é i ai i - \ Universidade Federal de Ciéncias da Saude de Porto Alegre (UFCSPA) - 12 de setembro de 2017
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II Jornada Académica de Quimica Medicinal

Experiéncia da Quimica é :
Medicinal no Brasil: Qio

Laboratério de Rvalingtio ¢ Sintese de Substdncios Bioativas

LASSBio/ICB-UFRJ ~ ~===

Eliezer J. Barreiro

ejbarreiro@ccsdecania.ufrj.br

Professor Titular

Fundador & Coordenador Cientifico do
Laboratério de Avaliacéo e Sintese de
Substancias Bioativas - LASSBio
Instituto de Ciéncias Biomédicas - ICB

www.lassbio.icb.ufrj.br

Instituto Nacional de Ciéncia e Tecnologia
de Farmacos & Medicamentos — INCT-INOFAR

www.inct-inofar.ccs.ufrj.br
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Esta narrativa sera sobre a Quimica Medicinal, na perspectiva do
LASSBio do ICB da UFRJ, criado e coordenado pelo apresentador.

eliezer © 2017
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igbe o Sintese de Sebstbacos Biootives

Definicao
ELIEZER J.

BARREIRD
CARLOS ALBERTO MANSSOUR

FRAGA P
e

QUIMICA

MEDICINAL

AS BASES MOLECULARES DA ACAD DOS

; s *~
YA -

2]

e ‘\\ ‘?’:-: '5

Quimica

FARMACOS

i

Quimica

Estuda os fatores moleculares

relacionados ao modo de acao
dos farmacos, incluindo a
compreensao da relacao entre
a estrutura quimica e a
atividade (SAR), além das
propriedades que governam
sua absorcao, distribuicao,
metabolismo, eliminacao
(ADME) e toxicidade.
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5 A Quimica Medicinal

H Quim. Nova, Vol. 40, No. 6, 694-700, 2017

El

_ ... = AEVOLUGAO DA QUIMICA MEDICINAL NO BRASIL: AVANCOS NOS 40 ANOS DA SOCIEDADE BRASILEIRA
DE QUIMICA*

Antonia Tavares do Amaral®, Carolina Horta Andrade®, Arthur E. Kimmerlk® ¢ Rafael V. C. Guido®*
Recebido em 02/04/2017; aceito em 29/05/2017

Medicinal Chemistry includes the imvention, discovery, design, identification, and interpretation of the molecular
mechanism of action of biclogically active compounds. In addition to the discovery of hicactive molecules
mvestigates drug metabolism and the relationships between chemical structure and biological activity.

In this anticle, we review the evolution of Medicinal Chemistry in Brazil dunng the last 40 years and evaluate the impact of the
Brazilian contributions in the intemational context.

Keywords: Medicingl Chemusiry; Brazil; Progress: Evolution Qu Ilmica Nova) 2017) 40) 694

http://dx.doi.org/10.21577/0100-4042.20170075
quimica nova
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Quimica

Emil Fischer (50)
B 1852-1919

The Nobel Prize in

Ernest Fourneau (39)*

Daniel Bovet (45)
l I 1907-1992

The Nobel Prize in
@g{) Physiology or Medicine
1952

Paul Ehrlich (54)

Chemistry
1902 B 18541015 57 Curare: SAR
The Nobel Prize in *Farmacéutico suigo
Physiology or Medicine Doutor /.c. UFRJ

_ 1908 O bergo da Quimica Medicinal
1911-Laboratoire de Chimie Therapeutique

Institute Pasteur (1887) Diretor: Emile Roux &]

*J-P Fourneau, « Ernest Fourneau foundateur de la Chimie Pharmaceutique
1872-1949 I l frangaise », Revue de [ Histoire de la Pharmacie, ne 275, 1987, 335-355.



Fase pre-clinica
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interdisciplinar Desenho de novas Bioensaios Estabilidade Agéncia
' substancias Escalonamento regulatoria
¥ Toxicidade cronica
medicinz chemistry
Fase clinica l

O processo de descoberta de farmacos (DD)
é complexo & interdisciplinar!

chamical
abarabony ke r\li:mr;lﬂ

cusmencemrw i e I
dmg .

