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““Medicinal Medicinal Chemistry Chemistry tried to tried to 
bebe basedbased onon thethe everever--increasingincreasing
hopehope thatthat biochemicalsbiochemicals rationalesrationales
for for drugdrug discoverydiscovery ” ” 

Alfred Alfred BurgerBurger, 1980 , 1980 

Richard B. Silverman, Richard B. Silverman, 19921992

““Medicinal Medicinal Chemistry Chemistry is the is the 
sciencescience that deals with the that deals with the 
discovery or design of new discovery or design of new 
therapeutic chemicals  and therapeutic chemicals  and 

theirtheir developmentdevelopment intointo usefuluseful
medicines...” medicines...” 



Emil FischerEmil Fischer
18521852--19191919

19021902

biomacromoleculebiomacromolecule

StructureStructure--basedbased DDDD

RationalRational DrugDrug Design Design ++

LigandLigand--basedbased DDDD

Small Small moleculemolecule

RationalRational DrugDrug Design Design 
(20(20thth centurycentury))

Paul EhrlichPaul Ehrlich
18541854--19151915

19081908

++

19001900

K K StrebhardtStrebhardt & A & A UllrichUllrich, Paul Ehrlich magic bullet concept:, Paul Ehrlich magic bullet concept:
100 years of progress100 years of progress, , Nature Rev. CancerNature Rev. Cancer 20082008, , 88, 473, 473



1905 1905 –– IntroducedIntroduced

1912 1912 –– the leading drugthe leading drug

““ArsenicArsenic--containingcontaining drugdrug””

~1.5 year~1.5 year

translationaltranslational

~100y100y

InnovationInnovation

NC Lloydet al., The composition of Ehrlich's

AuthenticAuthentic innovationinnovation

NovartisNovartis

<< 10 anos<< 10 anos

translationaltranslational

~100y100y

InnovationInnovation

NC Lloydet al., The composition of Ehrlich's
salvarsan: resolution of a century-old debate,
Angew. Chem. Int. Ed. Engl. 2005, 44, 941.

ImatinibImatinib

C. S. Fishburn, Translational research
The changing landscape of drug discovery,

Drug Discov Today 2013, 18, 487.

J. L. Medina-Franco, M. A. Giulianotti, 
G. S. Welmaker, R. A. Houghten,
Shifting from the single to the
multitarget paradigm in drug discovery,

Drug Discov. Today 2013, 18, 495



MultiMulti--targettarget drugdrug designdesign



Dr. Carlos A. M. Fraga

11--1313

& & ““WHO has recently recognized WHO has recently recognized 

that noncommunicable diseases that noncommunicable diseases 

such as cardiovascular, diabetes,such as cardiovascular, diabetes,

cancercancer, respiratory and neurological , respiratory and neurological 

disorders are now also a great disorders are now also a great 

emerging epidemic emerging epidemic among the pooramong the poor””

&& AB Reitz, Future horizons in drug AB Reitz, Future horizons in drug 

discovery research, discovery research, ACS Med. Chem. ACS Med. Chem. 

Lett.Lett. 20122012, , 33, 80, 80

JL MedinaJL Medina--Franco, MA Franco, MA GiulianottiGiulianotti, GS , GS WelmakerWelmaker, RA , RA HoughtenHoughten, Shifting from the single to the , Shifting from the single to the multitargetmultitarget paradigm paradigm 

in drug discovery, in drug discovery, Drug Drug DiscovDiscov Today Today 20132013, , 18,18, 495; S Reardon, A world of chronic disease, 495; S Reardon, A world of chronic disease, ScienceScience 20112011, , 333333, 558., 558.



•One-target-one-ligand: the 20th century paradigm

One-ligand / one-disease – Lock & Key & Magic Magic bulletsbullets

e.g. propranolol, cimetidine, captopril, omeprazole.

Clozapine Clozapine (1971), an “atypical” neuroleptic drug

has affinity for the DD44 central receptor &

DD22, DD33, 55--HTHT2A2A, 55--HTHT33, αα11 and αα2, 2, is an 

exception considered as “promiscouspromiscous” drug.
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exception considered as “promiscouspromiscous” drug.

