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Organic
Functional

Grnups

50% do farmacos atuais
contém pelo menos um

anel aromatico, capaz de
oder sofrer substituicoes!
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@40s medicamentos foram uma das principais inven¢oes do século 20
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H Quimica
- CH, Medicinal
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SJ Coutts et al., J. Med. Chem. 1996, 39, 2087 H3C 3

S J Baker et al, Therapeutic potential of boron-containing compounds, Future Med Chem 2009, 1, 1275
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cisplatina
1978

CDDP

E Wong, C M Giandomenico, Current Status of
Platinum-Based Antitumor Drugs, Chem Rev 2009,

99, 2451 I—vee—

Edited by Enzo Alessio EWILEY-VCH

Bioinorganic
Medicinal Chemistry

HO
0]

HO
HO ~N

Au
OH

aurotioglicose

C. Frank Shaw lll, Gold-Based Therapeutic Agents,
Chem Rev 2009, 99, 2589

Edited by Heinz-Bernhard Kraatz, SWILEY-VCH
Nils Metzler-Nolte

Concepts and Models in
Bioinorganic Chemistry

* E. Alessio, Bioinorganic Medicinal Chemistry, ed Wiley-VCH, Weinheim, 2011
* H-B Kraatz, N Metzler-Nolte, Concepts and Models in Bioinorganic Chemistry,

Wiley-VCH, Weinheim, 2006
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Freeware para estruturas quimicas

* |sis Draw 2.5
http://www.lemon.com.br/produto.cfm?id=1956#d

ownload

e www.pymol.org

e http://ciencia-em-
si.webnode.pt/products/software-para-o-
desenho-de-estruturas-quimicas/
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contemporaneos sao enzimas ... s

\ receptores nucleares " Se&H
150 _—

receptores acoplados \ . ™

a proteina G (GPCR)
2000

Springer Protocols

G Protein-Coupled
Receptors
in Drug Discovery

Methods and Protecals

enzimas
3500

canais ionicos
1000

WWw.Nnature.com/ reviews/drugdisc

Hopking, A L. & Groom, G, B. The drugaable genome.
ivtune Rew Crug Discow 1, TE7-30 2002,
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Model Compound Bound to the Minor
Groove of a DNA Molecule



O ”a/ébez‘o proz‘elco

£
:
_’
< OH
E K EH@ MH-
glicina (gly) Hz
= ﬂlﬂﬂlﬂa valma isoleucina (lle) leucina
E 0
E H 0 0
I 3
G HO -
0 COH HaC OH HaC oh
= M2 MH MNH
2 - cisteina (Cys) :
& serina treonina (Thr) metionina
= ~ % ¥
- ~ v =
= ¥ -
s N
205 )L
. HaM OHHO
lisina (Lys) arginina
0 acido glutammo acido aspartico
i OH
rolina ' .
P . glutamina (GIn}  H.N OH asparagina {Asn]

0
on | o= OH wa/\l/lm—i
__ NH - e~ | M =i
. R
triptofano (Trp) C fenilalanina (Phe) tirosina (Tyr) histidina

Similaridade molecular




=]
L=
L= ]
=
—

b
by = |
=
==
]
=
==
-z
)
=
T
B
<

I o
4
—

PGF,, em caes provoca

forte broncodilatacao

Similaridade Molecular

Brénguie

PGF,,

PGF,, em cdes provoca
severa broncoconstricao
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A importancia das “ligagcoes” frageis...

e —
The Weak
Hydrogen Bond
In Structural Chemistry and Biology

| Linus C. Pauling ”Ilgagoes
1901-1994

de hidrogénio ...

1954, 1962

D—H A
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Nivel hierarquico da descricao da complementaridade F-R

Complicadores:

* Encaixe-induzido

* Conformacao bioativa

* Inibicdo alostérica/ortostérica

conformacao
farmacofoérica

complexo

farmaco-biorreceptor

fatores
conformacionais

configuragao estatica

diastereoisomeria
tautomeérica

grupos funcionais

F.M. L pF PE.

estereoquimica
dinamica

estereoquimica

isomeria geomeétrica

Fropriedades Estruturais

bioligante- ligante
composto protdtipo

Nivel de
dificuldade

Superior

Intermediario

Elementar
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O desenho de novos candidatos a farmacos

alostéricos é um desafio!

ortostérico alostérico

O

N v

agonista alostérico

modulacao da afinidade
modulacao da eficacia

agonista ortostérico

resposta

2 P.J. Conn, A. Christopoulos, C.W. Lindsley, Nature Rev Drug Discov 2009, 8, 41
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Hipocrates

: A lovastatina Elion
indometacina

- - L
. ol aciclovir
cimetidina

Fischer

R

Salvarsan™ Fourneau

estatinalindinavir

1941 1945 1975 1980 19871988 19962001
1981

1935 1943 1948 1982 1985 1991

propranolol
Hodgkin

Ahlquist Kornberg

ponatinibe

Domagk
§ I estreptomicina
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o) Analogo ativo O
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HO

quinase HO\/\ )
viral

HO OH O

trifosfato  guanosina I?m i

£S5 ACIGIOWVIIr
posologia

M E Avery, Gertrude
Belle Elion, 23 January
1918 - 21 February 1999,
Biographical Memoirs of
1988  Fellows of the Royal
Gertrude B Elion Society 2008, 54, 161-

(1918-1999) 168.

