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\spectos da Quimica Farmaceéutica |Vledicinal

1. Os farmacos & a Quimica Medicinal

2. Como se descobrem os farmacos? Os farmacos e
0s prérmios Nobeis; Como atuam os farmacos?

3. A dissecacao molecular : grupo farmacoforico

4. Moleéculas inieligentes: os alfabetos moleculares

Dorneasiicariclo moléculas naturais
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O que é o farmaco ?

e Farmaco...

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

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);

N&o 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):

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

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

Tem aplicagcdo médica segura & inovadora (?);

Quimica
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Oqueé?

Pra que serve ?




(Chronicles of Pharmacy Vol Il 1910)

.
"The Apothecary”, A.C. Wootte
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Clinical studies

ANVISA
ANMISA
- -

Crug is approved FOA reviens NDA
for marketing

| Adaptado de Joseph Lombardino |

Hessamh team formed s Chemicals testad for
and objectives set Qulmlca efficacy and safety in
l test tubes and animals.
_ Results used to choosa
Com posto-prof dnug candidate.
F @
Quimica

so da descoberta € complexo...

Formulation, stability Company files

scak-up synthesis, Imsestigational hew

chmonic safety in animals Drug (IND) application
with FOA

l

Company files Mew Phese [l large clinical Phase I; studies Phass | studies
Crug Application (NDA) triaks in many patients in patients (sfficacy) in healthy humans
(toleration)

® ) JA Lombardino & JA Lowe III, Nature Rev. Drug Disc. 2004, 3, 833
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Quimica

Prof. Alfred Burger

(1904-2000)
University of Virginia
EUA

FlohEIe e @uiinicenviediciiyel
Criou as vaszs do olanzjamznio racional oara
o dzsconzria dz novos fdrmacos

“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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1,*.1 Subcommittee Medicinal Chemistry and Drug Development

Quimica

estuda os aspectos relacionados a descoberta,

Invencao de substancias bioativas

Meeting of the SC in Rio de Janeiro, Feb.13, 2005:
standing, from the left: J6rg Senn-Bilfinger, John
Proudfoot, Janos Fischer, Mukund Chorghade,

Eliezer J. Barreiro, Antonio Monge and Eli Breuer; de |nteresse terapéutlco, |e férmaCOS.

sitting: Paul W. Erhardt and Robin Ganellin

Estuda os fatores moleculares do seu modo de acéo,

Incluindo a compreensao da relacao entre a estrutura quimica
e a atividade (SAR), a absorcao, distribuicao,

metabolismo, eliminacao e toxicidade.

Eur. J. Med. Chem. 1996, 31, 747; C. R. Ganellin et al., Eur. J. Med. Chem. 2000, 35, 163

- @@ Chemistry and Human Health Division (V1)
IUPAC <7 Subcommittee on Medicinal Chemistry 9
http://www.iupac.org IUPAC and Drug DEVE'Opment. eliezer © 2007



A interdisciplinaridade ...

iiese Orgdics

10



Wisd Boodows di ...
Medicinal
Chemistry

Letters in Drug
Design & Discovery

Current

Medicinal Current Topics in

Chemistry

Editorial Advisory Board:
E. J. Barreiro
(Universidade Federal do Rio de Janeiro, RJ, Brazil)

http://bentham.org/open/
r

—— lk
BENTHAM OPEN . 11
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7 Cronologia da descoberta de farmacos

ciprofloxacina fluoxetina

zidovudina lovastatina

. cetirizina, enalapril

ozagrel mifepristona

salmeterol, amlodipina
alpidem, paroxetina

paclitaxel

tacrina, fanciclovir

. irinotecan, pimobendano

AAS *o_ 1889 1986
barbitaricos «—=223 ig:; >
cloroquina 1989 T

sulfonamidas 1990
penicilina < 1991 >
nitrofurano« 1992 >

progesterona< 1993 g

talidomida 1994 >
haloperidol < 1995 T
verapamil

— indinavir, losartano

1996

indometacina

» docetaxel, atorvastatina

propranolol

zileuton, olanzapina
zafirlukast, montelukast

salbutamol
prostaglandinas «

infliximabe sildenafila efavirenz
celecoxibe orlistate oseltamivir

oxamniquina «

cimetidina nifedipina ¢

galantamina rofecoxibe
imatinibe rosiglitazona

mefloquina misoprostol

1976

atenolol voriconazola, etoricoxibe 1

captopril 1977 o .
s 1978 gefitinibe, aripiprazola = J
tamoxifenc rosuvastatina, rofecoxibe ...
i 1979 =
raziquantel < pregabalina, Caduet®? l
oxicams 1280 i e
- . , 1981 + risperidona, erlotinibe T

ranitidina aciclovir . .

1985 » ambrisentam, maraviroc*

—» etravirina Y

eliezer © 2008



http://www.sarasqueta.com.ar/7tibotec.jpg
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] “for their discoveries of important principles for drug treatment™
; http://nobelprize.org

1902— EH Fisher 1905-R Koch  1908- P Ehrlich  1945- A Fleming  EB Chain HW Florey

| 5o

Inter-alia:

AAS
Inter-alia: Aciclovir
Propranolol | Propranolol
Cimetidina
Aciclovir @® 189 pesquisadores

ganharam o Prémio
Nobel de Medicinas
deSde 1901 eliezer©2008

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



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 Kornberg

Annual Meeting of AAAS, 1987

15



AS bases
moleculares

QUIMICA MEDICINAL

P AS BASES MOLECULARES

eliezer © 2008



LIFR)

(PK)

Posologia

0

h U TH
deposition
e Q0 zwialiowed

LUMG
pul menany
o _absgrptign E—

.
A
LY
[N
Loz

LIWER
fist-pass
reteholism
lin=cthation)

GUT
absorption

Fase farmacocinética

BL COD STREAM
drug — swstemic effect + inactive metabolite

Biofase

i
8~

Ala103

A
Thr107

Asn108 ™~

Efeito terapéutico

Fase farmacodinamica
(P D) eliezer © 2008



UFRJ

L]nl'-.c-rmdfuzlp Federal doFiode Janetro

Emil Fisher Robert Koch Paul Ehrlich

1852-1919 1843-1910 1854-1915
Louis Pasteur 1902 1905

1822-1895

“La vie empeche
la vie”

F -
Quimica s
P. Ehrlich, Chemotherapeutics: scientific principles,

methods and results. Lancet 1913, 2, 445,

eliezer © 2008
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Universidade Federal doRiodE Janeito HEN:@/ AE*AS NH3
HO

Paul Ehrlich  Arsfenamina

1854-1915
Nobel 1908

OH

MH- ] ~
* Triméro

MauicBuiist

. A N B f'..sl'
HzN As-As
Dr. Ehrlich's Magic Bullet :@ @K
HO OH
SCIENCE IN THE CINEMA NH,
Dr. Ehrlich's & oo SalvarsanR

Magic Bullet

Thursday W July3l & 7:00 p.m.

