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O farmaco...

Principio ativo

E o farmaco formulado galenicamente...
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O que € um farmaco ?

 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 téxico;

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

— Bem absorvido e estavel metabolicamente (PK):

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

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

— Tem aplicacao médica segura & inovadora (?);

e ... as propriedades moleculares dos farmacos sao
objeto do estudo da

Quimica

IEEREEN
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o @l Preclinical studies

Quimica

Hessarch team formed Movel chemicals Chemicals testad for Formulation, stability Company files

and objectives sst synthesized efficacy and safety in scak-up synthesis, Imvestigational hew
test tubes and animals. chmonic safety in animals Dirug (IND) application
Results used to chooses with FOA
drug candidate.

O processo do desenvolvimento de : l
novos farmacos & complexo...

ANVISA |

Crug is appmoved FLA reviens NOA Company files New Phese |l large clincal Phase [I; studies Phasa |; studies
for marketing Drug Application (NOA) triaks in many patients in patients (sficacy) in healthy humans
(tolerat ion)

Clinical studies

JA Lombardino & JA Lowe IIT, Natvrs Rev. Doz Dise. 2004, 3, 833
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Gssaic ---0S farmacos tem muito a ver com isso!
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farmacos: a Quimica

2. A cronologia da descoberta de farmacos e o prémio Nobel

3. A contribuicao dos produtos naturais para a descoberta de
farmacos

4. Nocgoes das interagcoes farmaco-biorreceptores e o
paradigma de Ehrlich-Fischer

5. Abordagem fisiologica no planejamento racional
6. Estratégias de desenho molecular de analogos-ativos:
6.1. Aplicacao do bioisosterismo;
6.2. Aplicacao da simplificacao molecular;
6.3. Aplicacao da anelacao molecular
6.4. Aplicacao da hibridacao molecular
6.5. Aplicacao de técnicas conjugadas
7. Estudo de casos

Bibliografia: Quimica Medicinal: As razbes moleculares da acdo dos farmacos, E. J. Barreiro & C. A.
M. Fraga, Artmed, Porto Alegre, RS, 2008.




Definicao: Quimica

e a disciplina que estuda os aspectos relacionados
a descoberta, invencdo e preparacdo de

substancias bioativas,de interesse terapeutico,

i.e. farmacos.

Estuda os fatores moleculares do modo de acédo
dos farmacos, incluindo a compreensao
da relacdo entre a estrutura quimica e a atividade

terapéutica, absorcado, distribuicado,
metabolismo, eliminacado e toxicidade.

Eur. J. Med. Chem., 31, 747 (1996)

Chemistry and Human Health Division (VII)
Subcommittee on Medicinal Chemistry and Drug Development.

A Quimica Medicinal € uma disciplina chave, de vital importancia para a
indastria farmacéutica. Os Quimicos Medicinais participam do processo
da descoberta de novos farmacos e solucionam problemas relacionados

a otimizagao das propriedades farmacolégicas das moléculas.

. C. R. Ganellin et al., Eur. ]J. Med. Chem. 2000, 35, 163
i ® . Monge et al., Eur. J. Med. Chem. 2000, 35, 1121
. @  http://www.iupac.org
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O berco da Quimica!Medici
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Ernest Fourneau OH

1872-1949

1911- Laboratoire de Chimie Thérapeutique

Institut Pasteur (Emile Roux)

1911-1944 - 1. Tréfouél, Th. Tréfouél,
G. Benoit, D. Bovet, F. Nitti

Prémio Nobel de

Prontosil rubrum Fisiologia/Medicina
(sulfonamidas) 1957
Curare: SAR Daniel Bovet
1907-1992
é’ i ® J-P Fourneau, « Ernest Fourneau foundateur de la Chimie Pharmaceutique
B I’ francaise », Revue de I Histoire de la Pharmacie, t. XXXIV, n° 275, 335-355 eliezer © 2010



Quimica

Prof. Alfred Burger

(1904-2000)
University of Virginia

o
(52 3
T
UFR]

AV
\/ EUA
n\ ' Alfred Burger
\A  1904-2000
B URGER’S Sixth Edition 3
Medicinal :
& ,Chemistry gmde_ta_tﬁf’—
“Drug Cﬁ . !ﬂ =
Discovery of(a ﬂ
et B
y Medicinal

1958 — cria o Journal of the Medicinal and Pharmaceutical . Chemistry
Chemistry — depois Journal of Medicinal Chemistry &

“An Editor’s Commentary on the Birth of a Journal”
J. Med. Chem. 1991,34, 2-6

1978 - GlaxoSmithKline cria com ACS o “Alfred Burger Award” em Quimica Medicinal
én\ssmo‘@ T. Y. Shen - inventor da indometacina

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

eliezer © 2010



A evolucao da Quimica

. Bioquimica Quimica computacional
.. .. " . captopril
Fisico-quimica organica P : .
. . cimetidina %, icovie DBlOtecnologia
. : § celecoxibe ¢
Bt } * imatinibe
R‘//L' :: : -
A 1950
. ( AAS - 2000 2025
: y :
NSO :
R \ ; uimica combinatéria
 pemetina - opranolol Iovastating =fed “  HTS
: : : Biologia Genoma/proteoma
Produtos naturais Biofisica ¢ molecular Robética
Farmacologia Nanotecnologia
Sintese organica Bases do planejamento racional

én\ssMétodos fisicos

Bernk-weastresroedeted Adaptado de F. King
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1. Histdrico do planejamento racional de farmacos: a Quimica
Medicinal e a Quimica Farmacéutica

2.A cronolo |a da descoberta de farmacos eop remlo Nobel

3. A contribuicao dos produtos naturais para a descoberta de
farmacos

4. Nocgoes das interagcoes farmaco-biorreceptores e o
paradigma de Ehrlich-Fischer

5. Abordagem fisiologica no planejamento racional
6. Estratégias de desenho molecular de analogos-ativos:
6.1. Aplicacao do bioisosterismo;
6.2. Aplicacao da simplificacao molecular;
6.3. Aplicacao da anelacao molecular
6.4. Aplicacao da hibridacao molecular
6.5. Aplicacao de técnicas conjugadas
7. Estudo de casos

Bibliografia: Quimica Medicinal: As razoes moleculares da a¢do dos farmacos, E. J. Barreiro & C. A. M.
Fraga, Artmed, Porto Alegre, RS, 2008.
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Os farmacos
e 0 Nobel!

Emil Fischer Robert Koch
1852-1919 1843-1910
1902 ' 1905

Paul Ehrlich -
1854-1915 ——
P. Ehrlich, Chemotherapeutics: scientific principles,
1908 methods and results. Lancet 1913, 2, 445
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Os farmacos
e 0 Nobel !

