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Quimica

estuda os fatores moleculares relacionados ao
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modo de acao dos farmacos,

incluindo a compreensado da relacao

5 -

entre a estrutura quimica e a atividade (SAR),

além das propriedades que governam sua
absorcado, distribuicdo,

metabolismo, eliminacao (ADME)

o O

http://www.iupac.org = =
Chemistry and Human Health Division (VII) e tOX'C'dade'

Subcommittee on Medicinal Chemistry and Drug Development. Eur. J. Med. Chem. 1996, 51, 747

C. R. Ganellin et al., Eur. J. Med, Chem. 2000, 535, 163; A. Monge et al., Eur. J. Med. Chem. 2000, 35, 1121
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ronologia historica da Quimica Medicinal
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Emil Fischer ’ reconhecimento
1852-1919 .
1902 Planejamento =~ BSRM
E. Fischer, Ber. Dtsch. racy 0”3/
Chem. Ges. 1890, 23, 799 BL-AA
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Paul Ehrlich one-drug-one-bullet
. ®050s”  Primeiro paradigma da Quimica Medicinal



O berco da Quimica I\/Iedlcmal

Stovarsol ;

(UFR]

Ernest Fourneau N Instltut Pasteur(1887)
1872-1949 OH

1911- Laboratoire de Chimie Thérapeutique

Diretor: Emile Roux

1911- 1944 Jacques Tréfouél (1897-1977)
T Thereze Trefouel (1892 1978)

Prémio Nobel de
Fisiologia/Medicina

1957
Daniel Bovet anti-histaminicos
1907-1992 * (sulfonamidas)

*Farmacéutico suico .
Doutor A.c. UFR] Curare: SAR

J-P Fourneau, « Ernest Fourneau foundateur de la Chimie Pharmaceutique
francaise », Revue de /' Histoire de la Pharmacie, t. XXXIV, n° 275, 335-355




JD Watson & FHC Crick,
&= "A Structure for Deoxyribose Nucleic Acid”
Nature 1953, 171, 737-738




Slide 7

EJB4
Exemplos de extraordinarias conquistas do conhecimento humano deveram-se as associacoes de capacidades e competéncias complementares,

essenciais a sua consecucdo: e.g. DNA em publicacdo de apenas 2 paginas em prestigioso periodico cientifico que resultou, décadas depois, na

era Omica.
JD Watson & FHC Crick, Nature, 1953, 171, 737-738
Eliezer J. Barreiro; 04/03/2010



Premio Nobel, 1959

The Two Cultures: Chemistry and Bir::li:lrg}’1

Arthur Kornberg

X Department of Biochemistry, Stanford University, Stanford, California 94305

Arthur Kornb — Received July 14, 1987
rthur Kornberg . . . .
10182007 ‘‘Much of life can be understood in rational terms if

expressed in the language of chemistry... the

historical roots of ChemiS tl‘ 2 and bi OI Og!

are intertwined in many places...

Pharmaceutical chemistry was until
recently the bastion of organic chemistry...

in the search for alternative or superior

drugs for the treatment of various diseases...”

A. Kornberg, Science and medicine at ‘3 Biochemistry 1987, 26, 6888-6891

the millennium, Braz J Med Biol Res,
1997, 30, 1379
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hanging
Innovation
in the
Pharmaceutical

A inovacao tecnoldgica € um dos processos
mais dinamicos da atividade .

Este dinamismo se expressa de forma |ndustry

na inovagao tecnologica e —
farmaceutica que, mais do que outra, G

of Drug

depende da interagao entre Development
Ciéncia & Tecnologia.

A inovacao farmacéutica depende, fortemente,
do avanco cientifico e resulta da descoberta ou da
invencdo de novos farmacos sendo a principal
driving-force da industria farmacéutica, que faturou
begs €8 US$ 950 bilhoes, em 2011.
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« Science 2000, 287, 1951 (J.Uppenbrink, J.Mervis)

4

Science 2004, 303, 1713 (Donald Kennedy Ed)
¢ Rethinking Drug Discovery
e Surviving the Blockbuster Syndrome

e Orphan Drugs of the Future?

e Protein Kinase Inhibitors: Insights into Drug Design
from Structure

* Polyketide and Nonribosomal Peptide Antibiotics:
Modularity and Versatility

¢ Organic Chemistry in Drug Discovery

e The Many Roles of Computation in Drug Discovery

e Drug Delivery Systems: Entering the Mainstream

is scientific research based.

