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Preface

Twenty-first century can be termed as an era of technological revolution. Advent of computers and
advances in information technology and tele-communication have markedly affected our lives and the
ways we approach the subject and solve the problems at the hand. During this rapidly changing scenario,
we need to balance the incorporation of new advances and the existing traditional knowledge in the
subject. It need be done judiciously such that we keep good traditions and embrace modernity for
development and progress. We also need to adapt to the fast changing world without stressing the
individuals and cater to both the tradition-bound and computer-savy students. Accordingly this new
edition of Textbook of Organic Chemistry has been brought out in a new format and style for easy
comprehension and we believe, our readers will appreciate the changes.

We sincerely feel that the revision of any book should serve two purposes. The first is to make the
book easier for students to understand than the previous edition and second is to keep the contents of
the book in conformity with the changing times by deleting obsolete ideas and procedures and introducing
or expanding upon topics of increasing importance. These purposes are all the more important for a
science like that of organic chemistry which has grown from its amoebic stage to its present robust
giant structure just in 150 years and wherein new ideas are being experimented with every year. This
makes the revision of Textbook of Organic Chemistry as almost a continuous effort. We are determined
to keep the above goals in mind while revising the present book and over the years we have tried to
make it more and more useful to our General and Honours students working for their first degree from
the University.

In recent years, the courses in Organic Chemistry have been considered extremely important for
students desirous of pursuing engineering and other technical courses and also for the ones who are
heading for a career in biological and medical sciences. We have recognized this trend and therefore
have included examples of biological interest at different places in the book.

Since the Textbook of Organic Chemistry is intended for the student, we have tried to present the
matter in a brief but understandable fashion. We have attempted to ‘explain’ the things rather than
presenting the facts in an encyclopaedic manner. Many texts, though excellent in their presentation,
assume that the students can read between the lines and understand the concepts being put forth, but
we feel this as an overestimate. We firmly believe that the success of any Textbook should be judged
by the rate at which the weakest candidate grasps the subject-matter presented and this, in principle,
is close to the well established scientific law that the rate of a chemical reaction is determined by the
slowest step.

The real key to understand organic chemistry lies in its coherent organization. Therefore, we have
freely used reaction mechanisms throughout the text. At places where we felt that the student’s
concentration might get diffused, some of the concepts have been explained in a smaller print. As
student’s understanding is our main goal, we have deliberately sacrificed some of the more accurate
descriptions of the phenomena for little less accurate ones. For example, we have retained resonance
structures rather than the more advanced, frontier molecular orbital diagrams with the feeling that
once the solid foundation in the subject is laid, interested students can always go over to advanced
literature.

The preparation of the new edition of the Textbook of Organic Chemistry gives us an opportunity
not only to eliminate those mistakes that crept in the previous edition inadvertently but also to update
the subject-matter. A major change in the new edition of the book that would be immediately noticed, is
the addition of a number of new concepts and ideas in a chapter on Stereochemistry and spectroscopy.
The chapter on Stereochemistry has been thoroughly rewritten to include modern concepts like origin
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of chirality, asymmetric synthesis etc. We have also rewritten the sections on stereochemistry of cyclic
compounds, correlation of different conformers of substituted cyclohexanes. Various aspects of static
and dynamic stereochemistry have been dealt with rigorously and this entire chapter has been recast.
This was necessitated by the increasing awareness about stereochemistry and need of the chemical
world for the understanding of spatial relationship of different compounds, be they reactants or products;
as it has been established beyond doubt that biological response of a compound is based essentially
on its spatial recognition by the biosystem. The E and Z designations, the R and S nomenclature of
stereoisomers, details of symmetry elements, etc. have been added and expanded in the revised
edition. We have also included a large number of questions from latest university examinations in this
edition while older list of questions have now been obviated.

