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*** A inovacao tecnologica & farmacéutica;
¢ O processo da descoberta de farmacos

& a interdisciplinaridade; & ™
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*** Os farmacos e o prémio Nobel;
*** Importantes inovacoes farmacéuticas;

“* A experiéncia do é.,\;;m, - ICB/UFRJ;

Sum

¢ Finalizacao & Convites.



A InovacSo techoloaica

é o processo mais dinamico
da atividade industrial.
Este dinamismo é
acentuado na

inovacao farmacéutica

mais do que qualquer
outra, depende da
efetiva interacao entre

Ciéncia & 7ecnologia.

Wiley Series on Technologies for the
Pharmaceutical Industry

Collaborative Innovation
n O Discovery
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e Science 2005, 509, 728
(Jeffrey Mervis)
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Fase pré-clinica

interdisciplinar Desenho de novas Bioensaios Estabilidade Agéncia
: substincias Escalonamento regulatéria
Toxicidade crénica

Fase clinica l

O processo D2 é complexo & interdisciplinar...

Dossié Fase 3 Fase 2 Fase 1
regulatério Sequranga
Adaptado de JA Lombardino & JA Lowe lll, Nature Rev. Drug Discov. 2004, 3, 853

ANVISA
@ h Agéncia _

regulatéria

Movo farmaco

Eficacia Tolerancia



==
= Arthur Kornberg

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

i K-“ b"‘-’" " “Much of life can be understood in rational terms if
"thur Kornberg (41) expressed in the language of chemistry... the

historical roots of C hemistr Y and blOlog y

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...”
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Biochemistry 1987, 26, 6888-6891







O prémio Nobel
& 0s farmacos

Penicilina

el Aciclovir
4, 4
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The Nobel Prize
in Medicine & Physiology

AAS

Universidade Federal do Rio de Janciro |[&»7)

Sir Alexander Fleming (64)

(1881-1955)

Dorothy C. Hodgkin

(1910-1994) BN

John Vane (55)
(193172004)

Sune Bergstrom (66)

H (1916-2004) g o

The Nobel Prize E. Boris Chain (39)

in Medicine & Physiology [ BE= (1906-1979)
1945 R BlHoward W. Florey (47)

The Nobel Prize A (1898-1968)
in Chemistry

1964



' Burroughs Wellcome
(atual GSK)

Gertrude B Elion (70)
(1918-1999) =

Quimica

4

George Hitchings (83)
BE= (1905-1998)

R Ganellin

6-mercaptopurina,
azatioprina,
alopurinol, trimetoprim,

nelarabing James W. Black (64)
(1924 -2010 ) B4 Propranolol

Cimetidina (SK&F)
ICI

Universidade Federal do Rio de Janeiro * )

| e - ) i

Otto Loewi (63) Henry H. Dale (61) =
(1873-1961) E= (1875-1968) E = —

M Colvin, Gertrude Belle Elion (1918-1999), Science 1999, 1480; JL Marx,
The 1988 Nobel Prize for Physiology or Medicine, Science 1988, 242, 516.




Primeiro farmaco a atingir US$
1 bilhao em vendas ao ano

(1979)
T
S/\/ N N N
| CHs

JasnEtdétEdBT:ldra
CH3 Clmetldlna \ Damelaﬂedmcer

US 3950333 1974, 1976 _

. Brit. J. Pharmacol. 1975, 53, 435 A .
= importante terapéutica !
Quimica 1975 - SK&F

(Black, Ganellin,
Emmet & Durant)




Quimica
H3C imidazola y Medicina

H ‘ m | s N\ CH
W 2 N N g Y 3

N H3C\ furana l l
=
too

N
& Wg{gj\@ﬂ@\@gg Cimetidina H 3c/ Ranitidina

Robin Ganellin ez al., 1974 [ Barry J. Price et al., 1978
US 3950333 1974, 1976 - SK&F US 4128658 1978 - Allen & Hanburys

Brit. J. Pharmacol. 53, 435 (1975) Brit. J. Pharmacol. 66, 464 (1979)

