stable Pdt) (actual pdt)

This is a specific example of general trend called Markovnikov’s rule.

4.3.2 Markovnikov’s rule :

Markovnikov rule states in the addition of HX to an unsymmetrical alkene, the
negative part of the addendum goes to carbon of alkene with less no of H-atom.

CH3 CHj
3+ o— |
CH—C =CH,+H-1 - CH,~ C —CH,

I
less no of H-atom

Mechanism :
i i
first st ]
R-C=C-R  — gt R—?—C—il—B/r@
®
L; H —r%r H :
(Carbocation)
fast | Second step
P
R —? — ? -R
H Br
Step - 1

The alkene abstracts a proton from the HBr and a Carbocation and bromide ion
are generated.

Step - 11

The bromide ion quickly attacks the cationic centre and yields the final product.
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Explanation of Markovnikov’s rule :
The basis of Markovnikov’s rule is the formation of a carbocation in the rate-
determining step of the mechanism.
In the addition of HX to an unsymmetrical alkene, the H-atom is added to the less
substituted carbon to form the more stable, more substituted carbocation.
H' oy, —CH-CH, —2 CH, ~CH-CH
attacks at 3% 3 3 3

C-1 X Br
2 carboration

more stable

3 21 — 1
C’H, - C™H = C'H,

H* attacks at C-=2 @ o
CH,-CH, -CH, —®— CH,-CH, -CH, —Br
1 carboration
less stable not formed

Addition of HX to CH, = CH - CF; takes place opposite to the Markovnikov’s rule.
This is due to the Electron withdrawing nature of —CF, group, the carboration
formed by the attack of H* at C—1 is less stable.
3 2y — 1
CF, - CH=CH,
H* H*
l attackat C-1 attackat C-2 l

F

N\

®
F—C — CH-CH,

@
/ 2 carboration CF, -CH,«-C"H,
F less stable 1 carboration
cr more stable
FC - CH-CH, Ler
cl CEF, -CH, -CH, - (Il

not formed (less stable)


https://www.print-driver.com/?demolabel-en

64 NSOU e GE-CH-31

®
Addition of HI to CH, = CH - NMe3I® or CH, = CH — COOH takes place

opposite to the Markovnikov’s rule for the same reason.

Peroxide effect :

Addition of HX to an unsymmetrical alkene in presence of O, or peroxide takes
place opposite to the Markovnikov’s rule this is called Anti-Markovnikov’s addition.

4.3.3 Anti-Markovnikov’s rule :

Anti-Markovnikov rule states in the addition of HX to an unsymmetrical alkene, the
negative part (X7) of the addendum goes to the carbon of alkene with more number
of H-atom.

This type of abnormal addition of HX to an alkene in presence of peroxide is
called peroxide effect.

Some example of peroxide :

Benzoyl peroxide (C,HCO),0,, di-tert-butyl peroxide (Me,COOCMe,) etc.

e.g., on addition of HBr to propene in presence of peroxide, n-propyl bromide
(1-bromopropare) is formed as the major product.

3+ 3 ;
CH,C’H = C'H, + - pr —P¥OX9€ | oy opp _CH, —Br

Mechanism : Addition of HX to alkene in presence of peroxide goes through a
radical mechanism, whereas the addition of HX to alkene follows the carbocation
pathway in absesence of peroxide.

Step - I : (i) Homolytic cleavage of peroxide by heat or light.
0 0 0

I I [
CH;-C-0-0-C-C,H; —» 2C,H;-C-0
\2
2CH, +CO,
Step - II : formation of bromine radical.
CcH;+H-Br - CHy+ Br

Step - IIT : Addition of bromine radicas to the alkene to give most stable carbon

radical.
CH, - CH = CH, + Bi
| \/
CH, CH-CH, CH,-CHCH, - Br
Br 2°freeradical
1° free radical (morestable)

(less stable)
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Step - IV : Resulting carbon radical removes a H-atom from HBr, regenerating
the bromine radical.

CH,-CH-CH, -Br+H-Br — CH,CH,CH,Br+Br

Bromine radical is regenerated and can then react with another equivaient of

alkene the process is recycled.
N.B. : peroxide effect is observed in presence of HBr only.

Summary : HEr, CH, ?H ~CH,

Br
Markovnikov product
CH,CH=CH,

B CH,CH, —-CH, - Br

peroxide
A/hv

Anti-Markovnikov product
4.3.4 Hydration : In presence of acid catalyst alkene add with H,O molecule to
form alcohol.

3+ o- H@
R-CH=CH-R+H-OH ———— RCH,CH(OH) R

Alkene Alcohol

e.g. — for an unsymmetrical alkene addition of H,O takes place according to
Markovnikov’s rule i.e. H-atom goes to the carbon of double bond which has more
no of Hydrogens.

- 5
(CH,),C=CH,+H-OH —2 (CH,),C-OH

2 —methylpropene tert-butyl alcohol

4.3.5 Oxymercuration -demercuration :
(1) In the first step, alkene react with mercuric acetate in a solvent mixture of THF
and H,0 to produce B-hydroxy alkylmercuric acetate. This is called oxymercuration.

HgOCOCH,
|
CH,CH=CH, +H,0+Hg(OAC), 220", o, — CH-CH,

Oxymercuration
OH

B-hydroxyalkyl mercuric acetate
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(i1) The 2nd step is the demercuration step which involves the reaction of former
addition compound with alkaline NaBH  to produce alcohol.

demercuration

CH, - CH-CH, ~HgOCOCH,, 24O oy CH-CH, +Hg
OH OH
(Propan-2-ol)

It is a type of anti-addition.

H-atom and —OH group in the final product are opposite to each other. For the
whole process, we can conclude that H-atom add to the less hindered site and —OH
group to the more hindered site to form the final product.

Me
(1) Hg(OAC): THF.H,0  yr. \C_C /_H

Me H
c.g.— Me>c - C<H (2)NaBH,, NaOH / \

OH H

4.3.6. Hydroboration - Oxidation :

This is a type of syn addition. Alkene react with diborane (B,H) to form
trialkylborane (an addition compound). This is called hydroboration.

B,H, =—2BH,

3RCH=CH, +BH, »(RCH,CH,),B

trialkylborane

Then, oxidation of trialkylborane is carried out by treatment with H,O, in presence
of NaOH to produce alcohol.

