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Pure an Medicinal chemistry is a chemistry-based
ehemistey 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.
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Qualidade de Vida

Expectativa de vida ao nascer
(IBGE, BR, 2006)
Homens ca. 68,6 anos
Mulheres ca. 76,1 anos

Média nacional: 72, 3 anos (em 2005: 71,9 anos)

Indice de Desenvolvimento Humano
IDH-ONU (satde, educagéo, renda 2005)

[1° lugar: Islandia 0,968 (81,5 anos); Noruega 0,968 (79,8 anos);
177° lugar: Serra Leoa 0,336 (41,8 anos);
Argentina: 0,869 (74,8 anos);Uruguai:0,852;
AL&C: 0,803; Africa:0,493; Mundo: 0,749

Brasil € 0 11° mais desigual do mundo com 15° lugar na economia mundial
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TEN DECADES OF DRUG DISCOVERY

Analytical Chemistry | Chemical & Engineering News | Modern Drug Discove
| Today's Chemist at Work | E-Mail Us | Electronic Readers Service

1800s to 1919
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Introduction

| We hve today in a world of dmgsl Dirugs for pain, drugs for disease, drugs for allergies, drugs
for pleasure, and drugs for mental health. Dirugs that have been rationally designed; drugs that have been
synthesized in the factory or pufifled from nature. Drugs fermented and drigs engineered. Drugs that have been
clincally tested. Dirugs that, f

E\—Qj 1zoom

. |“We live today in a world of drugs.
é Drugs for pain, drugs for disease,
/ drugs for allergies, drugs for
pleasure, and drugs for
Jnental_health..”
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Nobel Prize, 1959

“for their discovery of the mechanisms in the
biological synthesis of RNA and DNA”

“We have the paradox of the two cultures,

chemistry and biology,

: growing further apart even as they
discover more common ground. For the chemists,

the chemistry of biological systems is either too
mundane or too complex...”

Arthur K&t‘yberg

1928-20

Arthur Kornberg

Annual Meeting of AAAS, 1987
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AAS #1889 1986

» ciprofloxacina fluoxetina
azidovudina lovastatina

barbitluricos

, Cetirizina, enalapril

cloroquina

ozagrel mifepristona

sulfonamidas

penicilina « salmeterol, amlodipina

. 1991 . .
nitrofurano < 1997 » alpidem, paroxetina
progesterona< » paclitaxel
talidomida 1993 , tacrina, fanciclovir
haloperidol < 1994 , irinotecan, pimobendan

1995

verapamil » indinavir, losartan
indometacina 1996 » docetaxel, atorvastatina
propranolol 1996 » zileuton, olanzapina
salbutamol 1997 , zafirlukast, montelukast
prostaglandinas « 1998 » infliximab sildenafil efavirenz
oxamniquina «—ax3970 1999 » celecoxib orlistat oseltamivir
cimetidina nifedipina ¢ 1975 2000 » galantamina rofecoxib 1
atenolol 1976 2322 » imatinib rosiglitazona : ]
captopril ___ 1977 » voriconazola, etoricoxib e
tamoxifeno ; 1978 zzgj > gefitinibtidt,-aripipfrazola.lb I
praziquantel 1979 - , rosuvas 6.1 ina, rofecoxi ,
_ 1980 __, pregabalin, Caduet® —
oxicams < 2006 Letairis
ranitidina aciclovir «—x281 » risperidona, garenoxacina
1985 2007

A

mefloquina misoprostol — maraviroc,ambrisentam
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e Farmaco...

— E uma substancia organica (> 99%) com propriedades
farmacoterapéuticas para uso médico, capaz de recuperar,
promover, manter ou preservar o estado de Saude;

— Tem elevada eficacia para o alvo terapéutico (PD);

— Nao toxico;

— Potente in vivo com boa biodisponibilidade: ativo em doses
baixas, usado por oral em dose-unica ao dia;

— Bem absorvido e estavel metabolicamente (PK):

e Propriedades fisico-quimicas criticas para a atividade do farmaco por via
oral: solubilidade, boa particdo passiva membrana/agua, péso molecular,

ligacbes-H;
— Protecéo intelectual (i.e. patenteavel = conteudo inventivo);
— Acessivel sinteticamente em custos aceitaveis (scale-up);

— Tem aplicacdo médica segura & inovadora (?);

e ...as propriedades moleculares dos farmacos sao

objeto do estudo da Quimica

eliezer © 2008
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Atualmente, 0s novos
farmacos, capazes de

atua, M em qualquer

alvo-terapeutlco sao
descobertos/inventados
por planejamento
% (racional).
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EJ Barreiro, CAM Fraga, ALP Miranda, Estratégias em Quimica Medicinal para
o Planejamento de Farmacos, Braz. J. Pharm. Sc., 37, 269-292 (2001).
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@ Os farmacos
il

e 0 Nobel !
inter-alia: il ")
Chave-fehadura 1902 - Emil H. Fisher 1905 -Robert Koch 1908 - Paul Ehrlich
B T
Paradigma da Hﬂlgl}!gli:ﬂ
Magic-bullet
Penicilina

189 pesquisadores
ganharam o Prémio
Nobel de Medicina
desde 1901

1937 -Albert Szent-Gyorgi 1959- Arthur Koenberg



Os farmacos
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e 0 Nobel !

