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O Paradlgma da Quimica Medicinal
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“Medicinal Chemistry remains a challenging
science, which provides profound satisfaction
to its practitioners. It intrigues those of us who
like to solve problems posed by nature. It verges
increasingly on biochemistry and all the
physical, genetic and chemical riddles in animal
physiology which bear on medicine. Medicinal
Chemists have a chance to participate in the
fundamentals of prevention, therapy and
understanding of diseases and thereby to

contribute to a healthier and happier life.”
(Alfred Burger, 1990)

“...Nobody in the world is
condemned
to work with as many
variables
as the medicinal

chemist...”

(Corwin Hansch, 1993)
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A Quimica Medicinal e o
Paradigma da Invencao dos Farmacos

- “Medicinal Chemistry is a chemistry-based discipline, also involving aspects of
biological, medical and pharmaceutical sciences. It is concerned with the
invention, discovery, design, identification and preparation of biologically
active compounds, the study of their metabolism, the interpretation of their
mode of action at the molecular level and the construction of structure-activity

relationships.”
elationships C.G. Wermuth, C.R. Ganellin, P. Lindberg and L.A. Mitscher

(1998) Glossary of Terms Used in Medicinal Chemistry, IUPAC.

« “A pharmacophore is the ensemble of steric and electronic features that is
necessary to ensure the optimal supramolecular interactions with a specific biological
target structure and to trigger (or to block) its biological response.”
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Limongelli V. et al. (2010) PNAS 107, 5411.




Modelo-Chave Fechadura (110 anos)

Emil Fischer
(1852-1919)
(Prémio Nobel, 1902) |

Fischer, E. H. “Dictionary of
- Scientific Biography”, Charles
’“ ; Scribner's Sons: 1970-1990;
: Vol. 5, pp. 1-5.
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Afinidade versus Atividade Intrinseca
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Barreiro, E. J.; Fraga, C. A. M. (2008) Quimica Medicinal: As Bases Moleculares da A¢do dos
Farmacos, 2* Edi¢ao, Artmed, Porto Alegre.



Estereoquimica em Ligantes de Receptores 3-
adrenérgicos
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Teoria do Encaixe Induzido
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J. Am. Chem. Soc. 1996, 118, 10337



“O sucesso pratico da Quimica Medicinal
depende crucialmente de uma compreensao
dos principios do reconhecimento molecular

(Davis & Teague, 1999).”

A determinacao da estrutura 3D de receptores,
assim como da manipulacao destes auxiliado
por computador tornou uma realidade o
conceito de

Planejamento Racional de Farmacos.

Davis, A. M. & Teague, S. J., Angew. Chem. Int. Ed., 1999, 38, 736-749



A Enzima Ciclooxigenase-2 (COX-2)
e seu Sitio Ativo




Forcas Envolvidas no Reconhecimento
Molecular: Micro- / Biomacromolécula

* Ligacoes Covalentes;

* Interacoes Eletrostaticas:
— [onica;

— Ion-Dipolo;

— Dipolo-Dipolo;

— Ligacdo de Halogénio
* Forcas de Dispersao: Interacao de Van der Walls;
* Interacoes Hidrofobicas;

 Interacoes de Hidrogénio.

Barreiro, E. J.; Fraga, C. A. M. (2008) Quimica Medicinal: As Bases Moleculares da Ac¢ao
dos Farmacos, 2* Edicao, Artmed, Porto Alegre



LigacgOes Covalentes: Reconhecimento
Molecular do AAS pela PGHS (COX)

Barreiro, E. J.; Fraga, C. A. M. (2008) Quimica Medicinal: As Bases Moleculares da A¢ao dos
Farmacos, 2* Edi¢ao, Artmed, Porto Alegre.



Interacoes Eletrostaticas: Ligacao Ionica e o
Reconhecimento Molecular do Flurbiprofeno
pela PGHS (COX)
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Barreiro, E. J.; Fraga, C. A. M. (2008) Quimica Medicinal: As Bases Moleculares da A¢do dos
Farmacos, 2* Edi¢ao, Artmed, Porto Alegre.



Interacdes Eletrostaticas: lon-Dipolo / Dipolo-Dipolo

0b o2

)\ Barreiro, E. J.; Fraga, C. A. M.
DR, (2008) Quimica Medicinal: As

Bases Moleculares da Acao dos
Farmacos, 2* Edicao, Artmed
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Interacoes Eletrostaticas: Ligacoes de Halogénio

/ R n Barreiro, E. J.; Fraga, C. A. M.

( i ’ 5+ (2015) Quimica Medicinal: As
85 Bases Moleculares da Ac¢ao dos
Ao 4 W & Farmacos, 3* Edicao, Artmed,

Ligagao de Porto Alegre.
Q halogénio 4 5 kcal/mol ©/
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Forcas de Dispersao: Interacoes de Van der Walls

Interacoes Hidrofobicas
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Barreiro, E. J.; Fraga, C. A. M. (2008) Quimica Medicinal: As Bases Moleculares da A¢ao

dos Farmacos, 2* Edicdo, Artmed, Porto Alegre.



Interacoes de Hidrogénio
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Barreiro, E. J.; Fraga, C. A. M. (2015) Quimica Medicinal: As Bases Moleculares da A¢ao
dos Farmacos, 3* Edicdo, Artmed, Porto Alegre.



