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tautômeros

guanidina



Brian J. Druker*

1985 – Nicholas Lydon

1988 - Brian J. Druker & Charles L Sawyers&

1990 – Jurg Zimmermann

1995 - Composto STI571 ++

2001 – Imatinibe (GleevecR, Novartis)[link]

Nicholas B. Lydon Charles L. Sawyers**

Novo padrão
molecular

& 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;  

Blueprint Medicines Inc*

Leucemia mieloide

crônica
(CML)

Blueprint Medicines Inc

(STI571)

Blueprint Medicines Inc

Estrutura cristalina
da Abl cinase

High throughput screening

guanidina

http://www.nature.com/scitable/topicpage/gleevec-the-breakthrough-in-cancer-treatment-565
http://www.scivee.tv/node/10337
http://en.wikipedia.org/wiki/File:3CS9_Abl1_Nilotinib.png


2-aminopirimidina



L M Lima, M L C Barbosa,  D N Amaral, E J Barreiro, Case study on receptor tyrosine kinases EGFR, VEGFR and PDGFR, em
Proteinkinase inhibitors, AS Laufer Ed., Top Med Chem 2021, 36, 155, Springer Nature SW AG 2020 
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Carbono espiro
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Baixa solubilidade e soft-spots metabólicos

Tyr931
(JAK2)
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2ª geração de Bcr-Abl –inibidores (CML)

2-aminotiazola
4-aminopirimidina

J Das et al., J. Med. Chem. 2006, 49, 6819 DOI: 10.1021/jm060727j

tautômeros

http://dx.doi.org/10.1021/jm060727j
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S R Alizadeh, S M Hashemi, Development and therapeutic potential of 2-aminothiazole derivatives in anticancer 
drug discovery, Med Chem Res, 2021 (Jan 15), 1; DOI: 10.1007/s00044-020-02686-2

10.1007/s00044-020-02686-2
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Tautômero

J. LombardinoLigação-H

intramolecular
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Z Pi et al, Bioorg Med Chem Lett 2013, 23, 4206
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otimização

J J Hynes et al, Bioorg Med Chem Lett 2008, 18, 1762
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J J Hynes et al, Bioorg Med Chem Lett 2008, 18, 1762
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FR de Sá Alves, EJ Barreiro, CA Fraga, Mini Rev. Med. Chem., 2009, 9, 782
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F R S Alves, E J Barreiro, C A M Fraga, From Nature to Drug Discovery: The Indole Scaffold as a ‘Privileged Structure, 
Mini-Reviews Med Chem 2009, 9, 82;
N Chadha, O Silakari, Indoles as therapeutics of interest in medicinal chemistry: Bird's eye view, Eur J Med Chem 2017, 
134, 159
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vemurafenibe

2011 - Daichi-Sankyo

Inibidor B-RafV600E

regioisômeros
melanoma

7-aza-indol
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Volume 13,  167-198, 2006

In this article we provide an overview on the medicinal chemistry of new
bioactive N-acylhydrazone (NAH) derivatives designed through the structural
optimization of N-arylhydrazone precursors, originally planned by molecular
hybridization of two known 5-lipoxygenase inhibitors, i.e. CBS-1108 and
BW-755c. The analgesic, antiedematogenic and platelet anti-aggregating
profile of several isosteric NAH compounds was investigated by using
classical in vivo and ex-vivo pharmacological assays, which allowed the
identification of new potent centrally and peripherically-acting analgesic
leads, new antiinflammatory agents and new antithrombotic prototypes.
During this study, dozens of active NAH compounds were discovered,
clarifying the structure-activity relationships for this series of derivatives
and indicating the pharmacophoric character of the N-acylhydrazone
moiety for its biological profile.