Génese do aciclovir

Burroughs Wellcome
(atual GSK)

6-mercaptopurina,
azatioprina,

alopurinol, trimetoprim,
nelarabina

E de Clercq, H Field, Antiviral prodrugs — the development of successful
prodrug strategies for antiviral chemotherapy, Br J Pharmacol 2006, 147, 1
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JL Goldstein MS Brown
colesterol 1985 University of Texas, Dallas
JL Goldstein, MS Brown, History of Discovery: The LDL Receptor, Arterioscler. Thromb. Vasc. Biol. 2009, 29, 431-438;

MS Brown, JL Goldstein, A receptor-mediated pathway for cholesterol homeostasis, Science 1986, 232, 34-47;
JL Goldstein, MS Brown, A Golden Era of Nobel Laureates, Science 2012, 338, 1033-1034
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Metabolito de Fungo
R Estatinas
Akira Endo, Sankyo Co

1975 — Mevastatina (ML-263b Prototipo imi 1 A.Endo, J. Antibiot
( ) PO Similaridade Endo, 1 Ant

A.Endo, J. Med. Chem. 1985, 28, 1; idem, ) L
Proc Jpn Acad SerB 2010, 86, 484 natural molecular _/'de/l; f”}’bc/{C/]/:’Ui”; ;’;’ /’;‘277852
HO O Monascus ruber
(compactina)
1Y-|acfona 0 <:| o \Mevalolactona
4 o HO HMG-CoA redutase
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i i HMG-CoA Reductase
H Inhibitors

0

Lovastatin (MK-803)
CH 1980 - Merck & Co.
3 Aspergillus terreus

Arthur A Pm‘cheh‘

- R
J. Med. Chem. 1986, 29, 849 1987 - MS&D (Mevacor®)
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J Med Chem 2003, 45, 5609 (o] @% OH
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€9 MERCKC TEvn
HaC (2006)
— H3C Statins
oy

simvastatina
= 1986 y o 1998
‘._‘}-'.*..—-—68?;’ HO H-(T o,
CO,H > CO,H
F

o HN N ~-CHs
H,5C S —
~ \ =~ e .
32 ge ragao\\_// \© Jry . o US$ 600 mi (2013)
ﬂ‘ @ AstraZeneca(\;{"j?
aadh - rosuvastatina pitavastatina
S5 Ach [atwgg;tftmﬂ 2004 2012 (BR)

" ]0 mercado mundial de estatinas foi estimado em USS 22 bilhdes (2011)
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HMGCo-AR IC;, = 8,2 nM :

Bruce D Roth o Biodisponibilidade=12%
2013 5CI Perkin Medal 2005 — US$ 13 bi; 2011 — US$ 13,3 b|

B. D. Roth, Progr. Med. Chem. 2002, 40, 1-22
B. D. Roth, et al,, J. Med. Chem. 1990, 33, 21-31 Sintese: ca. 200 toneladas/ano

ca. >> 45 milhdes de pesoas (2005)

Total de Vendas = c3. US$ 150 bilh&es (1991-2011)




Total em vendas do Lipitor® no periodo de 2001 a 2011

BusmessWeek

Dinheiro

_“_"_“_“_IE“_"_“_] Universidade Federal do Rio de Janeiro %
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Pfizer to close UK research site

Drug maker Pfizer is to close its research and
development (R&D) facility in Kent, which
employs 2,400 people.

. --:rli-'"'_":.-:"' e, A

e
"-.""é"-"' s

Pfizer Co., Sandwich, UK
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Top-10 em faturamento (2013)

Empresa Faturamento
Novartis 50,1 Uy NOVARTIS
Pfizer 443 @
Sanofi 37,7 SANOFI g
Merck 37,4 €% MERCK
Roche 30,6 <Roche>
@ Glaxo Smith Kline 32,5
GlaxoSmithKline
il
AstraZenecaé’Z A el s
%WWM Johnson & Johnson 289
- Teva 24 4
134
A, 2 Eli Lilly 224
TOTAL 3435

H-H PIB US$ 50,3 bi; < USS 50 bi = Uruguai, Bolivia, Paraguai, Costa Rica, Panama,
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sintetizada em 1985, por Bruce D. Roth,
na Parke-Davis Warner-Lambert Co.
Patent US 5273995 Pfizer (1991)
(2> 19 etapas; 5% rendimento