Grupos Doadores ¢ Aceptores de Ligacoes de

Hidrogénio
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Barreiro, E. J.; Fraga, C. A. M. (2008) Quimica Medicinal: As Bases Moleculares da A¢ao
dos Farmacos, 2* Edicdo, Artmed, Porto Alegre.



Ligacdes de Hidrogénio € o Reconhecimento Molecular do
antiviral saquinavir pelo sitio ativo da protease do HIV-1
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— Barreiro, E. J.; Fraga, C. A. M. (2008) Quimica Medicinal: As Bases

Moleculares da A¢ao dos Farmacos, 2* Edicdo, Artmed, Porto Alegre.



O Paradigma do w Composto-Prototipo
.

Farmaco

prototipo

ligante

hit

In vitro

In vivo

Composto-protdétipo® Otimizagao

Toxicidade

Propriedades moleculares adequados

inter-alia:

estabiliade quimica, pKa, LogD, GF s
GA’s, EDgCYP450, {Q)SAR,
conformacgao farmacoforica,
mecanismo molecular de agao,

biodisponibilidade.

Nova entidade quimica

Candidato a novo farmaco

Quilmica
Medicinal

“A drug prototype is
considered to be the
first pure compound
to have been
discovered in any
series of chemically
or developmentally
related therapeutic

agents” Sneader, W.
Drug Prototypes and Their

Exploitation, John Wiley-
Sons, 1996.

Fraga, C. A. M. & Barreiro, E. J.
(2005) Quimica Nova 28
(Supl.), S56-S63.



Sequéncia do Processo para Descoberta e Desenvolvimento de
Novos Farmacos

Therapeutic target

Lead optimization studies |— is lead
erapeutic | Are targets _ Lead non-GLP toxicology, > s
identification validated? — | identification ‘ met(abo!ism, pharmacology) sovkpelio

T t
o
' - Synthetic and
Proteomics Hit combinatorial
chemistry
,% =
| Scale-up chemical Preclinical studies
% ~  Biotechnology synthesis and | (GLP toxicology, ADME,
| formulation process safety pharmacology
v HTS %
Genomics/ Natural |
genetics products !
i
} Compound §
v Library v
Clinical dose Clinical safety,
optimization, safety tolerance, PK and ‘proof
and efficacy studies of concept studies
_| Clinical product | it
manufacturing |
i
|
¥
Postmarketing Does
Product launch studies/long-term drug ssll?
evaluation :
Op

life cycle/new formulations

Pritchard, ). F et al. (2003) Nature Rev. Drug Discovery 2, 542.




Drug Discovery and Development

A PreClinical Candidate has a 10% chance of becominge a drue

Typical Success Rates at Each Step of Drug Discovery & Development

= 1% 0.1-1% 1-10%a 5% 20%% TH%%
Lead Lead Candidate Preciimical Climical
Discavery Oprimization)  Selectien | Development | Development
Hit Lead Preclinical Clinical NIA

Candidate Candidate

Typical Discovery Cosis: Typical Development Costs:

Minimum 10-12 years and over | billion US$

clinical

preclinical



Principais caracteristicas necessarias a um novo
candidato as Fases de Triagem Clinica

10,000 Drug ’
;andidates from

initial leads

Valid
Biomedical
Hypothesis?

10 Clinical
Candidates

non-teratogenic
non-mutagenic
manufacturable
patentable

physically stable
durable

reversible
non-inducing

metabolically stable
permeable

selective

targeted




Outras caracteristicas necessarias a um novo
candidato a Farmaco

1 Drug
Launch Regulatory filing

Competitive profile
Cost-effective manufacturing
Carcinogenicity studies
Long-term safety

Efficacy
Side effect profile

Trial sites and investigators

Patient recruitment

: Dosing ranges
Stability
Formulation
10 Drug

Safe and active in lab and animal models

Molecules

All discovery criteria met




Pesquisa e Desenvolvimento de Novos Farmacos: Sinais de Declinio na
Produtividade das “Big-Pharmas”

=4
[=1

&2 New molecular entities
&= Biologics license applications

L
=1

=k
)
=

Number of drugs approved

5
&
5
=2
3
:
S
3
g
:
L
=
=

Year ending five-year frame

Booth & Zemmel (2004) Nature Rev. Drug Discovery 3, 451;
A. Mullard (2011) Nature Rev. Drug Discovery 10, 82.




Principais Razoes para Falhas no Desenvolvimento
de Farmacos

a Causes of failure Failure by therapeutic area

B Efficacy [ Oncology

= ifaett;g; B Central nervous
C
B Pharmacokinetics/ system

bioavailability O Musculoskeletal
B Other [ H Infectious disease
commercial : : [ Cardiovascular

e = [
O Not disclosed B Other

O Financial and/or

1% b Phase |l failures Phase lll and submission failures

F 4 N
Al 3
2008-2010 YAV 2007-2010

Arrowsmith & Miller (2013) Nature Rev. Drug Discovery 12, 569;



Desafios na Busca por Novos Farmacos: Acelerar
o processo/reduzir custos

E como procurar uma agulha no palheiro....




xenobiotico

AAS Posologia: concentracao
tempo de meia-vida
metabolito ativo (?)
metabolito toxico (?)

outras atividades (?)

absorcao
/k Fatores Farmacocinéticos
lipossoluvel
H,c© O
Coeficiente de particao

Farmaco: ADME

ativo

inativo ’

g e f."’

Bioativaciao .. » . .

