
Medicinal Chemistry
an Introduction

UNIT I
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Objectives to study Medicinal Chemistry

 What is Medicinal Chemistry?
 Why is Medicinal Chemistry?
 What in Medicinal Chemistry?
 How is Medicinal Chemistry? How is Medicinal Chemistry?
 What after Medicinal Chemistry?
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Medicinal chemistry (IUPAC): “it concerns the
discovery, the development, the identification and the
interpretation of the mode of action of biologically
active compounds at the molecular level”

In other words,
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Medicinal chemistry is an interdisciplinary research
area incorporating different branches of chemistry
and biology in the research for better and new drugs
(Drug Discovery).



MEDICINAL 
CHEMISTRY

Computational
Chemistry

Microbiology

Pharmacology Combinatorial
Chemistry

X-ray crystallography

Spectroscopy

Immunology
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Organic Chemistry

Chemistry

Molecular Modeling
Pharmaceutics

Genomics/proteomics
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Computer-aided drug design plays a vital role in drug discovery and 
development 

Become an indispensable tool in the pharmaceutical industry. 

Computer-aided drug design  (CADD)
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Advantage of all kinds of software and resources in the computer-
aided drug design field for discovering biologically active 
compounds and optimizing biologically active compounds



Computer-aided techniques used in drug 
design and discovery

Software packages for drug design
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Typical structure-based virtual 
screening-based drug-development
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Role of Medicinal Chemists

Synthesis (semi-synthesis/total synthesis using retro-analytical approach) 
and characterization (analytical data) of new compounds (leads).

Biological assay of the synthesized compounds and determine their effect 
on biological processes.
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Manipulation of structure of the compound for optimum effect and 
minimum side effects (optimization of lead).

Study of pharmacokinetic and pharmacodynamic property of drug.

Optimization of synthetic route for bulk production



:

Retrosynthesis of Paracetamol
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synthesis of Paracetamol
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1 to 3 steps 40 steps
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Multistep synthesis



Drug Vs MedicineDrug Vs Medicine

14



Drug Vs Medicine

• There is no sharp demarcation to define Drug and medicine.

• These are the chemical substances that are used to prevent or cure 
diseases in humans, animals and plants.

• A  compound during its studies in the drug development process, is 
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• A  compound during its studies in the drug development process, is 
better to called as Drug, whereas Medicine is actually that chemical 
species which is only after its approval from the concern authority, and 
which can be prescribed.

• Drug is also used by the media and the general public to describe the 
substances taken for their psychotic rather than medicinal effects.



Drugs
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Medicine

Recreational
Nootropics



 A medicine or medication is a substance taken to cure and/or 
improve any symptoms of an illness.

OR

 A medicine may be used as preventive medicine that has future 
benefits but does not treat any existing or pre-existing diseases or 
symptoms.

Medicine
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symptoms.

 Dispensing of medication is often regulated by governments into three 
categories:

 Over-the-counter (OTC)

 Prescription only medicines (POM)

 Behind-the-counter (BTC)



• Over-the counter (OTC) : Drugs legally allowed to be sold, i.e. 
without the prescription of a registered medical practitioner. 
Vitamins and minerals, Cough and cold, Gastrointestinal,  Analgesics 
/Dermatological. Aspirin, paracetamol.

• Prescription only medicines (POM): Drugs which are not allowed 
to be sold without the prescription of a registered medical 
practitioner. E.g. antibiotics.
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practitioner. E.g. antibiotics.

• Behind-the counter (BTC): Drugs that are allowed to sold without 
prescription of  RMP  but also limits the bulk buying of such drugs. 
These products are accessed by patients only after discussion with the 
pharmacist and presenting proof of identification (ID).  Sedatives, 
contraception pill Plan B (levonorgestrel)



 Substances that affect the CNS, and are or may be used for perceiving 
beneficial effects on perception, consciousness, personality, 
and behavior. 

E.g. Opioids (substance that bind the opioid receptors, e.g. morphine, 
codeine etc.) or hallucinogens (diphenhydramine). 

Recreational Drugs
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Cannabis  Tetrahydrocannabinol (THC)

diphenhydramine



 Nootropics are drugs that are claimed to improve human cognitive 
abilities.  They are used to improve memory, concentration, 
thought, mood, learning. Some are used to treat Parkinson's 
disease, and Alzheimer's disease. 

