-Contents

Preface xxi

1. CARBOHYDRATES 1-85
1.1  Introduction 2
1.2 Occurrence and Biological Importance 2
1.3 Definitions

1.4 Formation of Carbohydrates in Plants 3

1.5 Classification of Carbohydrates 4
A. Monosaccharides e 4
B. Oligosaccharides - 5
C. Polysaccharides 8

1.6 Configurational Relationship of Monosaccharides 8
A. Correlation of the Configuration of D-Glucose and

D-Glyceraldehyde 3
B. Aldotetroses 9
C. Erythro and Threo Diastereomers 10
D. Aldopentoses 11
E. Aldohexoses 12
1.7 Epimers 13
1.8 Structure and Properties of D-Glucose 15
A. Open-Chain Structure of D-Glucose 15
B. Configuration of D (+)-Glucose 17
C. Cyclic Structure of D(+)-Glucose 20
D. Conformations of D(+) Glucose 24
1.9 Determination of the Ring Size of Glucose 25
A. Evidence for the Pyranose Structure of D{+)-Glucose 25
B. Evidence for the Furanose Structure of D(+)-Glucose 26

C. Determination of Ring Size by Oxidations with
Periodic Acid 28
1.10 Mutarotation 29
1.11  Osazone Formation 31
1.12 Ketohexoses 33

1.13  Structure of D{-)-Fructose 33




vilii

1.14

1.15

1.16

1.17

1.18
1.19
1.20
1.21
1.22

1.23

1.24

1.25

Contents

A. Configuration of D-Fructose

B. Cyclic Structure of D-Fructese:

Reactions of Monosaccharides

Esterification

Ether Formation

Formation of Glycosides

Esters of Phosphoric Acid

Oxidation of Monosaccharides

Reduction of Monosaccharides

Lengthenmg the Carbon Chain of Aldoses-The
Kiliani-Fischer Synthesis

Shortening the Carbon Chain of Aldoses

A. The Wohl Degradation

B. The Ruff Degradation

C. Weermann Degradation

Interconversions

A. The Interconversion of Glucose, Mannose and Fructose
B. Conversion of an Aldose to the Corresponding Ketose
C. Conversion of an Aldose to its Epimer

D. Conversion of a Ketose into the Corresponding Aldose
Maltose

Lactose

Cellobiose

Sucrose

Aldopentoses—The Sugars of Nucleic Acids

A. Deoxy Sugars 2-Deoxy-D-Ribose

B. D-Ribose

Polysaccharides

A. Cellulose

B. Starch

C. Glycogen

D. Chitin

E. Heparin

Biosynthesis of Carbohydrates—The Calvin Cycle
A, Stage 1

B. Stage2

C. Stage 3

Natural Products Derived from Carbohydrates

A. Ascorbic Acid

B. Some Natural Glycosides

C. Anthocyanins—Natural Colouring Matters

D. Anthraquinone Glycosides

mmoOws>

(- RN RR

hERAPRRYNYMMMHEad D

L]

AN g B

2IRAF



Contents ix

E. Indican—A Natural Colouring Matter 81
F. Cardiac Glycosides 81
G. Some Biologically Important Sugars [ 82
H. Glycosylamines 83
I. Amino Sugars 83
J. Carbohydrate Antibiotics 84
2. Amino Acids, Peptides, and Proteins 87-192
2.1 Introduction 88
2.2  Amino Acids — The Building Blocks of Proteins 88
2.3 Classification of Amino Acids 89
2.4 The Essential Amino Acids 92
2.5 Stereochemistry of -Amino Acids 93
2.6 Synthesis of o-Amino Acids 93
A. Amination of a-Halogeno Acids 93
B. Gabriel Phthalimide Synthesis 05
C. Strecker Synthesis 95
D. Malonic Ester Synthesis 96