(R-CH, -CH,),B—2%5 R-CH, -CH, -OH

for e.g.

- (DB,H,
CH,CH=CH, 2)H,0, /NaOH CH,CH,CH, -OH
propene 1-propanol

The reaction is reverse to the oxymercuration-demercuration reaction.
H-atom and —OH group in the final product are in the same side of double bond.

For the whole process, H-atom add to the more hindered site and —OH group to
the less hindcred site to form final product—
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M\ H Me\ /H
_ (1) B,H, _
e.g.— /C = C< @) 1,0, /NaOH /C C\
Me H Me \ H
H OH

Therefore, from the above two reaction we can conclude that, oxymercuration -
demercuation helps to produce more hindered alcohol and on the other hand

hydroboration - oxidation helps to procuce the less hindered alcohol.

H

|
1) He(OAC),, THEH,0 o
(D HgOAC >—>CH,; - ?H—CHZ (Markovnikov’s orientation)

(2) NaBH,, OH®
OH
CH,-CH=CH,
() Bl CH.-CH-CH, (anti-Markovnikov’s orientation)
(2) Hy0, POH o 2

H OH

4.3.7 Ozonolysis (Reaction with O,) :
The Oxidative cleavage of alkenes to form compound containing carbonyl group

is called an ozonolysis reaction.

e.g. - R-CH=CH-R'+0,—{5>R-CH=0+0=CH-R/
Alkene Carbonyl compound

Mechanism :
Step - I : Treatment of alkene with OZ one to form an addition compound alkene

Ozonide.

Q

R-CH=CH-R'+0,—> R—?H ClHR/

O o
Alkene Ozonide

Step - I :
Decomposition of alkene ozonide by water in presence of metallic zine or any

other reducing agent like (CH,),S to form carbonyl compound.
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O
RN
R—?H ?HR/+HZO+ZH—>RCHO+R/CHO
0—0 +[H,0, |
4Zn
ZnO+H,0

Use of powdered Zn

If Powdered-Zn is not used. H,0O, produced in the reaction medium will oxidize
the aldehyde to carboxylic acid. However, in presence of powdered Zinc, it reduce
H,0, to H,O and so there is no chance of oxidation of aldehyde.

Zn + H202 — 7Zn0 + HZO

If we know the structure of the alkene, than we can easily determine the structure
of the carbonyl compound formed by ozonolysis from the following method-

for e.g.—
- H CH,
|
CH,-CH= CH-CH;=>CH,-C=+= C -H
but-2 -ene U
H CH,

| |
CH,-C=0+0= C -H
(2 mores of acetaldehyde)

(1) At first draw the structure of alkene.
(2) Cut the alkene across the double bond into two halves.

(3) Finally, add oxygen atom to the every double bonded carbon and desired
carbonyl product is obtained.

0
o

tprviwnn

0
e

CH, CH,

| | |
C —-CH3 = CH;— C =0+0= C —CH;

I
CH3- C
Determination of structure of alkene from the product formed by Ozonolysis.
(1) identify the product formed from ozonolysis.
(i1) Then the products are written in the following fasshion to identify the alkene.
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H CH, CH,
| | |
eg CH3-C=[ 0 O]= C -CH3; — CH3CH= C —CH;y

CH, CH,

| H |
CH;- C ::c< — CH; - C =CH,
H

* From the Ozonolysis of two geometrical isomer same product is obtained.

@{ CH, CH,
/c:c< >c :c{,

H H H CH3

Cis—2butene trans 2-butene

(1) O3 | (1) Zn/H,0 (i) O3 (i1) Zn/H»O

CH;CH=0 + CH3CH = O
2 moles of acetaldehyde

ozonolysis of an alkene containing two double bonds produce 1 more of dicarbonyl
and 2 mores of carbonyl.
foreg. —

CH; - CH = CH - CH = CH, (penta-1, 3—diene)
(i) O0; ¥ (i) Zn/H,0

CH;-CH=0+0=CH-CH=0+0=CH,
acetaldehyde glyoxal formaldehyde

4.3.8. Oxidation reaction :

(1) By alkali KMnO, :

(a) Treatment of alkenes with cold, dilute basic KMnO, leads to a 1, 2 or vicinal
diol.

It is called hydroxylation of alkene.
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Two hydroxyl groups add to the same side of double bond i.e. syn addition
occurs.

Cold, dil

R-CH=CH-R+H,0+[0l basic KMnO,

R- ?H— ? H-R
OH OH

Vicinal diol
+MnO, ¥ +KOH
brown precipitate

(b) Treatment of alkene with hot, concentrated basic KMnO, produced acid,
Kctone or both type of compound.

Group present oxidised in presence of
in alkene hot conc alkaline KMnO,
= CH, CO, + H,0O

=CH -R RCOOH

= CR, R,C=0

e.g. —

(i) (CH3), C=CH, -2, (CH,),C=0 +CO, +H,0

alkaline

2-methyl propene kMnO,

(ii) CH; CH=CH — CH, —L 00y cH.COOH + CH,COOH

alkaline ) .
kMnO, 2-moles of acetic acid

(iii) (CH; ), C=C(CH;), — s Bimo~ (CHs),C=0+0+C(CH,),

2-moles of acetone

4.4 Summary

* Alkenes are a class of hydrocarbons (e.g, containing only carbon and hydro-
gen) unsaturated compounds with at least one carbon-to-carbon double bond.
Compounds with two double bonds are called dienes, three double bonds are
trienes, etc.


https://www.print-driver.com/?demolabel-en

NSOU e GE-CH-31 71

 Stability of alkene is directly proportional to the number of hyperconjugative
H-atom or alkyl substitution around the double bond.

e When similar groups or higher priority groups are on the same side of the
double bond the alkene is said to be cis. When similar groups are bound to
opposite side of the double bond it is said to be trans. Trans isomer is more
stable than cis isomer.

* The order of the ease of dehydration of alcohols to produce alkene is, tertiary
> secondary > primary

* The characteristic reaction of alkenes is electrophilic addition, because the n
bond is both weak and electron rich i.e. nucleophilic.

* The reversal of regiochemistry from Markovnikov’s rule through the use of
peroxides is called the peroxide effect.

* Oxymercuration-Demercuration produce more hindered alcohol (Markovnikov
orientation) and on the other hand hydroboration-oxidation helps to produce
the less hindered alcohol (anti-Markovnikov orientation).

