Syllabus for MSc course in Pharmaceutical Chemistry

First Semester

Advanced Pharmaceutical Chemistry - I (2 units)

Topic

Week

Acid-base properties

Drug distribution

Receptors: structure and function

Receptors: structure and function

Metabolic changes of drugs

Metabolic changes of drugs

Metabolic changes of drugs

What's new in antiviral drugs

What's new in antiviral drugs
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Hormones
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Hormones
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Hormones
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Vitamins
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Vitamins
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Introduction to the Medicinal Chemistry of herbs
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Drug Design I (2 units)

Topic Week
Drug discovery workflow; target validation; ligandable pockets. 1
Physicochemical profiling rules (Lipinski/Veber/Beyond Rule of 5) and exceptions. | 2
Ligand-based design: pharmacophores, shape matching, similarity metrics. 3
Introduction to QSAR (Hansch, Free—Wilson); dataset curation & overfitting pitfalls. | 4
3D-QSAR concepts (CoMFA/CoMSIA); contour mapinterpretation. 5
Structure-based design I: protein preparation, binding site analysis, water networks. | 6
Docking fundamentals; scoring, pose filtering; consensus strategies. 7
SBDD II: fragment-based design; growing/linking; SPR and NMR fragments. 8
Hotspot & interaction fingerprint analysis; design of H-bond networks/salt bridges. | 9
Design for ADME: permeability, solubility, efflux; soft spot identification. 10
Design for metabolic stability: blocking, deuteration, heteroatom strategies. 11
Design for safety: hERG, reactive metabolites, idiosyncratic risk. 12
Covalent & reversible covalent inhibitors: warheads, selectivity, risks. 13
Case study workshop (kinase inhibitor evolution from hit — lead). 14
Capstone: propose 3 analogs with rationale and predicted profiles. 15
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Advanced Organic Chemistry

Topic Week
Introduction 1
Chemical bonding | 2
Chemical bonding Il 3
Chemical bonding Ill 4
Carbocation generation 5
Carbocation fates 6
Stability of carbocation 7
Unimolecular nucleophilic substitution reaction 8
Unimolecular nucleophilic substitution reaction 9
Electrophilic substitution reaction 10
Electrophilic substitution reaction 11
Reaction mechanisms | 12
Reaction mechanisms Il 13
Reaction mechanisms ll| 14
Reaction mechanisms IV 15
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Bio-Organic Chemistry I

Topic

Week

Organic structure and bonding

Organic structure and bonding

Conformation and Stereochemistry

Conformation and Stereochemistry

Overview of organic reactivity

Overview of organic reactivity

Overview of organic reactivity

Acid-base reactions

Acid-base reactions
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Nucleophilic substitution reactions
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Nucleophilic substitution reactions
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Nucleophilic substitution reactions
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Nucleophilic substitution reactions
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Phosphate transfer reactions
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Phosphate transfer reactions
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Biostatistics

Topic Week
Introduction to Biostatistics 1
Descriptive Statistics 2
Probability Concepts 3
Sampling Methods and Study Design 4
Hypothesis Testing — Basics 5
t-tests and ANOVA 6
Chi-square Test and Nonparametric Tests 7
Mid-term exam 8
Correlation and Regression 9
Sensitivity, Specificity, Predictive Values 10
Survival Analysis 11
Sample Size Calculation 12
Introduction to Statistical Software 13
Interpreting and Reporting Statistical Results 14
Examples and tutorials 15




(b slaa)

g 52! £ 3 3al)
1 @ sl clany) i dadie
2 sia sl clasy)
3 Jcia¥) asalis
4 sl all agana s il 30 3 5k
5 Gileca @l L) bl
6 (ANOVA) culall (s g (1) kol
7 4 el JLOUI l HLEAY 5 o i g\S s
38 (L) Coaia) Ladll jlaial)
9 Dlasi g Jaly Y

