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A interdisciplinaridade da
Quimica Farmacéutica
Medicinal




IUPAC - Subcommittee Medicinal Chemistry

Duimica_ & Drug Development
Farmaceutica

Quimica Farmacéutica Medicinal é a

E“"E."""d disciplina que estuda os aspectos relacionados
pplied

Chemistry \ . ~ s
a descoberta ou inven¢ao dos farmacos, os

aspectos moleculares envolvidos em seu
ﬂ mecanismo de acao e aqueles que governam a
absorcao, distribuicdo, metabolismo, eliminacao
e toxicidade (ADMET), incluindo a compreensao
da relacao entre a estrutura quimica e a
atividade terapéutica (REA).

Pure & Appl. Chem., Vol 70, No. &, pp. 1123-1143, 1938,
| U P A C Printed in Great Britain,
D 18588 IUPAC




Stovarsol /OH
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CAS 97-44-9 ~ ~AS—qy
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OH . , Institut Pasteur (1887)
Duimica
Ernest Fourneau Farmaceéutica

1872-1949
gaicinal

1911- Laboratoire de Chimie Therapeuthue

Institut Pasteur (Emile Roux)

1911-1944 - J. Tréfouél, Th. Tréfouél,
G. Benoit, D. Bovet, F. Nitti

Prémio Nobel de
Prontosil rubrum Fisiologia/Medicina
(sulfonamidas) 1957

Curare: SAR Daniel Bovet o
1907-1992

J-P Fourneau, « Ernest Fourneau foundateur de la Chimie Pharmaceutique
francaise », Revue de I'Histoire de la Pharmacie, t. XXXIV, n° 275, 335-355




Prof. Alfred Burger .

(1904-2000)
University of Virginia
EUA

&

?::\ j Alfred Burger
N\ 1904-2000

BURGER’S
Medicinal

Q Chemistry

“Drug
Discovery

B el

1958 — cria o Journal of the Medicinal and Pharmaceutical Eﬂﬁiﬂ

Chemistry — depois Journal of Medicinal Chemistry

“An Editor’s Commentary on the Birth of a Journal”
J. Med. Chem. 1991,34, 2-6

1978 - GlaxoSmithKline cria com ACS o “Alfred Burger Award” em Quimica Medicinal

& T. Y. Shen - inventor da indometacina

atuia Pl o Bivare da nkitcina Busincn
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BURGER,S Sixth Edition

Medlunal " Medicinal Chemistry tried to
Qhemistry be based on the ever-increasing
Dlug - - -
DlsLO\ ery hope that biochemicals rationales

g for drug discovery ”

Alfred Burger, 1980

2 The ORGANIC
CHEMISTRY of
" Medicinal Chemistry is the DRUG DESIGN
science that deals with the and DRUG ACTION
discovery or design of new e R Ed':f’” x
therapeutic chemicals and e a§
their development into useful ‘ﬁ "‘_ _
medicines...” . T M

.|

Richard B. Silverman __—

%---

_-.
LD

Richard B. Silverman, 1992

atuia Pl o Bivare da nkitcina Busincn

eliezer © 2010



l. 3 !

Prémio Nobel de
Fisiologia/Medicina
1959

“for their discovery of the mechanisms in the
Severo Ochoa biological synthesis of RNA and DNA”

1905-1993

ARTHURKORNBERG

The biologic synthesis of deoxyribonucleic acid

Nobel Lectire, December 11, 1959

Arthur Kornberg lﬂt@fdiﬁd?liﬂ&ﬁd&d@

1918-2007

eliezer © 2010




“for their discovery of the mechanisms in the
biological synthesis of RNA and DNA”

Nobel Prize, 1959 o

“We have the paradox of the two cultures,

chemistry «na bioloqy,

growing further apart even as they

discover more common ground....