Starring
EDWARD G. ROBINSON (Dr. Paul Ehrlich)
RUTH GORDON (Mo, Fhrlich)
OTTO KRUGER (Dr. Emil Von Dehring)
DONALD CRISP (Minisser AltholTy
MARIA QUSPENSEAYA (Franziska Speyer)
MONTAGU LOVE (Prof. Harimann}

Diirected by WILLIAM DIETERLE
Written by JOHN HUSTON, HEINZ
HERALD, and NORMAN BURNSIDE

Lloyd NC, Morgan HW, Nicholson BK, Ronimus RS "The composition of Ehrlich's salvarsan:
resolution of a century-old debate". Angew. Chem. Int. Ed. Engl. 2005, 44, 941. 19
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CONCEPT

l (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 mﬁ"
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”. glicose

eliezer © 2008



Modelo Chave-Fechadura

Enzima = alvo

Enzyme + Substrate Enzyme — substrate ]
complex 3

Efeito
Terapéutico

‘ Resposta
Bioldgica

complementaridade
molecular

/)
| nhecimento
== """ molecular

eliezer © 2008



i@ Os farmacos atuam em alvos terapéuticos...

.. 0S biorreceptores .

SN
Estnm%Mue Ojex ej
pbiorreceptores envolvndos na
resposta terapéutica de todos 0s

farmacos contemporaneos.




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

EFCRE 309

DA 156 lom channels 7%

Irtecring 1%
Mizcelanecus 2% Tranaporters 4%
Muckar karmans
Crher receptors 4% receptors 4%

Figura 4 | Marketad small-molecule drug targets by biochemical class.
EPCR, G-protein-coupled mceptar,

..de apenas 130 familias distintas de proteinas !

la Wl

WWW.Nature.com/ reviews, drugdisc

Hn:||:kna A L. &Gmom, S, F. The druggable gen
Matues Rew Drug Discow 1, TET-30 (2002, ellezer © 2008




Farmaco Enzima
Substrato = Alvo
natural terapéutico

sitio receptor atividade intrinseca

agonista natural

_..-"'__-_-__._‘_‘\“'\\__
R * , ( resposta "\
| . . I|
: | ‘ \_biologica /

\‘_‘__‘_____'_ -

Acido PGHS-1 .

AN PGE, Inflamacac
araquidonico PGHs-2 " SF2 Inflarmnacao
Icosanoide

r L]
Quimica
-

——— | bloqueio da
resposta
| biologica

PGHS-2 NSAI
coH\ Inibidor:AAS PGHS-1 AINE

OA e y n ~ Yy
° NSAI = antiinflamatorios nao-esteroides
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£3 O Centenario Modelo “Chave-Fechadura”

| 5a

Complementaridade do modelo
Chave-fechadura

Sitio ibnico

Sitio i0nico

eliezer © 2008



1876 — TJ McLoEan g
extrai a salicina
1853 — AAS simtetizado
por CF Gerhardt "%
1897 — Felix Hoffma?pﬁ'&
Heinrich Dreser
1899 — AspirinaR
1980 — mecanismosﬁ,.e acao
1982 — Prémio Nobel
1990 — D Simmons & WL¥X]
1999 — Coxibes
2002 — COX-2i & can
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A tatica de dissecacao molecular: identificagéo
de pontos farmacofoéricos

AAS @
O
. S H Dissecagao
* b
molecular
@)
(6.1) )\
O CH;
CgoHgO4 =
~
T e CsHy

eliezer©2007




r.. A tatica de dissecacdo molecular: identificacdo de pontos farmacoféricos

AAS
(5.1)

Universidade Federal do Rio de Janeiro

29
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A tatica de dissecacao molecular & equilibrio conformacional

LA

UFR])

Universidade Federal do Rio de Janeiro _@

o —
_ﬁ__&’




Pontos farmacoforicos e as interacdes do com o biorreceptor

Al

'

UF

!
—

Sitio Receptor

Hidrofdobica

Hidrofilica
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@a= amino-écido) o
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\spectos da Quimica Farmaceéutica |Vledicinal

1. Os farmacos & a Quimica Medicinal
2. Como se descobrem os farmacos? Os farmacos e
0s prérmios Nobeis; Como atuam os farmacos?

3. A dissecacao molecular : grupo farmacoforico

4. Moléculas inizligerites: os alfabetos moleculares

0}
5. Dorresticarndo moléculas naturais

. 6. O paradigma do cormposto-prototipo /
7. Farmacos simbiéticos: exemplos de casa

— c. Epilogo
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Paul Ehrlich (1909) — Um farmac6foro "carries (phoros) the essential features

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 como a “parte” molecular do farmaco essenciaka

atividade desejada. uimica

eliezer © 2008
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Stmdandade & Dissimilaridade Molecular

l Biorrecepto

Esqueleto ciclopentano
peridrofenantreno
19 C21

similaridade molecular

B/C C/D trans B/C C/D trans 37
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testosterona
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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

39
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Eutdomero

Distomero

40
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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

41
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Siegfried Schwarz

KARGER

i Carbordratos

OH
H  OH

L 1pideos

acidos nucletcos
proteinas
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Model Compound Bound to the Minor

Groove of a DNA Molecule



“ligacdes” de hidrogénio ...

Pyrimidines H X o H 4
Thymine ¢ &
H:’.Gxx :I;I: ,.-*"H q Hx\ I‘.!.‘: Cytosine
c N c ‘4
Cc C C C
Hf" T ‘:’bﬂ . Hf T ‘%D 3
dH Hd

Nitrogenous Bases of DNA

H
Adenine | Guanine || ¥
c /
NH, N
AN NH C ;"’H
P /> N N N RH
N N | | |
H d Purines H dH

=
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“Iiga(;('ies” de hidrogénio

0
\)J\ H4C
OH
OH H,c OH .
CH% MH-
glicina (gly) Hz _ :
ﬂlﬂﬂlﬂﬁ valma isoleucina (lle) eucing
0 i OH O o
HO I;:QE’ ] OH _f.-S
oH ey HaC _H H-C CH
MH
MH ? MNH, NH.,
- cisteina (Cys) _ o
e S treonina (Thr) metionina
e A‘/\HJ\DHHQW N
' A
lisina (L arginina
acido glutammo acido aspartico

prolina glutamma GIn)  H.n OH asparaging (Asn)
,r-ﬂ"
H 0
e
MNH, T OH /%/
: M
@Q - | e o
/\H/ .__,.,-"'"f NH2 _N NH2
triptofanc (Trp) 0 tirosina (Tyr) histidina
45
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Estrutura Primaria das Proteinas

RESIDUO DE AMINO ACIDO

i > i
HN
e N NH,
CADEIA PROTEICA l, N ™ CADEIA PROTEIC/
H

[ LIGACAO PEPTIDICA ]

0=§

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

AMINO ACIDOS: o
Nao-essenciais: Ala, Arg, Asn, Asp, Cys, Glu, GIn, Gly, Pro, Ser, Tyr