Principles of mass spectroscopy, UV, IR and NMR spectroscopy have been greatly expanded and
rewritten. Another obvious change in the new edition would be inclusion of spectroscopic analysis of
type of compounds discussed in each chapter throughout the book. These chapters have been rewritten
in order to make them conceptually clearer. New sections on Feiser-Woodward, and Feiser-Kuhn rules
in UV spectroscopy, additional explanations and conclusions of various electronic transitions have
been included in the chapter on spectroscopy besides the inclusion of a large number of problems and
actual IR and NMR spectra of simple compounds so that students can appreciate these spectroscopic
techniques better.

The chapters on biochemistry now includes structure and composition of the living cell. The basis
for identicality of all life forms and other topics of interest to students having a bent of mind towards
biology have been added in this edition.

The chapters dealing with aromatic chemistry and heterocyclic compounds have been greatly
improved over the previous editions. Mechanism of various reactions and rearrangements have been
added at various places in this section of the book.

The chemistry of carbohydrates has been rewritten. Conformational isomerism in monosaccharides,
disaccharides and polysaccharides has been explained and conversions encountered in carbohydrate
chemistry have been provided in the new edition. Greater emphasis has been laid to explain the things
so that students themselves are able to predict the chemical behaviour from the given structure. The
chapter on proteins now includes principles of peptide bond formation and a discussion on primary,
secondary, tertiary and quarternary structures of proteins. Newer synthesis have been added in the
sections on alkaloids, terpenoids, ureides, purines and pyrimidines, and synthesis and natural dyes.
Mechanistic discussion and explanations of facts have been stressed all through the book.

One of the major difficulties, the students generally feel, is with regard to solving numerical problems.
In order to train them in the art of problem solving, we have included several appendices with the
guidelines to solve problems. A large number of questions drawn from latest University examinations
have been added at the end of each chapter of the book.

Though it is difficult to mention by name a large number of teachers and students who have been
guiding the revision of the book, we take this opportunity to thank and acknowledge the assistance of all
those individuals who have sent in their valuable suggestions for improvement of the book and assure
them that we shall continue to incorporate all their suggestions in making this book more useful to students.
We also thank many of our colleagues who have gone through the new material added in the book and
Mr. D.K. Soni and Dr. M.S. Batra who took pains not only to proof-read some of the portions of the book
but also in the preparation of an exhaustive index and formulating new additions to the book. We do hope
that the new revised edition of the book will be more useful to students and teachers and we would
continue to receive suggestions for its further improvement.

AUTHORS
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ral Properties 2:305; Oxalic acid 2:-307; ‘;I;i;;:rrtalt:g r:)fzoigzé
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Acid.2_-308.; Malonic Acid, Succinic Acid 2:310; Properties of
Succinic acid 2:311; Unsaturated Dicarboxylic Acids, Maleic Acid
2:312; Fumaric Acid 2:313, Questions 2-316.

Acid Derivatives

Functional Derivatives of Carboxylic Acids, Nucleophilic
Substitution at the Acyl Carbon 2:318; Relative Reactivity of Acyl
Compounds 2:319; Nucleophilic Substitution at Alkyl and Acyl
Carbons, 2:321; Acid or Acyl Chlorides : Nomenclature, General
Methods of Preparation 2:322; General Properties of Acid Chlorides
2:323; Fomyl Chloride 2:325; Acetyl Chloride 2-326; Acid
Anhydrides, Nomenclature, Acetic Anhydride 2-327; Acid Amides
2:330; Formamide, Acetamide (Ethanamide) 2:331; Amides of
Carbonic acid, Carbamic Acid 2-335; Ammonium Carbamate,
Urethane 2-335; Urea (Carbamide) 2:336; Thiourea
(Thiocarbamide) 2:341; Questions 2-341.

