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from “Biopharmaceutical Industry Contributions to State and US Economics

Timeline of drug innovation



Preclinical 

studies

Clinical studies

2 years 6-8 years1-2 years 2-3 years

1,5-2 Bn€

Administrative 

procedures
Exploratory 

research

MAA*

Development of a drug… long, perilous and expensive!

MAA: Marketing Authorization Application*



Future Journal of Pharmaceutical Sciences (2020) 6:27, https://doi.org/10.1186/s43094-020-00047-9

Development of a drug… long, perilous and expensive!

Causes of lack of success in drug discovery and development

24%



Some recent failures at an advanced stage1

1 CMR International, a Thomson Reuters Business. 2010 Global R&D Performance Metrics Program

NCE = New chemical entities ; NBE = New biological entities ; (MAA) Marketing Authorization Application   

Drug Type Indication Company Status when 
terminated

Reason for termination

AVE-5530 NCE Hypercholesterolemia Phase III Lac of efficacy

Axitinib NCE Pancreatic cancer Phase III Lac of efficacy

Candesartan NCE Diabetic retinopathy Phase III Lac of efficacy

Dexavanlafaxine NCE Fibromyalgia Phase III Lac of efficacy

Dirucotide NCE Multiple sclerosis Phase III Lac of efficacy

DTP-hepB-HIb NBE Diphteria, tetanus,
Pertussis, Hep B, Hib

Phase III Reallocation of resources 

Tanezumab NBE Pain, arthritis Phase III Safety- Exacerbation of 
symptoms

Mepolizumab NBE Hypereosinphilic
syndrome

MAA Filled Insufficient Benefit-Risk



HIT
An active molecule showing activity in a relevant in vitro functional 

test, endowed with a certain selectivity, which can lead to patentable 
structures.

LEAD
Compound

Molecule from the hit series
whose "SAR" are well established,

presenting a potential for chemical optimization, physicochemical 
characteristics as well as an "ADME" profile, satisfactory to initiate an 

optimization program.

Drug 
Candidate

Molecule well characterized on the physicochemical level, which has 
acceptable ADME / Tox characteristics ("drug-like"), which, respecting 

the specifications ("product profile"), can enter development.

New Chemical 
Entity (NCE)

A New Chemical Entity (NCE) ) is a drug or chemical that is without 
precedent among regulated and approved drug products.

The trilogy: the "hit", the "lead", the drug 
candidate



Drug Discovery

Preclinical studies

Phase 1 Clinical Trials

Phase 2 : Clinical Trials

Phase 3 : Clinical Trials

FDA Review

Large Scale Production

20 – 100 Volunteers 

100 – 500 Volunteers

1000 – 5000 Volunteers 

Development of a drug… long, perilous and expensive!
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Investigational New Drug (IND) is a drug or biological drug that
has not been approved for general use by the FDA. It is used in
a clinical trial to investigate its safety and efficacy.

From target to clinical candidate

Target



Investigational New Drug (IND) is a drug or biological drug that
has not been approved for general use by the FDA. It is used in
a clinical trial to investigate its safety and efficacy.

From target to clinical candidate

Structure-Activity Relationship (SAR) 



Structure-Activity 
Relationship (SAR) 

• The structure-activity
relationship (SAR) of drugs
used in therapy refers to the
relationship between the
chemical structure of a drug
and its biological activity or
therapeutic effect.

• SAR analysis is an important
tool in the design and
development of new drugs.



Structure-Activity Relationship (SAR) 

In general, the SAR of a drug can be divided into two parts: pharmacophore and pharmacophoric elements.

• The pharmacophore refers to the specific three-dimensional shape or structural features of a molecule that are
necessary and sufficient to bind to a target receptor and produce a biological effect.

• The pharmacophoric elements refer to specific functional groups within the molecule that contribute to the
pharmacophore.

Pharmacophore
Pharmacophoric 

elements 



Structure-Activity Relationship (SAR) 

Some of the key factors that are considered in SAR analysis include:

Hydrogen bonding: Hydrogen bonding between the drug and the target receptor can greatly influence the activity of a drug.

Lipophilicity: The lipid solubility of a drug can impact its ability to penetrate cell membranes and reach its target receptor.

Charge: The charge of a drug can impact its ability to bind to its target receptor and produce a biological effect.