Biotransformacao ellmlnagao USRS
Sangue

) : Enzimas oxidativas
Reticulo microssomal Citocromo P-450



Farmacocinética e Metabolismo

@Fase 1 Introducio de )
grupos Funcionais — Enzimas Microssomais P b~
Oxi-Red, Hidroélise, Extrahepaticas
Hidroxilacao, N,O- (oxidacao, conjugagéoN
dealquilagao. Enzimas Microssomais Hepaticas

(oxidagao, conjugacao)

[ ) Reacdes Oxidativas sdo mediadas por
% CYP450 % Citocromo P450

Enzimas Hepaticas nao-microssomais
(acetilacao, sulfatacdo,GSH,
“Fase 2 Conjugacao alcool/ aldeido desidrogenase,
Glucuronidagéo, hidrélise, ox/red)
Sulfatacao,
Glicosilacao, Barreiro, E. J.; Fraga, C. A. M. (2008) Quimica Medicinal: As

Acetilacao, Metilacao.  Bases Moleculares da A¢do dos Farmacos, 2* Edi¢ao, Artmed,
Porto Alegre.



Box 4 | In vitro tests: ‘now’ and ‘then’

The following is a typical battery of tests for ¢ modern
drug discovery programme ‘today’; those marked with
an asterisk were also in use ‘then.

In vitro target

* Primary

= Whole cell

* Functional

* Selectivity assays

'n vitro absorption, distribution, metabolism and
limination (ADME)

Microsomal stability

Hepatocyte stability

P450 substrate

P450 inhibitor

Permeability

Transporter efflux (for example, P-glycoprotein)
Protein binding

Physical propertics
Rule-of-five
In silico ADME

Invivo
* Functional
* *Secondary (behavioural, chronic)

Toxicity

* *Ames test

* Micronucleus test

* hERG half-maximal inhibitory concentration (10,
* P450 induction

* Broad screening

* *Others ( depending on project

Ensaios preditivos de
propriedades “drug-like”

Cost/Value Relationship of ADME Screening

A

Teshng

(human trials)

Biochemical
Testing

Predictability/Correlation

Complexity/Cost




Numero de Farmacos Ativos por via Oral Lancados
de 1937-1997:

No. of
Oral Drugs

1950 1960 1970 1980 1980
Disclosure date




Previsao de Propriedades Fisicoquimicas
‘Drug-Like’ :

Adv. Drug. Del. Revs. 1997, 23, 3

* Drug absorption is allowed when:

L UCICEE (OHs & NHSs)
S UCICENC (Os & Ns)
— the
— the (1-oct/H,0)

* Substrates for biological transporters
are exceptions



No. of Drugs

of Drugs

No

5007

4007

150 200 250 300 350 400 450 500 550 600 More

350
3007
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2007
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1007
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0

9

10

11

12 More

4007

w
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7 More
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100 7 I
N []
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Exemplo Ilustrativo:

O O

Hﬂﬂﬂjﬂﬂccmﬂﬂm

Esforco Macico nas Principais “Big-Farmas” entre 1980s &
1990s

Nenhum inibidor de renina conseguiu entrar em Fase II

Falha devido a baixa biodisponibilidade e custo elevado
(padrao peptidico)



Exemplos de Desenvolvimento de Novos
Farmacos: Inibidores de Renina vs.
Agonistas de Receptores de Serotonina

OH
: o’ 7 D
OH %NH .
H

Agonista de Receptores 5-HT1D

Inibidor de Renina Tipico Ativo por via oral
Falhou na Fase Comercializado para Tratamento
de DesenvolvimentoMol da Enxaqueca

Wt =645 Mol Wt =287



Grupos Toxicoforicos —

Eletrofilos & Espécies Reativas Quimicamente

Blake, Medicinal Chemistry, 2005, 1, 6495



Desafios para o Processo de Descoberta
de Farmacos

DIVERSITY




Inovacao e o Mercado Farmaceutico Mundial

(USS 936 bilhoes - em 2014)

Fonte: IMS Health MIDAS, December 2015

Rank Generic Brand® Disease 2014

1 Adalimumab Humira RA, CD, Ps 11.84 « .
2 Insulin Glargine  Lantus Diabetis 10.33 TOP-Selllllg
3 Sofosbuvir Sovaldi Hepatitis C 9.37 2
4 Aripiprazole Abilify Schizophrenia  9.28 Drugs €m 2014
5 Etanercept Enbrel RA, CD, Ps 8.70
6 Fluticasone Seretide Asthma / 8.65

/Salmeterol COPD
7 Rosuvastatin Crestor Cholesterol 8.43
8 Inflimixab Remicade RA, CD, Ps 8.09
9 Esomeprazole Nexium Ulcer 7.68
10 Rituximab Mabthera Cancer 6.55
11 Bevacizumab Avastin Cancer 6.07
12 Pregabalina Lyrica Neuropathic 6.00

Pain
13 Tra.ztuzu.mab Herc.;e.:ptin Cancer 5.56 Férmacos Inovadores:
14 Tiotropium Spiriva COPD 5.48 .
Bromide Radical ou Incremental?