{52 ™4

N
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John R. Vane
O (1927-2004)

Sune K. Bergstrﬁm OH
(1916-2004) 9
Bengt 1. Samuelsson o)
(1934- .
OH 1982 — AAS
5 SN e NN O CH;
e CO,H
C,H,0,
3 Z
HO L Prostaglandina F,,



Os farmacos

Alexander Fleming
1881-1955

# 196 pesquisadores

ganharam o Prémio

Nobel de Medicina
(1901-2010)

: . http://nobelprize.org
\ € 1945
Howard W. Florey Ernest B. Chain

, 1898-1968 1906-1979
éR\SSOIo@)
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(=4 “for their discoveries of important principles for drug treatment"

James W. Black (1905-1998) (1918-1999)
(1924-2009)

cimetidina,

r=alia: Preprano
aza r'naﬁ urinol, trw P ?., .
d d 'cl'%ﬁizn




AKira Suzuki

. i I.
T

it (1930-)
Ei-ichi Negishi y .
(1935-) Richard F. Heck
(1931-)

the essence of synthetic organic
chemistry and the gateway to myriad
compounds of value to medicine,
agriculture and electronics

http://nobelprize.org/nobel_prizes/chemistry/laureates/20




Os farmacos e o0 Nobel !

4
5

1959

“for their discovery of the mechanisms in the

Sevel‘O OChOﬂ biological synthesis of RNA and DNA”
(1905-1993)

ARTHURKORNBERG

The biologic synthesis of deoxyribonucleic acid

Nobel Lecture, December 11, 1959

A. Kornberg, Science & medicine at the millenium, Braz J/ Med Biol Res 1997, 30, 137¢

B .\ hur Kornberg hmix‘ﬁndadc

& (1918-2007)

uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu

eliezer © 2010



!:':.9_ The Two Cultures: Chemistry and Biology'

P < Arthur Kornberg

Department of Biochemistry, Stanford University, Stanford, California 94305
Received July 14, 1987

Arthur Kornberg

1918-2007 “Much of life can be understood in rational terms if

expressed in the language of chemistry... the

g"“"‘“ are intertwined in many places. .o

Pharmaceutical chemistry was until
recently the bastion of organic chemistry...
in the search for alternative or superior
drugs for the treatment of various diseases...”

Bzochemzstry 1987, 26, 6888-6891

r © 2010




Slide 20

EJB5
Kornberg definiu as bases da interdisciplinaridade das ciéncias dos farmacos quando antecipou a necessidade de aproximar-se a
Quimica e a Biologia.
Eliezer J. Barreiro; 4/3/2010
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1. Histdrico do planejamento racional de farmacos: a Quimica
Medicinal e a Quimica Farmacéutica

2. A cronologia da descoberta de farmacos e o prémio Nobel
nara a descoberta de

3. A contribuicao dos produtos naturais

farmacos

4. Nocgoes das interagcoes farmaco-biorreceptores e o
paradigma de Ehrlich-Fischer

. 5. Abordagem fisiologica no planejamento racional
6. Estratégias de desenho molecular de analogos-ativos:
. 6.1. Aplicacao do bioisosterismo;
6.2. Aplicacao da simplificacao molecular;
6.3. Aplicacao da anelacao molecular
. 6.4. Aplicacao da hibridacao molecular
6.5. Aplicacao de técnicas conjugadas
. 7. Estudo de casos

| Bibliografia: Quimica Medicinal: As razbes moleculares da acdo dos farmacos, E. J. Barreiro & C. A.
éﬂ\ss Biec M. Fraga, Artmed, Porto Alegre, RS, 2008.
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Colcichina
morfina 1820

1806 terpenos, alcaldides
esteroides, flavonoides,
lignanas, ligninas, iridoides,

policetideas, quinonas,

cUmarinas OXOJ

3 \..l

Emetina
1817
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100

40

Freqiiéncia dos Grupos Funcionats
Cldassicos em Diferentes Compostos

g Il produtos naturais

[ sintéticos

B farmacos

* grupos polares: F, CN, NO

2

Fonte: Angewanade Chemie
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dPropriedades estruturais e a atividade

—
o

—
o

Percentage

o
|

Farmacos
Produtos Naturais
Sintéticos (comb.)

il A

6 8

(M. Feher & JM Schmidt, J. Chem. Inf Comput. Sci., 43 (1), 215 -227, 2003).
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Indios & indodis ™ o~

Virolas amazdnicas @ H;CO__

V %< § *
- . ‘: .
s Facs 3. m \ \J
> " 5 :‘ SDIC -

N-dietilamino

C A H;CO
Compostos Alucinogénicos ° 3

Nflﬁ
H
5(0)

Serotonina

5-hidroxitriptamina




1947 - Daniel Bovet
Inst. Superior de Saude
Roma, IT
Prémio Nobel 1957

Chongdrodendron tomentosum
Logamaceae r,v [’

‘ , (urari)

?" . d-tubocurarina




Bloqueadores
ganglionares

\&® CH
AN &y °
HsC™ | N\
CH, | ~cH,
CHs

hexametdnio
(2.B)

3CO .
(+)-tubocurarina
(2.4)
0 CHs
CH
e o \ -
N o 8N\
7 CH,
HC” |
CH; 0o % pancurdnio
succinilcolina o CH, (2.7

(2.6)
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Produtos Nefesass: Ml
Alcaléides fenantrénicos e 1493-1541 Marco Polo (Veneza) = Opio
benzilisoquinolinicos

(papaverina 0 2‘7) 1806 = Friedrich Sertiirner isola a

morfina ("Morpheus”) = hipno-analgesia
| 1954 - Beckett & Casey, Un. London
| opiate effects were receptor mediated

0J Sub-tipos de receptores centrais: 9J, K, 1
. ' P.W. Schiller, Progr. Med. Chem. 1991, 28, 301

analgesia central; tolerancia;
dependéncia quimica;
sindrome de abstinéncia



Domesticando produtos naturais
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CH ]
<" Striptease
molecular

rmitrfina

W

d-faniipiperidina

A origam dos analgasicos 4-fenilpiperidinccs a partir da estratura da morfina: ©
anel piparidinico, em azul, substituido am C-4 no alcaldide por uma unidade fanila (verda)
e um atomo de carbono guatemdario oxigenado (a, em varmelha).