“for their discoveries of important principles for drug treatment"

Inter-alia:

Propranolol

Cimetidina 9 B-bloqueadores
Aciclovir & antagonistas H-2

1988 - J.W. Black 1988 -G.B. Elion 1988 -G.H. Hitchings

® 150 pesquisadores
ganharam o Prémio
Nobel de Quimica
desde 1901

982 -J.R. Vane 19g5_ AAS
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E. J. Batreiro ¢ al., Estratégias em Quimica Medicinal para o Planejamento de Farmacos,
Braz. J. Pharm. Sc. 2001, 37, 269-292.
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CONCEPT
. (Emil Fischer, 1894)

“Um ein Bild zu gebrauchen,
will ich sagen, dass Enzym
und Glucosid wie Schloss und

- & Hermann Enml Fischer
Schliissel zueinander passen 15521919
miissen, um eine chemische

Wirkung aufeinander ausiibe _ hn iIII.III
zu kénnen”. e chemistry

“Em termos figurados, eu gostaria
de dizer que enzima e glicosido tem
que encaixar como uma chave-fechadura,

de maneira a interagir quimicamente
uma com a outra”.




Estrutura Primaria das Proteinas

RESIDUO DE AMINO ACIDO
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[ LIGACAO PEPTIDICA ]

Essenciais: His, lle, Leu, Lys, Met, Phe, Thr, Trp, Val

AMINO ACIDOS:
Nao-essenciais: Ala, Arg, Asn, Asp, Cys, Glu, GIn, Gly, Pro, Ser, Tyr
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(s Os farmacos atuam em alvos terapéuticos...

.. 0S biorreceptores .

blorreceptores envolvidos na
resposta terapéutica de todos 0s
farmacos contemporaneos.
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Previsio de potenciais alvos terapeuticos de distintas classes blogquimicas
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€&l Big-Pharma e gastos com tecnolgia da informacao
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mm) indistria aeroespacial

industria automobilistica

indidstria quimica

setor de embalagens

computadores e correlatos

indidstria de petroléo
mem) indiastria farmacéutica
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in Drug Discovery
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Combinatorial
Chemistry and
hMalecular
Diversity in
Drug Discovery

A pesquisa de novos farmacos na industria farmacéutica
tem estratégias distintas daquelas das Universidades.

L STl é/ TWEIT Vo d,
Edited by Th, Dingsrmann, .
0. Sreinhilber, C, Folkers . . ".:‘:.r - . \- ; :
Molecular Biology in Chemogenomics Pharmacolunehu r;“"“' Screening
Medicinal Chemistry im Dot Dincavery ii)nd \}ftapolmn in Bhoactive Mokecules
rug Design




¥, James Black: drug hunter

“Dmring the last forty years I have seen the
tremendous success that the pharmaceutical industry
hasachieved by basing its drug strategy around the
naturally ocourring molecules, hormone and
substrates, etc. These native molecules were the leads.
Close analogues and derivatives were then designed
around these leads. Classical bicassays and
biochemistry were able to select-in those compounds
that competed with the native molecule for the same
active site. Compounds with a high degree of
selectivity were regularly produced. The new strategy
iie, combinatorial chemistry and HTS) may not be so
lucky. Proteins are inherently*sticky” molecules. There
may well be a danger that the binding reactions used
in the high-throughput screening thatis used in
conjunction with combinatorial chemistry will select-in
nonspecific molecules. Mon-selectivity may not
become visible until the development stage imolving
intact animals is reached. Too much combinatorial
chemistry might well come to be seen as a risk factor
to the corporate health™

IF tem tido enorme sucesso nos
ultimos 40 anos, baseando-se em
substancias naturais, hormoénios,
substratos enzimaticos como
protétipos....

J. Black, Future perspectives in pharmaceutical research.
Pharm. Policy Law. 1, 85-92 (1999).

eliezer©2007
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Modelo Chave-Fechadura

odeigem M

CHEMICAL INFORMATION

MODELING
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[nteracio farmaco-Receptor
Modelo “Chave-Fechadura™

Reconhecimento

I Molecular

Complementaridade
Molecular

Energia aproximada de interacOes atdmicas e moleculares

Interacéao Energia (kcal/mol)
Ligac3o covalente 77-88 (irreversivel)
Interaces iOnicas ~5

Ligacao de hidrogénio 3-5 | (reversiveis)
Atracéo dipolo-dipolo 1-5

InteracGes Hidrofobicas ~1 )

Forcas de dispersédo de London/ 0,001-0,2

eliezer © 2008
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Siegfried Schwarz

KARGER

GLICOS

Model Compound Bound to the Minor
Groove of a DNA Molecule
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proteinas
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Similaridade & Dissimilaridade Molecular
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progesterona
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Progesterona

similaridade molecular
H
B/C C/D trans

B/C C/D trans

Testosterona




testosterona
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E. J. Batreiro ¢ al., Estratégias em Quimica Medicinal para o Planejamento de Farmacos,
Braz. J. Pharm. Sc. 2001, 37, 269-292.
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Drug Metabolism Y biological
and Disposition: = e

‘ | CYP450 ‘ | Citocromo P450CysCH,

< n & +3
¥ ¥ - / 'an [ - -
Citocromo P-450 . f& - ,__i 9 a ‘%H_ =
Y
' i ~ LI;?“-* e X Idade
BYVA A \a : ‘ \ = Sexo

Raca

[! Protoporphyrin X with Fed*

[ |
¥ 1 ! Thieeamphor i

Inducao / Inibicao

fAteracao medicamentosa
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Ikores Eraifia
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Diol

[E

|
O
Q)

Farmaco \

Aumentam a
metabolizacao
de farmacos

| indugido
_ enzimdtica

P-450
- inibics
PP.EE‘J ::Zlﬁ:aa'?‘ica

B reduza

meia-vida e 0
nivel plasmatico

Fenobarbital

Metabolito
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Intermediario-reativo e carcinogénese