15 Sitagliptin Januvia Diabetis 4.99
16 Acetato de Copaxone Multiple 4.78

Glatirdmer Sclerosis
17 Insulin Aspart  Novorapid Diabetis 4.71
18 Pegfilgrastim Neulasta Cancer 4.62
19 Budesonid / Symbicort Asthma / 4.53

Formoterol COPD
20 Ranibizumab Lucentis Macular 4.43

Degeneration




Possiveis Origens para Novos

Candidatos a Farmacos
e Substancias de Baixo Peso Molecular

— Produtos Naturais
 Caldo Fermentativos
o Extrato de Plantas

* Fluidos Animais (e.g., veneno de cobra)
— Substancias de Origem Sintética
e Quimica Medicinal

e Quimica Combinatorial

 Substancias de Elevado Peso Molecular
— Produtos Naturais
— Produtos Recombinates

— Produtos Quiméricos



Século 21

-Era das Plantas e Produtos Naturais
-Nascimento da Industria Farmacéutica
-Quinina, Aspirina, Digitalicos, Cocaina

-Descoberta das Vitaminas e Vacinas
-Desenvolvimento da Quimica Organica
-Fleming descobre acidentalmente a Penicilina

-Era dos Antibioticos
-Desenvolvimento ¢ Produgéo de Penicilina
e outros antibidticos para tratar as infecgdes
dos soldados da II Guerra Mundial
-Redugdo da valerizagdo das Descobertas ao Acaso

-Era da Guerra Fria

-Novas Tecnologias e Instrumentagio
-Compreensio da Fisiologia Humana
-Descoberta da Estrutura do DNA
-Desenvolvimento da Biotecnologia

-Década Farmacéutica

-Descoberta dos Contraceptivos

-Tecnolegia Computacional de Elevado Desempenho
-Compreenside da Etiologia das Doencgas

-Descoberta baseada em Estratégias Racionais

-Era do Combate ao Cincer

-Desenvolvimento da Engenharia Genética ¢ da Biotecnologia
-Tecnologia Computacional de Elevade Desempenho
-Planejamento Racional auxiliado por Técnicas Computacionais

-Era da Descoberta do Virus HIV e a AIDS

-Desenvolvimento da Imunologia

-Inicio da valorizacdo do Mercade Farmacéutico (Blockbusters)
-Desenvolvimento da Quimica Combinatoéria

-Robotica e Automagio na Descoberta de Farmacos
-Desenvolvimento das téenicas de HTS
-Caracterizagdo do Genoma Humano

*HTN = High Throughput Screening

Evolucao Temporal do
Processo de Descoberta

§ |JF-!
-2 *,.,.

Fraga, C. A. M. & Barreiro, E. J. (2005)
Quimica Nova 28 (Supl.), S56-563.




A DESCOBERTA DE FARMACOS

A busca por substancias terapeuticamente uteis Uma importante mudanga de paradigma ocorreu no
era centrada na investigacao de plantas que momento em que os alcaldides foram isolados e moléculas
cresciam em jardins de instituigoes religiosas simples como o acido acetil salicilico foram sintetizadas

Shen Nung

Dichroa febrlfuga Rauwolfla sérpentma Theophrastus '
5100 a.C. 1000 a.C. 300 a.C.
Gh’ang Shan hindus opidides
OH
©fj\) /\”/\'i) OCH,
febrifugina i <
OCH, papoula
reserpina
Chen, K.K. (1925) J. Am. Pharm. Assoc., 14, 189.

Jang, C.S., et al. (1946) Science, 103, 59.
Grob, D. (1955) J. Chronic Diseases, 1, 229.

Silverman, R.B. (2004) The Organic Chemistry of Drug Design and Drug Action, Elsevier, San Diego, 10
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Tracy, J.W. & Webster, L.T. (1993) em The Pharmacological Basis of Therapeutics, McGraw Hill, Nova Tork, 965.
Hoffman, B.F. & Bigger, T. (1991) em As Bases Farmacolégicas da Terapéutica, Guanabara Kogaan, Rio de Janeiro, 536.
Newman, D.J.; Cragg, G.M.; Sneader, K.M. (2004) J. Nat. Prod., 66, 1022.
Silverman, R.B. (2004) The Organic Chemistry of Drug Design and Drug Action, Elsevier, San Diego, 10.
Burger, A. (1980) Burger’s Medicinal Chemistry, Willey, Nova York, 23.



Estratégias Empregadas na Descoberta de Novos Farmacos

“MECHANISM BASED DRUG DESIGN”
(PLANEJAMENTO RACIONAL)

A melhor caracterizacao dos receptores, ou de
métodos computacionais avancados, tem
permitido um planejamento racional de novos
compostos bioativos com maior base cientifica.

“SCREENING SISTEMATICO”

Esta estratégia consiste de um screening sistematico de
um grupo de moléculas escolhidas arbitrariamente pela
sua diversidade.

Descoberta
de Farmacos

“ME-TOO” “SERENDIPITY”

Esta estratégia envolve a utilizacao de

informacdes bioldgicas que resultam de
descobertas feitas em testes de rotina.

“The most fruitful basis for the discovery of a new drug is to
start with na old drug.” Sir James Black - Prémio Nobel em
Fisiologia e Medicina

“... in the recent years the paradigms of
drug research changed significantly...”
Kubinyi, H., 1995

Fraga, C. A. M. & Barreiro, E. J. (2005)
Quimica Nova 28 (Supl.), S56-S63.
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H,C—OHO,
HyC—OHO,
H,C—OHO,

trinitrogficerina

CH,CH,CH,

m farmacos liteis ne

Nova classe de

“SERENDIPITY”

A word coined by
Horace Walpole, who
says (Let. to Mann, 28
Jan. 1754) that he had
formed it upon the title
of the fairy-tale ‘The
Three Princes of
Serendip’, the heroes of
which ‘were always
making discoveries, by
accidents and sagacity,
of things they were not
in quest of”

Wermuth, C.G. (2004)
J. Med. Chem., 47,
1303.