! E. Aldehyde Condensations with Glycine Dmvatwas
(Erlenmeyer Azlactone Synthesis) 101
F. Synthesis via Molecular Rearrangements 103
G. Reductive Amination 107
H. Oxidation of Amino Alcohols 108
2.7 Resolution of Racemic Mixtures of Amino Acids 108
2.8 Stereoselective Synthesis of Amino Acids 110
2.9 Biosynthesis Amino Acids 111
2.10  Amino Acids as Dipolar ions 115
2.11 Amino Acids as Acids and Bases 116
2.12 Isoelectric Point 120
2.13  Separation of Amino Acids 124
A. Electrophoresis 124
B. Paper Chromatography 124
C. Thine layer Chromatography (TLC) 125
D. Column Chromatography 126
E. lon-Exchange Chromatography 127
2.14 Chemical Reactions of Amino Acids 128
A. Reactions due to Amino Group 128
B. Reactions due to the Carboxyl Group 131
C. Reactions due to both the Amino and Carboxy| Groups 133
2.15 Polypeptides 136
A. Introduction 136

B. Nomenclature of Peptides 136




Contents

2.16  Synthesis of Peptides

2.17

2.18

2.19

2.20

2.21

2.22
2.23
2.24

A. The Basic Scheme

B. Protection of the Amino Group

C. Protection of the Carboxyl Group

D. Protection of Side-Chains of Amino acids
Methods of Peptide Synthesis (Coupling Methods)
A. Acid Chloride Method

B. Curtius Azide Method

C. DCC Method

D. Mixed Anhydride Method

E. Use of Other Activating Groups

Solid Phase Peptide Synthesis

A. Introduction

B. The Basic Scheme of Solid Phase Peptide Synthesis
C. The Merrifield Method

D. Protection and Deprotection of Amino Groups
E. Fmoc Method of Solid Phase Peptide Synthesis
Determination of Primary Structure of Peptides
Introduction :
Complete Hydrolysis

Analysis of the Hydrolysate

Cleavage of Disulphide Bridges
Determination of the Amino Acid Sequence
Selective Cleavage by Chemical Methods
G. Partial Hydrolysis by Enzymes
Identification of the N-Terminal Amino Acid
(End Group Analysis)

A. Barger’s Method

B. The DNP Method (Sanger Method)

C. The Dansyl Method

D. The Edman Method

E. Condensation with Isocyanate
Identification of the C-Terminal Amino Acid

A. Reaction with Benzylamine

B. Thiohydantoin Formation

C. Reaction with Hydrazine (Hydrazinolysis)
Use of Enzymes

Time Course Analysis

Some interesting peptides

A. Aspartame, the Sweet Peptide

B. Glutathione

C. Enkephalins

mmOUnOwp



Contents xi

7 D. Bradykinin 174
7 E. Oxytocin 15, 174
8 F. Vasopressin 175
1 G. Gramicidin S and Tyrocidine A 176
3 H. Insulin 177
225 Importance and Biological functions of
Proteins and polypeptides 178
2.26 Classification of Proteins 180
-3 A. Classification of Proteins on the Basis of their Shape 180
7 B. Classification of Proteins on the Basis of Structure 181
8 2.27 Molecular Shape of Proteins 183
9 228 Factors that Influence Molecular Shape 184
9 229 Some Features of Fibrous Proteins 185
0 2.30 Some Features of Globular Proteins 186
0 2.31 Structure of Proteins 187
4 A. Primary Structure 187
5 B. Secondary Structure 187
57 C. Tertiary Structure " 190
57 D. Quaternary Structure - 191
7 232 Denaturation of Proteins 192
gg 3. Enzymes 193-246
0 3.1 Introduction 194
0 3.2 Nomenclature and Classification of Enzymes 194
1 A. Systematic Names 195
B. Major Classes of Enzymes 195
2 C. Oxido-reductases 196
3 D. Hydrolases 197
3 E. Transferases 199
3.3 Characteristics of Enzymes 199
65 A. Catalytic Power 199
66 B. Control of Enzyme Action 200
67 C. Enzyme Specificity 201
67 D. Stereospecificity 202
68 3.4 Factors Influencing Enzyme Activity 204
68 A. Effect of Temperature on Enzyme Activity 204
69 B. Effect of pH on Enzyme Activity 205
70 C. Effect of Substrate Concentration 207
71 D. Effect of Enzyme Concentration 208
71 3.5 Cofactors—Coenzymes 208
72 A. Definition 208