* Ozonolysis can be used for the determination of structure of an alkene.

¢ Alkenes will react with OsO4 or KMnO4 to form diols.

4.5 Solved Problems

(1) What is Baeyer’s reagent.
Baeyer’s reagent is an alkaline solution of cold potassium permanganate (1-2%)

(2) Identify - A of the given reaction—

@CHZ FHCL — A
- A :G cl


https://www.print-driver.com/?demolabel-en

72 NSOU e GE-CH-31

(3) How would you distinguish cis and trans isomers
= Two main distinguishing properties of geometrical isomers are—
(1) Cis - isomer has higher boiling point than trans isomer.

(i1)) The dipole moment of cis-isomer is higher than that of trans - isomers.
Generally trans isomer does not possess any dipore moment.

(4) —A of the given reaction

CH, =CH-COOH 2., A
= A=Br-CH, -CH, -COOH
(5) What is peroxide effect.

= The change in the orientation of addition of HBr to alkene or alkyne due to
the presence of peroxide is known as the peroxide effect.

(6) Identify A and B of the following reaction.

CH;CH=CH, —L_ A

peroxide

HBr
peroxide

Cl

(7) Identity the alkene (D)

Alkene (D) —209¥sts , o . CHO+HCHO

CH CH,
N Al Nele
>c=[0 o]=c = P
H H o H

(8) Identify A and B of the following reaction :

H,80,  p _H,0

B

CH;~CH-CH, : B =CH,~CH-CH,
OSO;H OH
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(9) Identify the product (D) and E obtained by the follwoing reaction.
HC = C-CH, -CH=CH, —2 D

1more
C¢Hs;CH=CH-CH, %> F

= D=HC = C~CH, CH~CH, - Br
Br
As electrophilic addition towards double bond takes place at a faster rate than the

triple bond.
E= C¢Hs ~CH-CH, -CH,

Br
® ®
C¢H;-CH-CH, -CHj;4 C¢H;CH, -CH, CH,
more stable less stable

(5) How would you distinguish between acetylene and ethylene?

Ans. Acetylene forms a red precipitate of copper acetylide (Cu,C,) when it is
passed through ammoniacal cuprous chioride solution while ethylene doer not react
with Cu,Cl, solution.

HC=CH+Cu,Cl, —M s cu-Cc=C-Cul
red precipitate

Mark - 5:
(1) Identity A, B, C, D and E of the following reactions

CH,

| a®/A
CH,-C-CH-CH, -1/4, A + B
| (Major) (Minor)

OH
A—Br _,Cc + D
(Major)
HBr in E

presence of peroxide

CH, CH,
| H® | ®
Ans. CH; -CH-CH-CH; —— CH; -CH-C-CH;
| 2° Carbocation (less stable)
OH HO Shift

CH,
CH, —é—CHz ~CH, (3° Carbocation (more stable)
®
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CH,
|
A = CH;-C = CH-CH; (Major)

CH;
|
B = CH;-C-CH = CH, (Minor)

CH;4
|
C = CH3—$—CH2 — CH; (Major)

Br

CH;4
|

= H3C—C|—$H — CH; (Minor)
H Br

v
[

CH,
|

H Br
(2) Identify A, B, C, D and E of the following reaction :

— Br Alcoholic (1) 20% HpSO4, HgSOy
CH,=CH, A—xom > B i) M,0 C

CH;CH, —CH = CH, 185 p _Alkoholic , g (Major)

= A:(lez—(le2 ;: B=CH= CH; C=CH,;CHO
Br Br

D = CH; -CH, —?H—CH3 ; E=CH;CH=CH-CH,
Br (trans-alkene)

4.6 Excercises

Mark - 1
(1) what is Lindlar catalyst?
(2) Which one is more stable among cis and trans alkene and why?

@
(3) CH,=CH-NMe,I® B A (identify)


https://www.print-driver.com/?demolabel-en

NSOU e GE-CH-31 75

(4) State saytzeff’s elimination principle.

(5) CH,CH,CH, -CH, -OH —“2“2%04 , B (jdentify)

Mark - 2
(1) Convert : Ethylene — Acetylene
(2) Identity A and B.

CH, - CH, - CH, - Br 450,
alcoholic KOH B
A
(3) Give proper reagent -
CH, CH,
CH,-C=C-CH, — S > >c = c<

_—>

A and B are geometrical isomer with each other. Identify A and B.

(5) CH3—(|:H—CH2—CH3A> A + B
(_D . .
N(CHz), Major Minor

Hofmann pdt Saytzeff pdt

Mark - 5

(1) (1) Write a short note on Markovnikov’s and Anti Markovnikov’s rule.

(i) CH3—(|:H—CH2—CH3 % A (Major) + B(Minor)

Br Saytzeht Hoffmann
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(2) (1) Convert :
Propene (CH,CH = CH,) — I-propanol (CH,CH,CH,OH)

2-propanol (CH3 —(|3H - CH3)

(i1)) Which of the following alkene show geometrical isomer and draw the
structure of cis and trans isomers.

(a) CH,CH = CH - CH; (b) CH, —? = CH,
CH,
(¢) CH,CH = CHBr (d) CH,CH,CH = CH - CH,
(e) CH,CH,CH = CH,
(3) (i) What is Ozonolysis?

i _ Alkaline KMNO,4
(i) CH,CH=CH-CH; Cold and A

Alkaline KMNOy4
Conc. and hot B+C

Identity A, B and C.
(ii1) On reductive ozonolysis an unsaturated hydrocarbon gave the following
compounds.
(a) HCHO (b) CO, (3) CH,CHO.
Write the Structural formula of the hydrocarbon.
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Unit 5 O Chemistry of Alkynes

5.0 Objectives
5.1 Introduction
5.2 Preparation of alkynes
5.2.1 From calcium carbide
5.2.2  Action of acctylides on alkyl halides
5.2.3 By Dehalogenation of tetra halides
5.2.4  From dehydrohalogenation of vicinal-dihalides
5.3 Reactions of alkyne
5.3.1 Formation of metal acetylides (Acidic character of alkyne)
5.3.2 Formation of heavy metal acetylides
5.3.3 Addition to bromine
5.3.4  Hydroxylation of alkynes and oxidation with KMnO,
5.3.5 Ozonolysis
5.4 Summary
5.5 Solved Problems
5.6 Exercise

5.0 Objectives

By the end of the unit learners should be able to know about:

e Various methods of alkynes preparation
Physical and chemical properties of alkyne
Reaction of acidic hydrogen of alkyne with metal to form metal acetylide

Hydroxylation of alkyne aand oxidation with KMnOj

Ozonolysis of alkyne

5.1 Introduction

Alkynes are unsaturated hydrocarbon having the general formula C H, ,. They contain
at least one triple bond between two carbon atoms. The number of hydrogen atoms
is still less in alkynes as compared to alkenes or alkanes.

