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' Quimica

Definicao & berco da Quimica Medicinal;
 Ainovacao tecnologica & farmacéutica; @
* O processo de drug discovery e a interdisciplinaridade;
e Os farmacos e o prémio Nobel;

 Exemplos de importantes inova¢oes farmacéuticas:
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AAS, penicilina, atorvastatina & imatinibe;
e (Os farmacos do século 21;
* Exemplo “de casa” LASSBio/ICB-UFRJ & INCT-INOFAR:

LASSBio-1819; é R ot |
ASSBIO =,

* Consideracgoes finais.
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[8]:YNYel- Subcommittee Medicinal Chemistry
& Drug Development

Definicao: Quimica ¢ a

Pure and disciplina que estuda os aspectos relacionados
pplie

Chemistry \ . ~ ’
a descoberta ou invencao dos farmacos, 0S

aspectos moleculares envolvidos em seu

&
o,
f [ ] ~N
‘ mecanismo de acao e aqueles que governam a

absorcao, distribuicao, metabolismo, eliminacao
Quimica toxicidade (ADMET), incluindo a compreensao
da relacao entre a estrutura quimica e a

atividade terapéutica (REA ou SAR).

Pure & Appl. Chem., Vol 70, No. &, pp. 1123-1143, 1938,
Printed in Great Britain,
D 1858 IUPAC

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



.O berco da Quimica Medlcmal

1872-1949

1911- Laborat0|re de Ch|m|e Therapeuthue
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Prémio Nobel de

' Théreze Tréfoud (1892 1978) Fisiologia/Medicina

Germaine Benoit (1901-1983) 1957
FedencoIVWU(1903 1947) ,
__ , Sulfonamiaas,
Daniel Bovet L , .
1907-1992 * anti-histaminicos.

*Farmacéutico suico Cu rare: SAR

Doutor A.c. UFR]

J-P Fourneau, « Ernest Fourneau foundateur de la Chimie Pharmaceutique
francaise », Revue de I Histoire de la Pharmacie, t. XXXIV, n° 275, 335-355



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

Universidade Federal do Rio de Janeiro * )

WILEY

CEO of iDDPartners, US

| XXl Escola de Verdao em Quimica Farmacéutica Medicinal
(LASSBio/ICB-UFRJ, 2016)
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A gestdao da inovacdo na
industria farmacéutica atual

Inovacao = criatividade
“armaceutical

Terceirizacdo |Plataformas

Start-ups especificas
Identificacdo e 59“"905 O i el
validacdo de e it
novos alvos

Novo Farmaco

: Fessnal
Parcerias O gl Externa

Qualificado - -
- esta
ICT's . Interna ‘T ﬂMErcadn \
r
Empresa | Dossié
O regulatdrio

‘. -

HENRY [HESBREILIEH

Aliancas S
otimizacdo de Fase Pré-clinica O ;-5; L

Identlflcagao g

INNOUATION

O OCIP's " Famechnology
Novas empresas Publicacdes et e
\_/l Dindmica  Novos modelos

Outras empresas .Frntegﬁn Contratos orpanizacional 9 gestdo
intelectual g

Associacbes Consorcios

Agéncias |novos protétipos

Colaboracdo Universidades




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



0 processo de drug discovery

Solubility optimization
Binding kinetics Drug-target

Binding affinity residence time
Biochemical & cellular assays

Structure-based el o .
Ligand-based °'°% 9€S18 Chemical libraries

: 49 . - maw
Labaratério de Avaliogdo  Sintese de Substdncios Biotivas o(ée‘ Enzymes ChEI‘ﬂICEIl intuition

Target selection ;\C‘\ , GPCR Molecular docking

o’ Q UIIMNICA Reversedocking

Pharmacophoric units Chemical intuition | 1€Xible docking
: Molecular dynamics

Universidade Federal do Rio de Janeiro * )

Pharmacophoric map | N
c. 5 Metabolic studies
O - - - - - - -

2, Hit identification Molecular design Privileged structure

‘9‘%. Small-molecule Bioisosterism Fragment-based
?«j‘_ Medicinal organic synthesis Privileged scaffold
¢ Pharmacokinetics Druggability -\<‘¢°
090' Acute toxicity ADME PK-PD ~<\OQ
‘0,:;\0 In vitro screening systems o\z>
"@0’ MoA Efficacy »