Stereochemistry: The arrangement of atoms within a molecule can impact its activity and specificity.
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Absorption – moving of the drug from the

GI tract to the bloodstream,

Distribution - moving of the drug to

target tissues (e.g., blood brain

barrier(BBB)),

Metabolism - Not readily metabolized,

Excretion - Not easily secreted,

Toxicity - Non-toxic to other cells or

tissues.

Typical drug properties: ADMET



Absorption – moving of the drug from the

GI tract to the bloodstream,

Typical drug properties: ADMET



C. Lipinski. Drug Discovery Today: Technologies. 2004, 1, 337–341 ; Int. J. Pharmaceutics, 2018, 549, 133-149

Typical drug properties: Rule of five and bioavailability

Christopher Lipinski
Originator of 'The Rule of Five‘

Lipinski's rule of five

Molecular weight (MW), polar surface 
area (PSA), rotatable bonds (RB), 
hydrogen bond acceptors (HBA), 
hydrogen bond donors (HBD), log P.



The polar surface area (PSA) or topological polar surface area
(TPSA) of a molecule is defined as the surface sum over all
polar atoms or molecules, primarily oxygen and nitrogen, also
including their attached hydrogen atoms.

PSA is a commonly used medicinal chemistry metric for the
optimization of a drug's ability to permeate cells. Molecules
with a polar surface area of greater than 140 angstroms
squared (Å2) tend to be poor at permeating cell membranes.
For molecules to penetrate the blood–brain barrier (and thus
act on receptors in the central nervous system), a PSA less than
90 Å2 is usually needed.

TPSA is a valuable tool in drug discovery and development. By
analyzing a drug candidate's TPSA, scientists can predict its
potential for oral bioavailability and ability to reach target sites
within the body. This prediction hinges on a drug's ability to
permeate biological barriers

J. Med. Chem. 2000, 43, 20, 3714

Typical drug properties: Rule of five and bioavailability



NN

Drug Discovery and artificial intelligence (AI)

How artificial intelligence is changing drug discovery. Nature, 2018, 557, S55



Typical drug properties: ADMET

Before starting the synthesis of some analogs in medicinal chemistry →

Using artificial intelligence, we can predict easily their physicochemical and ADMET parameters.



J Cheminform (2018) 10:29 https://doi.org/10.1186/s13321-018-0283-x3

ADMETlab:

ADMETlab: a platform for systematic ADMET evaluation based 
on a comprehensively collected ADMET database.

Quantitative Structure-Activity Relationship (QSAR) studies involve pattern discovery, predictive analysis, association
analysis, regression, and classification models that integrate information from various biological, physical, and chemical
predictors.
It relies on the assumption that chemical molecules sharing similar properties possess similar safety profile. QSAR model
establishes a relationship between a set of predictors and biological activity (e.g., binding affinity or toxicity). Biological
properties correlate with the size and shape of a molecule, the presence of specific bonds or chemical groups, lipophilicity,
and electronic properties.



J Cheminform (2018) 10:29 https://doi.org/10.1186/s13321-018-0283-x3

ADMETlab:

https://admet.scbdd.com/#

https://admet.scbdd.com/


J Cheminform (2018) 10:29 https://doi.org/10.1186/s13321-018-0283-x3

ADMETlab:

Exp/ Systematic Evaluation https://admet.scbdd.com/calcpre/index_sys/

https://admet.scbdd.com/calcpre/index_sys/
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J Cheminform (2018) 10:29 https://doi.org/10.1186/s13321-018-0283-x3

ADMETlab:

Exp/ Systematic Evaluation
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The discovery process in the pharmaceutical industry (R&D) 

Generation of the LEAD

1st approach, HTS 2nd approach, Rational drug design



High Throughput Screening (HTS): 

H2L phase 

Hit to Lead

The discovery process in the pharmaceutical industry (R&D) 

1st approach, HTS 

Generation of the LEAD



Identification 

of a lead

Design of 

library of 

molecules

Test 
developments

Test 
automation

HTS

From Hit to 
Lead

The discovery process in the pharmaceutical industry (R&D) 

1st approach, HTS 

SAR



Plate-forme de criblage HTS forme de criblage HTS

The discovery process in the pharmaceutical industry (R&D) 



