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The Two Cultures: Chemistry and Biology'

Arthur Kornberg

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

Arthur Kornb . . . .
10182007 . “Much of life can be understood in rational terms if
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—rioad - expressed in the language of chemistry... the historical

- HORMBERS

roots of Cb em.l S ZT Vand b] O] Og:Z

are intertwined in many places...

Quimica was until
recently the bastion of organic chemistry...
in the search for alternative or superior

drugs for the treatment of various diseases...

HELIX

aBzochemzstry 1987, 26, 6888-6891
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A Interdisciplinaridade
exige arranjos Institucionais

& temporais inovadores para
seu pleno exercicio!
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O desenvolvimento de farmacos

é interdisciplinar e complexo!




Os medicamentos foram uma das

maiores invencdes @@ sée o0 1

A ad
(=]
i
T
=

—_
o

o

L=l
-
[}
o
=
-
R
= |
=
=
L ]
i
ot
=
-
A
S

I
entes & valiosas!




Cadeia de Inovagcao em Farmacos & Medicamentos
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Etapa de

Comerciali- Marketing e vendas
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{ uma molécula?

Bioativa....(?)

Ci H Qulmlca /\/




Atualmente, oS novos
. de

atuarem em qualquer
“alve- térapeutlco, SA0
descobertos/inventados
por planejamento
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reiro, CAM Fraga, ALP Miranda, Estratégias em Quimica Medicinal para
'lanejamento de Farmacos, Braz. J. Pharm. Sc., 37, 269-292 (2001).
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Eleicao

Composto prototipo Biodisponibilidade Fase Pre-Clinica Farmacologia clinica

®  Desenho o0 ADMET*‘.G!_F, @ — Ensaios clinicos —@

O processo de desenvolvimento de farmacos

do alvo
terapéutico

Doenca

Universidade Federal do Rio de Janeiro [SE =

anos

Estratégias de Farmacologia Via de Toxicidade aguda
planejamento  Bioensaios Administracao Toxicidade cronica Fase1 Fase2 Fase 3 Fase 4
molecular In vitrolin vivo Metabolismo  Scale-Up primario

Quimica Medicinal *ADMET = Absorgao; Distribuicdo; Metabclismo; Eliminagao; Toxicidade

Quimica

Abordagem
Sl Vedicinal Propriedade intelectual

Not1;

Pesquisa eld linear

DesenVOI\” mento Informatizacédo do processo

Praticas de produgao

Métodos analiticos quantitativos

Normas regulatérias
Métodos analiticos qualitativos

Fabricacao

Métodos bioquimicos
Licenciamento
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Desenvolvimento farmacotécnico e
Comercializagao




Ciclo do desenho e planejamento de novos farmacos e medicamentos
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+ Estudos de * Fase 1: seguranca -
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O atual modelo de gestdao da
Y inovagcdo em farmacos (na IF)
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Terceirizacdo |Plataformas

Start-ups especificas

Identificacdo e SEW";US
validacdo de

novos alvos

: Pessual
Parcerias O o Externa

Qualificado - -
- esta
ICT's . Interna ‘T ﬂMercadn \
=W N | Dossié
O BIG PHAR#A — o regulatﬁrin
e \ =
Identificacao e Al
lancas
i&“iﬂ otimizagdo de 9% Fase Préclinica O

Agéncias |novos protétipos
inct
@w Colaboracdo Universidades O OCIP's
=¥ | Novas empresas Publicacdes
i Dinsaisea Novos modelos

Outras empresas .Frntegan Contratos oreganizacional 9€ gestéo
intelectual g

Associacbes Consorcios

HENRY CHESBROUGH

Inovacao = criatividade F i bl

INNOVATION

The New Imperative
for Creating and Profiting
from Technology

——

Novo Farmaco

Universidade Federal do Rio de ]anf:iro )
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processo de desenvolvimento de novo farmaco

Fase preé-clinica

H
e
L i
G' \
interdisciplinar Desenho de novas Bioensaios Estabilidade Agéncia
' substincias Escalonamento regulatéria

