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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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Rational approach

A systematic, step by step method in which ‘hard’
(quantitative) data obtained through observation or(quantitative) data obtained through observation or
mathematical (statistical) analysis or modeling is used for
making long term decisions.
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• The concept of ‘Drug design’ or ‘tailor-made compound’ aims
at developing a drug with high degree of chemotherapeutic
index and specific action.

• It is an integrated approach:

Rational Drug Design
...a strategy-based approach

• It is an integrated approach:
– chemical synthesis.
– evaluation for activity.
– toxicological studies.
– metabolism of the drug, i.e., biotransformation and the study of the

various metabolites formed.
– assay procedures.
– formulation and biopharmaceutics.
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Rational Drug Design = a strategy-based approach

• understanding the pathological and biochemical aspects of the
disease

• identifying the target enzyme or receptor, and the mechanism of
action
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• determine or predict the structure of the target enzyme or receptor
design and/or identify the lead compound

• optimization of the biological activity by using the structure of the
target enzyme or receptor



Current trends in Drug discovery**

** It’s all a team work 6



Leishmania Life Cycle
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• Direct methods - direct docking of potential ligands into a 3D model of a
receptor.

• Indirect methods - extract 3D information from the structures that assay as 
active/inactive. This situation is different from one in which the three-dimensional 
structure of the macromolecular target for a drug is known, for example, for drugs that are 
enzyme inhibitors, allowing "direct" characterization of ligand-receptor interactions. Two 

Drug Design Methods

enzyme inhibitors, allowing "direct" characterization of ligand-receptor interactions. Two 
qualitatively different "indirect" approaches are 2D-QSAR and pharmacophores development. 
CNS active drugs.  (Loew GH, Villar HO, Alkorta I. Pharm Res. 1993 Apr;10(4): 475-86. 
Strategies for indirect computer-aided drug design)

• Combinatorial methods - use of high throughput screening with
combinatorial design and synthesis of compound libraries to rapidly detect
and refine drug leads
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ANALOGUES AND PRODRUGS

Drug analogues are compounds that differ in the carbon skeleton to that of a 
known drugs. The activity profile of the so-called analogues is similar to that drug.
trans-diethylstilbesterol is an analogue of estradiol
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• Bioavailability – Lipinski’s rule of five.
• Solubility – lipophilicity and hydrophilicity.
• Structure – stereo electronic properties. E.g. anticancer drug melphalan, 

centchroman.

Analogues: desirable properties
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• 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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HIT and LEAD

Hit: These are the molecules which have reproducible activity in biological assays.

Lead: (i.e. the "leading" compound) is a chemical compound that has some sort
for pharmacological activity and whose chemical structure is used as a starting
point for chemical modifications in order to improve potency, selectivity, or
pharmacokinetic parameters.

Lead compounds are often found in high-throughput screenings ("hits") or
are secondary metabolites from natural sources.

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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(i) Narcotic Analgesics (structural analogues)

Morphine
Schaumann (1939)

Ehrhardt (1949)

narcotic analgesics
(methadone, dextromoramid and dextropropoxyphen) 16



(ii) Antipyretic Analgesics (active metabolite)

(iii) Antirheumatic Drugs(iii) Antirheumatic Drugs
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Antirheumatic

Uricosuric agent



Drug Design

Ligand Design

These are commonly small organic molecules, (biologics)

Designed to activate or inhibit the enzyme activitiesDesigned to activate or inhibit the enzyme activities

Have complementary shape and charge to that of receptor     
sites

Computer-aided drug design
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Ligand-based drug design - indirect drug design
based on

•Pharmacophore
•Quantitative Structural Activity Relationship (QSAR)

Types of drug design

Structure-based drug design – direct drug design
based on

•Three dimensional structure of biological target
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Active site identification

• Active site identification is the first step in the program.

• It analyzes the protein to find the binding pocket.

• It derives key interaction sites within the binding pocket.

• It prepares the necessary data for Ligand fragment link.

• The basic inputs for this step are the 3D structure of the protein and a pre-
docked ligand in PDB format, as well as their atomic properties. Both ligand and
protein atoms need to be classified and their atomic properties should be defined,
basically, into four atomic types.

• The space inside the ligand binding region would be studied with virtual probe
atoms of the four types above so the chemical environment of all spots in the
ligand binding region can be known. Hence we are clear what kind of chemical
fragments can be put into their corresponding spots in the ligand binding region of
the receptor.
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Hydrophobic atom: all carbons in hydrocarbon chains or in aromatic 
groups.

H-bond donor: Oxygen and nitrogen atoms bonded to hydrogen atom(s).