Esters, Oils and Fats

“Esters and Esterification 2-344; Esters of Organic Acids, 2-344;

Distinction between Esters and Salts 2-345; General Methods of
Preparation of Esters 2:346; General Properties of Esters 2:347;
Uses of Esters 2:349; Ethyl Acetate 2-350; Ethyl Orthoformate,
Ethyl Hydrogen Sulphate 2:351; Methyl Sulphate, Ethyl Nitrate
2:352; Esters of Nitrous Acid, Alky! Nitrites 2:353; Nitro alkanes or
Nitroparaffins 2-354; Distinguishing Properties of Nitroparaffins
and Alkyl Nitrites 2:356; Oils and Fats, Properties and Uses of QOils
and Fats 2:357; Hydrogenation of Oils, Analysis of Oils and Fats
2-360; Classification of Oils 2:361; Distinction between Animal and
Vegetable Fats, Waxes, Soaps and Soapless Detergents,
Saponification or Soap making 2:362; Manufacture of soap 2:363;
How does a Toilet soap differ from a Laundry Soap, Some special
Varieties of Soap, Cleansing Action of Soap 2:364; Synthetic
Detergents 2:365; Candles 2:366; Questions 2:367.

Amines

Amines are Alkyl Ammonias, Nomenclature 2:369; Structure of
Amines and optical Activity 2:370; General Methods of Preparation
2-371; Separation of Mixture of Amines 2:376; General Properties
of Amines 2:377; Spectroscopic analysis of amines 2:378;
Methylamine 2:384; Ethylamine, Dimethylamine 2-:385;
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Introduction, Hydrocyanic acid 2:393; Alkyl Cyanides 2-394; Alky!l
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5 nolead Compounds, Tetraethyllead 2:416;

Introductior
Grignard Reage
Grignard Reagen
Organozinc Compou
Alkylithiums 2:414; Orga
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Acetoacetic, Malonic and Cyanoacetic Esters

Reactive Methylene Group 2-422; Acetoacetic Ester og tEth)/l
Acetoacetate 2-423; Properties 2.424; Use of Acetoacetic ; Zgnr.l
Organic Synthesis 2:427; Constitution of Acetoacetlf: Ester 2- 1',
Diethyl Malonate or Malonic Ester 2:432; Pre_paratnon, Synthetic
uses of Malonic ester 2:433; Cyanoacetlf: Ester or E.thyl
Cyanoacetate 2:437; Use of Cynoacetic ester in the synthesis ‘of
organic compounds 2:438; Spectral analysis of acetoacetic,
malonic and cyanoacetic esters 2-:440; Proton NMR spectroscopy
2-441; Questions 2:442,

Substituted Acids—I

The Substituted Acids, Halogen-substituted Acids 2:446;
Monochloroacetic Acid 2:450; Dichloroacetic Acid, Trichloroacetic
Acid 2:451; Amino Acids 2:452; Glycine 2:456; Questions 2-457.

Substituted Acids—I1I

Hydroxy Acids, General Methods of Preparation of Hydroxy Acids

_ _ ome Individual Members: Glycolic acid,
Hydroxyacetic acid, Hydroxyethanoic acid 2:462; Lactic acid

2-464; Malic acid, Monohydroxy succinic acid 2-466; Tartaric acid
2-467; Citric acid 2:472; Questions 2:474,

Alicyclic Compounds
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éz, Hon;?lc?gous Series named after the Hydrocarbons or Aryl

roups 4, Homologous Series named after the Acids 3:7;
Orientation 3:9; Substitution in the Benzene Ring Dlrectlve'
Influence of Groups 3:13; Introduction of a Third GFO;Jp into the
Benzgne ring 3-14; Separation of Isomers 3:15; Effect of
Substutgents: Reactivity and Orlentation 3:16; Mechanism of
Aromatic Substi_tgtion 3:17; Reactivity and Orientation 3:21;
Theory of Reactivity 3.25: Theory of Orientation 3-26; Electron

release by resonance 3:28; Summary, Test Y
3:30; Questions 3-31, Y our Understanding

Coal-tar

Destructive Distillation of Coal 3-35; Coal-tar, Fractional
Distillation of Coal-tar 3:36; Questions 3-38.

