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estuda 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.

Eur. J. Med. Chem., 31Eur. J. Med. Chem., 31, 747 (1996), 747 (1996)
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O berço da Química Medicinal

Stovarsol

CAS 97-44-9

Ernest Fourneau
1872-1949

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

Institut Pasteur (1887)
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19111911--1944 1944 –– J. TrJ. Trééfoufouëël, Th. Trl, Th. Trééfoufouëël, l, 
G. Benoit, D. Bovet, F. Nitti  G. Benoit, D. Bovet, F. Nitti  

1911- Laboratoire de Chimie Thérapeutique 
Institut Pasteur (Emile Roux)

Prontosil rubrumProntosil rubrum
((sulfonamidassulfonamidas))

CurareCurare: SAR: SAR Daniel Bovet 
1907-1992 

Prêmio Nobel de 

Fisiologia/Medicina

1957
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Prof. Alfred Burger
(1904-2000)

University of Virginia

EUA

1958 1958 –– cria o Journal of the Medicinal and Pharmaceutical cria o Journal of the Medicinal and Pharmaceutical 
Chemistry Chemistry →→ depois Journal of Medicinal Chemistry depois Journal of Medicinal Chemistry 

““An EditorAn Editor’’s Commentary on the Birth of a Journals Commentary on the Birth of a Journal””
J. Med. ChemJ. Med. Chem. . 19911991,,3434, 2, 2--66

1978 1978 -- GlaxoSmithKline cria com ACS o GlaxoSmithKline cria com ACS o ““Alfred Burger AwardAlfred Burger Award””
em Quem Quíímica Medicinalmica Medicinal
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Paul EhrlichPaul Ehrlich
18541854--19151915

Emil FischerEmil Fischer
18521852--19191919

Robert KochRobert Koch
18431843--19101910

19021902 19051905

19081908
P. Ehrlich, Chemotherapeutics: scientific principles,Chemotherapeutics: scientific principles,

methods and resultsmethods and results. Lancet 1913, 2, 445

Os fOs fáármacos rmacos 
e o Nobel !e o Nobel !

http://nobelprize.org/no

bel_prizes/chemistry/laur

eates/1902/fischer-

bio.html

http://nobelprize.org/nobel_priz

es/medicine/laureates/1908/ehr

lich-bio.html

http://nobelprize.org/n

obel_prizes/medicine/la

ureates/1905/koch-

bio.html



196 pesquisadores 196 pesquisadores 

ganharam o Prêmio ganharam o Prêmio 

Nobel de Medicina Nobel de Medicina 

(1901(1901--2010)2010)

http://nobelprize.org

Os fOs fáármacos rmacos 

e o Nobel !e o Nobel !

Alexander FlemingAlexander Fleming

Ernest B. ChainErnest B. Chain

Howard W. FloreyHoward W. Florey

18811881--19551955

19061906--19791979

18981898--19681968

19451945

http://nobelprize.org/nobel

_prizes/medicine/laureates

/1945/fleming-bio.html

http://nobelprize.org/nobel_pri

zes/medicine/laureates/1945/c

hain-bio.html
http://nobelprize.org/nobel_prizes/medi

cine/laureates/1945/florey-bio.html



Sune K. BergstrSune K. Bergströömm

Bengt I. SamuelssonBengt I. Samuelsson

John R. VaneJohn R. Vane

Os fOs fáármacos rmacos 
e o Nobel !e o Nobel !

1982 – AAS
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(1934(1934--

(1927(1927--2004)2004)

Prostaglandina FProstaglandina F22αα

http://nobelprize.org/nobel_p

rizes/medicine/laureates/1982

/bergstrom-autobio.html http://nobelprize.org/nobel_pr

izes/medicine/laureates/1982/

samuelsson-autobio.html

http://nobelprize.org/nobel

_prizes/medicine/laureates

/1982/vane-autobio.html



Prêmio Nobel, 1959Prêmio Nobel, 1959

Arthur KornbergArthur Kornberg
19181918--20072007 “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

University of Stanford

eliezer  2010eliezer  2010

A. Kornberg, Science and medicine at the 

millennium, Braz J Med Biol Res, 1997, 30, 

1379

EJB3
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EJB3 
Kornberg definiu as bases da interdisciplinaridade das ciências dos fármacos quando antecipou a necessidade de aproximar-se a Química e a 
Biologia.
Eliezer J. Barreiro; 4/3/2010





