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The first drug molecules…
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Arsphenamine

Paul EhrlichPaul Ehrlich
18541854--19151915

SalvarsanR

Lloyd NC, Morgan HW, Nicholson BK, Ronimus RS "The composition oLloyd NC, Morgan HW, Nicholson BK, Ronimus RS "The composition of Ehrlich's salvarsan: f Ehrlich's salvarsan: 

resolution of a centuryresolution of a century--old debate". Angew. Chem. Int. Ed. Engl. 2005, 44, 941.old debate". Angew. Chem. Int. Ed. Engl. 2005, 44, 941.

Trimere

Pentamere

Chemotherapeutics: scientific principles,Chemotherapeutics: scientific principles,

methods and resultsmethods and results. Lancet 1913, 2, 445
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1908 1908 -- AntiAnti--syphilitic activitysyphilitic activity
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Alexander Fleming
1881-1955

Ernst Boris Chain
1906-1999

Howard Walter Florey
1898-1968

http://nobelprize.org

Nobel Prize of MedicineNobel Prize of Medicine
19451945

A. Fleming, Br. J. Exp. Pathol., 10, 226 (1929)
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5 Top-selling drugs in WPh market 2009
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““...The rate of introduction of new ...The rate of introduction of new 

chemical entities has slowed despite chemical entities has slowed despite 

the wealth of new technologies ...the wealth of new technologies ...””..

Donald Kennedy, Editor-in-Chief

Drug Discovery – Editorial

Science 2004, 303, 1717

M. Vieth et al., Characteristic Physical Properties and Structural 
Fragments  of Marketed Oral Drugs,  J. Med. Chem. 2004, 47, 224



New molecular entities...
B. Hughes, 2009 FDA drug approvals, Nature Rev. Drug Discov. 2010, 9, 89-92  doi:10.1038/nrd3101

……or the or the blockbuster syndromeblockbuster syndrome

The Big-pharma criativity crisis
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M. E. Wall,,M. E. Wall,,
““Chronicles of Drug DiscoveryChronicles of Drug Discovery””,,

D. Lednicer, vol.3, ACS, 1993,D. Lednicer, vol.3, ACS, 1993,
pp. 327pp. 327--348348

M. E. Wall & M. C. WaniM. E. Wall & M. C. Wani
Res. Triangle Park, 1967Res. Triangle Park, 1967

1996 1996 -- National Cancer Institute National Cancer Institute 
Award of Recognition Award of Recognition 

M. C. Wani M. C. Wani et alet al., J. Am. Chem. Soc. 93, 2325 (1971)., J. Am. Chem. Soc. 93, 2325 (1971)

Terpenos



Russell E. Marker & Gregory PincusRussell E. Marker & Gregory Pincus

((J. Chem. Educ.J. Chem. Educ. 1973, 1973, 5050, 195)., 195).

In  1937 at   Pond Laboratory, University ofIn  1937 at   Pond Laboratory, University of

Pensilvanie, USA, Marker finished the first synthesis Pensilvanie, USA, Marker finished the first synthesis 

of progesterone using diosgenine as natural building blockof progesterone using diosgenine as natural building block
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Statins
• In 1976: ML-236A, ML-236B, ML-236C, metabolites isolated 

from a fungus (Penicillium citrinum) were found to reduce 
serum cholesterol levels in rats; 

• This work was done by Akira Endo, Masao Kuroda and 
Yoshio Tsujita at the Fermentation Research Laboratories, 
Tokyo, Japan (Endo, A.; Kuroda, M.; Tsujita, Y., J. Antibio. 
1976, 29, 1346; A. Endo, Y. Tsujita, M. Kuroda, K. Tanzawa,

Eur. J. Biochem., 77, 31 (1977)). 
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simvastatin

ML-236B 1986 – A. Patchett

A. A. Patchett, J. Med. Chem., 45, 5609 (2002); J. A. Tobert, Nature Rev. Drug Discov., 2, 517-526 (2003); . C. A. S. 

Menezes,  C. M. Avila, E. J. Barreiro, Lett. Drug Des. Discov., 7, 546-550 (2010).
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Nat. Rev. Drug DiscovNat. Rev. Drug Discov. . 20092009, , 88, 69, 69
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Red dye from the woods of C. echinata

The name of the country: BrasilThe name of the country: Brasil

From 1128, in Italy, the bressil, bassily, bresilzy or bracilis From 1128, in Italy, the bressil, bassily, bresilzy or bracilis ink was know.ink was know.



