CHAPTER - 1

Laboratory Practices
1.1 Knowledge about Chemicals ...1
1.2 Solvents ...4
1.3 Glassware and Equipments ...7
1.4 Glassware Cleaning ...15
1.5 Purification Methods ...16
1.6 Drying ...21
1.7 Determination of Melting
Point ...22
1.8 Determination of Boiling
Point ...23
1.9 Yield Calculation ...25

CHAPTER - 2

Laboratory Safety
2.1 Safety Practices ...31
2.2 Safety Rules ...32
2.3 First Aid ...37

CHAPTER - 3

Acylation
General Reaction Mechanism ...41
Pharmaceutical Applications ...45
Preparation of Drug Intermediates ...48
3.1 Preparation of Acetanilide ...48
Preparation of Drugs ...51
3.2 Preparation of Paracetamol ...51
3.3 Preparation of Aspirin ...52
Preparation of Pharmaceutical

Aids ...54
3.4 Preparation of N-Acetyl-
glycine ...54

3.5 Preparation of Hippuric Acid ...55
Keypoints ...56

CHAPTER - 4

Alkylation
General Reaction Mechanism ...57
Pharmaceutical Applications ...59
Preparation of Drug Intermediates ...60
4.1 Preparation of Methyl-2-
Naphthyl Ether ...60
4.2 Preparation of 7-Methoxy-4-
Methyl-Coumarin ...61
Preparation of Drugs ...63
4.3 Preparation of Antipyrine ...63
Keypoints ...65

CHAPTER - §

Aromatic Electrophilic Subsitution
General Reaction Mechanism ...66
Pharmaceutical Applications ...69
Preparation of Drug Intermediates ...70

5.1 Preparation of Nitrobenzene ...70
5.2 Preparation of meta-
Dinitrobenzene ...72
5.3 Preparation of
Para-Bromoacetanilide ...74
Keypoints ...76



Contents

CHAPTER - 6

Beckmann Rearrangement
General Reaction Mechanism ...78
Pharmaceutical Applications ...79

6.1 Preparation of Benzanilide ...81
6.2 Preparation of Acetanilide ...83

Keypoints ...85

CHAPTER - 7

Bernthsen Synthesis
7a Bernthsen Acridine Synthesis ...86
General Reaction Mechanism ...86
7.1 Preparation of 9-Phenyl-
acridine ...88
7b Bernthsen Phenothiazine Synthesis ...89
7.2 Preparation of Phenothiazine ...91

Keypoints ...92

CHAPTER - 8

Biginelli Synthesis
Reaction Mechanism ...94
8.1 Preparation of 5-(Ethoxy-
carbonyl)-6-methyl-4-phenyl-3.4-
dihydropyrimidin-2(1H)-one ...97
8.2 Preparation of Monastrol ...98
Keypoints ...100

CHAPTER - 9

Biltz Synthesis

Pharmaceutical Applications ...101
9.1 Preparation of Phenytoin ...101

Keypoints ...104
CHaPTER - 10

Borsche-Drechsel Cyclization
Reaction Mechanism ...105

Pharmaceutical Applications ...106
10.1 Preparation of Carbazole ...107

Keypoints ...109

CHAPTER - 11

Claisen Isoxazole Synthesis
Reaction Mechanism ...111
11.1 Preparation of 3,5-
Dimethylisoxazole ...112
Keypoints ...113

CHAPTER - 12

Claisen-Schmidt Reaction
..116

Pharmaceutical Applications ...117
12.1 Preparation of Benzylidene
Acetophenone ...117
Keypoints ...119

Reaction Mechanism

CHAPTER - 13

Diazotization Reaction
Reaction Mechanism ...121

Pharmaceutical Applications ...121

13.1 Preparation of
Benzotriazole ...123

13.2 Preparation of
p-lodotoluene ...125

13.3 Preparation of 1-Phenylazo-2-
naphthol (Sudan-1) ...126
Keypoints ...129

CHAPTER - 14

Erlenmeyer-Plochl Azlactone Synthesis
14.1 Preparation of 4-Benzylidene-
2-methylazlactone ...131
Keypoints ...133