“Science is made of facts, just as houses are made of stones; but a mere collection of facts is | «-
én\“ﬂgn no more science than a pile of stones a house” - Henri Poincare, 1902 /S
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Quimica

‘... the preparation of dual- or multiple-ligands on an
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almost rational basis is now conceivable and it can be
expected that many of these molecules will yield drugs
of superior clinical value compared with monotarget

formulations.”

Camille G. Wermuth

Drug Discov. Today 2004, 9, 826
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Current Drug Therapy, 2008, 3, 000-000 1

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

L !

r .
Eliezer J. Barreiro and Carlos Alberto Manssour Fraga Q uimica

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

O tratamento de uma patologia multifatorial

Current
Drug Therapy

(e.g. doencas crbnicas nao transmissiveis,
cancer, metabdlicas, etc) com farmacos

planejados para alvos terapéuticos unicos

(Primeiro paradigma da Quimica Medicinal ou
Paradigma de Ehrlich & Fischer) sera sempre
paliativo! Estas patologias requerem farmacos

multi-alvos, i.e. duplos, mixtos, multiplos ou

.
:
i
=
i
£
i

-
05

simbidticos.




¢.>¢ Universidade Federal do Rio de Janeiro

target-A [molecular recognition| target-B

Segundo paradigma da Quimica Medicinal



s

§ +

£ [ LA,

= - 5 A e
z ! o
£ L o ! I
& f
§ =11 L A
H | N e,
H —i E. b
5

: Iy
05

Inflamac¢ao: Doenca cronica nao transmissivel
% =M @ Collagen

' 1gG {m (repair)

R,
> [CAM S :

Tissme injury:
- infection
- trauma
= hypoxia
- immune
reaction

Virus inf. _/f/

Tumaor cell

| - .'. ll}f!:EEn_r_l H
(YNen *

. 1\ / =

fever and
. .} acuife-phase

Tumor
Plasma enzyme systems:
- coagulation 1 C Elll']l'
- librinolysis “
= kKinin/Kallikre
- mr::lﬁltmmlt " RUbﬂr
Oedema Pain @/ D ﬂl{]l‘

EBendtzen 1999



Role of Cytokines and Cytokine Inhibitors
In Chronic Inflammation

[F My MAPK
GM-CSF  MMP
IL-8 and L5
other L8
chemokines LT

IL-18

IL-1RA ElTNF'H IL-4
=il -1 1 onocional .10

Pro-inflammatory antibody Y
to THF £ 43

IL-18BP

Anti-inflammatory

Arend. Arthritis Rbeum 2001.

* TNF-a = Tumor necrosis factor-alpha




The Target Election: TNF-a

5

1

H S N
1 pt
= N/
| Ay

validated

TNF-a is a cytokine that appears rapidly in response to inflammatory injury

PC Taylor, Pharmacology of TNF blockde in RA and other chronic inflammatory diseases, Curr. Op. Pharmacol.

» 2010, 10, 308
io
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Biofarmacos anti-TNF-alfa usados na clinica

Biofarmaco (nome fantasia) Situacdo Forma biologica
Adalimumab Humira ™ aprovado anticorpo anti-hTNF 2)
Etanercept  Enbrel R aprovado TNFR2 acoplado a Fc do 1gG b)
Infliximab RemicadeR aprovado anticorpo quimérico anti-hTNF c)
ISIS 104838 clinico antisense TNF
Onercept Serono clinico™ TNFR soldvel p55
CDP 571 Hijrizsda s & IgG4 anti-TNF humanizado

a) Total de vendas em 2011: USS 6,6 bilhdes; b) idem: USS 6,5 bilhdes; c) idem USS 6, 4
bilhoes; & Discontinuado;

PC Taylor, Pharmacology of TNF blockade in rheumatoid arthritis and other chronic
inflammatory diseases, Curr. Op. Pharmacol. 2010, 10, 308
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Wilhelm Kunz, 1953
Herbert Keller, 1953
CNS, 1957

Frances Kelsey, 1961

. . Gilla Kaplan, 1991 (TNF-
Thalidomide Sereren 1 ‘1997 “
Anti-TNFoc ISape ampalo,

TNF-a IC,, = 200 pM

Apremilast, Phase Il, Celgene (2009) Q:(\(N o

H-W Man et al., J. Med. Chem. 2009, 52, 1522
FE McCann et al., Arthritis Res. Ther. 2010, 12, R107