CYP450
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Grupamentos toxicoforicos
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R. R1, R, R3= H, alquila, cicloalquila, arila, heteroarila
X= grupo abandonador
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Oxifenilbutazona

HsC

Sulindac

CHs

Oxazepam
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Zomepirac
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A relacdo entre estrutura quimica e propriedade
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Propriedades Estruturais

bioligante- ligante

ros estrutura quimica e atividade
composto prototipo
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71 Dissecacdo Molecular

Pontos farmacoforicos O
PN
OH

Acido acetil-salicilico
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A tatica de dissecacao molecular:
identificacé&o de pontos farmacoforicos

(5.1)
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A tatica de dissecacao molecular & equilibrio conformacional
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Modélo topografico das interacoes AAS-R

Sitio Receptor o’
_»* aa
ibnica ,* .
o .° .
(o) ‘
= sy = l'
Hidrofdbica e .
- &,
‘‘‘‘‘ R H" aa
------------- -
o"- \ ”4
k‘
O .. aa
“-‘- / ~~
............... H -
Hidrofilica

™

Hidrofilica

Hidrofdobica

@a= amino-écido)

Pontos farmacoforicos e as interagdes com o sitio biorreceptor
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X=X= CH=CH, S, 0

W= H, Cl, Br, F, OCMe, NMe, OH, Me
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Paul Ehrlich (1909) — Um farmac6foro "carries (phoros) the essential feature

responsible for a drug’s (= pharmacon’s) biological activity"
(Ehrlich. Dtsch. Chem. Ges. 1909, 42: p.17).

Em 1977, Peter Gund atualizou a definicéo: "a set of structural features in a
molecule that is recognized at a receptor site and is responsible for that molecule's
biological activity"

(Gund. Prog. Mol. Subcell. Biol. 1977, 5: pp 117-143).

IUPAC: "an ensemble of steric and electronic features that is necessary to ensure
the optimal supramolecular interactions with a specific biological target and to trigger
(or block) its biological response”.

Barreiro & Fraga: E o conjunto de caracteristicas eletrénicas e estéricas que
caracterizam um ou mais grupos funcionais ou subunidades estruturais, necessarios
ao melhor reconhecimento molecular pelo receptor e, portanto, para o efeito
farmacoldgico desejado. Farmacoforo nao € uma molécula real, nem associagdes de
grupos funcionais; ao contrario, € um conceito abstrato que representa as diferentes
capacidades de interacdes moleculares de um grupo de compostos com o sitio receptor.

O farmacoforo pode ser congidergdo cgmo a “parte” molecular do farmaco essencial a

atividade desejada. uimica
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% Antibioticoterapia

. | Sir H. W. Florey
' 1898-1968

Sir A. Fleming 2= 4

eCUIas S‘a,"a'v,uas E. B. Chain J { y
= f
| 1881-1955
il

1906-1979
P \] Grupamento farmacoforico

@AJ( AV
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cefalosporinas

COz2R



Carboxipeptidase + PeptideoglicanaiD-Ala-D-Ala-CO0H

Mecanismo Molecular da Agdo |
dos Antibiéticos beta-lactdmicos

Carboxipeptidase —(ﬁ—ﬁla—Peptideoglicana + D-Ala-COOH
0

l Peptideoglicana-NH2

PeptideogIicana—NH—%—AIa—Peptideoglicana + Carboxipeptidase

Peptideoglicana+HN_~ cp,

W _
- e 3 H
e A1 | L
";' ) . Carboxipeptidase-Ser-O \H/‘-\?rs
—M
Ligagéo 0 H 3
Covalente C-O CO,H

Benzilpenicilina
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Modelo dos trés pontos

Modelo de Easson-Stedman

Enzyme surface

One enantiomer fits Other enantiomer does not fit
enzyme active site enzyme active site
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Distomero
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QUIMICA MEDICINAL
#w  ASBASESMOLECULARES
£ DA AGAO DOS FARMACOS

s | ELIEZER J. BARREIRO
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Produtos Naturais Afrodisiacos

J. Chem. Ed. 1980, 57, 341
T. G. Waddell, H. Jones & A.L. Keith

“... the well known flavoring

substances which has gHsoanidrido
unquestionable aphrodisiac Y 5
qualities...”. In: Herbal :
Aphrodisiacs”, Cal., USA, 1971 CHy
Cantaridina
OCHj o
OH Vanilina Cantharis vesicatorica
CHs
OH
Hs CHs
Canabis sativa bz Mentol
& . o -
CH3 = At
4 \ Volatil
CHs. | E2
; /
2 L Xae
\v CH3
cafeina
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Institute Pasteur

Claude Bernard (1851)
1947 - C. Bovet

Estrutura: King, 1935

d-tubocurarina
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Alcaloides fenantrénicos e
benzilisoquinolinicos
(papaverina 0,2%o)

Photo Henriette Kress I

Papa¥er somnifer r;ﬂp“ﬁ“"""’““’:“ Papaver somfiiferum

W 1493-1541 Marco Polo (Veneza) = Opio
Vil |2 88 1806 = Friedrich Sertiirner isola a
codeine" morfina ("Morpheus”) = hipno-analgesia

A S
'
T

analgesia central; tolerancia;
dependéncia quimica;
sindrome de abstinéncia  siezr @200




Primeiro exemplo de simplificacao molecular

CH: 1 "al:Hﬂ
W Striptease

2| molecular Gy

1
4<; f"N'“‘-a.

marfing CH,

d-fanilpiperidina

A origem dos analgésicos 4-fonilpiperidincos a partir da estrutura da morfina: o
anel piperidinico, em azul, substituldo em C-4 no alcaldide por uma unidade fanila (verda)
& um atomo de carbono quatemarnio oxigenadas (a, em varmel ho).