@G.dm&nitl'mine

cimetidina
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Heinrich O Wieland (50)  Adolf Windaus (52)

B (1877-1957)

Konrad Bloch (53)
B (1912-2000)

Joseph L Goldstein

(1940)

University of Texas, Dallas

As estatinas: inovacao bilionaria

best-selling
pharmaceuticals

57

HMG-CoA Reductase
Inhibitors

colesterol

(1876-1959)

HMGCoAR

" - - HO. .~ HO
» g "N oo H'C‘T “C00 VT‘“‘CDD_
¥ | Ta OH R =7 L__OH
John Cornforth (58) < H SCOA :EEIA
v (1917-2013) Ring
\ > HMG CoA HMG CoA IMevaldyl CoA transition
< 1975 Reductase inhibitor state intermediate
Feodor Lynen (54) —
BN (1911-1979) 1976 HOW . -~._.-0
1985 () 17T
& Daiichi-Sankyo O e
had ! \ ' : lactona
LBL o | /\IA :
o
— Akira Endo v
J (1933)
(45) Michael S Brown (44) Albert Lasker Award —j peq/ chey  Mevinolina/
(1941) for Clinical Ccompactina
Medical Research, 2008 1985, 28, 1



D Metabolito de Fungo
AKkira Endo, Sankyo Co EStati nas

1975 - Mevastatina (ML-263b) Prototi po
A.Endo, J. Med. Chem. 1985, 28, 1;

A.Endo, J. Antibiot.

idem, Proc Jpn Acad SerB 2010, 86, 484 natural Similaridade Pe;z;;&; % ’c}z?r‘/!/?um
“ HO O molecular Idem, Ibid, 1979, 32 852
u Monascus ruber

(compactina)

Daiichi-Sankyo

v-lactona o
o)
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Compactina/

= Mevinolina
E O
CHs CH; o
+° €9 MERCK
5110015l :  Lovastatin (MK-803)
1980 - Merck & Co.
RT Aspergillus terreus

CH,

1987 - MS&D, Mevacorr
R=H

1992-Simvastatina R=CH,

THE STORY OF STATINS




HIMIGC oA 1976 -Arthur A. Patchett Ho
J. Med. Chem. 1986, 29, 849

Universidade Federal do Rio de Janeiro [&")

sANKYO
H
CH,
He™
Clayton H. Heathcock
1982 -Total synthesis
of compactin
(mevastatin)
Universidade da V%R’M.
Callfornla-Berkeley (ezenmfbeands:mvaitfgg) GSIMVASTATIN) 2008 - VitorynR

“...In 2009, statins were used to treat 30 milllion people.”
B M Silber, Science Transl Med 2010, 2, 1

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-heptanoico

1991 == 1997
HMGCo-AR ICs, = 8,2 NM :

Quimica
Biodisponibilidade = 12%

Warner-Lambert

Dfiror

Dr Bruce D Roth

2013 SCI Perkin Medal S%‘hé&%m 2005 — US$ 13 bl, 2011 - US$ 13,3 bl,
B. D. Roth, Progr. Med. Chem. 2002, 40, 1-22 Sintese: Ca 220 tOrleladaS/anO 7

Total de Vendas=>Us$ 150 bilhaes (1991-2011)



JERS Ato rva Stati Na Estudo de rotas de sintese,

sintetizada em 1985, por Bruce D. Roth, d Pa rtir de intemediarios
na Parke-Davis Warner-Lambert Co. e L

Patent US 5273995 Pfizer (1991) primarios de menor ,CL.JStOr

19 etapas; 5% rendimento de farmacos genéricos:

Professor Luiz Carlos Dias
& Dr Adriano Siqueira Vieira
1Q, UNICAMP

18 etapas; 19% rendimento; 5g escala

Universidade Federal do Rio de Janeiro [

. INPI Patente 018110015039, 2011

Luiz C. Dias, Adriano S. Vieira, Eliezer J. Barreiro Nova rota de sintese da atorvastatina
The total synthesis of calcium atorvastatin, & | calcica usando novos intermediarios.