H-bond acceptor: Oxygen and sp2 or sp hybridized nitrogen atoms with 
lone electron pair(s).
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lone electron pair(s).

Polar atom: Oxygen and nitrogen atoms that are neither H-bond donor nor 
H-bond acceptor, sulfur, phosphorus, halogen, metal and carbon atoms 
bonded to hetero-atom(s).



FACTORS GOVERNING DRUG-DESIGN

i. Small expenditure of human and material resources.

ii. Experimental animal and clinical screening operations of the new drugs.

iii. Relationships between chemical features and biological properties need 
to be established retrospectively.

iv. Quantitative structure-activity relationships (QSARs) vary to an 
appreciable extent in depth and sophistication based on the nature of appreciable extent in depth and sophistication based on the nature of 
evaluation of structure or activity.

v. Introduction of functional groups in a molecule that need not essentially 
resemble metabolites, but are capable of undergoing bonding interactions 
with important functional groups of biochemical components of living 
organisms affords an important basis for exploration.

vi. Disease etiologies and various biochemical processes involved prove 
useful.
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DRUG-DESIGN : THE METHOD OF VARIATION

Under this method a new drug molecule is developed from a biologically active
prototype. The various advantages are as follows :

(a) At least one new compound of known activity is found.

(b) The new structural analogues even if not superior may be more
economical.

(c) Identical chemical procedure is adopted and hence, considerable economy

24

(c) Identical chemical procedure is adopted and hence, considerable economy
of time, library and laboratory facilities.

(d) Screening of a series of gives basic information with regard to
pharmacological activity.

(e) Similar pharmacological technique for specific screening may be used
effectively.



The basic objectives of the method of variation are :

• To improve potency
• To modify specificity of action
• To improve duration of action
• To reduce toxicity
• To effect ease of application or administration or handling
• To improve stability
• To reduce cost of production
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• To reduce cost of production



a more generalized approach:

(a) study of the core nucleus of the hydrocarbon skeleton

(b) variation of functional groups and their proximity to one another

(c) various probable rotational and spatial configurations

(d) possibility of steric hindrance between various portions of the molecule in
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(d) possibility of steric hindrance between various portions of the molecule in
different configurations in space

(e) probability of electronic interactions between various portions of the
molecule including as inductive and mesomeric effects, hyper-conjugation,
ionizability, polarity, possibility of chelation, asymmetric centres and zwitter ion
formation.



The two main approaches for the application of the method of
variation, can be :

(a) drug design through disjunction approach

(b) drug design through conjunction approach
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(b) drug design through conjunction approach



Drug Design through Disjunction

Disjunction comes in where there is the systematic formulation of analogues of a 
prototype agent. Analogues have partly structure of the prototype agent 

The method of disjunction is usually employed in three different manners, namely:

(i) un-joining of certain bonds

(ii) substitution of aromatic cyclic system for saturated bonds
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(ii) substitution of aromatic cyclic system for saturated bonds

(iii) decrease in the size of the hydrocarbon portion of the parent molecule.



Example :
The extensive study on the estrogenic activity of oestradiol via drug design through
disjunction ultimately rewarded in the crowning success of the synthesis and
evaluation of trans-diethylstilbesterol.

The flow-sheet of estrogen design is stated below :
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The observations include:

(i) Various steps in design of II to III to IV designate nothing but successive 
simplification through total elimination of the rings B and C in oestradiol (I).

(ii) The above manner of drug design finally led to successively less active products 
(i.e., II, III, IV).

(iii) Upon plotting oestrogenic activity against various structures (I to VII) it was quite 
evident that the maximal activity in this series was attributed to trans-
diethylstilbesterol.
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diethylstilbesterol.
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Drug Design through Conjunction
The systematic formulation of analogues of a prototype agent, in general, toward
structurally more complex products

Based on ‘principle of mixed moieties’.
Example :
Ganglionic blocking agent—its development based on the principle of mixed moieties.
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(where Sv1 = steric factor 1 ; Sv2 = steric factor 2 ; Sv3 = steric factor 3 ; Sd = 
steric distance factor ; P1 = polarity factor 1 and P2 = polarity factor 2).