BESEB  (“Bacosides Enriched Standardized Extract of Bacopa”) : 

Nootropics
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BESEB  (“Bacosides Enriched Standardized Extract of Bacopa”) : 
Memory sure.



no drug is completely safe
 Beneficial and non-beneficial biological effects.

 Drugs act by interfering with biological processes.

 All drugs, including those non-prescription drugs such as aspirin 
and paracetamol.
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 Beneficial and non-beneficial biological effects.

 The unwanted effects are commonly referred to as side effects.

 Side effects are not always non-beneficial. E.g. promethazine
(antihistamines : A histamine antagonist) is a pharmaceutical drug that inhibits 
the action of histamine by either blocking its attachment to histamine receptors or 
inhibiting the enzymatic activity of histidine decarboxylase which catalyzes the 
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inhibiting the enzymatic activity of histidine decarboxylase which catalyzes the 
transformation of histidine into histamine (atypical antihistaminics). Histamine 
antagonists are commonly used for the relief of allergies caused by intolerance 
of proteins

Antihistamine, but also used as 
sedative or sleep aid



Drug resistance or tolerance (tachyphylaxis)

 Repeated use of a drug - (increase in enzymes)

 Downregulation of receptors - (break down of receptors)
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 Drug-resistant strains of microorganisms.



Drug discovery and design: a historical 
outline

 1910 - Paul Ehrlich and Sacachiro Hata - first rational approach –
Arsphenamine - SAR
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Chemotherapeutic index = Min. curative dose
Max. tolerated dose

Therapeutic index =
LD50
ED50

TI: Measures of a drug’s beneficial effect at minimum dose Vs harmful effects
at high dose

Lethality is not determined in human clinical trials



 1905 - Langley – receptors, ligand, active conformation, pharmacophore

25

 1960 - Hansch & Fujita – QSAR



mid- to late twentieth century – knowledge of biological structures and 
processes
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local anaesthetic antiarrhythmic



anticholinesterase

• 1970s and 1990s – molecular modeling and  combinatorial 
chemistry 
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Current trends in Drug discovery**

28 ** It’s all a team work



Leishmaniasis
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Drug Discovery Pipeline
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Hit Lead Preclinical
Candidate

Clinical Candidate
NDA
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* takes 7-10 years to come to market with a new drug at costs
~ $ 150-800 million.

** extremely expensive test procedures required (preclinical and clinical 
tests) 



Regulatory Review: additional system that tracks long-term effects

Post-marketing surveillance: collection of adverse drug reaction data

DRUG

32
Drug development pyramid

Discovery research
Identification of lead compounds: compds. shown to have biological activity

Synthesis of analogues: many structurally related compounds are made and tested
Biological evaluation of compounds: in vitro and in vivo testing.

Development Research: Drug is given to an increasing number of individuals
Phase III: 3000+ patients, half given drug under test, half given placebo

Phase II: 200-400 patients receive the drug
Phase I: 50-100 healthy volunteers



Hit Confirmation

• Re-testing:  using HTS

•Dose response curve generation: to evaluate IC50 and EC50

•Orthogonal testing: using different assay, closer to target

physiological conditions

•Secondary screening: tests in cellular environment
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•Secondary screening: tests in cellular environment

•Chemical amenability: scale-up or costs

•IPR evaluation: must be free from IPR

•Biophysical testing: for conformational change associated during

binding

•Hit ranking and clustering 



Lead and Lead Optimization

A lead compound is a chemical compound that

has pharmacological or biological activity likely to be therapeutically useful,

but may still have suboptimal structure that requires modification to fit

better to the target.
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Its chemical structure is used as a starting point for chemical modifications

in order to improve potency, selectivity, or pharmacokinetic parameters.

