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

excitingexciting times...times...

XII Encontro Nacional de Professores de Química FarmacêuticaXII Encontro Nacional de Professores de Química Farmacêutica

Minha homenagem aos Professores de Química Farmacêutica MedicinalMinha homenagem aos Professores de Química Farmacêutica Medicinal

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

excitingexciting times...times...

theirtheir work work cancan havehave a beneficial a beneficial 

effecteffect onon millionsmillions ofof

sufferingsuffering patientspatients –– surelysurely anan importantimportant

motivatingmotivating factorfactor for for anyany scientistscientist...”...”

TheThe Role Role ofof thethe Medicinal Medicinal ChemistChemist in in DrugDrug Discovery Discovery –– ThenThen andand NowNow, , 

NatureNature Rev. Rev. DrugDrug DiscDisc. . 20042004, , 3,3, 853.853.
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L Schaeffer, L Schaeffer, The role of functional groups in DThe role of functional groups in D--R interactionsR interactions, , emem The Practice of The Practice of 

Medicinal Chemistry, CG Medicinal Chemistry, CG WermuthWermuth Ed., Academic Press, 3Ed., Academic Press, 3rdrd Ed., Ed., ChCh 21, p. 46421, p. 464
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7 tipos7 tipos
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“Fifty percent of the currently “Fifty percent of the currently 

used drugs contain at least used drugs contain at least 

one aromatic ring that can one aromatic ring that can 

be matter of substitution”be matter of substitution”
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As séries homólogasAs séries homólogas

H3C
OH

CH3

miscível

em água

solubilidade

miscível

em água
Alquila: metila, etila, propila, Alquila: metila, etila, propila, inutilainutila

isobutanol

G Némethy, G Némethy, Angew Chem Angew Chem 

Int Ed EnglInt Ed Engl 19671967, , 66, 195, 195
10.1002/anie.19670195110.1002/anie.196701951

solubilidade
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A metilaA metila naturebanatureba... ... 

1805 - F. Setürner

1925 – RR.. RobinsonRobinson
EDED5050 = 4.8 mg/kg= 4.8 mg/kg19471947

* JV * JV Braun, Braun, BerBer. . DtschDtsch. Bot. . Bot. GesGes.. 19141914, , 4747, 2312, 2312
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A ausência da metila... A ausência da metila... 
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VirolasVirolas amazônicasamazônicas

33333333--------indolilindolilindolilindolilindolilindolilindolilindolil--------etilaminasetilaminasetilaminasetilaminasetilaminasetilaminasetilaminasetilaminas

VirolaVirola sppspp

Similaridade molecularSimilaridade molecular
efeitos alucinogênicosefeitos alucinogênicos

NN--dimetilaminodimetilamino
NN--dietilaminodietilamino

++ +++

Índios & indóis

NN--dimetilomólogodimetilomólogo

As As admiráveisadmiráveis metilasmetilas dada florestafloresta……

SerotoninaSerotonina
55--hidróxihidróxi
triptaminatriptamina

INDOLINDOL

Similaridade molecularSimilaridade molecular
Ácido 5Ácido 5--hidroxihidroxi--
33--indolilacéticoindolilacético

efeitos alucinogênicosefeitos alucinogênicos
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((--))--epibatidine (natural)epibatidine (natural) (+)(+)--epibatidineepibatidine
Epipedobates tricolorEpipedobates tricolor First natural chemotype:First natural chemotype:

77--azabicyclo[2.2.1]heptaneazabicyclo[2.2.1]heptane

organochlorideorganochloride

alkaloidalkaloid

A A extravagância da extravagância da metila...metila...