Carlos A.M. Fraga and Eliezer J. Barreiro

NAH as privileged strutures
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Comprehensive Medicinal Chemistry III, 3rd Edition, Elsevier, 2017.
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A gênese do LASSBio-294...
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ca. 56% rend. global 
2,0 M escala

A síntese

safrol isosafrol

piperonal

Oxidação
de Yamada

éster metílico
hidrazida

P. C. Lima et al.Synthesis and Non-addictive Analgesic Activity of Novel N-acylarylhydrazones and

Isosters, Derived from Natural Safrole, Eur. J. Med. Chem. 2000, 35, 187.
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LASSBio-294

Benzodioxola

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., Acylhydrazone

Derivatives: A Patent Review, Exp Op Ther Patents 2014, 24, 1161

5,0 Kg = 18,2 M

Rota sintética escalonável
Cristália Produtos Químicos e Farmacêuticos,
Complexo Industrial de Itapira
Itapira, S.P.



Metabolismo de LASSBio-294

* E. O. Carneiro et al., Structure-based prediction and biosynthesis of the major mammalian metabolite of the cardioactive prototype

LASSB io-294, Bioorg. Med. Chem. Lett., 20, 3734 (2010); 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, 55, 1024 (2011);
& 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., 46, 349-355 (2011)

Profa Valéria de Oliveira*
INCT-INOFAR
FF-UFG

B. bassiana ATCC 7159
& Beagles* 

Microssomas   
& CYPs recombinantes &

Profa Rosangela Alves*
INCT-INOFAR
EV-UFG



Toxicidade Aguda e Sub-aguda

✓A toxicidade sistêmica aguda e sub-aguda foi investigada em ratos, por
duas vias de administração, p.o. e i.p., nas doses de 1000 mM/kg e 73
mM/kg, respectivamente (i.p., administrando-se 2 vezes ao dia, durante
15 dias seguidos: ~ 100 vezes superior à ED50 in vivo).

Não se observaram efeitos

neurotóxicos em culturas

de neurônios hipocampais

de ratos, tratadas com

LASSBio-294 (500 mM).

Efeito neuroprotetor

foi observado em < doses.

Não tem efeito letal, não provoca

letargia, não reduz a motilidade,

nem altera o pêso dos animais.

Não provoca alterações na

contagem de células sanguíneas,

hematócrito, nem altera a taxa de

glicose, uréia, TGO, TGP,

creatinina.

Não altera histopatologicamente

orgãos vitais, tais como fígado,

pulmão, SNC.



R Tesch, CMR Sant’Anna, CAM Fraga, EJ Barreiro, resultados não publicados, 2012 

Receptores de 
Adenosina A2A

IC50= 9,5 µM

(PDB 3EML)

antagonist

LASSBio-294

Estudo do mecanismo de ação
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Cardiotônicos vasoativosPatent (USPTO) 7.091.238 (15/08/2006) 



1. S. Dasari, B.S. Mallik, Solubility and solvation free energy of a cardiovascular drug, LASSBio-294, in ionic liquids: A computational 
study, J Mol. Liquids, 301, 112449 (2020).

2. JS Silva, D Gabriel-Costa, RT Sudo, H Wang, L Groban, EB Ferraz, JHM Nascimento, CAM Fraga, EJ Barreiro, G Zapata-Sudo, 
Adenosine A2A receptor agonist prevents cardiac remodeling and dysfunction in spontaneously hypertensive male rats after 
myocardial infarction, Drug Design, Development and Therapy, 11, 553-562 (2017).

3. AKN Alencar, GC Montes, EJ Barreiro, RT Sudo, G Zapata-Sudo, Adenosine Receptors as durg targets for treatment of pulmonary 
arterial hypertension, Frontiers Pharmacol. 8, 672-688 (2017). 

4. JR Azevedo, J-J Letourneau, F Espitalier, MI Ré, Solubility of a New Cardioactive Prototype Drug in Ionic Liquids, J. Chem. Eng. 
Data, 59, 1766–1773 (2014). (Times cited: 10)

5. JS da Silva, SL Pereira, RC Maia, SS Landgraf, C Caruso-Neves, AE Kümmerle, CAM Fraga, EJ Barreiro, RT Sudo, G Zapata-Sudo, N-
acylhydrazone improves exercise intolerance in rats submitted to myocardial infarction by the recovery of calcium homeostasis in 
skeletal muscle, Life Sciences, 94, 30–36 (2014).