Efficacy in vivo, ADME

SAR, selectivity study, in vitro efficacy, 
physicochemical tests

      Determination of IC50, selection of the hit
HTS (1st approach) 
10000 compounds 

Hit to lead 
100 compounds

Lead optimization 
10 compounds

The discovery process in the pharmaceutical industry (R&D) 

Generation of the LEAD, HTS (1st approach) 



Nat. Rev. Drug Discovery 2011, 10, 188−195         

The discovery process in the pharmaceutical industry (R&D) 



The discovery process in the pharmaceutical industry (R&D) 

Generation of the LEAD

1st approach, HTS 2nd approach, Rational drug design



Generation of a lead (2nd approach)  

Structure of known target (X-ray) 

ADME Filtre 

Biological tests

Purchase of products

Hits µM

2nd approach, Rational Drug Design

Docking : Glide + ZINC  (35 million purchasable 
compounds) 

Products synthesis



Generation of a lead



Growth of total crystal structures in the RCSB PDB database
(www.rcsb.org).

Data taken from Enzyme Structure and Mechanism, 
2nd edition

Generation of a lead



Efficacy in vivo, ADME

SAR, selectivity study, in vitro efficacy, 
physicochemical tests

      Determination des IC50, selection of the hit
HTS (1st approach) 
10000 compounds 

Lead optimization 
10 compounds

Hit to lead 
100 compounds

Phase I : tolerance in healthy volunteers
Phase II : efficacy of the molecule, and determination 

of the therapeutic dose
Phase III : comparative efficacy study

Genetic toxicity, in vivo toxicity
in 2 different species

PK, PD, salt formation,
evaluation of crystal forms

Best candidate 
(1-3)

Preclinical 
studies

Clinical 
studies

Preclinical proof 
of principle

GLP batch preparation
(Good Laboratory Practice)

The discovery process in the pharmaceutical industry (R&D) 



Optimisation
Hit to Lead

H2L



J. Med. Chem. 2022,DOI: (10.1021/acs.jmedchem.2c01099) 

Optimisation Hit to Lead

Kinase fusions involving tropomyosin
receptor kinases (TRKs) have been
proven to act as strong oncogenic
drivers and are therefore recognized
as attractive therapeutic targets.

Target = tropomyosin receptor kinases (TRK) 



J. Med. Chem. 2022,DOI: (10.1021/acs.jmedchem.2c01099) 

Optimisation Hit to Lead

Target = tropomyosin receptor kinases (TRK) 

TRKA = enzyme

NIH3T3 = Cells expressing TRKA



*kinase insert domain receptor (KDR) and ** lymphocyte-specific protein tyrosine kinase (LCK)

Optimisation Hit to Lead

* **

Inhibitions of kinase insert domain
receptor (KDR) and lymphocyte-
specific protein tyrosine kinase (LCK)
are suspected to cause hypertension
and pulmonary arterial hypertension,
respectively.



Optimisation Hit to Lead



Optimisation Hit to Lead



Optimisation Hit to Lead



J. Med. Chem. 2022,DOI: (10.1021/acs.jmedchem.2c01099) 

Optimisation Hit to Lead



1.  General points

2. ADMET, RO5, and systematic in silico ADMET evaluation

3. The discovery process in the pharmaceutical industry (R&D) 

4. The choice of a drug target

5. Drug design strategies

6. Conclusion

C O U R S E O U T L I N E



2. The choice of a drug target



2.1. the different types of targets

➢ Nucleic acids

➢ Proteins  : 
ionic channels, transporters, enzymes (proteases, kinases, etc.), 
receptors (nuclear or transmembrane).

➢ Sugars

➢ Lipids

2. The choice of a drug target



• The more selective a drug is for its target, the less likely it is to interact with other targets → 

fewer side effects.

Species specificity 

For example, penicillin targets an enzyme

involved in the biosynthesis of the bacterial cell

wall. Mammalian cells do not have a cell wall.

Penicillin has few adverse effects in humans.

2.2. Specificity of the target
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3. Drug design strategy



(the plant kingdom, the microbial world, the marine world, animal sources, venoms and 
toxins)

Morphine Quinine

Penicillin G. Captopril

3.1. Screening of natural products 



Captopril

3.1. Screening of natural products 

Teprotide

SAR



• 1948: discovery of the vasodilator effect of snake venom.. 