1947 1947 -- Daniel BovetDaniel Bovet

Rome, ITRome, IT

Nobel 1957Nobel 1957

Chondrodendron_tomentosum

Loganiaceae

(urari)
Structure: King, 1935

Institute PasteurInstitute Pasteur

Claude Bernard (1851)Claude Bernard (1851)

Ganglionary blockers



S. H. FerreiraS. H. Ferreira
19341934--

M. O. Rocha e SilvaM. O. Rocha e Silva
19101910--19831983

S.H. Ferreira,  A BradykininS.H. Ferreira,  A Bradykinin--potentiating potentiating 
factor (BFP) present in the venon of factor (BFP) present in the venon of 
Bothrops jararaca, Brit. J. Pharmacol.Bothrops jararaca, Brit. J. Pharmacol.

1965, 1965, 2424, 163., 163.
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CaptoprilCaptopril
(Capoten(CapotenRR))D. W. D. W. Cushman & Cushman & M. A. M. A. OndettiOndetti

M. A. Ondetti, D. W. Cushman & B. Rubin, M. A. Ondetti, D. W. Cushman & B. Rubin, Chronicles of Drug DiscoveryChronicles of Drug Discovery, vol. 2, , vol. 2, 
J.S. Bindra & D. Lednicer, Eds.,  Wiley, Nova Iorque, 1983, p. 1J.S. Bindra & D. Lednicer, Eds.,  Wiley, Nova Iorque, 1983, p. 1--3232



captopril
enalapril lisionopril

perindopril

quinapril
ramipril benazepril

Inibidores da ECA
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E. J. Barreiro, V. S. Bolzani, Biodiversidade: Fonte potencial pE. J. Barreiro, V. S. Bolzani, Biodiversidade: Fonte potencial para a descoberta ara a descoberta 

de fde fáármacos, rmacos, Quim. NovaQuim. Nova, , 3232, , 679-688 (2009);



Carpotroche brasiliensis, EndlCarpotroche brasiliensis, Endl

FlacourtiFlacourtiááceacea

Obtained from Sapucainha oil (BR) 

((chaulmoogra oil, Inde); 

Occurs: Rio de Janeiro, Minas Gerais (Coronel 

Fabriciano), Espírito Santo, Bahia

E.J. Barreiro, L N LF Gomes, Prostaglandin Analogues. Synthesis of 

Tetrahomoprostaglandin Derivatives From Natural Hydnocarpic Acid

Isolated From Sapucainha Oil..J. Chem. Res. 1983,  2701

EJ Barreiro, LNLF Gomes, PI/BR 38201866, 02/04/1982

Chem. Abstr., 100, 17452lu (1984)].

C16H28O2

The first Brazilian The first Brazilian 

prostaglandinsprostaglandins



((--))-- SpectalineSpectaline

Principal alkaloid component ofPrincipal alkaloid component ofCassia leptophyllaCassia leptophylla
Instituto de QuInstituto de Quíímica, UNESP (Profa. Dra V. S. Bolzani & C. Viegas Jr)mica, UNESP (Profa. Dra V. S. Bolzani & C. Viegas Jr)