74 B. Coenzymes 209




xii

Contents

3.6

K B

3.8
9

3.10

il

312

3.13

C. Cofactors

D. Functions of Coenzymes -

E. Coenzyme Classification

F. Inorganic Cofactors

Structure and Functions of Various Coenzymes
A. NAD' and NADP*

B.

Mmoo

Flavin Mononucleotide (FMN) and Flavin Adenine
Dinucleotide (FAD)

Thiamine Pyrophosphate (TPP)
Pyridoxal-5-phosphate

Coenzyme A (CoA)

Enzyme Inhibitors

A. Reversible Inhibitors

B. Non-Reversible Inhibitors
Mechanism of Enzyme Catalysis
How do Substrates Bind to Enzymes ?
A. The Lock and Key Model

B. Induced Fit Model

Alcholic Fermentation

Sowp

E.

Historical Background

The Overall Pathway in Alcoholic Fermentation
Conversion of Glucose to Glycoraldehyde-3-phosphate
The Conversion of Glyceraldehyde-3-Phosphate

to Pyruvate

The Conversion of Pyruvate to Acetaldehyde and then to
Ethanol

Glycolysis

A. Introduction

B. Overall Pathway in Glycolysis

C. The Conversion of Pyruvate to Lactate in Muscle
D. Control Points in Glycolysis

Citric Acid Cycle

A, Introduction

B. Overall Pathway of the Citric Acid Cycle

C. Conversion of Pyruvate to Acetyl-Co A

D. The Individual Reactions of the Citric Acid Cycle
Biocatalysis—Importance in Green Chemistry

and the Chemical Industry

A. Introduction to Green Chemistry

B. Principles of Green Chemistry

C. Biocatalysis in the Chemical Industry

D. Why Biocatalysis?

B B AL
uld 4 & "F"‘

b Bl bbb

il
'S

3 sl

BERBUHEERS

i

1

BEEEEEEEEEL

'. II'.I = i

[ T S O R O |



Contents xiii

4. Pyrimidines, Purines, and Nucleic Acids 247-311

4.1 Introduction and Biological Importance of Nucleic Acids 248

1 4.2 Pyrimidines 250

1 __ A. Introduction 250

211 : B. Aromatic Character of Pyrimidine 251

C. Chemical Properties of Pyrimidine 252

13 D. Synthetic Methods 257

15 4.3 Uracil 259

16 A. General Features ; 259

18 B. Properties and Reactions of Uracil 259

19 C. Uses of Uracil 260

19 D. Synthesis of Uracil (2,4-Dioxypyrimidine) 261

44 Thymine (5-Methyluracil) 262

A. Structure and General Features 262

B. Synthesis of Thymine 262

45 Cytosine 263

04 A. General Features " 263

- B. Chemical Reactions i 263

s C. Synthesis of Cytosine 265

6 4.6 Purines 266

Bs A. Introduction 266
B. Structure and Chemical Reactions of Purine

8 and its Simple Derivatives 267

C. Synthesis of Purine 269

4.7 Adenine 270

A. Structure and General Features 270

31 B. Properties of Adenine 271

. C. Synthesis of Adenine 272

4.8 Guanine 274

E A, Structure and General Features 274

36 B. Properties and Reactions of Guanine 274

36 C. Synthesis of Guanine 275

36 D. Uses of Guanine 276

37 4.9 Ureides 277

37 A. Simple Ureides 277

B. Cyclic Ureides 277

1 4.10 Uric Acid 278

| A, Introduction 278

E B. Structure of Uric Acid 278

C. Synthesis of Uric Acid 282




xiv Contents

4.11 Caffeine