CHAPTER - 15

Fischer Indole Synthesis
Reaction Mechanism ...134
Pharmaceutical Applications ...136
15.1 Preparation of 2-Phenylindole
..137
Keypoints ...139



CHAPTER - 16

Fischer-Speier Esterification
General Reaction Mechanism ...141
Pharmaceutical Applications ...142

16.1 Preparation of n-Butyl

Acetate ...143
16.2 Preparation of Methyl
Benzoate ...144

16.3 Preparation of Methyl

Salicylate ...145
16.4 Preparation of Benzocaine ...146
16.5 Preparation of Isoniazid ...148

Keypoints ...149

CHAPTER - 17

Haloform Reaction
Reaction Mechanism ...150

Pharmaceutical Applications ...150
17.1 Preparation of lodoform ...151

Keypoints ...152

CHAPTER - 18

Hantzsch 1,4-Dihydropyridine
Synthesis
Reaction Mechanism ...153

Pharmaceutical Applications ...154
18.1 Preparation of Nifedipine ...155

Keypoints ...156

CHAPTER - 19

Hydrolysis
Mechanism of Ester Hydrolysis ...157
19.1 Preparation of Benzoic
Acid ...160

Keypoints ...161

CHAPTER - 20

Knoevenagel Condensation
Reaction Mechanism ...162
Pharmaceutical Applications ...163

Contents Xi

20.1 Preparation of 4-(benzylidene)-
5-methyl-2,4-dihydro-3H-pyrazol-
3-one ...164

20.2 Preparation of 5-Arylidene
Thiazolidine-2,4-dione ...166

Keypoints ...167

CHAPTER - 21

Mannich Reaction
General Mechanism ...168
Pharmaceutical Applications ...169
21.1 Preparation of Dimethylamino
Propiophenone Hydrochlride ...170

Keypoints ...171
CHAPTER - 22

Oxidation
Important Oxidation Reactions ...175

Pharmaceutical Applications ...177
22.1 Preparation of Benzil ...179
22.2 Preparation of Benzoic Acid ...180

Keypoints ...182

CHAPTER - 23

Paal-Knorr Pyrazole Synthesis
...183
Pharmaceutical Applications ...184
23.1 Preparation of 3,5-Dimethyl-1H-
Pyrazole ...185
23.2 Preparation of 5-Methyl-2-
phenyl-1,3- dihydropyrazol-3-one
(intermediate of antipyrine) ...186
Keypoints ...188

Reaction Mechanism

CHAPTER - 24

Paal-Knorr Pyrrole Synthesis
Reaction Mechanism ...189
Pharmaceutical Applications ...190

24.1 Preparation of
(2,5-Dimethylpyrrole) ...190
Keypoints ...191



Xii Contents

CHAPTER - 25

Paal-Knorr Thiophene Synthesis
Reaction Mechanism ...192

Pharmaceutical Applications ...193
25.1 Preparation of 2,5-
Dimethylthiophene ...193

Keypoints ...194
CHAPTER - 26

Pechmann Reaction
Reaction Mechanism ...195

Pharmaceutical Applications ...196
26.1 Preparation of 7-Hydroxy-4-
Hydroxy-4-Methylcoumarin ...196
26.2 Preparation of Umbelli-
ferone ...199

Keypoints ...200
CHAPTER - 27

Perkin Synthesis
Reaction Mechanism ...201

Pharmaceutical Applications ...202
27.1 Preparation of Cinnamic Acid ...203
27.2 Preparation of O-

Acetoxycinnamic Acid ...205
27.3 Preparation of Coumarin ...207
Keypoints ...208

CHAPTER - 28

Phillips Reaction
Reaction Mechanism ...209

Pharmaceutical Applications ...210
28.1 Preparation of Benzimidazole ...210
Keypoints ...212