LASSBioLASSBio--785785

M. S. AlexandreM. S. Alexandre--Moreira, C. Viegas Jr., A. L. P. Moreira, C. Viegas Jr., A. L. P. 
Miranda, Miranda, V. S. BolzaniV. S. Bolzani, E. J. Barreiro,  , E. J. Barreiro,  Planta Planta 
MedicaMedica, 69, 795 (2003). C. Viegas Jr., V. S. Bolzani, , 69, 795 (2003). C. Viegas Jr., V. S. Bolzani, 
L. S. B. Pimentel, N. G. Castro, R. F. Cabral, R. F. L. S. B. Pimentel, N. G. Castro, R. F. Cabral, R. F. 
Cabral, R. S. Costa, C. Floyd, M. S. Rocha, M. C. M. Cabral, R. S. Costa, C. Floyd, M. S. Rocha, M. C. M. 
Young, E. J. Barreiro, C A. M. Fraga, Young, E. J. Barreiro, C A. M. Fraga, Bioorg. Med. Bioorg. Med. 
ChemChem., 13,  4184 (2005); V. S. Bolzani, A. A. L. ., 13,  4184 (2005); V. S. Bolzani, A. A. L. 
Gunatilaka, C. ViegasGunatilaka, C. Viegas--Jr.; A. C. ViegasJr.; A. C. Viegas--Jr., V. S. Jr., V. S. 
Bolzani, E. J. Barreiro, C. A. M. Fraga, Bolzani, E. J. Barreiro, C. A. M. Fraga, Mini Rev. Mini Rev. 
Med. Chem.Med. Chem., 5, 915, 5, 915--926 (2005); deRezende, D. H. 926 (2005); deRezende, D. H. 
S. Silva, I. CastroS. Silva, I. Castro--Gâmboa, V. S. Bolzani, E. J. Gâmboa, V. S. Bolzani, E. J. 
Barreiro, A. L. P. Miranda, M. S. AlexandreBarreiro, A. L. P. Miranda, M. S. Alexandre--
Moreira, M. C. M. Young,  Moreira, M. C. M. Young,  Quim. Nova, Quim. Nova, 29, 127929, 1279--
1286 (2006); D. H. S. Silva, C. Viegas1286 (2006); D. H. S. Silva, C. Viegas--Jr, L. A. Jr, L. A. 
Santos, I. CastroSantos, I. Castro--Gamboa, A. J. Cavalheiro,  V. S. Gamboa, A. J. Cavalheiro,  V. S. 
Bolzani, N. G. Castro, M. Pivatto, M. C. M. Young, Bolzani, N. G. Castro, M. Pivatto, M. C. M. Young, 
M. S. Rocha, C. A. M. Fraga, E. J. Barreiro, M. S. Rocha, C. A. M. Fraga, E. J. Barreiro, Rev. Rev. 
Virtual Quim.Virtual Quim., 2, 38, 2, 38--46 (2010).46 (2010).

Molecular modificationMolecular modification
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Sassafraz oilSassafraz oil
Ocotea sp.

6

O

O
Piper spPiper spPiper sp

Brazilian abundantBrazilian abundant
natural productnatural product

AlylAlyl--benzenebenzene
CC1010HH1010OO22

E. J.  Barreiro & C. A. M. Fraga, E. J.  Barreiro & C. A. M. Fraga, E. J.  Barreiro & C. A. M. Fraga, E. J.  Barreiro & C. A. M. Fraga, E. J.  Barreiro & C. A. M. Fraga, E. J.  Barreiro & C. A. M. Fraga, E. J.  Barreiro & C. A. M. Fraga, E. J.  Barreiro & C. A. M. Fraga, ““““““““A UtilizaA UtilizaA UtilizaA UtilizaA UtilizaA UtilizaA UtilizaA Utilizaçççççççção do Safrol, Principal Componente Quão do Safrol, Principal Componente Quão do Safrol, Principal Componente Quão do Safrol, Principal Componente Quão do Safrol, Principal Componente Quão do Safrol, Principal Componente Quão do Safrol, Principal Componente Quão do Safrol, Principal Componente Quíííííííímico do mico do mico do mico do mico do mico do mico do mico do 
ÓÓÓÓÓÓÓÓleo de Sassafrleo de Sassafrleo de Sassafrleo de Sassafrleo de Sassafrleo de Sassafrleo de Sassafrleo de Sassafráááááááás, na Ss, na Ss, na Ss, na Ss, na Ss, na Ss, na Ss, na Sííííííííntese de Substancias Bioativas na Cascata do ntese de Substancias Bioativas na Cascata do ntese de Substancias Bioativas na Cascata do ntese de Substancias Bioativas na Cascata do ntese de Substancias Bioativas na Cascata do ntese de Substancias Bioativas na Cascata do ntese de Substancias Bioativas na Cascata do ntese de Substancias Bioativas na Cascata do ÁÁÁÁÁÁÁÁcido Araquidônico: cido Araquidônico: cido Araquidônico: cido Araquidônico: cido Araquidônico: cido Araquidônico: cido Araquidônico: cido Araquidônico: 
AntiAntiAntiAntiAntiAntiAntiAnti--------inflamatinflamatinflamatinflamatinflamatinflamatinflamatinflamatóóóóóóóórios, Analgrios, Analgrios, Analgrios, Analgrios, Analgrios, Analgrios, Analgrios, Analgéééééééésicos e Antisicos e Antisicos e Antisicos e Antisicos e Antisicos e Antisicos e Antisicos e Anti--------trombtrombtrombtrombtrombtrombtrombtrombóóóóóóóóticosticosticosticosticosticosticosticos””””””””, , , , , , , , QuQuQuQuQuQuQuQuíííííííímica Nova, 22mica Nova, 22mica Nova, 22mica Nova, 22mica Nova, 22mica Nova, 22mica Nova, 22mica Nova, 22, 744 (1999)., 744 (1999)., 744 (1999)., 744 (1999)., 744 (1999)., 744 (1999)., 744 (1999)., 744 (1999). eliezer©2006