Pharmaceutical chemistry was until

= recently the bastion of organic chemistry...
in the s?ne‘h for alternative or superior

Ff | Arthur Kornberg
(3018

Biochemistry 1987, 26, 6888-6891

eliezer © 2010



Slide 7

EJB2
Kornberg definiu as bases da interdisciplinaridade das ciéncias dos farmacos quando antecipou a necessidade de aproximar-se a Quimica e a
Biologia.
Eliezer J Barreiro; 27/08/2010
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Quinica Gerall specirascapan’o niptagin Fisica

Bioinfornidics K9 Do X
Famuum Qﬁum Fisica-Quinia

alnice M* Lictatagis.

J’m ﬁ{f?ﬁd s Micraliiologin Diologia molecaler
- Vanwsginic: Calento Quinica ool




The American Chemical Society, Division of Medicinal Chemistry

Vision Statement and Strategic Initiatives

ElF‘rcwide, support and advocate education in medicinal chemistry.

Be a strong advocate for interdisciplinary, cutting edge research as reflected in our programming, policy and
global outreach.

* Symposia that provide medicinal chemists with advances in the basic understanding of
interdisciplinary core concepts in drug discovery.

Increase collaboration with international societies to become more global in outlook.

Enhance national meeting content to provide a forum for people who work in related areas
to meet and interact.
Sponsor or organize a newly emerging therapeutic target conference.

Get involved with ACS Prospectives at the planning level (or develop our own workshops).
Elncrease opportunities for member participation and involvement in Division affairs.

Enhance communication by targeting:

_-'
0y

IEEREEREN
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Osg primeiros farmarcos...

L !

1897
CO,H
CH
1804 N~
OAc
AAS 1929
A CyHgO,
o
HO S H
morfina Felix Hoffman
1868- 1946
C17HlQN03
Friedrich W. A. Sertlirner penicilina
1783- 1841 NS
Alexander Fleming
1881-1955
Nobel 1945
wréa\sseﬁ?
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Marco Polo, praca de San Mz
Opio: Papaver sommferum
morfina, codeina, heroina&s..
1804 -Friedrich WA Sertir
952 — M. Gates, ~wwa
ipno-analgésicos SI gec- T
Senilpiperidinas / me|

Seckett & Casey, 1954 W4l /
Tolerancia & Dependé

P. W. Schiller, Progr. Med. C

@I V% eza, |T

Adaptado de K.
C. Nicolaou &
T. Montagnon,
“Molecules tat
change the

--MOLECULES
THAT CHANGED THE
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. HsG AcO 0’ “OAc
morfina "N heroina
H
. Indice de atividade = 100
‘ H.C
CH3 . 3 \
14 H,CO o OH N
. 4 codeina
0\/CH3 Indice de atividade = 20
O . . ““
HO O OCH;
meperidina isocodeina
A\s.ﬁ@ 1947 Indice de atividade = 50



Farmaco Centenario

S. Jourdier, "From A Miracle Drug”, Royal Society of Chemistry, UK

@J Bayer O ”°\©\
FFI Sa é Bayer, & bom ‘ = } 1
‘ Juimica NH
— _ Farmaceutica P
Felix Hoffmann her 07 CHy
1868-1946 Wedicinal

o acetaminofeno

Litgrature tof
CO,H
Cl Cl
Charles F. Gerhardt diclofenaco
1816-1856 1980

A. R. Sallmann,Am. J. Med. 1986, 80, :29



>¢ [ Universidade Federal do Rio de Janeiro H

i Antibioticoterapia m}—r

Alexander Fleming
1881-1955

A. Fleming, Br. J. Exp. Pathol., 10, 226 (1929)

Howard Walter Florey
1898-1968

Ernst Boris Chain

1906-1

Nobel Prize of Medicine
1945

eliezer ©2010



{ Universidade Federal do Rio de Janeiro e
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. Farmaceéutica
Wedicinal
N S
()7
O %

penicillin G

‘ tienamicina
/OH

N
| H azetidinona
OIOH/\ N\ i
o —N
H,N o) o/ -
Antibiético B-lactimico monociclico O/\OH

nocardicina
Nocardia uniformis

Ativo via oral
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ceutical v*ﬂémﬁuagxuows

