
Introduction to Medicinal Chemistry
Medicinal chemistry is best to be defined as an interdisciplinary research area

incorporating different branches of chemistry and biology in the research for better

and new drugs (Drug Discovery).

In other words, medicinal chemistry is the science, which deals with the discovery and

design of new and better therapeutic chemicals and development of these chemicals

into newmedicines and drugs.

Generally Medicinal Chemists can:

•Make new compounds

•Determine their effect on biological processes.•Determine their effect on biological processes.

•Alter the structure of the compound for optimum effect and minimum side effects.

•Study uptake, distribution, metabolism and excretion of drugs.

Medicinal chemistry is the chemistry

discipline concerned with the design,

development and synthesis of

pharmaceutical drugs. The discipline

combines expertise from chemistry

and pharmacology to identify, develop

and synthesize chemical agents that

have a therapeutic use and to evaluate

the properties of existing drugs



Primary objective of medicinal chemistry
Generally, we can identify the following stages in drug discovery, design and

development

Drug discovery-finding a lead

• Choose a disease.

• Choose a drug target.

• Identify a bioassay.

• Find a lead compound.

• Isolate and purify the lead compound if necessary.

• Determine the structure of the lead compound if necessary.

Drug design

• Identify structure-activity relationships (SARs)• Identify structure-activity relationships (SARs)

• Identify the pharmacophore.

• Improve target interactions (pharmacodynamics).

• Improve pharmacokinetic properties,

Drug development

• Patent the drug.

• Carry out preclinical trials (drug metabolism, toxicology, formulation and stability test,

pharmacology studies, etc).

• Design a manufacturing process (chemical and process development).

• Carry out clinical trials.

• Register and market the drug.

• Make money.
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Drug Classification
Pure organic compounds are the chief source of agents for the cure, mitigation or the

prevention of disease. These remedial agents could be classified according to their origin:

• Natural compounds: materials obtained from both plant and animal, e.g. vitamins,

hormones, amino acids, antibiotics, alkaloids, glycosides…. etc.).

• Synthesis compounds: either pure synthesis or synthesis naturally occurring

compounds (e.g. morphine, atropine, steroids and cocaine) to reduce their cost.

• Semi-synthesis compounds: Some compounds either can not be purely synthesized or

can not be isolated from natural sources in low cost. Therefore, the natural intermediate

of such drugs could be used for the synthesis of a desired product (e.g. semi synthetic

penicillins).penicillins).

Since there is no certain relation between chemical structure and pharmacological

activity therefore, it would be unwise to arrange all drugs on the basis of their structures

or origin.

Thus, it is better to arrange the drugs according to their medicinal use. Drugs can be

classified according to their medicinal uses into two main classes:

I-Pharmacodynamic agents: Drugs that act on the various physiological functions of the

body (e.g. general anaesthetic, hypnotic and sedatives, analgesic etc.).

II-Chemotherapeutic agents: Those drugs which are used to fight pathogenic (e.g.

sulphonamides, antibiotics, antimalarial agents, antiviral, anticancer etc.).



Drug Classification
Drugs can be classified depending heir use to treat different types of diseases:

1-Infectious diseases: Born (transmitted) from person to person by outside agents,

bacteria (pneumonia, salmonella), viruses (common cold, AIDS), fungi (thrush, athletes

foot), parasites (malaria)

2-Non-infectious diseases: disorders of the human body caused by genetic malfunction,

environmental factors, stress, old age etc. (e.g. diabetes, heart disease, cancer.

Haemophilia, asthma, mental illness, stomach ulcers, arthritis).

3-Non-diseases: mitigation of pain (analgesic), prevention of pregnancy

(contraception), anesthesia.

Physico-chemical properties in relation to biological actionPhysico-chemical properties in relation to biological action

Drug action results from the interaction of drug molecules with either normal or

abnormal physiological processes. Drugs normally interact with targets (which they are

proteins, enzymes, cell lipids, or pieces of DNA or RNA). The ability of a chemical

compound to elicit a pharmacologic /therapeutic effect is related to the influence of its

various physical and chemical (physicochemical) properties.

The most pharmacologically influential physicochemical properties of organic medicinal

agents (OMAs) are:

1.Solubility

2.Acidity and basicity

3.Reactivity



1- SOLUBILITY OF ORGANIC MEDICINAL AGENTS
Importance of solubility:

(1) Formulation of the drug in an appropriate dosage form and

(2) Bio-disposition: Disposition of OMAs in the living system after administration

(absorption, distribution, metabolism, and excretion).