Produto natural como prototipo

-_—
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quinina

1970 — WRI US Army

Sitio soft
Sitio soft

Protecao
estérica

mefloquina

. Single dose

Sitio soft = efeito de 12 passagem
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Produtos naturais com propriedades anti-cancer
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A
. Cancer
Farmacos
Anti-cancer microorganismos
Origem |
Doxorubicina
plantas : Dactomicina
Bleomicina
Vincristina -
Paclitaxel
Podofilotoxina
Camptotecina Topoisomerase | & I
a-Tubulina
Docetaxel DMNA
Irinotecan Tirosina quinase
Etoposido PKC
COX
. sintéticos
;éa\ssn.@)

taia Pl o i da absticins Bt



Agentes Anti-cancer de Origem Natural

Ay~ — AT
P | . & :
Vineo sp. » -
N = 7, d 3
e

3 /l J -
- J .
-y : .
1 -~ O
§ A .
|78 e 5

vinc ristina R=H
vimblastina R=CHO
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M. C. Wani et al., J. Am. Chem. Soc. 1971, 93,2325
Res. Triangle Park, 1967
—— | LSS LT

- (N
VL. K, Wall & M. C. Wani

1996 - National Cancer Institute
Award of Recognition

&l The Story
A of Taxol

IN'THE PURSUIT OF AN
ANTI-CANCER DRUG

'JORDAN GOODMAN
VIVIEN WALSH

M. E. Wall,,
“Chronicles of Drug Discovery”,
D. Lednicer, vol.3, ACS, 1993,
pp. 327-348

Taxus bacatta




SAR dos taxoides

hi dp oﬁs]ihpo t(fos ¢ ésteres, desoxt: ativo
rofilicos: ativos
i anel A: essencial hidroxi em ¢, ativo

OR2
/lt H H C\
oo H Cancer
- \
) aminoésteres,ésteres, epimero,
7 desoxi: ativos
OH, COCH;:

grupo arila
essencial

~—

Cancer de mama,

:-‘: AcO Pulmio ,cérebro,
ésteres ativos mativo (') garganta
in vivo, mas nao in vitro
anel oxetano aberto: mativo

Taxotere (R,= H, R,;= OBu) 2- benzﬂom essencial OH, H: mativo
Analogo sintético do taxol T 1t b ]
axus orevijolia i . i - i
(R,= Ph, R,= Ac) axol ( ifolia) (Paclitaxel; Bristol-Myers Squibb, 1992)

(uso: parenteral)

Toxicidade: Medula o6ssea
Neutropenia

@ Baixa biodisponibilidade

. “Natural Compounds in Cancer Therapy: Promising

Nontoxic Antitumor Agents from Plants and Other
| o Natural Sources”, J. Boik, Medical Press, Princeton, 2001.
&Bﬂio
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2007 - Primeiro membro da classe dos
macrociclos de 16 membros (epotilonas) a ser
aprovado pelo FDA paratratamento do cancer
metastatico de mama, atuando como inibidor
de microtubulos

I
u
4]

Analogo semi-sintético

Epotilona A R=H
Epotilona B R=CHs

Ixabepilona

Ixemprap‘

——4  BMS Out. 2007

nare
REVIEWS

Epotilona D . ) .
Via fermentativa bacteriana,

ativo em células taxano-R

A Conlin, M Fornier, C Hudiis, S Kar, P. Kirkpatrick,
Nat. Rev. Drug Discov. 2007, 6, 953

I
]
4]
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Drug development from marine
hatural products

Tadeusz F. Molinski*, Doralyn S. Dalisay*, Sarah L. Lievens** and Jonel P Saludes**

Abstract | Drug discovery from marine natural products has enjoyed a renaissance in the
past few years. Ziconotide (Prialt; Elan Pharmaceuticals), a peptide originally discovered in
a tropical cone snail, was the first marine-derived compound to be approved in the United
States in December 2004 for the treatment of pain. Then, in October 2007, trabectedin
(Yondelis; PharmaMar) became the first marine anticancer drug to be approved in the
European Union. Here, we review the history of drug discovery from marine natural products,
and by describing selected examples, we examine the factors that contribute to new
discoveries and the difficulties associated with translating marine-derived compounds into
clinical trials. Providing an outlook into the future, we also examine the advances that may
further expand the promise of drugs from the sea.

nawre
REVIEWS

DRUG DISCOVERY

Nat. Rev. Drug Discov. 2009, 8, 69
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Ziconotido
C102 H172 N36 O32 S?

FDA em 28/12/2004; Eur Comm. em 22/02/2005
Uso intratecal

Conus magus

SMX-111
Neurex (Menlo Park, CA)

H"n

o Y
p{‘mfff
INTR .l\.'rili-:ﬂ.l;.llal2 i o

Elan  Pharmaceuticals
(Dublin, Ireland

Antagonista de canais Ca** voltagem dependentes tipo-N



Processo de descoberta de novos hits-naturais

Bioativa
‘ amostra b
' \ Extrato

R':"—- g

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

(X524 Nature Review Drug Discovery, 2005, 4, 206-220

- Bioativo +ssssesssp Fracionamento biomonitorado
: ( concentrado >
1 ‘\
¥ : Bioativo Poténcia,
etragi, - {compostopuro ) s
concentragao, : i\ Determinacdo estrutural
ffaﬂ_'tE’"ﬂTE"tﬂr ¥ | ' banco de dados ~ ®®® = = | Bioensaios in vivo
urificacdo . P
st identificacgio ; (n{m} composto _>\Espectmscépia
das substancias ‘ ; : : scale-up da purificacdo
1 | 1 d 1
Y amostra pura ! - (Prﬂtﬁtipﬂ Pﬂtﬂﬂciﬂ|> Técnicas de Quimica Medicinal
compostos: | — | : . A \
. | i (] L}
conhecidos e ! ¥ | : . :
HPLC-MS I : Y | NOVO prototipo :
(LC-MS) i | ¥
| I :
: T : | 5 l modificacdes estruturais
Quantidade de substancia requerida | 1-10ug  Ri-Omg ﬁ:ﬁi-iﬂg | preliminar "sar”
modulacdo das propriedades
bioldgicas
otimizacdo do perfil PK
Adaptado de M““k: nanwsens  Fo B Koehn & G. T. Carter, The evolving role of natural products in drug discovery,
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I 4 Rikzzell Marke

x Dioscorea mexicana Scheidw

RE Marker, Sterols. CXIll. Sapogenins. XLIl. The conversion of
the sapogenins to pregnenolones". J. Am. Chem. Soc., 62
3350-3352 (1940); P Lehmann, A Bolivar, R Quintero,
Russell E. Marker - Pioneer of the Mexican steroid industry,

J. Chem. Ed., 50, 195-9 (1973).

* A Pilula Contracgpéiva

rogesterona
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quimica nova

A EY

Quim. Novg, Vol. 32, No. 3, 679-688, 2009

BIODIVERSIDADE: FONTE POTENCIAL PARA A DESCOBERTA DE FARMACOS

Eliezer J. Barreiro®
Departamento de Firmacos, Faculdade de Farmicia, Centro de Ciéncias da Sadde, Universidade Federal do Rio de Janeiro, CP 68006,
21944-910 Rio de Janeiro - BJ, Brasil