• 1970 : Isolation of Bradykinin Potentiating Peptides (BPP) from the venom of the Brazilian viper (Bothrops jararaca) ;

BPP5a : Pyr-Lys-Trp-Ala-Pro (Ferreira and Vane). 

• Discovery of the antihypertensive teprotide, ACE inhibitor (Ondetti et Cushman).

 Teprotide (nonapeptide) : 5-oxo-Prolyl-Trp-Pro-Arg-Pro-Glu-Ile-Pro-Pro-OH, CI50 = 250 nM.

 Teprotide lowers Blood Pressure (BP), but:

 - inactive by mouth ;

-  administered iv (serious problems for daily use). 

SAR study:

3.1 SAR: discovery of captopril



Example: Artemisia annua was used in traditional Chinese medicine. 

"There are about 105

formulas dating back 2000

years, drugs that can be

used to treat a wide range

of conditions, from

depression and insomnia
to osteoporosis".

Artemisinin 

antimalarial drugs 

Tu Youyou, 
Chinese pharmaceutical 

chemist
2015 Nobel Prize in 

Physiology or Medicine

3.2. Popular Medicine 

https://en.wikipedia.org/wiki/Nobel_Prize_in_Physiology_or_Medicine
https://en.wikipedia.org/wiki/Nobel_Prize_in_Physiology_or_Medicine


Pharmaceutical companies examine their

"library" to study a new target and find a lead

compound.

In academia (France) : 

The National Chemical Library : regroups the

collections of synthetic products and natural

compounds existing in French public laboratories

to promote scientific and industrial valorization.

3.3. Screening of synthetic compounds ''libraries''.



• Greenpharma: druggable molecules (7200 
molecules)

• BioCIS: Local chemical library (1700 molecules)

• Prestwick: Chemical library including FDA-approved 
drugs (1500 molecules)

3.3. Screening of synthetic compounds ''libraries''



DRUG-FRAGMENT LIBRARY

3.3. Screening of synthetic compounds ''libraries''



DRUG-FRAGMENT LIBRARY

Example

3.3. Screening of synthetic compounds ''libraries''



3.4.1. ‘’me too drugs’’

Many companies rely on drugs established by their

competitors in order to design new molecules.

Mainly, a modification of the structure is carried out in

order to avoid patent restrictions, while maintaining

the activity and improving the therapeutic properties.

For example, Captopril* has been used as a lead

compound by various companies to produce their own

antihypertensive drugs (15 me too drugs).

3.4 Existing drugs 



3.4.2. Improvement of a side effect : an existing drug may have a minor or undesirable side effect 

that could be used in another area of medicine.

3.4 Existing drugs 



3.4.2. Improvement of a side effect : an existing drug may have a minor or undesirable side effect 

that could be used in another area of medicine.

3.4 Existing drugs 



3.4.3. Drugs Repositioning:

3.4 Existing drugs 

drug repurposing (drug repositioning), drug reprofiling

Strategy that seeks to discover new applications for an existing drug that were not previously

referenced and not currently prescribed or investigated.

Note: Various additional synonymous terms have been used to describe the process of drug

repurposing. All appear to be used interchangeably.



3.4.3. Drugs Repositioning:

3.4 Existing drugs 

30% It is estimated that the repositioning process accounts for more than 30% of new drugs

and vaccines approved by the FDA in recent years. 



Financial benefits per year 

2 Milliards €/an
sildenafil (Viagra®)

500 M €/an
thalidomide

Symbol of the strategic success of the product repositioning from 
both a medical and financial perspective

3.4.3. Drugs Repositioning:
3.4 Existing drugs 



For example. Epinephrine and norepinephrine (natural neurotransmitters) have been used

for the development of -adrenergic agonists such as salbutamol.

Salbutamol

3.5 From natural ligands or from the modulator

COMT Catechol-O-MethylTransferase



Lead Compounds from ligands or from the modulator

3.5 From natural ligands or from the modulator



Lead Compounds from ligands or from the modulator

3.5 From natural ligands or from the modulator



Case study 01: from epinephrine to selective β-2 agonists

Lead Compounds from ligands or from the 
modulator



Case study 01: from adrenaline to selective β-2 agonists

Selectivity 

Salbutamol β2 +
 +

β1+

β2 +



Isoprenaline (Boehringer, 1941)
▪ Acts on both 1 and 2 R , 

▪ Bronchodilator effect 10 times > epinephrine

▪ Without hypertensive effect;

▪ Non-specific action, isoprenaline is no 

longer used in the treatment of asthma.