The first stable member of alkyne series is ethyne which is popularly known as
acetylene. Acetylene is used for are welding purposes in the form of oxy acetylene
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flame obtained by mixing acetylene with oxygen gas. Alkynes are starting materials
for a large number of organic compounds. Hence it is interesting to study this class
organic compounds.

Nomenclature of alkynes, according to common system and IUPAC System is
given below :

Value Formula Strueture Common IUPAC

of n of alkynes of alkynes name name
of alkynes of alkynes

2 C,H, HC = CH Acetylene Ethyne

3 CH, H,C-C = C-H Methylacetylene Propyne
4 C,H, CH,CH,C = C-H Ethylacetylene But-1-yne
4 C,H, CH,-C = C-CH, Dimethylacetylexne But-2-yne

5.2 Preparations of Alkynes

5.2.1 From Calcium Carbide

On industrial scale, ethyne/Acetylene is prepared by treating calcium carbide with
water. Calcium carbide is prepared by heating quick lime with coke. Quick lime can
be formed by heating lime stone as shown in the following reactions :

CaCO;—25Ca0+CO0, (13.55)

CaO+3C—>CaC,+CO
Calcium
Carbide

CaC,+2H,0 — HC=CH+Ca(OH),
Acetylene

The heat in the first step is generally nearly 2000°C and done in electric furnace.

5.2.2 Action of acetylides on alkyl halides

The metallic acetylides yield higher alkynes by reacting with alkyl halides.
It is a very good method for converting lower alkynes to higher alkynes.
For example :

-+
CH=CNa + CH;l — HC=C-CH,+ Nal
Sodium acetylide Methyl acetylene
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Acetylides used in the reaction are mamly obtained from alkynes with terminal triple

bond (-C=C—-H) by the action of sodium or sodium amide (NaNH,) in liq.NH,

~C=C-H+Na—>-C=CNa* +7H,

How will you bring about the following conversion?

CH;C=CH—> CH, -C=C-CH,
Answer : CH;C=C—H—-> CH,C=CNa

CH,C=C—Na+CH,Br —> H,C—C=C—CH, +NaBr

The reaction meehanism follows SN2 type,

NaNH, 0o NH,
R-C=C-H+ or —> R-C=CNa+: +
Na 1H,

0]
R-C =C+ R/—CHZ—\))( —»R-C=C-CH,-R/+X"

[ SN? Mechaism |
Note

R-X should be primary alkyl halide, since higher i.e, 2° and 3° alkyl halides give
mainly alkene.

o
>— CH,-C=CNa® —— >— C=C-CH;
2° alkyl halide.
There is a fair amount of variety possible using this method. Acetylene itself

may alkylated either once to make a terminal alkyne or twice to make an internal
alkyne.
. + n
HC = CH + NaNH, —— HC =C Na—="~— CH, (CH, ),C=CH
-33°C 1—hexyne

@ @
HC=CH+— 12> NaC=CNa ﬂzn—CHBr
iq. NH3 3tl7

CH,CH,CH,C =C CH,CH,CH,
4 —octyne
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Since acetylide ions are highly basic, competing elimination is a common side
reaction.

The product of such an elimination reaction are an alkene (from the alkyl halide)
and alkyne.

"

Y |
R-C=C%+H - CHY-CH-R—>CH,-CHR +Br® +RC =C —-H

In practice the alkylation of acetylene or another terminal alkyne is only a good
method for the synthesis of alkynes when applied to 1° i.e. primary halides that do
not have branehes close to the reaction centre. With secondary halides and even with
primary halides that have branches close to the reaetion centre, elimination usually
the major reactions.

5.2.3 By Dehalogenation of tetra halides

Dehalogenation of tetra halides (1,1,2,2—tetra haloalkanes) are carried out
by passing their vapours over heated zine and it result in the formation of
alkynes.

X X

| | R R
R-C - C -R (%%21) R>c= c< /
X X an ° R
ZnX, v Zn
R-C = C-R’
For example,
Br Br
H—# - # -H+2Zn——27nBr, + HC=CH
Bro Br (Aectylene)

HC-C - C —H+2Zn—>2ZnBr2+CH3—CECH

Br Br Prop-1-yne
(Methylacetylene)

(1, 1, 2, 2-tetra bromo propane)
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Mechanism for dehalogenation of Tetra-halides

Br B4 Br
| |
H—(|: - (|:—H —Aleohol H—(|::C—H
Br) Br Br
+
Zn Br,
again,
Br
sy <\
HC‘ = CH 71 —aleohol 5 HC = CH
(Br Ethyne
J’_
ZnBr,

5.2.4 Dehydrohalogenation of vicinal dihalides

When 1, 2-dihaloalkane is heated with alcoholic potassium hydroxide, it
undergoes dehydrohalogenation, yielding an alkyne. Here one molecule of hydrogen
halide is eliminated to form alkenyl halide which on treatment with sodamide gire

alkyne. [The second stage of reaction generally requires a stronger base (Sodium
amide)]

| i
R-C - C-R’ +KOH —&kghel s R_CH=C-R’
)|( -H50

H—O—o

Haloalkene
(vinyl halide)

X

| N
_ _ _ / aNH2
R-CH=C -R (Strong base)

RC =CR’
Alkyne

[X = —Cl, Br, or I, R, R’ may be H or alkyl group]
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For example,

H H

| | 3 2 1
CH,=C -CH-H —XOHAe) , CH-CH =CH Br

Br Br

Propylene bromide
ropylidene bromide - HBr
propy NaNH,
CH,-C=CH

Methyle aectylene

5.3 Reactions of Alkynes

5.3.1 Formation of metal aectylides (Acidic Charaeter of alkyne)

Due to the maximum percentage of s charaeter (50%), the sp hybridized orbitals
of carbon atoms in ethyne molecules have highest electro negativity; hence, these
attract the shared electron pair of the C-H bond of ethene to a greater extent than
that of the sp® hybridised orbital of carbon in ethene and the sp® hybridised orbitals
of carbon in ethene. Thus sp hybridised C-H bond are more acidic than sp? and sp?
hybridised C-H bond.