• Ligands for multi-target: the 21th Century paradigm

Dual, binary, dimeric, bivalent, symbiotic = multiple ligands:

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

5-HT1ARant/SSRI; TPant/IPag; SSRI/PDE-4; PDE-3/PDE-4 

TNFα/PDE-4;

Clozapine
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LevalLeval, 2002, 2002
Lacerda, Lacerda, 20122012



The The multimulti--targettarget leadlead--candidate designcandidate design

The multi-target approach is related to a new lead-compound with a
dual recognition pattern by receptors wdhich are involved with a
disease pathology, in general multi-factorial. A multiple lead with this
profile can be structurally designed by combining molecular
pharmacophoric fragments for each target.

Simple drugs do not cure complex multifactorial diseases!Simple drugs do not cure complex multifactorial diseases!



The rationalThe rational--based based design of multiple liganddesign of multiple ligand

2121thth CenturyCentury

C ViegasC Viegas--Jr, A Jr, A DanuelloDanuello, VS , VS BolzaniBolzani, EJ Barreiro, , EJ Barreiro, 

CAM Fraga, Molecular CAM Fraga, Molecular HybridizationHybridization: A : A usefuluseful tool in tool in thethe design design 

ofof new new drugdrug prototypesprototypes, , CurrCurr MedMed ChemChem 20072007, , 1414, 1829, 1829

FBDD

DA DA ErlansonErlanson, RS McDowell, T O’Brien, , RS McDowell, T O’Brien, 

FragmentFragment--Based Based Drug Drug Discovery, Discovery, J Med J Med 

ChemChem 20042004, , 4747, 3463;, 3463;

J R J R MorphyMorphy, C J Harris, , C J Harris, EdsEds, , Designing MultiDesigning Multi--Target Target Drugs , RSC, 2012.Drugs , RSC, 2012.



Quimioterapia do Câncer

Produtos Produtos naturais naturais 
AlcalóidesAlcalóides Vinca,Vinca, colcichinacolcichina

DerivadosDerivados dada podofilotoxinapodofilotoxina

CamptotecinaCamptotecina && análogosanálogos

TaxóidesTaxóides ((paclitaxelpaclitaxel,, docetaxeldocetaxel,,TaxóidesTaxóides ((paclitaxelpaclitaxel,, docetaxeldocetaxel,,

ortataxelortataxel,, cabazitaxelcabazitaxel))

EpotilonaEpotilona--BB ((ee..gg.. IxabepilonaIxabepilona))

EcteinascidinaEcteinascidina ((YondelisYondelisRR))

GM GM CraggCragg, PG , PG GrothausGrothaus, DJ Newman,, DJ Newman,

Natural products in drug discovery: recent advances, Natural products in drug discovery: recent advances, 

emem Plants Plants BioactivesBioactives & Drug Discovery, V & Drug Discovery, V CechinelCechinel

FilhoFilho Ed., Wiley, 2012, p. 1Ed., Wiley, 2012, p. 1-- 42.42.

AL AL DemainDemain, P , P VaishnavVaishnav, Natural products for cancer chemotherapy, , Natural products for cancer chemotherapy, Microbial BiotechnologyMicrobial Biotechnology 2011,2011,

66, 687; D , 687; D ShewachShewach, Introduction to cancer , Introduction to cancer chemotherapeutischemotherapeutis, , Chem. Rev. Chem. Rev. 2009, 2009, 109109, 2859 (, 2859 (Special Special 

IssueIssue); A ); A ConlinConlin, M , M FornierFornier, C , C HudisHudis, S , S KarKar, P. Kirkpatrick, , P. Kirkpatrick, Nature Rev. Drug Nature Rev. Drug DiscovDiscov. 2007, . 2007, 66, 953; , 953; 



DD--Y Y Lu, TLu, T--R Lu, HR Lu, H--Y Wu, Y Wu, S. S. CaoCao,, CancerCancer MetastasisMetastasis TreatmentsTreatments, , CurrentCurrent DrugDrug TherapyTherapy, , 20132013, , 88, , 24;24;

M. M. RaskRask--AndersenAndersen, , M.S. M.S. AlménAlmén, H. , H. B. B. SchiöthSchiöth, , TrendsTrends in in thethe exploitationexploitation ofof novel novel drugdrug targetstargets, , NatureNature Rev. Rev. DrugDrug

DiscovDiscov. . 20112011, , 1010, , 579.579.



