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Rapamycin
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ific receptor's Physu:ln gical functHons; 506BE ,a'_pl'o'be ofunml.moplu.l.ul actiomn; d.unemer
e variant of rapamycm t, by chemtzl modification, gained the a.bl].lty to control proximal
ms in cells and animals; , a probe of {mutrient- -response signaling 2 .

p variant nftrapn}:mwg ) }.i‘b" G! Q

W ¢
S. L. Scli-uier, C&EN zoné 81(03 de marg o) 51.






idade Federal do Rio de Janeiro ¥ |51

IVEIS

"~ Un

|

‘_‘\‘_
.
.

Friedrich Serturner

(1783-1841)
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Da morfina as 4-fenilpiperidinas
Morphine to 4-phenylpiperidines

Quimica Hipnoanalgésicos
H3C\ Q o sintéticos
N Sﬂ[ﬁfﬂ[p)l]ﬂ@@@%@ m@ﬂ@@ﬂﬂﬂ@ﬁ' Metobolic-Soft moiety
Molecular striptease

% 4
O OH *\
,“;} \9
" W o meperidina
morfina / 1939 =
H4oN =
C17_19 O3 e 5 ™ CysHyNO, HE
PM = 285,3 PM = 247.2 [ :
: ©o0 N : Ques.c WM

LL-opioid agonist
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Da morfina ao tramadol
From morphine to tramadol

Simplicacdo molecular

E 1977 — Alem.
morfina I3 tramadol
C17H19NO3 l||||| C16H25N02
PM = 285,3 o PM = 263,2
Quimica (+)-(1R,2R) / (-)- (1S,25)-enantiomers
1/10 M

LL-opioid agonist
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Moléculas pioneiras...

The Nobel Prize _ 1982 john Vane (55)

(1927-2004)

in Medicine &
Physiology
1982 g

Sune Bergstrom (66)
1923 (19162004  Bengt Samuelsson (48)

Sir Alexander Fleming (64)

(1881-1955)

ulg’: " J.‘
Dorothy C. Hodgkin (54)

(1910-1994)

(1934)

The Nobel Prize

in Medicine & Penicilina G
Physiology CyeHysN,0,5
1945

E. Boris Chain (39)

(1906-1979)

The Nobel Prize —'?7 Howard W. Florey (47)
in Chemistry \Vl (1898-1968)

1964 Do bolor ao fdrmace inovador. ..
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Quadro no escritério de trabalho do Professor E. J. Barreiro na UFRJ

Frame in the work office of Professor Barreiro at UFRJ




Quimioterapia do S
Cancer
Produtos naturais
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2.\ Inovagdes terageuﬂcas
Moleculas doniesticadas




Diméro
indolico

(=
=
-5 ]
—
-]
Pre—
U
-
.9
(=
-
-
=
e
L
S
| 3
L
=
]
=
o
>
=
=
—

vincristina R = CHO ® : OCOCH;
vimblastina R = CH HO" coocH;

1950 - Robert L. Noble & Charles T. Beer (isol.)

m " University of Western Ontario,
\ ! ¥
ﬁ g Canada

1958 — NY Academy of Sciences Congress

Noble, describe vinblastine

Gordon Svoboda, Eli Lilly vincristine
1963 — Eli Lilly (Oncovin®R)[FDA]
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ﬁ% - Cancer

C16H14NO4
o-hidroxi
aminoacido O

C47H51NO44

1965 Paclitaxel ﬁ

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

Inibidores de tubulinas (MoA)

~Res. Triangle Park, 1967

diterpeno
taxano
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Chronicles

of

; 7 Drug Discovery ! |d
ITUTE & *P. Poitier &

A.E. Greene

ter
blockbu= o Docetaxel*

= WAl &M C Wan e Cabazitaxel (JevtanaR)
. _ “Chronicles of Drug Discovery”, &

—1 1996 - National Cance.r !nstltute D. Lednicer, vol.3, ACS, 1993, |l Ortataxel

L Award of Recognition pp. 327-348




# A familia dos taxanos cresceu...

OH

PierrePoti

N (1934-2006)  Un Grenoble
CH; O
oSl L
H,C o) ril >
H o

tert-butyl carbamates

docetaxel
1996
US$ 3,1 bi (2010) 4
SANOFI

& SPECTRUM

Quum

Lo e O cabazitaxel
H;C o N N

ortataxel
2009

Y-F Wang et al., Natural taxanes: developments
since 1928, Chem. Rev. 2011, 111, 7652