Because of the greater acidity of sp hybrid orbital, terminal alkynes are readity
deprotonated in they reaet with terminal alkynes (ethyne etc) to form sodium aectylide
with the liberation of dihydrogen gas.

N 1

[©]
HC =CH +Na—>HC=C Na +3H,

metal aectylides (sodium aectylides)

HC=C"Na*+Na—— Na'C" =C"Na* + %HZ
CH,-C=CH+NaNH, — > CH,-C=CNa"+NH,

Sodium propynylide
5.3.2 Formation of heavy metal acetylides

Acetylenic hydrogens of alkynes can also be replaced by heavy metal ions such
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as Ag* and Cu* ions. For example, when treated with ammonical silver nitrate solution
(Tollen’s reagent), alkynes form a white precipitate of silver aectylides.

CH = CH +2[Ag(NH,), | OH  ——— AgC = CAg+2H,0 +4NH,
Elyne

R-C=CH+[Ag(NH,),| OH" —— R-C=C-Ag +H,0+4NH,

Terminal alkyne Tollen’s reagent Silver alkynide (White ppt)
Similarly with ammoniacal cuprous chloride solution, terminal alkynes form red
ppt of copper acetylides,

HC =CH +2[Cu(NH,),] OH" —— CuC=C Cu+2H,0+4NH,

R-C=C-H +[Cu(NH,),| OH  — >R -C =C -Cu +H,0 +2NH
3/ 2 3
Monocopper alkynide (Red ppt)

Unlike alkali metal acetalides are not decomposed by water they can however, bne
decomposed with dilute mineral acids to regenerate the original synthesis :

Ag C=CAg+2NHO;, —— HC= CH + 2AgNO,
(Disilver acetylide)

Cu C=CCu+2HCl —— HC =CH + 2Cu(l
(Dicopper acetylide)

5.3.3 Addition to Bromine

The addition of halogens to an alkynes proceeds in the same manner as halogen
addition to alkenes. The Bromine atoms add to an alkyne molecule in a stepwise
fashion, leading to the formation of the corresponding alkene, which undergoes further
reaction to a tera bromo alkane.

Br Br

| |
R-C=C-R 224 s R_C=C-R

Br Br Br Br

| | | |
R-C=(C-R B/l . R_$:c|_R
Br Br
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~ Unlike most halogenation,

It is possible to stop this reaction at the alkene stage by running it at temparature
slightly below 0°C.

Examples :

Br H
CH,-C=C-H —gt—> == C=C<
H.C Br

Trans-1, 2-dibromo propane

! Br, / CCl,
Blr Blr
(1, 1, 2, 2-Tetra bromo propane) — H3C—$ — ? —-H
Br Br

Mechanism

The mechanism of the reaction involves electrophilic addition. It takes
place in two steps. This is known as halonium ion mechanism of addition.
Bromine (or any halogen) gets polarised under influence of m electrons. Brommonium

ion (Br*) adds first forming a bridged bond, followed by the attatchement of bromide
ion.

First Step
8+ 5
R-C=C-R +Br—-Br R-C=C-R
Polarised Br-Br

®
\ Br
7\
R-C=C-R
(A) Bromonium ion

(A) Trans dibromo alkene
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2nd Step

®
Br R Br

5+ 5— /\\
>C:C< +Br - Br —» R-C'-C-R + Br®
R B

| |
Iy Br Br J,

Blr Blr
R—? - ?— R
Br Br

(Tetra bromo alkane)

5.3.4 Hydroxylation of Alkynes and Oxidation with KMnO,.

Hydroxylation of alkyne with aqueous and neutral KMnO, Solution (Baeyer’s
reagent) (test for unsaturation) :

Pink colour of KMnO, is discharged and brown black precipitated of
MnQO, is obtained. This reaction converts alkynes first to enediols and then
further gives tetraols, which being unstable lose H,O to give diketones. For
example :

OH OH
Me-C = C—MeM)Me—C‘ = é—Me
\Laq. KMnO,
Me\ /Me —~2Hy0 |Me |Me
O A A
O O OH OH

But -2, 3 - dione

Q. Write down the product of the following reaction?

s’z _H Aq KMnOy 29

OH

:WH < aq. KMnO, OH\/Q’_F/H

0) 0)
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However, basic condition cleave the triple bond leading to carboxylate salt and
acidification generates the corrosponding carboxylic acids.

If the alkyne is unsymmetrical,two product will be formed,

e.g.: CH;-C = C-CH,CH; is an unsymmetrical alkyne so under given condition

it will give two products.

0
CH; -C = C-CH,CH; — ot CH;—C-0° (acetate)
+

©0-C-CH, -CH,
Propanate

Acidification :

0
i

CH,— C~—00 + °O~¢ - CH, - CH,
I
0

JH*

CH~___~OH HO~__ _~CH.CHs
C + C
I I
O O

acetic acid propanoic acid

Terminal alkynes will give a carboxylic acid and CO,

0
(1) KMnOy4, KOH | + CO,

|
H»O, heat / \
@ Ho* CH; OH

H,C-C=C-H
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Mechanism

CH

[S%}

H
= CH CH, H

— 3 H
0] 7 \AO %) /\_</\o )_q% o
-5 OH OH OH
N7 & S 0
N Mn/

O (')O/ \D
CO,
I [O]
CH,;-C-OH+HCOOH

o

5.3.5 Ozonolysis

This is an example of 1, 3-dipolar addition. Alkynes add on ozone to form ozonides.
The ozonides are hydrolysed by water to form dicarbonyl compounds (1, 2-di ketones)
which undergo oxidative clearage by H,O, to form acids. The identification of the
acids formed helps to locate the position to triple bond in the original alkyne. Thus,
ozonolysis followed by oxidative clearage can be used or an unambignous method
for locating the position of triple bond in the original alkyne.

