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A. DRUG DISCOVERY

A1. PRI$CIPLES OF RATIO$AL DRUG DESIG$

A1.1 Rational Drug Design
A1.1.1 Drug Design Basis: Molecular Recognition

A1.1.2 Lock-and-Key Model

A1.1.3 Induced-Fit Model

A1.1.4 Rational Drug Design

A1.1.5 Rational Drug Design Process

A1.1.6 Receptor-Based Drug Design

A1.1.7 Pharmacophore-Based Drug Design

A1.2 Pharmacophore-Based Design
A1.2.1 Pharmacophore-Based Drug Design Approach

A1.2.2 Similarity Concepts and Molecular Mimicry

A1.2.3 Examples of Molecular Mimicry

A1.2.4 ATP

A1.2.5 Dopamine

A1.2.6 Histamine

A1.2.7 Estradiol

A1.2.8 Peptidomimetics

A1.2.9 Strengths of Pharmacophore-Based Drug Design

A1.3 Receptor-Based Design
A1.3.1 Design by Direct Interaction with Receptor Sites

A1.3.2 Exploiting the Receptor Recognition Concepts

A1.3.3 Initial Data in Receptor-Based Drug Design

A1.3.4 Strengths of Receptor Based Drug Design

A1.4 Integration in a Global Perspective
A1.4.1 Typical Projects

A1.4.2 Exploit the Two Methods, Independently

A1.4.3 Synergy Between the Two Approaches

A1.4.4 Example of Synergy Between the Two Approaches

A1.4.5 Good Binding Models, the Synergy Condition

A1.4.6 Ideal Situation

A1.4.7 Example 1

A1.4.8 Example 2

A1.4.9 Integration in a Global Perspective

A1.4.10 Pharmacophore-Based Drug Design

A1.4.11 Receptor-Based Drug Design

A1.4.12 Integrated Global Approach

A1.5 Challenge of the Genomics Era
A1.5.1 The Genomic Era

A1.5.2 A New Challenge in Drug Design
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A1.6 Typical Projects
A1.6.1 Typical Pharmacophore-Based Project

A1.6.2 Design Based on 3D Mimicry

A1.6.3 Typical Receptor-Based Project

A1.6.4 Design Based in Making Favorable 3D Interactions

A1.6.5 Typical Genomic Project

A1.7 Perspectives
A1.7.1 Drug Discovery of the 1970's

A1.7.2 Drug Discovery of the 1980's

A1.7.3 Drug Discovery of the 1990's

A1.7.4 The Present Situation

A1.7.5 Initial Skepticism Towards Rational Drug Design

A1.7.6 Success Stories in Rational Drug Design

A1.7.7 Future Perspectives

A1.8 CHAPTER QUIZZES (Available only in Teaching Package)

A2. STRUCTURE ACTIVITY RELATIO$SHIPS

A2.1 Introduction
A2.1.1 Structure Activity Relationships (SAR)

A2.1.2 Aim of SAR Analyses

A2.1.3 Results of a SAR Analysis

A2.1.4 Principle: Alteration of an Active Substance

A2.1.5 Development: a Single Modification at a Time

A2.1.6 Iterative Process

A2.1.7 Chemical Modifications and Medicinal Chemist Tools

A2.1.8 Chemistry is the Limiting Factor

A2.1.9 Role of the Functional Groups in the Reference Structure

A2.2 Probing H-Bond Interactions
A2.2.1 Principle for Probing Hydrogen Bond Interactions

A2.2.2 Hydroxyl: Hypothetical H-Bond Interactions

A2.2.3 Testing the Existence of H-Bond Interactions

A2.2.4 Testing H-Bond Donor Capability of the Hydroxyl

A2.2.5 Testing H-Bond Acceptor Capability of the Hydroxyl

A2.2.6 Example 1: Pyrazolopyrimidines

A2.2.7 Example 2: Benzimidazoles

A2.2.8 Example 3: Pyrrolopyrimidine

A2.2.9 Example 4: Salicylanilides

A2.2.10 Example 5: Isoflavones

A2.2.11 Carbonyl: Hypothetical H-Bond Interactions

A2.2.12 Testing the Existence of H-Bond Interactions

A2.2.13 Example 1: Aminobenzophenones

A2.2.14 Example 2: Thiazolidine-dione

A2.2.15 Example 3: Pyrazolopyridines

A2.2.16 Example 4: Naphthyl Ketones

A2.2.17 Example 5: Cyclic Peptides

A2.2.18 Amide

A2.2.19 Testing the Existence of H-Bond Interactions

A2.2.20 Testing H-Bond Acceptor Capability of the Carbonyl

A2.2.21 Testing H-Bond Donor Capability of the Nitrogen

A2.2.22 Example 1: Lactam Tricylic

A2.2.23 Example 2: Pyrrolopyrimidinones

A2.2.24 Primary Amines

A2.2.25 Testing the Existence of H-Bond Interactions
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A2.2.26 Testing H-Bond Donor Capability of the Amines