Apecinlalie 5,1

m.:
h g mhmdrnhgd ex rmen § e b
B 5 ichemisbiry e ger - Eﬁ g 5..::'.;., . |
- -a:rsl. aom :i T
Novo farmaco § o spucies g e Fase 2 Fase 1
regulitﬂfiﬂ Seguranca Eficacia Tolerancia

Adaptado de JA Lombardino & JA Lowe lll, Nature Rev. Drug Discov. 2004, 3, 853
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Prémio Nobel, 1959 (

51) The Two Cultures: Chemistry and Biologyl

=
— Arthur Kornberg

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

At K‘ ' b”: - " “Much of life can be understood in rational terms if
& ur19? ; 20(?; 9 (#1) expressed in the language of chemistry... the

historical roots of chemistr Y and biol oqgy

— 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...

i j“‘{# |nterd|sc|pl|nar Biochemistry 1987, 26, 6888-6891
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én\m;g Disciplinas centrais na descoberta de farmacos

CHEMIST IN DRUG DISCOVERY —
THEN AND NOW

NATURE REVIEWS | DRI

THE ROLE OF THE MEDICINAL E’h

Joseph G, Lombardine™ and John A, Lowe IIT

“As a scientist involved at the very earliest stages
of drug discovery, the medicinal chemist.........
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The role of pharmacology in |
drug discovery

NATURE REVIEWS | DR DISCOVERY VOLUME 1 | MARCH 2002 | 237

Bertil B. Fredholm, William W. Fleming, Paul M. Vanhoutte and

Théophile Godfraind

“It is obvious that pharmacology is one of the most important
scientific disciplines that underpin research in drug discovery.”

Life depend on molecular interactions...
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Para avangar na descoberta de farmacos, Brasil
precisa fortalecer quimica medicinal

24 ge junho de 2015

Karina Toledo | Agéncia FAPESP — O Brasil tem um grande

potencial no que se refere & descoberta de novos medicamentos
contra doencas negligenciadas. Existem. no entanto, barreiras : : Shn
importantes a serem superadas, entre elas a falta de profissionais e de  Pesquisadores destacam em evento que pais tem ciéncia basica de alto

: : . § = ;i nivel na drea, mas faftam profissionais e estnutura experimental na Area
Infraestrutura experimental na area de quimica medicinal. de quimica medicinal (CNPEM divigagio)

Esta fol & avaliacio de diversos especialistas brasileiros e estrangeiros ouvidos pela Agéncia FAPESP durante a Sao Paulo School
of Advanced Science on Neglected Diseases Drug Discovery — Focus on Kinetoplastids

“A quimica medicinal precisa crescer e para isso € preciso preparar as novas geracbes” (Freitas Juniot)

htp://agencia.fapesp.br/para_avancar na descoberta de farmacos brasil precisa fortalecer quimica medicnal/’21403/
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Emil Fischer
Sune K Bergstrom
George Hitchings

Ernest B Chain

Universidade Federal do Rio de Janeiro |

Alexander Fleming _Edwin G Krebs
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James W ©Black

Bengt I Samuelsson

o gl B X MW 1 i1 ond H Fischer
Dorothy C Hodgkin Arieh Warshel

. . Michael Levitt
Robert Robinson Brian K Kobilka

Gerhard Domagk 2016
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Drug Discovery in an Academic Setting: Playing to the Strengths
Donna M. Hm}:n'&t

Department of Pharmaceutical Sciences, University of Pittsburgh, 712 Salk Hall, 3501 Terrace Street, Pittsburgh, Pennsylvania 15261,

United States
ACS Med. Chem. Lett. 2013, 4, 313

Inter-alia: S Mignani, S Huber, H Tomas, J Rodrigues,

J-P Majoral, Why and how have drug discovery e a ge
strategies in pharma changed? What are the new Without a dou bt, d