Org. Biomol. Chem. 2016, 14, 2291
UNICAMP /UF R.Ié
n\ss SSBio

DOI: 10.1039/C50B02546)J

f,,_

INCT-INOFAR http://www.inct-inofar.ccs.ufrj.br/aar2012/index.html




Uma inovacao
os tinibes

“for their discovery of the cellular
origin of retroviral oncogenes”

J. Michael Bishop (53)

BEE= (1936)

Edited by Bert Klabl, Gerhard Maller, FPWILEY-VCH
and Michael Hamacher

Universidade Federal do Rio de Janciro |[&»7)

Protein Kinases
as Drug Targets

i . ( ﬂ (192:)) ( )

Quimica == (1918-2009)

!y NOVARTIS

2001

Nature Reviews Drug Discovery 2002, 1, 493-502



New molecular

i Mult-target drug 4 h erapeutic
= pattern o
: 2
" I
< N
v
;;a M high-throughput
< 1IN screening
T: Y CHs 2-phenylaminopyrimidine
< [ , e
5 () NOVARTIS tyrosine-kinase inhibitor
W
1 & womarinn :m
g gﬁmw 2001 1988 — Nicholas Lydon, Brian J. Druker
o b 00 & Charles L Sawyers &
ﬁ
[

(STI571)
WW: US$ ca. 5.1 bi (2014)

medicinal chémistiy

n % orint 1995 - Compound STI571 ++
. 2001 — Imatinib (GleevecR, Novartis)[link]
benzamide nm@{tmu[b) [Nature Rev Drug Discov 2002, 1, 493]

April 1992

/\rl\l Ciba-Geigy

\CH3

¥
0 EGON i
E/\LTH&SC]ENCE ‘ ‘ .
7 ‘,H\I,\I,u“:n 777777
- HHMI
A % h* HOWARD HUGHES MEDICAL INSTITUTE

chronic myelogenous

: ‘ : 2 f
leukemia L &) ' : N .
(CML) Nicholas B. Lydon Brian J. Druker Charles L. Sawyers
(Blueprint Medicines Inc) Blueprint Medicines Inc  Blueprint Medicines Inc

& 2009 - Lasker Foundation Clinical Award (J. Clin. Invest. 2009, 119, 2863)
* Has been awarded with the 2012 Japan Prize in Healthcare and Medical Technology;
** Was named in 2011, Thomson Reuters Citation Laureate in Medicine;




Hs

- / :‘ Tinibes*
ch \@ Leucemia mieloide crénica (CML)

N_ 2
CH;

“ NOVARTIS imatinibe /@\
2001 -
F 0 gefitinibe N N >
CH
(2003) ) NOVARTIS nilotinibe 3
Cl NH AstraZeneca

o 2006 =
N= “¢ CH
3
li" | o HN—/_ CH;

: B H e ) 250 mg N N
& |, erapeutic  [mEs | , B:H)L“ ~
i B o r . H N — N
I ovation osk, lapatinibe 3 N\ N
2007 N\Trth “\u.
S H
: OH
o 3
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H 7/ CH; Cl dasatinibe
NN 2007 |
CH3 ——
i_-‘i--..—..-

|
o
o
o
7 \
—
T
n’
&

@ sunitinibe | - =

2006 |== CF3 O
12/2012- ponatinibe (Iclusigf) CML @ %) Bayer sorafenibe
03/2015- pacritinibe JAK o 2007

08/2015- regorafenibe (StivargaF) coloretal
02/2016 — imatinibe genérico (US2/pill)

* Mercado mundial em 2014: USS 20,2 bi* * C. W. Lindsley, ACS Med. Chem. Lett. 2014, 5, 1066
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Farmacos do século 21

“Multi-target paradigm for

innovative ligand identification” NOVO paradig ii a

Doencas multifatoriais

O desenho racional de farmacos multi-alvos depende da capacidade de
se combinarem fragmentos moleculares farmacofdricos, capazes de
assegurarem o reconhecimento molecular pelos receptores envolvidos.

