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Esta narrativa será sobre a Química Medicinal, na perspectiva do 
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studa os fatores moleculares
relacionados ao modo de ação
dos fármacos, incluindo a
compreensão da relação entre
a estrutura química e a
atividade (SAR), além das
propriedades que governam
sua absorção, distribuição,
metabolismo, eliminação
(ADME) e toxicidade.

Definição



A Química Medicinal

Divisão de Química Medicinal da SBQ

Divisão de Química Medicinal 
SBQ Facebook

DQM_SBQ Twitter
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*J-P Fourneau, « Ernest Fourneau foundateur de la Chimie Pharmaceutique 
française », Revue de l´Histoire de la Pharmacie, no 275, 1987, 335-355.

1911-Laboratoire de Chimie Thérapeutique
Institute Pasteur (1887) Diretor: Emile Roux

Curare: SAR
*Farmacêutico suiço
Doutor h.c. UFRJ

O berço da Química Medicinal



ANVISA

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

Adaptado de JA Lombardino & JA Lowe III, Nature Rev. Drug Discov. 2004, 3, 853



“Much of life can be understood in rational terms if
expressed in the language of chemistry... the 

historical roots of chemistry and biology
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...” 

Biochemistry 1987, 26, 6888-6891

Prêmio Nobel, 1959

Arthur Kornberg (41)
1918-2007

Interdisciplinar



Life depend on molecular interactions...

Disciplinas centrais na descoberta de fármacos





Alexander Fleming
Ernest B Chain

Howard W. Florey

John R Vane

Bengt I Samuelsson

Sune K Bergström

Robert Robinson 

James W Black

George Hitchings

Gertrude B Elion

Dorothy C Hodgkin

Emil Fischer 

Robert J. Lefkowitz

Brian K Kobilka
Gerhard Domagk

Edmond H Fischer

Edwin G Krebs

Martin Karplus

Michael LevittArieh Warshel

174 pesquisadores 
ganharam o Prêmio 
Nobel de Química 
desde 1901-2016

211 pesquisadores 
ganharam o Prêmio 
Nobel de Medicina 
desde 1901-2016



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
strategies in pharma changed? What are the new 

mindsets?, Drug Discov. Today 2016, 21, 239; 
A Gautam, The changing model of big pharma:

impact of key trends, Drug Discov. Today 2016, 21, 
379 ; M Alvim-Gaston et al. Open Innovation Drug 

Discovery (OIDD): A Potential Path to Novel 
Therapeutic Chemical Space, Curr Top Med Chem 2014,

14, 294; J M Abou-Gharbia, W E Childers, Discovery of 
Innovative Therapeutics: Today’s Realities and Tomorrow’s 

Vision. 1.Criticisms Faced by the Pharmaceutical 
Industry, J. Med. Chem. 2013, 56, 5659; W L 

Jorgensen, Challenges for Academic Drug Discovery,
Angew. Chem. Int.Ed. 2012, 51,11680; S Frye et al., US 

Academic Drug Discovery, Nature Rev. Drug Discov.
2011, 10, 409;  C J Tralau-Stewart et al., Drug 

Discovery:  New models for Industry-Academic 
partnerships, Drug Discov. Today 2009, 14, 95;



• 1998 – Pharmasset Inc., New Jersey, EUA

Sofosbuvir

Pharmasset Co.
< US$ 300 milhões para 

desenvolvimento

Compra a Pharmasset Co. 
em novembro de 2011
por US$ 11,2 bilhões 

Professor Raymond F. Schinazi
& Professor Dennis C. Liotta

ANVISA: 30 de mar de 2015 US$ 20,7 billion

Fundada em 1987, Foster City, 
Califórnia, EUA

Gilead Sciences

Contribuição da Universidade à Inovação em FármacosContribuição da Universidade à Inovação em Fármacos

School of Medicine Department of Chemistry



Criado em 19/04/1994

Cidade Universitária, ilha do Fundão,
Rio de Janeiro, RJ

Laboratório de Avaliação e Síntese de Substâncias Bioativas

Molecular
Modelagem

Bioensaios
Bioensaios



Quem somos?