EJ Barreiro & CAM Fraga, Quim. Nova 1999, 22, 744; PRR Costa, Quim. Nova 2000, 23, 357

The safrole chemical reactivity



A. S. A. S. LagesLages, K. C. M. Silva, A.L.P. Miranda, C.A. M. , K. C. M. Silva, A.L.P. Miranda, C.A. M. FragaFraga, E. J. Barreiro, , E. J. Barreiro, BioorgBioorg. Med. Chem. Med. Chem., ., 88, 183 (1998)., 183 (1998).



LASSBio-349: a new isostere relationship
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new isostere

H-aceptor

indanone benzodioxole

L. M. Lima, E. J. Barreiro, L. M. Lima, E. J. Barreiro, BioisosterismBioisosterism: A useful strategy for molecular modification and drug design, : A useful strategy for molecular modification and drug design, 
CurrCurr. Med. Chem., 12, 23. Med. Chem., 12, 23--49 (2005).49 (2005).



sulfonylamine sulfonamide

LASSBio-349: a new isostere relationship

retroisostereretroisostere

A. S. A. S. LagesLages, K. C. M. Silva, A.L.P. Miranda, C.A. M. , K. C. M. Silva, A.L.P. Miranda, C.A. M. FragaFraga, E. J. Barreiro, , E. J. Barreiro, BioorgBioorg. Med. Chem. Med. Chem., ., 88, 183 (1998)., 183 (1998).
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Design of novel PDE-4 inhibitors

Ocotea pretiosa

   Piper hispidinervum

safrol

O

O

C

Congeneric
series

C

Simplificación
molecular

J. G. Montana, 1998

C = aryl, heteroaryl
oxy-substituted

ICIC5050 (PDE(PDE--4) = 2,1 4) = 2,1 ±± 0,6 0,6 µµµµµµµµMM

LASSBioLASSBio--448448

E. J. Barreiro, C. Lugner & L. M. Lima, unpublished resultsE. J. Barreiro, C. Lugner & L. M. Lima, unpublished results



Ocotea pretiosa

   Piper hispidinervum

safrol

O

O

PDE-4 inhibitor IC50 = 9 µM; 

Inhibit the TNF-αααα, IL-4 & IL-

13  effect;

Powerful antiinflammatory 

properties with antispasmodic  

& broncho dilator effect (p.o.);
Promote the remodeling of 

lung tissue;
Easy to synthesize in M-scale

employing classic reactions in 

good overall yield;

LASSBio-448 is a new anti-asthma 
multitarget lead-compound

Natural BiophoreNatural Biophore

O

O CH3

S
N

O O

H

OCH3

OCH3

LASSBioLASSBio--448448

Safrole: EJ Barreiro, CAM Fraga, Quím. Nova 1999, 22; PRR Costa, Quím. Nova 2000,  23, 357

CC1818HH2121NONO66SS
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New analgesic /AI NAH New analgesic /AI NAH 
derivativesderivatives

PI 0601885PI 0601885--8 (15/05/2006; PCT 14/05/2007)8 (15/05/2006; PCT 14/05/2007)

