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Mecanismo molecular de Mecanismo molecular de AspAsp--proteaseprotease
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AspAsp--2525 AspAsp--2525´́

Cristalografia raiosCristalografia raios--XX

BACEBACE

CatepsinaCatepsina D, ED, E

NepentesinaNepentesina

PepsinaPepsina

PlasmepsinaPlasmepsina

PresenilinaPresenilina

ReninaRenina

MA MA NaviaNavia & P Fitzgerald,  Merck& P Fitzgerald,  Merck

NatureNature, , 19891989, , 615615, , 337337
A A BrikBrik, C, C--H Wong, HIVH Wong, HIV--1 protease: mechanism and 1 protease: mechanism and 

drug discovery, drug discovery, Org. Org. BiomolBiomol. . ChemChem 20032003, , 11, 5, 5
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GêneseGênese do do indinavirindinavir

benzilabenzila
Peptídeo mimético (HTS)Peptídeo mimético (HTS)

CALDCALD

IsósteroIsóstero

hidroxietilenohidroxietileno

dipepitídiladipepitídila

19891989

Inibidor Asp-protease ( HIV )

Joseph Joseph VaccaVacca

MerckMerck

Análogo ao estadoAnálogo ao estado--dede--transição transição PhePhe--ProPro

N

N

N

O

H
N

OH

O NH

H3C
CH3

CH3

indinavir

OH19961996

DIQDIQ benzilabenzila

OtimizaçãoOtimização







TinibTinib´́ss: TK’s inhibitors: TK’s inhibitors

Edwin G Krebs Edwin G Krebs 

(1918 (1918 ––2009)2009)

Edmond H FischerEdmond H Fischer

((19201920))

S. S. AggarwalAggarwal, Targeted cancer therapies, , Targeted cancer therapies, Nature Rev. Drug Nature Rev. Drug DiscovDiscov.  .  20102010, , 99, 427; P. Cohen, Timeline: , 427; P. Cohen, Timeline: 

Protein kinases Protein kinases —— the major drug targets of the twentythe major drug targets of the twenty--first century? first century? Nature Rev. Drug Nature Rev. Drug DiscovDiscov.. 20022002, , 11, 309, 309

World sales of World sales of imatinibimatinib in 2009: US$ 3,95 biin 2009: US$ 3,95 bi



New molecular New molecular 
patternpattern

Brian J. Brian J. DrukerDruker**

1988 – Nicholas Lydon, Brian J. Druker
& Charles L Sawyers &

1995 - Compound STI571 ++
2001 – Imatinib (GleevecR, Novartis)[link]

Nicholas B. Nicholas B. LydonLydon Charles L. Sawyers**Charles L. Sawyers**

&& 2009 2009 -- LaskerLasker FoundationFoundation ClinicalClinical AwardAward ((J. J. ClinClin. Invest. Invest. . 20092009, , 119119, 2863), 2863)

* B. J. * B. J. DrukerDruker has been awarded with the 2012 Japan Prize in Healthcare and Medical Technology;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;  ** C. L. Sawyers was named in 2011, Thomson Reuters Citation Laureate in Medicine;  

Blueprint Medicines Inc*

chronicchronic myelogenousmyelogenous

leukemialeukemia

(CML)(CML) Blueprint Medicines Inc

(STI571)(STI571)

Blueprint Medicines Inc



1990

Ki PKC

> lipophilicity

E.J.Barreiro, A.E.Kümmerle, C.A.M.Fraga, The methylation effect in medicinal, Chemistry,  E.J.Barreiro, A.E.Kümmerle, C.A.M.Fraga, The methylation effect in medicinal, Chemistry,  Chem. RevChem. Rev. . 20112011, , 111111, 5215, 5215
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TinibTinib´́ss**
chronic chronic myelogenousmyelogenous leukemia (CML) leukemia (CML) &&
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•• S S AggarwalAggarwal, , Nature Rev Drug Nature Rev Drug DiscovDiscov 20102010, , 99, 427, 427
&& RR RenRen,, NatureNature RevRev CancerCancer 20052005,, 55,, 172172

•• US market in 2009: US$ 18,5 bi *US market in 2009: US$ 18,5 bi *

•• ImatinibImatinib world sales in 2009: US$ 4,0 bi*world sales in 2009: US$ 4,0 bi*

2012- bosutinib

2011- crizotinib



imatinib

Combination with other drugs Combination with other drugs 
(( e.ge.g. taxoids ) . taxoids ) isis useful to useful to 
CML imatinibCML imatinib--resistant cells resistant cells 
(20 times more potent than (20 times more potent than 
imatinibimatinib))

Gastrointestinal stromal tumors

Chronic myelogenous leukemia
BCR-ABL1 imatinibimatinib
resistenceresistence due Thr315 
point (T315T315) mutation, 
promote conformation
destabilization (triade
Asp381, Phe382, Gly383)