mindsets?, Drug Discov. Today 2016, 21, 239; . .
A Gautam, The changing model of big pharma: unive rSIty has d number
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impact of kgy trends, Drug Discov. Today 2.016, 21, Of unique Cha raCteriStiCS
379 ; M Alvim-Gaston et al. Open Innovation Drug .
Discovery (OIDD): A Potential Path to Novel that cou |d Contrlbute to
Therapeutic Chemical Space, Curr Top Med Chem 2014, - > .
14, 294; J M Abou-Gharbia, W E Childers, Discovery of making it an ideal
Innovative Therapeutics: Today’s Realities and Tomorrow’s -
Vision. 1.Criticisms Faced by the Pharmaceutical enV|r0ment Where drug
Industry, J. Med. Chem. 2013, 56, 5659; W L discovery & medicinal
Jorgensen, Challenges for Academic Drug Discovery, . . os
Angew. Chem. Int.Ed. 2012, 51,11680; S Frye et al., US chemistry activities can
Academic Drug Discovery, Nature Rev. Drug Discov. thriv @ ”
2011, 10, 409; CJ Tralau-Stewart et al., Drug eess
Discovery: New models for Industry-Academic
partnerships, Drug Discov. Today 2009, 14, 95;
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orotéria da AvolicsBo o intese de Sabatbacins Biootivs,

Contribuicao da Universidade a Inovacao em Farmacos

‘Chedicinal
Chemistry Letters) ™

g

2

g e

0 b

i e 1998 — Pharmasset Inc., New Jersey, EUA

I:E Y medicinal chémistry g

= ¢ , . .

'g ¥ PHARMASSET _ Professor Raymond F. Schinazi

i e & Professor Dennis C. Liotta

E f Medicine Department of Chemistry

& TOP 10 PRODUCTS

i

I ESTIMATED 2015 o; cHANGE

= DRUG NAME TYPE MARKETER INDICATION  SALE ($BILLIONS) FROM 2014

el 1 mira Antibody AbbVie, Eisai Inflammation 14.2 1=
Ledipasvir/sofosbuvir  Small molecule  Gilead Sciences Hepatitis C 13.9 hh4
Enbrel Protein Amgen, Pfizer, Takeda Inflammation 8.7 -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 66 4

Herceptin Antibody Roche Cancer 65 D
Sitagliptin small molecule  Merck & Co. Diabetes 6.2 3
fluticasone/salmeterol Small molecule  GlaxoSmithKline Asthma 2.7 -11

NOTE: Foreign currencies converted at current exchange rates,
SOURCES: Company data, stock analysts, and C&EN estimates

C&EN 2015, Dec 07, 14
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Cria em 19/04/1994 Laboratorio de Avalla a0 e Sintese de Substanc1as Bioativas
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Modelagem
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EJ Barreiro, As longas pernas do LASSBio, Rev. Virtual Quim. 2013, 5, 266-282 [link][link]

As Longas Pernas do Laboratorio de Avaliagao e Sintese de
Substancias Bioativas (LASSBio®;
http://www.farmacia.ufrj.br/lassbio): Historico e Perspectivas

Barreiro, E. J.

Universidade Federal do Rio de Janeiro }

Rev. Virtual Quim., 2013, 5 (2), 266-282. Data de publicacdo na Web: 19 de janeiro de 2013

http://www.uff.br/rvg

| Resumo

Este manuscrito € um relato historico da trajetoria d
Sintese de Substancias Bioativas - LASSBio®, localizado

de Farmacos da Faculdade de Farmacia da Universidade
sua criacao em 19 de abril de 1994 até o presente, narr
Coordenador Cientifico.

- | Palavras-chave: Laboratorio de Avaliacao e Sintese de Substancias Bioativas; LASSBio;
Quimica Medicinal.

http://lwww.lassbio.icb.ufrj.br/download/20anos album.pdf
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CompostoProtétipo

Laboratério de Avalingtio ¢ Sintese de Substdncias Bioativas

TOXICOLOGY
RESEARCH

toxicidace

cell assays
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Quimica
www.uff.br/rvq

O medicamento € instrumento essencial a preservagdo, manutencdo e promogdo da
Soude. O acesso ao medicamento representa um importante fator de inclusdo social
que depende da disponibilidade do farmaco — principio ativo contido no medicamento
e gque em 85% dos casos € de origem sintética. Neste cendrio, a importdncia do saber-
fazer farmacos € medicamentos passa a representar um componente estratégico para
o pleno exercicio do soberania de nosso Pois. A universalizocdo do acesso ao
medicomento, para o cumprimento do preceito de nossa Carta Magna de 1988,
guanto ao direito de todos os brasileiros e brasileiras a Saude, depende, mais do gue
possa parecer, deste componente.