A. Isolation from Tea Leaves
B. Structure of Caffeine
C. Synthesis of Caffeine
4.12 Nucleosides
4.13 Nucleotides
4.14 Polynucleotides
4.15 The Nucleic Acids
4.16 Structure of DNA (The Double Helix)
4.17  Conformational Variations in DNA (Forms of DNA)
A. B-DNA
B. A-DNA
C. Z-DNA
4.18 Denaturation and Renaturation of DNA
4.19 Replication of DNA
4.20 Ribonucleic Acid (RNA)
4.21 Principal Kinds of RNAs and Their Structums
A. Transfer RNA (t-RNA)
B. Ribosomal RNA (r-RNA)
C. Messenger RNA (m-RNA)
4.22 The Genetic Code
A, Introduction—Definition
B. General Features of the Genetic Code
4.23  Transcription
A, Introduction
B. Mechanism
4.24 Translation
A. Introduction
B. Overall Process of Translating the Genetic Message
4.25 Gene Therapy
A. Introduction
B. Types of Gene Therapy
C. The Process
D. Problems and Risks Involved in Gene Therapy

5. Lipids-Oils and Fats 313-3¢

5.1 What are Lipids?

3.2 Classification of Lipids—Types of Lipids
A. Simple Lipids
B. Complex Lipids or Conjugated Lipids
C. Derived Lipids

b b bbb bbb bbb

i

n
N

=

NN

a0 el Lad Gl Lad Lad Lad Lad |
=

Wl Lad L L
oS S

Lad  Lad

'..li Lad

Lad Lad Lad Lad Lad
[




Contents

Biological Functions of Lipids
Oils and Fats as Simple Lipids
A. Introduction
B. Animal and Vegetable Sources
C. Chemical and Physical Characteristics
D. Saponification
Fatty Acids in Fats and Oils
Fatty Acid Composition in Some Fats and Qils
What are Omega-3 and Omega-6 Fatty Acids?
Biological Role of Fatty Acids
Trans Fats and their Effect
A. What are Trans Fats ?
B. Effect of Trans Fats on the Heart
C. Effect of Trans Fats on the Brain
D. Effect of Fats on Blood Cholesterol Levels
Extraction of Oils and Fats
A. i. Rendering-Fruits and Seeds
ii. Rendering-Animal Fats .
B. Pressing
C. Solvent Extraction
Refining of Oils and Fats
A. Alkali Refining
B. Water Refining
C. Bleaching
D. Deodourisation
Hydrogenation
Identification of Fats and Oils
A. Reichert-Meissel Value
B. Saponification Number
C. lodine Number
D. Acid Number
Flavour Changes in Oils and Fats
A. Rancidity
B. Different Types of Rancidity
Cholesterol
A. Dietary Sources of Cholesterol
B. Physiology and Biological Importance of Cholesterol
C. High Cholesterol and Heart Disease
Importance of Triglycerides
Lipid Membranes
A. Introduction
B. Properties

x

321
322
322
323
324
325
325
327
328
328
329
329
330
330
330
331
331
331
331
332
333
333
333
334
334
334
335
335
336
337
339
339
339
340
341
341
341
342
343
344
344



xvi Contents

5.18

C. Membrane Proteins

D. Functions of Membranes
E. Membrane Transport
Liposomes

A. Introduction

B. Properties of Liposomes

C. Applications of Liposomes

6. Terpenoids

6.1
6.2
6.3
6.4
6.5
6.6

6.7

6.8

6.9

6.10

6.11

Introduction—The Essential Oils
Occurrence in Nature

Isoprene Rule

Classification of Terpenoids
Isolation From Natural Sources
Citral .

