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Contedado
DEFINICAO Quimica Medicinal; os Pioneiros (Ernest forneau; Alfred Burger); a
EVOLUCAO cronolégica DA QUIMICA Farmacéutica Medicinal; os FARMACOS e
o prémio Nobel (Emil Fischer; Paul Ehrlich; Robert KOCH/louis Pasteur; Alexander
Fleming; Ernest Chain; Howard FLOREY; George Hitchings; Gertrude Belle ELION; Sir
James W. Black; bent Samuelsson; SUNE bergstron; John VANE; A. von Szent-
Gyorgyi; W. N. Haworth; Linus C. Pau[mg Arthur Kornberq); o que sdo os
farmacos, suas MOLECULAS; as molécwlas PIONEIRAS; cronologia da
DESCOBERTA de farmacos; nogdes sobre o PAPEL dos produtos NATURAIS na
descoberta de farmacos; a cadeia da descoberts dos FARMACOS; como nascem os
FARMACOS; o PARADIGMA de Fischer; abordagem fisioldgica;os
BIORRECEPTORES & o modelo chave-fechadura; abetoS bioquimicos; bioinformética

& QUIMICA COMPUTACIONAL; Topografia 3D dos BIORRECEPTORES; TIPOS de
interacbes FARMACOS-biorreceptores; SIMILARIDADE e dissimilaridade no

reconhecimento MOLECULAR; as fases DA acdo dos FARMACOS; FASE

farmacocinética; conceito de grupamento FARMACOFORICO, auxoférico &
toxicoforico; conceito de COMPOSTO-prototipo; farmacos, moléculas

INTELIGENTES; farmacos sintéticos; planejamento- RACIONAL (Cimetidina;
SILDENAFILA; lodenafila; estatinas; ORLISTAT); consideracdes finais: o mercado
FARMACEUTICO e suas MOLECULAS biliondrias; trabalhos realizados no LASSBio-
UFRJ (exemplos DE casa): novos COXIBES; LASSBio-294 candidato a farmaco
ca rdioatl’vo inovador & LASSBio 596, novo compos’co prototipo de farmaco anti-
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http://www.iupac.org

Pure and
Applied
Chemistry

IUPAC - Subcommittee Medicinal Chemistry

& Drug Development

www.chem.gmul.ac. uk/iupac/medchemy/

Quimica e uma disciplina
baseada na quimica, também envolvendo
aspectos e conceitos de ciéncias biologicas,
meédicas e farmacéuticas. Esta voltada para a

invencao, descoberta, desenho, identificacao e

preparacao de compostos bioativos, ao estudo
do seu metabolismo, a interpretacao molecular
de seu modo de acao e a construcao de
relacoes entre a estrutura quimica e a atividade
biologica apresentada.
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Pure & Appl. Chem,, Vol, 70, No. &, pp. 1128-1143, 1888,
Frinted in Great Britain.

Eur. J. Med. Chem., 31, 747 (1996)
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SCLEA,0 i
. "1 brazil
; Seientific Electronie Library Online
Free sign up J
SCiELO.org , serial browsing article browsing reports
journals evaluation
= alphabetic list author index site usage
':“:'rtUEL‘IES subject list subject indax journal citation
SSRAe search farm search farm co-authars
help
about this site
SCIELD news
SclELO team
SciELO
The Scientific Electronic Library Online - SciELO is an electronic library covering a selected collection
of Brazilian scientific journals.
The library is an integral part of a project being developed by FAPESP - Fundagdo de amparo a
Pesquisa do Estado de S3o Paulo, in partnership with BIREME - the Latin American and Caribbean
Center on Health Sciences Information. Since 2002, the Project is also supported by CHPQ - Conselho
Macional de Desenvaolvimento Cientifico e Tecnaologico.
The Project envisages the development of 3 common methodaology for the preparation, storage,
dissemination and ewvaluation of scientific literature in electronic farmat.
lassais
Pt ...,.:_m,‘,..s.m.!g eliezef' @201
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Stovarsol OH

O~
CAS 97-44-9 \AS\OH

(o)

HsC

I=

OH

Ernest Fourneau
1872-1949

1911- Laboratoire de Chimie Thérapeutique

Institut Pasteur (Emile Roux)

1911-1944 — 1. Tréfouél, Th. Tréfouél,
G. Benoit, D. Bovet, F. Nitti

Prémio Nobel de
Fisiologia/Medicina
1957

Prontosil rubrum
(sulfonamidas)

