A Quimica Medicinal

(Planejamento Racional de Novos Farmacos)

XXXVI Semana da Quimica “Ciéncia, tecnologia e sociedade: em busca do conhecimento”

. Instituto de Quimica, UNESP - Araraquara, 25-29 de setembro de 2006
unesp™

P—— _ _
Eliezer J. Barreiro

UFRJ
Laboratorio de Avaliacdo e Sintese de Substancias Bioativas

GRarmdcia 03 é&.‘o
| 4\A il

Wabermtine S Mvoboche o bintni do Sebatdm o Risatiee

Universidade Federal do Rio de Janeiro

eliezer © 2006




1. A Quimica (Farmacéutica) Medicinal: defini¢éo
2. Como se descobrem os farmacos?
3. A origem dos farmacos
3.1. O Papel dos produtos naturais na descoberta de farmacos
3.2 O Acaso e a descoberta de farmacos
3.3 Os farmacos sintéticos
4, O processo da cescoperta
4.1, A abordagem fisioldgica e a diversidacle rmolecular
4,20 pa.ra.chgma do cornposto-prototipo:interacdes farmaco-biorreceptor
4.3 A Importancia clos fatores estruturais/conforrmacionais: grupos farmacoforicos/toxicoforicos
5. O planejamento racional
5.1 Farmacos inteligentes: Cimetidina; atovarstatina; celecoxib; me-too; imatinib
5.2 A diversidade molecular dos farmacos sintéticos
5.3 A diversidade molecular de novos protétipos descobertos no LASSBio, UFRJ
6. As estratégias de desenho estrutural da Quimica (Farmacéutica) Medigifal
6.1 Bioisosterismo: LASSBIi0-346, LASSBio-501
6.3 Hibridacao molecular: LASSBio-756
6.4 Simplificacdo molecular: LASSBi0-294
6.5 Desenho de prototipos simbiéticos: LASSBi0-468

7. Conclusdes

eliezer © 2006






lDDDDDDDDDDDDDDDD

Q u1m1c 1 ]

“Tries to be based on the ever

Increasing hope that biochemicals

rationales for drug discovery

may be found”

J. Med. Chem. (ACS) vol. 34, 1991
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" Subcommittee Medicinal Chemistry and Drug Development

Quimica
estuda os aspectos relacionados a descoberta,

Invencao e preparacao de substancias bioativas

Eur. J. Med. Chem., 31, 747 (1996) de interesse terapéutico, i.e. farmacos.

Estuda os fatores moleculares do seu modo de acéo,
Incluindo a compreensao
da relacdo entre a estrutura quimica e a atividade (SAR),

a absorcao, distribuicao, metabolismo, eliminacéao e toxicidade.

- ==& Chemistry and Human Health Division (VII)
IUPAC <&=" Subcommittee on Medicinal Chemistry
http://www.iupac.org IUPAC and Drug Development. eliezer © 2006




Pure and
Applied
Chemistry

Pure Applied Chem. 1998, 70, 1129-1143

Fura & Appl. Cham, Vel 70, M. B, g TI39-1741, 1680
Primtad in Grasi Ariesin
B 15 RPAT

INTERMATIOMAL UNIONM OF PURE
AND APPLIED CHEMISTRY

CHEMISTRTY AND FIUMAN HEALTH DEVISIR
MEDICIMAL CHEMIETEY SECTION

GLOSSARY OF TERMS USED IN
MEDCINAL CHEMISTRY

(TUPAC Brcomnmiendatiom | 903)

Fregared for pubiicanion by
. O WERMUTH! (CHAIRMAN.
C. B QANELLIN', B LINDBERG! AND L. A MITSCHER®

IFauzulid de Pharsacic, Universing Louis Pasieur, Srasbourg, Frioks
Areaversity College London, Losdon, UK

“Asare Hllesle AH, Mfindal, Sweden

“Eehonl of Fharsgcy, Liniversacy of Karcas, Laweenoe, Kanaas, US4

MerheraBip ol the Sschon dering the perd (D219 ) wiken this regodt was jrepaisd b i
FarThavaaia:

