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a) Plataforma e/ou ferramentas de software a serem utilizadas 
Google Meet (kxv-ohem-wnj)

b) Método
Videoaulas

c) Descrição geral das atividades 
(i) Apresentação das videoaulas com conteúdo em powerpoint; 
(ii) oferecimento de artigos científicos relacionados aos tópicos; 
(iii) discussão sobre os tópicos abordados com base nos artigos; 
(iv) aprendizado baseado em problemas via bancos de dados online; 
(v) avaliação via apresentação de seminário dirigido (individual) e 

elaboração de um projeto virtual de planejamento molecular (em duplas, 
quádruplas e consensual).

Método de Aula Durante a 
Pandemia COVID-19
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Cap.1 Descoberta de Fármacos
Cap.2 O paradigma atual da MedChem
Cap.3 Desenvolvimento de Fármacos
Cap.4 Fármacos quirais
Cap.5 Forças intermoleculares
Cap.7 Propriedades físico-químicas
Cap.8 Estratégias do planejamento
Cap.9 Triagem Virtual
Cap.10 Planejamento baseado no ligante
Cap.14 Planejamento de inibidores enzimáticos
Cap.15 Propriedades farmacocinéticas
Cap.19 MedChem e biologia de sistemas 
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NATURE REVIEWS | DRUG DISCOVERY 
VOLUME 13 | AUGUST 2014 | 577

NATURE REVIEWS | DRUG DISCOVERY 
VOLUME 10 | JULY 2011 | 507

J. Chem. Inf. Model. 2012, 52, 2864−2875
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Summary

1. Fundamentals of drug design & discovery
2. Molecular structure
3. Properties of chemical substances
4. Drug properties
5. The planned genesis of drugs
6. Molecular design strategies
7. Biochemical and biological targets
8. The pharmaceutical, pharmacodynamics and pharmacokinetic 

phases
9. Drug repurposing
10.Gene-disease-drug interrelationship

1. Fundamentals of drug 
design & discovery
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Tajadod, 2014

Montanari, Química Nova 2000Van Helmont - The Chemical Heritage Foundation Archives

fineartamerica.com. Science Source, 2013

16th century, Paracelsus16th century, Paracelsus

Iatrochemistry (medical chemistry), 
Toxicity, Dose-response relationship, 

Etiology (causation)
Paracelsus, the first ‘medicinal chemist’. 

How Past Illuminates Modern Science

Muller &  Milton, Nature Reviews Drug Discovery 2012

Salicylates, 
a Landmark in the History of 

Medical Therapy: 3,318 Years Later!

Hippocrates
400 B.C. E. In 1897, in two weeks, 

Hoffmann - Bayer, 
synthesized aspirin and 

heroin.
Only in the 1970s that 

scientists cracked aspirin 
MoA

Sneader, 2000

Galen
170 C.E.

Vane, J Physiol Pharmacol. 2000

Dioscorides
50-70 C.E.

Raffaele  Piria,  1838

Avicenna
980-1037  C.E.

Salicylates, 
a Landmark in the History of 

Medical Therapy: 3,000+ Years Later!

Edward Stone (Philosophical 
Transactions (RS), 1763
Edward Stone (Philosophical 
Transactions (RS), 1763

(Prostaglandins and related biologically active substances)
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Montanari e Bolzani, Química Nova 2001

George Hitchings 

Gertrude Elion

Sir James Black

Barnett Rosenberg

Cisplatin, “The drug that 
changed cancer treatment"
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Smart Drug Discovery Goal: From NCEs to BioNCEs
Proteomic disease
related target

Synthesis
scale-up

Find a NCE effective
against disease protein

Navigate 
Chemical 
Space

Preclinical 
testing

Molecular
Modeling

Synthesis
Neq0570

Cell-based
assay

T. cruzi

Docking
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Cysteine
proteases

Cytotoxicity

MoA/MoB

Phenotypic 
screening

https://bionce.now.sh/

Common Decisions that a Medicinal Chemist Faces 
During a Typical Drug Discovery Project

Lusher et al., Drug Discov Today 2014
Tute & Montanari et al. JCAMD 1995 . Jenkins , Montanari et al. J.Braz.Chem. Soc. 1998

M. Tute, ex-Pfizer, UK
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Common Decisions that a Medicinal Chemist Faces 
During a Typical Drug Discovery Project

Lusher et al., Drug Discov Today 2014
Tute & Montanari et al. JCAMD 1995 . Jenkins , Montanari et al. J.Braz.Chem. Soc. 1998

M. Tute, ex-Pfizer, UK

GDL036 (NDB)
Pafuramidine

Extended
conformation

Isohelical
pharmacophoric 

conformation

DB289

DB75

Illustration by David de la Iglesia (Senior Product Designer @jobandtalent)
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Entrepreneurship Can Be 
Learned

Mike Peña, Stanford University

Entrepreneurship Can Be 
Learned...