® Epotilonas (Epothilones)

o Isoladas de Sorangium cellulosum (1993)
g Primeiro macrociclo de 16 membros

aprovado para tratamento do cancer
metastatico de mama
_ Inibidor de microtubulo

Universidade Federal do Rio de Janeiro

=

Analogo

lactamico
Quimica O OH O
~OH Ixabepilona
IxempraR
P CH, BMS, 2007
lactona ] : :
(0) OH O Via fermentativa bacteriana,

Epotilona-B (patupilona) ativo em células taxano-R
A Conlin, M Fornier, C Hudiis, S Kar, P. Kirkpatrick, USS 18.000-23.000 / trat.

Nat. Rev. Drug Discov. 2007, 6, 953
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#  Yondelis" (1-743)
ﬁ Alcaldide tetraidroisoquinolinico de origem marinha
(@)

Ectemasudma

Sintese Total

OCH,

49 etapas

HsC

Marinocultura;

.',_,. H3CO“P =

Ph armea-MarSA.

Nobel 1990

Trabectina

100 vezes mais ativo. que TaxolR

- C Cuevas, A Franchesch, Nat. Prod. Rep. 2009 26 322
‘ag v Natural: KL Rinehart et al,'J. Nat. Prod. 1990, 53, 771

L ]

Fermentacao

v’ Sintese: EJ Corey et al, J. Am. Chem. Soc. 1996, 118, 9202 Pseudomonas fltlorescens

v/ Hemi-sintese: | Manzanares et al, Org Lett. 2000, 2, 2545

1928 -




Produtos naturais & cancer

Natural products & cancer Estrutura }_ 1“' {w
fascmante \1_.;%» < H,lg_([
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H.C

KRIZ3

wamanes  (+)-fUSAriSEtina™®

Bioscience & Biotechnology

Inibe a migracao e metastase

Fusarium sp

de células cancerosas

“JACS *|[solamento: J-H Jang, Y Asami, J-P Jang, S-O Kim, DO Moon, K-S Shin, D Hashizume, M Muroi,

-£2%  Tsaito, H Oh, BY Kim, H Osada, JS Ahn, J. Am. Chem. Soc. 2011, 133, 6865.

* Sintese: J Xu, EJE Caro-Diaz, L Trzoss, EA Theodorakis, J. Am. Chem. Soc. 2012, 134,
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5072; J Deng, B Zhu, Z-Y Lu, H-X Yu, A Li, J. Am. Chem. Soc. 2012, 134, 920.
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Artemisinina
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Universidade Federal do Rio de Janeiro

1,2,4-trioxana 0\(\'21 AV \'I/
GH Posner et al 0o
R,
J Med Chem 2004, 50, 2516

Johns Hopkins University
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New molecular patterns,
New mechanisms of action
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The Pill

Marker ===

Djerassi
Diosgenina  Ppincus
Dioscorea mexicana Scheidw

oretisterona
1951

Syntex o)

mifepristona
1994
Roussell-UCLAF

Mais de 125 milhdes de mulheres utilizaram a pilula contraceptiva (2010)



- . 1980 - Michael MclIntosh & Baldomero Olivera
Ziconotido 2 e
C102 H172 N36 032 S7

FDA em 28/12/2004; Eur Comm. em 22/02/2005
Uso intratecal

Conus magus
Neurex (Menlo Park, CA)
LJ

synthetic
w-eohotexin peptide
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Diferentes, mas semelhantes!