TEN DECADES OF DRUG DISCOYERY

' il -
S R AT
Ak RN
2™ [V

Analytical Chemistry | Chemical & Engineering News | Modern Drug Discove
| Today's Chemist at Work | E-Mail Us | Electronic Readers Service

1800s to 1919 http://pubs.acs.org/journals/pharmcent/Ch10.html

Publicacao da American Chemical Society, do fim de 2000 (250 paginas),
abordando o desenvolvimento cientifico da ciéncia dos farmacos,
década/década, ao longo do século 20 eleito como o “Século
Farmaceéutico”.

Cardiovasculares SNC

Oncoliticos Antibiéticos . “”’f "*;
armacéutica

Anti-inflamatorios oy ‘
_}_i’{._'“,'_'_l_lil_

sicos

E'D~

Analg
Anti-hipertensivos

Contraceptivos |
L. Marker, "Sexual Chemistry: A History of the Contraceptive Pill"

Labaatuia Pl o Sivare da abiticina Bustnan
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Medicinal
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coxibe - oo tinas_

0Sdridind @Q@
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Primeiro farmaco a atingir
US$ 1 bilhao em vendas,
no ano do lancamento




metil-imidazola

atuia Pl o Bivare da nkitcina Busincn

N
gl [/
CH; 4 = |
N, US 3950333 1974,1976 - SK&F
cimetidina Brit. J. PhaCmaCOl y 435 (1975)
I 1976 Robin Ganellin, Emmett, Durant, James Black
on 26 -
H3C\N/ 3 2,5-furana ’ 'i'
. ) | e | s N "~eH
|.| histamina H NO,
' L nitt | ., Jliamina
ranitidina :
_ 1981 Ga=
tiazola sulfamoilimidamida =
N %/ €
HoN /N\</]/ NN Juimica
\( < \|/ Farmaceutica
amidina NH,
NH2 {edicinal
Lassais famotidina
£ASSBio

eliezer © 2010
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2008 annual results: US$ 36,5 bi
(~>10%ly)

ca. 21% do faturamento origina-se em NP’
Investimentos RD&I: > US$ 2,04 bilhoes
4 produtos com vendas > US$ 1 bi
80 fabricas em 37 paises com 100.000 empregos
(ca.16.500 em RD&I)
Pipeline: 51 projetos em fase pré-clinica
158 projetos em desenvolvimento:
85 NCE’s, 20 vacinas, 45 produtos

http://biopharm.gsk.com - Updated May 15, 2009




Top 15 Global corporations

Empresa ' vendas {USEmi) Sede
1 Pfizer 43 363 LS ;
— @ .E .Gla}mSmithHIine ISE,EDE .UI{ @
.3 .Nmfartis .35 S0E .Switzerland ([ NOVARTIS
>fi avent 4 .Sannﬁ-ﬂwentis .35 b2 .Frann::e .
g Astrafeneca 32 516 LIk Sweden AstraZeneca &
.E .Hnﬁmann—La Hoche ISD,HSE ;Switzerland
| 7 _Jnhnsnn & Johnson _29 A5 _LJS goevtwwnLge-fm-wwn
WERCK |8 Merck & Co. 26,191 S
3 | Abbott 119,486 Us e
.1III .Eli Lilly and Cnmpany.*lﬁl,*ldl:l .LJS
11 Amigen 15,794 LS .Amgﬂﬂ Inc.
12 -W'_-,-'E’[h -15,582 -LJS
13 |Teva 15274 [Israel ELVA
’i% .H .Elaj,rer .15,EEEI .Germany | B
15 Takeda 13819 Japan Cakedn

IMS Health 2008
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MATURE REVIEWS DRUG DISCOVERY 2004 VOLUME 3 853