Vanderlan da Silva Bolzani***

Instituto de CQuimica, Universidade Estadual Paulista, Rua Francisco Degni, s/n, 14800-900, Araraquara - SF. Brasil

Eecebido em 16/1/09; aceito em &/4/09; publicado na web em 9/4/09

BIODIVERSITY: POTENTIAL SOURCE FOR DRUG DISCOVERY. In economic terms, biodiversity transcends the boundaries
usnally given to conventional industries because it is a valuable source of biological and chemical data of great use to drug discovery.
Certainly, the use of natural products has been the single most successful strategy in the discovery of novel medicings, and most
of the medical breakthroughs are based on natural products. Half of the top 20 best-selling drugs are natural products, and their
total sales amounted to US$ 16 billions shows the importance of natural products, which is evidenced by the new chemical entities
(MCE) approved by regulatory authorities around the world in the past decade. Recently, the approval of the alkaloid galanthamine
as a medicine to treat Alzheimer's disease shows that natural compounds from plants will continne to reach the market. The hnge
biological diversity of the Brazilian biomes, by its ability to generate new knowledge and technological innovation can be a fantastic
alternative as raw material for drog discovery.
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1. Histdrico do planejamento racional de farmacos: a Quimica
Medicinal e a Quimica Farmacéutica

2. A cronologia da descoberta de farmacos e o prémio Nobel

3. A contribuicao dos produtos naturais para a descoberta de
farmacos

4. Nocoes das interacoes farmaco-biorreceptores e o

paradigma de Ehrlich-Fischer

. 5. Abordagem fisiologica no planejamento racional
6. Estratégias de desenho molecular de analogos-ativos:
. 6.1. Aplicacao do bioisosterismo;
6.2. Aplicacao da simplificacao molecular;
6.3. Aplicacao da anelacao molecular
. 6.4. Aplicacao da hibridacao molecular
6.5. Aplicacao de técnicas conjugadas
. 7. Estudo de casos

| Bibliografia: Quimica Medicinal: As razbes moleculares da acdo dos farmacos, E. J. Barreiro & C. A.
éﬂ\ss Biec M. Fraga, Artmed, Porto Alegre, RS, 2008.
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Os farmacos atuam em alvos ter Jr)—‘li COS...

57
ESti s &u h :
os all v¢< CE })wr@
Nna re JI)JJ_JJ e'toclos Oi
que - totalizam 1204 mol é JJ as

_ * J. Drews, “Editorial: What's in a number?”, Nature Rev. Drug Discov. 2006, 5, 975;

J. Drews & S. Ryser, Classic drug targets, Nature Biotechnol. 1997, 15, 1318;
& J.P. Overington, A-L Bissan & A.L. Hopkins, Nature Rev. Drug Discov. 2006, 5, 993;
Estes autores estimam em 324 os biorreceptores de todos os farmacos contemporaneos.




A maioria dos biorreceptores dos farmacos
contemporaneos sao enzimas ...

Erzymes 47% EFCRe 305

Difda, 1% lom channek 7%
Irtecring 1%
Mizcelanscus 2% Tranapoiters 4%
Muclear karmans
Chher receptors 4% receptors 4%

Figura 4 | Marketed small-molecule drug targets by biochemical class.
GPCR, G-protein-cousled mceptor,

= www.nature.com; reviews/drugdisc
Hopkina, A L. & Groom, G, B The druggable genomea.
Z | Neture Rev Drug Discow: 1, T27-20 (2002
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O “glfabeto” protéico ...

T

s,
FEHZ NH

glicina (gly) k& -
alanma valma isoleucina (lle) leucina
i _H o 0
HO OH -5
HsC 2H H.C OH
MH.. MH, MNH.
: cisteina (Cys) _ .
serina treonina (Thr) meticnina
i
< 2 )
L%, )L
\ & CHHO
lisina (Lys) arginina
0 acido glutammo acido aspartico
i oH
rolina ' i
p M glutamina (GIn)  Hyh CH asparaging {Ash)

0
or [ o= OH HN@ OH
MH. i MHz — MNH
il . | L"}HQ:’ 2
triptofano (Trp) i fenilalanina (Phe) tirosina (Tyr) histidina



Proteinas, DNA, lipideos, canais idnicos
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IUCr MONDGRAPHS 0N

N CRYSTALLOGRAPHY - 9
The Weak
Hydrogen Bond
In Structural Chemistry ; i

y and Biology

“ligacoes”
de hidrogénio ...

D—H A
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A quimiodiversidade na natureza...

20 amino-acidos essenciais
400 dipeptideos
8.000 tripeptideos...

64.000.000 hexa peptideos

11‘!4"“:l proteinas com PM ~ 30 kD

Sao conhecidos ca. 19 milhGes de compostos organicos
(300-500 Da)

100 amino-acidos modificados

ca. 1.000.000.000.000 hexapeptideos...

e
g
. [ T
L T
; .

-_—
L5

... € apenas 4 bases nucléicas codificam todos os organismos !
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Journal of

Medicinal Chemistry

Subscriber access provided by UNIN FED DO RIO DE JANEIRO UFRJ

Perspective

The Protein Data Bank (PDB), Its Related Services and Software
Tools as Key Components for In Silico Guided Drug Discovery

Johannes Kirchmair, Patrick Markt, Simona Distinto, Daniela Schuster,
Gudrun M. Spitzer, Klaus R. Liedl, Thierry Langer, and Gerhard Wolber

J. Med. Chem., 2008, 51 (22), 7021-7040 - Publication Date (Web): 01 November 2008

Journal of Mediconal Chemistry, 2008, Vol 51, No. 22 7027
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PDB-
. Estruturas cristalograficas disponiveis no PDB

PDEA4B - 1F0J PDE4D - IMKD
351 residuos 328 residuos
Metodo: Difragdao de Raio-X Metodo: Difracao de Raio-X

Resolugdo: 1.77 A Resolucdo: 2.90 A
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Efeitos estruturais

No vo v

H-O-H H,C-O-H  H,C-CH,-O-H
metanol etanol
»

Como atua o alcool 7
Dose ! canais idnicos = GABA,;
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Emil Fischer reconhecimento
1815 5'&319 Planejamento BSRM
racional

E. Fischer, Ber. Dtsch.
Chem. Ges. 1890, 23, 799

THE LANCET baseado no ligante
/ analogo-ativo

Paul Ehrlich P. Ehrlich, Chemotherapeutics:

1854-1915 - scientific principles,
1908 methods and results. Lancet 1913, 2, 445
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« 1ipos de interacoes F-Br