Produteo natural como prototipe

eliezer © 2008



esterases
plasmaticas

>

O.__-CH; o.

Tight ly apposed
endothelial cells -H““ .

Tight junctiens

Glial endfeet —= . o g_
-

Glial cels -2 :w,ﬂf
0w Y

eliezer © 2008



_ Produto de hidrolise
| ' no plasma

. N
‘ -
HsC
l | - h

‘ morfma

| C15H21NO; CyHyyNO
Meperidina » Metadona
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[ vincmisTive |
| | sutrarE -

INJECTION, LiSP

Catharanthus roseus

Alcaldides

E. Wenkert, 1955

Inibidor mitotico ( metafase)

Alcaldides bis-inddlicos

eliezer © 2008

vincristina R=H
vimblastina R= CHO



Th &Story
} Taxol

wuwns M{D Founcs
i INCTHE PURSUIT OF AN
' . A FCANCER | DRUG

*JORD G\'BODMAN

Paclitaxel
B TAXOI!
Taxol R M. E. Wall,, Science and
“Chronicles of Drug Discovery”, Y Applications
M. C. Wani etal., J. Am. Chem. Soc. 1971, 93, 2325 D. Lednicer, vol.3, ACS, 1993, = —
pp. 327-348 N Masthew Saffos

Res. Trlangle Park 1967

M. E. Wall & V. C. Wari

1996 - National Cancer Institute
Award of Recognition Taxus bacatta

eliezer © 2008



Molécula
“selvagem”

Camptothecin

alcaldide
quinolinico de biossintese mista

Wall, ME & Wani, MC “Camptothecin: Discovery to Clinic”
Annals of the New York Academy of Sciences 1996, 803, 1

Wall, ME, MC Wani, CE Cook, KH Palmer, AT McPhail, GA Sim, “Plant antitumor
agents. 1. The isolation and structure of camptothecin, a novel alkaloidal leukemia
and tumor inhibitor from Camptotheca acuminata” J. Am. Chem. Soc.1966, 88, 3888.

Molécula

T

notecan hydrochloride
]L‘(’IUH
20 mg]mL
(on basis of tribydr
smm:i.n' o HCI .3H,0
nly .mu e difuted befor

'nmtaaunlohn
irinotecan

eliezer © 2008
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A Biogyjpthetic Approach
P;:_\' MDeTNick,
) Wiley, .1997.
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Drugs
from the Sea
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B-Citosina-arabinosido

NH,

N
S OH

OH

citarabina (Ara-C)

=, e
L o -337",__.-_
e —— - >

P Horwitz et:féf-.."'J*.i_Or .

zidovudina (AZT)
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2007 - The first member of epthilone family
of anticancer agents to be approved by the
FDA as a cytotoxic microtubule inhibitor for

the treatment of metastatic breast cancer.

r
F " ] ™ il
i -

N | A e ¥

Ixabepilona 3 ~
(IxempraR) f - -
BMS, Qut. 2007 L

Epothilone D
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v Russell E. Marker & Gregory Pi cué
A (J. Chem. Educ. 1973, 50, 195).

Fu:zell Marker

Em 1937 no “ Pond Laboratory™ da Universidade da
o Pensilvania, EUA, Marker concluiu a primeira sintese da
" - a N .
> progesterona a partir da diosgenina

tp://www.djerassi.com/

progeSteI‘Oﬂa eliezer © 2008



Mifepristona

eliezer © 2008



Produtos naturais de...




Primeiro PN com quimiotipo
f-azabiciclo[2.2.1]heptano

: Primeiro alcaloide nao-opidide,
IT baIXO | organo-clorado, analgésico.

J. W. Daly, "Ernest Guenther Award in Chemistry of Natural
V> Products. Amphibian Skin: A Remarkable Source of Biologically
«i“4¥ | Active Arthropod Alkaloids”, J. Med. Chem. 2003, 46, 445-452

Epipadobates;‘tricmolor

eliezer © 2008

“Thirty Years of Discovering Arthropod Alkaloids in
in”, J. Nat. Prod. 1998, 61, 162-172

"



http://animals.mongabay.com/zoo/Dendrobates_yellow_3.html
http://photos.wildmadagascar.org/images/Mantella_aurantiaca_1.shtml
http://animals.mongabay.com/zoo/Dendrobates_auratus-02.html

B S. H. Ferreira
1934-

' I A Bradicinina S.H.Ferreira, A Bradykinin-potentiating
M. O. Rocha e Silva jardrengs factor (BFP) present in the venon of
1910-1983 (W Beraldo, 1949) Bothrops jararaca, Brit. J. Pharmacol.

1965, 24, 163.