Lead optimization
Safety



> Arthur Kornberg

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

A e b"‘-’" " “Much of life can be understood in rational terms if
1 piierlieadls 1 expressed in the language of chemistry... the

historical roots of C chemistr 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...

iterdisciplinaridagde:ss.ss
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T 5 Inside
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e Science 2005, 509, 728
(Jeffrey Mervis)
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Quimica :

doctoral fraining centre suesess  natural products DNA repair

Cancen)henotyplc Screening.__ nelroscience PEYCOSSheart fare

computatlonal chemistry Iqrj[gunfrloqv”anot%n-mloqym e o
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CAS contém 116 milhdes de substancias quimicas 001




Emil Fischer
Sune K Bergstrom
George Hitchings

Ernest B Chain

Alexander Fleming Edwin G Krebs
Robert J. Lefkow1tz Howard W. Florey

Martin Karplus
Gertruds b iion

James W Black
Bengt I Samuelsson

- A . Edmond H Fischer
Dorothy C Hodgkln Arich Warshel Michael Levitt
Robert Robinson brian K Kobilka
Gerhard Domagk 2015




Penicilina

Sune K. Bergstrom

(1916-2004) John R. Vane
(1927-2004)

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

1982

Acido
acetilsalicilico
OH
Bengt I. Samuelsson o 1964 |4 )
(1934- ) AAS S¢ 7] Alexander Fleming
)\ Dorothy C. Hodgkin 1881-1955
C9H8()4
o CHs 1910-1994



) 17
Heinrich Wieland Adolf Windaus

1877-1957 1876-1959

HMGCoAR

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

HO, . - HO i
N e T ey
\ Hacl\.\l H_{:t st
John Cornforth ™. -H g0 5= L OH
\ - 4 H T
1975 SCoA SCoA
P~ Ring
Konrad Bloch at HMG CoA HMG Cod Mevaldyl CoA transition
1912-2000 Feodor Lynen Reductase inhibitar state intermediat e

A.Endo, J Med Chem

1985, 28, 1 DUD
2 I D : D
Albert Lasker Award

Joseph L Goldstein Michael S Brown ~ for Clinical ) u o
University of Texas, Dallas Medical Research, 2008 Daiichi-Sankyo mevilonina

* A Endo, A gift from nature: the birth of the statins, Nature Medicine 2008, 74, 1050

Akira Endo




A descoberta das estatinas

HO N

*

CO,H

J. Med. Chem. 1986, 29, 849

0
€29 MERCK

WOH

g

(o}
/\)’I\ * /
v HsC
H,C ¢ 3
: HyC”  CHy CH, ch,
CH, CH3
decalina decalina o 4lcool alilico decalina
HsC" HO
compactina simvastatina - pravastatina
1976 1986 u 1988

Universidade Federal do Rio de Janeiro *

pirimidina NW%N
N.__CHjs

O NS HCT N
| _ N-metilsulfonilamina OO0

\
@ atorvastatina AstraZenecaZ’ oy vastatina
1991 2004

“...In 2009, statins were used to treat ca. 30 milllion people.”
PS Anderson, Reflexions on medicinal chemistry at Merck, West Point, Annu Rept Med Chem 2012, 47, 3

pitavastatina
2009
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Qu Bjomolecular Chemistry

The total synthesis of calcium atorvastatint

Bruce D. ROth G Citethis Org Biomol Chem., 2016, Luiz C. Dias,* Adriano S. Vieira® and Eliezer J. Barreiro®

14,2291
12013 SCI Perkin Me __
Recsived 12th December 2015 A practical and corvergent asymmetric route to calcium atonastatin (1) s reported. The synthesis of
Accepted 29th December 2015 a
B.D. ROth, Progr Med calcium atorvagtatin (1) was performed using the remote 15-anti asymmetric induction in the boron

