Contents

Chapter 1 Amino Acids
By Weng C. Chan and Avril Higton

1 Introduction

2 Textbooks and Reviews

3 Naturally Occurring Amino Acids

3.1
32
33

Occurrence of Known Amino Acids
New Naturally Occurring Amino Acids
New Amino Acids from Hydrolysates

4 Chemical Synthesis and Resolution of Amino Acids

4.1

4.2

43
44

4.5
4.6
4.7

General Methods for the Synthesis of a-Amino Acids,

Including Enantioselective Synthesis

4.1.1 Amination of Alkanoic Acid Derivatives by
Amines and Amine-related Reagents

4.1.2 Carboxylation of Alkylamines and Imines, and
Related Methods

4.1.3 Use of Chiral Synthons in Amino Acid Synthesis

4.1.4 Use of Rearrangements Generating a
Carbon-—Nitrogen Bond

4.1.5 Other Rearrangements

4.1.6 Amidocarbonylation and Related
Multicomponent Processes

4.1.7 From Glycine Derivatives and Imines of
Glyoxylic Acid Derivatives

4.1.8 From Dehydro-amino Acid Derivatives

Synthesis of Protein Amino Acids and Other

Well-known Naturally Occurring Amino Acids

Synthesis of a-Alkyl a-Amino Acids

Synthesis of a-Amino Acids Carrying Alkyl

Side Chains, and Cyclic Analogues

Models for Prebiotic Synthesis of Amino Acids

Synthesis of a-(w-Halogeno-alkyl) a-Amino Acids

Synthesis of a-(w-Hydroxyalkyl) a-Amino Acids

10
13

13
16
16
16

Amino Acids, Peptides and Proteins, Volume 33
© The Royal Society of Chemistry, 2002

vil



viii

438
49

4.10

4.11

412

413

4.14

4.15

4.16

4.17

Contents

Synthesis of N-Substituted a-Amino Acids
Synthesis of a-Amino Acids Carrying Unsaturated
Aliphatic Side Chains

Synthesis of a-Amino Acids with Aromatic or
Heteroaromatic Couplings in the Side Chain
Synthesis of a-Amino Acids Carrying Amino
Groups, and Related Nitrogen Functional Groups,
in Aliphatic Side Chains

Synthesis of a-Amino Acids Carrying Boron
Functional Groups in Side Chains

Synthesis of a-Amino Acids Carrying Silicon
Functional Groups in Side Chains

Synthesis of a-Amino Acids Carrying Phosphorus
Functional Groups in Side Chains

Synthesis of a-Amino Acids Carrying Sulfur-,
Selenium-, or Tellurium-containing Side Chains
Synthesis of -Amino Acids and Higher
Homologous Amino Acids

Resolution of DL-Amino Acids

Physico-chemical Studies of Amino Acids

5.1

5.2
53
54
5.5
5.6

5.7

X-Ray Crystal Analysis of Amino Acids and Their

Derivatives

Nuclear Magnetic Resonance Spectrometry

Optical Rotatory Dispersion and Circular Dichroism

Mass Spectrometry

Other Spectroscopic Studies of Amino Acids

Physico-chemical Studies of Amino Acids

5.6.1 Measurements for Amino Acid Solutions

5.6.2 Measurements for Solid Amino Acids

5.6.3 Amino Acid Adsorption and Transport
Phenomena

5.6.4 Host—Guest Studies with Amino Acids

5.6.5 Gas Phase Measurements

Molecular Orbital Calculations for Amino Acids

Chemical Studies of Amino Acids

6.1
6.2

Racemization

General Reactions of Amino Acids

6.2.1 Thermal Stability of Amino Acids

6.2.2 Reactions at the Amino Group

6.2.3 Reactions at the Carboxy Group

6.2.4 Reactions at Both Amino and Carboxy
Groups

6.2.5 Reactions at the a-Carbon Atom of a- and
B-Amino Acids

17

19

19

22

23

23

23

24

24
27

30

30
30
31
31
32
33
33
35

36
37
38
38

40
40
40
40
40
41

42

42



Contents

6.3 Specific Reactions of Amino Acids
6.4 Effects of Electromagnetic Radiation on Amino Acids

7 Analytical Methods
7.1 Introduction
7.2 Gas-Liquid Chromatography
7.3 Ion-exchange Chromatography
7.4 Thin-layer Chromatography
7.5 High Performance Liquid Chromatography
7.6 Capillary Zone Electrophoresis (CZE) and Related
Analytical Methods
7.7 Assays for Specific Amino Acids