D. W. Cushman & M. A. Ondetti [}f\;\_a @@pﬁ@prnﬂ

M. A. Ondetti, D. W. Cushman & B. Rubin, Chronicles of Drug Discovery, vol. 2,
J.S. Bindra & D. Lednicer, Eds., Wiley, Nova lorque, 1983, p. 1-32

eliezer © 2008



Sistema Renina-Angiotensina

LFE)}

Angiotensinogénio
figado

. inibidores
l— <

Angiotensina I REDUCAO DAPRESSAO ARTERIAL

Asp-Arg-Val-Tyr-Ile-His Pro-Phe—His -Len-OH

l—- inibidores EC ﬂlﬂ% inibidores
ECA Feedback

Zn-metalopeptidase
Angiotensina II peptideo Negativo
inativo

1934 — Harry Goldblat (EUA)

1940 — Bruno Menendez (ARG)
1949 — Mauricio Rocha e Silva (BR)
1965 — Sérgio H. Ferreira (BR)

renina sf— rins f—

Asp-protease

Asp-Arg-Val-Tyr-lle-His-Pro-Phe- OH

= antagonistas

Receptores de Angiotensina Il

Vasoconstrigao

AUMENTO DA PRESSAOQ ARTERIAL

eliezer © 2008



$ “atorvastatin

-@7: US$ > 13,5 bi

* CE&N, Dec, 2007



H O

Pro-farmaco

US$ 55 bi
\ (2007)

Pungo Y " r°
Protétipo natural o CCT

1975 - Mevastatina §
Hs 0

A.Endo, J. Antibiot. CH,
1976, 29, 1346
Penicillium citrinum
dem, Ibid 1979 32 852
Monascus ruber

(compactina) Simvastatin
(ZocorR)
.Ena’a, J. Med. Chem. 1985, 28, 01 MK-733

Arthur A. Patchett 1988
4 J. Med. Chem. 1986, 29, 849

~
HO, O y-lactona J“t) e
J.Med.Chem. L. . h Jlj,[_):l Ao
2002, 45, 5609. o0 Similaridade o

e, . 77 .
molecular j«:‘h:rjgu,fgv

Biossintese do colesterol

Lovastatin (MK-803)
1980 - Merck & Co.
Aspergillus terreus

1987 - MS&D (MCVGCOI“R) eliezer © 2008

acido mevalbnico



http://www.pac3.org/images/MerckLogo.gif
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” sao de farmacos sintéticos

: 2L
HO ;
HoO.C I
Cl :

Faroe fagia d nia

c=rfaqiad nas
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scale
New Trends in é’
1 O = 1 O O g %\;Ltrl:.?:iti‘il\'ledicinal
A

= .
g op ] ey

9 12 months

" sintese & Fimacos

commercial ) ) . Kilo
scale > 350 kg L.,&h Foias 5009 -2kg
. .m..::: scale
I.:: r'--..-‘:-.;<
DRUG ;

%_vp DISCOVERY
1™ DEVELOPMENT

Dmg[} [ pmu.n:

rdby
°_“ Munurﬂ:s CHORGHADE \\
==

550 kg

Pilote-plant
scale
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2 Férmaeos
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5-mais no mercado mundial em 2007

OH . /\(\/y© O« _OCH,
T
N
o D
Cas5H37NO4 Cl S
CH; salmeterol
Seretide C16H16CINO,S

clopidogrel

em USS$ pilhdes

1@

cimetidina

1975

!

etanercept

(biofarmaco)
H,;CO

etanercept

: C17H19N303S HO
» esomeprazola Ca3HasFN,Os
stNGULIR Aoy -
L B atorvastatina

Source: IMS MIDAS®, Dec 2007 eliezer © 2008



Caracteristicas nos CINCO farmacos
Ma no mundo em 2007:

> Possuem apenas / elementos quimicos: C,H,O,N,S,-,Cl;
»> Todos possuem heteroatomos, 80% sao ;
> Todos sdo multi (< cinco anéis); @ e

> 80% tém aromaticas;

» 02 podem ser considerados ;

» 01 representa uma i

> pertencem a apenas 03 classes

» Sao substancias com singela diversidade guimica;

~Tém 11 funcoes guimicas: areno, acido, ester, amida, alcool,
, Cetona, amina, éter, haleto, sulfoxido;

> Sao por US$ em vendas;

» tém formula molecular: C,,-H,,,CIF,N-O,,S; (2153,5/5=430,7)
> cada atomo de C vale US$ 34 ,3 milhoes !

> Logo: Moléculas, Grandes Nego: 0s !

eliezer © 2008
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H Mercado
$ Farmacéutico Mundial

[ S|

>
=)
O
)

>

2000 i 2001} 2002 2003 i 2004 i 2005 i 2006 : 2007%

362.0 i387.9 1427.0i498.4 5598 :6050 | 649.0 :712,09
(11,7%) (11,8%) (10,6%) (10,4%) (8,0%) (7,3%)  (7,.1%)  (6,4%)1
US9S bilhdes >

Fonte: @ http://imshealth.com

ms

América Latina (2007, 12%1): US$ 32 bilhdes (ca. 4,8%)

&Principais classes terapéuticas (2007):

anti-cancer (6%) & anti-lipémicos (5%)

- - - - - - e



Cadeia de inovacao em farmacos

— Cumpl:lstl] Prﬂtﬂtipﬂ Biudispunil:uilidadc — — Farn]a_cu]_ug‘a Chl]jca
Eleigio
88— Descoherta a & ADMET® ] ] Ensaios clinicos =i
do e . e > /
Alvo Estrategias de Fa.t:maculilngia Via de Toxicidade aguda
Terméutico | FlENCiamento | Bioensaios administragéio | Toxicidade cronica| Fase 1 Fase2 |Fase3 |Fased |
SN Melecelar in vitro/in vivo Metaholismo Fase Pré-clinica
patologia Quimica medicinal Bioguimica *ADMET = Absorcio; distribuicio; metaholismo; eliminagio; toxicidade. i
estrutura do hiorreceptor
(3D cristalina / solucie) -
Validacio Protecéo Rota sintética (scale-up)
do conceito i < patentaria B
terapéutico Q uimica Fahricagiio

Praticas de producio

Desenvolvimento farmacotécnico

Maks dos sindliticns Informatizagio do processo

(GLP/GMP)

Métodos bioguimicos

* Visdo esquematica do processo de descoberta racional de farmacos, indicando, nas setas horizontais
pontilhadas, os diferentes estagios consecutivos de competéncias multidisciplinares envolvidas, em distintos
niveis hierarquicos. A figura ilustra a interacao vertical necessaria, em determinado estagio evolutivo do processo,
entre as diversas competéncias bioldgicas, quimicas e farmacéuticas, incluindo a decisdo estratégica do

momento apropriado a promover-se a protecao patentaria das novas entidades quimicas descobertas. :
eliezer@2007 eliezer © 2008



«] O processo da
descoberta racional...