6. SL Pereira, AE Kümmerle, CAM Fraga, EJ Barreiro, RT Sudo, G Zapata-Sudo, Vasodilator and antihypertensive effects of a novel N-
acylhydrazone derivative mediated by the inhibition of L-type Ca2+ channels, Fundamental & Clinical Pharmacology, 28, 29–41 
(2014). (Times cited: 6)

7. FN Costa, FF Ferreira, TF da Silva, EJ Barreiro, LM Lima, D Braza, RC Barroso, Structure Re-determination of LASSBio-294 – a 
cardioactive compound of the N-acylhydrazone class – using X-ray powder diffraction data, Powder Diffraction, 28, S491-S509 
(2013). (Times cited: 8)

8. CM Leal, SL Pereira, AE Kümmerle, DM Leal, R Teschc, CMR Sant’Anna, CAM Fraga, EJ Barreiro, RT Sudo, G Zapata-Sudo, 
Antihypertensive profile of 2-thienyl-3,4-methylenedioxybenzoylhydrazone is mediated by activation of the A2A adenosine 
receptor, Eur. J. Med. Chem., 55, 49–57 (2012).

9. RC Braga, VM Alves, CAM Fraga, EJ Barreiro, V de Oliveira, CH Andrade, Combination of docking, molecular dynamics and 
quantum mechanical calculations for metabolism prediction of 3,4-methylenedioxybenzoyl-2-thienylhydrazone, J. Mol. Model., 
18, 2065–2078 (2012).



10.RC Braga, ACB Tôrres, CB Persiano, RO Alves, CAM Fraga, EJ Barreiro, V de Oliveira, Determination of the cardioactive prototype 
LASSBio-294 and its metabolites in dog plasma by LC–MS/MS: Application for a pharmacokinetic study, Journal of Pharmaceutical 
and Biomedical Analysis, 55, 1024-1030 (2011). (Times cited: 7)

11.A G M Fraga, L L da Silva, CAM Fraga, EJ Barreiro, 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., 46, 349-355 (2011). (Times cited: 7)

12.DG Costa , JS da Silva, AE Kummerle 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, 23,  1220-
1227 (2010). (Times cited: 17)

13.FCF Brito, AE Kummerle, C Lugnier et al., Novel thienylacylhydrazone derivatives inhibit platelet aggregation through cyclic 
nucleotides modulation and thromboxane A2 synthesis inhibition, Eur. J. Pharmacol., 638, 5-12 (2010). (Times cited: 4)

14.EO Carneiro, CH Andrade, RC Braga et al., Structure-based prediction and biosynthesis of the major mammalian metabolite of the 
cardioactive prototype LASSBio-294, Bioorg. Med. Chem. Lett., 20, 3734-3736 (2010). (Times cited: 14)

15.L Pol-Fachin, CAM Fraga, EJ Barreiro et al., Characterization of the conformational ensemble from bioactive N-acylhydrazone
derivatives , J. Mol. Graphics & Modelling, 28, 446-454 (2010). (Times cited: 11)

16.G Zapata-Sudo, SL Pereira, HJV Beiral et al., Pharmacological Characterization of (3-Thienylidene)-3,4-
Methylenedioxybenzoylhydrazide: A Novel Muscarinic Agonist With Antihypertensive Profile, Am. J.Hypertension, 23, 135-141 
(2010). (Times cited: 14 )

17. AE Kummerle, JM Raimundo, CM Leal et al., Studies towards the identification of putative bioactive conformation of potent 
vasodilator arylidene N-acylhydrazone derivatives , Eur. J. Med. Chem., 44, 4004-4009 (2009).  (Times Cited: 16 ) 



18. AG Silva, G Zapata-Sudo, AE Kummerle et al., Synthesis and vasodilatory activity of new N-acylhydrazone derivatives, designed
as LASSBio-294 analogues, Bioorg. Med. Chem, 13, 3431-3437  (2005). (Times Cited: 96)

19. H Gonzalez-Serratos, EFR Pereira, RZ Chang et al., The thienylhydrazone, (2 '-thienylidene)3,4-
methylenedioxvbenzoylhydrazine (LASSBio-294), develops fatigue resistance and has a positive inotropic effect in mammalian
skeletal muscle, Biophys. J., 86, 225A-225A Suppl. (S 2004). 