8 References

Chapter 2 Peptide Synthesis
By Donald T. Elmore

1 Introduction

2  Methods

2.1 Amino-group Protection

2.2 Carboxy-group Protection

2.3 Side-chain Protection

2.4 Disulfide Bond Formation

2.5 Peptide Bond Formation

2.6 Peptide Synthesis on Macromolecular Supports
and Methods of Combinatorial Synthesis

2.7 Enzyme-mediated Synthesis and Semisynthesis

2.8 Miscellaneous Reactions Related to Peptide
Synthesis

3 Appendix: A List of Syntheses in 2000
3.1 Natural Peptides, Proteins and Partial Sequences
3.2 Sequential Oligo- and Poly-peptides
3.3 Enzyme Substrates and Inhibitors
3.4 Conformations of Synthetic Peptides
3.5 Glycopeptides
3.6 Phosphopeptides and Related Compounds
3.7 Immunogenic Peptides
3.8 Nucleopeptides, PNAs
3.9 Miscellaneous Peptides
3.10 Purification Methods

4 References

ix

43
47

48
48
48
49
49
49

51
52

52

83

83

83
83
84
85
86
87

91
96

99

100
100
105
105
106
107
108
108
109
109
e

111



X

Contents

Chapter 3 Analogue and Conformational Studies on Peptides, Hormones
and Other Biologically Active Peptides
By John S. Davies

1 Introduction

2 Peptide Backbone Modifications and Peptide Mimetics

2.1

22

23

Aza, Oxazole, Oxadiazole, Triazole and Tetrazole
Peptides

Y[E-CH=CH], Y[CON'N*R'R?],
Y[dihydroxyethylene], ¥[hydroxyethylene],
Y[CHOH-cyclopropyl-CONH], ¥[CH,0],
Y[CF =C], Y[NHCH(CF5)], Y[CH,N(COR)],
Y[NHCO] and W[SO,;NH]

Rigid Amino Acid, Peptide and Turn Mimetics

3 Cyclic Peptides

4 Biologically Active Peptides

4.1
4.2

4.3
44

4.5
4.6
4.7

4.8

49

4.10
4.11
4.12
4.13

4.14
4.15

4.16

Peptides Involved in Alzheimer’s Disease
Antimicrobial Peptides

42.1 Antibacterial Peptides

4.2.2 Antifungal Peptides

ACTH Peptides

Angiotensin II Analogues and Non-peptide
Angiotensin II Receptor Ligands
Bombesin/Neuromedin Analogues

Bradykinin Analogues

Cholecystokinin Analogues, Growth Hormone-
releasing Peptide and Analogues
Integrin-related Peptide and Non-peptide Analogues
4.8.1 IIb/Illa Antagonists

48.2 o.B; Antagonists

4.8.3 oupiand asB; Antagonists

LHRH and GnRH Analogues

o-MSH Analogues

MHC Class I and II Analogues

Neuropeptide Y (NPY) Analogues

Opioid (Neuropeptide FF, Enkephalin, Nociceptin,
Deltorphin and Dynorphin) Peptides
Somatostatin Analogues