Quimica Toxicidade crénica

Fase clinica / /
;@

" :
!
). }.,:'r'e.""'" ;
R v F

ANVISA

@ h Agéncia ‘h

regulatoria

Novo f3
S Dossié Fase 3 Fase 2 Fase 1

regulatorio Seguranca Eficacia Tolerancia

Esta figura foi adaptada de J Lombardino & JA Lowe Il Nature Rev. Drug Disc. 2004, 3, 853.
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Farmacos movadores atua/s

CH;

O {0y

H CH; cimetidina
CC S
propranolol

(1964) O/‘\
/éCHs O
Qulmlca 0N CH,
ch/%g
% : H

OH

indinavir
(1995)
H,C CH;
Hact‘-‘“‘ A@( \I/
sinvastatin
(1988)
imatinibe
(2001)

.580 moléculas pequenas!
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Heinr‘iCh Wieland Ado'f Windaus HMG-CoA Reductase
1877'1957 1876-1959 _ Inhibitors

1927

John Cornforth .
4 1975
Konrad Bloch L HMG CoA HMG CoA
1912-2000 Feodor Lynen Reductase inhbitor HO o
1911-1979
J Med Chem o
= 1985, 28, 1 0 ,
e Wi i lactona
' : | peache

: . . .::-EII — . .
Joseph L Goldstein Michael S Brown Albert Las!(grAward Mevilonina
for Clinical /compactina
UniverSity of Texas, Dallas Medical Research, 2008* Daiichi-Sankyo .

* A Endo, A gift from nature: the birth of the statins, Nature Medicine 2008, 14, 26 §&
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1976 - confidentiality
agreement

Dr P. Ry Vagelos oo Alfred W, Alberts  Georg Arthur A. Patchett

1975 - Diretor do Departamento
Vice-Presidente Pesquisa Laggrnal?é(r)ies AIbers-lsg:GI';onberg New Lead Discovery
Farmacéutica da Merck Japan Alfred Burger Award 2002
(Presidente & CEOQ) HO o
1975 t h .erapeutic \C(f 1 979@ HO
| nnovation O X
1991 @@ 1982

atorvastatina < | <:|
fifth-in-class GIMVASTATIN)

“blockbuster mentality”

Y
““.‘,ﬂz‘ Quimica

g T f
o T

simvastatina .
Aspergillus terreus

first-in-class )
lovastatina

J. Med. Chem. Descoberta da lovastatina

1986, 29, 849

PS Anderson, Reflexions on medicinal chemistry at Merck, West Point, Annu Rept Med Chem 2012, 47, 3
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atorvastatina

Maior bestseller da historia
dos farmacos

acido (M+pirrol)-3,5-di-hidroxi-heptandico

1991 == 1997 :
HMGCo-AR IC;, = 8,2 nM

Biodisponibilidade=12%
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Bruce D Roth

2013 SCI Perkin Medal 2005 — US$ 13 bi; 2011 — US$ 13,3 bl,
B. D. Roth, Progr. Med. Chem. 2002, 40, 1-22 S 22 I CI o
B. D. Roth, et al,, J. Med. Chem. 1990, 33, 21-31 Intese: ca. 220 toneladas/ano

ca. >> 45 milhdes de pesoas (2005)

Total de Vendas = c3. US$ 145 bilhdes (1991- 201)
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Atorvastatina u

sintetizada em 1985, por Bruce D. Roth,

na Parke-Davis Warner-Lambert Co. 4
Patent US 5273995 Pfizer (1991) Estudo _de I‘OFaS de Sll:l:Ee.SG,
19 etapas; 5% rendimento a partir de intemediarios
primarios de menor custo,

de farmacos genéricos:

£

Universidade Federal do Rio de Janeiro f [EFea”)

C

-~ Professor Luiz Carlos Dias
s% & Dr Adriano Siqueira Vieira
1Q, UNICAMP

J Nome

0 maior bestseller da histéria da | -> cpas; 19% rendimento; 5g escala

industria farmacéutica mundial - INPI Patente 018110015039, 2001 (BR)
Nova rota de sintese da atorvastatina
calcica usando novos intermediarios.