Ionica (carga-carga) /
o_ NINNNNNNEN DNNENNNEN DENDEENEER ~..~>_NH Dip0|0 ind UZidO'dipOIO
g H—ffN\ ' 5"
0 H Vi
AG — 20 40kJ/mOI 8_ O NNNEEEEEEEE EEEEREED
AN
Carga- dlpolo \ H
. -
N—H 8 5 &
—N |||||||||| [T 0=< AG =2 kJ/mOI
Dispersao (Van der Waals)
AG = 12-20kJ/mol
Dipolo-dipolo
0
@ NENNNNNNEN DNNNNEEENN }N
/ H AG = 2-4 kJ/mol
¢ 5 Ligacao-H
_ 996 5 aceptor
Carga-dipolo  AG = 4-12 kJ/mol N\
|ndu2|d0 & N—H [T 0

+/ @-‘ / doador &
‘N\\H NNNRNNNENE ENREENDEENR AG — 4-30 kJ/mOI

o AG 2-10 kJ/mol s-



Complicadores: e= complexo

* Encaixe-induzido 2
N :Confor’rr)agao blogt!va conformagao
* Inibicao alostérica/ortostérica farmacoférica

tautomerica

configuragao

farmaco-biorreceptor

estereoquimica
dindmica

fatores
conformacionais

estereoquimica
estatica

M. PF-P.E.
M.

. diastereocisomeria

uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu

isomeria geométrica

grupos funcionais

Fropriedades Estruturais

bioligante- ligante
composto protdtipo

Nivel hierarquico da descricdo da complementaridade F-R

Nivel de
dificuldade

Superior

Intermediario

Elementar



£LO§TERIC MODULATOR DRUG DISCOVERYCONGRESS
= ' SCREENING, HIT TO LEAD & LEAD OPTIMIZATION
g ' SAN DIEGO, CA - NOVEMBER 11-12, 2010
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ALLOSTERIC MODULATOR
DRUG DISCOVERY CONGRESS Themes include:

ScreenING, HiT 1o LEaD & LEaAD OPTIMIZATION

B Screening for a specific target

H,;C . :
\ 0o m Hit fo lead generation

¥ Lead opfimization fo clinical
candidate

B Medicinal chemisiry and Structure
Activity Relationships (SARs) of
allosteric moduvulators

m Therapeutic applications of allosteric
modulators

Inibicao alostérica X ortostérica

G-protein-coupled receptors
Inter-alia: GABA, 5 ¢ R, GIyR, nAChR, NMDAR, P2XR, AR, ai1,2,,2,,
BR, Dy,,R, ET,,, MGLUR, CXCR3, CXCR4, 5-HT, NK1, M,-M
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=il 221010 A. Christopoulos, Nature Rev Drug Discov 2002, 1, 198



Inibicao alosterica (>1990)

fenilpropilpiperidina CCRS5 farmacoéforo

NR
CH,
H;C
% =\

Z T

- Maraviroc
“®¥= (2007 [US] /2009 [BR))

SR Al 1
Tk il
o
e i
e R T T

DA Price et al., Bioorg. Med. Chem. Lett. 2006, 16, 4633







Fase farmacocinética
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xenabidtico €
AAS Posologia: ¢
H po' tempo de m B:Iurgan é
0~ metabdlito & )\ etabnllsm :‘i‘
0.100 metabdélitot o
diniet . outras ativi
. 0 0.55 mM absorcao :
PR 180 )\ lipossol(vel Fatores Farm
Coeficiente de parti¢ao
Farmaco:
ativo
v
Bicativacao o ) . )
. Biotrun:g.ft;rmﬂgéo ellmlnagao hidrossolivel
Sangue _ o
. . Enzimas oxidativas
Reticulo microssomal Citocromo P-450
:én\smo@
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Rato Transgénico Humanizado

Humamzed mouse model Homology modeling of rat and

human CYP 2D isoforms and
computacional rationalization
of experimental ligand-binding
specifities, NPE Vermeulen et a/.,
J. Med. Chem. 2003, 46, 74
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Boarval of
Medicinal
1

= DRUG DISCOVERY

W. Xie & R. M. Evans, Drug Discovery
Today 2002, 7, 509-515

. Animal transgénico com mesmo perfil'd

farmacos que humanos. Possui C Y'F
que permite o estudo de interacoes

estudo em humanos.
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] O processo racional da descoberta de farmacos
—— :




1. Histdrico do planejamento racional de farmacos: a Quimica
Medicinal e a Quimica Farmacéutica

2. A cronologia da descoberta de farmacos e o prémio Nobel

3. A contribuicao dos produtos naturais para a descoberta de
farmacos

4. Nocgoes das interagcoes farmaco-biorreceptores e o
paradigma de Ehrlich-Fischer

5. Abord | nal

. 6. Estratégias de desenho molecular de analogos-ativos:
. 6.1. Aplicacao do bioisosterismo;
6.2. Aplicacao da simplificacao molecular;
6.3. Aplicacao da anelacao molecular
. 6.4. Aplicacao da hibridacao molecular
. 6.5. Aplicacao de técnicas conjugadas

7. Estudo de casos

| : Bibliografia: Quimica Medicinal: As razoes moleculares da a¢do dos farmacos, E. J. Barreiro & C. A. M.
Bio Fraga, Artmed, Porto Alegre, RS, 2008.
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Am J Physiol 1948, 153, 586

A invencao do propranolol s

A STUDY OF THE ADRENOTROPIC RECEPTORS | P

RAYMOND P. AHLQUIST | G
()
From the Department of Pharmacology, University of Georgia School of Medicine e
AUGUSTA, GEORGIA e

Propranolol (InderalR)

Premio Nobel ICI, Inglaterra (1965)
1988 \ -
‘\".
r . '¥ ]
Quimica T,
—l 1924-2010 —Sir James (N Black

................................ eliezer © 2010



CH;

7AA invencao do propranolol N P

N CH,
H
OH
(Juimica
Farmaceutlca
; o propranolol
peaicinal 1964

J. Black et al., Br. J. Pharmacol. Chmother. 1965, 25, 577

eegaai-cy

a-naftol CH; B-naftol

pronetalol
1959

James W. Black, 1988 - "Pronethalol always seemed to us to be a
prototype drug, good enough to answer questions of principle, but
not good enough to be marketable"

HO
R
C|-|3
o ~ @ b

) adrenalina 1958 - DCI
ASDIO(E isoprenalina / isoproterenol B-bloquedor

[t oSkt Hbsinin i eliezer © 2010

pilocarpina




Eutomero

Distomero

Indice eudismico

eliezer © 2010



Y Sir James W. Black: drug hunter
=2 Quimica
O ((mmmsmznems N

has achieved 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 hizh degree of
selectivity were regularly produced. The new strategy