Furthermore, newly invented pharmacologically active moieties may have

poor drug likeness and may require chemical modification to become drug-

like enough to be tested biologically or clinically
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A Potassium Channel Activator Possesses Anticonvulsant Activity
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Modification of the aryl ring, however, was tolerated and led to the discovery of ML297 
(ML297) (CID 56642816), with an EC50 of 160 nM, and an efficacy of 194% compared to the 
parent lead compound (CID 736191)



Clinical trial

A clinical trial (also called clinical research) is a research study using
human volunteers designed to determine the safety and effectiveness of a
drug, biologic (such as a vaccine), device (such as a prothesis) or other
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drug, biologic (such as a vaccine), device (such as a prothesis) or other
treatment or behavioral intervention.



 phase I : tests on healthy volunteers (pharmacokinetics,
pharmacodynamics, toxicity).

 phase II : tests on a limited number of persons with specific
disease (efficacy).
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 phase III : global tests on broad clinical basis (definite safety, optimal
dosage).

 phase IV : registration, market support.



Outcome of Pharmaceutical research/
Drug Discovery
 new products with enhanced activity

 new products with diminished side effects

 need of new products by increasing resistance

 but on the other hand:
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 but on the other hand:

 high development costs

 unfavorable ratio between synthesized compounds and products 
on the market



Leads and analogues: desirable properties

 Bioavailability – Lipinski’s rule of five.

 Solubility – lipophilicity and hydrophilicity.

 Structure – stereo electronic properties. E.g. anticancer drug 
melphalan, centchroman.
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melphalan, centchroman.

N

Cl

ClNH2O

HO

Melphalan OO

O
N

centchroman



The rule of Five

Christopher A. Lipinski et.al. Advanced Drug Delivery Reviews, 1996, 23, 3-25

Poor absorption or permeation are more likely when

There are more than 5 H-bond donors.

The molecular weight is over 500 daltons. 
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The molecular weight is over 500 daltons. 

The Log P is over 5. 

There are more than 10 H-bond acceptors.

Lipinski's Rule of Five (1997) is a rule of thumb to evaluate drug likeness



The rule of Five Alert

If two parameters are out of range, a “poor absorption or permeability is 
possible”. This alert is a very visible tool for the drug design

Compound A B C D Absorption

Alkanes, long 
chain CH3-

0 X X 0 Poor
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chain CH3-
(CH2)120

Aspirin 0 0 0 0 Good

Caffeine 0 0 0 0 Good

Cholesterol 0 0 X 0 Good

Cocaine 0 0 0 0 Good

Vancomycin X X 0 X poor



CH3
CH3 CH3 CH3

O O

(R)-(+)- (S)-(-)- (S)-(+)- (R)-(-)-

orange lemon caraway peppermint

Biological effects of Enantiomers
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Limonene Carvone

caraway

CHO

OCH3

OH

CHO

OH

OCH3

vanillin isovanillin

strong odor no odor
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 Stability - after administration and self-life.

drug’s in situ stability

A. modifying its structure.

B. administering the drug as a more stable prodrug.

C. using a suitable dosage form.
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treatment of glaucoma

lasts for about three hours,
needs 3–6 doses a day



 Prodrugs... Prodrugs are compounds that are pharmacologically inert but
converted by enzyme or chemical action to the active form of the drug at or near
their target site. E.g. levodopa, used to treat Parkinson’s syndrome, is the
prodrug for the neurotransmitter dopamine. Dopamine is too polar to cross the
blood–brain barrier but there is a transport system for amino acids such as
levodopa. Once the prodrug enters the brain it is decarboxylated to the active
drug dopamine
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anti-inflammatory agent
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Drug stability by complex formation

Prodrug stability
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 Self-life

Self-life is the time taken for a drug’s pharmacological activity to decline to an 
unacceptable level.

--- microbial degradation and adverse chemical reactions



Sources of leads and drugs
 Originally drugs and leads were derived from natural sources

Now-

 Local folk remedies (Ethnopharmacology).

 by serendipitously discovered (penicillin, Minoxidil, cisplatin etc.)
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 by serendipitously discovered (penicillin, Minoxidil, cisplatin etc.)

 by structure-activity relationships (most)

 by rational drug design (since the 80‘s)

 High-throughput screening of compounds (since the 90‘s)

 Databases and other literature sources of organic compounds.



Ethnopharmaceutical sources: 
 Quinine from cinchona bark - Antimalarial

 Reserpine isolated from Rauwolfia serpentina – Antidepressant

 Digitalis purpurea - digitoxigenin, gitoxigenin – Congestive heart failure.
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* Cardenolides: having an α,β unsaturated γ lactone ring. Or butyrolactone ring. Eg. 
digitoxin, digitoxigenin, digoxin, etc

* Bufadienolides/Scilladienolides: containing a δ ring having a conjugated diene 
system. Or -pyrone ring eg. Bufotalin.