LASSBio´s team, June, 2017.
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EJ Barreiro, As longas pernas do LASSBio, Rev. Virtual Quim. 2013, 5, 266-282 [link][link] 

http://www.lassbio.icb.ufrj.br/download/20anos_album.pdf
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LASSBio-001
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LASSBio-002
LASSBio-011

Molecular
Hybridization*

Patent litt.

Quim Nova 1995, 18, 138.

*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
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The genesis of NAH derivatives in LASSBio

Structural
properties

E- Configuration *

Anti- Conformation *

No tautomere *

LASSBio-011 LASSBio-033

Nitro-azole

• MRL Santos, MG Carvalho, R Bráz Fo, EJ Barreiro, 1H & 13C NMR of bioactive isochromanyl
acetylarylhydrazone derivatives, Magnetic Resonance Chem 1998, 36, 533.

New bioactive
scaffold

Diazoketone
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IC50 (PDE4) = 0.8 M

IC50 (PDE3) = 3.8 M
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LASSBio-294, a new cardioactive drug candidate

Classical ring
bioisosterismClassical ring

bioisosterism
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zardaverine

pyridazinone

LASSBio-294

Natural product

21 Inotropic & vasodilator
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MEF Lima & EJ Barreiro, J. Pharm. Sci. 1992, 81, 1219

I2, KOH, MeOH N2H4, H2O
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EtOH, HCl cat.
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LASSBio-897

E

ca. 56% overall
2,0 M escala

Synthesis

Safrole Isosafrole

Piperonal (heliotropin)

Yamada oxidation

Methyl ester

Hydrazide

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.

Key-intermediate

22

Hydrazinolysis



Scale-up of LASSBio-294

Cristália Produtos Químicos e Farmacêuticos,
Complexo Industrial de Itapira
Itapira, S.P., Brazil
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LASSBio-294, metabolism studies
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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 (LASSBio-294) by rat liver microsomes
and human recombinant CYP enzymes, Eur. J. Med. Chem. 2011, 46, 349.

Prof . V Oliveira 
Prof . C H Andrade
Prof.  R C Alves
Prof.  A G Fraga
Prof. L M Lima

B. bassiana ATCC 7159

Microsomes & 
h-recombinants CYPs
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Toxicological studies
Acute and subacute systemic toxicity was investigated in rats
by two routes of administration, po and ip at the doses of 1000
M/kg & 73 M/kg, respectively (ip twice/day during 15 days:
ca. 100 fold larger than ED50 in vivo). Toxicity was investigated
in Beagles in chronical conditions, without toxic signals.

No neurotoxic effects
were observed in cultures
of hippocampal neurons
of mice treated with 500
M of LASSBio-294.

The compound promotes
neuroprotective effect in
mice CNS cells at larger
doses.

The compound has no lethal effect,
does not promote lethargy neither
reduce the motility, or alter the
weight of animals.

It does not cause changes in the
blood cell count, hematocrit, or
alter the tax of glucose, urea, TGO,
TGP, creatinine.

It does not change
histopathologically vital organs,
such as liver, lung, CNS.25



* European Patent WO-0078754

A new cardioactive
Lead-compound

* US Patent US7091238  15/08/2006

Thienylhydrazone with 
digitalis-like properties 

(positive inotropic effects)
C13H10N2O3S

PM 274

JR Azevedo et al., Solubility of a New Cardioactive Prototype Drug in Ionic 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 A2A 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 (LASSBio-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
LASSBio-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., LASSBio-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

CAS # 314021-07-3 

Preclinical accomplished
A2A agonist

IC50 = 9,4 M

CEREP Diversity Profile 
(#Study 15180)

26



European Patent EP1532140; 
WO-0078754

Patent WO2012145808A1 

Patent WO2016119031A8 

Patent US 5728712 Application 
Number US/08/650672;

Patent WO2005112538A3 

Patent WO2012054996A1 

Patent CA2384525A1 

Patent EP2184276A1 

BR102013012646 (A2)
2016-08-09BR102015002132 (A2)