,,[ Second Target Election:PDE-4

— @0

pathogenems of mflammaﬂen
Phosphodiesterase-4 is
redominant in the inflammggpry

MEFE] =i . Ce”S i el ArdF

TMF-x e = Ty I' [
airiic] ol | s

PDE = Phosphodiesterase

M. D. Houslay, P. Schafer, P.; K. Y. J. Zhang, Phosphodfesterase-4 as a therapeutic target, Drug Discovery Today
2005, 10, 1503; B. J. Lipworth, Phosphodiesterase-4 inhibitors for asthma and chronic obstructive pulmonary
disease, Lancet 2005, 365, 167




CO,H
Cilomilast

ArifloR,

SB-207,499

0 W
AN
N
H;CO

4-cyano-cyclohexyl carboxylic acid
SB Christensen et al., J. Med.Chem. 1998, 41, 821

/CI
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Alvo terapéutico validado

Ibudilast
/ /N CH3
N7\
-
A CH;
H3C (@)
CH;

pyrazolo[1,5-a]pyridine
Z Huang et al., Life Sciences 2006, 78, 2663

Roflumilast
/o\/A DaxasR
Aprovado
~__-CHF> 2011
o)

LM Fabbri et al., Nature Rev Drug Discov 2010, 9, 761

B_ A Kodimuthali, S S L Jabaris, M Pal, Recent advances on phosphodiesterase 4 inhibitors for the
treatment of asthma and chronic obstructive pulmonary disease, J. Med. Chem. 2008, 51, 5471; S.

Diamant, D Spina, PDE-4 inhibitors: a novel , targeted therapy for obstructive airways diseases,

Pulmonary Pharmacol. Ther. 2011, 24, 353.
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r 5~ ‘oricorhore  The design of new dual agent
\- . With anti-TNFq activity & PDE-4i
NH sulfonamide
\. O /)0

A

phthalimide : molecular
hybridization

B sulfonamide

s

—S
Montana et al., 1998 \ %
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LASSBio-468

o)
2.0
Y’
N
° Coy
LASSBio-469 LASSBio-470

o Bioisosterismo
N S\
N
0 N

LASSBio-544 O

Lidia M. Lima (LASSBio), PhD Thesis, IQ-UFRIJ, Br., 2001
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i Effect of new compounds and thalidomide on neutrophils

influx, induced by LPS into BALB/c of mice lungs
(10 mg / kg, DMSO; i.p.)

O

(@)
WO
N/}
LASSBiO-4§8

|

DMSO
180 _

120 -

100 -

— *

Neutrofilos (x 103/ mL)

control LASSBio LASSBio LASSBio LASSBio LASSBio
449 4638 469 470 544

Vera G Koatz Results are expressed as means SEM of seven animals.
iO IBgM, Universidade Federal do Rio de Janeiro
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Effect of compound LASSBio 468 (50 mg / kg, i.p.) on TNF-o
levels and neutrophils influx (BALB/c of mice lungs)

Neutrdéfilos (x103%/mL)

Vera G Koatz
IBgM, Universidade Federal do Rio de Janeiro

L

140 4

50% more active than thalidomide

O -2
(o)
WO
N/w
L«
T -

Fig.

CTR

LASSBio 468

Effect of LASSBio-468, thalidomide and pentoxifylline on

survival BALB/c mice after LPS (500 pg/mice) administration.

] (Quybu) o-4NL
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TNF-o. EDg, 2,5 mg/Kg

PDE-4 inibitor

Dr Claire | Lugnier (CAPES-COFECUB; LASSBio-Strasbourg)
Université Louis Pasteur, Strasbourg, FR.
Laboratoirg de Pharmacologie et de Physicochimie des Interactions
Cellulaires et Moléculaires.

¢f PDE-1,2,3,5> 150 uM:

c & Medicinal Chemistry 10 (2002) 306

Cladre Luggnkis

Synthesis and Anti-Inflammatory Activity of Phthalimide
Derivatives, Designed as New Thalidomide Analogues

*Laboratirio ¢

b

“Departan




LASSBio-468

Desenhado por
hibridacao molecular

TNF-0. PDE-4

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

Estudos do
CO,H /ﬁ metabolismol
K/s LASSBio-596

@ L. M.Lima, Tese de Doutorado, Instituto de Quimica, UFRJ, 2001; M. L. B. Castro, Dissertagao de Mestrado, Instituto de Quimica,
éﬂ\”"‘* UFRJ, 2010.
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0°C at.a. até 60°C
1h
(1,5 M)