Fleming, A. (1929) Br.
J. Exp. Pathol., 10,
226.

Terret, N.K. (1996)
Bioorg. Med. Chem.
Lett., 6, 1819,



“Screening
Sistematico”

Nakamura, C.E. &
Abeles, R.H. (1985)
Biochemistry, 24,
1364.

Liu, K. et al. (2000) J.
Med. Chem.,43, 3487.

Doman, T.N. et al.
(2002) J. Med. Chem.,
45, 2213.

Drews, J. (2003) Drug
Disovery Today, 8, 411.
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“Me-Too’s”

Ranitidina - Glaxo

Wermuth, C.G. (2004)
J. Med. Chem., 47,
1303.

Raju, T.N.K. (2000)
Lancet, 355, 121.

Cushman, D.W. &
Ondetti, M.A. (1991)
Hypertension, 17, 589.

Tobert, J.A. (2003)
Nat. Rev. Drug Disc. 2,
517.




Planejamento Baseado no Mecanismo de A¢ao

“O processo moderno da
descoberta de farmacos,
baseado no mecanismo de
agdo, visa a identificacao
de novos compostos
bioativos atraves do
desenho planejado de sua
arquitetura molecular, ou a
identificacao de um
bioligante eficiente, cuja
arquitetura molecular é
planejada com base na
estrutura de um
biorreceptor conhecido,
empregando estratégias de
complementaridade
molecular”

Fraga, C. A. M. & Barreiro,
E. J. (2001) Quimica
[ ) Jentific: Medicinal, ArtMed, Porto
o HE i), B Alegre, p.17.
Estrdtura 3D cristalogrifica

N ll,‘H—"-H4 H- -

Cushman, D.W. & Ondetti, M.A. (1999) Nature, 5, 110; Ferreira, S.H. (1965) Br. J. Pharm., 24, 163;
Wermuth, C.G. (1996) The Practice of Medicinal Chemistry, Academic Press, Londres.



Estrutural Simplificacao
Molecular

Intuicao Quimica —_ -
Ferramentas de Modificacao Hibridacao e

Bioisosterismo

Abordagem Abordagem Fisiologica Abordagem

_ Indireta
Direta Eleicao do Alvo

Validado
Esirutura da Estrutura
Biomacromolécula S K = do Ligante

Docking LR &
Molecular SAR

QSAR

Dinamica Composio-Protétipo
Molecular Modelagem
n PK/PD Molecular

. , Otimizacao de prototipo
Reconhecimento ¥ P P —

Molecular BN @3 o=

aFapmacos



Exemplo do Uso de Métodos Indiretos de Planejamento de Farmacos:
CoMFA de Analogos da Talidomida com Propriedades Anti-TNF-alfa

WiW;

m L q

(36-41)

B / ) C \ Avila CM, Romeiro NC, Silva GMC,
J - \;\\ Sant’Anna CMR, Barreiro EJ, Fraga

4 (’ D CAM. Development

. U of new CoMFA and CoMSIA 3D-

}___f - L £ 4 QSAR models for anti-inflammatory

phthalimidecontaining
TNF modulators. Bioorg. Med.
Chem. 14, 6874—-85 (2006).




“Docking” de Ligantes em Proteinas




Funcao de Rangueamento: Quantificacao da
Energia das Interacdes Proteina/Ligante tais como:

Interacao de Hidrogénio
Eletrostatica
Van der Waals
Hidrofdbica

/Tt etc ...



ABT-834: Um novo antagonista de receptores H3 em
fase | para o tratamento de disturbios cognitivos,
identificado com o auxilio da modelagem molecular

Thr 119

o .

ABI-834+4epels HERG Channel(White Bars)




Inibidores de
AChE

coelans:

Tacrina Acetilcolina

MeO

MeO




Comparacao dos Modos de Interacao de 3 Farmacos
Inibidores de AChE

Mudanc¢as conformacionais no sitio ativo da enzima acetilcolinesterase:

‘\\v = "

* donepezil ‘
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Fig. 1 Number of drugs approved in the United States from 1981 to 2007.

—— Number of drugs
— Natural product—derived
— Natural products
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Farmacos de Origem Marinha

Conus magus

| |
H,N-CKGKGAKCSRLMYDCCTGSCRSGKC-CONH,
I |

Ziconotide

Trabectedin

A AAAS




Undisturbed Pa
contains paclitaxel. *

-




Em 1969, 28 kg de extrato bruto foi isolado a
partir de 1181 kg da casca de Taxus, fornecendo
apenas 10 g de Taxol puro.

BMS apresentou o dossi€ com os dados clinicos

do Taxol ao FDA que aprovou-o para uso ao
final de 1992.

Mecanismo de Acio: Taxol
se liga a tubulina
polimerizada promovendo a
estabilizacao de
microtubulos e evitando sua
desorganizacao e
conseqiientemente inibindo
0 processo mitotico € o
crescimento do cancer
cancer growth (Ovariano,
mama € pulmoes)




Taxol € encontrado em varias espécies de Teixo (0.001 to
0.01 % do peso da casca seca).

Com base em dados do servico florestal americano, desde
1992, 36.000 arvores foram utilizadas para produzir
327.200 kg de cascas (cerca de 9 kg/arvore) a partir das
quais 24 kg de taxol foram extraidos (cerca de 0.66
g/arvore).

