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6.1 Introduction 321
6.2 Physical Nature of the Interaction 322
6.3 Energetic and Geometric Features of the Interaction Depending on the

Host (Aromatic Moieties) and the Guest (Anions) 323
6.4 Influence of Other Noncovalent Interactions on the Anion–π

Interaction 330
6.4.1 Interplay between Cation–π and Anion–π Interactions 330
6.4.2 Interplay between π−π and Anion–π Interactions 332
6.4.3 Interplay between Anion–π and Hydrogen-Bonding Interactions 334



VIII Contents

6.4.4 Influence of Metal Coordination on the Anion–π Interaction 337
6.5 Experimental Examples of Anion–π Interactions in the Solid State and

in Solution 338
6.6 Concluding Remarks 353

References 354

7 Receptors for Biologically Relevant Anions 363
Stefan Kubik

7.1 Introduction 363
7.2 Phosphate Receptors 364
7.2.1 Introduction 364
7.2.2 Phosphate, Pyrophosphate, Triphosphate 366
7.2.3 Nucleotides 387
7.2.4 Phosphate Esters 395
7.2.5 Polynucleotides 407
7.3 Carboxylate Receptors 410
7.3.1 Introduction 410
7.3.2 Acetate 412
7.3.3 Di- and Tricarboxylates 425
7.3.4 Amino Acids 433
7.3.5 Peptide C-Terminal Carboxylates 444
7.3.6 Peptide Side-Chain Carboxylates 450
7.3.7 Sialic Acids 451
7.4 Conclusion 453

References 453

8 Synthetic Amphiphilic Peptides that Self-Assemble to Membrane-Active
Anion Transporters 465
George W. Gokel and Megan M. Daschbach

8.1 Introduction and Background 465
8.2 Biomedical Importance of Chloride Channels 466
8.2.1 A Natural Chloride Complexing Agent 468
8.3 The Development of Synthetic Chloride Channels 468
8.3.1 Cations, Anions, Complexation, and Transport 468
8.3.2 Anion Complexation Studies 470
8.3.3 Transport of Ions 470
8.3.4 Synthetic Chloride Transporters 470
8.4 Approaches to Synthetic Chloride Channels 471
8.4.1 Tomich’s Semisynthetic Peptides 472
8.4.2 Cyclodextrin as a Synthetic Channel Design Element 473
8.4.3 Azobenzene as a Photo-Switchable Gate 474
8.4.4 Calixarene-Derived Chloride Transporters 474
8.4.5 Oligophenylenes and π -Slides 477
8.4.6 Cholapods as Ion Transporters 479
8.4.7 Transport Mediated by Isophthalamides and Dipicolinamides 481



Contents IX

8.5 The Development of Amphiphilic Peptides as Anion Channels 481
8.5.1 The Bilayer Membrane 482
8.5.2 Initial Design Criteria for Synthetic Anion Transporters (SATs) 482
8.5.3 Synthesis of the N-Terminal Anchor Module 483
8.5.4 Preparation of the Heptapeptide 484
8.5.5 Initial Assessment of Ion Transport 485
8.6 Structural Variations in the SAT Modular Elements 488
8.6.1 Variations in the N-Terminal Anchor Chains 488
8.6.2 Anchoring Effect of the C-Terminal Residue 489
8.6.3 Studies of Variations in the Peptide Module 491
8.6.3.1 Structural Variations in the Heptapeptide 492
8.6.3.2 Variations in the Gly-Pro Peptide Length and Sequence 493
8.6.4 Variations in the Anchor Chain to Peptide Linker Module 494
8.6.5 Covalent Linkage of SATs: Pseudo-Dimers 496
8.6.6 Chloride Binding by the Amphiphilic Heptapeptides 498
8.6.7 The Effect on Transport of Charged Sidechains 499
8.6.8 Fluorescent Probes of SAT Structure and Function 500
8.6.8.1 Aggregation in Aqueous Suspension and in the Bilayer 501
8.6.8.2 Fluorescence Resonance Energy Transfer Studies 503
8.6.8.3 Insertion of SATs into the Bilayer 504
8.6.8.4 Position of SATs in the Bilayer 505
8.6.9 Self-Assembly Studies of the Amphiphiles 505
8.6.10 The Biological Activity of Amphiphilic Peptides 508
8.6.11 Nontransporter, Membrane-Active Compounds 509
8.7 Conclusions 509

Acknowledgments 509
References 510

9 Anion Sensing by Fluorescence Quenching or Revival 521
Valeria Amendola, Luigi Fabbrizzi, Maurizio Licchelli,
and Angelo Taglietti

9.1 Introduction 521
9.2 Anion Recognition by Dynamic and Static Quenching of

Fluorescence 522
9.3 Fluorescent Sensors Based on Anthracene and on a Polyamine

Framework 529
9.4 Turning on Fluorescence with the Indicator Displacement

Approach 538
9.4.1 Epilog 550

References 551

Index 553