John W. DalyJohn W. Daly
19331933--20082008

Un. Maryland, EUAUn. Maryland, EUA

J W Daly, “Thirty Years of Discovering Arthropod AlkaloidsJ W Daly, “Thirty Years of Discovering Arthropod Alkaloids
in Amphibian Skin”, in Amphibian Skin”, J. Nat. ProdJ. Nat. Prod. . 19981998, , 6161, 162, 162--172172

J W Daly, ” Ernest  Guenther  Award  in  Chemistry  of  Natural J W Daly, ” Ernest  Guenther  Award  in  Chemistry  of  Natural 

Products. Amphibian Skin: A Remarkable Source of Biologically Products. Amphibian Skin: A Remarkable Source of Biologically 

Active Arthropod  Alkaloids”, Active Arthropod  Alkaloids”, J. Med. ChemJ. Med. Chem. . 2003,2003, 46,46, 445445--452452

((--))--NN--methylepibatidine methylepibatidine 
(natural)(natural)

(+)(+)--NN--methylepibatidinemethylepibatidine

Editorial, Editorial, J Nat Prod  J Nat Prod  20102010, , 7373, 300, 300
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A A incrível leveza incrível leveza da metila...da metila...

C. G. Wermuth, Aminopyridazines C. G. Wermuth, Aminopyridazines –– an alternative route to potent muscarinic an alternative route to potent muscarinic 

agonists with no cholinergic syndrome, agonists with no cholinergic syndrome, Il FarmacoIl Farmaco 19931993, , 4848, 253, 253--274274

isominaprineisominaprine
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mACh receptor (M1)mACh receptor (M1)

serotonin type 2serotonin type 2

& dopamine (D1, D2)& dopamine (D1, D2)

receptors receptors 



A metila A metila enigmáticaenigmática......

3a,4-dihydro-3H-[1]benzopyrano[4,3-c]isoxazoles 

antidepressant agent antidepressant agent 
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C29H33N5O3

Ki 5-HTT 22,0 nM

Ki 2A > 1000 nM

H

J I Andrés J I Andrés et al.et al., Discovery of a New Series of Centrally Active , Discovery of a New Series of Centrally Active TricyclicTricyclic IsoxazolesIsoxazoles Combining Serotonin (5Combining Serotonin (5--HT) ReuptakeHT) Reuptake

Inhibition with α2Inhibition with α2--Adrenoceptor Blocking Activity,  Adrenoceptor Blocking Activity,  J  Med  J  Med  ChemChem 20052005, , 4848, 2054., 2054.

central central serotoninserotonin (5(5--HT) HT) reuptakereuptake inhibitioninhibition
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Mais um capricho da metila ...Mais um capricho da metila ...

EC50 (TR) = 0,016 µµµµM
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James W. Black James W. Black 

19881988

A A metila metila que não podia faltar...que não podia faltar...
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C Robin GanellinC Robin Ganellin

John C EmmettJohn C Emmett

Graham J  DurantGraham J  Durant



Interações fracasInterações fracas

Dois subDois sub--tipos de Htipos de HRR

A metila muito A metila muito inteliinteligentegente......

C Robin Ganellin, 1973C Robin Ganellin, 1973

Análogo ativoAnálogo ativo

S L Carney, Robin S L Carney, Robin GanellinGanellin gives his views on medicinal chemistry and drug discovery, gives his views on medicinal chemistry and drug discovery, DrugDrug DiscovDiscov TodayToday 20042004, , 9,9, 158158--160160



Primeiro antagonista seletivo do receptor histaminérgico HPrimeiro antagonista seletivo do receptor histaminérgico H22

A A sagacidadesagacidade da suave da suave metilametila……

CR Ganellin, Cimetidine, em CR Ganellin, Cimetidine, em Chronicles of Drug DiscoveryChronicles of Drug Discovery, JS Bindra & D Lednicer Eds., Wiley, New York, pp. 1, JS Bindra & D Lednicer Eds., Wiley, New York, pp. 1--3838
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A (A (bisbis))metilametila astutaastuta……

ww

John R. VaneJohn R. Vane

(1927(1927--2004)2004)

Bengt I. SamuelssonBengt I. Samuelsson

K. Sune BergströmK. Sune Bergström
(1916(1916--2004)2004)

19821982

metabolicmetabolic stabilitystability

* * A Robert & BJ A Robert & BJ MagerleinMagerlein, , Adv Adv BiosciBiosci 19731973, , 99, 247, 247
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16,16-dimethyl PGE2
*