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

Edwin Edwin G G Krebs Krebs 

(1918 (1918 ––20092009))
Edmond H FischerEdmond H Fischer

(1920)(1920)

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

Protein Protein kinases kinases —— the major drug targets of the twentythe major drug targets of the twenty--first centuryfirst century? ? Nature Rev. Drug Nature Rev. Drug DiscovDiscov.. 20022002, , 11, , 309309

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



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. B. J. 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. C. L. Sawyers was named in 2011, Thomson Reuters Citation Laureate in Medicine;  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



imatinib

Gastrointestinal stromal tumors

Chronic myelogenous leukemia

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))

Chronic myelogenous leukemia

PW Manley, J Zimmermann in Case Studies in Modern Drug Discovery and Development, X Huang & RG Aslanian, Eds.,Wiley, PW Manley, J Zimmermann in Case Studies in Modern Drug Discovery and Development, X Huang & RG Aslanian, Eds.,Wiley, 20122012, , p.88p.88



http://judis.nic.in/supremecourt/imgs1.aspx?filename=40212http://judis.nic.in/supremecourt/imgs1.aspx?filename=40212

C Harrison, C Harrison, IndianIndian SupremeSupreme CourtCourt blocksblocks NovartisNovartis’ ’ GlivecGlivec patentpatent, , NatureNature Rev. Rev. DrugDrug DiscovDiscov. . 20132013, , 1212, 336 , 336 
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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$ world sales in 2009: US$ 4,0 4,0 bi*bi*

2012- bosutinib

2011- crizotinib
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crizotinibe
 Pfizer
2011

C-Met cell IC50 = 8,0 nM
ALK cell IC50 = 20nM
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vemurafenibe
Daiichi Co

2011

B-Raf/MEK/ERK

J.J. J.J. CuiCui et al., et al., StructureStructure BasedBased DrugDrug Design Design ofof CrizotinibCrizotinib (PF(PF--0234106602341066), a ), a PotentPotent andand SelectiveSelective Dual Dual InhibitorInhibitor ofof MesenchymalEpithelialMesenchymalEpithelial TransitionTransition

FactorFactor ((cc--METMET) ) KinaseKinase andand AnaplasticAnaplastic LymphomaLymphoma KinaseKinase ((ALKALK), ), J J MedMed ChemChem 20112011, , 5454, 6342; A. , 6342; A. OparOpar, , New New class of class of kinase inhibitors kinase inhibitors poised to poised to join the join the 

anticancer anticancer arsenal, arsenal, NatureNature Rev. Rev. DrugDrug DiscovDiscov. . 20122012, , 1111, 819; , 819; K K NguyenNguyen, , Market Market watchwatch: : UpcomingUpcoming marketmarket catalystscatalysts in Q2 in Q2 2013, 2013, NatureNature Rev.DrugRev.Drug DiscovDiscov. . 

20132013, , 1212, 254; , 254; D.A. D.A. ErlansonErlanson, Introduction , Introduction to Fragmentto Fragment--Based Drug Based Drug Discovery, Discovery, Top. Top. CurrCurr. Chem. . Chem. 20122012, , 317317, 1., 1.

HER2; HSP90;HER2; HSP90;

mTORmTOR; PARP1; PARP1

fragmentfragment--basedbased

drugdrug discoverydiscovery (FBDD)(FBDD)
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Annual Activities ReportAnnual Activities Report
(Public (Public reportsreports))

www.inctwww.inct--inofar.ccs.ufrj.br/download/aar/2012.pdfinofar.ccs.ufrj.br/download/aar/2012.pdf

Interest areas: Interest areas: cancercancer;neuropathic;neuropathic pain; pain; chronicalchronical
inflammatory diseases: silicosis, asthma, COPD; inflammatory diseases: silicosis, asthma, COPD; 
CNS disorders as schizophrenia & neglected CNS disorders as schizophrenia & neglected 
diseases as diseases as LeishmaniasisLeishmaniasis;;



