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CHEMISTRY

What is Chemistry?
• Chemistry is known
as the central of science.

• It is a branch of physical science that studies
the composition, structure, properties and
changes of matter.

• MATTER = Solid / Liquid/ Gas.



BRANCHES OF CHEMISTRY
PHYSICAL CHEMISTRY

• the branch of chemistry concerned with the application of the 
techniques and theories of physics to the study of chemicalsystems.

• Branches : chemical Kinetics, Electrochemistry, spectroscopy, 
photochemistry.

INORGANIC CHEMISTRY

• deals with the synthesis and behaviour of inorganicand  
organometallic compounds

• Branches :Bioinorganic, Cluster, Material & Nuclear Chemistry

ORGANIC CHEMISTRY

• study of the structure, properties, and reactions of organic
compounds and organic materials, i.e., matter in its various
forms that contain carbon atoms.

• Branches : Biochemistry, biophysical, Biorganic, P’ceutical,
Medicinal



WHAT IS MEDICINAL CHEMISTRY

• It is a discipline or intersection of chemistry 
especially synthetic organic chemistry & 
pharmacology.

OR

• Medicinal chemistry involves discovery, 
development, identification & interpretation 
of Mode of action of biologically active 
compounds at molecular level



•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 new medicines and drugs.

• Generally Medicinal Chemists can:
•Make new compounds
•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



Finally medicinal chemistry ….

computational aspects of the study
• Medicinal chemistry includes synthetic &

of
existing drugs and agents in development in
relation to their bioactivities i.e.,
understandings a SARs (Structure Activity
Relationships).

OR
•It is a tailoring 

of drugs



Origins of Medicinal Chemistry









There is a long history of plants being used to treat various diseases.

The therapeutic properties of plants were described by the Ancient

Greeks and by the Romans and are recorded in the writings of

Hippocrates, Dioscorides, Pliny and Galenus.

Some metals and metal salts were also used at this time.

In the Middle Ages various 'Materia Medica and pharmacopeas

brought together traditional uses of plants.



 The nineteenth century saw the beginnings of modern 

organic chemistry and consequently of medicinal 

chemistry.

 The isolation of a number of alkaloids including morphine 

(1805), quinine (1823) and atropine (1834) from crude 

medicinal plant extracts was part of the analytical effort to 

standardize drug preparations and overcome fraud.

 General anaesthetics were introduced in surgery from 

1842 onwards (diethyl ether (1842), nitrous oxide (1845) 

and chloroform (1847)). Antiseptics such as iodine (1839) 

and phenol (1860) also made an important contribution to 

the success of surgery. The hypnotic activity of chloral 

(trichloroethanal) (1869) was also reported.



The use of willow bark as a pain-killer was

known to the herbalists, the analgesic activity of

its constituent salicin and of salicylic acid were

developed in the 1860s and 1870s.

 p-Hydroxyacetanilide (paracetamol) and

phenacetin (1886) were also recognized as pain-

killers.

Acetylation of salicylic acid to reduce its

deleterious effect on the stomach led to the

introduction of aspirin in 1899.



 The local anaesthetic action of cocaine was

reported in 1884 although its structure was not

known at the time.

 Various modifications of the dialkylamino esters of

aromatic acids modelled on part of the structure of

cocaine led to benzocaine (1892) and procaine

(1905). The barbiturates, veronal (1903) and

phenobarbital (1911) were introduced as sleeping

tablets.

https://www.pharmacologicalsciences.us/pharmaceutical-chemistry/info-pqc.html


 The 1920s and 1930s saw the recognition of vitamin

deficiency diseases and the elucidation of the structure

of various vitamins.

 It was also a period in which there was exposure of

many Europeans to tropical diseases. The iodinated

quinolines such as entero-vioform were introduced to

combat amoebic dysentary and complex dyestuff

derivatives such as suramin and germanin were

developed in the 1920s to treat sleeping sickness.

 Synthetic anti-malarials such as pamaquine (1926),  

mepacrine (1932) and later chloroquine (1943) and

paludrine (1946) were introduced as quinine  

replacements.



 In 1935 Domagk observed the anti-bacterial action of

the sulfonamide dyestuff, prontosil red , from which

the important family of sulfonamide anti-bacterial

agents were developed.

 With the onset of the Second World War, there was a

need for new antibiotics. In 1929 Fleming had

observed that a strain of Penicillium notatum inhibited

the growth of a Staphylococcus. In 1940-1941 Chain,

Florey and Heaton isolated benzylpenicillin

 . After considerable chemical work, the b-lactam

structure for the penicillins was established. The

relatively easy bio-assays for anti-bacterial and anti-

fungal activity led to the isolation of a number of

antibiotics including streptomycin (1944),

chloramphenicol (1949) and the tetracyclines such as

aureomycin (1949).



 A number of developments took place in the 1960s, which
changed medicinal chemistry.

 It was found that a drug, thalidomide, which had been

introduced as a sedative, when used by pregnant women, led

to the birth of deformed children. The consequences of this

teratogenic effect brought about a major tightening of the

regulations regarding drug registration and the safety of

medicines.

 The logical development during the 1960s of histamine 

antagonists for the treatment of peptic ulcers led to cimetidine 

(1976) and then ranitidine (1981). The reasoning behind this 

work had a major impact on the development of medicinal 

chemistry.



MEDICINAL CHEMISTRY
Physicochemical Properties of a drug molecule
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DEFINITION:

The ability

to elicit

of  

a

a chemical compound 

pharmacological/

therapeutic effect is related to the influence of various 

physical and chemical (physicochemical) properties of

that itthe chemical substance on the bio molecule 

interacts with.