Hexamethonium (ganglionic blocker)

Acetylcholine is an effective postganglionic parasympathetic stimulant that
afford no appreciable changes in the ganglionic function; whereas
hexamethonium possesses only a slight action at postganglionic parasympathetic
endings that produce a high degree of ganglionic blockade.
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hexamethyl analogue reveal the presence of both muscarinic stimulant and
ganglionic blocking actions, and the corresponding hexaethyl analogue possesses
a ganglionic blocking effect and a weak muscarinic stimulant action.
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The term SERM, or selective estrogen receptor modulator, is used to describe ligands for the 
estrogen receptor (ER) that display an interesting balance of agonist and antagonist activity that 
can vary from tissue to tissue



Partition Coefficient

Ratio of concentrations of a compound in the two phases of a mixture of two
immiscible solvents at equilibrium

The partition coefficient is a ratio of concentrations of un-ionized compound
between the two solutions. The logarithm of the ratio of the concentrations
of the un-ionized solute in the solvents is called log P: The log P values is also
known as a measure of lipophilicity.
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known as a measure of lipophilicity.
To measure the partition coefficient of ionizable solutes, the pH of the
aqueous phase is adjusted such that the predominant form of the compound
is un-ionized.

• Since the differences are usually on a very large scale, Log10(P) is used.



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 druglikeness



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 0 1 1 0 Poor
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Alkanes, long 
chain CH3-
(CH2)120

0 1 1 0 Poor

Aspirin 0 0 0 0 Good

Caffeine 0 0 0 0 Good

Cholesterol 0 0 1 0 Good

Cocaine 0 0 0 0 Good

Vancomycin 1 1 0 1 poor



Exception to the rule of five

• Antibiotics

• Fungicides - Protozoacides – antiseptics
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• Vitamins

• Cardiac glycosides. 



Structure–activity and quantitative
structure relationships

The structure–activity relationship (SAR) approach to drug discovery is
based on the observation that compounds with similar structures to a
pharmacologically active drug are often themselves biologically active.

38

The quantitative structure–activity relationship (QSAR) is an attempt,
based on the SAR approach, to remove the element of luck from drug
discovery. It uses physicochemical properties (parameters) to represent
drug properties that are believed to have a major influence on drug action.



STRUCTURE–ACTIVITY RELATIONSHIP (SAR) 

A.   The size and shape of the carbon skeleton.

B.  The nature and degree of substitution.

C.  The stereochemistry of the lead.

39

a. antibacterial activity of 4-alkyl substituted resorcinols             b. Inhibition of ACE by enalaprilat analogues



A.   The size and shape of the carbon skeleton.

The shapes and sizes of molecules can be modified in a variety of ways, such as:

i. Changing the number of methylene groups in chains and rings.

ii.  Increasing or decreasing the degree of unsaturation.

iii. Introducing or removing a ring system.

40

iii. Introducing or removing a ring system.



i. Changing the number of methylene groups in chains and rings

Liphophilicity

Hydrophilicity

Micelle formation

41

Antipsychotic                          anti depressant



ii. Changing the degree of unsaturation

antipsychotic antidepressant

The removal of double bonds increases the degree of flexibility of the molecule.

However, an increase in flexibility could also result in a change or loss of activity.

Prednisone is about 30 times greater than that of its parent
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iii. Introducing or removing a ring system.

• The introduction of a ring system changes the shape and increases the overall 
size of the analogue.
• The increase in size can be useful in filling a hydrophobic pocket in a target 
site

Prednisone is about 30 times greater than that of its parent
compound cortisol

The introduction of a C––C group will often give analogues that are more sensitive to 
metabolic oxidation
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The incorporation of ring systems, especially larger systems, into the structure of a
lead can be used to produce analogues that are resistant to enzymic attack by
sterically hindering the access of the enzyme to the relevant functional group
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More potent and highly 
addictive

less potent
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addictive

Less potent and less addictive equally potent



iv. Introduction of new substituent

The formation of analogues by the introduction of new substituents into the
structure of a lead may result in an analogue with significantly different chemical and
hence different pharmacokinetic properties

Lipophilicity
Shape
metabolic pathway

The choice of substituent will depend on the properties that the development team
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The choice of substituent will depend on the properties that the development team
decide to enhance in an attempt to meet their objectives

Methyl group

Lipophilicity, Steric factor.



The incorporation of a methyl group can impose steric restrictions on the structure of an analogue.