CHAPTER - 29

Quinoxaline Synthesis
Reaction Mechanism ...213
Pharmaceutical Applications ...214

29.1 Preparation of 2,3-
Diphenylquinoxaline ...214
Keypoints ...215

CHaAPTER - 30

Radziszewski Reaction
Reaction Mechanism ...216
Pharmaceutical Applications ...217
30.1 Preparation of 4,5-
Diphenylimidazole ...217
30.2 Preparation of 2,4,5-
Triphenylimidazole ...219
Keypoints ...220

CHAPTER - 31

Reduction
31.A Catalytic Reduction ...221
Pharmaceutical Applications ...224
31.1 Preparation of Benzhydrol ...224
31.2 Preparation of Vanillyl
Alcohol ...225
31.B Metal Hydride Reduction ...226
Pharmaceutical Applications ...228
31.3 Preparation of 3-Nitrobenzyl
Alcohol (meta-Nitrobenzyl
Alcohol) ...229
31.4 Preparation of N-(m-Nitrobenzyl)
Aniline ...231
31.C Dissolving Metal Reduction ...231
Pharmaceutical Applications ...233
31.5 Preparation of 1,4-Dihydro-
benzoic acid (cyclohexa-2,5-
diene Carboxylic Acid) ...234
Keypoints ...235

CHAPTER - 32

Reimer-Tiemann Reaction
Reaction Mechanism ...237
32.1 Preparation of 2-Hydroxy-
naphthaldehyde (B-Hydroxy-
naphthaldehyde) ...237

Keypoints ...239



CHAPTER - 33

Schiff Base Synthesis
(Nucleophilic Addition Reaction)
Reaction Mechanism ...240
Pharmaceutical Applications ...241
33.1 Preparation of N-(3-
Nitrobenzylidene) aniline ...241
Keypoints ...243

CHAPTER - 34

Skraups Synthesis
Reaction Mechanism ...244
Pharmaceutical Applications ...245
34.1 Preparation of Quinoline ...246
34.2 Preparation of §-Hydroxy-
quinoline ...247
Keypoints ...248

CHAPTER - 35

Sulphonamide Synthesis

Clinically useful Sulphonamides ...249
35.1 Preparation of Sulphanil-

amide ...251
35.2 Preparation of Sulphagua-
nidine ...253

Keypoints ...254

CHAPTER - 36

Sulphonate Ester Synthesis
(Nucleophilic Substitution Reaction,
s, 1)

Reaction Mechanism ...255

36.1 Preparation of Busulphan ...256

Keypoints ...257

CHAPTER - 37

Uracil Synthesis

Pharmaceutical Applications ...258
37.1 Preparation of 6-Methyluracil
(Method 1) ...259

Contents xiii

37.2 Preparation of 6-Methyluracil
(Method 2) ...261

Keypoints ...263

CHAPTER - 38

Vilsmeier-Haack Reaction
Reaction Mechanism ...264
Pharmaceutical Applications ...265

38.1 Preparation of 2-Phenylindole-
3-carbaldehyde ...266

Keypoints ...268
CHAPTER - 39

VON Baeyer Synthesis

Barbiturate Therapeutics ...269
39.1 Preparation of Barbital ...270

Keypoints ...272
CHAPTER - 40

Williamson’s Ether Synthesis
(Nucleophilic Substitution of
alkaliode/aryloxide S,2)

General Reaction Mechanism ...273

Pharmaceutical Applications ...274
40.1 Preparation of Phenetole ...275
40.2 Preparation of Phenacetin ...276

Keypoints ...278

CHAPTER - 41

Wohl-Ziegler Reaction
Reaction Mechanism ...279

Pharmaceutical Applications ...280
41.1 Preparation of 3-
Bromocyclohexene ...281
Keypoints ...283