Aproximadamente, 1 kg € necessario para o tratamento de
480 pacientes com cancer ou 2,08 g por pessoa or 3,15
trees por pessoa. Outros estudos apontam que este numero
poderia chegar a 10 arvores por pacientes, dependendo do
tamanho das arvores.



Sintese Total do TAXOL

-Holton, 1994 (46 etapas, linear)

Holton R. A.; Somoza, C.; Kim, H. B. et al. First Total Synthesis of Taxol. 1.
Functionalization of the B Ring, J. Am. Chem. Soc., 1994, 116, 1597-1598

Holton R. A.; Somoza, C.; Kim, H. B. et al. First Total Synthesis of Taxol. 2. Completion
of the C and D Rings, J. Am. Chem. Soc., 1994, 116, 1599-1600

- Nicolaou, 1994 (40 etapas, 3 partes)
Nicolaou, K. C.; Yang, Z.; Lin, J. J. et al. Total Synthesis of Taxol. Nature, 1994, 367,
630-634

Scheme 1 The semi-synthesis of taxol analogues from modified side chains and protected baccatin IIi

O  osiet,

B-lactam side chain 7-triethylsilylbaccatin Il (6) General structure of a series
precursor (5) of taxol analogues (7)

Denis, J. N.; Greene, A. E.; Guenard, D.; Gueritte-Voegelein, F.; Mangatal, L.; Potier, P. Highly
Efficient, Practical Approach To Natural Taxol, J. Am. Chem. Soc., 1988, 110, 5917



Relacao Estrutra-Atividade
de Analogos do TAXOL

Changes possible at these 3 positions

Amide without significant loss of activity

required

Oxetane ring

Ph
Phenyl group
or close analogue I
required

| 7 essential
- O /
E oA

<

Acetate removal
reduces activity

Hydroxyl group
required, or a
hydrolysable ester Benzoyl group
essential




Analogos estruturais do TAXOL

Prodrugs of taxol

AcO
BzNH O '

Ph/\)J\OIII--

OH

A water-soluble prodrug of taxol (8)

Taxotere (4)



PN como 1nspiracao na Geénese de Farmacos : Estatinas

HgC

Ariens, E. J. (1993) TiPS, 14, 68.

HiC,, e
HO W™ CO:H  2NADPH INADP+ 2 %,
; CO,H
G . % HO —p._b
HMG Co- oH »

redutase

Biossintese de Colesterol

SCoA o
HMG Co-A _ - colesterol
HiC,, _/A
\ S Inibidores da __ , 2
OH ‘ ‘ ,_', ":—7— 1 ; & _;j i
II \l(.—( ()A\ I{(‘(I“l;l\(\ e % L Fosfolipides |
SCoA h

intermediario

Grupamento Farmacoforico
HO 0

Lovastatina g .
Aspergillus terrens Imvastatina

IC50 = 2,2 nM IC50 = 0,9 nM

PRO-FARMACO

Atorvastatina
Lipitor, Pfizer
Top # 1 (2006)

Derosa G.; Salvadeo S.; Cicero, A. F. G. (2006) Curr. Op. Invest. Drugs, 7, 826-833.



Quimioterapia Moderna

Prémio Nobel

Fisiologia/Medicina
(1908)

P. Ehrlich, 1909

“The discoveries of those uncivilized peoples represented the sum of
limitless testing of thousands of natural materials. By contrast with their
selection of medicines by pure chance, we have to find first certain
compounds, for example some arsenic derivatives, which show at least a low
degree of therapeutic effect. Once this is done through more or less
laborious tests, the purely empirical screening is replaced by preparing
chemical variations, homologs and other derivatives whose efficacy has to
be tested. But even at best chemical drugs are not magic bullets, and will
not always hit only the center of the target, that is the disease-causing
organisms. Moreover, nothing is as simple as to ascertain the lethal or the
maximal well-tolerated dose, and the curative dose in a given animal
species. In humans the determination of dosages is infinitely more difficult
as one has to start with low doses and increase them gradually until they
become therapeutically active. This is further aggravated by the occurrence
of congenital or acquired idiosyncrasies from most medicines... and it
cannot justly be demanded that a decision be made within a few months as
to the merits or demerits of such new agents.”

"Magic Bullets"



A Evolucao da Quimioterapia

Confluéncia da Microbiologia: Teoria da Infec¢ao (Koch,
Pasteur); Desenvolvimento da Industria Quimica de Corantes na
Alemanha;

Imunologia comeca a ser vista como um tipo de “quimioterapia”

Desenvolvimento de testes diaganosticos com corantes
especificos para microorganismos;

Teste de substancias
de uso diagnostico
(corantes) como
Antibi6ticos
(Trypanosoma sp. /
Febre do Sono)
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Arsephenamine (Composto 606)

€ Mais de 300 compostos foram inicialmente testados contra tripanossomas
mas a cepa utilizada foi resistente a muitos deles.

€ Entdo, um novo pés-doutor ingressou no grupo trazendo a expertise no
modelo de espiroquetas causadoras da Sifilis em ratos. Os mesmos compostos
foram re-ensaiados e o composto "606” mostrou uma potente atividade
inibitoria das espiroquetas.