THE ROLE OF THE MEDICINAL l“““““ uuuuuuuuuuuuu |

CHEMIST IN DRUG DISCOVERY
THEN AND NOW

Joseph G. Lombardino* and John A. Lowe IIT? p iroxicam

LEADY COMPOUTNI

STRUCTURE-ACTIVITY
RELATTONSHIP

HIT
PHAPRMACOKIMETICS

F

N | ~ | g |
COMBIMATORIAL TECHROLOY A N N
MWW BT ETITN AR PTTTY o)

ziprasidona

The role of the medicinal chemist

N N
NH
O NH HO_ _NH
O —
0)

S<N\CH3 S< O?LN(

O 0N
0 - CH
Eﬁ§7 N

A,

‘M....h :
piroxicam ) A R
§ tautomero 1 tautoméro 11

L R el ” ... Making millions of new chemicals robotically
é; E|IQ§J Corey&Joseph Lombadlno,
i Pfizer, 1950

Labaatuia Pl o Sivare da abiticina Bustnan

does not, apparently, lead to more new drugs.”
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Farmaceutica
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Arthar A. Patchett )

I

¢

O nn
L
w

Akira Endo

mevastatina

1975
A.Endo, Compactin (ML-2368B) and related compound's
as potential cholesterol-lowering agents that inhibit
HMG-CoA reductase, J.Med.Chem.1985,28,401 H,5C

HO H5;C
CO.H
OH
CHs ,

N

I CH;

atorvastatina /—

1991 N HN\©

1986
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OH Discovery

@

CHj3 f_/;.!!‘f',,]‘::.!
Farmacéutica
Medicinal
simvastatina pravastatina
198&
Q_mercado mundlal eﬁt ZOQB US$ 26 bi
NCoH g .
: CO.H
OH : 2
CHj -F
CHs
0]
HN
/CH3
H,;C //S\\
OO0
atorvastatina rosuvastatina pitavastatina
1991 2004 2009

As estatinas movimentaram ca. R$ 290 milhdes por ano no Brasil em 2008 dlicser © 2010



s Clopidogrel (BMS, 2011)
Seretide on C o oo
CH; HO/jQ)\/N’(\/);\O 3 N
” C X :OQ
C25H37NOy § a S
fluticazone o .l
O salmeterol C1cH;CINOLS
B (GSK, 2012)

Etanercept

(EnbrelR, biofarmaco)

. N
= Olanzapine ZYprexa ( /7 H.CO N N
= Infliximabe — !
( _

w

micadeR, biofarmaco) H, =
Montelukast Ng)@
(SingulairR, Me_rck) C17H19N303S
Rosuvastatine >
sm= (Crestor®, AZ) Esomeprazola (AZ) C33H35FN2Os
68,1 . Quetiapine (AZ, 2012) |~ Atorvastatin
] CRESTOR

€assdio ! (8,2%) T x5y Ainsworth, C&EV 2009 (07/12) 13-21 == (Pfizer; 06/2011)



Janos Fischer is research laboratory head at Richter Ltd., Budapest, Hungary.

Robin Ganellin is Emeritus Professor of Medicinal Chemistry at University College London, UK.

Edited by FWILEY-YCH Edited by (@WILEY-VCH
Jinug Feschar amd €. Babin Ganellin Jdnos Fischer and C. Robin Ganellin

Analogue-based
Drug Discovery

Analogue-based
Drug Discovery |

m e d

ISBN-10 3527325492 Duimica ISBN-10 3527325492
Setembro de 2010 Fa rmacéutica Setembro de 2010
chem

Medicinal
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padrao
terociclico
0, .0 > S
N distinto

k CH; CH;

CHs
Sildenafila » \/ardenafila
Viagra® Bioisosterismo* Levitra®

e Pfizer Bayer

= § v B
margo 1998 m agosto 2003 PSR

LM Lima & EJ Barreiro, Bioisosterism: A Useful Strategy for Molecular Modification and Drug Design,
Current Medicinal Chemistry, 2005, 12, 23-49