1. Ainovacao em farmacos: O processo de planejamento racional

2. O principal paradigma da quimica medicinal moderna: A descoberta do composto-
protétipo

3. Novos compostos-prototipos descobertos no Laboratorio de Avaliagdo e Sintese de
Substancias Bioativas (LASSBio®)

®

Labamaturia cha Bz liazEen o Sintaicoda Subatamcing Dimsiiom

A Quimica Medicinal e o paradigma do composto-prototipo

Barreiro, E. J.*

Rev. Virtual Quim., 2009, 1 (1), 18-26. Data de publicacio na Web: 30 de Janeiro de 2009
http:/feerw.uff.br/rvg
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sbosobéria da AvolicgBe o Siatese ce Sabsténcies Biockivn:

SINTESE, AVALIACAO DAS PROPRIEDADES ANTIEDEMATOGENICAS E RELACAO ESTRUTURA-ATIVIDADE
DE DERIVADOS 5-ARILIDRAZONIL-N-FENIL PIRAZOLAS

r
Antonio C. C. Freitas , Eliezer J. Barreiro, Anibal de Lima Pereira qwmganma l"-h

Laboratério de Avaliaciio e Sintese de Substincias Bioativas (LASSBio)- UFR]
21941-270 - Rio de Janeiro - RJ

Edna F. R. Pereira ¢ Nuno A. Pereira

Departamento de Farmacologia Clinica ¢ Experimental - ICB - UFRJ

Quim Nova 1995, 18, 138.

Keywords: medicinal chemistry; hydrazonepyrazolic derivatives; antiedematogenic activity.
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Patent litt.
A medicinal chemistry
[ O’\
H,N
/ \ ; H3C Nﬂz
Yo P \ Molecular &\ hydrazone >
H Hybrldlzatlon R N
7 + N "‘M
-+ LASSBio-001
F, és’ .
CBS-1108 BW-755¢ \E/>
Sincholle, 1987 Blackam, 1988
1995 - Fr?itas et al. LASSBi0-002
LASSBio-011
Laboratério de Avalingdo ¢ Sinte wdeSblon!Q

*C Viegas-Jr, A Danuello, V S Bolzani, E J Barreiro, CAM Fraga, Molecular hybridization: a useful tool in the design of new
drugs prototypes, Curr Med Chem 2007, 14, 103



The genesis of NAH derivatives in LASSBio

weicinal chemistry , é&‘ﬂh NAH

Laberotérie de Rvoliagdo ¢ Sistese de Sebstdncios Bisotivas

Nitro-azole o N-acyhydrazone

@ New bioactive
scaffold

Diazoketone LASSBio-011 LASSBio-033

2, O !
e 7 E- Configuration *
N},—fk Y onfiguration * | - Structural
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nitroazole

Anti- Conformation *

No tautomere * p ro pe rt | es

« MRL Santos, MG Carvalho, R Braz F°, EJ Barreiro, 'H & 3C NMR of bioactive isochromanyl

20 acetylarylhydrazone derivatives, Magnetic Resonance Chem 1998, 36, 533.



fn\ssmo LASSBio-294, a new cardioactive drug candidate

0
< Il Natural product
o CH,
| w safrole ji\
H 2}3‘0!0

Samuel Chackalamannil, David Rotella, Simon Ward Labaratério de Avaliogdo ¢ Sintese de Substéncios Bioativas

(@

pyridazinone

Comprehensive Medicinal .
Classical ring
Chemistry 111 bioisosterism

Universidade Federal do Rio de Janeiro

VOLUME 1: GENERAL PERSPECTIVE - THE FUTURE OF DRUG DISCOVERY

1.07  Beyond Bioisosterism: New Concepts in Drug Discovery 186
L M Lima and E ] Barreiro

Yl i-
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LASSBio-294
Inotropic & vasodilator

21



1.03/02 pjneronal (heliotropin
é&:.io AcOH P ( Pin)

< KOH aq < i 10°C o) X%
H, tBuOH 2. Zn/AcOH <0

Safrole Isosafrole

MEF Lima & EJ Barrelro, J. Pharm. Sci. 1992, 81, 1219
éa\ssnio . . 0 Key-intermediate