" DOI:10.1039/c50b02546
B. D. Roth, et al,, J. Med

wwwree orglobe

Total de Vendas =

mediated aldol reaction of fi-alkoxy methylketone (4) with pymolic aldehyde (3) as a key step. Calcium
atorvastatin was obtained from aldehyde (3) after 6 geps, with a 41% overall yield

tTTT O TT P TT T TT \NT T TT7

Q3. US$ 150 bllhoes (1991- ZO’I’I)
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Edwin G Krebs
(1918 —2009)

Edited by Bert Kiebl, Gerhard Maller, PWILEY-VCH

and Michael Hamacher

Protein Kinases
as Drug Targets

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

Volume 45

Series Editors:
& Mannhald,
H. Kby,
G, Folikers

kinoma
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K Nawaz, RM Webster, The non-small-cell lung cancer drug market Nature Rev. Drug Discov. 2016, 15, 229;
S. Aggarwal, Targeted cancer therapies, Nature Rev. Drug Discov. 2010, 9, 427; P. Cohen, Timeline: Protein
kinases — the major drug targets of the twenty-first century? Nature Rev. Drug Discov. 2002, 1, 309.



EJ Barreiro et al., Chem. Rev. 2011, 111, 5215-46 ~
Novo padrao Estrutura cristalina

molecular da Abl cinase

Universidade Federal do Rio de Janeiro [&7)

Abril 1992
@) tyrosine-kinase
inhibitor
. )
Gleevec’ ., 1988 — Nicholas Lydon, Brian J. Druker
L & Charles L Sawyers &
e o ro e 1995 - Compound STI571 ++
uimica
ﬁ@z‘?g?)”b@ O 2001 — Imatinib (GleevecR, Novartis)[link]
_ N WW: USS ca. 5.1 bi (2014)
% L. erapeutic
& B ..h R /NQ ®
jnnovation yc -
Ciba-Geigy : oo ‘
Leucémia mieloide (/) NOVARTIS 2l B scmc:
P + | 5
cronica - Nicholas B. Lydon Brian J. Druker* Charles L. Sawyers**
(CML) Blueprint Medicines Inc* Blueprint Medicines Inc  Blueprint Medicines Inc

& 2009 - Lasker Foundation Clinical Award (J. Clin. Invest. 2009, 119, 2863)
* B. J. Druker has been awarded with the 2012 Japan Prize in Healthcare and Medical Technology;
** C. L. Sawyers 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

Universidade Federal do Rio de Janeiro [&7)

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



Recente Inovacao em Farmacos

1998 — Pharmasset Inc., New Jersey, EUA

medicinal chemistr

School of Medlcine

' Professor Raymond F. Schinazi
& Professor Dennis C. Liotta

Department of Chemistry

Universidade Federal do Rio de Janeiro [&7)

Sofosbuwr 0

O

HN

Pharmasset Co.

O < USS 300 milhGes para
desenvolvimento

O

\/O

(sofoshuyir) Tablets

¥J GILEAD

Gilead Sciences

Fundada em 1987, Foster City,
Califérnia, EUA
Compra a Pharmasset Co.

em novembro de 2011

/& 2013  porusS 11,2 bllhoes

Sovaldi”

400 mg

—

OH F 72072-5 BLOCKBUSTER DRUG

ANVISA: 30 de mar de 2015

USS 20,7 billion




Recente Inovacao em Farmacos,

contribuicao da academia

TOP 10 PRODUCTS
ESTIMATED 2015 o5 cHANGE

Universidade Federal do Rio de Janeiro * )

DRUG NAME TYPE MARKETER INDICATION  SALE ($BILLIONS) FROM 2014
Humira Antibody AbbVie, Eisai Inflammation 14.2 13
Ledipasvir/sofosbuvr — Small molecule  Gilead Sciences Hepatitis C 13.9 554
Enbrel Protein Amgen, Pfizer, Takeda Inflammation 87 -2
Remicade Antibody Janssen, Merck &Co. Inflammation 83 -10
Rituxan Antibody Roche Cancer 70 3
Lantus Peptide Sanofi Diabetes 6.9 2
Avastin Antibody Roche, Chugai Cancer 6.6 4
Herceptin Antibody Roche Cancer 6.5 5
Sitagliptin Small molecule  Merck & Co. Diabetes 6.2 3
fluticasonel/salmeteral omall molecule  GlaxoSmithKline Asthma 5.7 -11

NOTE: Fareign currencies converted at current exchange rates.