0 paradigm? do
y Coghposto-protétipo.
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O paradigma da Quimica Medicinal para a descoberta

Preclinical

-
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Alvg S ractre | Medicinal Prntutlpl:u Optimization um}flﬂ

AMedicinal

Enzimas Chemistry Toond = Toxidez

farmacoforo Tox-Safery
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. Anilase Discovery
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Receptor analog & AMecanizsmo
de Acdo

~ e Q<02

<

High Through
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eliezer © 2008



A abordagem

Mechanism-based drug discovery i i
Abord agem I __ & KEYy - Descoberta d Estrategia do
racional T £5000€Ita 40 Anélogo-ative

S composto-prototipo Caracorzagbo doe
DHFR
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A abordagem

eliezer © 2008



i
o
]

fy:

i

el

LIFE)

Composto-prototipo

“ O composto-protétipo ¢ o primeiro

derivado puro, identificado em uma /

em animails

padronizados, relacionados a

Lead
Optimization

a ser tratada

‘D-L P"



racional

A descoberta da
cimetidina




Os descobridores da cimetidina: Ganellim, Emmet, Durant & Black,

da esquerda para a direita,
eliezer © 2008



$Ejhttp:,l',l'acswehcnntent.acs.Drg,I'Iandmarks,ftagamet,l'newera.html w Ir Links *

LY
AMERICAN CHEMICAL SOCIETY e Y
. " , : \ , ; ) .0
National Historic Chemical Landmarks SHIE LB R Y
e [ conwetve | steiiap | chemiiyon
Home . -
- . -1 - . . “ 1+
utn - A new era of logical drug design
andmarks ' | B ¥
Program
Frontiers of i ; 0 The research program leading to cmetidine also represented a revolution
Knowledae in the way pharmaceuticals are developed. Traditionally, the developrnent
AL of 2 new drug would often depend on the fortuitous dizcovery of a plant ar
. . &L 4 microbial extract that showed some of the required biological activity, S DG Dea
Medical Miracles " Using that first extract as a lead, many similar compounds would be made
and tested for pharmacological effectiveness, In many cases, the
Industrial tezearchers did not know how the drug worked, so finding an optimal
Advances - compound was difficult,
Mew Products " : — . - The development of dmetidine was radically different: it was one of the
; first drugs to be designed logically from first principles, SK&F's
Cradles of multidizciplinary research tear first looked at the physialogical cauze of
S acid secretion, They confirmed that 3 molecule found in the body called
Chemistry histarnine triggers the release of acid when it binds to a specific receptar
[now called the H,-receptor) in the stamach lining, Their aim was to find a Ab SR
; : ordagem Fisiolégica
Action! iy maolecule that successfully competed with histamine in combining with the > .g,., 9
Take Part E = teceptor, but then blocked, rather than stimulated, acid releaze, Such a 8|6|Qa0 do alvo
& Nominate . rnalecule was called a histamine H,-receptor antagonist and represented a
new class of drugs,
Using a step by step analysiz of structural and physical properties, the ?erle_qong?nere .
teamn made a series of histamine-based molecules, which were then |dent|f|cag:ao do prototipo
tested for antagonist activity using carefully designed pharmacological Y=y = g
azzavs, Today, thiz approach of rational drug dezign underpins the otlmlza(;ao do prototipo
discovery pragramz of many major pharmaceutical companies, (PD/PK & Pph)
W

0 Intermet eliezercoz008




Abordagem Fisioldgica

O
H y)
Analogo ativo N CH3 @ - —N:\O

& linker CH nitro
Ligagdes N .
frageis [Dropriedades

H estruturais
<|\| NH, c' |~ ]~
N
l AgonistaInatural

Nj]/\/NHz
N

H
l histamina

Fragmentos moleculares

eliezer © 2008



cimetidina

~ /N
mm A génese da A
cimetidina N N-crs
CioHNgS

252.33

Aprocura do prototipo:

Tagamet= "anTAGonist" + "ciMETidine?"

C. Robn aneIIin
X EVQFM

metil-histaminas

analogo-ativo

NH;
o —
1

" A

antagonista H-2

— HNM /ﬁ/\/

tautdmeros PK 68 3
imidazola
| >> <<
|
| +
G NH
+ 3
NH, v NH;
N 4-Cl, 4-Br, 4-NO N NH
\—-NH \_-NH
HsC
metil-alquil-imidazola Udissecagao molecular
H3C
GrF
Al BN <« | Ar |
\=N
Ar = arila, heteroarila

GrF = grupamento funcional

eliezer © 2008



@ axosmithkline
?