A2.2.27 Example 1: Imidazole Acetic Acids

A2.2.28 Example 2: Salicylanilides

A2.2.29 Secondary Amines

A2.2.30 Testing the Existence of H-Bond Interactions

A2.2.31 Testing H-Bond Donor Capability of the Amines

A2.2.32 Example 1: Imidazoquinoxalines

A2.2.33 Example 2: Anilinopyrimidines

A2.2.34 Example 3: Aminoquinazolines

A2.2.35 Browser of Aminoquinazolines Analogs

A2.2.36 Tertiary Amines

A2.2.37 Testing the Existence of H-Bond Interactions

A2.2.38 Example Dihydropyridopyrimidones

A2.2.39 Aromatic Nitrogens

A2.2.40 Testing the Existence of H-Bond Interactions

A2.2.41 Testing H-Bond Donor Capability of the Amines

A2.2.42 Example 1: Imidazoles and Oxazoles

A2.2.43 Example 2: Pyrrolyl Ureas

A2.2.44 Example 3: Anilinoquinazolines

A2.2.45 Example 3: X-Ray Data

A2.2.46 Carboxylic Acids

A2.2.47 Testing the Existence of H-Bond Interactions

A2.2.48 Testing H-Bond Donor Capability of the COOH

A2.2.49 Example 1: Imidazole Carboxylic Acids

A2.2.50 Example 2: Pyrrolopyrimidines

A2.2.51 Example 3: Peptide-Based Structures

A2.2.52 Example 4: Aminoquinolones

A2.2.53 Ethers

A2.2.54 Testing the Existence of H-Bond Interactions

A2.2.55 Example 1: Epothilone A

A2.2.56 Example 2: Clofibrate

A2.2.57 Example 3: Piperidine Renin Inhibitors

A2.2.58 Cyano

A2.2.59 Testing the Existence of H-Bond Interactions

A2.2.60 Example 1: Anilinopyrimidines

A2.2.61 Example 2: Quinolinecarbonitriles

A2.2.62 Example 3: Pyrrolopyrimidines

A2.3 Probing Ionic Interactions
A2.3.1 Principle for Probing Ionic Interactions

A2.3.2 Carboxylates

A2.3.3 Amines

A2.4 Probing Hydrophobic Interactions
A2.4.1 Importance of Hydrophobic Interactions

A2.4.2 Principles for Probing Hydrophobic Interactions

A2.4.3 Alteration of Ring Size

A2.4.4 Example 1: Probing of a Hydrophobic Pocket

A2.4.5 Example 2 : Varying Ring Size

A2.4.6 Example 3: Probing a Hydrophobic Pocket

A2.4.7 Example 4: Fusion with Additional Rings

A2.4.8 Homologation of Alkyl Chains

A2.4.9 Example 1 of Homologation

A2.4.10 Example 2 of Homologation

A2.4.11 Example 3 of Homologation

A2.4.12 Exploring the Width of a Hydrophobic Pocket

A2.4.13 Example 1: Pyrazoles

A2.4.14 Example 2: Indolinones

A2.4.15 Variations with the Pyrrole Moiety

A2.4.16 X-Ray Data of Indolinone Analog
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A2.4.17 Example 3: Pyridopyrimidines

A2.4.18 X-Ray Data with Pyridopyrimidine Structure

A2.4.19 Probing the Polarity of a Pocket

A2.4.20 Example: Dopamine Antagonists

A2.5 Probing Other Interactions
A2.5.1 Halogens

A2.5.2 Example 1: COX-2

A2.5.3 Example 2: MDM2

A2.5.4 Example 3: Glycine Antagonists

A2.5.5 Example 4: EGF-R Kinase Inhibitors

A2.5.6 Probing Aromatic Ring Positions

A2.5.7 KDR Inhibitors

A2.5.8 Anthranilamide - Factor Xa Inhibitors

A2.5.9 Exploration of Anthranilamide Substitution

A2.5.10 Replacement of the Benzothiophene Ring

A2.5.11 Useful Data Collected for Understanding SAR

A2.5.12 Tetrahydroisoquinoline - Serotonin 5-HT2A Ligands

A2.5.13 Preferred Position for the Chlorine

A2.5.14 Most Potent Analogs

A2.6 Modifications to Alter the Geometry of the Ligand
A2.6.1 Modification to Alter the Geometry of the Ligand