Hydrazinolysis
l,, KOH, MeOH
2 < N2H4, H20 < NHNH2
Yamada oxidation EtOH Hydrazide

Methyl ester

Q S S CHO
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LASSBio-897 CHO
\/Q i \/Q
cho3 <
CH3
LASSBio-785 LASSBio-294

PC Lima, LM Lima, KCM da Silva, PHO Léda, ALP Miranda, CAM Fraga, EJ Barreiro, Synthesis and analgesic activity
of novel N-acylarylhydrazones and isosters, derived from natural safrole, Eur. J. Med. Chem. 2000, 35, 187.




WICRISTALIA

Cristalia Produtos Quimicos e Farmacéuticos,

5,0 kg - 18,2 M Complexo Industrial de Itapira

Itapira, S.P., Brazil

23



LASSBi0-294, metabolism studies

B. bassiana ATCC 7159

(o) \ )
| LaBioCon
/N NS Beauveria bassiana
N S s
I > \
H ATCC 7159 o0

Oral administration

. CYP1A2
£ \: 3 N #ﬂ B“
~ a F Laboratsrio de Avaliagho ¢ Sintese de Substincias Biootivas
Yl i 7\ -
4 N Prof . V Oliveira
HO NS
N/ S Prof . C H Andrade
NCT II:. -.I. LS | il i | PrOf. RC Alves
E-ﬂg de Farmweos ¢ Medicamentos Ho H PrOf' A G Fraga
S gl R Microsomes & Prof. LM Lima

h-recombinants CYPs

24

E. O. Carneiro, C. H. Andrade, R. C. Braga, et al., Structure-based prediction and biosynthesis of the major mammalian
metabolite of the cardioactive prototype LASSBio-294, Bioorg. Med. Chem. Lett.. 2010, 20, 3734; R. C. Braga et al.,
Determination of cardiactive prototype LASSBio-294 and its metabolites in dog plasma by LC-MS/MS: application for a
pharmacokinetic studies, J. Pharm. Biomed. Analysis. 2011, 55, 1024; A. G. M. Fraga et al., CYP1A2-mediated
biotransformation of cardioactive 2-thienylidene-3,4-methylenedioxybenzoylhydrazine (LASSBi0-294) by rat liver microsomes
and human recombinant CYP enzymes, Eur. J. Med. Chem. 2011, 46, 349.
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Toxicological studies

v Acute and subacute systemic toxicity was investigated in rats
by two routes of administration, po and ip at the doses of 1000
uM/kg & 73 uM/kg, respectively (ip twice/day during 15 days:
ca. 100 fold larger than ED., in vivo). Toxicity was investigated
in Beagles in chronical conditions, without toxic signals.

B ySBI0-,
The compound has no lethal effect,

does not promote lethargy neither No neurotoxic effects

reduce the motility, or alter the w
weight of animals. of hippocampal neurons

It does not cause changes in the uM of LASSBio-294.

25

‘ of mice treated with 500

blood cell count, hematocrit, or The compound promotes
alter the tax of glucose, urea, TGO, neuroprotective effect in

TGP, creatinine. mice CNS cells at larger
doses.

It does not change

histopathologically vital organs, /
such as liver, lung, CNS. éé;smg




. A new cardioactive
Bio-294 Lead-compound

‘ Thienylhydrazone with
LssseLs C13H 10N203S digitalis-like properties

PM 274 (positive inotropic effects)
CAS #314021-07-3

* US Patent US7091238 15/08/2006
* European Patent WO-0078754
Preclinical accomplished