SOURCES: Company data, stock analysts, and C&EN estimates CSEN 2015, Dec 07, 14

O mercado farmacéutico mundial em 2015; US$ 921 bi



= Laboratério de Avalingno e Sintese de Substincios Bioativas

iwersitaria, ilha do Fund3o,

Rlo de Janeiro, RJ
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FARMACOS DO SECULO 21



Novo paradigma do século 21

“Multi-target paradigm for
innovative ligand identification”

Current
Drug Therapy

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.

B8 M L Bolognesi, A Cavalli, MultitargPit Drug Discov@ry and Polypharmacology, ChemMedChem 2016, 11, 1190; A Anighoro et al.,

28 Polypharmacology: challenges and opportunities in drug dsicovery, J. Med. Chem. 2014, 57, 7874; JL Medina-Franco et al. Shifting from
e2 ¥ the single to the multitargit 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; JR Morphy, CJ Harris, Eds., Designing multi-target drugs,
il RSC Publishing, 2012; E J Barreiro, C A M Fraga, NEw insights for multifactorial dis®as@s th@rapy..., Curr Drug Therapy 2008, 3, 1; K

B Strebhardt, A Ullrich, Paul Ehrlich's magic bullet concept: 100 years of progress. Nat Rev Cancer 2008, 8, 473.
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Pharmacophoric Pharmacophoric combination
units | Medicinal

"Rational design of multi target ligand

Chemistry
Strategies

Chemical
intuition

DD

—_—
CALD

Molecular
Hybridization

A+B C+D
AB-receptors
l l medicina| chemistry l P

recognition
A-receptor B-receptor g
recognition  recognition lipophilic
modulatory
Molecular

Dual candidates

fragment

Current

Medicinal

S0 C Viegas-Jr, A Danuello, VS Bolzani, E J Barreiro,
=4 CAM Fraga, Molecular Hybridization: A useful tool in the design

B of new drug prototypes, Curr. Med. Chem. 2007, 14, 1829

Congeneric

- series

21th Century

/Master\
Key
for

Multiple

~ Iocks‘
I




aald prototipos de farmacos multialvos

Doencas multifatoriais ndo-transmissiveis cronico-degenerativas

LASSBio-1504
. CB. LASSBio-881
LASSBio-468 2

LASSBio-897  |AsSBio-596 L~ o LASSBio-1141
LASSBio-785

LASSBio-294
Bio

PDE-4

A 4 Labaratério de Rvaliagho ¢ Sintase de Substancios Bioativas
2A F

Universidade Federal do Rio de Janeiro [&7)

LASSBio-1135

™, | Otimizagdo do protétipo

LASSBio-1359
LASSBio-1594

, LASSBi0-998 }
TK's p33

LASSBio-1524

LASSBio-1819

European journal of Medicinal Chemistry 71 (2014) 1-14

LASSBio-1829

Chimeric receptor model

Quimica



Dual Ligand Design

Ligand for target-1:{VEGFR-2 Ligand for target-2

H3C ’<
T|vozan|be OCH,

C,,H,sCIN,O, OCH, Gefitinibe
C,,H,,CIFN,O,

Universidade Federal do Rio de Janeiro * )

VEGFR-1=30 nM

VEGFR-2 = 6,5 nM EGFR =33 nM
VEGFR-3 = 15 nM 2003
VEGFR tyrosine kinase inhibitor _ Originalicade

2016 w ‘

Dissecacao Molecular: identificacao de fragmentos farmacoforicos




Connecting the pharmacophoric fragments

/(’4}/“
e N o
OCH,
r:n:H3 | N

OCH, NN
tivozanib ! ] CI gefitinib
VECF Rinker X EGFR

NN ——
quinazolinyl

Molecular hybridization
J

h
reteroarlt

diaryl-amine

VEGFR | New dual ligand |=— EGFR




Molecular design of new dual kinase inhibitor
% & From molecular docking studies
Bio
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;_‘8 in;r&ractiuns - spacer ,H bond doner map
I * (H bond acceptur:l '
E LEUT792 :5
-
E / 0 _/T drofobi ‘H a”’
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interactions spacer ,H bond donor
EGFR '~ (H bond acﬁeptur} .
PHE918 .'._
X-ray structure i y 'IH
- Hydrofobic : 0
 § i interactions J |""'5':hI 046
H LEU1035 o
JF-- H
4 o N sH
v R . - Fncked struciers ( O CYS919