4

@ Este composto, chamado Salvarsan foi entdo empregado clmlcamento no
tratamento da Sifilis por muitos anos. il

Composto “418” Anti-trypanosomal
Ativo em ratos mas ndo em humanos

Salvarsan: Primeiro Farmaco
Anti-espiroqueta empregado
no tratamento da Sifilis




Uso do Bioisosterismo como Ferramenta
de Modificacao Molecular

A bioisostere* is a compound resulting from the

exchange of an atom or of a group of atoms with another,
broadly similar, atom or group of atoms. The objective of a
bioisosteric replacement is to create a new compound with
similar biological properties to the parent compound.

The bioisosteric replacement may be physicochemically or

topologically based.
Glossary of Terms Used in Medicinal Chemistry

* Bioisosters can exercise their biological activity
on bioreceptor, whether through agonist or antagonist.




Bio1sosterismo
1919 - Langmuir
1925 - Grimm
1932 — Erlenmeyer
1951 - Friedman
1952 (1970) - A. Burger Caoep Cuwp: B Croop iom
1979 - Thornber 2 A oA B oW

1986 — Lipinsky ool 0 i A
1996 — Patani & LaVoie

2005 - Lima & Barreiro

v 2011 — Meanwell (JMC)

Regra do Hidreto de Grimm

Similaridade molecular

OH A~ B i
O /

Grupos funcionais




Bioisosteros Classicos e Nao-Classicos

Tahble 1 — Classic bioisostere groups and atoms

Monovalent Divalent Trivalent
,-OH, -NH,, -CHs;, -OF. -CH>- =CH-
-F -CI, -Br, -1, -CH, -PH,, -0- =N-
-313, -oR -5- =P-
-Se- =4s-
-Te- =5b-

Tahle 2 - Non-Classic Bioisosteres

-CO0OH -5, NH, -H -CCHNH- -COOE.- -CONH,
-50-H -PO(CH)INH, | -F JHCO- -ROCO- -C5NH,
retroisosteros

-tetrazole cldssicos
-30,NHR. funcionais | _OH
-50,NH, [-CHJCH —catechol

funcionais

-3-hydrozyisozazole homélogos thenzimidazole
-2-hydroxychromones -NHCONH, funcionais -C4HaS

funcionais -NH-C5-INH; -CsHal  aromaticos
=I- -C5H5
_C{CN)=R’ NH-C(=CHNO,)-NH, -C H,NH
NH-C(=CHCN)-NH,

-halides de anéis
-CF;3
-CH
-N({CN),
-C(CN)z

Lima & Barreiro, Curr. Med, Chem. 2005, 12, 23




! A chemical group can be mimicked by a similar group with ! =%

J similar biological activity —another example of similarity

P :;;‘:?:‘\
P 4 Fﬂj
> (1IN

2 TN

i Database
a. Size

b. Shape (bond angles, hybridization)
c. Electronic distribution (Polarizability,

inductive effects, charge, dipoles)

e. Lipid solubility

f. pK,

g. Chemical reactivity (including
likelihood of metabolism)

h. Hydrogen bonding capacity




Bioisosterismo: Exemplos

[\N
N
I
N

pirazolo-pirimidina

Celecoxib

ICs9 = 0,6 pM (COX-2) ICsg = 0,08 pM (COX-2)

IC50 = 13,0 ,,I,}l (COX'I) IC:-!ﬂ > 15,0 ',I,)rl (COX'IJ

IS =21
IS v=125




' Sulfas Antibacterianas
1935 — Gerhard Domagk

Nobel Fisiologia
— Prontosil

— Sulfa Drugs
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Overlaps

Pharmaceutical objectives
improved solubility
improved chemical stability

» improved taste, odor

decreased irnitation and pain

Pharmacokinetic objectives
improved oral absorption
decreased presystemic metabolism
improved absorption by non-oral routes
improved time profile
organ/tissue-selective delivery ol active agent

Pharmacodvnamic ahjectives
masking of a reactive agent 1o improve its
therapeutic index
in it activation of a cviotoxic agent

B

§
N | _\N
ey \""“--.../"’

S0,MH,

\l +6H0 ——m 4NH;+ 6 HCHO

Formaldahyde

Pro-Farmacos

Carrier-linked prodrugs: where the active agent (the
drug ) is linked o a carner (also known as a promoiety),
and whose activation occurs by hydrolysis {esters,
amides, imines. . .), oxidation or reduction (e.g. Pronto-
sil in Fig. 1);
Bioprecursors: which do not contain a promoiety yel are
activated by oxidation, reduction or hydrolysis [ 12];
Macromolecular prodrugs: where the camer 15 4 macro-
molecule such as a PEG (polyethyleneglycol) [ 19];

o Drug-antibody conjugates: where the carrier 1s an anti-
body raised against tumor cells [1,20].

NH

Sulfanilamide

(B MH

Fig. 1. Two historical examples of prodregs. (A) Hexamine, an intentional prodrug of formaldehyde. {B) Prontesil, 2 fortwitous prodreg of sulfanilamide.




J\ MEHJ
HHM O '

[ HN—COCH |
F
Nfﬁ-i N..-r"‘" v '::G.-'
)\ | carboxylesterase )\ | 2
o= T — > o "
I'Var
H G H,C 2
HO' "oH HO ‘O HO' "OH
Capeacitabine 5-deoxy-5-fluorocytidine
Y 4 Y 4 {liver and cytidine
Pro-Farmacos A | S
0
F thymidine HN -
HM | phosphorylase )\ |
S —— =
o M (tumor) o N
H H G T
B-fluorouracil
HO' "OH

5'-decxy-5-fluoroundineg

Fig. . The stepwize activation of capecimhbine to the antitumor dreg 5-Auorowracil. Maote the tissue-selectivity of the last step.