As moléculas pioneiras…

O

N
CH3

HO OH

C17H19NO3

C16H18N2O4S

morfina

penicilina

Alexander FlemingAlexander Fleming
18811881--19551955

Nobel 1945Nobel 1945

Henry HowHenry How
1853 1853 –– Un. GlasgowUn. Glasgow

SirSir Robert RobinsonRobert Robinson
18861886--19751975

Nobel 1947Nobel 1947 eliezer  2010

Friedrich W. A. SertFriedrich W. A. Sertüürnerrner
17831783-- 1841

CO2H

OAc
AAS
C9H8O4

Felix HoffmanFelix Hoffman
18681868-- 1946

1929

1897
1804
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A quimiodiversidade dos fA quimiodiversidade dos fáármacosrmacos……..
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Emil FischerEmil Fischer
18521852--19191919

19021902

macrobiomolmacrobiomolééculacula

baseado no sbaseado no síítio detio de
reconhecimento reconhecimento 

baseado no ligantebaseado no ligante
/ an/ anáálogologo--ativoativo

micromolmicromolééculacula

PlanejamentoPlanejamento
racionalracional

C. Robin Ganellin, Drug Discovery Today 2004,  9, 158 eliezer  2010
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NNíível hiervel hieráárquico da descrirquico da descriçção da complementaridade Fão da complementaridade F--RR

Complicadores:Complicadores:
•• EncaixeEncaixe--induzidoinduzido

•• ConformaConformaçção bioativaão bioativa

•• InibiInibiçção alostão alostéérica/ortostrica/ortostééricarica



A importância das A importância das ““ligaligaççõesões”” frfráágeis...geis...

““ligaligaççõesões””

de hidrogênio ...de hidrogênio ...

D—H……..A  1939

Linus C. Pauling, 1954 & 1963



Inibição alostérica (>1992)

MaravirocMaraviroc

DA Price et al., Bioorg. Med. Chem. Lett. 2006, 16, 4633

CCR5 farmacóforo

(2007 [US] / 2009 [BR])(2007 [US] / 2009 [BR])

PostPost--hochoc



Fatores  estruturais 

H3C-O-HH-O-H H3C-CH2-O-H

Dose !Dose ! canais iônicos = canais iônicos = GABAGABAA A (? (? ? ? ?? ))

mmetanoletanol etanoletanol

Como atua o Como atua o áálcoollcool ??



W. Xie & R. M. Evans, W. Xie & R. M. Evans, Drug Discovery Drug Discovery 

TodayToday 2002, 2002, 77, 509, 509--515515

Animal transgênico com mesmo perfil de resposta Animal transgênico com mesmo perfil de resposta àà aaçção dão d

ffáármacos que humanosrmacos que humanos. . 

Possui como majoritPossui como majoritáária a isoforma ria a isoforma CYP3A  CYP3A  com altacom alta

homologia homologia àà formaforma--hh que permite o estudo do metabolismo.que permite o estudo do metabolismo.

P. Erhardt, Medicinal Chemistry in the new Millennium. A Glance into the Future, Pure Appl. Chem. 2002, 74, 703.P. Erhardt, Medicinal Chemistry in the new Millennium. A Glance P. Erhardt, Medicinal Chemistry in the new Millennium. A Glance into the Future, into the Future, Pure Appl. ChemPure Appl. Chem. 2002, . 2002, 7474, 703., 703.

Humanized mouse modelHumanized mouse model Homology modeling of rat and Homology modeling of rat and 

human CYP 2D isoforms and human CYP 2D isoforms and 

computacional rationalization computacional rationalization 

of experimental ligandof experimental ligand--binding binding 

specifities, NPE Vermeulen specifities, NPE Vermeulen et al.et al., , 

J. Med. Chem.J. Med. Chem. 2003, 2003, 4646, 74, 74



Criado em 19/04/1994Criado em 19/04/1994

Cidade UniversitCidade Universitáária, ilha do Fundão,ria, ilha do Fundão,

Rio de Janeiro, RJRio de Janeiro, RJ

LaboratLaboratóório de Avaliario de Avaliaçção e São e Sííntese de Substâncias Bioativasntese de Substâncias Bioativas
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hit/ligante

validação precoce do 

alvo-terapêutico



Novos Novos CompostosCompostos--ProtProtóótipostipos Descobertos noDescobertos no

INPI # 0303465-8 de 05/09/2003

USPTO Patent # 7.091.238USPTO Patent # 7.091.238

August 15, 2006August 15, 2006

Sob contrato c/  empresaSob contrato c/  empresa

farmacêutica nacionalfarmacêutica nacional

2nd license agreement2nd license agreement

ORD, Un Maryland,ORD, Un Maryland,

Baltimore, USA Baltimore, USA 
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Otimização do protótipo Otimização do protótipo