 Plant sources –

Taxol
Taxus breifolia

Vincirstine
Vinca rosea Linn

Morphine
opium poppy
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 Animal sources – adrenaline and insulin

Compounds with antifungal activity isolated from fungus resistant African plants



 Marine sources –

Avarol
an immunodef iciency virus inhibitor.

sponge Disidea avara

Ara-A
antiviral

sponge T ethya crypta.
cephalosporin C

fungus Acremonium chrysogenium
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 Micro organism source –

Benzylpenicillin (penicillin G)
Penicillin notatum

Streptomycin
Streptomyces griseus



Classification of drugs
 Drugs are classified in different ways depending on where and how the 

drugs are being used.

 On the basis of Pharmacological Activity

 On the basis of chemical structure
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On the basis of chemical structure

 On the basis of origin

Natural

synthetic

semi-synthetic

biosynthetic



This classification lists drugs according to the nature of their 
pharmacodynamic behavior.

 Analgesics: Analgesics are the class of compounds that relieve pain. 

Pharmacological Activity
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 Analgesics: Analgesics are the class of compounds that relieve pain. 
The all sort of pains such as headaches, backaches, joint pain etc., and 
pain that result from surgery, injury or illness. Among the most 
common Analgesics are Aspirin, Choline Salicylate, Magnesium 
Salicylate and Sodium Salicylate



 Non-steroidal Anti-inflammatory Drugs (NSAIDs) : relieve pain, swelling,
stiffness, and inflammation. NSAIDs are prescribed for a variety of painful
conditions, including Arthritis, Gout, sprains, strains, and other injuries. Non-
steroidal Anti-inflammatory Drugs relieve pain, stiffness, swelling, and inflammation,
but they do not cure the diseases or injuries responsible for these problems.

Ibuprofen, Naproxen Sodium and Ketoprofen are Non-Steroidal Anti-Inflammatory
Drugs (NSAIDs). NSAIDs relieve pain and also reduce inflammation. Another
common analgesic, Acetaminophen provides pain relief but does not reduce
inflammation.
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COOH

OCOCH3

NHCOCH3

OH

COOH

Ibuprofen
ParacetamolAsprin



Vasodilators : Vasodilators are substances that act directly on 
muscles in blood vessel walls to make blood vessels widen (dilate). 
Vasodilators are used to treat high blood pressure (hypertension). 
By widening the arteries, these drugs allow blood to flow through 
more easily, reducing blood pressure.  Eg. Minoxidil, sodium 
nitroprusside, glyceryl trinitrate

Diuretics : Substances that increases the removal of fluids from 
the body. Diuretics are used for many reasons. They may be the body. Diuretics are used for many reasons. They may be 
indicated for people who suffer from edema, an intense 
accumulation of fluids in the body's tissues, and those who suffer 
from high blood pressure or other heart related diseases. Eg. 
Indapamide

Hypnotic : drugs are a class of psychoactive drugs whose primary 
function is to induce sleep and to be used in the treatment 
surgical anesthesia.
Benzodiazepines, Nonbenzodiazepines
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 Antiseptics: Antiseptics are substances that slow or stop the growth 
of germs and help prevent infections in minor cuts, scrapes, and burns. 
Antiseptics are applied to the skin to keep bacteria from getting into 
wounds and causing infection. Although Antiseptics do not usually kill 
bacteria, they do weaken them and slow their growth.
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Chemical structure

 Classification by means of chemical structure is useful to medicinal 
chemists who are concerned with synthesis and structure–activity 
relationships.
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 Sulphonamides: are synthetic bacteriostatic antibiotics with a wide 
spectrum against most gram-positve and many gram-negative 
organisms. 

NH2

COOH

NH2

SO2NHR

sulphonamidePABA

Involved in synthesis of DHFA,
THFA and folate co-factor

inhibit the synthesis of DHFA,
THFA and folate co-factor
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THFA and folate co-factor THFA and folate co-factor

N

NH
N

O2
SH2N

Sulphadiazine

NHCOCH3

O2
SH2N

Sulphacetamide

O2
SH2N NH2

Dapsone



 Quinolones: These class of compounds constitutes a large numbers of 
synthetic antimicrobials agents that are highly effective in the 
treatment of many types of infectious disease, particularly those caused 
by bacteria.