Presidenr: 1. (5. Topliss (USA) Viee-Presidemr N Koga (lapan); Pasr-Presidene C. G, Wermmts
(France); Secrerary. W, . Buwse (Germesy s Tdar siembers: C, R, Genellin (UL ) L AL Micscher
(USAk Co-npeed members: P Amderson (USAY, B R Andrews (Aopsratar W A, Denpy {Mew
Feuland); W, Gradck (Russia); Y. Guindon (Canadaf O, A G, Heznoon (The Nemhenands §; 1. (de
thapank B Imhod (Swimerdand); P Lindberg (Swedenk G. Tarzis (lalyk B 5. Ko (Chinaj; Vanoes
Represengativer: & O, M. Seoppani (Argeniinal E I Bameine (Braxilc A, Agam (Bulgaralk
. Brepelka (Crechoshovatial E K. Pohjaia (Finlandk A Momge Vega (Spam)

Plrawis) arr 1) =f shir repor ar 1 orege sedor di oy ke T ey in

wthoid e red e Sareal JTAPAC firmdifon on condithad pd) ad aolnaeirdgerean witk GIT sleeiace a e

roarcy alseg Wil s of the cogeriphs ppainl B, she oome TUPALS ol she e of publicakion ane srassimemnsly
rinkie Fubl o in hrr lanpwarpr (3 auierd fo i dddivoal condidon of oridr anararal

Frove e pelevandt HIORH T Wenivana! Adeeiag Oy jonlistien

http://www.iupac.org/publications/pac/1998/7005/index.html

eliezer © 2006



Quimica

Como se descobremER e

oS férmacoSQ

eliezer © 2006






. Waddell, H. Jones & A.L. Keith
J. Chem. Ed. 1980, 57, 341
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! Bradicinina S.H. Ferreira, A Bradykinin-potentiating
M. O. Rocha e Silva (W. Beraldo, 1949) factor (BFP) present in the venon of

- Bothrops jararaca, Brit. J. Pharmacol.
1910-1983 1965, 24, 163, b
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——— Captopril
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
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Anti-hipertensivos inibidores da enzima conversora

.
Compound Company Target Protease
= class
Captopril Eristal-Myers Squibh ACE Metallo
= Enalapril Merck
Lisinopril Astraleneca
= Trandalapril Abbott
Lofenopril Menarini group
= Ramipril Aventis
Moexipril Bcehringer Mannheim
= Imidapril Trinity Fharmaceutic als
Perindopril Daiichi Pharmaceutical, Servier/Solvay
= Linapril Plizer
Fosinopril Eristol-Myers Squibh
= Benazepril Movartis
= l  Cilazapril Roche
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Freqiiéncia dos Grupos Funcionats
Cldssicos em Diferentes Compostos
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* grupos polares: F, CN, NDE

Fonte: Angewanaie Chemie
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Property Distributions: Differences between Drugs, Natural Products, and Molecules
from Combinatorial Chemistry

S

(0 patural
li
2
=

O combinatorial |

§gges¢
= B 8 £ 8

0

ik 4

1]

L.
£

» 1000 lEI

0-100
100-200
200-3060

00

Molecular weight

The melscular vedale datibuilen am ong dma meleaulai, natuml prodeet, and cemp ounds from
aem binsverial sprihecia.