Covalente: >200kJ/mol

I6nica: 20kJ/mol

Forca das Ligag6es Droga-Bioreceptor: ) .
Hidrogénio: 7-40kJ/mol

Van der Waals:1.9kJ/mol

eliezer © 2008
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Modelagem Molecular
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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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Grupamentos toxicoforicos

R
alcino

R1 R3
amino-tizolas
CHs OH
AN . o)
Ar—NHQ AI’—N02 R 1 /N R_' R_
/ N / 1 /
OH
- OH
O X .
R R1 ::
Ry

R. R1 R, Rs= H, alquila, cicloalquila, arila, heteroarila
X= grupo abandonador

No processo oxidativo de metabolizagc&o podem se formar espécies reativas

transientes, geralmente nucleofilicas, que sao extremamente toxicas.

eliezer © 2008
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Eliminacéo
renal

Fase farmacéutica Excregao

ﬂ Agente de

deposito —
=2 [Bioinativacao |

Complexo
tissular

Distribuicéo ca,plasmatica, entérica

Absorgéiol-:— Metabolismo E.T

: [  Polimorfismo, idade,
- Complexo | | Inducdo/ | : raga, séxo
- plasmatico | inibicdo | : :
' | enzimatica, :
Agente de : g

. PN T
deslocamento : Afiridace

_ : : P%ts i»
. - \ s ERcacir”
Vida-media CO:AS\glengiel ic(illzlde Sinefgismo

OO > CZ WO

Farmaco | Fase farmacocinética o
(ADME) Fase farmacodinamica




Marco Polo, praca de San Mar(:o .
©pio: Papaver somniferum —
| Ou nine, papaverina, heroma
Wipno-analgésico 4
plerancia
Dependéncia quimica



"strip-tease”
molecular

>
4 simplificagao
molecular 4
HO]

o) O~

morfina

H3CO/ |Efeito da metila

4-fenilpiperidinas

codeina

. meperidina
4 DolantinaR
maring 1
. , .- metadona F
Morfina: prototipo FenadonaR (& =ec]

natural para classe dos .
. L, - Schultz et al., 1947
hipno-analgésicos siezer © 2008



Cinchona offiq' :
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—

1971 - Isolada de corais marinhos . e Lo N 104
do gen. Palythoa R e i ﬁ oz i;s_.:.-.,.' .
1982 - vasoconstricao intensa G i *"m“.*‘"‘ .. 64 centros assimeétricos

1983 -estrutura elucidada p . 8 ligagdes duplas
1989 -sintese total estereosseletiva Hy\[ . Palitoxina - 42 grupos hldl’OXllaS

> 3 l‘_’ - ""I ]
& "7' [y : b Ci29H27N5054 )
R Y Kishi et al., 1989,_4 4. ‘r  PM2684.20 . 264 ISOITE'I’OS
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Freqiiéncia dos Grupos Funcionats
Classicos em Diferentes Compostos

100
% [ produtos naturais
B sintéticos
30 B farmacos

acido amina areno amida alcool cetona éter aster alquil pular*

* grupos polares: F, CN, M[llifll2

Fonte: Angewandile Chemie
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O processo da
descoberta racional...

. 0 paradigma do
osto-prototipo.




. Atualmente, 0s
farmacos, capazes de
atuarem em qualquer
alvo-terapéutico, sio
descobertos por
planejamento

B racional.

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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% Composto-prototipo

derivado p

padronizac

“ O composto-protétipo ¢ o primeiro

a Ser tratac

0, identificado em uma /£
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0s, relacionados a

a

ligante
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A abordagem

[ 4 W
Fisiopatologia da - [Escolhs: d(.) dluo ] QUlmlca

terapéutico
dnenga

Bioforos naturais

de novas substancias

r | |

Bioinformatica
Bioensaios

I Planejamento racional [As W*

bmlsnstensmn

'

anelacéo, hibridagéo &
simplificacdo molecular

¥ *in vivo intuicio quimica
3 T +
.l° (NGVD Com posto-prototipo ] - iﬂﬂvﬂ};ﬁﬂ

Sintese nrgfmica medicinal

Labosrabimia do Rvclicife ¢ Jaslaws co Sekathcios Bectivnl : *
*Toxicidade  !;; *EDg ) .
*Ensaios pré-clinicos ¥ LD, Protecio patentaria
) ¥
Novo candidato a Parceria empresarial

farmaco

* Scale-up
65

eliezer © 2008



Os descobridores da cimetidina: Ganellim, Emmet, Dur%rét & Black,
da esquerda para a direita,

eliezer © 2008



Abordagem Fisioldgica

H
Analogo ativo N CH3 @ -
< inker
_CHj,

l S | I nitro

Ligacdes N |\| N
fragels IDropriedades | NH

estruturais H /“\
<j]/\/NH2 c‘ l‘ ]‘ HoN™ "NH;

amidina

l AgonistaInatural j)\
H,N NH,
N NH; uréia
{ :I]/\/ Retro-dissecacao
N molecular

Fragmentos moleculba7res

H
l histamina
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@ 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
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Farmacos descobertos/inventados cronologicamente apés
0 cabeca-de-série atuando pelo mesmo mecanismo farmacologico
de acéo.

inter-alia: antagonistas de H-2R; B-bloqueadores;inibidores da ECA, de P[%IE-S;
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Estatimas
1959 — F. Lynen (Al.)

1971- Akira Endo (Jpn) HaG G

Penicillum citrinum HOSS " ScoH  pvecoar HOSE - con
Mevastatina (compactina) o ADPH o4  ——= colesterol
1974 — Michael Brown &

Joseph Goldstein (Nobel, 1985)  “CoA

demonstram < LDL HMGCo-A (5) acido mevaldnico (6)

1976 — AA Patchet &

Carl Hoffman (MSD) HO,

Aspergillus sp = IovastatinaU

compactina (7) mevilonina ou lovastatina (8)

Medicamentos anti-lipémicos representam a classe terapéutica de maior

Importancia, em vendas, no mercado farmacéutico.

a) Verkman, A. S. “Drug discovery in academia”, Am. J. Physiol. Cell. Physiol. 2004, 286, C465-C474;

b) Crossley, R. “From hits to leads: Focusing the eyes of medicinal chemistry”, Modern Drug Discov. 2002, Dezembro, 18-25;0

C) Oprea, T. |.; Davis, A. M.; Teague, S. J.; Leeson, P. D. “Is there a difference between leads and drugs? A historical perspective”

J. Chem. Inf. Comput. Sci. 2001, 41, 1308-1315 eliezer © 2008



"o COzH
\(;OH em Segunda geracao

ST,
Zocor®
=l o :
inaidsiny, gy, H
H3C/\|/u\
CHs
£ "y P

1987 _
simvastatina (9) pravastatina (10)
HO, (0]
H3C
Estudos do COH e o \Cf
. HO ')
metabolismo 5 -
ch/\)L -
CHs Cl
E— E—
Simplificagéo Padréo
_ . molecular aromatico ¢
Desidratagao 12 (11) aquiral 3

Desidrogenacgao

Roth, B. D. “The discovery and development of atorvastatin, a potent novel hypolipidemic agent”, Progress Med. Chem. 2002, 49, 1-22

eliezer © 2008
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fluvastationa (14) cerivastatina ?BAYCOI-

F |I 1I|I

@ %COZH
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CHs3 CH
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descoberta do
sildenafila
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m Disfuncao ereétil

PDE-I
Metil-x

angina

papaverina
relaxante muscular (6pio)

1982 - Virag (FR)

e
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Técnicas hifenadas:

e e — - | !