VEGFR-2



Buchwald-Hartwig coupling l
SO,NH,
f o
H>N

H,CO

Universidade Federal do Rio de Janeiro )
-

Althuis & Hess, 1977 toluene, 90°C, 1h L ASSBio-1814
CONH, %%
HN
73% - i)
% H3CO
A
HsCO NN N

/)\

/, ~ H;CO N~ cl

e s g G A LASSBio-1816

LASSBio-1819

HN
NN H,CO N Bioisosterism
tBuONa/tBuOH>
H;CO N Cl /)\
Pd(OAc)./XPhos  H,CO N cl

A\ //0
N
H

High overall yield; accessible starting material; scaleable-up




»
A

Binding assay of the congenere series
‘l ”' Molecular o

-
homologation

Dual
| Inhibitors
| | N Dual
Quimica Bioisosterism  LassBio-1816 N
Medicinal LASSBio-1814 EGFR Gz = 1,63 i o\\s/<° /[S\
; ‘ . . . — N‘
< EGFR: ICg = 2,37 uM VEGFR-Z: ICy = 0,85 pM /@/ N

VEGFR-2: ICs =1,02 pM HN
N
cI) N)\CI

LASSBio-1630
EGFRwt: IC, = 9,70 pM

N
P VEGFR-2: IC55 = 7,79 uM
H’,l\m 50
B @ LASSBio-1819 ca. 16 new compounds
s U%%\éfﬁé[g@ EGFR: IC5 = 0,90 uM in the congenere series
..,yfi-“ VEGFR-2: ICs; = 1,17 M




carboxamide
I

Isosteric O vz Oiptintiestion far

Medicinal Chemists

replacement

y
y/ ‘ X
X

Dual

" Dual
ealc ;;E'Jchﬁm;iﬁtl’y HN
Dual kinase activity

EGFRwt IC., = 0,90 UM
VEGFR-2 IC,, = 1,17 pM

Dual C17Hy5CIN,O;

LASSBio-1819 Novel molecular
— pattern

M. L. C. Barbosa, Novos derivados quinazolinicos funcionalizados
inibidores duais das tirosina cinases receptoras EGFR & VEGFR-2,

Tese Dr, Instituto de Quimica, UFRJ, 2013. I.I__I@@@I] @@ﬁﬁmﬁzatﬁ@m




PEDIDO INTERNACIONAL PUBLICADO SOB O TRATADO DE COOPERACAO EM MATERIA DE PATENTES
(PCT)

(19) Organizacio Mundial da oy
Propricdade Intelcctual g 0 0 000
—

Secretaria Internacional . = :
(10) Namero de Publicagio Internacional

L. . —
(43) Data de Publicaciio Internacional w—
31 de Julho de 2014 (31.07.2014) WIPOQ I PCT WO 2014/113859 Al

(54) Title : 2-CHLORO-4-ANILINO-QUINAZOLINE COMPOUNDS INHIBITING PROTEN TYROSINE KINASES, PHARMACEUTICAL
COMPOSITIONS COMPRISING THE SAME, METHOD FOR PRODUCING THE SAME AND TYROSINE KINASE INHIBITION METHOD

(54) Titulp D COMPUSTUS 2-CLORO-G-ANILINO-OUINALCOLINICUYS INIBIDORES - DE I’I{U'l'LiNAH‘ TIRCKSINA S UINASES,
COMPOSICOES FARMACEUTICAS COMPREENDENDO 03 MESMOS. PROCESSO PARA SUA PRODUCAO E METODD PARA

INIBICAQ DE TIROSINA CINASES
(57) Abstract : The present invention relates to 2-chlorg-4-aniling-guinazoline

- g | P derivatives with EGFR and/or VEGFR-2 protein tyrosine kinase inhibiting activity,
i . a .oa . .
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