A2.6.2 The Amide Function

A2.6.3 SAR Example with an Amide Moiety

A2.6.4 Ortho Substitution of Aromatic Ring

A2.6.5 Cis-Trans Isomers

A2.6.6 Example 1: Cis and Trans Isomers

A2.6.7 Z and E Isomers are in Equilibrium !

A2.6.8 Example 2: Cis and Trans Isomers

A2.6.9 Alter Stereochemistry

A2.6.10 Rigid Analogs: SAR Principle

A2.6.11 Example 1: GnRH Antagonists Rigidification

A2.6.12 Example 2: AChE Rigidification

A2.6.13 Example 3: p56-lck Inhibitors Rigidification

A2.6.14 Example 4: Angiotensin-II Receptor Antagonists

A2.6.15 Example 5: Dopaminergics Rigidification

A2.6.16 Examples 6: Pseudo Rings

A2.6.17 Anthranilamides

A2.6.18 Phenoxyphenyltriazoles

A2.6.19 Salicylanilides

A2.6.20 Example 7: Good and Bad Rigidification

A2.6.21 Example 8: Rigidification of a Flexible Molecule

A2.6.22 Flexible Analogs: SAR Principle

A2.6.23 Ring Suppression: Doxepin

A2.6.24 Alteration of Interatomic Distances

A2.6.25 Alteration of the Stereochemistry of the Ligand

A2.7 Complexity of SAR Analyses
A2.7.1 Complexity of the Structures Concerned

A2.7.2 Observations with no Explanations

A2.7.3 Local Changes and Global Consequences

A2.7.4 Small Modification that Substantially Alters the Geometry

A2.7.5 Small Modification that Interferes with Other Interactions

A2.7.6 Modification that Alters the Binding Orientation

A2.7.7 Change that Alters a Characteristic of the Substance

A2.7.8 pKa

A2.7.9 LogP

A2.7.10 Non Additivity of Biological Effects

A2.7.11 Additivity in Steroids: Norethisterone

5



A2.7.12 Additivity of Biological Effects

A2.7.13 Non Additivity of Biological Effects

A2.7.14 Furanyl Example: Non-Additivity

A2.7.15 Phenoxypyrimidines: Non Additivity

A2.7.16 Being Trapped with Poor Biological Activities

A2.7.17 The Dioxobenzothiazole Scaffold

A2.7.18 Origin of the Problem

A2.7.19 The Combinatorial Era

A2.8 Example of Good Exploitation of SAR Complexity
A2.8.1 The Banyu Story with the Urea Structure

A2.8.2 Importance of the Entire Urea Moiety

A2.8.3 Bioactive Conformation?

A2.8.4 Design of Compounds with a Cis Conformation

A2.8.5 Good Exploitation of the SAR Analyses

A2.9 CHAPTER QUIZZES (Available only in Teaching Package)

A3. SUCCESS STORIES I$ DRUG DISCOVERY

A3.1 Success Story-1 : Captopril
A3.1.1 Captopril

A3.1.2 Captopril Target - ACE

A3.1.3 Starting Point: Venom Causes Drop in Blood Pressure

A3.1.4 Snake Venom Acts on the ACE Cascade

A3.1.5 The Captopril Story

A3.1.6 Developing an Assay for ACE

A3.1.7 Isolating and Purifying the Venom Peptides

A3.1.8 Encouraging Clinical Trial Results

A3.1.9 Project Virtually Abandoned at Squibb

A3.1.10 Back to the Project

A3.1.11 Applying the Concepts to ACE

A3.1.12 The Basis of ACE and CPA Similarity

A3.1.13 X-ray Structure of CPA

A3.1.14 Modeling the Active Site of ACE (1/4)

A3.1.15 Modeling the Active Site of ACE (2/4)

A3.1.16 Modeling the Active Site of ACE (3/4)

A3.1.17 Modeling the Active Site of ACE (4/4)

A3.1.18 Design of a Novel ACE Inhibitor

A3.1.19 The Phe-Ala-Pro Pharmacophore

A3.1.20 Finding a Lead Compound

A3.1.21 The Discovery of Captopril

A3.1.22 The Captopril Project Timeline

A3.1.23 What Made the Success of the Project Possible?

