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Course annotation 

Human being- diseases- drugs. The relationship between chemistry and medicine.  
Drug binding. Covalent binding, targeted covalent binding, electrostatic or ionic bonds, hydrogen 
bonds, hydrophobic interaction, Van der Walls interaction, dipole-dipole and ion-dipole interaction, 
cation- π interaction, π - π interaction, the role of water in interactions.  
Drug target- proteins. Enzymes, receptors, transport proteins.   
Enzymes. Interaction models: lock and key model, induced fit, conformational selection. Types of 
inhibitors: reversible- competitive, noncompetitive, uncompetitive, irreversible (e.g. suicide inhibitors), 
alosteric. Enzyme kinetics Vmax, k cat, KM.  Binding affinity. The strength of the interaction (Kb, Kd, ΔGb ). 
Enzymatic Activity Inhibition Assay. The potency of inhibitor (Ki, IC50). Isozymes. 
Receptors as drug targets. Types of receptors. Agonists, antagonists, alosteric antagonists, partial 
agonists, inverse agonists. The strategies for design of agonists and antagonists. Sensitization and 
desensitization. Affinity, efficacy, and potency.  
Nucleic acids as drug targets. DNA as drug target, classification of active compounds. RNA as drug 
target, agents that bind to ribosomes, antisense therapy.   
Miscellaneous drug targets- lipids, carbohydrates.  
Bioassay. In vivo, ex vivo, in vitro, in silico tests.  
The search of lead compound. Hit. From hit to lead. Screening. HTS- high-throughput screening. 
Fragment screening. Screening methods: biophysical approaches, mass spectrometry, nuclear  
magnetic resonance (NMR) spectroscopy, crystallographic screening. Virtual screening. Early tests for 
potential toxicity. The strategies of the search of lead compound  (e.g. screening of natural sources, 
combinatorial synthesis, etc.).   
Lead compound optimization. Improvement of target interactions. The role of functional groups (e.g. 
amines, carboxylic acids, etc.) in optimization. Indentification of pharmacophore. Lead compound 
optimization strategies (e.g. ring variations, variation of substituents on aromatic or heteroaromatic 
rings, etc.). Isosteres and bioisosteres. Chirality. Improvement of access to the target. Optimization of 
ADME properties. Druglikeness. Lipinski's rule of five. Veber’s rules Optimizing 
hydrophilic/hydrophobic properties. Making drugs more resistant to chemical and enzymatic 
degradation. Strategies for reduction of toxicity. Prodrugs and their aplication (e.g. improvement of 
membrane permeability, prolongation of drug activity, etc.).  
Pharmacokinetics. Absorption, distribution, metabolism, and excretion (ADME). The first pass effect- 
first-pass metabolism. Orally active drugs. Drug distribution. Pharmacokinetic parameters (e.g. 
clearance (Cl), half-life, bioavailability (F), etc.) Blood brain barrier. Drug metabolism (phase I, phase 
II). Phase I- oxidative reactions catalysed by cytochrome P450 enzymes on saturated carbon centres, 
amines, ethers, hetroatoms and unsaturated centres. Other important oxidative enzymes- alcohol 
dehydrogenases, aldehyde dehydrogenases, esterases, peptidases. Phase II (e.g. glucuronic acid 
conjugation, sulphate conjugation, methylation, etc.). Metabolic stability. 
Computers in drug design. Docking. De Novo drug design. QSAR- quantitative structure-activity 
relationship. Physicochemical descriptors- hydrophobicity- the partition coefficient (P), the substituent 
hydrophobicity constant (π). Electronic descriptors- Hammett constant. Steric descriptors- Taft’s steric 
constant. Free-Wilson model. Hansch model. The Craig plot. The Topliss scheme. 3D QSAR.  
Combinatorial and parallel synthesis. 
Getting the drug to market. Patenting. Chemical development. Regulatory affairs. Fast tracking 
drugs. Orphan drugs. Preclinical trials. Toxicity testing. In Vivo toxicity testing. Metabolic stability 
testing. Clinical trials. Phase I. Phase II. Phase III. Phase IV. 

Reading list 

Graham L. Patrick     An Introduction to Medicinal Chemistry. 
Robert M. Rydzewski    Real World Drug Discovery 
C. Wermuth, D. Aldous, P. Raboisson, D. Rognan  The Practice of Medicinal Chemistry 
J. Holenz   Lead Generation 
Li Di and E. H. Kerns    Drug-Like Properties: Concepts, Structure Design, and Methods 
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