Tahle 2

Tiszue distribution of 5-Awosrouracil {5-FU following administration of 5-FU or its riple prodrug capecitabing”

Reporied clinical dose AUC of 5-FU (nmaol min mL™"" AUC raios”

mnge (pmolkg ™) Gl tract Blood Tumor Tumor/GI Tumonblood
Capecitabine p.o. 5007 T8 100200 9703 100 4465 97-15.5
5-FU continuous iv. 6210 0-1,300 001018 54K 0.3-0.3 01,03 0,0
5-FU puao, 1941 4,400-13,000 25100 0.0-3 4 0020003 0,020,003

* The reported clinical ranges, AUCs and ratios are rounded off values taken from graphical data caleulated by Tsukamoto et al. [35] using a physiologically
hased pharmacokinetic analysis.

® The fist and

socond values cormespond respectively to the lower and upper limit of the reponed clinical range.



Pro-Farmacos

CYP 3A

/ "“‘

| - 0=

S S

Clopidogrel 2-Oxo-clopidogrel
85% in
[H.O] HFETE [H.O]

H cooH H, coocH,

a0 =20
3 Gl HS ci

Active, unstable metabolite

Fig.7. Majormetabolic reactions of clopidogrel in humans, Maost of a doseis inactivated by hydmolysis, whereas a smallerpart is activated by OY P2 A to Z-oxo-
clopidogrel, followed by spontaneous hydrolytic ing openin g to the active agent, a highly reactive thiol metabaolite which irreversibly antagonizes platelet ADP
receptors via a covalent 5-5 hridge |37, 34].



Antagonistas de Receptores AT1 de Angiotensina 2

Years between
piocneer
and follow-on

™3 Ser1os Metabélito Bioativo @ Tempq Relajclvo ao Langamento do
l His183 _ Prototipo Pioneiro
it 1,400 1
T™4 Val108 = psn295 — Drug
\ 1,200 — » o C?zaar
B = e

) / —4—  Atacand
800 —=—  Micardis

—s— Teveten
% Benicar

]

181
2.55
3.52
3.87
4.52
.09

Inflation-adjusted sales (US$ million) &

L3
Valsarten Tablis
Valzzy-160

Simplificacao

Molecular I

Valsartan, 1997
Diovan Novartis
Top # 9 (2006)

Irbesartan

Avapro, 199

Sanofi-Aventis
Top # 35 (2006)




Contribuicoes do Acaso (The Chance Discovery)

: .. Alexander Fleming
- “Serendipity”
'_i'::‘.lf - Tl A word coined by Horace Walpole, who says (Let. to
ﬁ"-.i__- s, fo Mann, 28 Jan. 1754) that he had formed it upon the
b 4% L title of the fairy-tale ‘The Three Princes of Serendip',

the heroes of which ‘were always making
discoveries, by accidents and sagacity, of things
they were not in quest of”



"Chance favours the
prepared mind..."
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1932 - Isolation \ .
1939 — Universidade de Oxford \ ‘
(Howard Florey e Ernst Chain) ‘
1941- Primeiros ensaios em humanos
1941- Pesquisa fo1 tranferida para os EUA
(USDA labs) em Peoria, Illinois

Summer

1943 - Penicillium chrysogenum

1944 - Caracterizacao Estrutural
1945 - Prémio Nobel Penicillin

| AR
H. Florey E. Chain
R = Benzila




Penicilina ganha o mundo!!!

Publica¢ao: Florey, Chain, et. al. Lancet, 24 de Agosto
de 1940;

Naquele momento a 2* Guerra Mundial avancava pela
Europa, com muitos feridos € inumeros mortos, como
resultado de infeccoes bacterianas;

Clamor pela descoberta de Thanks to PENICILLIN /@.a

..He Will Come Home !

Novos Antibacterianos!
Primeiro Ensaio de Triagem
Clinica: Fevereiro de 1941

(Voluntarios).




Mecanismo de
Acao das Penicilinas

L-alanine
D-glutamic acid
Meso-diaminopime lic acid
D-alanine
D-alanine

g Lipoprotein

E.coli peptidoglycan

Teichoic acid

Peptidoglycan

Periplasmic
space

Plasma
membrane

Gram+ cell
envelope

Carboxipeptidase + PeptideoglicanaiD-Ala-D-Ala-COOH

|

Carboxipeptidase—%—Ala—Peptideoglicana +
8]

D-Ala-COOH

l Peptideoglicana-NH2

Peptideoglicana—NH—(ﬁ—ﬁla—Peptideoglicana + Carboxipeptidase

0

H
I
Peptideoglicana+HN ¢, NH H 3
R CH; 0 j;o
N
0,H

R™

nn

lCarboxipeptidase-Ser-DH

Carboxipeptidase-Ser-0 \H/,\rf)

—~N
Ligagao 0 H -
Covalente C-O CO,H

BenzilPenicilina (15)




STAPHYLOCOCCUS STAPHYLOCOCCUS
TRATADO C/ PENICILINA
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Amoxacicilina vs D-Ala-D-Ala
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(a) Penicillin
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Side Chain Basic Structure
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@*OCHr Penicillin V
] (acid-resistant)
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Methicillin
(penicillinase-resistant)
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— Dicloxacillin
(acid- and penicillinase-resistant)

O cH_ Ampicillin
| (broadened spectrum acid-resistant)