InInovação Radicalovação RadicalInInovação Radicalovação Radical

Discovery of novel Discovery of novel 

anticancer drug anticancer drug 

candidates designed as candidates designed as candidates designed as candidates designed as 

novel novel combretastatincombretastatin

A4 analogues   A4 analogues   

LASSBioLASSBio--UFRJUFRJ / FM/ FM--UFCUFC

BR 10 2012 007619 5BR 10 2012 007619 5

PCT BR 2013 000095PCT BR 2013 000095

M. M. AbouAbou--GharbiaGharbia, W. , W. E. E. Childers,Childers, Discovery of Innovative Therapeutics: Today’s Realities andDiscovery of Innovative Therapeutics: Today’s Realities and

Tomorrow’s Vision. 1. Criticisms Faced by the Tomorrow’s Vision. 1. Criticisms Faced by the Pharmaceutical Pharmaceutical IndustryIndustry , , J. Med. Chem.J. Med. Chem. 20132013, , 

5656, 5659., 5659.



CombretumCombretum caffrumcaffrum

ZZ

GM GM TozerTozer, C , C KanthouKanthou, CS , CS ParkinsParkins, SA Hill, The biology of the , SA Hill, The biology of the combretastatinscombretastatins as as tumourtumour vascular targeting vascular targeting agents, agents, Int. J. Exp.  Int. J. Exp.  PatholPathol. . 20022002, , 

8383, 21; S. , 21; S. DuckiDucki et.al.,  Potent Antimitotic and cell growth inhibitory properties of substituted et.al.,  Potent Antimitotic and cell growth inhibitory properties of substituted chalconeschalcones, , BioorgBioorg. Med. Chem. . Med. Chem. LettLett.. 19981998, , 88, , 

1051; S 1051; S CombesCombes et al., Synthesis and Biological Evaluation of 4et al., Synthesis and Biological Evaluation of 4--Arylcoumarin Analogues of Arylcoumarin Analogues of CombretastatinsCombretastatins. Part 2, . Part 2, J. Med. ChemJ. Med. Chem. . 20112011, , 5454, , 

3153; H Chen et al., Design and Synthesis of 3153; H Chen et al., Design and Synthesis of CyclopropylamideCyclopropylamide Analogues of  CombretastatinAnalogues of  Combretastatin--A4 as Novel MicrotubuleA4 as Novel Microtubule--Stabilizing Agents,Stabilizing Agents,

J. Med. Chem. J. Med. Chem. 20132013, , 56,56, 685685

EE



DN DN AmaralAmaral, , DissertaçãoDissertação de de MestradoMestrado, , InstitutoInstituto de de QuímicaQuímica, UFRJ, 2012. , UFRJ, 2012. 

E E -- configurationconfiguration



Compounds HL-60 

(IC50-µM)

SF295 

(IC50-µM)

HCT-8 

(IC50-µM)

MDA-MB435 

(IC50-µM)

Lymphocytes

(IC50-µM)

CA-4 0,00210,0021

(0,0009-0038)

0,0062

(0,0037-0,0085)

0,0053

(0,0013-0,0071)

0,0079

(0,0046-0,0092)

0,00320,0032

(0,0001-0,0036)

Colchicine 0,038

(0,026-0,055)

0,054

(0,023-0,072)

0,077

(0,056-0,090)

0,061

(0,012-0,085)

0,064

(0,042-0,085)

LASSBio-1586 0,29

(0,29 – 0,32)

0,26

(0,13 – 0,54)

0,45

(0,35 -0,57)
0,064

(0,02 – 0,16)

1,341,34

(1,05 – 1,66)

LASSBio-1587 1,63

(1,48 – 1,78)

13,05

(6,33 – 26,91)

4,3

(2,88 – 6,35)

0,120,12

(0,02 – 0,79)

4,484,48

(3,63 – 5,54)

Antiproliferative activity of the NAH CA-4 compounds in selected cancer cell lines

(1,48 – 1,78) (6,33 – 26,91) (2,88 – 6,35) (0,02 – 0,79) (3,63 – 5,54)

LASSBio-1591 3,07

(0,28 - 0,33)

0,86

(0,47 – 1,59)

55,81

(0,42 – 0,7)

0,11

(0,06 – 0,22)

1,311,31

(0,84 – 2,01)

Tumor Tumor cellcell lineslines: HL: HL--60: 60: humanhuman leukemialeukemia; SF295: ; SF295: humanhuman glioblastomeglioblastome ; HCT; HCT--8: 8: ileocecal ileocecal colorectalcolorectal

adenocarcinomaadenocarcinoma e MDAe MDA--MB435: melanoma. MB435: melanoma. 