T315T315
A381

P382
G383

X-rays

Chronic myelogenous leukemia

retroretro--amideamide

nilotinib

PP..WW.. Manley,Manley, JJ.. ZimmermannZimmermann inin CaseCase StudiesStudies inin ModernModern DrugDrug DiscoveryDiscovery andand DevelopmentDevelopment,, XX.. HuangHuang

&& RR..GG.. Aslanian,Aslanian, EdsEds..,Wiley,,Wiley, 20122012,, pp..8888--102102
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Drug hunters



Modelo Linear Modelo Linear 
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Medicina personalizada



DesigningDesigning MultiMulti--TargetTarget DrugsDrugs
R. Morphy & C. J. Harris, EditorsR. Morphy & C. J. Harris, Editors

Royal Society of Chemistry, 

20122012

JLJL MedinaMedina--FrancoFranco etet alal..,, ShiftingShifting fromfrom thethe singlesingle toto thethe multitargetmultitarget paradigmparadigm inin drugdrug discovery,discovery, DrugDrug
DiscovDiscov.. TodayToday 20132013,, 1818,, 495495;; JLJL MedinaMedina--FrancoFranco etet alal..,, MultitargetMultitarget structurestructure--activityactivity relationshipsrelationships
characterizedcharacterized byby activityactivity--differencedifference mapsmaps andand consensusconsensus similaritysimilarity measuremeasure,, JJ ChemChem InfInf ModelModel 20112011,, 5151,,
24272427..



InflamaçãoInflamação: : DoençaDoença crônicacrônica nãonão transmissíveltransmissível



The Nobel Prize in 
Physiology or Medicine 

1908

EhrlichEhrlich--Fischer Fischer ParadigmParadigm

The Nobel Prize
in Chemistry 1902

Emil FischerEmil Fischer

Paul Paul EhrlichEhrlich



• One-target-one-ligand: the 20th century paradigm
One-ligand / one-disease – Lock & Key & Magic Magic bulletsbullets

e.g. propranolol, cimetidine, captopril

ClozapineClozapine, an “atypical” neuroleptic drug

has affinity for the D4 central receptor &

D2, D3, 5-HT2A, 5-HT3, α1 and 2 - is an 

exception considered as “promiscouspromiscous” drugexception considered as “promiscouspromiscous” drug

• Ligands for multi-target: the 21th century paradigm
Dual, binary, dimeric, bivalent, mixed, multi ligands

5-LOX/COX-2 ; TXS/TPant; COX-1/LTA4 hydrolase

5-HT1ARant/SSRI; TPant/IPag; SSRI/PDE-4; M3/PDE-4 

TNFα/PDE-4A;



The The multimulti--targettarget drugdrug designdesign

MultifactorialMultifactorial diseasesdiseases

JL MedinaJL Medina--Franco et al. Shifting from the single to the Franco et al. Shifting from the single to the multitargetmultitarget paradigmparadigm in drug discovery, in drug discovery, Drug Drug DiscovDiscov. Today . Today 20132013, , 1818,, 495495; C Hiller, J ; C Hiller, J 

KüKühhornhhorn, P , P GmeinerGmeiner, Class A G, Class A G--ProteinProtein--Coupled Receptor (GPCR) Dimers and Bivalent Ligands, Coupled Receptor (GPCR) Dimers and Bivalent Ligands, J. Med. Chem. J. Med. Chem. 20132013, , 5656, , 65426542; G Phillips, M ; G Phillips, M 

Salmon, Salmon, BifunctionalBifunctional compounds compounds for the treatment of  COPD, for the treatment of  COPD, AnnuAnnu. Rev. Med. Chem. Rev. Med. Chem. . 20122012, , 4747, , 209209;  S Reardon, A world of chronic ;  S Reardon, A world of chronic 

disease, disease, ScienceScience 20112011, , 333333, , 558558..

The rational multi-target drug design is related to find a new lead-compound with a
dual recognition pattern by two receptors which are involved with a multi-factorial
disease pathology. A multiple-target lead can be rationale design by combining
pharmacophoricpharmacophoric molecularmolecular fragmentsfragments for each target (A + B), applying drug design
strategies of medicinal chemistry.



Bases Bases racionaisracionais para para desenhodesenho de de ligantesligantes múltiplosmúltiplos

Subunidades Subunidades farmacofóricasfarmacofóricas

A   B   C   DA   B   C   D

Hibridação Hibridação 
molecularmolecular

Combinação deCombinação de

farmacóforosfarmacóforos

SériesSéries

congênerescongêneres

Intuição químicaIntuição química

SéculoSéculo 2121

Padrão de reconhecimento molecularPadrão de reconhecimento molecular

BiorreceptorBiorreceptor ––A  A  BiorreceptorBiorreceptor--B B 





N
O

H3C

N
H

O

N
H

Cl

O

N

OCH3

OCH3

Tivozanib

oral VEGF receptor tyrosine kinase inhibitor
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inhibits tyrosine kinase activity of the EGFR

quinazoline

3-bromoanilino

ureia

aceptor-H

donor-H

aceptor-H

5-methylisoxazole

classic ring 
bioisosterism

Lidia M Lima, Maria L C Barbosa,Lidia M Lima, Maria L C Barbosa,

Stefan Stefan LauferLaufer (LASSBio(LASSBio--2013)2013)