Benzene and Its Homologues (Arenes)

Aromatic Hygirocarbons, General Methods of Preparation of
Benzene and its Homologues 3:39; General Properties of Benzene
and its Homologues 3:42; Individual Members : Benzene 3-54;
Aromaticity or the Aromatic Character 3:58; Molecule Orbital
theory of Aromaticity 3-60; Aromatic Character and the Huckel’s
Rule 3:-61;Toluene, Methylbenzene or Phenyl methane, Xylene
3:64; Mesitylene, 1, 3, 5-Trimethylbenzene, Cymene, Cumene,
Isopropyl benzene 3:65; Styrene, Phenyl ethylene, vinylbenzene,
Comparative Study of Benzene and Toluene 3:66; Anulenes 3:67;
Questions 3:69.

Aromatic Halogen Compounds

General, General Methods of Preparation 3:78; General Physical
Properties of Halogen Derivatives, Chemical Properties of Nuclear
derivatives (Aryl halides) 3:85; Low Reactivity of Aryl Halides
3.92; Chemical Properties of Side-chain Derivatives (Aralkyl
halides) 3-93; Comparative study of Nuclear and Side-chain
Derivatives 3:96; Individual Members : Chlorobenzene (Phenyl
chloride) 3-96; Bromobenzene (Pheny! bromide), Iodobenzene
(Phenyl Iodide) 3-97; chlorotoluenes (Tolyl Chlorides) 3:98; Benzyl
Chloride (Phenyl methyl chloride), Benzylidene Chloride 3-99;
Benzylidyne Chloride, Benzotrichloride 3:100; Benzene
hexachloride, Transition from ortho-para to meta orientation,

Questions 3-101.

Sulphonic Acids

Introduction 3-107; Methods of preparation 3:107; Isolation of
Sulphonic Acids 3-108; Physical Properties of Sulphonic Acids,
Reactions of Sulphonic Acids 3-110; Benzenesulphonic Acid 3-114;
Benzenesulphonyl-Chloride 3:115; Benzenedisulphonic Acids
3-116; Toluenesulphonic Acids 3:117; Saccharin 3-118; Questions
3-119.
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“hlori Acetanilide (N-Phenylacetamlde) 3:156;
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Methylbenzenamines 3:161; Benzenediamine or
Phenylenediamines 3:162; o-phenylenediamine 3:162; m-
phenylenediamine, p-phenylenediamine 3.163; Diphenylamine
3-164; N-Methylaniline 3:165; Tertiary amino-compounds
Triphenylamine 3-166; N, N-Dimethylaniline 3-166; Araliphatic
Amines : Benzylamine 3-168; Distinguishing tests for Different
Amines 3:169; Questions 3-170.

Diazonium Salts

Diazotisation 3-177; Nomenclature, Benzenediazonium chloride
3:178; Use of Diazonium Salts in Organic Synthesis 3:190;
Phe_nylhydrazine 3:193; Diazoaminobenzene 3:194; Dyeing and
Calicoprinting, Aliphatic Diazo Compounds, Diazomethane 3:195;

Reactions of Carbenes 3-201; Diazoacetic ester [
3.203; Questions 3-205. er, Ethyldiazoacetate

Phenols and Aromatic Alcohols

g’ftz"fg}“é'on 3:212; General Methods of Preparation of Phenols
(Carbéliceggi?' properties of Monohydric Phenols 3-214; Phenol
3:219; Reactic’m enfzeno|) 3:216; Spectral Analysis of Phenols
alcoho'ls Ty Ssob l?henols which are different from those of
acid (2.4 6-trintoawuted Phenols : Nitrophenols 3-235; Picric
Homolog'ue's frm'tr°phe“°|) 3-237; Aminophenols 3.238;

of Phenol, Methylphenols, Cresols 3:239; Dihydric’:

Pheno -Di
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Phloroglucinol) 3:245; Phenolic
; ethers, Aromatic alcoh
alcohol 3:-246; B-Phenylethyl alcohol, Questions 3:249, ol