N

O

R

COOH

R5

F

R7

R

N

O
COOHF

N
ON

H3C CH3
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R1R8

Fluoroquinolones

R1 R5
R7

R8

Norfloxacin

Ciprof loxacin

Ofloxacin

C2H5 NHNH
H

NHNH H

C8 O

CH3

NNH
1,8 Bridge

H3C CH3

Ofloxacin



On the basis of origin 

Natural : 

Plants-
Animals-
Microorganisms-
and Minerals-
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and Minerals-

Synthetic :  

Semi-Synthetic :

Biosynthetic :
human insulin, interferon, vaccines



N

S

O
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H
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O

Phenoxymethylpenicillin
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R H

penicillin

H
N S

H
N

PCl5 S
N

Semi-Synthetic
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H
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H

MeOH, HCl

EtOH, HCl
Artemether
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O
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O
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O
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CH3

CH3

H

H3C

OMe

H

EtOH, HCl
Artemether

Artether

Artemisinin



Methods and routes of administration
 parenteral or enteral : Parenteral routes are those which avoid 

the gastrointestinal tract (GI tract)

 intramuscular injection (IM).

 intravenous injection (IV)

 subcutaneous injection (SC)
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subcutaneous injection (SC)

 transdermal delivery systems

 Nasal sprays and inhalers are also parenteral routes.

 The enteral route is where drugs are absorbed from the alimentary 
canal (given orally, PO), rectal and sublingual routes.



Method of 
Administration

Anatomical
Entryway

Description / Efficiency Examples

Oral taken by mouth Slow
very convenient. Rate of absorption 

into the bloodstream from the stomach 
is low. Absorption occurs mostly in the 

small intestine

tablets, pills, liquids

Inhalation vapour breathed in Fast
Passes directly to the bloodstream via 

respiratory medications 
for asthma

The different methods of administering drugs
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Passes directly to the bloodstream via 
the lungs

for asthma

Rectal

(suppositories)

insertion into the rectum Moderately-Fast
absorption from the large intestine

to the bloodstream

digestive illness 
treatments, hemorrhoids

Intravenous injection into vein Fastest
precise amounts can be administered 

and absorption into the blood is fastest 
of all methods

local anesthetics



Intramuscular injection into muscle Slowest
relatively safe; therefore, larger 

amounts of the drug may be 
administered

vaccines

Subcutaneous injection directly into fat under 
the skin

Medium Speed
work best when administered in a 

constant area, especially in the thigh, 
upper arm, or waist

dental injections
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upper arm, or waist
Other:

skin patches;
eye or ear drops

placed on skin;
liquid given directly

Varies
skin patch: absorption from the skin into 

the blood
eye/ear drops: liquid delivered directly 

often targets a single central area, 
usually that of infection

hormone treatment; 
infection treatment

nicotine patches
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 The dose of a drug administered to a patient is the amount that is required to reach
and maintain the concentration necessary to produce a favourable response at the site
of biological action. Too high a dose usually causes unacceptable side effects, whilst
too low a dose results in a failure of the therapy.

 The limits between which the drug is an effective therapeutic agent is known as its
therapeutic window.

 The amount of a drug the plasma can contain, coupled with elimination processes
that irreversibly remove the drug from its site of action, results in the drug
concentration reaching a so-called plateau value.

69 A simulation of a therapeutic window for a drug, given in fixed doses at fixed time intervals (")



 The dose of a drug and how it is administered is called the drug
regimen. Drug regimens may vary from a single dose taken to relieve
a headache, regular daily doses taken to counteract the effects of
epilepsy and diabetes, to continuous intravenous infusions for seriously
ill patients. Regimens are designed to maintain the
concentration of the drug within the therapeutic window at
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concentration of the drug within the therapeutic window at
the site of action for the period of time that is required for
therapeutic success.
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Sources:

•Fundamentals in medicinal chemistry- G. Thomas. 2nd edition
•Introduction to medical Chemistry, G. L. Patrick
•Medicinal Chemistry- Ashutoshkar
•Medicinal Chemistry- Sreeram and Yogeshwari
•E-source
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