A3.1.24 Structure-Based Component

A3.1.25 Ligand-Based Component

A3.1.26 Following the Discovery

A3.1.27 Recent Structure of Captopril-ACE Complex

A3.1.28 Other Drugs in This Class

A3.2 Success Story-2 : Aliskiren
A3.2.1 Aliskiren

A3.2.2 Aliskiren Target - Renin

A3.2.3 Starting Point

A3.2.4 The Aliskiren Story

A3.2.5 The First Generation of Renin Inhibitors

A3.2.6 The Second Generation of Renin Inhibitors
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A3.2.7 Peptidomimetic Approach was Unsuccessful

A3.2.8 The Need for a New Non-Peptidic Scaffold

A3.2.9 Novartis's New Rational Approach

A3.2.10 3D Model of the Enzyme

A3.2.11 Predicting the Bioactive Conformation of CGP38560

A3.2.12 The Design Strategy

A3.2.13 Finding a Feasible Scaffold

A3.2.14 Criteria for Good Candidate Molecules

A3.2.15 The Parallel Design of Non-Peptide Renin Inhibitors

A3.2.16 The THQ Series

A3.2.17 Validation of the Design Strategy

A3.2.18 The Phenoxy Series

A3.2.19 Optimization of the Phenoxy Lead

A3.2.20 The Indole Series

A3.2.21 The Salicylamide Series

A3.2.22 A Docking Experiment

A3.2.23 Design of the Salicylamide Molecule

A3.2.24 Transferrable SAR's

A3.2.25 Example of Transferrable SAR's

A3.2.26 Four Unrelated Lead Compounds

A3.2.27 Browser of the Novartis Renin Inhibitor Leads

A3.2.28 From Initial Lead to Aliskiren

A3.2.29 The Aliskiren Project Timeline

A3.2.30 What Made the Success of the Project Possible?

A3.2.31 The Incorporation of Modeling

A3.2.32 Modeling - The Key to Aliskiren's Success

A3.2.33 Historical Document

A3.2.34 Good Teamwork

A3.2.35 Following the Discovery

A3.2.36 X-rays of Complex with CGP38560

A3.2.37 X-ray Determination of Lead Inhibitors

A3.2.38 The Indole X-ray

A3.2.39 The S3sp sub-Pocket

A3.2.40 Other Work on Drugs in this Class

B. A$ALOG DESIG$ A$D MOLECULAR MIMICRY

B1. BIOISOSTERISM

B1.1 Introduction
B1.1.1 What is Bioisosterism?

B1.1.2 History of the Concept of Bioisosterism

B1.1.3 Langmuir (1919): Comolecules and Isosteres

B1.1.4 Grimm (1925)

B1.1.5 Erlenmeyer (1932)

B1.1.6 Friedman (1951): Concept of Bioisosteres

B1.1.7 Thornber (1979)

B1.1.8 Burger (1991)

B1.1.9 Cheminformatics Era (1993)

B1.1.10 Remark on Stereochemical Aspects

B1.2 Typical Isosteres
B1.2.1 Classification of Typical Isosteres

B1.2.2 Monovalent Atoms or Groups

B1.2.3 Divalent Isosteres

B1.2.4 Trivalent Atoms or Groups
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B1.2.5 Tetrasubstituted Atoms