Aromatic Aldehydes and Ketones

The Aromatic Aldehydes, Benzaldehyde 3:258; Cinnamaldehyde
3-Phenylpropenal 3:268; Phenolic Aldehydes or Hydroxy benzaI:
ald'ehydes 3:269; Salicylaldehyde 3:270; Vanillin 3.271:
Amsaldghyde, Protocatechualdehyde 3:272; Piperonal Thé
Aromatlc_ Ketones 3-273: Acetophenone, 3:274; Sp’ectral
Ere\?;?::;ens;l;s?gf ArEcs)matic Aldehydes and ketones 3:274; Phenolic

s 3 + bBenzophenone (Dij . '
Quinones, Benzoquinopne Senzoqumons s 5, o

‘ S, p-Benzoquinone 3-281, o-
Benzoquinone, Questions 3:284.

Benzyl

Aromatic Acids

Introdu.ction, General Methods of Preparation 3:291; General
Properties 3:293; Benzoic acid (be;

(benzenecarboxylic acid) 3-293;
Spectral characteristics of Aro

: matic Acids 3:294; Distinction
betweer_l Benzoic acid and Phenol, Benzoyl chloride 3:297;
Benzamide 3-300; Benzoic anhydride 3:301; Benzoyl peroxide,

Benzonitrile 3:302; Toluic acids 3:303; Substituted Benzoic Acids,
Anthranilic acid (o-aminobenzoic acid), p-Aminobenzoic acid,
Salicylic acid (o-hydroxybenzoic acid) 3-304; Methyl salicylate,
Salol (phenyl salicylate) 3-308: Aspirin, Gallic acid (3,4,5-
Trihydroxy benzoic acid) 3-309; Blue Black Ink, The Ortho effect
3-310; Monobasic Acids with the Carboxyl group in the Side-chain,
Phenylacetic acid 3:311; Mandelic acid (phenyl glycollic acid),
Cinnamic acid (B-phenylacrylic acid) 3:312; Coumarin, Phthalic
acid 3-314; Phthalic anhydride 3-317; Phthalimide, Acidity of
Aromatic Acids 3-319; Questions 3-322.

Naphthalene and its Derivatives

Introduction 3:326; Naphthalene : Nomenclature and Isomerism of
Naphthalene Derivatives.13:327; Manufacture of Naphthalene,
Properties of Naphthalene 3-328; Orientation of Electrophilic
Substitution in Naphthalene 3:335; Uses, Constitution of
Naphthalene 3:338; Fries Rules 3:341; Derivatives of Naphthalene,
Halogen Derivatives, Nitro-naphthalene, Naphthalenesulphonic
acid 3:342; Naphthylamines 3-343; Naphthols 3:345;
Naphthaquinone 3:348; Synthesis of 1-substituted naphthalenes,
Synthesis of 2-substituted naphthalenes, Questions 3-350.

Anthracene and its Derivatives

Anthracene, Nomenclature and isomerism of Anthracene
derivatives, Preparation of anthracene 3:354; Properties of
Anthracene 3-355; Uses of Anthracene, Structure 3-359;
Derivatives of Anthracene : Anthraquinone 3:362; Alizarin 3:365;
Phenanthrene 3:367; Questions 3:372.
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Carbohydrates
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4.2; Glucose, Grapesugar or Dextrose 4:3; Reactions of Glucose
4.6; Constitution of Glucose 4-:12; Mutarotation 4-19;
Conformations of Glucose 4-20 Fructose, Fruit Sugar or Laevulose
4.23; Comparison between Glucose and Fructose 4:28;
Constitution of Fructose 4-28; Configuration of Fructose 4-30;
Some Typical conversions in Monosaccharides 4:31; Disaccharides
4-35; Sucrose, Cane-sugar or Beet sugar 4-35; Manufacture of
sucrose 4-36; Properties of Sucrose 4:38; Uses 4-40; Analytical
Tests for Sucrose 4-40; Constitution 4-40; Maltose 4-43: Lactose
?-4?; Polysaccharides: Starch 4-45; Glycogen 4.51; Dext’rin 4.51;
nulin 4-51; Cellulose 4-51; Functions of Carbohydrates in the