CHAPTER - 42

Semi Quantitative Analysis
Limit Test ...284

42.1 Limit Test for Chlorides ...285



xiv Contents

42.2 Limit Test for Sulphates ...287

42.3 Limit Test for Iron ...289

42.4 Limit Test for Heavy Metals
(Method A) ...290

42.5 Limit Test for Heavy Metals
(Method B, Substances which do
not produce clear solution) ...291

42.6 Limit Test for Heavy Metals
(Method C, for the substances
which give clear solution in
soduium hydroxide) ...293

427 Limit Test for Heavy Metals
(Method D) ...293

42.8 Limit Test for Lead ...295

42.9 Limiit Test for Arsenic ...296

Keypoints ...300
QUALITATIVE ANALYSIS
CHAPTER - 43

Analysis of Inorganic Compounds

43.1 Systematic Analysis of Inorganic
Compounds ...304

43.2 Detection of Acid Radicals ...305

43.3 Confirmatory Tests for Acid
Radicals ...306

43.4 Detection of Basic Radicals ...309

43.5 Confirmatory Tests for Basic
Radicals ...310

CHAPTER - 44

Analysis of Organic Compounds

44.1 Preliminary Tests ...319

44.2 Solubility Tests ...319

44.3 Tests for Saturation ...320

44.4 Tests for Aromacity ...320

44.5 Tests for the Special Elements ...321

44.6 Functional group
Identification ...323

44.7 Methods for the Preparation of
Derivatives ...334

TITRIMETRIC ANALYSIS

CHAPTER - 45

Estimation of Drugs by Acid-Base
Titration
45.1 Estimation of Sodium
Bicarbonate ...340
45.2 Estimation of Ibuprofen Present

in Tablets ...340
45.3 Estimation of Salicylic
Acid...341

45.4 Estimation of Acetylsalicylic
Acid Present in Tablets ...342
45.5 Estimation of Busulphan ...343
45.6 Estimation of Codeine Phosphate
Present in Syrup ...344
45.7 Estimation of Frusemide
Present in Tablets ...346

Keypoints ...346
CHAPTER - 46

Estimation of Drugs by
Non-Aqueous Titration
46.1 Estimation of Amitriptyline
Present in Tablets ...349
46.2 Estimation of Chlorpromazine
Present in Tablets ...350
46.3 Estimastion of Phenytoin
Present in Tablets ...352
46.4 Estimation of Methyldopa...353
46.5 Estimation of Ethambutol
Present in Tablets ...354
46.6 Estimation of Phenobarbitone
Present in Tablets ...355
Keypoints ...356

CHAPTER - 47

Estimation of Drugs by
Diazotization Titration

47.1 Estimation of Sulphanilamide...359



47.2 Estimation of Dapsone Present
in Tablets ...360

47.3 Estimation of Metronidazole
Present in Tablets ...361

Keypoints ...363
CHAPTER - 48

Estimations of Drugs by Redox
Titration
Permanganometric Titrations ..
lodine Titrations ...365
Cerimetric Titration ...366
Permanganometry ...366
48.1 Estimation of Hydrogen
Peroxide ...366
48.2 Estimation of Ascorbic Acid ...367
Cerimetry ...368
48.3 Estimation of Ferrous
Sulphate ...368
48.4 Estimation of Ascorbic Acid ..369
48.5 Estimation of Paracetamol ...370
Keypoints ...372

364

NATURAL PRODUCTS CHEMISTRY

CHAPTER - 49

Isolation of Plant Alkaloids
49.1 Isolation of Caffeine from
Tea Leaves ...375
49.2 Isolation of Piperine from
Pepper ...377
Keypoints ...378

CHAPTER - 50

Isolation of Milk Proteins
50.1 Isolation of Casein from

Milk ...379
50.2 Isolation of Albumin from
Milk ...380

Keypoints ...381

Contents

CHAPTER - 51

Isolation of Carbohydrates
51.1 Isolation of Pectin from
Apples ...382
51.2 Isolationof Lactose from
Milk ...384
51.3 Isolation of Starch from
Potatoes ...385