A. Introduction

B. Isolation of Citral

C. Structure of Citral

D. Synthesis of Citral
Dipentene

A. Introduction

B. Isolation of Dipentene

C. Structure of Dipentene (or Limonene)
D. Synthesis of Dipentene
Geraniol

A. Introduction

B, Isolation

C. Structure of Geraniol
a-Terpineol

A. Introduction

B. Structure of o-Terpineol

C. Synthesis of Terpenylic Acid
D. Synthesis of Terebic Acid
E. Synthesis of o-Terpineol
Menthol

A, Introduction

B. Structure of Menthol

C. Synthesis of Menthol

a-Pinene

A. Structure of o-Pinene
B. Synthesis of c-Pinene

351

LT T

f,



Contents xvil

6.12 Camphor 375
A. Introduction 375

B. Structure of Camphor 375

C. Synthesis of (£) Camphoronic Acid 378

D. Synthesis of (£) Camphoric Acid 378

E. Synthesis of Camphor 379

F. Commercial Preparation of Camphor 380

6.13 Diterpenoids — Phytol 380
A. Introduction and Isolation 380

B. Structure of Phytol 381

D. Synthesis of Phytol 382

6.14 Triterpenoids — Squalene 383
A. Introduction and Importance of Squalene 383

B. Structure of Squalene 383

C. Synthesis of Squalene 384

6.15 Tetraterpenoids—Carotenoids 385
6.16 P-Carotene 386
A. Introduction and Importance % 386

B. Structure of f-Carotene 387

C. Synthesis of f-Carotene 389

6.17 o-Carotene 391
A. Introduction and Importance of a-Carotene 391

B. Structure of c-Carotene 391

C. Synthesis of a-Carotene 392

6.18 Lycopene 392
A. Introduction and Importance of Lycopene 392

B. Structure of Lycopene 393

: C. Synthesis of Lycopene 304
6.19 “y-carotene 394
A. Structure of y-Carotene 395

B. Synthesis of y-Carotene 395

. Alkaloids 397-441
7.1 Introduction 397
7.2 Occurrence in Nature 398
7.3 Extraction of Alkaloids From Plants 398

- 74 General Properties of Alkaloids 399
- 7.5 Hofmann’s Exhaustive Methylation 400
7.6 Emde Modification 401
- 7.7 Classification Of Alkaloids 402
A. Phenylethylamine Group 402

B. Pyrrolidine Group 403




xviii

78

7.9

7.10

7.11

412

7.13

Contents

Pyridine-piperidine Group
Pyridine-pyrrolidine Group
Quinoline Group

Isoquinoline Group
Phenanthrene Group

Indole Group

lmpﬂrtance and Physiological Action of Alkaloids
Coniine

A. Isolation of Coniine

B. Properties of Coniine

C. Structure of Coniine

D. Synthesis of Coniine

Nicotine

A. Isolation of Nicotine

B. Properties of Nicotine

C. Structure of Nicotine

D. Synthesis of Nicotine

E. Medicinal Importance of Nicotine
Hygrine

A. Properties

B. Structure of Hygrine

C. Synthesis of Hygrine

D. Absolute Configuration of Hygrine
E. Medicinal Importance of Hygrine
Atropine

Isolation of Atropine

Properties of Atropine

Structure of Atropine

Structure of (£)-Tropic Acid
Synthesis of Tropic Acid
Structure of Tropine (Tropanol)
Synthesis of Tropine

Final Structure of Atropine
ocaine

Isolation of Cocaine

Properties of Cocaine

Structure of Cocaine

Structure of Ecgonine

Synthesis of Ecgonine

Final Structure of Cocaine
Medicinal Importance of Cocaine

mOmmYn

OmEUOWrPOEOmmUOw>

e B S B e i e

B ks s B b b b

& ds Jds

[ T N O U A VU VAT VU WU SR S



Contents

7.14 Quinine

A. Introduction

B. Structure of Quinine

C. Medicinal Uses of Quinine
7.15 Morphine
A. Introduction and Isolation
B. Structure of Morphine
C. Medicinal Uses and Side Effects
Medicinal Importance of Reserpine

xix

432
432
432
434
435
435
435
439