C. Eggeling et al., Highly sensiteive fluorescense detection technology current avaiable for HTS, DDT 2003, 8, 643;

P. Gribbon & A. Sewing, High-throughput drug discovery: what can we expect from HTS?, DDT 2005, 10, 17
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Estrategias hifenadas industriais: e.9g. CombChem-HTS

Abordagerm "irracional”
= Ligand-compounds

ligante-prototipo

compostos

Hit-compounds

- R
y RETR Lead-compounds
OH - '\\
validacio farmacol.
otimizacao prototipo
e mecanismo de acio
quimiotecas: testes em = 100 alvos ADMECT) | Quimica Medicinal
comhinatdria, T
Ei]ltéﬁ[!ﬂ., Mt“l‘ﬂ] Molecular Diversity | C‘:*n:b:'l;tonal_ [fﬂse Pm-c]uu.:ﬂ;l
ar i toria'lv Chemistry
1 n IREs
| pequenas & diversas : 76

" “ é’ eliezer © 2008



Um caso de sucesso IA IDECADE OE. o

na abordagem “irracional™: :'IIIHOVEltIO]_’l

PHARMACEUTICAL

INNOVATION




CyoH31N,0O

imatinib
2002

(1L (-3 .

, wvas

Gleevec”
| fmatinip mesylale)
. Capaues

) NOVARTIS
[ Y

GLIVEC (ST1571,IMATINIB)

ber-K inibidor

C17H14N5OR

1990 - identificacao do hit por HTS em quimiotecas de
fenilaminopirimidinas (PAP) ativas em PKC.

Maio de 2001 o FDA aprova imatinib (GlivecR) para leucemia
mieldide cronica; pre¢o:R$ 10.000,00/30 comp. [400mg]

MATUERE REVIEWS | DRUG DISCOVERY WVOLUME 1 | 2002 | 493 78
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sy

el Desenho molecular baseado na estrutura (SBDD) Otimizagao
{UFR)}

+—» solubilidade ——s| Science 2004, 305, 399

AN H Science
g If{ T
5 —>
@ :
2N imatinib

BMS-354825
&5 Bristol-Myers Squibb 6

S. Ghosh, X. P. Liu, Y. Zheng, F.M. Uckun, Rational design of potent and selective EGFR tyrosine kinase
inhibitors as anticancer agents, Curr. Cancer Drugs Target, 2001, 1, 129-140 s

Livmrer firug Jorpety

79
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http://www.bms.com/

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 :
Qf-“-_ Vel atorvastatina8o

Fonte IMS MIDAS®, Dec 2007
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One [blockbuster drug

., BIg Pharma marketing expenses

was hyped more than Pepst and Bud: Merck spent

$160 million i 2000 advertising Vioxx. That’s more than PepsiCo spent

advertising Pepsi or Anheuser-Busch spent advertising Budweiser.
(National Institute for Health Care Management, “Prescription Drugs and

Mass Media Advertising: 1999-2000.” November 2001)




Declinio da criatividade
: PLATEAL MNumber of new substances
nas Big Pharmas approved as drugs has |leveled off

No. of new active substances
60

a0

20

J. Grimley (IMS), C&EN 2006, Dec. 04, 84, 49
http://pubs.acs.org/cen/coverstory/84/8449.html

0
1994 96 98 00 02 04 O

MNOTE: Includes new chemical entities and beg-
technology products. & January through August.
SOURCE: IM5 Lifecycle New Product Focus
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Enirezo [ ] hitp:fjumw. conteratch.com/patientjdrugs/drus7.html

FBr ks
Google + |caduet [w]| [C search » (@M 5 Ehablocked ¥ check + iy autolik - | |Aor] B optons & (&) caduet Web assistant (v

Industry Professionals Books & Publications
~ CenterWatch e % FoF <

#  Clinical Trials Listing Service Q i g HzCO o

al Patient's Abuut Driig Add El [}
Listings Bookstore  Research ' Resources
I+
NP | +1=
HyH f Q
Drugs Approved by the FDA 0 e

Drug Name: Caduet (amlodipine/atorvastatin } PRLEARRISE

The following information is obiained from warious newswires, published SR

medical journal articles, and medical conference presentations. [Hrror)

CADUET"

Description of Aotiping seseue
= atorvastating esees
Medical Areas Campany: Pizer Smg/10mg

Approval Status: Approved January 2004

About the FDA Treatment for: HypertensioniAngina rr
Approved oML mpLT OO
Listings

Amlodipina Norvasc R

VINDA 00
PREACINGAD MFTaCA

General Information

Lerihn 10 carmgrieniciog
Caduet combines the drugs amlodipine (Norvasc, Lotrel) and atorvastatin
(Lipitory, two widely prescribed cardiovascular medications. It's the first tWO Col I lponent F
medicine to treat two different conditions, high blood pressure and high
cholesterol tablet

Itis indicated for the treatment of hypertension, chronic stable angina and
vasospastic angina (Prinzmetal's or variant anagina). ltis alsa indicated for
nrimarny drzhetalinanrateinemia_slewaterd =anim T3 lavals

@WHF“Shman&ALzuckerman £ oert Rev. Cardio O setor de medicamentos cardiovasculares
H. L | XPeT TEY movimentou em 2005 ca. US$ 72 bilhdes

atorvastatina Ll ) |t0rR

rmmmmmf

simvastatina

Merck/Schering-Plough Zoccor®

two Component N. A. Flores, Curr. Opin. Invest. Drugs 2004, 5, 984

VytorinR sales 2006-third-quarter = US$527 million
tablet Lisa M. Jarvis, “Big Pharma Regroups”, CE&N 2006, 84, 49 (November 20)
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A quimiodiversidade dos compostos

bioativos inaturais o

/\/\/OH
)\/\/v

AL m



Caracteristicas nos onze

»> Representam inovacoes terapéuticas importantes: aciclovir,
fluoxetina, cloroguina, clordiazepoxido, propranolol, captopril,
haloperidol, celecoxibe, sildenafila, ciprofloxacina, cimetidina;

> pertencem a OS classes distintas; ==sNE;

> Possuem apenas / elementos quimicos: C,H;: P = Cl:
> possuem heteroatomos, 10/11 tém= e
> 11/11 sdo multi (< cinco anéis);

> 10/11 possuem sub- aromaticas e

>Tém 15 funcoes guimicas: ,alcool, tiol, haleto,
eter, tio-éter, amina, cetona, amida, acido carboxilico, N-oxido,

amidina, nitrila;
> 11/11 s3o de origem sintética, como > 88% dos farmacos;

> Sao peqguenas, valiosas & inteligentes !