CH3H3C

EP2 ag. ~ 1 nM

50 X PGE2 (GI tract)

MisoprostolMisoprostol



A A metilametila entronaentrona……

quinoline

CH3

CH3
CH3

CH3

isosteres of the 

tautomertautomer

azo-enone

LRSLRS Dias,Dias, ACCACC Freitas,Freitas, EJEJ BarreiroBarreiro ,, DKDK GoinsGoins,, DD NanayakkaraNanayakkara JDJD McChesneyMcChesney,, SynthesisSynthesis andand biologicalbiological activityactivity ofof newnew

potentialpotential antimalarialantimalarial:: 11HH--pyrazolo[pyrazolo[33,,44--bb]pyridine]pyridine derivativesderivatives.. BollBoll.. ChimChim.. FarmFarm.. 20002000,, 139139,, 1414
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isoleucinaisoleucina

H2N
OH

O

CH3

CH3

H2N
OH

O

H3C CH3



H2N CO2H

CH3H3C

C5H11NO2

 Valina

•• InflamaçãoInflamação
•• CâncerCâncer

•• EndotélioEndotélio
vascularvascular

•• RinsRins
•• CérebroCérebro

Sítio secundárioSítio secundário

Os amino ácidos Os amino ácidos 

homólogos homólogos 

e a COXe a COX

H2N CO2H

H3C

CH3

C6H13NO2

Isoleucina

•• EstômagoEstômago
•• Plaquetas Plaquetas 

•• RinsRinsÁcido araquidônicoÁcido araquidônico
KKmm = = 55,,66//55,,4 4 µµµµµµµµMM
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A A metilametila mágicamágica…(…(the magic methylthe magic methyl))
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A A genialidadegenialidade dada metilametila mágicamágica … … 

LumiracoxibLumiracoxib have one chlorine substituted by fluorine and have one chlorine substituted by fluorine and 

the the phenylaceticphenylacetic acid moiety has methyl group in acid moiety has methyl group in metameta positionposition

2003 (2008)

Ki (Ki (µµM) PGHSM) PGHS--1 = 0.0101 = 0.010

Ki (Ki (µµM) PGHSM) PGHS--2 = 0.0182 = 0.018
Ki (Ki (µµM) PGHSM) PGHS--1 = 3.21 = 3.2

Ki (Ki (µµM) PGHSM) PGHS--2 = 0.062 = 0.06

HH.. FuruieFuruie etet alal..,, TheThe evaluationevaluation ofof thethe COXCOX--22 selectiveselective inhibitioninhibition ofof lumiracoxiblumiracoxib,, aa novelnovel nonsteroidalnonsteroidal antianti--inflammatoryinflammatory drug,drug,

ClinClin PharmacolPharmacol TherapTherap 20042004,, 7575,, PP55



COX-2

The Molecular Basis of COXThe Molecular Basis of COX--2 2 VersusVersus COXCOX--1 1 

Selectivity of Selectivity of LumiracoxibLumiracoxib

COX-2COX-1

CO2H

NH

ClCl

H

CM CM CorrêaCorrêa et al., et al., The Molecular Basis of COXThe Molecular Basis of COX--2 Versus COX2 Versus COX--1 Selectivity of 1 Selectivity of LumiracoxibLumiracoxib by by 

Molecular Docking StudiesMolecular Docking Studies, Letters in Drug Design & Discovery, Letters in Drug Design & Discovery, 2007, 4, 422

∆gbind = -22,74 kJ/mol∆gbind = -25,34 kJ/mol

∆gbind = -16,34 kJ/mol
∆gbind = -15,21 kJ/mol 

Molecular Docking StudiesMolecular Docking Studies



O O discretodiscreto charmecharme dada metilametila……

O

H3C H
(1961)

S(uper)-NaprosinR

IT Harrison,  IT Harrison,  J Med J Med ChemChem 19701970, , 1313, 203, 203
R R NoyoriNoyori

própró--quiralquiral
enantiopuroenantiopuro

enantiomêrosenantiomêros

H3C CH3

O

OH

(R)-ibuprofen

eutômeroσ

S S SS Adams*Adams*

TiPSTiPS 20122012, , 3333, , 11
1010..10161016//j.tips.j.tips.20112011..1010..007007

20012001

*S*S SS Adams,Adams, TheThe propionicpropionic acidsacids::

AA personalpersonal perspective“,perspective“, JournalJournal

ofof ClinicalClinical PharmacologyPharmacology 19921992,,

3232,, 317317––323323..