O maior bestseller da histdria da

industria farmacéutica mundial

Vendas mundiais: US$ >150 bilhGes ¢

Atorvastatina

(1991-2011)

Estudo de rotas de sintese,
a partir de intemediarios
primarios de menor custo,

de farmacos genéricos:
T

2 Professor Luiz Carlos Dias
& Dr Adriano Siqueira Vieira
1Q, UNICAMP

18 etapas; 19% rendimento; 5g escala

- LC DIAS, AS VIEIRA, EJ BARREIRO, INPI
25/04/2011, Patente de Invencgdo,

P11101952-2, Processo de obtencdo de
atorvastatina  cdlcica  utilizando  novos
intermedidrios e atorvastatina assim obtida.

INCT-INOFAR http://www.inct-inofar.ccs.ufrj.br/aar2012/index.html
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Pagina Prindpal
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Consultoria Cientifica

Grupos de Pesquisa =
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INOFAR

ANNUAL ACTIVITIES REPORT

Pesquisadores

Annual Activities
Report

Publicacies

VISITE O HOTSITE |
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Reunides -

WWW.Inect-Inorar.ccs. Ui or

Annual Activities Report 2012
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CO-H
®Livalo Qlﬁmica

(pitavastatin) tablets

Medicinal

pitavastatina



rosuvastatina

q0)
=
=
(O
=)
(Vg
)
>
-
@)
=)
(qV)

e .. thuﬂ.ﬂﬁ H—u ory _D.mw —.ﬂhu—uun.— D.—u.w—“umm.ﬂu.?mﬁb 7

pitavastatina




Grupamento \(\COZH
farmacoforico acido B,3-dihidroxi

heptanodico

Pontos
farmacoforicos

£
3
g
—
)
=
=
=
<
E
3]
I
e
&
=
4
b
i

\\ // Sistema terfenilico B i O,fO rO S

Grupamento auxofdrico




o

& baseado no sitio de

Universidade Federal do Rio de Janeiro [&»7)

s‘s’ .
Emil Fischer e reconhecimento
1815 3’6319 (5 o  Planejamento ESRM
EE racional
. Fischer, Ber. Dtsch. 20> BL-AA
Chem. Ges. 1890, 23, 799 G~
m |
I A yAA A A
= 17 rn
i"‘;l.il,lflli
1 | 1 11 1]\ '_l
[ 7] (11 ¥ W W
THE LANCET baseado no ligante

/ analogo-ativo

Paul Ehl’llCh P. Ehrlich, Chemotherapeutics:

1854-1915 o scientific principles,
1908 e methods and results. Lancet 1913, 2, 445
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i - | A Quimica Medicinal e o paradigma do composto-prototipo

~Conceito de -prototipo

E a primeira substancia de

série congenere — i.e. estruturalmente
relacionada — com atividade
tarmacologicos

validados in vivo - que pode vir a ser
Quimica — otimizado por modificacdes
edicinal subsequentes,
planejadas.

E. J. Barreiro Rev. Virtual Quim., 2009, 1 (1), 18-26.
http://www.uff.br/rvg



Otimizacao
do
prototipo

Quimica
. 7 Medicinal

e, R .i"l

Lead ,// _///

Optimization
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5 Approaches biotransporte _’/
2., inDrug l&ﬁ CYP450 -

« Discovery | i)’ —
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ZOoRAN RANKOVIC —

o~ ano RICHARD MORPHY
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EJ Barreiro, A Quimica Medicinal e o paradigma do composto-protdtipo, Rev. Virtual Quim. 2009, 1, 67.



Quimica

Eeviskar Virfararl ofe: € esisrnie ez WWW. Uff b r / rv q

www. uff. br/rvg
Volume 1, Nimero 1, laneiro-Margo 2009

0 medicamento € instrumento essencial @ preservagdo, manutengio e promogdo da
Saude. O ocesso oo medicamento representa um importante fator de inclusBo social
que depende da disponibilidade do farmaco — principio ativo contido no medicamento
e gue em 85% dos casos ¢ de origem sintética. Neste cendrio, o importdncia do saber-
fazer farmacos e medicamentos passa a representar um componente estratégico para
o pleno exercicio do soberonia de nosso Pois. A universalizogdo do ocesso oo
medicamento, para o cumprimento do preceito de nossa Carta Maogna de 1988,
guanto ao direito de todos os brosileiros e brosileiras g Soude, depende, mais do gue
possa parecer, deste componente.