INCT-INOFAR: www.inct-inofar.ccs.ufrj.br
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NORTEC) QUIMICA




inct
Ll Institutos nackonais
de cidncia e enologla

Universidade Federal do Rio de Janeiro [&7)

ANNUAL ACTIVITIES REPORT

Coordinator:
Eliezer J. Barreiro

www.inct-inofar.ccs.ufrj.br
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Os medicamentos bestseller em 2013

,,,,, ~-H Radical

Arlplprazola (BMS) HO [| Ms/\/ o
H HO heremental RN

(0) N (0) 3
O i m fluticazona 11’ ;\ "“‘:7]/\(}]3
F

Imeterol
. . Etarnecept® Sa z
m *
; o Infiixtmab (Amgen & Pfizer) (G5 le!
cl (Janssen)

Remicade

INFLIXIMAB

\>\ P Insulina
o P - (Lantus, Sanofi)

66,3

Adalimumab*
=
5 P S (Abett) HUMIRA
ﬂ[m@[r@m@mﬁteaﬂ (\ O BT on o
Esomeprazoia” Y. Oﬂ‘,\ N r Y} COH
0 :\\:‘ /,'J J‘; ,-;i oL ]
(I'\ H3C/M\'il/ ‘\N’/ |‘ ‘\ M"":‘IM;}‘ [/
[I[ﬁ]@[r@m@m]ﬁ@ﬂ CH, P \_i/ *Blot:armacos:
Rosuvastatina (AZ) anti-TNFo

Formula molecular geral: C109H134F4C|2N901983 Fonte:http://www.statista.com/statistics
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21st Century

Edited by C.G. Wermuth
with N. Koga, H. Konig & B.W. Metcalf
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Current Drug Therapy, 2008, 3, 000-000 1

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

Quimica
Eliezer J. Barreiro and Carlos Alberto Manssour Fraga 'IO Bl ntan

Laboratério de Avaliacdo e Sintese de Substdncias Bioativas (LASSBio), Faculdade de Farmdcia, Universidade Federal
do Rio de Janeiro, P.O. Box 65023, 21944-971, Rio de Janeiro, RJ Brazil

Abstract: Some physiopathological processes mvolved in the genesis of diseases could suggest the necessity of designing
bioligands or prototvpes 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, e g. arachidonic acid cascade, it recerves the de-
nomination of dual or mix agent. On the other hand, if these two targets belong to distinct biochemical routes and both are
related to the same disease. we can characterize the agents able to modulate 1t as symbiotic hgands or prototypes. In the
present work, we provide some examples and applications of the molecular hybndization concept for the structural design
of new symbiotic ligands and prototypes. especially those applied in the treatment of chronic-degenerative disorders.

Key Words: Symbiotic drugs; molecular hybndization; multifactorial diseases; therapeutic innovation; drug design; dual com-
pounds.
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Farmacos do século 21
Novo paradigma

Século 21
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Receptor A Receptor B

Doencas multifatoriais

O desenho racional de farmacos multi-alvos depende da capacidade de
se combinarem fragmentos moleculares farmacoféricos, capazes de assegurarem
reconhecimento molecular pelos receptores envolvidos na patologia multifatorial

JL Medina-Franco et al. Shifting from the single to the multitarget paradigm in drug discovery, Drug Discov. Today 2013, 18, 495; C Hiller, J
Kiihhorn, P Gmeiner, Class A G-Protein-Coupled Receptor (GPCR) Dimers and Bivalent Ligands, J. Med. Chem. 2013, 56, 6542; G Phillips, M
Salmon, Bifunctional compounds for the treatment of COPD, Annu. Rev. Med. Chem. 2012, 47, 209; S Reardon, A world of chronic
disease, Science 2011, 333, 558.
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i Bioinformatica