10 Al 4l 5 e 5ill 5 dulial)
11 s\l Jalas
12 L) paa Cla
13 Abany) Gl )l dadie
14 haa ) dilail) il a je 5 ppdi

Ll (o jla g ALl




English

Topic

Week
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Molecular Pharmacology

Topic

Week

Targets of drug action

Definitions and classification of receptors

Types of receptors, general view, mechanisms of activation

Ligand-gated ion channels

G-protein coupled receptors

Targets for G-proteins

Adenylate cyclase system

Phospholipase / inositol phosphate system

Intracellular calcium homeostasis
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lon channels as targets for G-protein
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Receptor heterogeneity and subtypes
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Alternative mechanisms of receptor activation
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Agonist specificity and receptor desensitization
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Kinase-linked and related receptors
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Control or receptor expression
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Second Semester

Advanced Pharmaceutical Chemistry II

Topic

Week

Computer aided drug design

Computer aided drug design

Optimizing access to the target

Optimizing access to the target

Energy minimization docking

Molecular dynamics

SwissADME

SwissADME

Green Chemistry
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Molecular chemistry of nucleic acids and proteins
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Molecular chemistry of nucleic acids and proteins
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What's new in anticancer chemotherapy
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Medicinal chemistry of natural products
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Covalent inhibitors
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Covalent inhibitors
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Drug Design I1

Topic

Week

Water thermodynamics & displaceable waters in design.

Free energy methods (FEP/TI overview) for prioritization.

Multi-parameter optimization (MPO) frameworks.

CNS drug design (P-gp, PSA, pK_a windows).

Antibiotic/antimycobacterial design constraints.

Antiviral & antimetabolite strategies.

Macrocycles & cyclic peptides as drug-like space.

Proteolysis-targeting chimeras (PROTACSs) & molecular glues.

Allosteric/covalent hybrid designs.
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Lead optimization playbook (solubility/permeability/metabolism triad).
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Case study: HCV NS5A inhibitors.
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Case study: covalent EGFR inhibitors.
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From design to synthesis plan (handoff package).
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Team design sprint.
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Capstone presentations.
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Bio-organic Chemistry II

Topic

Week

Organic structure and bonding

Conformation and Stereochemistry

Structure determination -UV-visible spectroscopy

Structure determination - Infrared spectroscopy

Structure determination - 1H- NMR spectroscopy

Structure determination - 1H- NMR spectroscopy

Midterm exam

Structure determination - 13C- NMR spectroscopy

Structure determination - 13C- NMR spectroscopy
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Overview of organic reactivity
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Acid-base reactions
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Acid-base reactions
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Nucleophilic substitution reactions
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Phosphate transfer reactions
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Phosphate transfer reactions
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Identification Techniques

Topic

Week

Introduction to Chromatography

Gas liquid Chromatography

High Performance Liquid Chromatography (HPLC)

UV spectroscopy

UV spectroscopy

Infrared spectroscopy

Infrared spectroscopy

Med- term exam

'H — NMR Spectroscopy
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H-NMR Spectroscopy
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BBc-NMR Spectroscopy
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Bc- NMR Spectroscopy
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Mass spectrometry
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Heterocyclic Compounds

Topic

Week

Introduction

Introduction

Furan reactions, synthesis, and transformation |

Furan reactions, synthesis, and transformation Il

Furan reactions, synthesis, and transformation Il

Pyrrole reactions, synthesis, and transformation |

Pyrrole reactions, synthesis, and transformation Il

Pyrrole reactions, synthesis, and transformation Il

Misterm Exam
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Thiophene reactions, synthesis, and transformation |
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Thiophene reactions, synthesis, and transformation Il
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Six-membered rings heterocycles |
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Six-membered rings heterocycles Il
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Seven-membered rings heterocycles |
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Seven-membered rings heterocycles Il
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Scientific Research

Topic

Week

Introduction to the research methodology

Research methodology application and techniques

Literature review

Scientific presentation

Research methodology: Study design

Research methodology: Study variables

Research methodology: Study sampling

Mid-term exam

Research methodology: Data collection
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Scientific writing: Title selection, abstract structure, and conclusion presentation

[EnY
o

Scientific writing: Journal selection, predatory journals as well as publishers, and

conclusion presentation
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Scientific writing: Reference selection and referencing styles

12

Scientific writing: Plagiarism rating

13

Scientific writing:

14

Submission guidelines

15
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Special Problem
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