1. A methyl group bound to an aromatic ring or a structure may be metabolised to a carboxylic
acid, which can be more easily excreted. For example, the antidiabetic tolbutamide is metabolised to its 
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antidiabetic

acid, which can be more easily excreted. For example, the antidiabetic tolbutamide is metabolised to its 
less toxic benzoic acid derivative. The introduction of a reactive C–CH3 group offers a detoxification 
route for lead compounds that are too toxic to be of use.
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4bb
IC50 12.45 (anti-amastigotic)

4cb
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Sodium stibogluconate (SSG) IC50 53.62 (anti-amastigotic) 
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reduced hepatotoxicity

Halogen groups

more lipophilic, but undesirable tendency for halogenated drugs to
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more lipophilic, but undesirable tendency for halogenated drugs to
accumulate in lipid tissue.
The chemical reactivity of halogen atoms depends on both their point of
attachment to the lead and the nature of the halogen



Hydroxy groups

The introduction of hydroxy groups into the structure of a lead will normally 
produce analogues with an increased hydrophilic nature and a lower lipid 
solubility.
The introduction of a hydroxy group also introduces a centre that, in the case of 
phenolic groups, could act as a bacterioside, whilst alcohols have narcotic 
properties.
The presence of hydroxy groups opens a new metabolic pathway that can 
either act as a detoxification route or prevent the drug reaching its target.

50
reduced hepatotoxicity



Basic groups
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many local anaesthetics are transported to their site of action in
the form of their free bases but are converted to their salts, which bind to the 
appropriate receptor sites.

The incorporation of aromatic amines into the structure of a lead is usually avoided 
since aromatic amines are often very toxic and are often carcinogenic.



Carboxylic and sulphonic acid groups

The introduction of acid groups into the structure of a lead usually results 
in analogues with an increased water but reduced lipid solubility.
This increase in water solubility may be subsequently enhanced by in vivo 
salt formation.
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no sympathomimetic activity
less toxic

anti-inflammatory

The introduction of carboxylic acid groups into small lead molecules may 
produce analogues that have a very different type of activity or are 
inactive.

Sulphonic acid groups do not usually have any effect on the biological 
activity but will increase the rate of excretion of an analogue.



Classical isosteres (Langmuir in 1919) : atoms, ions and molecules which had
identical outer shells of electrons.

Structural Similarity
Isosterism & Bioisosterism
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Isosteres:

SH, NH2, and CH3 are isosteres of OH, 

whereas S, NH, and CH2 are isosteres of O.

Isosteres can be used to determine whether a particular group is an 
important binding group or not, by altering the  character of the molecule in as
controlled a way as possible. 

Replacing O with CH2, for example, will make little difference to the size of the analogue, 
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Replacing O with CH2, for example, will make little difference to the size of the analogue, 
but will have a marked effect on its polarity, electronic distribution, and  bonding.

Replacing OH with the larger SH may not have such an influence on the electronic character,
but steric factors become more significant. 

Replacing OH with CH3 would completely eliminate and replacing OH with 
NH2 would not.  



The β-blocker propranolol

Replacement of the OCH2 segment with the  isosteres CH=CH, SCH2, or CH2CH2 
eliminates  activity, whereas
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eliminates  activity, whereas
replacement with NHCH2 retains activity (though reduced). 

These results show that the ether  oxygen is important to the activity of the drug and 
suggests that it is involved in hydrogen bonding with the receptor. 



anti tumour anti tumour
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neuroleptic antidepressant

Patanl et.al. Chem. Rev., 1996, 96, 3147-3176

procainamide
procaine



Non-classic isosteres:  are groups which do not obey the steric and electronic 
rules used to define classic isosteres, but which have similar physical and chemical 
properties. 

They are all planar groups of similar size and basicity. 
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Bioisosteres : is used in drug design and includes both classic and non-classic
isosteres. A bioisostere is a group that can be used to replace another group
while retaining the desired biological activity. Bioisosteres are often used to
replace a functional group that is important for target binding but is problematic
in one way or another.

For example, a pyrrole ring has frequently been used as a bioisostere for an
amide. Carrying out this replacement on the dopamine antagonist sultopride led
to increased activity and selectivity towards the dopamine
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Extra binding interactions that might be possible when using an AT-
acylsulfonamide as a bioisostere for a carboxylic acid.

5-Substituted tetrazole ring as a bioisostere for a carboxylic acid.  

• Like carboxylic acids, tetrazoles contain an acidic proton and are  
• ionized at pH 7.4.
• They are also planar in structure. 
• They have an advantage in that the tetrazole anion is 10 times more 

lipophilic than a carboxylate anion and drug absorption is enhanced as a 
result 

• They are also resistant to many of the metabolic reactions that occur on 
carboxylic acids



The biphenyl structure (Structure I) is to inhibit the receptor for angiotensin II, and had potential as 
an antihypertensive agent. However, the drug had to be injected as it showed poor absorption 
through the gut wall. Replacing the carboxylic acid with a tetrazole ring led to losartan, which was 
launched in 1994.
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Stearic Sheild:



Transition-state isosteres: These are a special type of isosteres used in the design 
of transition-state analogues. These are drugs that are used to inhibit enzymes
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