eliezer © 2008
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2. Como se descobrem os farmacos? Os farmacos e
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novos compostos-prototipos com afinidade (SAfiR) relativé"prGXima

l-Farmacos simbioticos
capazes de serem reconhecidos molecularmente por dois alvos-
terapeutlcos distintos de diferentes cascatas bioquimicas, envolvidos

na mesma fisiopatologia.

a new Gpmpo

Symbiotic approach to new lead-candidates

(Multi-target-based new lead-candidates discovery)
able to be effective in two different target, both relevant to disease but
belonging to distinct biochemical pathway;

A terapéutica do século 21, especialmente para doencas degenerativas

(e.g. cancer), privilegiara farmacos que atuem em mais de um alvo terapéutico

eliezer © 2008



e Ligantes duplos/duais/mistos/bivalentes para dois alvos

(Dual, binary, dimeric, bivalent, mixed ligands)
Nnovos compostos-prototipos com afinidade (SAfiR) relativa s ’:‘?‘ lhantes,capazes

de serem reconhecidos molecularmente por dois alvos-ter‘ Egistintos da

mesma cadeia bioquimica, envolvidos na mesma fisiop

PS Porthoguese J. Med. Chem. 2001, 44, 2259 '@

COX-LOX [/ TXS-TPant
Bioorg.Med.Chem.Lett. 2005, 15, 4842
Il Farmaco 2005, 60, 7-13; 327 Q
Curr. Med. Chem. 2002, 9, 941 5
Biochem.Pharmacol. 2001, 62,1433 Eﬂfﬂ"ﬂjﬁl
Bioorg.Med.Chem.Lett. 2001,11, 1019 T °
Trombina-fibrinogénioR’s-ant. mn
J. Med. Chem. 2005, 48, 3110 0.0

2
TPant./CRTH2 ~ @
J. Med. Chem. 2005, 48, 897 m—f
FGFR-1/VEGFR-2 A

J. Med. Chem. 2005, 48, 4628

Benzoxazina scaffold

HH. HCI

ramatrobano
1 COH 88
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e Ligantes multiplos
multi-ligands

Compostos com afinidade (SAfiR) por varios alvos-terapéuticos distintos, nao

obrigatoriamente envolvidos com a mesma fisiopatologia.

HC
Clozapina K; (M)
' I 53
jgante promiscuc Dz 190
igante promiscuo Db 280
N D4 40
5-HTa 710
5-HTz 4.0
_ 5-HTzc 5.0
Ligantes duplos i) 3.7
. . Lz = |
mixed-ligands M 0,98
H; 17
CH;, H
I J.Med.Chem. 2001, 44, 477
N @)

AN AChE / SERT’I

CHs

) IC., =60 /63 nM nen

O H. Kogen et al., Bioorg. Med. Chem. 2003, 11, 4389.

NO,

89
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Abordagem
Simbidtica

Prototipe (Nmms padroes moleculares hibridnsj

{analoegos ativos; substrates naturais)

(A, B)Y + (C, D)

—)

Hibridagao
Molecular

A

+

combinagao 1

n C+D Dissecacao [CD|+A +B combinagao 2
A+ B Molecular m+ C+D combinacao 3
Tatica da integragao Py ++ B

dos farmacoforos
Reconhecimento E= sub-unidade
Reconhecimento molecular reconhecimento estrutural nao
molecular molecular biofarica
biorreceptores 1 & 2

O desenho molecular de candidatos a
, . . s . MNovos protatipos simbidticos
farmacos simbidticos -
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Current Drug Therapy, 2008, 3, 1-13

New Insights for Multifactorial Disease Therapy: The Challenge of
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.

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.

1

the

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

pounds.

Current
Drug Therapy

o M o L b e

91
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UFER] _Inovagao Lassaic’
Universidade Federal doRiode Janeito I nC re me ntal
A B AtJordagerr
simbictica
Terapla
combinadadrug cockail multicomponent drug multiple ligand
2 tablets 1 tablet 1 tablet
2 agents 2 agents 1 active agent

Principais cenarios para a terapia multi-alvo terapéutico

B: “...there are significant risks involved in the development of multicomponent drugs...”

C: “... there has been growing interest in the (..) rational design of ligands acting
specifically on multiple targets...” Morphy & Rankovic, J. Med. Chem. 2005, 48, 6523

Inter-alia: G. Glass, “Cardiovascular combinations™ Nat. Rev. Drug Discovery 2004, 3, 731; R. Morphyg6.
Kay, Z. Rankovic, “From magic bullets to designed multiple ligands” Drug Discovery Today 2004, 9, 641.
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Universidade Federal do Riode Janerro

A UFR) Lasseie’

INFLAMMATORY RESOLUTION:
NEW OPPORTUNITIES FOR DRUG
DISCOVERY

Derek W. Gilroy®, Toby Lawrence®, Mauro Perretti* and Adriano G. Rossi®

Treatmeant of inflammatory diseases today is largely basad on intermupting the svynthasis or action
of mecliators that drive the host's responss to injury. Non-stermidal ant-inflammatories, steroids
and antihistamines, for instance, weare developad on this basis. Athough such small-molecule
inhikbitors have provided the main treatment for inflammatory arthropathies and asthima, they are
rot without thelr shortcomings. This review offers an alternative approach to the development of
rovel therapeutics based on the endogenolus mediators and mechanisms that switch off acute
inflarmmiation and bring about its resalution. 1t is thowught that this strategy will open up new
avenues for the future managerment of iInflarmmation-based diseasas,

nature

REVIEWS

" DRUG DISCOVERY
=0 | i

Nature Rev Drug Discov. 2004, 3, 401
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Phosphodiesterase-4 as a therapeutic target
Miles D Houslay, Peter Schafer & Kam Y J Zhang

Drug Discov Today 2005, 10, 1503,

What next for rheumatoid arthritis therapy?
Simon M Blake' and Barbara A Swift

Curr Op Pharmacol. 2004, 4, 276

The p38 MAP Kkinase pathway as a therapeutic target in
inflammatory disease
Jeremy Saklatvala

Curr Op Pharmacol. 2004, 4, 372

Matrix metalloproteinases in asthma and COPD

Ingel K Demedts, Guy G Brusselle, Ken R Bracke, Karim ¥ Vermaslen and
Romain A Pauwels

Curr Op Pharmacol. 2005, 5, 257
94
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| FRJ || Unversidade Federal do;Rio tE Janeito

CN

o]
H,CO H

cilomilaste
GSK

F 0
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. N
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(@] _— N
v/ Cl
roflumilaste
Altana

Antiinflamatdrios atuando como
Inibidores de PDE-4

96
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Role of Cytokines and Cytokine Inhibitors
in Chronic Inflammation

e Eleicao do
TNFe  GM-CSF - MMP Alvo-terapéutico
L1 IL-8 and L5
D IL-16
chemokines L7
IL16  TGFp
L&  I-1RA STNRR )
. iL-1R1 ann{:!unal 10
Pro-inflammatory antibody L1
to TNF 43
O segundo alvo: L18BP

Anti-inflammatory

Arend. Arthritis Rheun 2001.