JR Azevedo et al., Solubility of a New Cardioactive Prototype Drug in lonic Liquids, J. Chem. Eng. Data 2014, 59, 1766; CM Leal, et al.,
Antihypertensive profile of 2-thienyl-3,4-methylenedioxybenzoyl hydrazone is mediated by activation of the A, , adenosine receptor, Eur.
J. Med. Chem. 2012, 55; RC Braga et al., Combination of docking, molecular dynamics and quantum mechanical calculations for
metabolism prediction of 3,4-methylenedioxybenzoyl-2-thienylhydrazone, J. Mol. Model. 2012, 18, 2065; A G M Fraga et al., CYP1A2-
mediated biotransformation of cardioactive 2-thienylidene-3,4-methylene dioxybenzoylhydrazine (LASSBi0-294) by rat liver microsomes
& human recombinant CYP enzymes, Eur. J. Med. Chem. 2011, 46 349; RC Braga et al., Determination of the cardioactive prototype
LASSBi0-294 and its metabolites in dog plasma by LC-MS/MS: Application for a pharmacokinetic study, J. Pharm Biomed. Anal. 2011,
55,1024; DG Costa et al., LASSBi0-294, A Compound With Inotropic and Lusitropic Activity, Decreases Cardiac Remodeling and
Improves Ca2+ Influx Into Sarcoplasmic Reticulum After Myocardial Infarction, Am. J.Hypertension 2010, 23, 1220; L Pol-Fachin et al.,
Characterization of the conformational ensemble from bioactive N-acylhydrazone derivatives , J. Mol. Graphics & Modelling 2010, 28, 446
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Espacenet / Patent search

BR102012007619 (A2)

2014-08-12 de novos candidatos a
BRPI0705051 (A2) [¢armacos. 01 patente

Patent WO2012145808A1 concedida USPTO 3
WOO0078754 (A1)

Patent WO2016119031A8 BRPI1106472 (A2)

27 depositos de patenté)

Patent EP2184276A1

436020 (B2 _04-
US8436020 (B2) US2012323013 (A1) 2014-04-15
Patent CA2384525A1
US7091238 (B1) BR102013012646 (A2)
BR102015002132 (A2) 2016-08-09
2016-08-02 US2012232094 (A1)  BR102013026253 (A2)
2015-08-04
Patent WO2012054996A1 Js2008275105 (A1)
BR102013022402 (A2) Patent US 5728712 Application
2015-08-04 Number US/08/650672;
European Patent EP1532140; W02014019044 (A1)
WO0-0078754 2014-02-06 BRPI0711519 (A2)

NZ554392 (A) BRPI1004176 (A2)
BRPI0806985 (A2) 2010-02-26  2015-08-11
2010-09-21

W02006128268 (A1)



§smo LASSBio-294: Conformational behaviour

medicinal chemistry
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: LASSBio-294
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G12
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NAH derivatives are not neither amide, neither imine....

The bioactive class of
NAH derivatives was |,
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discovered in

m CAM Fraga, EJ Barreiro, Medicinal Chemistry of N-acylhydrazones: new lead-compounds
of analgesic, antiinflammatory& antithrombotuc drugs, Curr. Med. Chem. 2006, 13, 167.
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Professora Dra Gisele Zapata-Sudo (ICE-UFRJ)
August 28, 2017

PEIA OBRIGATORIA N° 29/2017 (Spax participantos = 22))|

| Pos-graduandos: X 08D/ X 04M = 12 |
PG - Doutoramento (X 08/08)

1. Daniel Alencar (CAPES) 5. Pedro de Sena Pinheiro

2. Julia Galyez B. Pedreirs 6. Fosana HCN Freitas (CAPES)
3. LmsEduardo Reina (CAPES) 7. Tiago Silva

4. Gisele Barbosa (CAPES) & Thayssa Tavares (CAFES)
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Programa da

[armacologia Programa de Pos Graduacao em Farmacologia e
R & Quimica Medicinal

29 de abnil de 2008

uims c_a » 0 Instituto de Ciéncias Biomédicas (ICB) da Universidade Federal do Rio de Janeiro mantém o Programa de
medicinal Pds-Graduagdo na modalidade stricto sensu que permite obter graus de Mestre e Doutor em Ciéncias
(Farmacologia @ Quimica Medicinal). 0s cursos de Mestrado e Doutorado sao reconhecidos pela CAPES com
conceito 4 e credenciados pelo Conselho Federal de Educagao, tendo paricipagdes significativas na
formagao de recursos humanos. O Mestrado e o Doutorado recebem alunos novos regularmente duas vezes

a0 ano, através de selegdes realizadas em fevereiro/margo ou julho/agosto.
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Unico programa de pés-graduacio (M/D)
com este perfil na América Latina!
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