(M, Poleor & T Selumbds, ] Clom. Inf Compur Sel, 3 (D, 215 277, 2005).

eliezer © 2006


http://pubs.acs.org/journals/jcisd8/articleWindow.html

118 o Cher, fr Compur, Sci. 2003, 45, 118-227

EMICAL INFORMATION
MODTLING

Property Distributions: Differences between Drugs, Natural Products, and Molecules

from Combinatorial Chemistry
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(M. Feher & JM Schmidy, J. Chem. Inf Comput Sci, 43 (1), 215 -227, 2003).
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Figure 5 | Chemical precess for natural preduct discovery, The natura procuct i edracted friom the souns, concertrated,
namre fractionated and purified yiskding s=sssntially a single bickgically ective compound. [dentifization of knosn compounds, thesty
REVIEWS avoiding replication of previous sfforts, has been greatty aided by directly coupled HPLC-mess spectmometar iILC-MS) systams
":'; '1 Y and natural product databasse™. De novo structune determination of compounds that as novel has been eyvolutionized by
{ L ;e i — ;‘.h’i/ advances in spectroscopic technigues, particulaly in high-reeclution nuclkear magnetic eeonancs technologise. Although the
-_“} detarmination of complex structurss is technically challenging, it i no lkbnger a major mpesssin the drug dscovery procsss.,
Inthoss casss in which the biclogical sctivity profle mests critsria for potency and sslectivity, preliminany structurs—activity
rEatiorehip (SAF) studies as conductsd and the purification process is scaled up. Cnce the feasibility of medulating biokgical
resporee through synthetic modification is established, the hit i declasd a lead and procesds omeard for additiond
cptimization by trediticral medicimal chemistry
F.E. Koehn, G.T. Carter,
The evolving role of natural products in drug discovery
Nature Rev. Drug Disc. .2005, 4, 206 - 220 cliezer © 2006
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' Russell E. Marker & Gregory Pincus

(J. Chem. Educ. 1973; 50, 195).

: Em 1937 no “ Pond Laboratory” da Universidade da
~=—=- === Pensilvania, EUA, Marker concluiu a primeira sintese da

4 VAT AL progesterona a partir da diesgenina

http://www.djerassi.com/

progesterona diosgenina
htto://pubs.acs.ora/cen/coverstory/83/8325/83250ralcontraceptives.html
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~ Sir A. Fleming
' 1881-1955
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Mecanismo Molecular de Acao
dos Antibioticos beta-lactamicos

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

PM Blumberg & JL Stroming, Interaction of penicillin with bacterial
Cell — Penicillin-binding proteins and penicillin-sensitive enzymes,
Bacterial Reviews 1974, 38, 291-335.

cadeia peptidica Penicilina G
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Inibicdo da D-alaninacarboxipeptidase do microorganismo,
prevenindo a insercdo da unidade dipeptidica acil-D-alanil-D-alanina,
etapa final da construcdo da membrana celular externa.

http://pubs.acs.org/cen/coverstory/83/8325/8325penicillin.html eliezer © 2006



Os farmacos:

sintéticos ...
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ZiCronologia da Descoberta de Farmacos

[LIFR)]

O

o—t—cry AAS *¢_ 1889
_[IF;J_},TJI;[JIIIH barbituriCOS 1993
kvx
F\'/ cloroquina 1934
'ﬂ- sulfonamidas 1935
‘? penicilina <« 1942
| nitrofurano «—=1952

progesterona< 1953
talidomida 1954
haloperidol < 1958

verapamil 1962

indometacina 1963
propranolol 1964
salbutamol 1968

prostaglandinas 1970
oxamniquina

PR 1975
nifedipina <

: - 1976
cimetidina<

atenolol 1976

captopril «—977

i 1980
oxicams <

praziquantel «—=+289

aciclovir 1981

1981

1985

\ 4
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v

1987

v

1987

v

1989

\ 4

1989

v

1989

v

1990

v

1993

v

1995

v

1996

v

1996

v

1997

v

1998

v Y

1999

2000

v

2001

v

2002

v

2003

v

> H ® 0OfF 0 Z 0 % 6

2004

»
|

»

2005

* http://www.sbq.org.br/PN-NET/causo5.htm

ranitidina

misoprostol
mefloquina
azidovudina
lovastatina

ozagrel

mifepristona
fluoxetina

salmeterol, amlodipina

tacrina, fanciclovir

indinavir, saquinavir
docetaxel, atorvastatina
zileuton, efavirenz, olanzapina
zafirlukast, montelukast

infliximab

celecoxib orlistat sildenafil
galantamina rofecoxib f.&;
imatinib =
apomorfina, etoricoxib @

vardenafil, gefitinibid, aripiprazola

rosuvastatina, rofecoxib, zileuton

, Ppregabalin, CaduetR
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— ® hidrogénio
ML} a,i.r;rfer, AJ Ferris
*~ASPIRIN in the