Curare: SAR Daniel Bovet
1907-1992

: ® J-P Fourneau, « Ernest Fourneau foundateur de la Chimie Pharmaceutique
- I’ francaise », Revue de I'Histoire de la Pharmacie, t. XXXIV, n° 275, 335-355 clieser ©2010
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;‘;\) j Alfred Burger

W\~ 1904-2000

BURGER’S

Quimica

Prof. Alfred Burger

(1904-2000)
University of Virginia
EUA

Medicinal

Q. Chemistry

-
Drug
Discovery
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1958 — cria o Journal of the Medicinal and Pharmaceutical
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

Medicinal

eliezer © 2010



A evolucao cronologica da
Quimica Farmaceutica Medicinal

Quimica

Computacional

Bioquimica

1950's 1960's 1970's 1980's
7
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acologia / Celecoxibe

B fqﬁi‘f{?ﬂ Sildenafila

Paclitaxel
Captopril
Nanetecnologia
Propranolol Genomica

Proteomica

~ Tecnologias
Emergentes







Emil Fischer Robert Koch Paul Ehrlich

] 1852-1919 1843-1910 1854-1915
Louis Pasteur 1902 1905 1908
1822-1895 _ —
“La vie empeche :{f?
la vie”

11
I’hazard ne Lok & “'“’ --
. P. Ehrlich, Chemotherapeutics: scientific prmczples
favorisée que les

methods and results. Lancet 1913, 2, 445
sprits preparées”

Ong-molecule, one-target paradigm
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Antibioticoterapia
Penicilinas

Sir H. W. Florey
1898-1968

Si A. Flming
1881-1955
” rr—’ CH,3
C
0 s

E. B. Chain
1906-1979

Y
Penicillum notatum

5
=i AMPICILINA i,

serendipidade —



Duimica

. Farmaceutica
Wedicinal
N S
(YT
0]

penicillin G

1

oH tienamicina
N/
| H azetidinona
Oj\ioH/\ N\ )
o —N
Antibiético B-lactimico monociclico O/\OH
nocardicina

Nocardia uniformis

Wén\ssoi.@ Ativo via oral
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93 <for their discoveries of important principles for drug treatment"

\ I .
i B i o
R TR y 2
f: e ]
Y &ﬁa' By

1 W e Wy L
Geoarge Hitchings (1905 - 1998) and Gertrude Elion (1918 - 1929}

1988 — James W. Black 1988
(1924-2009)

Inter-alia: Propranolol, cimetidina, azatioprina,

Lasseis alopurinol, trimetoprim, aciclovir (AZT)

Labainia Pl o Sisare da Sabsticins Bnsiacn
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JAMES D. WATSON

DN A

F i N

THE SECRET OF LIF

¢ 157 pesquisadores
ganharam o Prémio
Nobel de Quimica
desde 1901

LR
- _
1982 —J.R. Vane
1982 —B.I.Samuelsson

1937 —A. von Szent-Gyorgyi

1954 & 1962 — L. C. Pauling



Mini-curso: Planejamento racional de fhrmacos - UFAL (19/02/2010)

Nobel Prize, 1959 o

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

“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 sgamfh for alternative or superior

drugs for the treatment of various diseases.”

Arthur Kornberg
: ' 1 'r‘; Biochemistry 1987, 26, 6888-6891

eliezer © 2010



Diapositivo 15

EJB1
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



DuimicaFarmacéutica Vedicina)
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. asg muletulas pioneiras...

1897 (1:) Bayer

[y oy
T %
- "-._.I | /"

COH wmuﬁm
oac 1929
AAS penicilina
HO C,H15N,0,5
morfina CoH:0, -
C,,-H,oNO : N
17H19N U3 Fe:|;(6|;|_(3f9fdrrf613.n D S CH;
Friedrich W. A. Sertiirer |\><
1783- 1841 & \ 0 0/'_N /  “CH,
Aw %,
i) Co,H
Alexander Fleming
Henry How ‘ 1881-1955
1853 — Un. Glasgow Nobel 1945
| .
Restpusberkc Acd
_‘ i.{
Sir Robert Robinson =