Mike Peña, Stanford University

1. a personal passion to solve a problem
2. a vision for what’s innovative
the skills to build a product or service, and a 
business around it
3. the tenacity to constantly seek feedback, 
iterate and pivot
4. the ability to empathize with and inspire 
those around you.
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But,

Schneider et al. Nature Reviews Drug Discovery (2019)

So, what?
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Deterministic Building of  the 
International Space Station (ISS) 

By NASA/Crew of STS-132 - http://spaceflight.nasa.gov/gallery/images/shuttle/sts-
132/hires/s132e012208.jpg(http://spaceflight.nasa.gov/gallery/images/shuttle/sts-132/html/s132e012208.html), 
Public Domain, https://commons.wikimedia.org/w/index.php?curid=10561008

Por Thomas Kuhn

Probabilistic Process of 
Biol  MedChem and the 

optical illusion of the
duck-rabbit



06/10/2020

13

Combinatorial paradigm

(Kihlberg et al. J. Med. Chem. 2016 )

All living organisms: CHONPS 99%+

How many substances can be
synthesized?

Combinatorial paradigm

(Kihlberg et al. J. Med. Chem. 2016 )

All living organisms: CHONPS 99%+

How many substances can be
synthesized?

(Reymond et al. J. Chem. Info. Model. 2012)
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27

Tamanho do Banco de 
Dados: Aberto a nossa
imaginação

28

Classification
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Data continue to grow…

CAS REGISTRY® contains more than 165 million 
unique organic and inorganic chemical substances, 
such as alloys, coordination compounds, minerals, 
mixtures, polymers and salts, and more than 
68 million biosequences
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Our Imagination is now Open to the
Medical Periodic Table

Barry & Sadler, Chem. Commun., 2013

White: known to be essential in man
Blue background: found in the structures of known drugs

32
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How to discover a new drug?

‘the most fruitful basis for the 
discovery of a new drug is to 

start with an old drug’

Sir James Black
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Drug design strategies

No 3D, No ligands

Combichem, VS, HTS

3D, No ligands

de novo

No 3D,  Ligands

Pharmacophores,
3D similarity

QSAR 3D

3D, Ligands

Target-based design

L
B
V
S

T
B
V
S

Challenges of drug discovery: 
Finding a substance with multiple 

aggregated values

Fármaco
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QSAR 2D and 3DMM SAR

Ligand-
similar

Drug-
similar

Drug

Chem-Bio
space

Optimized
PD & PK 

Enzyme
kinectics

(MOA)

Synthesis

DrugLigands
Target 

Validation Leads
Pre- and
clinical
phases

Drug
approval

Calorimetry
(MOA/TD signature)

TD
(MoB)

(Montanari. et al. J. Med. Chem. 2000; Montanari. et al. Burger’s MedChem 2010. vol.7. 685)

Frag-
similar

Integrating Technologies...

Virtual 
ScreeningChemical space 

navigation

1D
2D
3D

Coligativas
Estereodinâmica
Estereoeletrônica

Interação
Ligante-receptor

Social moleculesDB

Ro3

X ray (PDB)

Receptor mapping
Docking Pharmacophore 

hypothesis

Cloning.
Expression.
Isolation.
Purification

(Gaudio e Montanari J. Comput.-Aided Mol. Des. 2002
Montanari et al. Bioorg. Med. Chem. 2008)

(Montanari et al. Eur. J. Med. Chem. 2008)
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Molecular Library
Public domain and in-
house NeqDB

F
i
l
t
e
r

1. MM
2. Lig.-H
3. PSA

4. NHOH
5. ClogP

Filtered DB

1. 2D  3D
2. Ad H/Charge
3. Conformers

O
m
e
g
a

Conformers

Flex docking
(Hybrid, Poses)

F
r
e
d

Known 
Inhibitors?

30- % top scores 

Selectivity

30- % top scores

3D 
target

F
R
E
D

G
L
I
D
E

Post-docking analyses

Hits

Biochemical/Biophysical
& Cell based assays

Wiggers, Montanari et al. Mol. Inf. 2011, 30, 565

2.000.000

20

SAR by catalogue

39

SAR & SPR

S
y
n
t
h
e
s
i
s

1. Connectivity
2. Stereochemistry

3. Reactivity
4. Stability
5. Solubility

Target potency/selectivity

1. Reduce Toxicity
2. Scaffold-

hopping
patentability

3. Metabolism
4. Bioavailability

Chemical Structure

Hypothesis, Design, 
Experiment, Data, Data 

analysis, Results, 
Hypothesis

Drug candidate

S
y
n
t
h
e
s
i
s

Data Science

E
x
p
l
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1. PCA
2. HCA
3. PAM

Artificial Intelligence (AI)
Machine Learning (ML)

Train the ML Algorithm

1. Random Forests
2. ANN
3. SVM

Experimental Data

Chemical Space

Models

S
u
p
e
r
v
i
s
e
d

Train, Test, Evaluate

Molecular Design...