1)Physical Properties

Physical property of drug is responsible for its action 

2)Chemical Properties

The drug react extracellularly according to simple 

chemical reactions like neutralization, chelation, oxidationetc



Physico-chemical properties in relation to 
biological action

Drug action resultsfromtheinteractionofdrugmoleculeswitheither

normalorabnormal physiological processes.

Drugsnormallyinteractwith targets (whichtheyareproteins,enzymes, 

cell lipids, or pieces of DNAor RNA).

Theabilityofachemicalcompoundtoelicitapharmacologic

/therapeuticeffectisrelated totheinfluenceofitsvariousphysicaland 

chemical (physicochemical)properties

4



Various Physico-Chemical Properties are,

5

 Ionization of Drug
Solubility
Partition Coefficient

Hydrogen Bonding
Protein binding
Chelation
Bioisosterism

Geometrical and optical isomerism



Ionization of drug

6

Most of the drugs are either weak acids or base 

and can exist in either ionised or unionised state.

Ionization = Protonation or deprotonation 

resulting in charged molecules.

The ionization of the drug depends on its pKa & 

pH.

The rate of drug absorption is directly 

proportional to the concentration of the drug at 

absorbable form but not the concentration of the 

drug at the absorption site.



Ionization form imparts good water solubility 

to the drug which is required of binding of 

drug and receptor interaction

Unionized form helps the drug to cross the cell 

membrane.

 Eg; Barbituric acid is inactive because it is

strong acid. while, 5,5 disubstituted 

Barbituric acid has CNS depressant action 

because it is weak acid.
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SOLUBILITY OF ORGANIC MEDICINAL

AGENTS
Importance of solubility:

(1)Formulation of the drug in an appropriate dosage 

form and

(2) Bio-disposition: Disposition of drugs in the living 

system after administration (absorption, distribution,

metabolism, and excretion).

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

repulsion/phobicityforeitheranaqueous(hydro)or lipid (lipo) 

solvent.



♣hydrophilic.................... waterloving

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

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

♣hydrophobic.................. water hating 7
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SOLUBILITY OF ORGANIC MEDICINAL AGENTS

Inorderforachemicalcompoundtodissolveinaparticular  

solvent/medium thecompoundmustestablishattractiveforces 

between itself and molecules of the solvent.

ItispossibletoestimatethesolubilitypropertiesofanOMA 

(hydrophilicvs.lipophilic)byexaminingthestructureof the  

drugsandnotingwhetheritsstructural featurespromote 

affinity for aqueous or lipidmedia.

Themostimportantintermolecularattractiveforces(bonds) 

thatareinvolvedinthesolubilizationprocessare:

10
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Themostimportantintermolecularattractiveforces(bonds)

:thatareinvolved inthe solubilization processare

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 10kcal/mole)

■occurs electrostatically between electron deficient and electron 

excessive /rich atoms(dipoles)

■hydrogenbondingisaspecificexampleofthisbondingandservesasa 

prime contributor tohydrophilicity



H

O O H

+
N H
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O
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3. Ionic Bonding

■electrostatic attraction betweencationsandanions

■commonininorganiccompoundsandsaltsof organic

molecules

■relativelystrong(5kcal/mole) N+

O

H Cl
- C Na

+

O-

4. Ion-Dipole Bonding

■electrostaticbetweenacation/anionandadipole

■relatively strong (1-5kcal/mole)

■lowtemperatureanddistancedependence

■important attraction betweenOMAs andH2O
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Solubility Prediction
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Therelativesolubilityof a drugisafunctionof  

thepresenceofbothlipophilicandhydrophilic  

features within its structure, which serve to  

determinetheextentof interactionof theOMA

with  lipid and/or aqueousphases.

Therelativesolubilityof a drugcanbe  

determinedinthelaboratory,i.e. the partition 

coefficient [P;theratioofthesolubilityof

the

compoundinanorganicsolventtothesolubilityof  

the same compound in an aqueous environment 

(i.e., P=[Drug]lipid/ [Drug]aqueous). P is often 

expressed as a logvalue.



Solubility Prediction

A mathematical procedures also have been  

developedtoestimatetherelativesolubilityofan 

organic molecule based upon differential  

contributionsofvariousstructuralfeaturestooverall 

solubility.

Forexample,therelativesolubilityofa drugisthe 

sum of the contributions of each group and  

substituent to overall solubility.

Example:

Examinationofthestructureofchloramphenicol

(indicatesthepresenceofbothlipophilic(nonpolar) 

andhydrophilic(polar)groupsandsubstituents. 14



Solubility Prediction

L ip o p h i lic
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H y d r o p h i l i c
H y d r o p h i l i c L ip o p h i lic

O 2 N C H C l 2

O H O

C H C H N H C   

C H 2 O H

C h l o r a m p h e n i c o l

H y d r o p h i l i c

The presence of oxygen and nitrogen containing functional groups

usually enhances water solubility. While lipid solubility is enhanced by 

nonionizable hydrocarbon chains and ring systems.



Solubility Prediction

1.Laboratory Estimation of Relative Solubility

Therelativesolubilityofanorganiccompoundismeasuredbydetermining

the extentof itsdistributionintoanaqueoussolvent(usuallypH7.4buffer)

anda lipidsolvent(usuallyn-octanol).Theseexperimentsgenerateavalue,

P,the partition coefficient for that particular compound.

C o n c . o f c o m p u n d s i n C 8 H 1 6 O H
Part i t ion coe f f i c i en t =

C o n c . o f c o m p u n d s i n H 2 O

18
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NEXT 4 PHYSICOCHEMICAL PROPERTIES 
WILL BE DISCUSSED TOMORROW IN NEXT 

PPT
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