DN DN AmaralAmaral, LM Lima, EJ Barreiro, unpublished results, LM Lima, EJ Barreiro, unpublished results



DN DN AmaralAmaral, LM Lima, EJ Barreiro, unpublished results, LM Lima, EJ Barreiro, unpublished results



* Assays done by CEREP® (www.cerep.com)

Compounds % inhibition of control 

values*

LASSBio-1586 91

LASSBio-1587 81

Percentage  of inhibition  of tubulin polymerization of Percentage  of inhibition  of tubulin polymerization of LASSBioLASSBio--15861586

andand LASSBioLASSBio--1587 1587 at 3x10at 3x10--55M  (vinblastine as control)M  (vinblastine as control)

*  D. Bonne et.al., 4’-6-Diamidino-2-phenylindole, a Fluorescent

Probe for Tubulin and Microtubules, J.Biol. Chem. 1985, 260, 2819

LASSBio-1738

ICIC5050 4,0 4,0 nMnM

MDAMDA--MB435MB435a)a)

ICIC5050 5,4 5,4 nMnM

OVCAROVCAR--88b)b)

ColchicineColchicine

a) 54 a) 54 nMnM;  b) 7 ;  b) 7 nMnM

AntiproliferativeAntiproliferative

activity  onactivity  on

tumor cell linestumor cell lines

DN DN AmaralAmaral, LM Lima, EJ Barreiro, unpublished results, LM Lima, EJ Barreiro, unpublished results



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

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

New analogues of New analogues of tinibtinib

S Laufer et al.,  J. Med. Chem. 2005, 48, 710.

MLC BarbosaMLC Barbosa, , TeseTese de de DoutoradoDoutorado, , 

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

P. P. AgarwalAgarwal et et alal., ., Novelty in the target landscape of the pharmaceutical industry, Novelty in the target landscape of the pharmaceutical industry, Nature Rev. Drug Nature Rev. Drug DiscovDiscov.. 20132013, , 1212, , 575. 575. 

diarilaminadiarilamina

quinazolinaquinazolina

SérieSérie

congênerecongênere



InInovação ovação InIncrementalcrementalInInovação ovação InIncrementalcremental

•• SunitinibSunitinib
20062006

22--oxooxo--11HH--indol indol --11HH--pyrrolepyrrole--33--carboxamidecarboxamide

as dual tyrosine kinase inhibitoras dual tyrosine kinase inhibitor

�� Total synthesis Total synthesis by Professor by Professor Angelo da Angelo da 
Cunha Pinto Cunha Pinto & & Dr Dr Bárbara Vasconcellos Bárbara Vasconcellos 

da da Silva, Silva, IQIQ--UFRJUFRJ, , BR BR ((20112011))

**PatentPatent US 7211600 (2001) US 7211600 (2001) 

SutentSutentTMTM

•• PlateletPlatelet--derivedderived growthgrowth factorfactor receptor (PDGFreceptor (PDGF--RsRs) IC) IC5050 < 50nM < 50nM 

•• Vascular Vascular endothelialendothelial growthgrowth factorfactor receptor (receptor (VEGFRsVEGFRs) IC) IC5050 = 40 = 40 nMnM

Sales of Sales of sunitibsunitib inin

US market: US market: 

caca.US$ .US$ 1,2 1,2 bi bi 

((2010/2011)2010/2011)
http://www.evaluategroup.comhttp://www.evaluategroup.com

Pesquisadores do INCTPesquisadores do INCT--INOFAR da UFRJ desenvolvem síntese fármaco INOFAR da UFRJ desenvolvem síntese fármaco antianti--câncercâncer
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A. C. Pinto & B. V da Silva, Instituto de Química, UFRJA. C. Pinto & B. V da Silva, Instituto de Química, UFRJ



“ ...medicinal “ ...medicinal chemistschemists todaytoday livelive in in 

excitingexciting times...times...

20112011-- ACS Award in Industrial Chemistry (ziprazidone)ACS Award in Industrial Chemistry (ziprazidone)

Final remarksFinal remarks

excitingexciting times...times...

theirtheir work work cancan havehave a beneficial a beneficial 

effecteffect onon millionsmillions ofof
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