S | | R
[ Abordagem Fisiologica |

Planejamento dependente Planejamento independente

do biorreceptor do biorreceptor

—I | Chagas & Leishmaniose
i
| Alvos: TKs, prtubulinas, PDE-4, MAPK p38




Quimica
Novos candidatos a farmacos duais
LASSBio-468

| - T, e o
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Desenhado por
hibridacao molecular
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TNF-o. PDE-4

TNF-a ED., 2,5 mg/Kg
PDE-4 IC., = 13,6 UM

\ ¢

LASSBio-596

L. M. Lima, P. Castro, A. L. Machado, C. A. M. Fraga, C. Lugnier, V. L. G. Moraes,
E. J. Barreiro, Bioorg. Med. Chem. 2002, 10, 3067.
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Lead-optimization

Lasseie

Laboratério de Avalingdio ¢ Sintese de Substincias Bioativas

O

N N Metabolism

studles

O

LASSBio- 468 @:‘( %0
O_Q_S‘N/w

Instituto Macional de Ciéncia e Tecnolog 1"| 2
de Farmacos e Medicamentos
| - S
Lbf{/"fl’ www inct-inofar.cos.ufrj.br LASSBIO-596

P.R. M. Rocco et al., European Respiratory Journal, 2003, 22, 20; NV Casquilhoet al., Toxicon 2011, 58,
195; JCML Ribeiroet al., Ophthalmic Research 2012, 48, 177; PR Rocco et al, Rev. Virtual Quim., 2010,
2, 10; AL Araujo et al., Food Chemical Toxicology 2014, 000.
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Biophore from |IC;, = 6,7 uM PDE-4
Montana et al., 1998 natural safrole

1 3th generation
g o - -:.__;:;.-_ ?.h . o ey

N

IC;, = 105 nM PDE-4 H,CO H3C/ ® O och,
% Bio N AH LASSBio-1386 OCH;

dJe Avalingdo ¢ Sintese de Sul

AE Kimmerle, et al., Design, synthesis, and pharmacological evaluation of N-acylhydrazones and novel
conformationally constrained compounds as selective and potent orally active phosphodiesterase-4 inhibitors
J. Med.Chem. 2012, 55, 7525
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Novos prototipos de farmacos multialvos

Quimica

LASSBio-1504
LASSBio-468

LASSBio-596
LASSBio-785

LASSBi0-294
- PDE-4

Labaratsrie de Avalicgto ¢ Sintese de Substéncins Bioativas

A2A

*., | Otimizagdo do protétipo

LASSBio-1594
LASSBio-998

Desenho molecular:

estratégias classicas
da Quimica Medicinal

Doencas

cronico-degenerativas

CB2 LASSBio-881
LASSBio-1141

LASSBio-1135

R.B. Lacerda et al., Discovery

of novel analgesic &
anti-inflammatory
3-arylamine-imidazo[1,2-a]
pyridine symbiotic prototypes,
Bioorg. Med. Chem. 2009, 17, 74

<X

LASSBio-1524

S, ;."':'

LASSBio-1829



Lidia M Lima, Maria L C Barbosa,
Stefan Laufer (LASSBio, UFRJ
2013)

ureia

"

aceptor-H o

u)k

5-methylisoxazole |.|

Universidade Federal do Rio de Janeiro

donor- H Cl
Quimica Tivozanib PD-153035
oral VEGF receptor tyrosine kinase inhibitor inhibits tyrosine kinase activity of the EGFR
AT | aceptor -H classic ring
@ UTNlB};IlEI{]a(S]IgIQT S \bioisosterism
Bio \\S// /k\ 2-thiazole
Laberatéria de Avelinghs o Sintese o ins Biootivas / N N
aceptor-
donor H
H
inazoline
H,CO N )\q“' zoll
| )\ donor-
a \ /
x H3CO molecular S|mpI|f|cat|on

VEGF & EGFR inhibit '
| inhibitor §—CONH2

4
M L C Barbosa, L M Lima, R Tesch, C M R Sant’Anna, F Totzke, M HG Kubbutat, C Schachtele, S A Laufer, E J
Barreiro, Novel 2-chloro-4-anilino-quinazoline derivatives as EGFR and VEGFR-2 dual inhibitors, Eur J Med Chem
2014, 71, 1-14.