EENNENREN
“ﬂ
\
2
w
O
’_?:Ul
(ﬂ-
<

i?
0y

atuia Pl o Bivare da nkitcina Busincn



_ ... history suggests

Farmaceiiilca dru g diS cover y

//\ inal

is art as well as science

and relies heavily on the' skill

of experienced drt@ Imnter;g..f"?1

1
(C&EN June 19, 2006)
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S5chool of Pharmacy and Pharmi@feutical Sciences
e

Pharmacv School Rankings

University of California--San

Francisco 35anFrancisco, CA ol

University of North Carolina--
Chapel Hill Chapel Hill, NC

5 University of Minnesota

Minneapolis, MN 4-3
0717, \ ‘
4 University of Texas--Austin G Aaad . ' .
Austin, TX - Farmaceutica
2 = r ;{ ) /. J
J : 7 vy €8 ¥
5  Purdue University West i

Lafayette, IN

b alasa Pl o da Sebancins Bt



.5 Universidade Federal do Rio de Janeiro

(UFR)

JFR

IEEREEREN
-
-
Q
@

-
LD

gttt eyt eliezer © 2010



Universidade Federal do Rio de Janeiro

"Science has contributed immensely to
human progress
and to the development of modern society.

The application of scientific knowledge
° continues to furnish powerful
W Y- means for solving many
£ ¢ of the challenges facing humanity...."

.

k w» Kofi Annan
72 U.N. - Secretary-General
A Challenge to the World's Scientists

o (o § L8 =) 2003,299, 1485
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instituto nacional

F icam
de ciéncia e tecnologia de Farmacos e Medicamentos

www . inct-inofar.ccs.ulr).br

Duimica
Farmacéutica
//5‘(7/irl\[l |

|
Ll" q FiewFador WhrFeaard aler & pxfenrde on

Wolurme 2, Mumero 1 Sanedfro-fargo 2000
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Project CNPg 573.564/2008-6

A missao do INCT-INOFAR

s Organizar as competéncias cientificas nacionais em uma
rede efetiva de pesquisa em farmacos;

s Apoiar projetos de pesquisa cientifica multi-institucionais
voltados para novos farmacos;

s Contribuir para a inovacao incremental e radical em novos
farmacos e genericos;

s Estudar e desenvolver a sintese total de genéricos,
intermediarios avancados e matérias-primas;

= Contribuir para a formacao cientifica qualificada de pessoal
em quimica medicinal & farmacologia;

s Promover a divulgacao das ciéncias dos farmacos e dos
medicamentos, assim como seu uso racional e seguro;




Instituto Nacional de Ciéncia e Tecnologia de Farmacos &

Medicamentos
INCT-INOFAR
| Fortaleza CNPq 573.564/2008-6
i* UFC

|

e H
inct
FresEitutos nacionaks
T de cidncia & leonologia
~

UFPB e
- L-Pa(fvl

q:] Alfenas
UNIFAL-MG
—

Belo Horizonte
‘ UFMG

{ Ribeirao Preto_) I) ?\ . E

USP | H—H'L..,f L] o
f—‘l ;

