1.1

1.2
1.2.1
1.2.2
1.3
1.3.1
1.3.2
1.3.3
1.3.4
1.4
1.4.1
1.4.2
1.4.3
1.4.3.1
1.4.3.2
1.4.3.3
1.4.3.4
1.4.3.5
1.4.3.6
1.4.3.7
1.4.3.8
1.5

2.1
2.2

Contents

List of Contributors IX

History and Principles of Dynamic Combinatorial Chemistry 1
Sophie R. Beeren and Jeremy K.M. Sanders

Introduction 1

History 3

Thermodynamically Controlled Templated Synthesis 3

Early DCLs 5

Exercising Control over a DCL to Influence Species Distribution 7
Selection through Molecular Recognition of an External Template 7
Selection through Self-Templating 7

Selection Directed by External Physical Stimuli 9

Selection Through a Stabilizing Phase Change 10
Designing a Dynamic Combinatorial System 12

Building Block Design 13

Exchange Reactions 14

Exchange Reactions Currently in Use 15

Reversible Benzylic Nucleophilic Substitution 15

Nitrone Exchange 18

Reversible Nitroaldol Reaction 18

Reversible Resorcinol and Alkanedial Condensation 18
Reversible Boroxine Formation 19

Phosphazide Exchange 20

Transboroxoaromatic Esterification 20

Future Reactions 20

Conclusions 21

References 21

The Practice of Dynamic Combinatorial Libraries: Analytical Chemistry,
Experimental Design, and Data Analysis 23

Sijbren Otto

Introduction 23

Analytical Methods 24

Dynamic Combinatorial Chemistry. Edited by Joost N. H. Reek and Sijbren Otto
© 2010 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
ISBN: 978-3-527-32122-3



VI | Contents

221 MS Analysis 25
222 LC-MS Analysis 25
2.2.3  Analysis by NMR 28
224  Resin-Bound DCC 31
2.3 Experimental Design 32
2.3.1  Importance of Template Concentration 32
2.3.2 Library Size 40
2.4 Data Analysis 44
241  Quantifying Equilibrium Constants 44
2.4.2 DCLs as Sensors 45
2.5 Conclusions 46
Acknowledgments 46
References 46

3 Development of Synthetic Receptors using Dynamic Combinatorial
Chemistry 49
Andrea M. Escalante and Ricardo L.E. Furlan

3.1 Introduction 49

3.2 Experimental Considerations 51

3.2.1  Preparation of DCLs 51
3.2.1.1 Reversible Chemistry 51
3.2.1.2 Building Block Design 57
3.2.1.3 Building Block Concentration 58
3.2.1.4 Assessing Equilibrium 59
3.2.2  Templating of the Library 60
3.2.2.1 Ensuring Meaningful Amplifications 60
3.2.2.2 Identification of Amplified Compounds 67
3.2.3  Isolation of Amplified Receptors 68
3.2.3.1 Biased Libraries 68
3.2.3.2  Solid Supported Templates 69
3.3 Selected Examples 71
3.3.1 Synthetic Receptors for Metal Cations 71
3.3.2  Synthetic Receptors for Anions 75
3.3.3  Synthetic Receptors for Organic Guests 77
34 Conclusions 84
References 86

4 Dynamic Combinatorial Chemistry for Catalytic Applications 91
Pierre-Alain R. Breuil and Joost N.H. Reek

4.1 Introduction 91

4.2 Dynamic Combinatorial Approaches to Cage Catalysts 94

4.2.1  Libraries of Cage Molecules and Dynamic Selection of
Hosts/Guests 94

4.2.2  Catalysis with Cage Compounds and Possible Selection
Procedures 97



Contents | VII

43 Dynamic Combinatorial Approaches to Transition Metal
Catalysts 100
4.3.1  Dynamic Libraries of Transition Metal Catalysts 102
4.3.1.1 Library of Monodentate and Covalent Bidentate Ligands 102
4.3.1.2 Library of Supramolecular Bidentate Ligands 102
4.3.1.3 Library of Dynamic Supramolecular Templates 103
4.3.1.4 Library of Dynamic Covalent Linkers 103
4.3.2  Selection Procedures via Intermediates and TSAs 103
4.3.2.1 TSA Approach 104
4.3.2.2 Selection of Catalyst Based on Intermediate Stability 104
4.4 Conclusions 107
References 107

5 Dynamic Combinatorial Chemistry: Ligands for Biomolecules 109
Olof Ramstrom, Luis Amorim, Rémi Caraballo, and Oscar Norberg
5.1 Ligand Discovery 109

5.1.1  High-Throughput Chemistry 109

5.1.2 Dynamic Target Assistance 110

5.1.3  Dynamic Fragment-Based Ligand Discovery 111

5.2 DCC Strategies in Targeting Biological Systems 111

5.2.1 Stoichiometric DCLs 112

5.2.2  Postmodified DCLs-Dynamic Reductive Amination 113

5.2.3  Pre-Equilibrated and Iterated DCLs—Dynamic Deconvolution and
Panning 114

5.2.4  Dynamic Combinatorial X-Ray Crystallography 114

5.2.5  Dynamic Combinatorial Resolution—Kinetically Resolved
DCLs 116

5.2.6 Dynamers 116

5.2.7  Related Approaches 116

5.2.7.1 Deletion Approach 116

5.2.7.2 Tethering Approach 118

5.2.7.3 In Situ “Click” Approach 118

5.3 Dynamic Diversity Generation for Biological Systems 119

5.3.1  Dynamic Chemistry 119

5.3.2 DCL Design 119

5.4 Applications of DCC in Biological Systems 121

5.4.1  Early Examples 124

5.4.2 Proteins 126

5.4.2.1 Enzymes 126

5.4.2.2 Other Proteins 137

5.4.3  Nucleotides 142

544  Cells 145

5.5 Conclusions and Future Prospects 146
Acknowledgments 147
References 147



VIl | Contents

6 Polymers Formed by Dynamic Combinatorial Chemistry 151
Jean-Luc Wietor, Nicole E. Botterhuis, and Rint P. Sijbesma
6.1 Introduction 151

6.2 Dynamics in Polymers 152

6.2.1  Exchangeable Covalent Bonds—A Familiar Feature in Polymer
Chemistry 152

6.2.2  Noncovalent Chemistry—Supramolecular Polymers 154

6.2.3  Coordination Polymers 155

6.2.4  Exchangeable Covalent Bonds 155

6.2.5  Reversible Covalent Chemistry in Polymers 156

6.2.6  Dynamics Put to Use in Self-Healing Materials 158

6.2.6.1 Reversible Covalent Approach 158

6.2.6.2 Noncovalent Approach 159

6.3 Biasing Composition by Molecular Recognition 160

6.3.1  Self-Sorting 160

6.3.2  Templating 162

6.3.2.1 Templating in Biopolymers 162

6.3.2.2 Templating in Non-Natural Polymers 162

6.3.3  Molecularly Imprinted Polymers 163

6.4 Conclusions and Outlook 165
References 166

7 Analytical Applications of Dynamic Combinatorial Chemistry 169
Kay Severin

7.1 Introduction 169

7.2 Fluorescent Sensors 170

7.3 Colorimetric Sensors 171

7.4 Molecular Timers 181
7.5 Conclusions 182
References 183

8 Trends and Perspectives 185
Sijbren Otto and Joost N.H. Reek
8.1 Introduction 185
8.2 Dynamic Combinatorial Libraries as Molecular Networks 185

8.2.1  Self-Replication in DCLs 188
8.3 Perspectives 193
References 193

Index 195