Otimização do protótipo

Thienylhydrazon with digitalis-like properties 

(positive inotropic effects)

August 15, 2006

Publication Number: 07091238
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PDEPDE--33

benzimidazola

imazodana

EfeitoEfeito

inotrinotróópicopico
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pimobendana
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JA Bristol et al., J Med Chem 1984, 27, 1099 

piridazinonapiridazinona

piridazinonapiridazinona
*

I Sircar et al., J Med Chem 1985, 28, 1405 
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l    e    a    d Composto-protótipoCompostoComposto--protprotóótipotipo

P. C. Lima, L. M. Lima, K. C. M. da Silva, P. H. O. LP. C. Lima, L. M. Lima, K. C. M. da Silva, P. H. O. Lééda, A. L. P. Miranda, C. A. M. Fraga & E. J. Barreiro, da, A. L. P. Miranda, C. A. M. Fraga & E. J. Barreiro, ““Synthesis and NonSynthesis and Non--

addictive Analgesic Activity of Novel addictive Analgesic Activity of Novel NN--acylarylhydrazones and Isosters, Derived from Natural Safroleacylarylhydrazones and Isosters, Derived from Natural Safrole””, , Eur. J. Med. Chem., 35Eur. J. Med. Chem., 35, 187  , 187  

(2000).(2000).

Similaridade molecularSimilaridade molecular

LASSBioLASSBio--286286



P. C. LimaP. C. Lima, L. M. Lima, K. C. M. da Silva, P. H. O. L, L. M. Lima, K. C. M. da Silva, P. H. O. Lééda, A. L. P. Miranda, C. A. M. Fraga & E. J. Barreiro, da, A. L. P. Miranda, C. A. M. Fraga & E. J. Barreiro, ““Synthesis and NonSynthesis and Non--

addictive Analgesic Activity of Novel addictive Analgesic Activity of Novel NN--acylarylhydrazones  and  Isosters, Derived from Natural Safroleacylarylhydrazones  and  Isosters, Derived from Natural Safrole””, , Eur. J. Med. Chem.Eur. J. Med. Chem., , 3535, 187  , 187  

(2000).(2000).

M.E.F. Lima & E. J. Barreiro, M.E.F. Lima & E. J. Barreiro, J. Pharm. SciJ. Pharm. Sci. 1992,. 1992, 8181, 1219, 1219

ca.ca. 56% overall yield56% overall yield LASSBioLASSBio--294294LASSBioLASSBio--286286
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ZZ--isomêroisomêro EE--isomêroisomêro

M. R. L. SantosM. R. L. Santos, M. G. de Carvalho, R. Br, M. G. de Carvalho, R. Bráázz--Filho, Filho, E. J. Barreiro, ", "11H and H and 1313C of New C of New 

Bioactive Isochromanylactylarylhydrazone Derivatives", Bioactive Isochromanylactylarylhydrazone Derivatives", Magn. Magn. Magn. Magn. Magn. Magn. Magn. Magn. Reson. ChemReson. ChemReson. ChemReson. ChemReson. ChemReson. ChemReson. ChemReson. Chem. 1998,  36,. 1998,  36,. 1998,  36,. 1998,  36,. 1998,  36,. 1998,  36,. 1998,  36,. 1998,  36,

533.533.

L. F. C. C. LeiteL. F. C. C. Leite, , E. J. Barreiro, M. N. Ramos, J. B. P. da Silva, S. L. Galdino & I. R. Pitta, , M. N. Ramos, J. B. P. da Silva, S. L. Galdino & I. R. Pitta, 

““Electron Impact Mass Spectrometry of Some 3Electron Impact Mass Spectrometry of Some 3--[3[3--(4(4--aryl)aryl)--1,2,41,2,4--oxadiazoleoxadiazole--55--yl] acyl yl] acyl 

arylaldehyde Hydrazone derivativesarylaldehyde Hydrazone derivatives””, , Spectroscopy Spectroscopy Spectroscopy Spectroscopy Spectroscopy Spectroscopy Spectroscopy Spectroscopy 2000, 2000, 1414141414141414, 115. , 115. 



Karabatsos, G.J., Karabatsos, G.J., et al.et al. (1964) (1964) J. Am. Chem. Soc.,J. Am. Chem. Soc., 86, 3351; Karabatsos, G.J., 86, 3351; Karabatsos, G.J., et al.et al. (1967) (1967) TetrahedronTetrahedron, 24, 3907; ibid (1967) , 24, 3907; ibid (1967) TetrahedronTetrahedron, 24, 3361., 24, 3361.