—
©
i Y —
@\/5 {ie, combinatorial chemistry and HTS) may not be so
[ | —

lucky. Proteins are inherently“sticky” molecules. There James Whyte Black
may well be a danger that the binding reactions used ) 1924-2010

in the high-thronghput screening that is used in [R Ganellin & W Duncan, Nature 2010, 464, 1292]
conjunction with combinatorial chernistry will select-in
nonspecitfic molecules. Mon-selectivity may not

become visible until the development stage involving

Prémio Nobel de Medicina
1988

intact animals is reached. Too much combinatorial

chemnistry might well come to be seen as a risk factor H N
whe corporate health™, / N CH; N /C/é
N4, Black, Future perspectives in pharmaceutical research. < I/S )I\ CH
= Pharm. Policy Law. 1, 85-92 (1999). N \/\N N/ 3
I I

Inventor de moléculas magicas & inovadoras H H
(Inovagdes terapéuticas) Cimetidina

eliezer © 2010
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Descnbo csireémal  Abordagem Fisiologica

iaicen e Slltin: e
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Interacdes <
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frageis S nitro
\/\N N
Proprledades | | NH
estruturais H H
NH, N l' ] H,N NH,
< jl/\/ c"[n amidina
tautomeéros CyoH,oNeS
Agonista|natural PM: 252, 1 j)\
Analogo ativo

H,N NH,
N NH, uréia
( :[I/\/ Ilﬁw Retro-dissecacao
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H
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Considering the vast size of chemical

space to be explored,* it is not surprising

that experience and intuition are the

characteristics that distinguish the

. most successful medicinal chemists.

A. L. Hopkins & A. Polinsky
. Mm) Knowledge and Intelligence in Drug Design,
. iy Annu. Rept. Med.Cherm. 2006, 41, 425.

* Numero de possiveis moleculas com propriedades farmacéuticas ca. 1060
' 8i ® J-L Reymond, R van Deursen, L C Blum, L Ruddigkeit, Med Chem Commun 2010, 1, 30
ASS )
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A quimiodiversidade dos compostos inaturais
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fluoxetina, cloroquina, clordiazepoxido, propranolol, captopril,
haloperidol, celecoxibe, sildenafila, ciprofloxacina, cimetidina;

> pertencem a 08 classes terapzuticas distintas: > SNG;
#

— o

» Sdo substancias com singela diversidade quimicg;-if:,.;‘;::

» 10/11 possuem heteroidtomos, 10/11 tém hei M
» 11/11 sdo multiciclicos (< cinco anéis); =

» 10/11 possuem sub-unidades arométicas;

>Tém 15 funcbes quimicas: alcano, areno, dlcool, tiol, haleto,
éter, tio-éter, amina, cetona, amida, acido carboxilico, N-6xido,
amidina, sulfonarida, nitrila;

» 11/11 séo de origem sintética, como > 88% dos farmacos;




1. Histdrico do planejamento racional de farmacos: a Quimica
Medicinal e a Quimica Farmacéutica

2. A cronologia da descoberta de farmacos e o prémio Nobel

3. A contribuicao dos produtos naturais para a descoberta de
farmacos

4. Nocgoes das interagcoes farmaco-biorreceptores e o
paradigma de Ehrlich-Fischer

. 5. Abordagem fisiologica

6. Estratégias de desenho molecular de analogos-ativos:
6.2. Aplicacao da simplificacao molecular;
6.3. Aplicacao da anelacao molecular

. 6.4. Aplicacao da hibridacao molecular

. 6.5. Aplicacao de técnicas conjugadas

7. Estudo de casos

| : Jibliografia: Quimica Medicinal: As razoes moleculares da acdo dos farmacos, E. J. Barreiro & C. A. M.
Bio Fraga, Artmed, Porto Alegre, RS, 2008.
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Molecular estrutural
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Molecular

Bioisosterismo 1

Analogo-ativo
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Bioisostero (Bio + isostero)

Current Medicinal Chemistry, 2005, 12, 23-49,
http://www.bentham.org/cmc/samples/cmc12-1/0002C.pdf

Um bioisostero ¢ um composto resultante da troca
isostérica de simples atomos ou subunidades estruturais,
por outros atomos ou subunidades estruturais, similares
em distribuicoes eletronicas, volumes moleculares ou

propriedades fisico-quimicas, capazes de apresentarem

propriedades similares* ao composto original.

Adaptado do “Glossary of Terms Used in Medicinal Chemistry”

» As propriedades bioldgicas similares referem-se ao
reconhecimento pelo mesmo biorreceptor, podendo ser
agonista ou antagonista.
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Chem. Soc. Rev. 1979, 8, 563-580

Isosterism and Molecular Modification in Drug Design

By C. W. Thornber
IMPERIAL CHEMICAL INDUSTRIES LIMITED, PHARMACEUTICALS

DIVISION, MERESIDE, ALDERLEY PARK, MACCLESFIELD,
CHESHIRE, SK10 4TG

Chem. Rev. 1996, 95, 31473176 347

Bioisosterism: A Rational Approach in Drug Design

George A. Patani and Edmond J. LaVoie®

Department of Pharmacsutical Chemistry, College of Pharmacy, Rulgers, The Siafe Unmversify of New Jarsey, Fiscataway, New Jersey 03855-0785

Current
Medicinal
Chemistry
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Crrremt Medicinal Chemistry, 2005, 12, 23-49 23

Bioisosterism: A Useful Strategy for Molecular Modification and Drug
Design

Lidia Moreira Lima and Eliezer 1. Barmreiro*
Laboratorio de Avaliagdo e Siniese de Subsidncias Bioativas (LASSBio), Faculdade de Farmdcia, Universidade

Federal do Rio de Janeiro. CCS, Cidade Universitaria, CP 68.006, 21944-190, Rio de Janeiro, R.J., Brazil

Abstract: This review aim to demonstrate the role of bioisosterism in rational drug design as well as in the
molecular modification and optimization process aiming to improve pharmacodynamic and pharmacokinetic
properties of lead compounds.
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CH; 22

Mc{'hu;:l}-': C. .It.;J{:-.ues: B M. I‘{:-rt{:-ghése: P.S. Org. Lete 2000, 2,
RIO-821.

As trocas isostéricas em um determinado padrio molecular que resultem em sucesso
para um determinado alvo-terapéutico, /e biorreceptor, njo necessariamente terjo

sucesso em outra série de compostos atuando ao nivel de distintos biorreceptores.