\/S QCHB |
H
./S
Clmetldlna

Robin Ganellin et al., 1974 Ranltldlna

US 3950333 1974, 1976 - SK&F Barry J. Price et al 1978
Brit. J. Pharmacol. 53, 435 (1975).] US 4128658 1978 - Allen & Hanburys

Brit. J. Pharmacol. 66, 464 (1979
imi milaridade '

molecular A

cimetidina

eliezerc@o2008



H CHj

CHi [ 9  eeeecccccccccccs <j(
N

7 '\
HsC
cimetidina
ranetidina

Chifre d’affaires (2003): US$ =0 bilhdes

Investimentos R&D: US$ “ 9 bilhdes

Pipeline: 53 projetos em fase pré-clinica
148 projetos em desenvolvimento:
83 NCE’s, 20 vacinas, 45 produtos

4 > pequenas moléculas, grandes negocios;

Labamturia hs Fuzliazis e Siwcare da Sakstincins Braciivmn



Universidade Federal do Rio de Janeiro

Laboratorio de Avaliacao e Sintese de Substancias

asseie

Labaratério de Avaliagno ¢ Sintese de Substancins Bioativas

@

Composicao (03/2008)

' " | 05 doutorandos, 13 mestrandos, 13 IC’s,
15 anos 2008 05 professores & 03 pos-doutores

eliezer © 2008
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BIO - Pesg A Laoogle 0S50 Brne plore L]

Arquivo  Editar  Exibir  Favoritos  Ferramentas  Ajuda 'ﬂ'
" A = _,'-';_ Y _"- [

QO - © HRERG LPH¥O® RS B -JED

Endereco ‘@ http: i fuman, google. com. brfsearch?hl=pt-BRAq=L A3SBI0&bENG=Pesquisa+Googlefmeta= V| Ir Links GDOSIE |G'SBIO W iy P CnnFigura;ﬁ

F

Efetuar login -
Web |magens Grupos Moticias  mais »

GO ogle LASSEIO ([ Pasquisar ] Fesaizs avangaca

Pesquisar. & aweb O paginas em portugués O paginas do Brasil e

Webh Resultados 1 - 10 de aprm{imadamente 13.300 para LASSBID|(|],12 segundos)

Dica: Ganhe tempa teclando Enter ao invés de clicar em "Pesquisar” 06/11/2007

LASSBIo - Faculdade de Farmécia da UFRJ

Atualizada erm:. Deserwolida por: Clpula Informatica - <<< LASSBio cadastra candidatos a
Fas-Doutoramento == - XY EVOFM - 11 2 15 de fevereiro de 2003 ...

wew farmacia. ufr). br/lassbiod - 2k - Erm cache - Paginas Semelhantes

LASSBIO - Xl EVaF-QM

LASSBio - ¥l Escola de Werdo erm Cuimica Farmacéutica & Medicinal - Faculdade de

Farmacia - UFR. Robascainle e Avelophe ¢ Sittse oo Sehstacies Blecthva
wew. farmacia. uf). br/lassbio/escala_veracxlhome. html - 14k -

Em cache - Paginas Semelhantes

[ Mais resultados de wew farmacia ufi br ]

Amigo COculto LASSBio 2005 - UOL Album de fotos

Fotos da festa de confraternizagio em dezembro de 2005, Wisualizar como:. Pégina:. 1 ...
gjb.fotos. net brfamigo_oculto_lasshio 2005 - 23k - Ern cache - Paginas Semelhantes

A EVQFM - LASSBI0,2005 - UOL Album de fotos

“isualizar como:. Pagina: 12 3 - Proxima - Fim. Pagina: 12 3 - Praxima - Fim. Visualizar
coma:

gjb.fotos. net. befxievgfin - 18k - Ern cache - Paginas Semelhantes

[ Mais resultados de ejb.fotos. net.br ]

Marco Fernandes - Frascos de vidro - LASSBIO - Faculdade de Farmacia
Marco Fernandes - Frascos de wvidro - LASSBIO - Faculdade de Farmacia - Frascos de widro
utilizados no Labaoratdrio de Avaliagfo e Sintese de Substéncias ... v

@ i Internet eliezer © 2007
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Bioforos naturals
Inovacao
Divulgacao

materia-prima
abundante com

padroes
o moleculares
Novos Prototipos i
e originails
sustentabilidade

(Caminho das Indias) « sintese, bioensaios, | bioinformatica

Antiinflamatorios ‘ ‘ Antitrombéticos SlmblétICOS

Antiasmaticos M| eishmania Anticancer

Analgésicos Anti-hipertensivos B Doengas cronico-degenerativas
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Mediadores da resposta inflamatoria

Metahalitos dos sistemas fibrinolitico e coagulaciio (e.g. plasmina, fibrina)
Ciminas (e.g. bradiciina)

Aminas vasoativas (e.g. listamina, serotonina)

Substancia P

Produtos da cascata do complemento

Icosanoides {e.z. prostaglandinas, leucotrienos)
Fatores de adesio celular

Citoqunas, Quumicinas

NO

Espécies reativas de radicais oxigenados

Mediadores envolvidos na resolucio do processo inflamatorio
Lipoxmas/resolvinas
PG-ciclopentanonicas
NFKRE
Anexina-1
Caspases (CD44)
MAPK s (p38)

Universidade Federal do Rio de Janeiro

eliezer©2008
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LIFR] Fosfolipidios de membrana
PL.C\2
CDZH
CH

anexina-1
resolvinas
NF-kB
caspases-3

= resolugao e+ ppPAR’s

acido araquiddnico

E & 1210x oS Trombina
! ADFP
resolugao
& > o
apoptose | XA, LT s &Cys-LT's
LME!4
agregagao
plaquetaria
inflamagao |... dor