UFR]

Universidade Federal do Riode Janerro

aluria ths Pz lia: o e Binkar e e Sukskincina Diacdivms

Farmacos Anti-TNF-o* e

FOUMNDATION=

Drug, Status

Biological Form

Etanercept approved

| EnbrelR 50mg R$ 7.057,77

Infliximab approved

RemicadeR 10mg R$ 3.668,79"

soluble TNFR2 coupled to Fc
portion of IgG

chimeric anti-human TNF antibodie

o Adalimumab - approved anti-human TNF antibodie
HumiraR 40X0,8mg R$ 7.082,39
ISIS 104838 clinical TNF anti-sense
Onercept clinical soluble p55 TNFR
Humicade clinical anti-TNF humanised IgG4

JD Gale, KF McClure, N Pullen, Annu.Rept. Med. Chem. 2003, 38, 141;
B Bain, M Brazil, Nature Rev. Drug Disc. 2003, 2, 693;

* Terapias com farmacos de origem biotecnoldgica (injetaveis) 08
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PR Lasseie’

Universidade Federal do Riode Janetro . ™

2004 Worldwide sales of arthritis drugs

CELEBRA™ 1mo
p (CELECOXIB) i

/

e @ i

¥ LeBls ]
TEALLITE

REVIEWS
DRUG DISCOVERY

17 %; USHES.04 billion
19%; US$0.21 bilkon

| 36% | 8% —-2%: US$033 biion
| US#B4 bilion US$8.5 billion 205 US$0 4 billon

49 LISF0. 75 billior

|—»diclofenaco
—— [ O TMF inhibitors

O COX2 inhibitors | THE turmour-necrosis factor
O NSAID MSAID, non-steridal anti-infammatory drug

O Biclogics i
O DMARD DCMARD, diseass-modifying antimeumatic dnug

O Muscle relaxants
O Cther therapies

Adaptado de 1. Melnikova, Nature Rev. Drug Discov. 2005, 4, 453. 99
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UFR] Lasseie’

Universidade Federal doRiodE Janeito

The symbiotic lead-candidate design

mup ound-1 compound-1
L; s, L-;, i,

target-A |molecular recogiution| target-B

0 desenho estrutural de noves candidatos a farmacos simbioticos representa
uma inovacio na abordagem terapéutica do tratamenio de doencas cronicas
gue resuliem, no mecanismo de sua fisiopatologia, do exvohimenio de

diversos e distintos hiomediadores pertencenies a diferenies caminhos
hioguinnicos.
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Talidomida

4<_>=O 2-(2,6-Dioxo-3-piperidinyl)-1H-isoindole-1,3(2H)-dione

DE '_i"- P Papod ga
‘;:,'g]qul'.l'u;am -u'..l.t.iuu-jlu:ﬂ:.,_ I

L
@ &

Wilhelm Kunz, 1953
Herbert Keller, 1953

_ CNS, 1957

TNF-a 1Cg, = 200 uM Frances Kelsey, 1961
] Gilla Kaplan, 1991 (TNF-a
ThalomidR, Phase 111, Celgene N E,isabe'ih P Samp(aio’]_gg;

L.M. Lima et al., O Renascimento de um Farmaco: Talidomida, Quim. Nova 2001, 24, 683; (www.scielo.br);
E.P. Sampaio, D.S. Carvalho, J.A.C. Nery, U.G. Lopes, E.N. Sarno,”Thalidomide: An Overview of its
Pharmacological Mechanisms of Action” Anti-inflammatory & &anti-alergy Agents in Medicinal Chemistry
2006, 5, 71; L.M. Lima, C.A.M. Fraga, V.L.G. Koatz, E.J. Barreiro, “Thalidomide and Analogs asl,grlmti-
inflammatory and Immunomodulator Drug Candidates”, Anti-inflammatory & &anti-alergy Agents in
Medicinal Chemistry 2006, 5,79. eliezer © 2008
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Chiroscience Ltd, Cambridge Science Park, Milton Road, Cambridge, UK
(Celltech Chiroscience Ltd )

Aril-sulfonamida

PDE-4i IC_ =43 uM
50

J. G. Montana, G. M. Buckley, N. Cooper, H. J. Dyke, L. Gowers,
J. P. Gregory, P. G. Hellewell, H. J. Kendall, C. Lowe, R. Maxey,
L. Miotla, R. J. Naylor, K. A. Runcie, B. Tuladhar, J. B. H. Warneck,

“Aryl sulfonamides as selective PDE-4 inhibitors” , Bioorg. Med. Chem.
Lett. 1998, 8, 2635.
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Novo agente simbidtico com

propriedades anti-TNF-a &
inibidor de PDE-4

] ] O
thalidomide molecular
hybridization
TNF-o IC50 =200 uM . N—U
Quim. Nova 2001, 24, 583
A O

Série congénere
"‘/"‘H“ 07114 N7"11‘ N%

g—s é_ \ §_ \ N-phenylpiperazinyl
CH; H

PDE-4i IC_ =43 uM isosteres
>0 o, 7, MR

aryl sulfonamide

JG Montana et al., Bioorg. Med. Chem. Lett. 1998, 8, 2635 103
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Slntese do LASSBlo 468

? o
CISO3H/PCI5 N«Q‘S\/
70% Cl
120 C.; 30 min
/ N\

86%

anidrido ftalico

X =NMe 65%
X =NPh 67%
X=NH 58%
X= 0 63%
X=S§S 6%

Rendimento global médio: ca. 20%
(escala 0.10 M ca. 40q)

Lidia M. Lima,Tese de Doutoramento, 1Q-UFRJ, Br. 200;}[
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Effect of new compounds and thalidomide on neutrophil
Influx induced by LPS into BALB/c of mice lungs
(10 mg/kg, DMSQO; 1.p.)

Neutrofilos (x 10%/mL)

CTH LASSBie 449 LASSHie 468 LASSBie 467 LASSBio 470 LASSHio 544

Compostos (dose= 10 mg/Kg) m >u
CQ’@J ok, w T @?_@"

w;mm . LASSH.::M )
LASSBde 449 .
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Effect of compound LASSBI0 468 on TNF-a levels and
neutrophil influx into the BALB/c of mice lungs
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50% more active than thalidomide 7
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ED., of LASSBIi0-468 measured on neutrophil influx induced by LPS into

BALB/c of mice lungs (DMSO; 1.p.).
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Novo Prot()tipo de Agente Anti-inflamatorio Simbiotico

l«eQ o

C18H16N 2045

— TNF-a EDg, 2,5 mg/Kg

Y T Y
-
=

>
: S
AEREL NI L

—  PDE-4 inibidor
I

RV URER TR Y N SRR TR

Atividade PDE-4 de foi

medida em aorta bovina:
IC;, =52 uM

(cf. PDE-1, 2, 3, 5> 420 pM)