&& VV LL EE Lima,Lima, OsOs fármacosfármacos ee aa

quiralidadequiralidade:: umauma brevebreve

abordagem,abordagem, QuimQuim NovaNova 19971997,, 2020,,

657657--663663..



COXCOX--2 2 seletivoseletivo
SearleSearle

VidaVida--média = média = 1212 dias !dias !
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O doce O doce fascíniofascínio da metila...da metila...

nova possível indicação: nova possível indicação: 

câncer colo retalcâncer colo retal

O O mercadomercado mundialmundial de de fármacosfármacos antiinflamatóriosantiinflamatórios ((caca. 50; 2012) . 50; 2012) ~~ US$ 10 biUS$ 10 bi

1999

CelecoxibeCelecoxibe (SC(SC--58634)58634)
TD Penning et al., J. Med.

Chem. 1997, 40,1347
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N N

S
H2N

O
O

F

F

F

[1998 [1998 -- Dr Mario G Cardozo (na USP)]Dr Mario G Cardozo (na USP)]



methaqualonemethaqualoneN
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CH3

CH3

Indian researchers in the 1951Indian researchers in the 1951

QuinazoloneQuinazolone

axial axial chiralitychirality

A A sofisticaçãosofisticação da metila...da metila...

Anticonvulsivant Activity Anticonvulsivant Activity (Rat)&

(R)-(+)-methaqualone  ED50= 35,7 mg/Kg

(S)-( - )-methaqualone ED50= 26,5 mg/Kg

&& A. Mannschreck A. Mannschreck et alet al.,  The .,  The 

enantiomeres  of methaquolone  and enantiomeres  of methaquolone  and 

their unequal  anticonvulsive activity , their unequal  anticonvulsive activity , 

Eur. J. Med. ChemEur. J. Med. Chem. . 19841984,  ,  1919, 381, 381

AR Santos AR Santos et alet al.,., AtropoisomerismoAtropoisomerismo: o efeito da : o efeito da quiralidadequiralidade axial em substâncias axial em substâncias bioativasbioativas, , Quim NovaQuim Nova 20072007, , 3030, , 

125;  125;  SR SR LaPlanteLaPlante, PJ Edwards, LD Fader, A , PJ Edwards, LD Fader, A JakalianJakalian, O , O HuckeHucke, Revealing , Revealing AtropisomerAtropisomer Axial Axial Chirality in Drug Discovery, Chirality in Drug Discovery, 

ChemMedChemChemMedChem 20112011, , 66, 505, 505

MandraxMandraxRR

US Patent 3135659 - Hydroxy and Alkoxy Aryl Quinazolones



NovosNovos inibidoresinibidores dada COXCOX--2 2 bispirazólicosbispirazólicosaa))

unidadeunidade
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LASSBioLASSBio--466466

a) a) M P M P VelosoVeloso, , TeseTese de de DoutoramentoDoutoramento, , InstitutoInstituto de de QuímicaQuímica, UFRJ, 2000, UFRJ, 2000
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ABSTRACT: This work describes the atropisomeric relationships of 3-methyl-5-(3-methyl-5-phenyl-1H-pyrazol-1-ABSTRACT: This work describes the atropisomeric relationships of 3-methyl-5-(3-methyl-5-phenyl-1H-pyrazol-1-

yl)-1-phenyl-1H-pyrazol-4-amine (2d), which belongs to series 4-aminobipyrazole derivatives designed as anti-

inflammatory agents. The 1H-NMR spectra obtained in the presence of a chiral lanthanide shift salt associated to

chiral HPLC analysis, X-ray diffraction and molecular modeling tools confirmed that ortho bis-functionalized

bipyrazole 2d exists as a mixture of aR,aS-atropisomers. These results provide useful information to understand

the pharmacological profile of this derivative and of other 4-aminobipyrazole analogues.