Tachykinin (Substance P and Neurokinins)
Analogues

Vasopressin and Oxytocin Analogues

4.16.1 Oxytocin

4.16.2 Vasopressin

135

135

135

135

136
137

142

145
145
146
146
149
149

150
150
152

154
156
157
158
159
160
161
162
164

165
170

171
175
175
176



Contents

4.17 Insulin and Chemokines
4.17.1 Insulins
4.17.2 Chemokines
4.18 Miscellaneous

Enzyme Inhibitors

5.1 Aminopeptidase Inhibitors

5.2 Calpain Inhibitors

5.3 Caspase Inhibitors

5.4 Cathepsin Inhibitors

5.5 Cytomegalovirus and Rhinovirus 3C Protease
Inhibitors

5.6 Converting Enzymes and Their Inhibitors
5.6.1 ACE and Related Enzymes
5.6.2 Endothelin Converting Enzyme

5.7 Elastase Inhibitors

5.8 Farnesyltransferase Inhibitors

5.9 HIV Protease Inhibitors

5.10 Matrix Metalloproteinase Inhibitors

5.11 Protein Phosphatase Inhibitors

5.12 Renin and Other Aspartyl Proteinase Inhibitors

5.13 Thrombin and Factor Xa Inhibitors

5.14 Proteinase-activated Receptors

5.15 Miscellaneous

Phage Library Leads

Protein—Protein Interaction Inhibitors
7.1 SH2 and SH3 Domain Ligands

8 References

Chapter 4 Cyclic, Modified and Conjugated Peptides

By John S. Davies

1 Introduction
2 Cyclic Peptides

2.1 General Considerations

2.2 Cyclic Dipeptides (Dioxopiperazines)

2.3 Cyclotripeptides

2.4 Cyclotetrapeptides

2.5 Cyclopentapeptides

2.6 Cyclohexapeptides

2.7 Cycloheptapeptides

2.8 Cyclooctapeptides/Cyclononapeptides

2.9 Cyclodecapeptides and Higher Cyclic Peptides

xi

178
178
179
179

185
185
186
186
186

188
190
190
190
191
193
195
197
199
200
201
205
206

211

212
212

214

238

238
238
238
239
242
242
244
246
247
249
250



xii

Chapter §

Chapter 6

2.10 Peptides Containing Thiazole/Oxazole Rings
2.11 Cyclodepsipeptides

Modified and Conjugated Peptides

3.1
32
33

34

Phosphopeptides

Glycopeptide Antibiotics

Glycopeptides

3.3.1 O-Glycopeptides

3.3.2 N-Glycopeptides

3.3.3 C-Linked and Other Linked Glycopeptides
Lipopeptides

4 Miscellaneous Structures

5 References

Metal Complexes of Amino Acids and Peptides
By E. Farkas and 1. Sovago

1

2

4

Proteins

Introduction

Amino Acid Complexes

21
22
23
24

Synthesis and Structural Studies

Solution Equilibria

Kinetic Studies

Synthetic, Analytical and Biomedical Applications
of Amino Acid Complexes

Peptide Complexes

3.1

32

33
34

Synthesis and Structural Studies on Peptide
Complexes

Solution Equilibria — Speciation in Metal
Ion-Peptide Systems

Kinetics and Reactivity

Synthetic, Analytical and Biomedical Applications
of Peptide Complexes

References

By Graham C. Barrett

Introduction

2 Structure of This Chapter
2.1

Cross-referencing in This Chapter

Contents

253
259

265
266
268
271
272
276
278
280
282
286

295

295
296
296
310
315
318
322
322

330
338

346

351

365

365

365
366



Contents

Textbooks and Monographs

31
32

Literature Searching in Protein Science
Protein Nomenclature

Structure Determination of Proteins

41
42
43

4.4
4.5

Proteomics and Genomics

Mass Spectrometry

Three-dimensional Structures of Proteins
Determined Using Physical Methods in
Combination with Structural Derivatization
Nuclear Magnetic Resonance Spectroscopy (NMR)
X-Ray Crystallographic Studies

Folding and Conformational Studies

5.1
5.2
53

Background to Protein Folding Studies
Mechanics of Protein Folding
Misfolding and Unfolding of Proteins

Protein—Metal Complexes

6.1
6.2
6.3
6.4
6.5

Effects of Metal Complexation on Protein Structure

Membrane Proteins

Prion Proteins

Surface Proteins

Rare Folding Motifs within Proteins

6.5.1 =-Helix

6.5.2 B-Roll

6.5.3 The pB-Helix and Stacked Parallel B-Sheets as
Constituents of Antifreeze Proteins

6.54 Knots

6.5.5 Other Unusual Folds in Proteins

Adhesion and Binding Studies

7.1
7.2

7.3
7.4

7.5
7.6
7.7
7.8

Textbooks and Monographs

New Results from Binding Studies

7.2.1 Reversible Dimerization

Protein—Protein Interactions Involving Chaperones
Metallochaperones

7.4.1 Case Studies in Chaperones

Proteins Complexed with Non-protein Species
Lectins

Dissociation

Receptors

Enzyme Studies

8.1
8.2

Textbooks and Monographs
New Studies

Xiil

366
366
366

367
367
367

368
369
370

370
370
371
372

373
373
378
381
382
386
386
386

387
387
387

391
391
391
391
391
391
392
392
394
394
400

400
400
400



Xiv

10

11

12

13

8.3 Newly Discovered Enzymes
8.4 Mechanistic Studies
8.4.1 Enzyme Activity at Low Temperatures
8.4.2 Enzyme Activity at Low pH
8.4.3 Classical Methods of Probing Enzyme
Catalytic Mechanisms
8.44 Intra-enzyme Contacts Established by
Photo-crosslinking
8.5 Heme-binding Enzymes
8.6 Proenzymes
8.7 Proteins as Enzyme Inhibitors
8.8 Enzyme Inhibition by Non-protein Species

Signal Regulatory Proteins
9.1 Receptor-like Membrane Proteins
9.1.1 Presenelins
Processing of Proteins Relevant to Their In Vivo
Functions
10.1 Domains of Prion Proteins
10.2 Inteins and Exteins
Other Biological Functions for Proteins

Viral Proteins

References

Contents

406
408
409
411

412

415
420
420
423
426

427

427
428

430
430
431
432
434

436