CB 5 ENREEEEE dDr qulmlotaxla IIIIIIIIIIIIIII“

VR’s Imiotaxi r Lo f,
IL-1 hﬂ*@
B0 - 2 IL-10 PDE-4°S

nlniblions

Universidade Federal do Rio de Janeiro
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E’T

CELEBRA 122mg¢

{CELECOXIB)

celecoxib (CelebraR) ke
US$ 797 mi s
trimestre 2004 (>14%) cH 3
(Pfizer) -
Celecaxib
EE‘J'L:-"":
G
0
—q Raofecoxib

1999 - langamento

09/2004 - retirado*
(APPROVe test)
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ng LASSBI0-349: novo tipo de bioisosterismo
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Quimica Patent: Pl 99029

E. J. Barreiro et al., Selective PGHS-2 Inhibitors: A Rational Approach for
Treatment of the Inflammation, Current Medicinal Chemistry 2002, 9, 849

eliezer © 2008




Drug _ #
Data New Lead-compound

Report ‘ 12611 (Boehringer Ingelheim)
312652 (Bayer)

313027 (GlaxoSmithKline)

Vol 25 No- 10, 2% KC0-912 (Novartis)
ASTHMA THERAPY . ASSB10-341

Prous Science Ed. (ES)
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P ——
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Pl 0601885-8 (15/05/2006) w==mp  Novos analgesicos/Al

P1 0303465-8 em 05/09/2003 m=mp N-fenilpiperazinicos
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i3|-0401660-2(09 /04/2004) mmmp | ASSBio-596 como anti-asmaticos

P1-0403105-9 20/05/2004 m=mp | ASSBio-693 como anti-trombéticos




“...discovery consists of seeing
what everybody else has seen

and thinking what

nobody else

has not thought...”

Albert Szent-Gyorgi (1893-1986)
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USPTO Patent # 7.091.238
August 15, 2006

INPI # 0303465-8 de 05/09/2003

. J. Pharmacol. Exper. Therap., 299, 558 (2001
Braz. J. Biol. Med. Res., 36, 625 (2003) e Pharr'?]acol_ 134'0603 (2001)( )

Bioorg. Med. Chem,, 11, 4807 (2003) Br. J. Pharmacol.. 135, 293 (2002)
J. Pharm. Biomed. Anal., 33, 1127 (2003) Quim. Nova 5 1172 (2002)

Quim. Nova, 27, 949 (2004) Eur. J. Pharmacol., 470, 79 (2003)

J. Mass Spectrometry , 40, 815-820, (2005) INPI # 0403363-9 de 20/08/2004
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Catalog Name: ChemDiv, Inc. Product Library ~ @ChemDiv

Publication Date: 25 Apr 2003

Order Number: 2358-0022

Chemical Name: 1,3-Benzodioxole-5-carboxylic acid-2-thienylmethylenehydrazide
Registry Number:314021-07-3

Pricing: Quantity : milligram quantities, Price: contact supplier

Company Info: ChemDiv, Inc.

11575 Sorrento Valley Road /

Suite 210 San Diego, CA, 92121 USA eyl

Phone: +1-858-794-4860 Fax:+1-858-794-4931

Email: info@chemdiv.com Web:http://www.chemdiv.com

..............................................................................................................................................................................................................

Catalog Name: Scientific Exchange Product List

Publication Date:18 Feb 2005 Scientific Exchange, Inc.
Order Number: X-026756
Chemical Name: 1,3-Benzodioxole-5-carboxylic acid (2-thienylmethylene)hydrazide
Registry Number:314021-07-3

Pricing: Quantity : milligram quantities, Price: contact supplier

Company Info: Scientific Exchange, Inc.

105 Pine River Road P O Box 918 Center Ossipee, NH, 03814 USA

Phone: (603) 539-7436 Fax:(603) 539-7438

Email: sales@htscompounds.com

Bio Web:http://lwww.htscompounds.com
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[ Farmacos Simbioticos ]

O desenho estrutural do novo candidato a protétipo

¢ planejado de maneira a permitir seu reconhecimento
molecular por dois distintos sitios receptores,

simultaneamente, envolvidos na mesma fisiopatologia
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Current Drug Therapy, 2008, 3, 000-000 1

New Insights for Multifactorial Disease Therapy: The Challenge of the
Symbiotic Drugs

Eliezer J. Barreiro and Carlos Alberto Manssour Fraga

Laboratorio de Avaliacdo e Sintese de Substdncias Bioativas (LASSBio), Faculdade de Farmdcia, Universidade Federal
do Rio de Janeiro, P.O. Box 68023, 21044-07], Rio de Janeiro, BJ, Brazil.

I | Abstract: Some physiopathological processes involved 1n the genesis of diseases could suggest the necessity of designing
bioligands or prototypes that aggregate, in only one molecule, dual pharmacodynamical properties, becoming able to be
recognized by two elected bioreceptors. This approach can have distinct aspects and, when a novel ligand or a prototype
acts in two elected targets belonging to the same biochemical pathway, ¢.g. arachidonic acid cascade, it receives the de-
nomination of dual or mix agent. On the other hand, if these two targets belong to distinet biochemical routes and both are
related to the same disease, we can characterize the agents able to modulate it as symbiotic ligands or prototypes. In the
present work, we provide some examples and applications of the molecular hyvbridization concept for the structural design
of new symbiotic ligands and prototypes, especially those applied in the treatment of chronic-degenerative disorders.

Kevy Words: Symbiotic drugs; molecular hvbridization: multifactorial diseases; therapeutic innovation: drug design; dual com-
pounds.

Current
Drug Therapy
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