▪ Between 1963 and 1968, 3000 deaths in 

England (overdose, effect on the heart)

Case study 01: from adrenaline to selective β-2 agonists

Epinephrine
 Effects on  and  adrenergic receptors

▪ Bronchodilators, but hypertensive effect.

alpha1 effect (vasoconstriction).



Effect of bulky group (nitrogen atom) to increase selectivity ( vs  R) 

Case study 01: from adrenaline to selective β-2 agonists

 Adrenergic receptor  Adrenergic receptor



Bulky group (tBu) → better Selectivity 

→ bêta2 agoniste

Effect on 1 and 2 R 

Effect on   1 and 2 R 

Case study 01: from adrenaline to selective β-2 agonists



Degradation of epinepherine by catechol O-methyltransferase (COMT) and by monoamine oxidases (MAO)

Case study 01: from adrenaline to selective β-2 agonists

UGT = uridine 5′-diphosphate glucuronosyltransferase 

Attaque nucléophile



Case study 01: from adrenaline to selective β-2 agonists

OH-Methyl group (Salbutamol), Resorcinol group (Terbutaline) 

→ resistance to catechol O-methyltransferase (COMT)

Salbutamol and terbutaline

Bulky side chain (tBu)

→ Slower metabolism than epinepherine

 

→ Resistance to the action of monoamine 

oxidases (MAO)



Combinatorial synthesis is an

automated solid phase

procedure aimed at producing as

many different structures as

possible in the shortest possible

time.

The reactions are carried out on a very small scale.

Any of these compounds may prove to be a useful lead compound.

3.6 Combinatorial synthesis



• Knowledge of the target binding site

facilitates the design of new compounds

intended to bind to that target.

• Enzymes and receptors can be crystallized,

and their structure (protein structure and

binding site) can be determined by X-ray

crystallography.

• Molecular modeling software can be used to

study the binding site and to design drugs.

3.7 Computer Aided Design



Examples: cisplatin (Antitumor), penicillins, nitrates...

  Chance ... and intuition (Sternbach, 1956): 
The saga of benzodiazepines.

Leo H. Sternbach (1908–2005), the man responsible for the 
synthesis and introduction of the first benzodiazepines

3.8 Serendipity and the prepared mind



The antivitamins K

("oral" anticoagulants) 

How to go from a chance observation 

to a drug?



 Incidental observations: sweet clover disease (poisoning)

Dr. Karl Link
Melilotus officinalis, 

Mélilot jaune

3.9 Discovery of the First VKA



Karl Link promeut la warfarine comme rodenticide 
(avec la permission de l'Université du Wisconsin).

Prevention of 
thrombosis and 

thromboembolism

3.9 Discovery of the First VKA



3.10 Discovery of drugs based on metabolic studies

Efficacy : vitamine D < 25-OH-vitamine D < 1,25-di-OH vitamine D.

A. Vitamins



B. Anti-allergic drugs 

2ème G → Faible passage au niveau de BHE

3.10 Discovery of drugs based on metabolic studies



C. Benzodiazepines

t1/2 = 20-80 h 

t1/2 = 5 - 10 h 

t1/2 = 30-97 h 

t1/2 = 3 - 13 h 

3.10 Discovery of drugs based on metabolic studies
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AMM

✓ Have rapid and robust biological test (s), compatible with
high throughput screening.

✓ Know its 3D structure for molecular modeling.

✓ Identify a biomarker,
witness to the effectiveness of the modulation of the target by
the new compound.

✓ Anticipate its ability to mutate and anticipate the
consequences of resistance associated with the mutation.

✓ Analyze the state of the Intellectual Propriety ‘’IP“ around
the target.

… the target: a very thoughtful choice!

CONCLUSION





Fragment-based Drug Discovery: Lessons and Outlook

Lead Optimization for Medicinal Chemists: Pharmacokinetic Properties of 
Functional Groups and Organic Compounds

An Introduction to Medicinal Chemistry sixth edition

To go further ....



Drugs: From Discovery to Approval 3rd Edition

The Practice of Medicinal Chemistry 4th Edition

Target Discovery and Validation: Methods and Strategies for Drug Discovery

To go further ....
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