/O\
C =C-+0, —> -C~—C-

|
O—O0O Ozonide

v H,0

0
|
-C-0-H
Oxidative
+ Cleavage _(H: (”:_ _H202
00
-C-0-H
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Mechanism

Although a large amount of work has been done on ozonation reaction, the actual
mechanism is yet unknown the basic meechanism of ozonation war proposed by
Criegee. The first step is the 1, 3-dipolar addition of ozone to the double/triple bond
forming molozonide, which than rearranges to give ozonide.

/O
< /R

I I
0—O0

R

i

\
/O Ozonide

rearangement

~
/-
Mechanism :

R s dipokan

AL
SO\O/OQ @ddi#l‘m /é/c\ﬂ—-j /?/
)@i (-¢ bond R>~9—<

N
\ «‘R Q ® Yotatiom
Al o/
9]
zwdwsl"
Hho botl

~
N
7
=
S
<O
P
N

R—c-ou + Ho= =R
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Alkyne form ozonides with O, and are then decomposed by H,O to give diketones,
which are then oxidised by H,0, or kMnO, or peracids and on reduction with metal
/ acid, LAH or NaBH, give diols.

o ,
A%
H-C=C-H+0, —H-C-C-H
\,|\ ,4,
A
\’ leo
H,C - (:le H-C + C-H +H,0,
Reduction || ||
%
OH OH Zn, ACOH O : O GlyOXﬁl
LLAH / NaBH,
Glycol * HO | OH
H202

2c0, L2l 2nCO0H
Formic or Methanoic acid

5.4 Summary

Alkynes contain the doubly unsaturated C = C funcational group.
Due to their acidic nature, alkynes form metallic salts called alkynides.

Terminal alkynes, RC = C-H, are also quite acidic hydrocarbons and can be
deprotonated to form carbanion that can also then be alkylated.

Like alkenes (C = C), the alkyne C = C undergoes a variety of addition reactions.

Alkynes give electrophilie addition reactions similar to alkenes. Summary of the
Key reaction of Alkynes are shown below :
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Xz . , X >|<
- _Cifl_r—'f=c. HX ———=CH3—C—CHX;
X X
! i
HX S HX N
I mole o CHy—=C=CH; —=— Cl; ([ CH;,
X
HOL . :
= CHyme C—C
HeSO,/H,S04 YT,
—_ KMNO /OH"
CHy—~C=C—H 104/OH CHy—Cc—OH + CO, + HOH
O
KMNO,/OH/HOH |-
CH;—¢—C—H
(
Se0
== CHje O —C—H
0O 0O
Os _ ol
> CHyjm—(——C——H

5.5 Solved Problems

Q.1 How will you differentiate propyne from 2-butyne.

The compounds will be treated with ammoniacal cuprous chloride and ammoniacal
silver nitrate separately. Propyne gives a red precipitate with ammoniacal silver nitrate.
While 2-butyne does not give any precipitate with these reagents.

2CH,CH, = CH +Cu,Cl, +2NH,OH —» 2CH.,CH,C.Cu +2NH CI
(re ppt7) +2H,0

CH,CH, =CH +2NH,OH +2A¢gNO,— 2CH,CH, = C.Ag +2NH,NO, +2H,0
(white ppt)
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CH,.C =C.CH, +Cu,Cl, +2NH,OH — No. rxn.

CH,.C=C.CH; +2NH,OH +2AgNO,; — No. rxn.
Q.2 How will you synthesise aectone from propene?

= CH,CH=CH, —22 CH,~CH-CH, L 5 CH, C=CH
|

Br Br H,O
\I/HZSO4 /HgSO,

O

C

CH,- “~ CH,

Q.3. CH=CH—X» HCOOH

o)
o} 7N\ H,0
= — —————— H-C-C-
= CH CHCH—C13> H(lz (|:H Myaryss” B le le H+H,0,
O O O 0

2HCOOH L

CH,
Q.4 HC=CH — /@
CH, CH,

O ®
—HC =CH NaNH, (Imol) HC=CNa CHj;l HC = CCH3 Hot Cu tube

Liq NH; 600°C
CH,
2+ Cl /@
Q.5 C,H, dil}II{gst4 A NAi B 0T B+C CH, CH,

Ans. A=CH,CHO, B=CHCl; C=HCOONa

a CH,I H )
Q.6 A lin\II\TH3 B — C Pd—sto4 D — @0,
(i) Zn/H,0

CH,CHO+HCHO
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Ans. A=H-C=C-H B=H-C=CNa

C=H,C=CH-CH, D =H,C=CH-CH,

_ Hg®" /H,S0, (i) Br, /OH®
Q°7 ©—- C=CH H,0, 80°C A (iHH"

B (White Solid) + C,

O
|
Ans. A :@—C - CHgaB:@—(”j—OH, C= @— CHBr,

5.6 Excercises

Mark-1
(1) Write down the general formula of Alkynes.
(2) What is lindlar’s catalyst?

(3) 3HC=CH %€ 49
(4) HC=CH+H,0 —2%% 59

(5) HC= CH+HBr—£% 39
(6) Convert Aectylene into Oxalic acid.
(7) CH,C =CH —>CH,C=CCH,

Marks - 2

(1) What is anti-Markovnikov product
(2) Differentlate Ethylene and Acetylene.
(3) What is Ozonolaysis.

(4) Find A and B.

Na,
liquid NH3

R-C=C-R+H,

Lindlar's
Catalyst
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(5) Ethyne forms metalic salt but ‘ethane’ does not. why?

(6) Discuss the orbital structure of acetylene.

(7) Explain why are alkynes less reactive than alkenes towards electrophilic addition
reaction?

Marks - 5

Q. Alkynes do not exhibit geometrical isomerism-Explain.
Q. Explain the acidic nature of acetylenic proton.

Q. Compare the acidic strength of acetylene, ethylene, and ethane.

Q- HC =CH 2CH3Mg"Br A 2C0, B H;0" C
CH = CH NaNH2 A 2D20 B

ligNH4

Q. Convert acetylene to acetone.
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Unit 6 O Aromatic hydrocarbons

6.0 Objectives
6.1 Introduction
6.2 Preparation of benzene

6.3 Chemical reactions of benzene
6.3.1 Nitration of benzene
6.3.2 Sulforation of benzens
6.3.3 Halogenation of benzene
6.3.4 Friedel-Craft’s reaction
6.3.4.1 Friedel-Craft’s alkylation
6.3.4.2 Friedel-Craft’s acyation
6.3.5 Side chain oxidation of aromatic compounds
6.4 Summary
6.5 Solved Problems
6.6 Exercises

6.0 Objectives

By the end of the unit learners should be able to know about:

e Aromatic nucleus and side chain Structure of benzene. Various methods of prepa-
ration of benzene derivatives.