LASSBioLASSBio--881881

LASSBioLASSBio--881 represents a new analgesic 881 represents a new analgesic leadlead--compoundcompound, with symbiotic profile,, with symbiotic profile,

acting atacting at CB1CB1 and and TRPVTRPV--11 receptor level with antagonistic properties, and without receptor level with antagonistic properties, and without 

any hipnotic or dypirone profiles. This important new scaffold iany hipnotic or dypirone profiles. This important new scaffold is being used, s being used, 

currently in LASSBio, to design more potent antagonistic currently in LASSBio, to design more potent antagonistic –– leadlead--optimizationoptimization ––

in the discovery of new potent nonin the discovery of new potent non--narcotic analgesic drugs, useful for the treatment narcotic analgesic drugs, useful for the treatment 

of  neuropathic pain.of  neuropathic pain.

Bezerra Neto, H. J. C., Lacerda, D. I. et al, Bioorg. Med. Chem., 14, 7924 (2006); Duarte, C. M., Tributino, 
J. L. M. et al, Bioorg. Med. Chem. 15, 2421 (2007); J. L. Tributino, M. L. Santos et al., Br. J. Pharmacol., 
159, 1716 (2010).
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a) KOH aq. 3N, n-BuOH, t.a., 3h; b) i - O3/O2, AcOH, 0°C, 1h; ii - Zn°, AcOH 
(75%, 3 etapas); c) HNO3 65%, 20-25°C, 0,5h, 95%; d) I2, KOH, MeOH, 0°C, 
1,5h, 88%; e) NH2NH2.H2O 80%, EtOH, t.a., 1h; 70-78%; f) ArCHO, EtOH, HClcat, 
t.a., 0,5h, 70-95%. 

Barreiro, E.J. & Fraga, C.A.M. (1999) Quím. Nova 22, 744
Barreiro, E.J. & Lima, M.E.F. (1992) J. Pharm. Sci. 81, 1219

Barreiro, E.J. et al. (1985) J. Chem. Res. (S), 220
Ekeley, J.B. & Klemme, M. (1928) J. Am. Chem. Soc. 50, 2711

Yamada, S.; Morizono, D.; Yamamoto, K. (1992) Tetrahedron Lett. 33, 4329
Lima, P.C. et al. (2000) Eur. J. Med. Chem. 35, 187
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1509 e 1038 cm-1 – NO2

1717 cm-1 – C=O ester

* 7.38 ppm (s, 1H)

7.04 ppm (s, 1H)   *

65:35

The synthetic route to LASSBio-881 



CC1313HH1010NN22OO33SS

O

O
N

N

H

O S

H

Is a structural simple compoundIs a structural simple compound
(Barry Price(Barry Price’’s Principle);s Principle);

Synthetically accessible in >50%Synthetically accessible in >50%
overall yield by classical methodsoverall yield by classical methods
(synthetic medicinal chemistry);(synthetic medicinal chemistry);
Designed by classical Designed by classical MedChemMedChem

strategies, strategies, e.g.e.g. molecular simplificationmolecular simplification
& classical ring bioisosterism.& classical ring bioisosterism.

This new leadThis new lead--compound compound 
is prepared from an abundant is prepared from an abundant 

Brazilian natural product,Brazilian natural product,
that can be obtained in > 85% that can be obtained in > 85% 

yield by simple distillationyield by simple distillation
of the essential oil and of the essential oil and 
represents an usefulrepresents an useful

MedChemMedChem block due itsblock due its
biophore character.biophore character.

Is a novel potent cardioinotropicIs a novel potent cardioinotropic
leadlead--compound, nocompound, no--digitalic, digitalic, 
nono--adrenergic, that could be adrenergic, that could be 

beneficial in chronic heart failure;beneficial in chronic heart failure;
neuro & fadigue protector; neuro & fadigue protector; 
Orally active (EDOrally active (ED5050 ~10 ~10 µµµµµµµµM)M)

Without acute toxicity  Without acute toxicity  
(po 1000 (po 1000 µµµµµµµµM/KgM/Kg

ip 73 ip 73 µµµµµµµµM /Kg, 15 d., twice)M /Kg, 15 d., twice)

Have a new mechanism of actionHave a new mechanism of action
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one of the new seven wonders of the world.

Corcovado mountain with the statue of Cristo Redentor