aRaR--((22d)d) aSaS--(2d)(2d)



Determinação da configuração absoluta  Determinação da configuração absoluta  

LASSBioLASSBio--775775

11HH-- andand 1313CC--NMR NMR spectraspectra

DerivatizaçãoDerivatização

LichosorbLichosorb (N. 738342) RP(N. 738342) RP--18 column (250 mm x 4 mm x 5 µm) 18 column (250 mm x 4 mm x 5 µm) 
LL--7450A  diode array detector (DAD)  7450A  diode array detector (DAD)  

acetonitrileacetonitrile and water (adjusted to pH 3 with TFA 0.1%) gradientsand water (adjusted to pH 3 with TFA 0.1%) gradients
[CH[CH33CN:HOH (pH 3) from 20:80 to 80:20]CN:HOH (pH 3) from 20:80 to 80:20]

LASSBioLASSBio--775775

EnrafEnraf--NoniusNonius KappaKappa--CCDCCD difractometerdifractometer

(+)(+)--Yb(Yb(hfchfc))33

MP Veloso et al., MP Veloso et al., ChiralityChirality 20122012, , 2424, 463, 463



A eleganteA elegante sutileza sutileza da metila...da metila...
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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**

New molecular New molecular 

patternpattern

&& 2009 2009 -- LaskerLasker FoundationFoundation ClinicalClinical AwardAward ((J. J. ClinClin. Invest. Invest. . 20092009, , 119119, 2863; DOI:10.1172/JCI41141);, 2863; DOI:10.1172/JCI41141);

* Brian J. * Brian 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;

** Charles L. Sawyers was named in 2011, Thomson Reuters Citation Laureate in Medicine;  ** Charles L. Sawyers was named in 2011, Thomson Reuters Citation Laureate in Medicine;  

Blueprint Medicines Inc

chronicchronic myelogenousmyelogenous leukemialeukemia

(CML)(CML)

Blueprint Medicines Inc
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imatinibe

(STI571)(STI571)
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Steric hindrance leads to an arylamine bond rotation

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, pp.88, pp.88--102102



2001

2006

TinibesTinibes
chronic chronic myelogenousmyelogenous leukemia (CML)leukemia (CML)

2007

2007

2007

2006

* * S Aggarwal, S Aggarwal, Nature Rev Drug Discov  Nature Rev Drug Discov  20102010, , 99, 427, 427

•• US market in 2009: US$ 18,5 bi *US market in 2009: US$ 18,5 bi *
•• ImatinibeImatinibe world sales in 2009: US$ 4,0 bi*world sales in 2009: US$ 4,0 bi*

2012- bosutinibe
2011- crisotinibe
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A.EndoA.Endo, J. , J. AntibiotAntibiot..
19761976, , 2929, 1346, 1346

PenicilliumPenicillium citrinumcitrinum
IdemIdem, , IbidIbid, , 19791979, , 3232, 852, 852

MonascusMonascus ruberruber
((compactinacompactina))

A.Endo, J. Med. Chem. 1985, 28, 1

ProtótipoProtótipo

naturalnatural
SimilaridadeSimilaridade
molecularmolecular

γγγγγγγγ--lactonalactona

11975 975 –– MevastatinaMevastatina (ML(ML--263b)263b)

Akira Endo, Sankyo Co

MevalolactonaMevalolactona
O

O

HO HMGHMG--CoACoA redutaseredutase

As As metilinhametilinha$$ bilionáriabilionária$$……

CH3

H
O

H3C

CH3

MeviloninaMevilonina

J. Med. Chem.J. Med. Chem. 19861986, , 2929, 849, 849

1987 1987 –– MS&D (MS&D (MevaMevacorcorRR))

LovastatinLovastatin (MK(MK--803)803)
1978 – Merck & Co. 
Aspergillus terreus

H3C

Arthur A Arthur A PatchettPatchett

19851985

MS BrownMS BrownJL GoldsteinJL Goldstein

LDLLDL

1988 1988 –– MevaMevacorcorRR US$ US$ 260 260 mimi

University of Texas, Dallas University of Texas, Dallas 

Alfred Burger Award 2002Alfred Burger Award 2002



A A metilametila $e $e achandoachando… … 
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IC50 HMG-CoAR = 890 nM

O

O

H3C

IC50 HMG-CoAR = 4000 nM

PS Anderson, Reflexions on PS Anderson, Reflexions on 

medicinal chemistry at medicinal chemistry at 

Merck, West Point, Merck, West Point, 

Annu. Rept. Med. ChemAnnu. Rept. Med. Chem. . 

