Contents

Introduction —1

Chapter 1

Route, reagent and solvent selection — 4

11 Basic route selection — 4

1.2 Syntheses from chiral starting materials — 6

1.3 Examples of convergent syntheses (prostaglandins) — 10

1.4 Rearrangements in synthesis ——15

1.5 Listing all possible routes - brainstorming or programs? — 19

1.6 Example of reagent selection - stereoselective reduction of
ketones — 19

1.7 Solvent selection — 23

1.8 Costing—24

Chapter 2

Scale-up hazards — 26

21 Overview of hazards — 26

2.2 Exothermic reactions and calorimetry ~—— 27

2.3 Unstable reagents, catalysts, intermediates and by-products — 32

2.4 Solvent hazards — 34

2.5 Incompatible substances and unintended gas formation — 36

2.6 Toxic substances — their control and substitution — 37

2.7 Corrosive substances —— 40

2.8 HAZOP and minimising risk — 41

Chapter 3

Purification —— 43

3.1 Measuring purity — 43

3.2 In-process controls and online monitoring — 45

3.3 Extraction and washes —— 46

3.4 Distillation — 48

3.5 Crystallisation — 50

3.6 Polish filtration and impurity removal - 53

3.7 Drying — 54

3.8 Troublesome impurities —— 54

3.9 Preparative chromatography columns — 56

Bibliografische Informationen HE
http://d-nb.info/124443776X digitalisiert durch IONAL
‘B IOTHE


http://d-nb.info/124443776X

VI — C(Contents

Chapter 4

Polymorphs — 62

41 Analysis, formation and screening of polymorphs — 62
4.2 Polymorph patents — 65

4.3 Case study 1 - ritonavir —— 67

4.4 Case study 2 — aspirin — 68

4.5 Case study 3 - atorvastatin calcium — 69

4.6 Prediction of polymorph structures — 72

Chapter 5

Optimisation and experimental design — 74

5.1 Why use experimental design? — 74

5.2 Factorial and partial factorial designs —— 75

5.3 Analysis of variance (ANOVA) — 79

5.4 Experimental designs with three or more levels — 85
5.5 Choice of variables and reaction scale — 87

5.6 Plant process improvements and CUSUMS — 89

Chapter 6

Automation — 92

6.1 Automation for batch or continuous reactions —— 92

6.2 High-throughput experimentation (HTE) — 96

6.3 Column automation — 98

6.4 Peripheral equipment —— 99

6.5 Choosing automated systems — present and future — 101

Chapter 7

Environmental and toxicology issues — 103

7.1 Green chemistry, waste and solvents — 103

7.2 Carbon footprint and long-term sustainability —— 107
7.3 Scavengers — 110

7.4 Mutagenic residues in products — 112

Bibliography — 119

Index — 135