Aromatic electrophilic substitution

Activating and deactivating substituent and ortho / Para & Meta orientation of
subslituent in benzene derivatives

General pattern of nitration, halogenations & sulphonation & Friedel-Crafts reactions.
Reduction of benzene (Birch reduction)
Activating and deactivating substituent, Orientation and ortho / Para ratio.

6.1 Introduction

Benzene is the most straight forwand aromatic compound. It is a planar symmetrical
hexagon with six trigonal (sp? hybridised) carbon atoms, each having one hydrogen
atom in the plane of the ring. The special stability of benzene [aromaticity] is due to
delocalization of 1 electrons [(4n+2)7 electrons, here n=2; Huckel’s Rule] in the six
molecular orbitals formed by the overlap of the six atomic p-orbitals on the carbon
atoms.
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Benzene [C,H,] is the resonance hybrid of the following two equivalent kekule
structures (I & II) :

- Q
I I Resohance hybrid

kekule
structures

7 Molecular orbitals of benzene

6.2 Preparation of Benzene

1. From phenol : When phenol is refluxed with zine dust or phenol vapour passed
over zinc dust, then benzene is farmed.

OH
|

Zn dust
@ (Phenol) e ® @ (benzene)

2. From sodium benzoate by decarboxylation :
Benzene is formed when anhydrous sodium benzoate is heated in presence of
sodalime (NaOH+CaO).

COONa
o e )

3. From acetylene :
Benzene is formed when acetylene gas is passed over red hot copper tube (600°C)

3. 3H-C=C-H —Cote ©
acetylene

4. From benzenesulfonic acid :
When benzene sulfonic acid is treated with aqueous HCI or H,SO,, These benzene
is formed (desulfonation)
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SOH

d11 HCI or
C)—tee (3w

5. From diazonium salt :
When benzene diazonium salts are heated with hypo-phosphorous acid (H,;PO,),
benzene is formed.

®
Nz cr

@ H3P02 = @

6.3 Chemical reactions of benzene

Being an aromatic compound benzene gives substitution and not addition products.
When aromatic compounds react with electrophiles they generally do so by electrophilic
aromatic substitution (ArSy). The most common electrophilic substitutions of benzene
are nitration, halogenation, sulfonation, Friedel Gaft reaction etc.

General mechanism of electrophilic substitution—

Step - 1:

H E
© + E@ r/séos\?ep '@ @H E
c-complex

resonance hybrid

The carbocation resulting from the attack on the electrophile (E*) by the benzene
ring m-electron-cloud is stabilized by resonance. The resonance hybrid of the struture
I, II & III is called c-complex [Wheland Intamediate]. As the aromatic character of
the benzene ring is lost, so it is the slowest step and hence the rate-determining step
(r/d step) in the whole reaction sequence.

Step-II : To retain the aromatic stability, the G-complex give up a proton (H*)
[from the carbon bonded to the electrophile] to yield the substituted benzene.

E

e | ¥ o8B E
@H S @/ + BH
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go refers to any basic compound present within the reaction mixture.

The mechanistic pathway is ‘bimolecular electrophilic aromatic substitution (ArSg2)’
since, both the substrate (benzene) & reagent (electrophile) are present in the r/d step.

6.3.1 Nitration of benzene : In this process the hydrogen atom of the benzene
ring is substituted by nitro (-NO,) group.

Reagent : Mix acid [ConC HNO, + ConC H,SQO,] is the most common nitrating
agent.

Cone HNO3+Conc H,80, NO,
50-60°C +H,0

(nitrobenzene)

Mechanism :

@
In this ArSy, reaction the reacting electrophile is nitronium ion (N Ozj, which is

formed from reaction of conc. HNO3 with conc. H2$O4.

@
HNO, +2H,S0, = NO, +H,0® +2HS0°,

Step-I : Carbocation G-complex formation.

w BN E E
) Slow H H H
+N 02 Tstep) H(-I—) R > (+)

Here E = NO /
2 E/

H (Resonance hybrid)

Step-2 : Expel out of proton

5 1%) No,
<o, ()

PN}
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Sine, nitrogroup (-NO,) is very powerful electron withdrawing group, it decreases
the m-electron density of the ring very effectively. Thus, introduction of second or
third -NO, group to a mono-substituded nitrodbenzene is difficult & we have to use
more drastic condition for successive nitration. A, —-NO, group is an electron-with

drawing group (EWG) and hence meta-directing the new upcoming 1(3102 electrophile

is introduced in the meta-position w.r to the NO, group that already present in the
nucleus.

NO, N02 NO2
fuming HNO3
Conc. HySO, Conc. HySOy4
fuming HNO3 °
1507, reflux

100°-110°C NO, NO, NO,

nitrobenzene m-dinitrobenzene 1,3,5-trinitrobenzene
(TNB)
NO, group can be removed from the benzene ring by the following reaction
sequence—
&) &)
NO, NH, °Cl
Sn/Conc. HCI NaNO, /HC1 H,PO
_— 3~ 2 5
© [H] 0-5°C or EtOH
A
nitrobenzene aniline benzene diazonium benzene
chloride
CH, CH,
NO, NO
Fuming HN O3 2
Conc.H,30,
100-150°C
NO,

(Toluene)

2, 4, 6-trinitrotoluene (TNT)

6.3.2 Sulfonation of benzene :

In this process the hydrogen atom (s) on the benzene ring is/are substituted by sulfonic
acid group(s) [-SO;H].
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Benzene reacts slowly with conc. H,SO, alone to give benzene sulfonic acid. One
molecule of H,SO, protonates an other and loses a molecule of water to form the reactive

electrophile (HSO®3).

o) o) o)
| ./ H_ | 4 I
HO-S-OH 0-S-OH — N — SN
I I HO (OH, H®O O
o) o)

The cation produced is very reactive and attacks benzene by the same mechanism we
have seen for nitration — slow addition of HS®O, to the 7 system followed by rapid loss

of a proton to regenerate aromaticity.
The sulfonation of benzene is a reversible process.