C18H16N204S2

' f13C,1HRMNIIVIUVIE

HPLC

calorimetria diferencial
de varredura (DSC)
CHN

Difragdo de Raios-X

7 _NH,
o >
120°C
1h
o
anidrido ftalico (2,0 M)
CgH403
(0]
IO
N— —sl\$0
Ci
o
C14HgCINO,4S
regiosseletiva
o)
KOH / HOH N/
> H
CH,OH
1h CO,H
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C18H1gN205S;
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Emphysema

' lead 0

Chronic
Bronchitis

N

|
H I:"q PRSP ——
=
I A B I o - 5 Volume2, Nimera 1 Janeiro-Margo 2010
s X
g
4

C02H anti-fibrogenic

»ETen

] \CT Instituto Nacional de
) Ciéncia e Tecnologia
(o}

o

de Farmacos e Medicamentos

www inct-inofar.cos. ufrj.br

L. M. Lima et al., Synthesis and Anti-inflammatory Activity of Phthalimide Derivatives, Designed as New Thalidomide Analogues,
Bioorg. Med. Chem. 2002, 10, 3067; A. L. Machado et al., Design, Synthesis and anti-inflammatory activity of novel phthalimide
derivatives, structurally related to thalidomide, Bioorg. Med. Chem. Lett. 2005, 15, 1169; M. S. Alexandre-Moreira et al.,
LASSBio-468: a New achiral Thalidomide Analogue which Modulates TNF-ot and NO Production and Inhibit Endotoxic Shock and
Arthritis in Animal Model, Internat. Immunopharmacol. 2005, 5, 485; L. M. Lima, N. M. de Lima, Contribuicdo do LASSBio no
desenvolvimento de novos candidatos a protétipos de farmacos antiasmaticos, Rev. Virtual Quim. 2009, 1, 35; R.M.P. Rocco et al.,
LASSBio-596: da descoberta aos ensaios pré-clinicos, Rev. Virtual Quim. 2010, 2, 10; G.M.C. Carvalho et al., Can LASSBio-596 and
dexamethasone treat acute lung and liver inflammation induced by microcystin-LR?, Toxicon 2010, 56, 604; N.V. Casquilho et al.,
LASSBi0-596 per os avoids pulmonary and hepatic inflammation induced by microscystin-LR, Toxicon 2011, 58, 195.
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Universidade Federal do Rio de Janeiro

UFR

L _

instituto nacional :
: de Farmacos e Medicamentos
de ciéncia e tecnologia

www inct-inofar.ces.afr).br

Qcnpeq @FAFEH.I @ P T

L

Project CNPq 573.564/2008-6

A missao do INCT-INOFAR

INCT-INOFAR

Team = o & r i £
1 Drganlzar ds cnrnpetenmas cientificas nacionais em uma

Scientific adviser board rede efetiva de pesquisa em farmacos;
(SAB)

= Apoiar projetos de pesquisa cientifica multi-institucionais

Research groups r
= voltados para novos farmacos;

Research people

s Contribuir para a inovacao incremental e radical em novos
Useful articles farmacos e genéricos;

Publications s Estudar e desenvolver a sintese total de genéricos,
intermediarios avancados e matérias-primas;

= Contribuir para a formacao cientifica qualificada de pessoal
em quimica medicinal & farmacologia;

s Promover a divulgacdo das ciéncias dos farmacos e dos
medicamentos, assim como seu uso racional e seguro;

.
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v1 st Dim A e 3 b & -
Instituto Macional de Ciéncia e Tecnologia I N C I I N o ‘ AR

de Farmacos e Medicamentos 591

A bf‘(u"ﬂ

Governance committee

wwwinct-inofar.cos. ufrjbr

Comité de Governanga &

Coordenagfio Consultoria Cientifica
Acumpanhamentn.{CEA) Dr Eliezer ) Barreiro (UFRJ)
Dra ‘u’ande.rlan Bolzani (UNESP) Vice-coordenacgio Dr. Francisco 5 Guimaries (USP-SP)
Dra Heloisa Beraldo (UFMG) Dr Fernando Q Cunha {USP-RP) Dr Vitor F Ferreira (UFF)
Dr Angelo C Pinto (UFRJ) -
Dr Luiz Carlos Dias (UNICAMP) I Dr Antonio Monge (Espanha)
Dr Marco ‘_ﬁ""rEI'" Martins Dr Camile G Wermuth {Franga)
LI\._ (Fiocruz) Superintendéncia Cientifica ': Dr Simon Campbell
Dra Lidia Moreira Lima (UFRJ) N
- | Foreign scientific consultants
Grupos de Pesquisa
Associados
13 IES & 3 ICT
L
inct Antonio Monge, Universidad de Navarra,ES
j;i‘!.‘:,:‘;’.‘,’?.‘;?:,;l‘.;m Camille G. Wermuth, Prestwick Co., llkirch, FR