N Different, but similar
"':C\ Dissimilari dad
A molecula CH3

CH3

cafeina
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apomorfina

HO

sildenafila
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Heinrich Wieland (50)

Konrad Bloch (53)

(1912-2000)
(1911-1979)

Joseph L Goldstein (45) Mlchael S Br'own (44) Albert Lasker Award

(1940)
University of Texas, DaIIas

8l Tohn Cornforth (58)

Feodor Lnen (54)

HMG-CoA Reductase
Inhibitors

HMGCoAR

Adolf Windaus (52)
(1877-1957) (1876-1959)
1927 o5 Bmas
o HeC K;OH
H
SCoA SCoA
HMG CoA HMG CoA Mevaldyl CoA transition

Reductase inhibitor

J Med Chem\

1985, 28, 1

state intermediate

(1917-2013)

1975

Y

¢ lactona

Mevilonina
/compactina

AKi ra Endo
(1933)

Arthur A Patchet

for Clinical (1929)

Medical R h, 2008 i
edical Researc New Lead Discovery Department

Merck Co.



Universidade Federal do Rio de Janeiro

Akira ndo, Sankyo Co L. . .
Lasker Award 2008 Simi |ar'|dade A.Endo, J. Antibiot.

1975 - M ina (ML-2 1976, 29, 1346
975 - Mevastatina ( 63b) molecular' Penicillium citrinum
e A.Endo, J. Med.

Idem, Ibid, 1979, 32, 852
~ | Chem. 1985, 28, 1

Monascus ruber
17- lactona
4 0

HO

(compactina)

Mevalolactona
HMG-CoA redutase

Mewlonma

\
CHs th erapeutic I:Y c’ MERCK

I"‘ur'lmfatltﬂ
Lovastatina (MK-803)

1978 - Merck & Co.
Aspergillus terreus

H5C

(@I
L
w

Quimica

CH,

1987 - MS&D (MevacorR)
1988 - MevacorR US$ 260mi

Arthur A Patchett

Alfred Burger Award 2002
J. Med. Chem. 1986, 29, 849




< Tad
& Arthur A Patchett v ’ EStatI na S ;keﬁ

J Med Chem 2003, 45, 5609 (o) 5_H MGCoARi Bruce Roth

0 Parke-Davis Co
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"patent cliff"
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" atorvastati = ") . SN
» atorvastatina o :
‘ 1991 EP L !ﬂ_

Woerld Top

%\ / CH,
\\:_ ______ AstraZeneca@ H3C = \//S\\/ S@["]ﬁlm dm
ICs, HMG-COAR = 5 nM O 0O

US$ 8,7 bi (2014)

rosuvastatina
2004

O mercado mundial de estatinas foi de ca. USS 26 bilhdes (2013)




= World's best-selling drugs of all time

16 — LIPITOR = | gtorvastatina @

USS 150 bilhoes
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Criado em 19/04/1994 Laboratorlo de Avallaga e Sintese de Substanc1as Bioativas
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Modelagem




evista Virtual de Cunirmvicar

historia do LASSBio

As Longas Pernas do Laboratorio de Avaliacao e Sintese de
Substancias Bioativas (LASSBio®;
http://www.farmacia.ufrj.br/lassbio): Histérico e Perspectivas
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Barreiro, E. J.

Rev. Virtual Quim., 2013, 5 (2), 266-282. Data de publicacao na Web: 19 de janeiro de 2013

http://www.uff.br/rvg

2 i Quimica

Laboratério de Rvaliagtio ¢ Sintese de Substéincins Bioativas




Produtos naturais como blocos moleculares

k= P co,H Oleo de Sapucainha
kA “‘ Cole & Cardoso, 1938
25 Acido hidnocarpico — : "

i

% I\ 1982 Similaridade =

= é i ai molecular ;- =

2 e

i o —__ [ S :

:g e Primeiras prostaglandinas e :;w e
I o) brasileiras Carpotroche brasiliensis, End|
- Ny

‘g “@\/\/\/\/\/COZH Flacourtiacea

AS Oliveira, JA Lima, CM Rezende,
AC Pinto, Quim. Nova 2009, 32, 139

Z CH3

¥ Sapucainha, Papo de anjo, Pau de
1 cachimbo, Canudo de pito, Fruta de
2| cotia, Fruta de macaco.

H
11-desoxi-tetrahomo PGE*

EJ] Barreiro, LNLF Gomes, Prostaglandin  Analogues. Synthesis of
Tetrahomoprostaglandin Derivatives From Natural Hydnocarpic Acid Isolated From
Sapucainha Qil, J. Chem. Res. 1983, 2701;

*EJ Barreiro, LNLF Gomes, Novo Método de Sintese de Prostaglandinas
Modificadas da Série 11-desoxi PG E1". INPI, Pl 38201866, 02/04/1982; Chem.
Abstr., 100, 17452Iu (1984).