Keypoints ...385

CHAPTER - 52

Isolation of Essential Oils
52.1 Isolation of Cinnamon Oil from
Cinnamon ...386
52.2 Isolation of Clove Oil from
Clove ...387

Keypoints ...388

CHAPTER - 53

Isolation of Glycosides

53.1 Isolation of Naringin from
Grapes ...389
Keypoints ...391

CHAPTER - 54

Isolation of Flavanoids

54.1 Isolation of Hesperidin from
Oranges ...392

Keypoints ...393

CHAPTER - 55

Isolation of Terpenoids
55.1 Isolation of Trimyristin and
Mpyristin from Nutmeg ...394
55.2 Isolation of Carotenoids from
Tomatoes and Carrots ...395

Keypoints ...396



xvi Contents

CHAPTER - 56

Qualitative Analysis of Carbohydrates

56.1 General Test for
Carbohydrates ...399

56.2 Tests for Reducing Sugars ...400

56.3 Test to Distinguish
Monosaccharides from
Disaccharides ...402

56.4 Test to Distinguish Ketoses and
Aldoses ...402

56.5 Tests to Distinguish Pentoses
and Hexoses ...403

56.6 Confirmatory Tests for
Reducing Sugars ...403

56.7 Test for Non-reducing Sugar
(Sucrose) ...404

56.8 Test for Starch and Non-Starch
Polysaccharides ...405

56.9 Scheme for Identification of
Unknown Sugar ...406

CHAPTER - 57

Qualitative Analysis of Amino
Acids and Proteins
Classification ...407
57.1 General Tests for Proteins ...410
57.2 Colour Reactions of
Proteins ...410
57.3 Colour Reactions of Amino
Acids ..411
57.4 Tests for Proteins ...413
57.5 Test for Phosphorous Present in
Protein (Casein) ...414
57.6 Test for Carbohydrates Present
in Protein (Glycoprotein) ...414
57.7 Precipitation Reactions for
Proteins ...414

CHAPTER - 58

Qualitative Analysis of Alkaloids
58.1 General Tests for Alkaloids ...422
58.2 Identification of
Phenylethylamine Alkaloids ...424

58.3 Identification of Tropane
Alkaloids ...424

58.4 Identification of Imidazole
Alkaloids ...425

58.5 Identification of Indole
Alkaloids ...425

58.6 Identification of Quinoline
Alkaloids ...428

58.7 Identification of [soquinoline
Alkaloids ...428

58.8 Identification of Pyridine
Alkaloids ...428

58.9 Identification of Purine
Alkaloids ...429

Keypoints ...431
CHAPTER - 59

Qualitative Analysis of Steroids
59.1 General Test for Steroids
Keypoints ...439

CHAPTER - 60

...436

Qualitative Analysis of

Terpenes and Terpenoids
60.1 General Test for Terpenoids ..441
Keypoints ...443

CHAPTER - 61

Qualitative Analysis of Glycosides
61.1 General Test for Glycosides ..447
61.2 Identification of Cardiac
Glycosides ...448

61.3 Identification of Anthraquinone
Glycosides ...449

61.4 Identification of Phenolic
Glycosides ...450

61.5 Identification of Cyanogenic
Glycosides ...450

61.6 Identification of Coumarin
Glycosides ...450
Keypoints ...451



CHAPTER - 62

Physicochemical Characterization of
Natural Products
62.1 Determination of Acid
Value ...452
62.2 Determination of Saponification
Value ...453
62.3 Determination of Ester
Value ...454
62.4 Determination of Peroxide
Value ...455
62.5 Determination of lodine
Value ...456
62.6 Determination of Alcohol
Number ...458
Keypoints ...459

Contents

CHAPTER - 63

Quantitative Determination of
Natural Products
63.1 Estimation of Quinine
Sulphate ...460
63.2 Estimation of Ascorbic
Acid ...461
Keypoints ...463

CHAPTER - 64

Degradation of Natural Products
64.1 Isolation of Trimyristin ...464
64.2 Degradation of Atropine ...465
Keypoints ...465

Index ...467