The solubility expression: in terms of its affinity/philicity or repulsion/phobicity for

either an aqueous (hydro) or lipid (lipo) solvent.

♣hydrophilic....................water loving

♣lipophobic.....................lipid hating

♣lipophilic.......................lipid loving

♣hydrophobic..................water hating♣hydrophobic..................water hating

Majority of OMAs possess balanced solubility (have some degree of solubility in both

aqueous and lipid media). Because there is a need for OMAs to move through both

aqueous (plasma, extracellular fluid, cytoplasm, etc.) and lipid media (biologic

membranes) in the biological system.

Solubility of OMAs should be viewed as being on a range between high lipophilicity on

one end of the spectrum and high hydrophilicity on the other.



The most important intermolecular attractive forces (bonds) that are involved in the

solubilization process are:

1. Van der Waals Attraction

■weakest intermolecular force (0.5-1.0 kcal/mole)

■electrostatic

■occurs between nonpolar groups (e.g. hydrocarbons)

■highly distance and temperature dependent

2. Dipole-Dipole Bonding

■stronger (1.0 to 10 kcal/mole)

■occurs electrostatically between electron deficient and electron excessive /rich atoms

(dipoles)

■hydrogen bonding is a specific example of this bonding and serves as a prime■hydrogen bonding is a specific example of this bonding and serves as a prime

contributor to hydrophilicity :

3. Ionic Bonding

■electrostatic attraction between cations and anions

■common in inorganic compounds and salts of organic molecules

■relatively strong (5 kcal/mole)



4.Ion-Dipole Bonding

■electrostatic between a cation/anion and a dipole

■relatively strong (1-5 kcal/mole)

■low temperature and distance dependence

■important attraction between OMAs and H2O

Solubility Prediction
The relative solubility of an OMA is a function of the presence of both lipophilic and

hydrophilic features within its structure, which serve to determine the extent ofhydrophilic features within its structure, which serve to determine the extent of

interaction of the OMA with lipid and/or aqueous phases.

The relative solubility of an OMA can be determined in the laboratory, i.e. the partition

coefficient [P] the ratio of the solubility of the compound in an organic solvent to the

solubility of the same compound in an aqueous environment , also sometimes

expressed as Distribution coefficient [D].

P=[Drug]lipid/ [Drug]aqueous). P is often expressed as a log value.



2- Acidity and Basicity
Acidic and/or basic properties of OMAs are important in both:

1- Pharmaceutical phase (dosage formulation, etc.) and

2- Pharmacological phases (disposition, structure at target site, etc.).

Definitions: Acid: An organic compound containing a functional group that can donate a

proton (H+) Base: An organic compound that contains a functional group that can

accept a H+

Estimation of the Relative Acid/Base Strength

The ionization constant (ka) indicates the relative strength of the acid or base.

An acid with a ka of 1x10-3 is stronger acid (more ionized) than one with a ka of 1x10-5

A base with a ka of 1x10-7 is weaker (less ionized) than one with a ka of 1x10-9A base with a ka of 1x10-7 is weaker (less ionized) than one with a ka of 1x10-9

The negative log of the ionization constant (pka) also indicates the relative strength of

the acid or base.

An acid with a pka of 5 (ka=1x10-5) is weaker (less ionized) than one with pka of 3

Whereas a base with a pka of 9 is stronger (more ionized) than one with a pka of 7 E.g.

Ionization of weak acid (e.g. acetic acid, pka =4.76) is as follows:



3. Drug-receptor Interaction (Reactivity)
The ability of a drug to get bound to a receptor is termed as the affinity of the drug for

the receptor. The receptors are also dynamic in nature and have a special chemical

affinity and structural requirements for the drug. Thus, affinity represents kinetic

constants that relate to the drug and the receptor.

The drug elicits a pharmacological response after its interaction with the receptor. A

given drug may act on more than one receptor differing both in function and in binding

characteristics (non-selective drugs). There are also many factors effect changes in

receptor concentration and/or affinity.

A drug, which initiates a pharmacological action after combining with the receptor, isA drug, which initiates a pharmacological action after combining with the receptor, is

termed agonist.

Drugs which binds to the receptors but are not capable of eliciting a pharmacological

response produce receptor blockage, these compounds are termed antagonists.



Drug MetabolismDrug Metabolism


















