δδδδ 11,67
δδδδ 8,64

LASSBio-294
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““Thienylhydrazon with digitalisThienylhydrazon with digitalis--like properties (positive inotropiclike properties (positive inotropic

effects) effects) -- Patente 07091238 (USPTO),Patente 07091238 (USPTO), 15 de agôsto de 2006;15 de agôsto de 2006;

WO 2000WO 2000--078754 (65 pa078754 (65 paííses) .ses) .
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www.farmacia.ufrj.br/lassbio

INCT de Fármacos e Medicamentos



Considering the vast size of chemical Considering the vast size of chemical 

space to be explored,* it is not surprising space to be explored,* it is not surprising 

that  that  experienceexperience and and intuitionintuition are the are the 

characteristics that distinguish the characteristics that distinguish the 

most successful medicinal chemists.most successful medicinal chemists.
A. L. Hopkins & A. PolinskyA. L. Hopkins & A. Polinsky

Knowledge and Intelligence in Drug Design, 

Annu. Rept. Med.Chem. 2006, 41, 425.

* N* Núúmero de possmero de possííveis molveis molééculas com propriedades farmacêuticas culas com propriedades farmacêuticas caca. 10. 106060

JJ--L Reymond, R van Deursen, L C Blum, L Ruddigkeit, L Reymond, R van Deursen, L C Blum, L Ruddigkeit, Med Chem Commun  Med Chem Commun  20102010, , 11, 30, 30



Galileo, Newton, Darwin, & Einstein

O físico Crick & biólogo Watson

Sequenciamento do genoma humano

O perfil 

da pesquisa

científica...

eliezer  2010

...contempôranea!

J. D. Watson & F. H. C. Crick, 
Nature 1953, 171, 737–738 



The Sequence of the Human Genome 
J. Craig Venter, Mark D. Adams, Eugene W. Myers, Peter W. Li, Richard J. Mural, Granger G. Sutton, 

Hamilton O. Smith, Mark Yandell, Cheryl A. Evans, Robert A. Holt, Jeannine D. Gocayne, Peter Amanatides, 

Richard M. Ballew, Daniel H. Huson, Jennifer Russo Wortman, Qing Zhang, Chinnappa D. Kodira, Xiangqun 

H. Zheng, Lin Chen, Marian Skupski, Gangadharan Subramanian, Paul D. Thomas, Jinghui Zhang, George L. 

Gabor Miklos, Catherine Nelson, Samuel Broder, Andrew G. Clark, Joe Nadeau, Victor A. McKusick, Norton 

Zinder, Arnold J. Levine, Richard J. Roberts, Mel Simon, Carolyn Slayman, Michael Hunkapiller, Randall 

Bolanos, Arthur Delcher, Ian Dew, Daniel Fasulo, Michael Flanigan, Liliana Florea, Aaron Halpern, Sridhar 

Hannenhalli, Saul Kravitz, Samuel Levy, Clark Mobarry, Knut Reinert, Karin Remington, Jane Abu-Threideh, 

Ellen Beasley, Kendra Biddick, Vivien Bonazzi, Rhonda Brandon, Michele Cargill, Ishwar Chandramouliswaran, 

Rosane Charlab, Kabir Chaturvedi, Zuoming Deng, Valentina Di Francesco, Patrick Dunn, Karen Eilbeck, 

Carlos Evangelista, Andrei E. Gabrielian, Weiniu Gan, Wangmao Ge, Fangcheng Gong, Zhiping Gu, 

Ping Guan, Thomas J. Heiman, Maureen E. Higgins, Rui-Ru Ji, Zhaoxi Ke, Karen A. Ketchum, Zhongwu Lai, 

Yiding Lei, Zhenya Li, Jiayin Li, Yong Liang, Xiaoying Lin, Fu Lu, Gennady V. Merkulov, Natalia Milshina, 

Helen M. Moore, Ashwinikumar K Naik, Vaibhav A. Narayan, Beena Neelam, Deborah Nusskern, 

Douglas B. Rusch, Steven Salzberg, Wei Shao, Bixiong Shue, Jingtao Sun, Zhen Yuan Wang, Aihui Wang, 

Xin Wang, Jian Wang, Ming-Hui Wei, Ron Wides, Chunlin Xiao, Chunhua Yan, Alison Yao, Jane Ye, 

Ming Zhan, Weiqing Zhang, Hongyu Zhang, Qi Zhao, Liansheng Zheng, Fei Zhong, Wenyan Zhong, 

Shiaoping C. Zhu, Shaying Zhao, Dennis Gilbert, Suzanna Baumhueter, Gene Spier, Christine Carter, 