1. Ainovagdo em farmacos: O processo de planejamento racional

2. O principal paradigma da quimica medicinal moderna: A descoberta do composto-
prototipo

Universidade Federal do Rio de Janeiro

3. Novos compostos-prototipos descobertos no Laboratorio de Avaliogdo e Sintese de
Substancias Bioativas (LAS5Bi0®)

®

Labamluiia ks Pz lia:ioe o Hetaie e Sabkawing Bl

A Quimica Medicinal e o paradigma do composto-protdtipo

Barreiro, E. J.*

Rev. Virtua! Quim., 2009, 1 (1), 18-26. Data de publicagdo na Web: 30 de Janeiro de 2009
http://www.uff.br/rvg




Novo prototipo de

farmaco cardioativo®

*US Patent US7091238-15/08/2006
*European Patent EP1532140; WO-0078754
Thienylhydrazone with digitalis-like properties (positive inotropic effects)

O S
E \
NS "\
|
H C13H10N203S
PM 274

v’ Estruturalmente simples; rota de sintese com >55% de rendimento global,
empregando matéria-prima acessivel; escalonavel até 5,0 kg (18,2 M);

v/ Potentes propriedades inotrépicas positivas & vasodilatadoras; também
neuroprotetoras; aativo por via oral; boa biodisponibilidade;

v Novo mecanismo farmacolégico de acdo: ligante de receptores adenosinérgicos;

v'Sem citotoxicidade, genotoxicidade, nem toxicidade sistémica (aguda e sub-aguda) em
duas vias de administraciao (p.o. e ip.*) nas doses 1000 uM/kg e 73 uM/kg,
respectivamente;

*i.p.= 2 vezes ao dia, durante 15 dias seguidos: ~100 vezes ED., in vivo.
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Divulgacao

®

Labantuia s Fazlia: oo c5iskaicda Subbasing lasdioon

Quim. Nova, Vol. 25, No. 6B, 1172-1180, 2002

FSTRATEGIA DE SIMPLIFICACAO MOLECULAR NO PLANEJAMENTO RACIONAL DE FARMACOS: A
DESCOBERTA DE NOVO AGENTE CARDIOATIVO

Eliezer J. Barreiro®
Departamento de Farmacos, Faculdade de Farmicia, Umiversidade Federal do Rio de Janeiro, Cidade Universitaria, Ilha do Fundio,
CP 68006, 21944-190 Rio de Janeiro - RJ

Recebido em 24/1/02; aceito em 17/4/02

STRATEGY OF MOLECULAR SIMPLIFICATION IN RATIONAL DRUG DESIGN: THE DISCOVERY OF A NEW
CARDIDACTIVE AGENT. In this article are described examples of the successful use of molecular simplification strategy in
the discovery of new drugs from bioactive natural products and synthetic compounds. The discovery of a new cardictonic derivative
(37, 2-thienylidene-3 4-methylenedioxybenzoylhydrazine; LASSBio-294), efficiently synthesized from Brazilian natural product
and structurally designed by molecular simplification of active pyndazinone compounds reported in the literature, is described.
A brief description of the pharmacological profile of this new cardiotonic lead-compound, belonging to the M-acylhydrazone
(NAH) class, is also reported herein,

Keywords: new cardiotonic derivative; bioactive N-acylhydrazone compound: LASSBio-294.
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RC Braga, VM Alves, CAM Fraga, EJ Barreiro, V de Oliveira, CH Andrade, Combination of docking,
molecular dynamics and quantum mechanical calculations for metabolism prediction of 3,4-
methylenedioxybenzoyl-2-thienylhydrazone, J. Mol. Model., 18, 2065-2078 (2012).

RC Braga, ACB Torres, CB Persiano, RO Alves, CAM Fraga, EJ Barreiro, V de Oliveira, Determination of the
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N-Methyl-N'-[(E)-2-thienylmethylene]-1,3-benzodioxole-
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|
CH, o

Average mass: 268.321686 Da
Monoisotopic mass: 288.056854 Da

¥ Systematic name
N-Methyl-N'-[(E }-2-thienylimethylene]-1,3-benzodioxole-5-carbohydrazide
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Compound Show structure

0 InChlKey:  YMOJHAPRGAZUPL-UHFFFAQYSA-N

SMILES: | C(=0)(NN=CC1=CC=CS1)C1=CC=C2C(0C0O2)=CA

NH Formula: | C13H10N2035
N , Amount Price @  Purity (%)

Delivery time @

1mg 54 USD 50

8 working days

5 mg 76 USD 50
10 mg 95 USD 50

10 working days
8 working days
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New customers get 10% discount! Limited time offer, valid unfil 31/03/2014.
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Actions ‘ Downloads

Product availability Basic properties

1-Click Docking

1-Click Scaffold Hop

Toxicity checker

Predict the binding orientation and affinity of the ligand to a target.

Find novel active ligands structurally different from the ligand.

Searching for substructures commonly found in toxic and promiscuous ligands.
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