. od€rn Thy
Pt aslamdim, |kl s JAN eView
mrad bt Flrmramdds |@&y&m@@ﬂ}CNY,
1969

Bengt I. Samuelsson
1934-

) ~ Sir John Robert Vane
. 1927-2004

Baver W Sune Karl Bergstrom
o 1916-2004

http://pubs.acs.org/cen/coverstory/83/8325/8325aspirin.html cliezer © 2006
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A Estrategia da Abordagem Fisiologica

~

identificacio, eleicio do produtos naturais:
alvo-terapéutico; vegetais, fungos, marinhos
sintéticos, peptideos,
comprovacio do quimica combinatoria
conceito terapéutico;
) Quimica
) .
literatura, ) \‘ Abordagem
patentes, S~ [ Screening ] Fisinlﬂgica
farmacos antigos \
Lme—tun \ l . .
o Ciclo interativo

@trutu ra-p mtfnti];D L hiera rquico

Principal

paradigma

LA EAEAEA AR,

Composto-prototipo original ﬁ
I I : ativo p.o. 4 t.
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Therapeutic
Concept
(drug-target)

ock and Key
centenary paradigm

effect

cda. 235 engymes & 90 recepiors j

ca. 2000 proleins in PDB

E. J. Barreiro et al/, “Estratégias em Quimica Medicinal para o Planejamento de Farmacos”,
Braz. J. Pharm. Sc., 37, 269 (2001).

= receptor agonist
= Competitivo
= receptor antagonist N&o-competitivo
= enzyme inhibitors 29 504,
US$ 138.5 bilhions

DNA infercalating agent (2003)
= anfimetabolife

fonic channels blocker
= therapeutic [ ca. 300 targels j
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Padrde melecular _ :
original A Diversidade

Molecular

-.'. : |
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—
B
—
B
—
B
Anthon‘y W. Czarnik i
— e D 10 180 Candidato
a
— Farmaco
—
— Processa-los l 1 composto/segundo
s N
- 14 l 7;
estavel em agua 100-300.000
sem llgag:ﬁo trlpla compostos/semana
podem ser bioensaiados
: CLOgP ~3-5 in Vitro eliezer © 2006
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Quimica
Composto-Prototipo
Um composto que exibe propriedades farmacoldgicas

que comprovam seu valor como
ponto de partida para desenvolvimento de um farmaco.

Otimizacao

Processo de modificacao molecular planejada
do composto-prototipo, visando maximizar
oropriedades farmacologicas.
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= Composto-prototipo
-

: “ O composto-prototipo é o primeiro
: derivado puro, identificado em uma
: serie congénere de novas substancias,

: bioensaiadas em modelos animais

== padronizados relacionados a patologia

: a ser tratada™

: eliezer © 2006
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Sinularidade & Dissimilaridade Molecular
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Progesterona

{

Testosterona

similaridade molecnlar

B/C C/D trans B/C C/D trans
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Acido acetilsalicilico

Pontos farmacoforicos
Grupos farmacoforicos
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A hierarquia dos grupos funcionais

pH74

blofase
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Conformeros do acido acetilsalicilico
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Complementaridade do modelo
B Chave-fechadura

Sitio idnico

Sitio-idnico
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Isoméros do Acido Acetil Salicilico (AAS)
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Mecanismo molecular de acao do AAS
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Arginina
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Tirosina

OH

NH,

Fenilalanina

E. J. Barreiro et al.,Selective PGHS-2 Inhibitors: A Rational Approach for
Treatment of the Inflammation, Current Medicinal Chemistry, 9, 849-867 (2002). cliezer © 2006



	Perguntas