Intuition is 
rooted in
expertise

40
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The Scientific Knowledge and 
Science4.0

Schneider, Nature Rev. Drug Discov. 2017 41

Drugs, genes, diseases
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Drugs

https://medicalxpress.com/

A little bit of history+

The most promiscuous drug in the history of the pharmaceutical industry?

Waheed, Nonsteroidal anti inflammatory drugs (NSAIDS), 2014
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A little bit of history+

The most promiscuous drug in the history of the pharmaceutical industry?

https://vkool.com/uses-for-aspirin/
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A little bit of history+

https://www.drugbank.ca/drugs/DB00945

End of the video lesson
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NEQUIMED/IQSC/USP/BioNCE at https://bionce.now.sh/
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Aspirin chemical reactivity

Bhat et al. British Journal of Cancer (2014) 111, 61–67 | doi: 10.1038/bjc.2014.271
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Bhat et al. British Journal of Cancer (2014) 111, 61–67 | doi: 10.1038/bjc.2014.271

54

https://www.cgl.ucsf.edu/chimera/

UCSF Chimera - Getting Started: https://www.cgl.ucsf.edu/Outreach/Tutorials/GettingStarted.html
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Some important definitions
What is a ligand (binder)?
A ligand is a substance 
that forms a complex with 
a biomacromolecule to 
modulate a biological 
function.

What is a biochemical/biological target?

A target is anything within a living organism 
to which some other entity (like an 
endogenous ligand or a drug) is directed 
and/or binds, resulting in a change in its 
behavior or function. ... 

Biological targets are most commonly 
proteins such as enzymes, ion channels, 
and receptors. (https://en.wikipedia.org/)

Cruzipain EC Tree
3 Hydrolases

3.4 Acting on peptide bonds (peptidases)
3.4.22 Cysteine endopeptidases

3.4.22.51 cruzipain
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FDA targets

Overington et al. Nat. Rev. Drug Discov. 2006

FDA targets

https://www.proteinatlas.org/
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Drug Development for 
Very Rare Diseases

A rare disease is generally considered to be a disease that affects 
fewer than 200,000 people in the United States at any given time.

For instance, acute 
intermittent porphyria, 
variegate porphyria, and 

hereditary coproporphyria
Acquired hemophilia A.
Acral lentiginous melanoma.
Acromegaly.
Acute intermittent porphyria.
Acute lymphoblastic leukemia.
Acute myeloid leukemia.
Acute promyelocytic leukemia.
Adenosine deaminase deficiency…

…between 5,000 and 8,000 depending on the source 

Oprea et al. Nat. Rev. Drug Discov. 2020
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The most famous drugFrom Diseases 
to Targets to Drugs

Kelly et al. 2019

The most famous drugThe most popular Viagra!
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The billionaire drug!

OH O
O

OH

N
F

NH
O

Atorvastatina, IC50 = 8 nM

Tipo 2

Lipitor: each C atom = US$ 142 mi!
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Esomeprazol: 
Chiral switch.



06/10/2020

35

What about the famous "old"?
Worldwide drug market accounted for just over 50% (skincare, haircare, others ~ 45%)

USA market 2019: US$ 521 million
The American College of Cardiology and 
American Heart Association, states that 

“Aspirin should be used infrequently in the 
routine primary prevention of 

atherosclerotic cardiovascular diseases 
due to lack of evidence"

Pfizer's cholesterol-lowering drug Lipitor 
amounted to 1.9 billion U.S. dollars in 2019

What about the famous "old"?
Worldwide drug market accounted for just over 50% (skincare, haircare, others ~ 45%)

Pfizer lost exclusive 
rights to the drug in 

December 2017

USD 1.65 billion in 2016 
and is expected to reach a 
valuation of USD 2.95 
billion by 2023
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Properties of  bioactive compounds

https://images.slideplayer.com/26/8564082/slides/slide_1.jpg
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Properties of  bioactive 
compounds

Pharmacodynamic phase: what 
does the drug do in the body?

Pharmacokinetic phase: what 
does the body do with the drug?

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

Properties of  bioactive 
compounds

Pharmacodynamic phase: what 
does the drug do in the body?

Pharmacokinetic phase: what 
does the body do with the drug?

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