20122012, , 4747, 3, 3
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TEVATEVA
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simvastatina
1986

HO

Arthur A PatchettArthur A Patchett
J Med Chem 2003, 45, 5609 22aa geraçãogeração

CO H
HO

O mercado mundial de estatinas é estimado em US$ 23 bilhões (2013)O mercado mundial de estatinas é estimado em US$ 23 bilhões (2013)
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HO
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pitavastatina
2009

33aa geraçãogeração

Bruce D RothBruce D Roth

US$ 8,1 bi (2012)US$ 8,1 bi (2012)

ICIC5050 HMGHMG--CoARCoAR = 5 = 5 nMnM
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LASSBioLASSBio--785785
LASSBioLASSBio--294294

A “A “metilinha”metilinha” do do LASSBioLASSBio......

ICIC5050 (PDE4B) = 30 (PDE4B) = 30 µµMM

ICIC5050 (PDE4B) > 100 (PDE4B) > 100 µµMM

ConformaçãoConformação ““grampogrampo--dede--cabelocabelo”” ConformaçãoConformação emem “U”“U”

EJ Barreiro, Estratégia de Simplificação Molecular em Química Medicinal, A Descoberta de Novo Agente Cardiotônico,Quím Nova 2002200220022002, 25, 1172



Novo protótipo AI Novo protótipo AI dualdualb)... e metilado!... e metilado!a)a)

A metilinha sabeA metilinha sabe--tudo...tudo...

Novo protótipo AI Novo protótipo AI dualdual ... e metilado!... e metilado!

a)a) A. E. A. E. KüKümmerle mmerle et alet al., ., Design, Synthesis, and Pharmacological Evaluation of Design, Synthesis, and Pharmacological Evaluation of NN--AcylhydrazonesAcylhydrazones and Novel and Novel 
ConformationallyConformationally Constrained Compounds as Selective and Potent Orally Active PDEConstrained Compounds as Selective and Potent Orally Active PDE--4 4 Inhibitors, Inhibitors, J Med Chem J Med Chem 
20122012, , 5555, , 75257525; ; b)b) X Jalencas & J Mestres, On the origens of polipharmacology, X Jalencas & J Mestres, On the origens of polipharmacology, MedChemCommMedChemComm 20132013, , 44, , 8080..



CHCH33
15 Da15 Da

““The methyl group, so often The methyl group, so often 

considered as chemically inert, considered as chemically inert, 

is is able to alter deeply the able to alter deeply the 

pharmacological properties pharmacological properties 

of of a moleculea molecule.”.”

CC--H  H  µµµµµµµµ = 0,4 D= 0,4 D

δδδδδδδδ++ / R/ R++

ππππππππ =0,22=0,22

σσσσσσσσmetameta = 0,51 / = 0,51 / σσσσσσσσparapara = 0,52= 0,52

Rekker const = 0,702Rekker const = 0,702

of of a moleculea molecule.”.”

Camille Camille G. G. WermuthWermuth



IF (2011) = 40,19IF (2011) = 40,19

Salve, salve “Salve, salve “metilinhametilinha”” poderosapoderosa ......

AS de Miranda, AS de Miranda, Rev. Virtual QuimRev. Virtual Quim. 2011, 3, 228. 2011, 3, 228

www.uff.br/RVQ
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http://ejbhttp://ejb--eliezer.blogspot.com.br/eliezer.blogspot.com.br/

ObrigadoObrigadoObrigadoObrigado

Praia  do Boqueirão, Saquarema, RJPraia  do Boqueirão, Saquarema, RJ

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