M L Bolognesi, A Cavalli, Multitarget Drug Discovery and Polypharmacology, ChemMedChem 2016, 11, 1190; A Anighoro et al.,
Polypharmacology: challenges and opportunities in drug dsicovery, J. Med. Chem. 2014, 57, 7874; 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; IR Morphy, CJ Harris, Eds., Designing multi-target drugs,
RSC Publishing, 2012; E J Barreiro, C A M Fraga, New insights for multifactorial diseases therapy..., Curr Drug Therapy 2008, 3, 1; K
Strebhardt, A Ullrich, Paul Ehrlich's magic bullet concept: 100 years of progress. Nat Rev Cancer 2008, 8, 473.




Novo inibidor dual de cinases
VEGFR / EGFR O ponblchonisy

LASSBIio-1819 .

C,7H,5CIN,O;, HN

H,CO
Etapas hierarquicas .Io

l Labaratério de RAvalingtie ¢ Sinkese do Substincdns Bioativas

Universidade Federal do Rio de Janeiro * )

s H;CO N CI
Dual

1. Mapa farmacoférico computacional (CAMD) para cada alvo: EGFR+VEGFR;
2. Desenho molecular de estruturas originais com melhor pontuacdo de encaixe
virtual (molecular docking); 3

: 4 Ensaios de binding numa plataforma de cinases;
>- Selecdo do melhor ligante; ¢ Patente; 7 Publicacdes / teses; 8 Otimizacdo do
ligante identificado;




| Lidia M. Lima, Maria Leticia C. Barbosa,
Stefan A. Laufer, Eliezer J. Barreiro

inibidor de VEGFR (TK)

ovo Inibidor dual de quinases

inibidor de EGFR (TK)

Lassaie

£
¥ ]
=
el CH
-L-,,” LASSBio / ICB-UFRJ, 2013 3 3-bromoanilina
‘§ uréia Br
\
aceptor-H
i |° H,CO
il Quimica \</k Jj\
5 A Z
I H;CO N” quinazolina
(S
_8 S doador-H )
o
g 5-metilisoxazola Tivozanibe PD-153035
M
iz
'

Laboratérie de Avaliangde ¢ Sintese de Swbsté (aceptor H Série
: 0\\ // /> 2-tiazola conganere
UNIVERSITAT ° bioisosterismo classico anilina/
quinazolina HN X doador-H Q I\> 2-tiazola
1 ~
-z N
Dual AN N
, | )\ doador-H
- - / \ / 0
Dual H,CO N~ cl

inibidor dual VEGFR & EGFR

simplificagao
molecular

N,

NH,

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; C Viegas Jr et al., Molecular Hybridization: an useful tool in the design of new drugs prototypes,
Curr. Med. Chem. 2007, 14, 103;




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

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

A laboratory of Evaluation and Synthesis of Bicactive Substances (LASSBio ), Federal Unive rsity of Rie de Janeiro, PO, Box 68024, 21944-971 Rio de Janeiro,
R, Brazil'
* & rod wate Program of Chemistry (PGQu), Chemisory Institute, Federal University of Rio de Janeiro, Rio de Janeiro, R]. Brazil
|  Depariment of Chemisiry, Federal Rural University of Rio de janeiro (UFRR]). Seropédica, Rf, Brazl
/%/ 4 ProQinase GmbH, Freiburg, Germany
® Department of PharmaceuticalMedicinal Che mistry, Institute of Pharmacy, Eberhard-Karls- University Tiibingen, Tiibingen, Cermany

_[-. | European Journal of Medicinal Chemistry 71 (2014) 1 14| 0
Quimica carboxamida
Medicinal NH>

&ssm TUEINGEN o
oy H " Dual activity )
l HsC0 IC5p (EGFR) =090 ptM

Novel molecular pattern E> IC5p (VEGFR) = 1,17 pM

with EGFR/VEGFR o - /
dual activity ! H3‘CD N Cl

LASSBio-1819

Depésito de patente no INPI MLC Barbosa, Novos derivados quinazolinicos funcionalizados
inibidores duais das tirosina cinases receptoras EGFR & VEGFR-2,

Tese de Doutorado, Instituto de Quimica, UFRJ, 2013.