L. M. Lima, P. Castro, \ ,J\/Ia_cha_do, C. A. M.

Dr Claire Lugnier Fraga, C. Lugnier, V. L. G. Moraes, E. J. Barreiro,
Université Louis Pasteur de Strasbourg S /mrneJ and Anti-inflammatory activity of Phthalimide
Laboratoire de Pharmacologie et de Physicochimie des Interactions Derivaatives, Designed as New Thalidomide Analogues,
Cellulaires et Moléculaires. Bioorg. Med. Chemn. 2002, 10, 3067.
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LASSBiO 468 Com posto-prototipo

Novo agente anti-inflamatorio simbidtico

LASSBI0-468, € um novo candidato a prototipo de farmaco Al,
DMARD, desenhado por hibrida¢ao mol

de estrutura quimica original, N@jxséo &
simples e aquiral, planejado como

N
candidato a farmaco simbiotico, © E ; <__s>

util para o tratamento da artrite
reumatoide e da doenca de Crohn, com atividade protetora no
choque séptico e na resposta granulomatosa em modelo de
artrite reumatdide em camundongos, sem efeito

imunossupressor. Possui novo mecanismo de acéo, original,
Inibindo a resposta a0 TNF-a e a atividade PDE-4, como
desejado quando de seu planejamento estrutural.

Representa uma auténtica inovacgao terapéutica.

L. M. Lima et al., “Synthesis and Anti-inflammatory Activity of Phthalimide

. . . ! - \
Derivatives, Designed as New Thalidomide Analogues”, Bioorg. Med. Chem. 2002, 10, 3067 '

M. S. Alexandre-Moreira et al., “LASSBi0-468: a New achiral Thalidomide Analogue which Modulates TN'i'f
and NO Production and Inhibit Endotoxic Shock and Arthritis in Animal Model™, International
Immunopharmacology 2005, 5, 485.
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New Lead-compounds:
12611 (Boehringer Ingelheim)

Prous Science Ed. (ES.) .l 312652 (Bayer)
S2IWO 313027 (GlaxoSmithKline)

Vol 24, No. 22002 KCO-912 (Novartis)

Asthma Therapy | ASSBIO-468




Web [magens Mapas Noticias Okt Grnaill mais Efetuar login &

GOOS[Q LASSBio-463 [(Pesaisar ] Ziaeis manants

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

Welb |Resu|tadns 1- 10 de aproximadamente 156 para LASSBio 468 (0,52 segundnsj

International Immunopharmacology | LASSBio-468: a new achiral ... - [ Traduzir esta pagina ]
LASSBio468: a new achiral thalidamide analogue which modulates TMF-o and NO production

and inhibits endotoxic shock and arthritis in an animal model ...

linkinghub. elsevier.com/retrievedpiifS1567576504003479 - Paginas Semelhantes

de M3 Alexandre-Mareira - 2005 - Citado por 8 - Arigos relacionados - Todas as 4 versdes

LASSBio-468. a new achiral thalidomide analogue wh..[Int ... - [ Traduzir esta pagina |

LASSBio 468 was recently demonstrated to inhibit the TMF-alpha production ... Treatment O

with LASSBio 468 before a lethal dose injection of LPS in animals ... 0

wante hchinlm nikgowpobrmed/ 15683545 - Paginas Semelhantes \

de M3 Alexandre-Mareira - 2005 - Citada par 8 - Adigos relacionadas - Todas as 4 versdes N 540

CTD: LASSBio-468 - [ Traduzir esta pagina | \N

LASSBio468. Equivalent Term help, 2-(4-(1 4-thiazinan-4-ylsulfonylphenyl}-1 3-

isoindolindione. MeSH® D help - CA035834. Usage Mote, This information is ... O

ctd. mdibl.org/detail. gotype=chem&acc=C0503334 - 14k - Em cache - Paginas Semelhantes S

LASSBio-468 Summary Report | CureHunter - [ Traduzir esta pagina |

LASSBio468: structure in first source. ... 030172005 - "Treatment with LASSBio 468 before

a lethal dose injection of LP'S in animals greatly inhibited ...

waan. curehunter. camdpublicdkeyward Summary Ca03834-LASSBio 468 do - 27k -

Em cache - Paginas Semelhantes

por] IMunofarmacologia

Formato do arquiva; PDF/Adobe Acrabat - Wer em HTML

o protdtipo LASSBio 468. 1 . Objetivos: Este traba-. [ho visa avaliar o efeito imunamaodulador

de LAS-. SBio 521, B51 e 468 em modelos de inflamagio ..

asp.sbfte.org bripub/medialzetods pdf - Paginas Semelhantes =
@ Concluido  Internet

11z
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\spectos da Quimica Farmaceéutica |Vledicinal

1. Os farmacos & a Quimica Medicinal
2. Como se descobrem os farmacos? Os farmacos e
0s prérmios Nobeis; Como atuam os farmacos?

3. A dissecacao molecular : grupo farmacoforico

4. Moléculas inizligerites: os alfabetos moleculares

0}
5. Dorresticarndo moléculas naturais

. 6. O paradigma do cormposto-prototipo /
7. Farmacos simbiéticos: exemplos de casa

— c. Epilogo
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Laboratdrio de Avaliacdo e Sintese de Substancias Bioativas — www.farmacia.ufrj.br/lassbio
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LASSBio-294
Prototipo Inotropico e
Vasodilatador
(WO 00/78754 Al) 0 S \
4 AN
\ )
LASSBio-785

Prototipo Vasodilatador
(PI 0403363-9)

eliezer@2008



Estruturalmente simples;
dinteticamente acessivel
e otimoes rendimenties,
em eseala M;
Materia-prima disponivel
(produte natural abundante).
Esfuces de PK in=silice ‘
Mlétedoe analitiee desenvelvide Protétipe cardioative,
: n&o-digitdlico, ndo-adrenérgico,
" com propriedades
inotrépicas, vasodilatadoras
& neuroprotetoras;
Ativo p.o. com novo mecanismo de acio;
Sem cito~, geno- ou toxicidade

Possiveis indicagcdes terapéuticas:

Cardiopatias; Alzheimer;
distrofia muscular neuropatica. '
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Deetermination of Paten! Term Adjestment under 35 11.5.C. 154 ()
(npplication filed cn or afer May 29, 2000}

Thienylhydrazon with digitalis-like properties
(positive inotropic effects)

Patente concedida US Patent # 7.091.238
(August 15, 2006)
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http://www.uspto.gov/index.html

Web [|magens Mapas Moticias  Orkut Grail mais » Efetuar login w

GOOS[@ |LASSBio294 | [Pesquisar_| Bestuizs avangaca

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

Web | Resultados 1 - 10 de aproximadamente 682 para LASSBio-294 (0,08 segundos) |
LASSBio-294

Estamos falando do LASSBio-294, um farmaco desenvolvido pelo Labaratdrio de Avaliagdo de

Substdncias Bioativas (LASSBIo) da Universidade Federal do Rio de ... - B

wanw. inova. unicamp. brfinventabrasil/barreiro htm - 9k - Em cache - Paginas Semelhantes \