Bioisosterismo funcional

acido hidroxamico tetrazola  hidroxi-cromona
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(o) OMe

OH

NH,

neo-ortocaina

.U

para-amino = toxico
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regioisomeéros

regioisomeros
(o) OMe
HO H3CO: :
NH,
OH vanilina iso-vanilina
ortocaina odor caracteristico inodoro

U

meta-amino nao-toxico



Bioisosterismo funcional

retroisosterismo

HS ‘n’ @\/COZH HS N CO,H

N
H
(o)
Tiorfana retro-Tiorfana
ACEK; = 0,14 uM ACE K; = > 10,0 uM

NEP K; = 0,0019 pM NEP K; = 0,0023 ;M

ACE = enzima conversora de angiotensina

NEP = endopeptidase neutra
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Bioisosterismo funcional
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Bioisosterismo funcional

regioisomeéros retroisosterismo
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Bioisosterismo na construcao de série congénere

O3 N e DA+ VWO W =0 =W

protétipo
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O~ [,

S NG

~—-— X
X=X= CH=CH, S, 0
W= H, Cl, Br, F, OMe, NMe, OH, Me

Derivados A~acilidrazonicos (NAH)
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Sildenafila » \ardenafila
Viagra® Bioisosterismo* Levitra®
Pfizer Bayer

‘ ‘ = Current

= Medicinal

marco 1998 »= agosto 2003 Chemistry

LM Lima & EJ Barreiro, Bioisosterism: A Useful Strategy for Molecular Modification and Drug Design,
Current Medicinal Chemistry, 2005, 12, 23-49
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Quantos isosteros tiofénicos podemos ter?
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Cl

rotaméros

CH,

Tipifarnib

Fase III como anti-cancer

Analogo (4 isoméros)

T cruzy 9 ECsy = 4 nM ' 6,0 pM

hPFT ® IC5o = 0,7 nM P  >50 uM (<< toxicidez)
T cruzy PFT inativo

hCYP450 (CYP3A4)

a) inibicao da esterol 14a.-demetilase (14DM)

b) proteina farnesiltransferase humana

J. M. Kraus et al., J. Med. Chem. 2009, 52, 1639
J. M. Kraus et al., J. Med. Chem. 2010, 53, 3887
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J. M. Kraus et al., J. Med. Chem. 2009, 52, 1639
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The Molecular Basis of COX-2 versus COX-1 Selectivity of Lumiracoexib by Molecular Docking

Celia Mara CorrEa, André Figueira de Paula, Gilberto M. Sperandio da Silva, Carlos M E. Sant’ Anna, Carlos A M. Fraga, Eliezer I. Barreiro

Letters in Drug
Design & Discovery
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Cl OH
5 Diclofenaco (verde)




A abordagem o P Quimica
oS

e ‘ Inovacao farmacologica |

Modificacao
o molecular
hit/ligante e
Biorreceptor Bicligante ”ﬂ_\ﬂf-' LS Pr_ﬂtq_:rtmc:-
protétipo atimizado

T Simplificagdo Desenho
Molecular estrutural
Eleicao do - —
alvo-terapéutico LI
; —Bioensaios
Hibridacao ;_.| Ausenciade
Malecular toxicidade
| Serie |
Abordagem Bioisosterismo congénere | Ensaios
Fisiologica I

Analogo-ativo

|
A Contribuictes Ensaios
farmacofdricas pre-clinicos

validacao precoce do

én\ssmo@ alvo-terapéutico
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QlllIIllCﬂ Compreende a utilizagao de

,
J técnicas de modificagdes

estruturais, em um dado

composto bioativo, de forma a
reduzir sua complexidade

estrutural originando uma

A eStr d tégia da nova substancia com

a mesma atividade

cao molecular

Si mp | ifi ca farmacoldgica do

padrao original




Novo Prototipo de Farmaco Cardioative

Simplificacao A&“i.
molecular
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4 Inibidores de
PDE-3
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inotropico
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benzimidazola

OCH;

pimobendana
5-metil-3(2H)-piridazinona
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LASSBio-294

VOO SIS
] AO “3 ‘Ci )

L. M. Lima, K. C. M. da Silva, P. H. O. Léda, A. L. P. Miranda, C. A. M. Fraga & E. J. Barreiro, “Synthesis and Non-
® ive Analgesic Activity of Novel N-acylarylhydrazones and Isosters, Derived from Natural Safrole”, Eur. J. Med. Chem., 35, 187
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Sintese do LASSB10-294
SO, e ST B ¢

b)Zn/ AcOH
0C

M.E.F. Lima & E. J. Barreiro, J. Pharm. Sci. 1992, 81, 1219

0o
NH
o N lass

b, KOH, MeOH

- < NeH, BO <z:©)L ASSBio

EtOH
(S:LCHO
CHO EtOH, HA (cat.)
EtOH, HA (cat.)

e e n s

LASSBio-286 ca. 56% overall yield LASSBio-294

, L. M. Lima, K. C. M. da Silva, P. H. O. Léda, A. L. P. Miranda, C. A. M. Fraga & E. J. Barreiro, “Synthesis and Non-
é- : addictive Analgesic Activity of Novel N-acylarylhydrazones and Isosters, Derived from Natural Safrole”, Eur. J. Med. Chem., 35, 187
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Propriedades estriturais
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MIS
raios=2>X
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Z-1Soméro E-1soméro

LASSBio-294 ;¢

Laboratério de Rvaliagdo ¢ Sintese de Substancins Bioativas

M. R. L. Santos, M. G. de Carvalho, R. Braz-Filho, E. J. Barreiro, "'H and '3C of New
Bioactive Isochromanylactylarylhydrazone Derivatives", Magn. Reson. Chem. 1998, 36,
533.

L. F. C. C. Leite, E. J. Barreiro, M. N. Ramos, J. B. P. da Silva, S. L. Galdino & I. R. Pitta,
“Electron Impact Mass Spectrometry of Some 3-[3-(4-aryl)-1,2,4-oxadiazole-5-yl] acyl
arylaldehyde Hydrazone derivatives”, Spectroscopy 2000, 14, 115.
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LASSBio 789 S Br 8,55
LASSBio-790 5 NG, B,81/800
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el e J"\.— T L
6 11,67 6 8,64

Karabatsos, G.J., ez al. (1964) . Am. Chem. Soc., 86, 3351; Karabatsos, G.J., et al. (1967) Tetrabedron, 24, 3907; ibid (1967) Tetrabedron, 24, 3361.
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515 West Lombard Street, Suite 500
Baltimore, Maryland 21201
Tel. (410) 706-1874; Fax. (410) 706-5035

LASSBio 294: a novel compound having
digitalis-like cardiotonic properties and the

potential to reduce muscle fatigue
Tech ID # 1558EA
Prous Sc. Ed., ES

\ — —

Generic Name: n/a; Code Name: LASSBio-294

The functional groups incorporated in the synthetic compound
were selected to avoid hepatotoxicity and discourage gastric
ionization, thus assuring a reliable oral absorption. The synthesis
method developed for compound LASSBio-294 has been optimized.