O H
% s¢ SO,H S0;
(+) O- ~OH H
fast H > PREN
®
Cl- F eCl
r/d step
SO,H
(benzene sulphonic ©/ acid)
SO,H

@ + Conc. H,50, —30°C., @ + H,0

(refluxing condition)

However, by using fuming H,SO, [ mixture of SO, & conc. H,SO, or oleum

(H,S,0.)] sulfonation can be carried out in room temperature.
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SO3+Conc. HySO4
room temp

(benzene sulfonic acid)

SO,H

When, benzene is treated with fuming H,SO, at 200-250°C then benzene-m-
disulfonic acid is obtained and when heated at about 300°C then 1,3,5-benzene
trisulfonic acid is obtained.

SO,H SO;H
@ Fuming H,S0, Fuming H,S0,
200-250°C SO 300°C e SO,
benzene benzene-m-disulfonic acid 1,3,5-benzene-trisulfonic acid

Being an EWG, SO;H group in the ring directs the upcoming g® to the meta
position.

De-sulfonation (removal of-SO,H group from the ring) is carried out by treatment
of dil. HCI or dil. H,SO, on the benzene sulfonic acid.

SO,H
aq. HCI
©/ tH,0 @ + H,50,
aq.H,80, 150°C

6.3.3 Halogenation of benzene :

In this process the H atom(s) in the benzene ring is/are substitued by halogen atom
[C], Br & 1].

Chlorination : In presence of diffused sunlight, or halogen carrier (like Fe grain,
FeCl,, AICl;) benzene reacts with chlorine gas under room temp. To give
chlorobenzene.

In absence of halogen carrier [Lewis acid] chlorination doesn’t occur.

Cl
Fe — duest

@ +Cl, — e + HCI

Chlorobenzene
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Mechanism : The reacting electrophile is CI* ion formed by the reaction of FeCl,
& Cl,

L g ® o ® o
:Cl-:Cl: FeCly, —— :C1-:Cl -FeCl; —— ClFeCL

(Lewis acid base aduct)
Step-1 : Carbocation (c-complex) formation

@ Cl Cl Cl
> «—>
) @
Cl
H o
@ Fe C14

(c-Complex)

NP O
Clre(l,
slow
r/d step

step-II : Removal of proton

Cl
@ Cl )
¥ Cl-
+FeCl,

Halogens are ring deactivator but ortho para directing so the upcoming E* will
undergo to the ortho or para position.

Cl Cl ¢l
Cl
FeCl
L, ey "
Cl

ortho-dichlordoenzene para-dichloro benzene

Bromination : Like Cl,, Br, also react with benzene ring in presence of lewis
acid catalyst as halogen carrier. to produce bromobenzene.


https://www.print-driver.com/?demolabel-en

102 NSOU e GE-CH-31

Br2 (1mole)
Fe dust

The mechanism is similar to that of chlorination.
TIodination : The mechanism for iodination is slightly different : I, is treated with
an oxidizing agent such as nitric acid to obtain the electrophilic iodine (I*, probably

IONO,).
D e

Fluorine can be introduced in the benzene ring by an indirect manner.

S C1® _NY BE°
Cr e T Ot

or,

T NaNo, N7 BE] r
THBF,.0°C

The halogen can be removed from the ring by means of Grignard reagent formation.

@ dry ether © © + Mg(OH)

[X = Cl, Br, 1]

6.3.4 Friedel-Crafts reaction :

Introduction of an alkyl or acyl group into an aromatic nucleus in the presence
of a Lewis acid or a protonic acid as catalyst is known as Friedel-Crafts
reaction.

6.3.4.1 Friedel-Crafts alkylation : Introduction of R group to the ring.
R

© + R-X _ Catalyst + HX

(alkyl halide) (alkyl benzene)
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(i) Alkylating agents : allyl or benzyl hablide, tertiary, secondary or primary alkyl
halide.

Instead of alkyl halide, alcohols may also be used as alkylating agents in
convenient way. Some times alkenes are also used.

(ii) Catalyst : Anhyd. AICI, is particularly useful as catalyst for F-C
reactions.

Other Lewis acid catalysts are BF;, SbCl;, FeCl,, SnCl,, ZnCl, etc.

For alcohols as alkylating agent HF, H,SO,, BF,, H,PO, can be used.

For alkene as alkylating agent anhyd. AICl; & trace amount of HCI is very
effective catalyst.

(iii) Solvent : Either CS, or nitrobenzene can be used as solvent for F.C.
raeaction.

R

@ + R-C] _Anhyd: AlC, @ + HCI

Mechanism In this reaction the reacting electrophile is a carbocation

(R®).

. @ O
R-{: ﬂcg =R-A- A, =R® AICL°
Step-I : Formation of o-complex

@ ©] ®
+R-Cl- AICI, +R

(for methyl & 1° RX) (for 2° & 3° RX)
I I

Slow { 1 d step

[ e NG

6 - Complex Resonance hybrid

This is the slowest & hence rate determing step.
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Step-II : Removal of proton & regeneration of aromaticity.

C1
H/_\" o R
Cl- AICI, ©/+ AICL, + HCI
@

Since the catahyst is regenerated in the last step so only catalytic amount of anhyd.
AICl; is needed to carry out the reaction.

Example :
p H3
anhyd. AlCl,
+ CH3I nitrobenzene + HI
CH3CH2
anhyd. AlCl,
+ CH3CH2C1 nitrobenzene + HI

anhyd. AIC, CH,
+ CH,CI,

anhyd. AIC, CH
3 + CHCI,

CH2 - CH3
@ +CHOH —PB ©/
CH2 - CH3
anhyd. AICl,
+ H2C - CH2 traces of HC1
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Limitation :

1. It is difficult to stop the reaction at the mono-alkylated stage, because, the
introduction of the alkyl group tends to activate the ring towards a second substitution.
Ultimately a poly alkylated product is obtained.

CH,

@ + CH,C1 _anhyd. AlCl, + polymethyl benzenes

2. Another serious problem with F-C alkylation is that the alkyl cations (when 1°
or 2°) often rearranged to give more stable cations.

Me Me
CH,CH,CH,
@ + CH,CH,CH,Cl _anhyd. AICI, @ @
(minor) (major)

3. Vinyl halide & halobenzenes cann’t be used as alkylating agent.

X

Vinyl halide aryl halide

6.3.4.2 Friedel-Craft’s acylation reaction :

Introduction of RCO-