Simon Campbell, ex-Pfizer Major Scientist UK




Annual Activities Report
Sagelagty Subpro jetos multi-institucionais

TEOo Te & interdisciplinares

S escv - Inovacdo radical

S OO dor, inflamacgao,

P A L Y asma, SNC,

doencas negligenciadas,

T S sistema cardiovascular,

<ad anticAncer, metabdlicas

- Inovacao incremental
(farmacos genéricos)

INCT OF DRUGS AND MEDICINES S U S

ww.inct-inofa;.ccs.ufrj.br/download/aar/2009.pdf novas o DO rt un Id ad €S
www.inct-inotar.ccs.ufrj.br/download/aar/2010.pdf

ANNUAL ACTIVITIES REPORT
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@l O “Caminho das Indias” dos | =
l NOSSOS fé-rmaCOS (genériCOS!) --------------

Precisamos.resolver, com urgéncia, a grave situacao
de dependéncia das;importacoes de farmoqwmlcos,

Toreganama [Jaods)

medlcamenms»émt]uvan:t% aFasl?rmacc:iecmcos

1R ok 1D TS 'w |IRE g Lintn (Ching| :.
AIpaam LB Calby Beanoo 144

i mverg_g__n,d,o o.sentido ;as-a

P T3 B Mcgsdniy gD u_ﬂh,, Ly H.uu et 1554

TﬁTd[d.Su desfarmacos no Brasil -
Cristalia Produtos Quimicos FarmaceuctTEaasﬂL*’Eag ﬁ vaga o I n ce m e nta I

EMS - Sigma Pharma Cabo da Boa Esperanca 14288

mwan 1811

i Lanka) 19051E

Eurofarma Laboratorios Ltaae s s cum Tss SR~
Genom Farmacéutica Ltda L . Substéncias

7 . Z | F ~ t-
Laboratérios BIOSINTETICA R g : g by

Laboratdrio Neo Quimica Industria Farmacéutica Ltda
Laboratdrio Teuto Brasileiro

LIBBS Farmacéutica

Medley S/A Industria Farmacéutica

Mantecorp

Zambon Laboratdrios Farmacéuticos Ltda




Atorvastating Incremental

(UFR]

Imovation
1991 .
« Sintetizada, em 1985, por Bruce Roth CO.H
[B. D. Roth, "The discovery and development of OH
atorvastatin, a potent novel hypolipidemic agent”, F CH;

Prog. Med. Chem. 2002, 40, 1]
Patente US 5273995 Pfizer (1991):
12 etapas = 4,2%
venceu em 30 de novembro de 2011, nos EUA
 Total em vendas mundiais de ca.US$ 100 bi

super blockbuster—drug )

HN
T
- Nova sintese Prof. Luiz Carlos Dias & Z

Dr Adriano S Vieira, IQ-UNICAMP, -g“
% 11 etapas = 19,3%

em 2010, pelo INCT-INOFAR ¢ Jg
| @.'.if_

.
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4‘4
]
Luiz Caros
Hano Siquel
barata e e

L
O professor
pés-doutorando Ad;
ta é mais

L INCT | LC Dias, A S Vieira, EJ Barreiro, Processo de obtencdo
o) de atorvastatina calcica utilizando novos intermediarios
el # Pl 018110015039 (protocolado no INPI, em 25/04/2011)
ensssnsnnens : PCT dezembro de 2011
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Incremental

Irmovation ¢,
H5C N
2006 = A N CH;
7 | e
4 NN,
e H
Sutent® o= ’ /
o= N (0
H & 3
* Sintetizado, em 1999, pela Pfizer
 Patente de 2001 (US) @

s 50 mg / 28 caps ca. R$ 20.837,90
@

« Inibidor BCR-ABL Tyr-quinase

Vendas de tinibes no

» Indicado para Ca-estbmago/rim

mercado
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O que faz o sucesso de uma ec

J.H. van Dierendonck

What makes a successful team? John Whitfield looks at research that uses massive online

| databases and network analysis to come up with some rules of thumb for productive collaborations.
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