Quimica Nova - Strategy of molecular simplification in rational ... o N"’" S

Oz resultados farmacoldgicos obtidos?0-73 indicaram que LASSBio-294 (37) foi capaz de I

induzir intenso relaxamento, concentragdo-dependente, ... H B

wanw. 5cielo. briscielo php?pid=50100-40422002000700018 &script=sci_arttext - 103k - o e ite
Ern cache - Padinas Semelhantes
de EJ Barreiro - 2002 - Citado por 3 - Artigos relacionados

izyclic GMP-dependent vasodilatory properties of LASSBio 294 in rat ... - [ Traduzir esta pagina |
1 The effects of LASSBio 294, a new 3 4-methylenedioxybenzayl-2-thienylhydrazone, on

wascular tonus were investigated in isolated rat aartic rings. ...

cat.inist ff?alodele=afichel &opsidt=13545343 - Paginas Semelhantes

de CLM SILVA - 2002 - Citado por 5 - Arigos relacionados - Todas as 4 versdes

Eritish Journal of Pharmacology - Cyclic GMP-dependent ... - [ Traduzir esta pagina |
Cyclic GMP-dependent vasodilatory properties of LASSBio 294 in rat aorta ... LASSBio 294
induced a concentration-dependent relaxation of intact rat aoric ...

wanw.nature. comdbjpdournalvl 35/ L AUI070447 35 htrnl - Paninas Semelhantes

de CLM Silva - 2002 - Citado por 5 - Artigos relacionados - Todas as 4 versdes

British Journal of Pharmacology - Abstract of article: The new ... - [ Traduzir esta pagina |
The newe compound, LASSBio 294 increases the contractility of intact and ... CHF,

congestive heart failure; L-294, LASSBio 294; SR, sarcoplasmic reticulum ..

i nature. comfhjpfjnurnalm34!n3fahsfﬂ?’lil4291a html Paginas Semelhantes
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Quimica

IpOS em estudo 6

A 87,?"| umol/kg

|
!
CCCCCCCCCCC ., R R
| m— 1 w - .
i N e

LASSBIO
445

Patent: Pl 9902&'

E. J. Barreiro et al., Selective PGHS-2 Inhibitors: A Rational Approac gr
Treatment of the Inflammation, Current Medicinal Chemistry 2002, 9, 849
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. Prototipos em estudo 6

MCT/MS'FINEP - Acéo Transversal — Cooperagéo ICTs - Empresas - INOVACAO EM PRODUTOS
TERAPEUTICOS E DIAGNOSTICOS - 08/2006

PROJETOS APROVADOS
Executor
Prat Ref. INTERVENIENTE CO-FINANCIADOR | Froponente’  Executor
Elet. Projeto UF
i Executor
? Labeoratiric Farmacote rapice Americane Pontificia Universidade
1 il /A Catélica do RS- PUCRS | T@cnopuc/BFR i
3 2302706 Eurofarma Laboratorios S/A FUJB Faculdade de Farmacia RdJ
LASSRio-T8S £ Finep ) Eurofarma
. Eurotarma Laboratorios Lida

o o Sisten o Sebudecios beotivor

P1 9902960-0 (1999) —> NSAI de segunda geragéao*

Licenciada com exclusividade pela UFRJ: DOU # 113, 14/06/2006, se¢éo 3, p.37.
120
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Web |magens Mapas Noticias Orkut Gmail mais v : ' — EfE'ruar login
Go ugle LassEiD | [ Pesapisar ] e o

Pesquisar. & aweb O paginas em portugués O paginas do Brasil 19 de setembro de 2008
Web Fesultados 1 - 10 de aproximadamente 7.410 para LASSBio (0,30 sequndos)

LASSBio - Faculdade de Farmacia da UFRJ

Lab Filoto de Deservolvimento Tecnologico - LASSBio/UFRY, Labaratério Pilato de
Desenvolimento Tecnoldgico encurta a distdncia entre universidade e ...

whwew farmacia. ufr]. brflasshiof - 2k - Em cache - Paginas Semelhantes

XV EVQFLASSBio
LASSBio - ¥ Escola de Werdo em Quimica Farmacéutica e Medicinal - Faculdade de

Farmacia - UFRJ.
wharer farmacia. ufr. br/lassbio/s _evqglf - 19k - Em cache - Paginas Semelhantes
Mais resultados de wwa farmacia, ufi.br »

A quimioteca atual
do LASSBIo tem
ca. 1448

cOomMpostos

harco Fernandes - Frascos de vidro - LASSBIO - Faculdade de Farmacia
Marzo Fernandes - Frascos de vidro - LASSBIO - Faculdade de Farmécia - Fragocos de vidro
utilizados no Laboratdrio de Avaliagio e Sintese de Substdncias ...

whnw imagern. ufi). brfindex. php?acao=detalhar_imageméid img=1626 - 23k -

Erm cache - Paginas Semelhantes

LASSBio-294

Estamos falando do LASSBio-294, um farmaco desenvolvido pelo Laboratdrio de Avaliagio de
Substdncias Bioativas (LASSBio) da Universidade Federal do Rio de ...

whntw inova. unicamp. brfinventabrasil/barreiro. bt - 8k - Em cache - Paginas Semelhantes

LASSBio na RASBG maio 2005 - UOL Alburn de fotos

LASSBio na RASBQ maio 200 Fotos da 283 RASBQ, Pogos de Caldas, MG, 30 de maio -
02 junho de 2005%] EVOFM - LA EuropeAmigo Oculto L. Imagem_009 . ...

glb. fotos net. brirasbg2005 - 18k - Em cache - Paginas Sermelhantes
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e-mail of Eliezer J. Barreiro

De: Kyle Kuhn - Paramount BioCapital Investments, LLC
Para: eliezer@pharma.ufrj.br

Cc: eliezer@ufrj.br

Data: 06/08/2007 11:01

Assunto: Phthalimide derivative LASSBi0-552

Dr. Barreiro,

My name is Kyle Kuhn, | represent a biopharmaceutical investment firm called Paramount BioCapital
Investments, LLC. My job here at Paramount is to identify promising therapeutic technologies, and explore
potential investment and/or licensing opportunities.

| recently saw a summary of some information you presented at the recent International Symposium

on Nitric Oxide, Cytokines and Inflammation, in Malbourne, and | would like to learn more about compound
LASSBIi0-552.

| would like to know the development status of this compound, as well as any plans for its continued
development. | would also like to know the IP status for this technology. Any additional information you
can provide would be very helpful.

It may be more convenient to speak over the phone. If you would like to provide a number, and suggest

a convenient time, | would be happy to give you a call. Alternatively, my contact information is provided
below, please feel free to contact me at your convenience. | look forward to hearing from you.

Best regards,
Kyle Kuhn

Biotechnology Venture Capital Analyst
Paramount BioCapital Investments, LLC bl | -
787 Seventh Avenue - New York, NY 10019 -Tel: 212.554.4315 -Fax: 212.554.4490

-~
e-mail: KKuhn@Paramountbio.com ""“k’: t’ ;
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