Living Systems 4.53: PPy k
o Mol 53, Artificial Silk or Rayon 4:54; Paper 4-55;

Proteins

2%; Classification of Proteins according to
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9, Uses of Proteins 4-90;
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aminopurine 4-109; Guanine 2 amino-6-hydroxypurine 4:109:
Hypoxanthine 4:109; Questions 4:109. ¥ P ’

4. Alkaloids —

Introduction, Occurrence, Extraction of Alkalolds Plants 4-111;
General Properties 4:112; Determination of Chemical Constitution
of Alkaloids 4:112; Functional Nature of Oxygen, Functional Nature
of Nitrogen 4:113, Some Individual Members : Coniline 4:-115;
Piperine 4:117; Nicotine 4-120; Atropine 4:123; Quinine,
Cinchonine, Morphine 4:128; Questions 4-129.

5. Terpenoids 4-131

Introduction, Isoprene Rule 4:131; Isolation and General
Properties of Terpenoids, Acyclic Monoterpenoids, Myrcene 4-133;
Geraniol 4:135; Citral 4-136; Monocyclic Monoterpenoids,
Nomenclature 4-142; Menthol 4:143; Limonene 4-144; Bicyclic
Monoterpenoids: Introduction 4-146; o-Pinene 4:147;
Sesquiterpenoids, Deterpenoids 4.149; Triterpenoids, Tetrapenoids
4.150; Polyterpenoids, Questions 4.151.

6. Biochemistry 4-154

Living Systems, Identicality of all Life Forms 4:154; Structure and
Composition of Cell 4:155; The Molecules of Life, Carbohydrates
4-156; Importance of Carbohydrates for the Living Systems 4:157;
Lipids, Fats and oils, Carotenoids 4:158; Vitamins 4:159; Enzymes
4:161; Tetrapyrroles or Porphyrins 4:165; Hormones 4-166;
Proteins, Production of Energy 4:167; Nucleic acids, Nucleosides
4.169; Functions of Nucleotides, Nucleotide as Energy Carriers
4-172; Principal Types of Nucleic Acids, Structure of DNA 4:173;
Replication of DNA 4:175; Functions of DNA 4:175; Structure and
Functions of RNA 4:176; Utilization of Energy 4:178; Viruses
4-180; Biological Aspects of Ageing 4:181; Biosynthesis of Proteins
4-182; Questions 4-183.

7. Chemistry in the Service of Man 4-186

Introduction, Chemotherapy 4:186; The Sulpha Drugs
(Sulphonamides) 4:187; Antibiotics 4:190; Chemotherapy in
Malaria 4-194; Antimalarial Drugs, Synthetic Antimalarial Drugs
4-195; Antipyretics and Analgesics: Antipyretics 4:199; Analgesics
4.201; Tranquillizers, Hypnotics 4:202; Psychedelic Drugs, Birth
Control Pills 4-203; Anaesthetics, Antiseptics and Disinfectants
4:204; Pesticides 4:206; Questions 4-208.

8. Polymers 4-212

Introduction, Classification of Polymers 4:212; Classification of
Polymers based upon Intermolecular Interactions, Classification of
Polymers based upon structure 4:214; Types of Polymerisation
Reactions 4:215: The Process of Addition Poiymerisation, Free-
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enes and Dienes 4:217; Ionj
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Polymensat’uotn - Po|'ymel'5 4.222; Plasticity 4.223: Types of
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AN-1; Objective Type Questions AN-11; key AN-12.

Appendix 2

Typical Numercial Problems AN-13; Problems on structural formula

AN-13; Isomeric compounds AN-14; Questions AN-15; Answers to
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Appendix 3

Typical conversions AN-30; Ascent of series AN-30; Descent of
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Series AN-32; Miscellaneous conversions AN-33; Long Answer
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Appendix 4

Miscellaneous Questions AN-37; What happens when Type
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Appendix 7
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N-57; Sequence of

Appendix 8
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What Happens When
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