B1.2.6 Ring Equivalents

B1.3 Medicinal Chemistry Use
B1.3.1 A Simple Concept for Many Applications

B1.3.2 Adapt Chemical Structures to Feasible Syntheses

B1.3.3 Change the Type of Biological Activity

B1.3.4 Example 1: Tricyclic Structures

B1.3.5 Example 2: Angiotensin-II Receptor Ligands

B1.3.6 Example 3: Steroid Analogs

B1.3.7 Achieve Patentability

B1.3.8 Mimic an Endogenous Ligand

B1.3.9 Improve Potency

B1.3.10 Improve Selectivity

B1.3.11 Reduce Side Effects

B1.3.12 Reduce Toxicity

B1.3.13 Improve Bioavailability

B1.3.14 Exploit Metabolism

B1.3.15 Modify pKa

B1.3.16 Increase Chemical Stability

B1.3.17 Combinatorial Chemistry

B1.4 Examples of Natural Bioisosteres
B1.4.1 Bioisosteres in Nature

B1.4.2 Aminoacids

B1.4.3 Nucleotides

B1.4.4 Sugars

B1.4.5 Lipids

B1.4.6 Steroid Hormones

B1.4.7 Carbohydrates

B1.4.8 Catecholamines

B1.4.9 Penicillins and Cephalosporins

B1.5 Dictionary of Bioisosteres
B1.5.1 Dictionary of Bioisosteric Replacements

B1.5.2 Allyl

B1.5.3 Amide

B1.5.4 Amino-Acids

B1.5.5 Azomethine

B1.5.6 Benzene

B1.5.7 Carbonyl

B1.5.8 Carboxylic Acid

B1.5.9 Catechol

B1.5.10 Ester

B1.5.11 Halogen

B1.5.12 Hydrogen

B1.5.13 Hydroxyl

B1.5.14 Indole

B1.5.15 Isopropyl

B1.5.16 Naphthalene

B1.5.17 Peptide Surrogates

B1.5.18 Phenol

B1.5.19 Pyridine

B1.5.20 Ring

B1.5.21 Sulfonyl

B1.5.22 Spacer

B1.5.23 Thioether

B1.5.24 Thiourea

B1.6 Examples of Bioisosteric Transformations
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B1.6.1 Four Types of Bioisosteric Transformations

B1.6.2 Ring-to-Ring Transformations

B1.6.3 Example 1

B1.6.4 Example 2

B1.6.5 Example 3

B1.6.6 Chain-to-Ring Transformations

B1.6.7 Example 1

B1.6.8 Example 2

B1.6.9 Example 3

B1.6.10 Ring-to-Chain Transformations

B1.6.11 Example 1

B1.6.12 Example 2

B1.6.13 Example 3

B1.6.14 Chain-to-Chain Transformations

B1.6.15 Example 1

B1.6.16 Example 2

B1.6.17 Example 3

B1.7 Commercial Bioisosteric Drugs: Examples
B1.7.1 Angiotensin Receptor Blockers (ARBs)

B1.7.2 COX-2 Inhibitors

B1.7.3 Anti-Inflammatory NSAIDs

B1.7.4 Antiarrhytmic Beta-Adrenergics

B1.7.5 Neuroleptics

B1.7.6 Anti-Ulcers

B1.7.7 Male Erectile Dysfunction Drugs

B1.7.8 Benzodiazepines

B1.7.9 Antibacterial Sulfonamides

B1.7.10 Beta-Lactam Antibiotics

B1.7.11 Local Anesthetics

B1.7.12 Glucocorticoid Steroids

B1.7.13 Statin Drugs

B1.8 Patent Issues with Bioisosterism
B1.8.1 Limits of Patent Infringements on Structures?

B1.8.2 The Viagra-Levitra Case

B1.8.3 The Diazepam-Clobazam Example

B1.8.4 Patent Issues with Chiral Enantiomers

B1.8.5 Patentable Drugs by Bioisosterism

B1.9 Programs and Databases on Bioisosterism
B1.9.1 Computerized Systems

B1.9.2 EMIL Program

B1.9.3 BIOISOSTER Program and BIOSTER Database

B1.9.4 The BIOISOSTER Program

B1.9.5 Bioisosteric Morphing of the Query

B1.9.6 The Accelrys BIOSTER Database

B1.9.7 Example of BIOSTER Database Content

B1.9.8 BROOD Program

B1.9.9 Brood Program for Bradykinin Antagonists

B1.9.10 Organon IBIS Program

B1.9.11 Novartis Program for Ring Bioisosteres

B1.9.12 GlaxoSmithKline Program for Ring Replacements

B1.9.13 COSMOsim Program for Bioisosteric Similarity

B1.9.14 Cheminformatics Software

B1.9.15 Daylight: MERLIN Program

B1.9.16 Tripos: SYBYL Platform

B1.9.17 MDL: ISENTRIS Program

B1.9.18 MDL: DiscoveryGate Program

B1.9.19 CAS: SciFinder Program
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B1.10 Review Articles and Books
B1.10.1 Review Articles on Bioisosterism

B1.10.2 Books on Bioisosterism

B1.11 Limitations and the Future
B1.11.1 The Receptor is the Ultimate Decider

B1.11.2 The Multidimensional Nature of Bioisosterism

B1.11.3 Shape

B1.11.4 Lipophilicity

B1.11.5 Electronic Distribution

B1.11.6 Hydrogen-Bond Capacity

B1.11.7 Can Bioisosterism be Quantified?