| 1886-1975 - o
&Bmé@ Nobel 1947 e

Labainia Pl o Sisare da Sabsticins Bnsiacn



Cronologia da descoberta de farmacos

AAS *_ 1889 1986 » ciprofloxacina fluoxetina
o 1923 1987 _ zidovudina lovastatina
barbituricos < 1988 > )
1934 , cetirizina, enalapril
cloroquina < » 1989 ,. ozagrel mifepristona
sulfonamidas
- 1942 1990 » salmeterol, amlodipina - ‘
penicilina < 1991 ) ) -;-;_]
nitrofurano 1952 1995 > alplﬁem, :oaroxetlna {%_J
progesterona «—1293 1993 > paciitaxel = ==
talidomida 1954 » tacrina, fanciclovir
. 1958 1994 . irinotecan, pimobendano
haloperidol < >
verapamil «—1962 11%%56 » indinavir, losartano
indometacina 196 1997 > docetaxel, atorvastatina
1964 » zafirlukast, montelukast
propranolol 1998 e . h .
1968 » infliximabe sildenafila efavirenz
salbutamol 1999 . i .-
i 1970 » celecoxibe orlistate oseltamivir
prostaglandinas « 2000
L 1970 » galantamina rofecoxibe
oxamniquina « 2001 » imatinibe rosiglitazona
cimetidina nifedipina 1973 2002 :
< 1976 » voriconazola, etoricoxibe
atenolol o 2003 » gefitinibide, aripiprazola
i 1977
captopril ¢ 2004 , rosuvastatina, rofecoxibe
i 1978
tamoxifeno - 2005 . pregabalina, Caduet?
praziquantel 4 2006 » risperidona, erlotinibe —
oxicams +—1320 2007 o ) Letairis
o _ _ 1981 » maraviroc*, ambrisentam ambrisentan
ranitidina aciclovir 2008 > etravirina
1985 2009

A

mefloquina misoprostol »> pitavastatina

eliezer © 2010
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Spidamine

<

=ptor agcmlst

~ malnx D\/Jl\ ,l/
{JCHJCH3 CH:;

- - ¥ j
: iﬁ") foa .
Frariant ufrapa:nycm that, by cll.emu:al modiffarion, gained the ability 1o cn:ln:rnl Pru}::l.'m.al

plls and animals; , a probe of the nutrient-rezsponze cignaling netoiork and of the protein: FEAP;
t of trap o:xin), used. to discover HDACL.

5. L. Schreiber, C&EMN 20035, 51(03 de marg o) 51. eliezer © 2010



morfina

1806

ﬁ atropina
1833
CH;
0 CH
3 Estriquinina

© re 1817
terpenos’ alcalmdes’ Strychnos nux vomica

esteroides, flavonoides,

Colcichina

1820
Colchicum autumnale

/ [} o °
,&‘I.(@ cumarlnas HUPe/"Z/'a Se/‘/"afa. Pllocarplna eliezer © 2010
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Strychnos nux vomica

MORE
{CHEMISTRY
AND CRIME

From Marsh Sracnic Test
ra [ A Trodile

Sarrwe . Cierber
and Aiant Sajere

SCHIINE ALK :
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s WDEH
M. F

ESepolelia
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HO

CHEMICAL

E LIS R Ty

oW

quinina marfina

Alcaldides = alcalinos = bases nitrogenadas naturais

CH,
CH, r
N CHy
th)\/\/ ~~ N 4 o) CH
Hz”@_/— S~
N 0

eliezer © 2010
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Molécula A
ccolvagens” Cancer

Camptothecin

alcaldide
quinolinico de biossintese mista

acUm/hata

Wall, ME & Wani, MC “Camptothecin: Discovey to Clinic’
Annals of the New York Academy of Sciences 1996, 803, 1

Wall, ME, MC Wani, CE Cook, KH Palmer, AT McPhail, GA Sim, “Plant antitumor
agents. 1. The isolation and structure of camptothecin, a novel alkaloidal leukemia
and tumor inhibitor from Camptotheca acuminata” J. Am. Chem. Soc.1966, 88, 3888.