2016-08-02

BRPI1004176 (A2)
2015-08-11 

BR102013022402 (A2)
2015-08-04

BR102013001809 (A2)
2014-09-09 

BR102012007619 (A2)
2014-08-12

BRPI1106472 (A2)
2014-04-15

WO2014019044 (A1)
2014-02-06 

US2012323013 (A1)
US8436020 (B2)

WO2012145808 (A1)

US2012232094 (A1)

BRPI0806985 (A2)
2010-09-21 

NZ554392 (A)
2010-02-26 

BRPI0705051 (A2)

US2008275105 (A1)

US7091238 (B1)

WO0078754 (A1)

Espacenet / Patent search

BR102013026253 (A2)
2015-08-04

BRPI0711519 (A2)

WO2006128268 (A1)

27 depósitos de patente
de novos candidatos a 
fármacos. 01 patente 
concedida USPTO



FN Costa, F F Ferreira et al., Structure Re-determination of LASSBio-294 – a cardioactive compound of the NAH class using X-ray powder diffraction 
data, JCPDS-ICDD 2013, 28, S491; EB Marques et al., Int J Cardiol. 2015, 201, 28; GAP Silva et al., Braz J Med Biol Res 2013, 46, 263; G Zapata-Sudo et 
al., Am J Hypertens. 2010, 23, 135; AE Kummerle et al., Studies towards the identification of putative bioactive conformation of potent vasodilator 
arylidene N-acylhydrazone derivatives, Eur J Med Chem 2009, 49, 4004.

LASSBio-294
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LASSBio-294: Conformational behaviour

EJ Barreiro et al.,  The methylation effect in medicinal chemistry, Chem Rev. 2011, 111, 5215.
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“Molecular 
dissection”

CAM Fraga, EJ Barreiro, Medicinal Chemistry of N-Acylhydrazones: New Lead-Compounds of Analgesic, Antiinflammatory and
Antithrombotic Drugs, Curr. Med. Chem. 2006, 13, 167; RC Maia et al., N-Acylhydrazone Derivatives: A Patent Review, Exp. Op. Ther. 
Patents 2014, 24, 1161; D. D. Viveiros, PhD Thesis, Cell & Molecular Biology Programme, FIOCRUZ, Rio de Janeiro, RJ, 2014; P R 
Nasciutti, R Oliveira, E J Barreiro, Efeitos do LASSBio-897 sobre o sistema cardiovascular de cães hígidos da raça Beagle, Novas Edições 
Acadêmicas, 2016, ISBN 978-3-330-73277-3.29



NAH derivatives are not neither , neither ....

O
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H

CAM Fraga, EJ Barreiro, Medicinal Chemistry of N-acylhydrazones: new lead-compounds
of analgesic, antiinflammatory& antithrombotuc drugs, Curr. Med. Chem. 2006, 13, 167.30

The bioactive class of
NAH derivatives was

discovered in 



31

E J Barreiro, Chapter 1 : Privileged Scaffolds in Medicinal Chemistry: An Introduction, in Privileged
Scaffolds in Medicinal Chemistry: Design, Synthesis, Evaluation, 2015, pp. 1-15; CD Duarte, EJ
Barreiro, CAM Fraga, Privileged structures: a useful concept for the rational design of new lead drug
candidates, Mini Rev. Med. Chem. 2007, 7, 1108.



VScr

Uso de Quimiotecas em DD

Seleção alvo

Composto-hitHTS

10M

Coleção combinatória

In vitro

Seleção quimioteca

Ligante

Alvo-eleito

In vitro

Composto protótipo Síntese

IC50

Ki
PK

ADME

Tox

Virtual screening (VScr) 

In vivo

Brian K. Shoichet, Virtual screening of chemical libraries, Nature 2004, 432, 862–865. 

“H2L”

Docking molecular; modelo farmacofórico;
RMN; R-X; EM;

SBDD/LBDD
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h=25



Egressos do LASSBio no BR



Único programa de pós-graduação (M/D) 
com este perfil na América Latina!
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