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Various approaches used in drug design.

Physicochemical parameters used in quantitative structure activity relationship
(QSAR) such as partition coefficient, Hammet’s electronic parameter, Tafts steric
parameter and Hansch analysis.

Pharmacophore modeling and docking techniques.

Combinatorial Chemistry: Concept and applications chemistry: solid phase and
solution phase synthesis.
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Introduction to Drug Design

Drug design is a systematic and scientific process of discovering new medicines by
identifying and developing chemical compounds that can interact with specific biological
targets in the body to produce a desired therapeutic effect. It is a key part of medicinal
chemistry and pharmaceutical sciences.

Definition

Drug design is the process of designing new molecules (drugs) based on knowledge of the
biological target (such as enzymes, receptors, or nucleic acids) to produce a therapeutic effect
with minimal side effects.

Basic Principles

1. Identification of Target — Finding the biological molecule (enzyme, receptor,
protein, gene, etc.) responsible for the disease.

2. Understanding Target Structure — Using X-ray crystallography, NMR,
computational methods to study the 3D structure.

3. Design of Drug Molecule — Creating molecules that fit and interact with the target.

4. Optimization — Improving potency, selectivity, absorption, and reducing toxicity.

5. Testing — Preclinical (animal) and clinical (human) studies.

Various Approaches Used in Drug Design

Drug design can be studied using different theoretical and practical approaches. These
approaches help in understanding the relationship between chemical structure and
biological activity (QSAR — Quantitative Structure Activity Relationship).

1. Quantum Mechanical Approach
Based on the principles of quantum mechanics.
Explains electronic structure of drug molecules.
Calculates parameters like electron density, bond length, bond angle, dipole
moment, energy levels ( HOMO & LUMO).
Useful for predicting reactivity, stability, and binding interactions of drugs with
their targets.
Example: Explains why some aromatic compounds are more reactive and show strong
biological activity.

In Short (for exams):

e Quantum Mechanical Approach — clectronic structure.

2. Molecular Orbital Approach

o Extension of quantum mechanics, focusing on molecular orbitals.
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e Uses methods like Hiickel Molecular Orbital (HMO) theory, Frontier Molecular
Orbitals HOMO-LUMO interactions).
o Helps understand:
o Which part of molecule is electron-rich or electron-deficient.
o Predicts site of drug-receptor interaction.
o Example: Designing antibacterial sulfonamides using electron density distribution.

In Short (for exams):

e Molecular Orbital Approach - HOMO-LUMO, binding sites.

3. Molecular Connectivity Approach

A topological method (based on structure without 3D details).

Uses graph theory where atoms = vertices, bonds = edges.

Introduces connectivity indices to represent shape, size, branching of molecules.
Correlates these indices with biological activity, toxicity, and pharmacokinetics.
Example: Used in the design of local anesthetics and anticancer agents.

In Short (for exams):

Molecular Connectivity Approach — graph theory & connectivity indices.

4. Linear Free-Energy Approach (LFER)

e Based on thermodynamics.
o Correlates biological activity with physicochemical properties (hydrophobicity,
electronic effects, steric effects).
Often represented by Hammett equation or Hansch analysis.
Helps in QSAR studies:
o Hydrophobic constant ()
o Electronic parameter (o)
o Steric parameter (Es)
Example: Hansch analysis applied to design antimalarial and antibacterial drugs.

In Short (for exams):

Linear Free-Energy Approach — physicochemical properties vs biological activity
(QSAR).
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Pharmacophore Modeling and Docking Techniques

1. Pharmacophore Modeling

Definition

A pharmacophore is the essential 3D arrangement of functional groups in a drug molecule
that is responsible for its biological activity.

(3 In simple words: it is the map of features (like hydrogen bond donor, acceptor,
hydrophobic group, aromatic ring, charge, etc.) required for interaction with the biological
target.

Key Features of a Pharmacophore

Hydrogen bond donor (HBD)
Hydrogen bond acceptor (HBA)
Hydrophobic regions

Aromatic rings

Charged groups (cationic/anionic)

Pharmacophore Modeling Steps

1. Identification of Active Molecules — Select a series of compounds with known

biological activity.