Universidade Federal do Rio de Janeiro

Instituto Nacional de Ciéncia e Tecnologia
de Farmacos e Medicamentos
oA =
www.inct-inofar.cos ufrj.br '
]

3

Bioforo etanol-amina incluso
. ‘«““‘\\/\/\/\/\/\)]\CH
w espectalina  Quimica
2002 Medicinal

C H3 gh Sociedade Brasileira de Quimica
fragmento Similaridade $ e
bioforico molecular ' e )
NH = ok e T 3
Ho/\/ 2 ‘ AC h e aiprex.iiu 2 — 2 :q“. :

LASSBio-837

CH
3 * INPI PI 0305690-2 08/10/2003

Leguminosa

* Patent NZ554392 (15/10/2004)

T PManta Medica

" MS Alexandre-Moreira, C Viegas Jr; AP Miranda,
i o« A VS Bolzani, EJ Barreiro, Planta Med. 2003, 69, 795
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Piper hispidinervum > O/\
: Py ‘ 82% safrol
l Quimica

asssic

Laboratério de Avaliaco e Sintese de Substancias Bioativas

-

Ligacao-Hg
-

D Riva et al., Acta Amazonica 2011, 41, 297

Oléo de Sassafras Ocotea pretiosa

E. J. Barreiro, P. R. R. Costa, P. R. V. R. Barros e W. M. Queiroz,
"An Improved Synthesis of Indole Derivatives Related to Interagdo hidrofébica
Indomethacin from Natural Safrole", Journal of Chemical
Research (S), 102-103; (M) 1142-1165, (1982)

Benzodioxola

E. J. Barreiro & C. A. M. Fraga, “A Utilizacao do Safrol, Principal
Componente Quimico do Oleo de Sassafrds, na Sintese de
Substancias Bioativas na Cascata do Acido Araquiddnico:
Anti-inflamatodrios, Analgésicos e Anti-trombdticos”, Quimica
Nova, 22, 744-759 (1999)




' LLASSBio-294 Novo protdtipo de

farmaco cardioativo
com novo MoA

- | digitalis-like properties
4

. (positive inotropic effects)

C13H10N203S
PM 274 * US Patent US7091238 15/08/2006 {§

CAS # 314021-07-3 * European Patent EP1532140; WO-0078754
License agreement Estudos de fase pré-clinica concluidos

JR Azevedo, J-J Letourneau, F Espitalier, MI Ré, Solubility of a New Cardioactive Prototype Drug in Ionic Liquids,

J. Chem. Eng. Data 2014, 59, 1766; CM Leal, SL Pereira, AE Kiimmerle, DM Leal, R Tesch, CMR Sant’ Anna,
CAM Fraga, EJ Barreiro, RT Sudo, G Zapata-Sudo, Antihypertensive profile of 2-thienyl-3,4-methylenedioxybenzoyl
hydrazone is mediated by activation of the A, , adenosine receptor, Eur. J. Med. Chem. 2012, 55; A G M Fraga, L L
Silva, CAM Fraga, EJ Barreiro, CYP1A2-mediated biotransformation of cardioactive 2-thienylidene-3,4-methylene
dioxybenzoylhydrazine (LASSBi0-294) by rat liver microsomes and human recombinant CYP enzymes, Eur. J. Med.
Chem. 2011, 46 349; EJ Barreiro, Strategy of molecular simplification in rational drug design: The discovery of a new
cardioactive agent , Quim. Nova 2001, 25, 1172.

=
=
p—
W
=
=
(=]
.
=
Ty
W
S
(==
L
.
<
e
S
.a
=
—




0I19UE[ Ip 1Y Op [E4Pa] APEPISIAATU() _H__H__H__H__H__H__H__H_




Consideracoes Finais

uimica N
Q ’ Quimica

Medicinal de Produtos,
Naturais

Quimica
Produtos

uimica .
Q Naturais
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Medicinal
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Praia do Boqueirao, Saquarema, RJ