Novel 2-chloro-4-anilino-quinazoline derivatives as EGFR and
= " VEGFR-2 dual inhibitors

1 Maria Leticia de Castro Barbosa ™", Lidia Moreira Lima *", Roberta Tesch?,
e Carlos Mauricio R. Sant’Anna®, Frank Totzke “, Michael H.G. Kubbutat ¢,
Christoph Schichtele 9, Stefan A. Laufer ¢, Eliezer J. Barreiro™®"*

A Laboratory of Evaluation and Synthesis of Bioactive Substances (LASSBio), Federal University of Rio de Janeiro, PO Box 68024, 21944-971 Rio de Janeiro,

R]. Brazil'
%/{/ b G rod uote Program of Chemistry (PCQu). Chemisiry Institute. Federal University of Rio de Janeiro, Rio de Janeiro, R, Brazil
© Department of Chemisiry, Federal Rural University of Rio de Janeiro (IIFRR]). Seropédica, Rf, Brazl D“al
d ProQinase CmbH, Freiburg, Germany
* Department of Pharmaceutical/Medicinal Chemistry, Institute of Pharmacy, Eherfiard-Karls- University Tiibingen, Tibingen, Germany

| European Journal of Medicinal Chemistry 71 (2014) 1-14 | 0 Dual

Lasseio 100
GASSBIo HN (" Atividadedual )
l HACO ICs50 (EGFR) = 0,90 pM

Novel molecular pattern E> lc&n (VEGFR)' =117 |.IM
with EGFR/VEGFR dual o \_ J

activity! HLCO | Cl

== n
(&)
s nnovation
o
MLC Barbosa, Novos derivados quinazolinicos funcionalizados

E |deas irati
I n Sp I ratl 0 n inibidores duais das tirosina cinases receptoras EGFR & VEGFR-2,

BR 10 2013 001809-0 A2 Tese de Doutorado, Instituto de Quimica, UFRJ, 2013.
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OPEN () ACCESS Freely available online @ PLOS | ONt
LASSBio-1135: A Dual TRPV1 Antagonist and Anti-TNF-

Alpha Compound Orally Effective in Models of
Inflammatory and Neuropathic Pain

iro

L= ]
=
—
gy Cleverton K. F. Lima", Rafael M. Silva®, Renata B. Lacerda®, Bruna L. R. Santos’, Rafaela V. Silva’,
. Luciana S. Amaral?, Luis E. M. Quintas?, Carlos A. M. Fraga®?, Eliezer J. Barreiro?, Marilia Z. P. Guimaraes?,
= Bioorganic & Medicinal Chemistry 17 (2009) 74-84 Radiation Phiysics and Chemistry 95 (2014) 292-295
Contents lists available at ScienceDirect ';::..,,:. fa—
Contents lists available at ScienceDirect =

A Radiation Physics and Chemistry
- - . - - 2 ZEIQL‘
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sobre farmacos

Pretende-se tratardestemas, opinioes,
comentariosgobre a Ciénciados

Farmacos, Seu uso seguro e beneficios.
Historia da descoberta/invencao de
farmacos e aspectos da formacgao ) P i
O registro da historia é sempre necessario para

qu alificada de universitarios e pflS- garantirmos a construgao de uma memoria fiel. Na

gra duandos nas Ciéncias dos Férmacns verdade, estas palavras, além de rimarem, referem-se ao
passado, ao gque j3 vivemos, ao que ja foi vivido.

também sao de interesse. Entretanto, se sob esta dtica podem sugerir apenas
lembrancas, documenta-las representa o cumprimentio e
o exercicio de cidadania, sobretudo quando dizem

respeito a realizacoes coletivas, assegurando a

Convites




n.
(v
O
[}
1o
N
i
®

barreiro

€]

Praia do Boqueirao, Saquarema, RJ

H £ *

._... J“..

(%73 | onave] ap ony op iapay opepisiasiu