. Alignment — Superimpose active molecules in 3D space.

. Feature Extraction — Identify common functional groups essential for activity.

. Pharmacophore Hypothesis — Build a model showing spatial arrangement of
features.

. Virtual Screening — Screen new molecules from databases that fit the
pharmacophore.

Applications

Identifying new lead compounds.

Explaining structure-activity relationship (SAR).
Virtual screening of chemical libraries.

Used when the receptor structure is unknown.
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2. Docking Techniques

Definition

Docking is a computer-based method used to predict how a drug molecule (ligand) fits into
the binding site of a biological target (usually an enzyme or receptor).

(3 It’s like finding the best orientation of a key (drug) inside a lock (receptor binding
site).

Steps in Molecular Docking

1. Target Preparation — Obtain 3D structure of protein/receptor (X-ray crystallography,
NMR, or databases like PDB).
. Ligand Preparation — Design or select drug molecules.
. Docking Simulation — Computationally fit ligand into the receptor’s active site.
. Scoring Function — Calculate binding affinity (how strong the ligand binds).
. Ranking & Analysis — Select best-fit ligands for further development.

Types of Docking

e Rigid Docking — Both receptor and ligand are fixed.
o Flexible Docking — Allows movement/rotation of ligand and sometimes receptor side
chains.

Applications

Predict binding mode of drugs.

Identify lead compounds in drug discovery.

Optimization of drug—receptor interactions.

Explains mechanism of action of drugs (e.g., enzyme inhibitors, receptor
agonists/antagonists).
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Combinatorial Chemistry

Combinatorial Chemistry is a modern technique in drug discovery where a large
number of structurally diverse compounds are synthesized in a systematic way and
tested rapidly for biological activity.

Instead of preparing one compound at a time, it allows the synthesis of libraries of
compounds (hundreds to millions) simultaneously.

It saves time, cost, and effort in drug discovery.

& In simple words: “One reaction — Many compounds”

Applications of Combinatorial Chemistry

. Drug Discovery — Rapid identification of lead compounds.
Optimization — Modifying leads to improve potency, selectivity, or
pharmacokinetics.

SAR (Structure—Activity Relationship) studies.

. Peptide and oligonucleotide synthesis.

. Material science — discovery of catalysts, polymers, nanomaterials.

. Agrochemicals and biotechnology.

Synthetic Methods in Combinatorial Chemistry

1. Solid-Phase Synthesis (SPS)

Invented by R. Bruce Merrifield (1963, Nobel Prize) for peptide synthesis.
The compound is synthesized while attached to an inert solid support (resin/beads).
After synthesis, the final product is cleaved from the solid support.

. Attachment — First building block is linked to solid resin.

. Reaction — Subsequent building blocks are added step by step.

. Washing — By-products are removed easily (since reagents wash away, but product
stays on bead).
Cleavage — Final compound is detached from resin.

Advantages:
o Easy purification (washing removes impurities).
e Automated synthesis possible.
e Widely used for peptides, oligonucleotides, and small molecules.

Limitations:

e Limited to reactions compatible with solid supports.
e Resin may be costly.
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2. Solution-Phase Synthesis
e Compounds are synthesized in liquid (solution) phase like classical organic

synthesis.
e Purification requires chromatography or precipitation techniques.

Advantages:
e More flexible reactions compared to solid-phase.

e Useful for molecules not suitable for solid-phase synthesis.
o Allows large-scale synthesis.

Limitations:

e Purification is time-consuming (since reagents and products are in same phase).
e Less suitable for automation compared to SPS.

Comparison Table: Solid-phase vs Solution-phase synthesis

Feature

Solid-Phase Synthesis (SPS)

Solution-Phase Synthesis

Medium

Resin/bead support

Liquid medium

Purification

Simple washing

Chromatography/precipitation

Automation

Easy, highly automated

Difficult

Scale

Small-medium scale

Large scale possible

Applications

Peptides, oligonucleotides

Small molecules, diverse libraries

Cost

Expensive (resins needed)

Comparatively cheaper
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