B1.11.8 The Cheminformatics Era

B1.11.9 Docking can be used to Generate Bioisosteres

B1.11.10 Strategic and Financial Considerations

B1.11.11 Examples of Success and Failures

B1.12 CHAPTER QUIZZES (Available only in Teaching Package)

C. SY$THESIS A$D LIBRARY DESIG$

C1. SY$THESIS OF DRUGS

C1.1 Introduction
C1.1.1 Why to Synthesize a New Molecule?

C1.1.2 Drug Discovery

C1.1.3 Bulk Production

C1.1.4 Goal of the Synthesis

C1.1.5 General Requirements before Starting

C1.1.6 Number of Steps and Intermediates

C1.1.7 Measurable Reaction's Characteristics

C1.1.8 Yield

C1.1.9 Reaction Rate

C1.1.10 Product Selectivity

C1.1.11 Regioselectivity and Regiospecificity

C1.1.12 Stereoselectivity and Stereospecificity

C1.1.13 Thermodynamic and Kinetic Properties of the Reaction

C1.1.14 Thermodynamics

C1.1.15 Kinetics

C1.1.16 Determinants of a Chemical Reaction

C1.1.17 Steric Effects

C1.1.18 Electronics Effects

C1.1.19 Solvent Effects

C1.1.20 How to Influence a Reaction?

C1.1.21 Reactant Choice

C1.1.22 Reagent Choice

C1.1.23 Reaction Conditions

C1.1.24 Influence of pH

C1.1.25 Influence of the Solvent

C1.1.26 Catalysts

C1.1.27 Tools for Following the Progression of a Reaction

C1.1.28 Spectroscopy

C1.1.29 Mass Spectra (MS)

C1.1.30 Infrared (IR)

C1.1.31 Nuclear Magnetic Resonance (NMR)

C1.1.32 Ultraviolet (UV)
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C1.1.33 Circular Dichroism (CD) and Optical Rotatory Dispersion (ORD)

C1.1.34 X-rays

C1.1.35 Chromatography

C1.1.36 High Performance Liquid Chromatography (HPLC)

C1.1.37 Chiral Chromatography

C1.2 Design Strategy
C1.2.1 Strategy Like a General in the Battle

C1.2.2 Flexibility in the Strategy

C1.2.3 Flexibility in the Synthetic Program

C1.2.4 Flexibility in the Target Molecule

C1.2.5 Nicolaou Statement on the Trip to Ithaca

C1.2.6 Linear and Convergent Strategy

C1.2.7 Linear Strategy

C1.2.8 Example: Captopril Linear Synthesis

C1.2.9 Convergent Strategy

C1.2.10 Convergent Advantage

C1.2.11 Example: Losartan Convergent Synthesis

C1.2.12 How to Analyze a Molecule for Synthesis?

C1.2.13 Three Methods for the Design of a Synthetic Program

C1.2.14 Adapt Known Synthetic Schemes

C1.2.15 Literature and Patent Searches

C1.2.16 Database Searching with Computer Programs

C1.2.17 Consider a Building Block Strategy

C1.2.18 Small Commercial Building Blocks

C1.2.19 Elaborated Building Blocks

C1.2.20 Starting from Scratch - Retrosynthetic Analysis

C1.2.21 Retrosynthetic Strategy

C1.2.22 Disconnection of Strategic Bonds

C1.2.23 Strategic Bonds Revealed by Small Modifications

C1.2.24 FGA

C1.2.25 FGI

C1.2.26 FGR

C1.2.27 The Retrosynthetic Process

C1.2.28 From TC to SM

C1.2.29 The Synthetic Program

C1.2.30 The Tetrodotoxin Example

C1.2.31 Simple Exercise in Retrosynthesis

C1.2.32 Retrosynthesis

C1.2.33 Synthesis

C1.2.34 Disconnection Methods for Retrosynthesis

C1.2.35 Homolytic Disconnection

C1.2.36 Heterolytic Disconnection

C1.2.37 Pericyclic Bond Disconnection

C1.2.38 Combining the Three Synthetic Methods

C1.3 Synthetic Tactic
C1.3.1 Principles of Synthetic Tactics

C1.3.2 Reaction Classifications

C1.3.3 By Changes Occurring in the Reactant Molecules

C1.3.4 By Reaction Types

C1.3.5 By Functional Groups

C1.3.6 Protecting Groups

C1.3.7 Protecting Reactive Centers

C1.3.8 Requirements for Protecting Groups
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