Anibal Cravchik, Trevor Woodage, Feroze Ali, Huijin An, Aderonke Awe, Danita Baldwin, Holly Baden, 

Mary Barnstead, Ian Barrow, Karen Beeson, Dana Busam, Amy Carver, Angela Center, Ming Lai Cheng, 

Liz Curry, Steve Danaher, Lionel Davenport, Raymond Desilets, Susanne Dietz, Kristina Dodson, 

Lisa Doup, Steven Ferriera, Neha Garg, Andres Gluecksmann, Brit Hart, Jason Haynes, Charles Haynes, 

Cheryl Heiner, Suzanne Hladun, Damon Hostin, Jarrett Houck, Timothy Howland, Chinyere Ibegwam, 

Jeffery Johnson, Francis Kalush, Lesley Kline, Shashi Koduru, Amy Love, Felecia Mann, David May, 

Steven McCawley, Tina McIntosh, Ivy McMullen, Mee Moy, Linda Moy, Brian Murphy, Keith Nelson, 

Cynthia Pfannkoch, Eric Pratts, Vinita Puri, Hina Qureshi, Matthew Reardon, Robert Rodriguez, 

Yu-Hui Rogers, Deanna Romblad, Bob Ruhfel, Richard Scott, Cynthia Sitter, Michelle Smallwood, 

Erin Stewart, Renee Strong, Ellen Suh, Reginald Thomas, Ni Ni Tint, Sukyee Tse, Claire Vech, 

Gary Wang, Jeremy Wetter, Sherita Williams, Monica Williams, Sandra Windsor, Emily Winn-Deen, 

Keriellen Wolfe, Jayshree Zaveri, Karena Zaveri, Josep F. Abril, Roderic Guigó, Michael J. Campbell, 

Kimmen V. Sjolander, Brian Karlak, Anish Kejariwal, Huaiyu Mi, Betty Lazareva, Thomas Hatton, 

Apurva Narechania, Karen Diemer, Anushya Muruganujan, Nan Guo, Shinji Sato, Vineet Bafna, Sorin Istrail, 

Ross Lippert, Russell Schwartz, Brian Walenz, Shibu Yooseph, David Allen, Anand Basu, James Baxendale, 

Louis Blick, Marcelo Caminha, John Carnes-Stine, Parris Caulk, Yen-Hui Chiang, My Coyne, Carl Dahlke, Anne Deslattes Mays, 

Maria Dombroski, Michael Donnelly, Dale Ely, Shiva Esparham, Carl Fosler, Harold Gire, Stephen Glanowski, Kenneth Glasser, Anna Glodek, 

Mark Gorokhov, Ken Graham, Barry Gropman, Michael Harris, Jeremy Heil, Scott Henderson, Jeffrey Hoover, Donald Jennings, 

Catherine Jordan, James Jordan, John Kasha, Leonid Kagan, Cheryl Kraft, Alexander Levitsky, Mark Lewis, Xiangjun Liu, John Lopez, 

Daniel Ma, William Majoros, Joe McDaniel, Sean Murphy, Matthew Newman, Trung Nguyen, Ngoc Nguyen, Marc Nodell, Sue Pan, Jim Peck, 

Marshall Peterson, William Rowe, Robert Sanders, John Scott, Michael Simpson, Thomas Smith, Arlan Sprague, Timothy Stockwell, Russell Turner,

Eli Venter, Mei Wang, Meiyuan Wen, David Wu, Mitchell Wu, Ashley Xia, Ali Zandieh, and Xiaohong Zhu

Science 2001 291, 1304-1351 [DOI: 10.1126/science.1058040]
eliezer  2010
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ÚÚnico programa de pnico programa de póóss--graduagraduaçção (M/D) ão (M/D) 
com este perfil na Amcom este perfil na Améérica Latinarica Latina

Interface Química-Biologia em Química Medicinal 

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

EJB5
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EJB5 
A recente criação da PG (M&D) em Farmacologia e Química Medicinal ilustra nova perspectiva de horizonte na PG da UFRJ, pois é a primeira 
com o perfi desta proposta interdisciplinar na AL.l
Eliezer J. Barreiro; 4/3/2010
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““...Para  achar ...Para  achar áágua gua éé precisopreciso

descer terra adentro,descer terra adentro,

encharcarencharcar--se no lodo.se no lodo.

Mas hMas háá os que preferemos que preferem

olhar os colhar os cééus,us,

e esperar pelas chuvas...e esperar pelas chuvas...””
Oduvaldo Vianna Filho

(em “Cúmplice da Paixão”, Dênis de Moraes

Ed. Nórdica, RJ, 1990; Ed. Record, RJ, 2001).
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