20. G Zapata-Sudo, RT Sudo, PA Maronas et al., Thienylhydrazone derivative increases sarcoplasmic reticulum Ca2+ release in 
mammalian skeletal muscle, Eur. J. Pharmacol., 470, 79-85 (2003) (Times Cited: 12)

21. EJ Barreiro, Strategy of molecular simplification in rational drug design: The discovery of a new cardioactive agent, Quim. Nova, 
25, 1172-1180 (2002) (Times Cited: 72)

22. CLM Silva,  F Noel, EJ Barreiro, Cyclic GMP-dependent vasodilatory properties of LASSBio 294 in rat aorta, Br. J. Pharmacol., 
135 293-298  (2002) (Times Cited: 47 ) 

23. H Gonzalez-Serratos , RZ Chang, EFR Pereira et al., A novel thienylhydrazone, (2-thienylidene)3,4-
methylenedioxybenzoylhydrazine, increases inotropism and decreases fatigue of skeletal muscle, J. Pharmacol. Exp. Ther., 
299, 558-566 (2001)  (Times Cited: 37) 

24. RT Sudo, G Zapata-Sudo, EJ Barreiro, The new compound, LASSBio 294, increases the contractility of intact and saponin-
skinned cardiac muscle from Wistar rats, Br. J. Pharmacol., 134, 603-613 (2001)  (Times Cited: 40)

25. PC Lima, LM Lima, KCM Silva et al., Synthesis and analgesic activity of novel N-acylarylhydrazones and isosters, derived from
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Dissertações, teses Análogos de LASSBio-294

A.P.A. Costa, Ação do LASSBio-294 sobre os parâmetros cardiovasculares em modelo experimental de cardiomiopatia dilatada 
em coelhos. Tese Doutorado em Ciência Animal, Universidade Federal de Goiás, Goiânia, 2016.

> 500 citações



a = Introdução de grupos com diferente perfil de contribuição estereoeletrônica;

b = Substituinte R na posição 6 do anel benzodioxola – efeitos estereoeletrônicos;

c = Alquilação do grupamento farmacofõrico – Modificação da habilidade como doador de

ligação de H; Alterações conformacionais;

d = Introdução de substituintes alquila – Efeitos estéricos e/ou conformacionais;

e = Redução da dupla ligação imínica – Modificação da extensão de conjugação do

grupamento farmacofórico; aumento da liberadade conformacional;

f = Troca do anel tiofeno por núcleos isostéricos com diferentes contribuições eletrônicas;

g = Introdução de grupos com diferente perfil de contribuição estereoeletrönica.

“lead optimisation is defined as those activities that
are required to optimise a screening hit to a pre-
clinical candidate. Thus, lead optimisation invariably
comprises synthetic and medicinal chemistry,
biochemical and functional screening, computer-aided
drug design, in vitro and in vivo pharmacokinetic
studies and physicochemical (e.g. solubility, partition
coefficient and acidity) studies”
Baxter, A. D. & Lockey, P. M. (2001) Drug Discov. World
2, 9–15.

Etapa de otimização



LASSBio-294

LASSBio-1192

LASSBio-1099
LASSBio-785 
IC50 = 10,2 mM

(VD) IC50 = 74,0 mM

IC50 (A2A) = 9,5 mM

Etapa de otimização

LASSBio-787

LASSBio-897

Bioorganic Medicinal Chemistry 2005, 13, 3431

Patente BR PI0403363 9



L M Lima et al., Design and Synthesis In Silico Drug-like Prediction and Pharmacological Evaluation of Cyclopolymethylenic
Homologous of LASSBio-1514, Molecules 2021, 26, 4868. 

Otimização de derivados NAH
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Parnham, Kindt, Biochem. Pharmacol.,1984 33, 3247, Wessjohann et. al., Biol. Chem., 388, 2007, 997, Cone, Proc. Natl. Acad. Sci, 1976, 8, 2659
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