http://www.inventabrasil.hpg.ig.com.br/ytabela.htm
io http://www.comciencia.br/reportagens/farmacos/farma08.htm
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Otimizacao do prototlpo
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a= Introducao de grupos com diferente perfil de contribuigcao
estereoeletronica;

b= Substituinte R na posicao 6 do anel benzodioxola- efeitos
estereoeletronicos:

c= Alquilagao do grupamento farmacoférico- Modificacao da
habilidade como doador de ligacao de H, Alteracoes
conformacionais;

d= Introducao de substtuintes alquila- Efeitos estéricos e/ou
conformacionais;

e= Reducéo da dupla ligacdo iminica- Modificagdes da extensao de
conjugacao do grupamento farmacoférico; aumento da liberdade
conformacional;

f= Troca do anel tiofeno por nlcleos isostéricos om diferentes
contribuigbes eletrdnicas;

g= Introducgéo de grupos com diferente perfil de contribuigao
estereoeletronica.
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Quim. Nova, Vol. 25, No. 6B, 1172-1180, 2002

ESTRATEGIA DE SIMPLIFICACAO MOLECULAR NO PLANEJAMENTO RACIONAL DE FARMACOS: A
DESCOBERTA DE NOVO AGENTE CARDIOATIVO

Eliezer J. Barreiro®
Departamento de Firmacos, Faculdade de Farmicia, Universidade Federal do Rio de Janeiro, Cidade Universitdria, Ilha do Funddo,
CP 68006, 21944-190 Rio de Janeiro - RI

Recebido em 24/1/02; aceito em 17/4/02
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STRATEGY OF MOLECULAR SIMPLIFICATION IN RATIONAL DRUG DESIGN: THE DISCOVERY OF A NEW
CARDIOACTIVE AGENT. In this article are described examples of the successful vse of molecular simplification strategy in
the discovery of new drugs from bioactive natural products and synthetic compounds. The discovery of a new cardiotonic derivative
(37, 2-thienylidene-34-methylenedioxybenzovlhydrazine: LASSBio-294), efficiently synthesized from Brazilian natural product
and structurally designed by molecular simplification of active pyridazinone compounds reported in the literature, is described.
A brief description of the pharmacological profile of this new cardiotonic lead-compound, belonging to the N-acylhvdrazone
(NAH) class, is also reported herein.

Keywords: new cardiotonic derivative; bioactive N-acylhydrazone compound; LASSBio-204.
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Compreende a introdugio

p
d planejada de
- modificagdes estruturais na
molécula de

um composto-prototipo ou de
um farmaco conhecido, que
reduzam sua liberdade
conformacional, visando
otimizar seu perfil de

atividade.



Anelacao Molecular
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Quimica Compreende a reunido

caracteristicas estruturais,

&

parciais, de dois compostos

bioativos distintos, numa

unica nova estrutura,

. originando uma nova
égia da

substancia que podera ter a

A estrat
30 mO,ecu,ar atividade de um dos

. H ibr i da ga padrdes originais ou conjugar

ambas atividades em uma

. - unica molécula.

uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu




Current Medicinal Chemisory, 2007, 14, 103-112
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Molecular Hybridization: A Useful Tool in the Design of New Drug Prototypes

Claudio Viegas—lmﬂm‘L Amanda Danuello! Vanderlan da Silva Bolzanil Eliezer J. Barreiro? and

Carlos Alberto Manssour Fraga®-2

I nstituto de Quimica, Universidade Estadual Paulista “hilio de Mesquita Filho", P.O. Box 355, 14801-970  Araraguara,
5Sdo Paulo, 5P, Brazil

ILaboratério de Avaliagdo e Sintese de Substancias Bioativas (LASSBio), Faculdade de Farmdacia, Universidade Federal
do Rio de Janeire, P.O. Box 68023, 21944-071, Rio de Janeiro, RJ, Brazil

Abstract: Molecular hybnidization is a new concept in dmg design and development based on the combination of
pharmacophoric meodeties of different bicactive substances to produce a new hybnd compouwnd with improved affinity and
efficacy, when compared to the parent dmgs. Additionally, this strategy can result in compounds presenting modified selectivity
profile, different and'or dual modes of action and reduced uwndesired side effects. So, in tlus paper, we described several
examples of different strategies for diug design, discovery and pharmacomodolation focused on new innovative hybrid
compounds  presenting  amalgesic, anti-inflammatosy, platelet anti-aggregating.  anti-infectious, anticancer, cardio- and
nenrcactive properties.

Kevwords: Molecular hybridization, Drug design, Hyvbrid compounds, Pharmacophoric group combination.
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A hibridacao molecular
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I Compound 8b (300 pmol/kg)
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Neurogenic Phase

“all compounds were administered p.o. 60 min before
formalin injection (2.5%; 2 pl/paw). * p<0.05 ( Student’s t-
test). n.s. — non significant. Results are expressed as mean %
SEM and compared with vehicle control group.

12b

Inflammatory Phase
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Génese dos novos candidatos a farmacos antiinflamatorios,
planejados como inibidores da PDE-4.



1. Histdrico do planejamento racional de farmacos: a Quimica
Medicinal e a Quimica Farmacéutica

2. A cronologia da descoberta de farmacos e o prémio Nobel

3. A contribuicao dos produtos naturais para a descoberta de
farmacos

4. Nocgoes das interagcoes farmaco-biorreceptores e o
paradigma de Ehrlich-Fischer

. 5. Abordagem fisiologica no planejamento racional
6. Estratégias de desenho molecular de analogos-ativos:
. 6.1. Aplicacao do bioisosterismo;
6.2. Aplicacao da simplificacao molecular;
6.3. Aplicacao da anelacao molecular
. 6.4. Aplicacao da hibridacao molecular
. 6.5. Aplicacao de técnicas conjugadas

7. Estudo de casos

| Jibliografia: Quimica Medicinal: As razbes moleculares da acéo dos farmacos, E. J. Barreiro & C. A.
éﬂ\ss Biec M. Fraga, Artmed, Porto Alegre, RS, 2008.
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Combinacao de técnicas
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o As técnicas de modificacio
molecular

da melca Medicinal podem ser
- empregadas SCParadamente Qu

—~| i —combinadas, ampllando
i -Z:L_Z;Slgmﬁcattvamen’ce suas aplicacoes
-~ 'no desenho estrutural de hovas
" “entidades quimicas de“diversos
quimiotipos.
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orcovado, uma das sete novas marawlhas do mundo.