(12) PEDIDD INTERNACIONAL PUBLICADO SOB O TRATADO DE COOFERACAQ EM MATERIA DE PATENTES
(mCT

(19) Organizagio Mundial da _—
Propricdade lntclectual % “I] mlmllfllll “|||][I [I Ilm Iﬂllﬂfl I“I
Secretaria Inlemacional = (10} Nimera de Publicacho Intermacional
{43} Dada d¢ Publicagio Internacional WO 2014/1138 Al
31 de Julho de 2004 (31.07.2014) | WIPO | PCT {} ﬂ 3 59
(51) Clasaiicacibo Internacional de Putentes - (72} laventeres : DE LACERDA BARREIRD, EBerer Jesus:
COTR 28008 | H006.0H ) A TP 2508 2006.00) Rua Haddeck Lobo, 33603, Estdeio, CEP-20206<130 Rio
ABIE ITARE (200500 ) de Janging - BRI (BR), DE CASTHO BARBOSA, Maria
. . Leticls: Mus Dulhles de Carvalh, 271502, Ipanema,
(21) Nimiro do Pedide Inkrnaclonal : — CEP.22081-000 Rio de Janciro - RJ (BR). MOREIRA

(2l} Dain do Depdsito Interneciooml -
24 dic Jancwro de 2004 (2400 2014)

(25} Lingus de Depdsito Intermaclonal : Portuginés
(26} Liogus de Publcugls : Portugals
(3 Dados Relativos & Priecidade ;
EXR L0 ) 3001 B0
24 de Jenging de 2005 (24,00, 2003) L]

(71} Requeresie : UNIVERSIDADE FEDERAL DO RIO
DE JANEIRO [BRBR], Av. Podes Calmon, 350 - Prédio
Besiona - 2° andar. lha do Fendio, CEP-21941-501 Eio
di Jawiso - R) (BR).

BR 102013 001809 0

LINMIA, Lidia; Hua Ambesiogs, 1606301, Poo da
Baswlcirs ([Tha do Govermnior), CEP21.921-320 Rio de
Japeiro = B (BR) LAUFER; Stefan; Andreas; Osto-Frhe-
Wep, B8, 72000 Tibingenbw (DEj, HARELLD DE
EAMT'ANNA, Caros Mewrkelo; Hua Juraci Comargn,
L300, Tha do Govemador, Bio de Jancieo (BR). TESCH,
Foberta; Bua Bio Prow, 100, Yila da Peoha, CEP-21210-
DY i e Juneino = B {HE)

Alandatirios : FEREIRA, Hlearde &1 ol.; Aglneia UFES
de Inovagio, Kua Hélio de Almesda s'n, Incubadora de
Fenpresas, Prédio?, Okl Universiiria, CEP-21941-972 Rin
die Jamearo=RJ {BR).

Estadios Deslgnados (sem inaicacds conirdra pars todos
o tipos de prodecdo maciomal existenses) @ AE, AL, AL,
AR, AL, AT, ALY A BRA, BEE, BOE, 130, BN, BR, I,

+ D¢

()

151}

a UNIVERSITAT
TUBINGEN #

Jan 2013




= 0Os medicamentos

oramguma (5

idade Federal do Rio de Janeiro [}

Univers

Sio molECHER # mudam o mundo!
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CONVITE
De

farmacos e
suaé

descobertas o

Pretende-se tralar de temas, -opinides, %
comentarios sobrée a Ciéncia dos Farmacos. O CH
3

seu uso seguro e beneficios. Aspectos da
formacé&o qualificada de universitéarios e pos-
graduandos nas Ciéncias dos Farmacos
também séo de interesse.

Um acetato famoso...

http://ejb-eliezer.blogspot.com

http://ejb-eliezer.blogspot.com




idade Federal do Rio de Janciro [

em Quimica Farmacéutica
e Medicinal

23-27 de janeiro de 2017
Inscrictes 01/09/2016

J

www.evqgfm.com.br
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