Campinas }

raraguara [
UNICAMP
L ] S ___UNESP | i
Sao Paulo 1

UFRGS I o > L . b

Inst. Royal \__cristdlia___L prof. Antonio Monge, Universidad de Navarra, SP;
Prof. Camille G. Wermuth, Prestwick Co., Ilkirch, FR
Research teams (27): UFC: Manoel Odorico de Moraes Filho (FM); Ronaldo de Albuquerque Ribeiro (FM); UFPB: Margareth
de Fiatima Formiga Melo Diniz (LTF); UFAL: Joao Xavier Jr. (DF); Magna Suzana Alexandre Moreira (PPGCB);
UNIFAL:Claudio Viegas Jr. (IQ); UFMG: Heloisa de Oliveira Beraldo (DQ); UFRJ: Adelaide Maria de Souza Antunes (EQ);
Angelo da Cunha Pinto; (IQ); Carlos Alberto Manssour Fraga (LASSBio); Francisco Radler de Aquino Neto (I1Q); Francois
Germain Noél (ICB); Gisele Zapata Sudo (ICB); Lidia Moreira Lima (LASSBio); Patricia Rieken Macedo Rocco (IBCCF);
Roberto Takashi Sudo (ICB); UFRRJ: Carlos Mauricio Rebello de Santana (IQ); UERJ: Theresa Christina Barja-Fidalgo (IB);
FIOCRUZ-RJ: Francisco José R. Paumgartten; Marco Aurélio Martins; Patricia Silva; UNESP: Vanderlan da Silva Bolzani
IQ); CRISTALIA: Roberto Debon Moreira (Cristalia Prod. Farmacéuticos Ltda); UFG: Valéria de Oliveira (FF); Ricardo
Me@egatti (FF); USP: Fernando Queiroz Cunha (FM-RP); UNICAMP: Luiz Carlos Dias (IQ); UFRGS: Stela Maris Kuze Rates
I3I®): Joao Antonio Pegas Henriques (Inst. Royal,).

Porto Alegre |
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Farmacéutica

Eevisiar Virfarard «fe € eairreieaa WWW. uﬂ: ] b r / rvq
www Uff br/rvg

Valume 1, Niamero 1, laneiro-Marco 2000

O medicamento € instrumento essencial @ preservagdo. manutencio e promocdo da
Soude. O acesso oo medicamento representa um importante fator de inclusdo sociol
gue depende da disponibilidode do farmoco — principio ativo contide no medicamento
e gue em 85% dos casos € de origem sintético. Neste cendrio, @ importdncia do saber-
fazer farmacos e medicamentos passa @ representar um componente estratégico para
o pleno exercicio do soberonio de nosso Pois. A universalizogdo do acesso ao
medicamento, para o cumprimento do preceifo de nosso Carfa Magna de 1988,
guanto ao direfto de todos os brosileiros e brasileiras @ Soude, depende, mais do gue
possa parecer, deste componente.

1. Ainovagao em farmacos: O processo de planejamento racional

LS
Bilibriache Molerulay

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

3. Novos compostos-protdtipos descobertos no Laboratdrio de Avaliagdo e Sintese de
Substincias Bioativas (LA55Bi0%)

®

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

1

eliezer © 2010
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Farmaceutica

€
Sistemas sociais e
otimizam tratamento € |m
de curto prazo; n p Universidede: E&P
novas empresas C |r qualificacao pessoal, N
surgem; farmacos 1 e empreeﬁndednr{ismn, o
como complementos 23 |s PPP, ciencia basica v
para tratamento; a Assegurar o carater o
diagndsticos através r cientifico do ensino s
biomarcadores; i farmacéutico
biocomputacao; a t
I Universidade-inddstria v
Tratamento nao-farmacologico Tratamento Farmacologico |a:
Novos farmacos surgirao v Doencas cronicas em a
sem participagao IF? :: populacao idosa maior; m
custos operacionais e
Atrofia da atividade B C menores na IF; n
inovadora no setor B doengas cardiovasculares t
privado; :;. é & diabetes; o
n . -
IF crise de criatividade n| .  Superaro classico S
& do farmaco blockbuster |2 | ; paradigma de Ehrlich-
I . Fischer

D. Crommelin, P. Stolk, L. Besancon, V. Shah, K. Midha, H. Leufkens, "Pharmaceutical Sciences in 2020", Mature Rev. Drug Discow. 2010, 9, 99




Convite |
(/fm T
| Escol ﬂ Farmaceutlca
de vara“ il ¢ r/l imal

em Quimica Farmaceutica
e Medicinal

24 a 28 de janeiro de 2011.
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www.farmacia.ufrj.br/lassbio
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"Meditai se so as nagoes

i l%?dem fazer Ciéncia,

0u seé aCiéncia
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Corcovado mountain with the statue of Cristo Redentor
one of the new seven wonders of the world. -