NovosNovos tinibestinibes duaisduais
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safrole

donor-H

aceptor-H

2-thiazole

aceptor-H

donor-H

quinazoline

VEGF & EGFR inhibitor

classic ring 
bioisosterism

molecular simplification

CONH2

MM LL CC Barbosa,Barbosa, LL MM Lima,Lima, RR TeschTesch,, CC MM RR Sant’Anna,Sant’Anna, FF TotzkeTotzke,, MM HGHG KubbutatKubbutat,, CC SchächteleSchächtele,, SS AA LauferLaufer,, EE JJ

Barreiro,Barreiro, NovelNovel 22--chlorochloro--44--anilinoanilino--quinazolinequinazoline derivativesderivatives asas EGFREGFR andand VEGFRVEGFR--22 dualdual inhibitorsinhibitors,, EurEur JJ MedMed ChemChem

20142014,, 7171,, 11--1414..
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LASSBio-1630

IC50 (EGFR) = 0.90 µµµµM

IC50 (VEGFR) = 1.17 µµµµM

MLC BarbosaMLC Barbosa, , TeseTese de de DoutoradoDoutorado, , 

InstitutoInstituto de de QuímicaQuímica, UFRJ, 2013., UFRJ, 2013.

Novel molecular Novel molecular patternpattern
withwith EGFR/VEGFR dualEGFR/VEGFR dual

activityactivity!!





“...“...discoverydiscovery consistsconsists ofof seeingseeing

whatwhatwhatwhatwhatwhatwhatwhat everybodyeverybodyeverybodyeverybodyeverybodyeverybodyeverybodyeverybody elseelseelseelseelseelseelseelse hashas seenseen

andand thinkingthinkingwhatwhat

nonobbodyody elseelse

hashashashashashashashas notnotnotnotnotnotnotnot thoughtthoughtthoughtthoughtthoughtthoughtthoughtthought...”...”

Albert Albert SzentSzent--GyörgiyGyörgiy (1893(1893--1986)1986)
19371937





Inovações terapêuticas de 2012 e 2013Inovações terapêuticas de 2012 e 2013
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Inovações terapêuticas recentesInovações terapêuticas recentes

N
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San Diego an Diego highhigh--throughput throughput 

crystallographycrystallography--based based drug drug 
discovery company*discovery company*

* M * M RatnerRatner, , SyrrxSyrrx acquisition signals maturation of structureacquisition signals maturation of structure--based based discovery, discovery, NatureNature BiotechnologyBiotechnology 20052005, , 2323, , 400400
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US$ 311.000/ano

computational and structurecomputational and structure--based drug design based drug design platform & optimization platform & optimization 
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US$ 118.000/ano
US$ 45 mi (2013)

BcrBcr--AblAbl TKiTKi

Indicação: leucemias raras

2006 (Lead)         2008 (2006 (Lead)         2008 (clinclin.)          2012 (1.)          2012 (1oo aprapr)          2013 (FDA))          2013 (FDA)



1912 1912 –– fenobarbitalfenobarbital

(E Fischer)
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“… when it comes to drug discovery“… when it comes to drug discovery

you’re not trying to make complicatedyou’re not trying to make complicated

molecules, but make molecules thatmolecules, but make molecules that

will be effective … “will be effective … “

Barry J. PriceBarry J. Price

Research Director Research Director GlaxoGlaxo (1967(1967--1995)1995)

ranitidina



Depoimento de Márcia Angeli









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

Interface Química-Biologia em Química Medicinal 

“Medicinal chemistry or pharmaceutical chemistry is a discipline at the “Medicinal chemistry or pharmaceutical chemistry is a discipline at the 
intersection of chemistry and pharmacology involved with designing, intersection of chemistry and pharmacology involved with designing, 
synthesizing and developing drugs.”synthesizing and developing drugs.”





www.farmacia.ufrj.br/lassbiowww.farmacia.ufrj.br/lassbio



Blog com histórias & fofocas Blog com histórias & fofocas 
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“...“...Para  achar água é precisoPara  achar água é preciso

descer terra adentro,descer terra adentro,

EncharcarEncharcar--se no lodo.se no lodo.

Mas há os que preferemMas há os que preferem

olhar os céus,olhar os céus,olhar os céus,olhar os céus,

E esperar pelas chuvas...”E esperar pelas chuvas...”

Oduvaldo Vianna Filho

(em “Cúmplice da Paixão”, Dênis de Moraes

Ed. Nórdica, RJ, 1991).



ejbarreiro@ccsdecania.ufrj.brejbarreiro@ccsdecania.ufrj.br