Molecula

HCI .3H,0

Warning:
Ony it be dilated befor use

I O irinotecan
eliezer © 2010




Drugs
from the Se a

Editor
N. Fusetani

e KARGER
|

eliezer © 2010




. Retrovir o
. R Comprimidos
. 40 via oral

Ara-C AZT
Novo Farmaco anti-cancer

Derivado tetraidroquinolinico OCH,4
100 vezes mais ativo que Taxolj\

HsC

HO

ET-743
\}=D Ecteinasceidina

N Cancer

eliezer © 2010

Fa Yondelis™

R (trabectedina)
H,CO
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Produtos Naturais Marinhos em Ensaios Clinicos

Composto Organismo Fase Doenca

KRN7000 Porifera | cancer
IPL-567 Porifera | inflamacao

methopetrosin Celenterata P inflamacao
GST-21 __ “heniertea. ".f I “,.F < Alzheimer,

Dolastatlna 10 molus% W f"*_H : cang;n, f"“' el
. - u} ,.ii'Lu::,q_" ey ,_,-

. LU 10379_3 S molusco cancer

. molusco 111
Briostatina Briozoa | | cancer
Didemnina B Urocordarta” 1II cancer
Ecteinascidina - Urocordata===TI cancer

Esqualamina Cordata I cancer




Ziconotideo
C102 H172 N36 O32 S7

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

2 = y
_
L1 4
i

Conus magus

SMX-111
Neurex (Menlo Park, CA)

IIIIIIIIIIIIIIIIII s

Flan Pharmaceuticals
{Dublin, Ireland

Antagonista de canais Ca** voltagem dependentes tipo-N



Processo de descoberta de novos hits-naturais

Bioativa
‘ amostra 3
' \ Extrato

A Bioativo «sesseseop Fracionamento biomonitorado

; ( concentrado >

. \"

¥ : Bioativo Poténdia,

- ' seletividade
extracdo, ) ; (cnmpnstn puro ) toxlcidade ¢
concentrado, y :\ Determinacgo estrutural
fra?'t?"arf'e"t“r ¥ ! ' - banco de dados ™ ® * ® = | Bioensaios in vivo

urificacao o, (o T ' - o
Ledbad identificacdo : ("{M’ composto >\espectmsmp|a o
das substandias V ; : | scale-up da purificacdo
| | 1 1
| |
¥ amostra pura ! ! (Prﬂtﬁtipﬂ PﬂtEﬂC'ral:) \ Técnicas de Quimica Medicinal
compostos _ 1 ;
conhecidos | ¥ | i : '
HPLC | ! ‘.' o= ;
HPLC-MS | | L ;
(LC-MS) | l i %
' | i dificacbes estrutura
. S . ! b modificacdes estruturais
1-10 | & 1-10 : ;ﬁ:%&i-m ' i
Quantidade de substancia requerida | a1-10ug mg B0 preliminar "sar"
modulacdo das propriedades
bioldgicas
otimizacdo do perfil PK
Adaptado de m“ff;.i._. s F.E. Koehn & G. T. Carter, The evolving role of natural products in drug discovery,
(L5274 Nature Review Drug Discovery, 2005, 4, 206-220
‘:"_' _:ufrjﬁ.} »
YT o L
I %‘;13‘%3

£ - ¥
) ele Lfop
é&s Bic
Io eliezer © 2010
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OH ¥ The Nobel Prize in Chemistry 1902

2 Emil Fischer

@)

2 5
O
O

OH

OH
CHOM o o

[lcose %

@

OH

/ \ g OH

\ ©/ e frutose Emil Fischer =
Z 1852-1919 e

\ Teoria da chave-fechadura
/¢ ), Complementaridade
molecular
Reconhecimento

molecular

g
I3
- o SN
e -

-_—
L5

Interacao farmaco-receptor
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s 0 paradigma de Fischer

’ N [ .
. L) < AFFARARTATY
HUTITGLEU LU
' LocK & KEY = |
CONCEPT & .
& baseado no sitio de
Emil Fischer ) reconhecimento
. 1852-1919 Planejamento
1902 racional
W '~
> L Ix/
. 4 . |
T wAFMAALAA
=AMAl
YRR IIRVEAVRY
I Wil 11l ¥ N W
. Robin Ganellin gives baseado no ligante
his views on medicinal analoago-ativo
chemistry and drug A abordaﬁem / 9
discovery =
Interview by Stephen L. Carnay
‘ Mgl Cremsiry, Universty Collga London
As.l.w C. Robin Ganellin, Drug Discovery Today 2004, 9, 158

eliezer © 2010
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) SQ qﬁb holé néjam 183 o3
(N T (O na
terapeutlca de oS
farmacos contemporaneos.

ser, Classic drug targets. Nature Biotechnol. 1997, 15, 1318




Modelo Chave-Fechadura

Enzyme Catalysis

Enzyme + Substrate Enzyme - substrate
complex :

‘ Resposta

Bioldgica

reconhecimento
molecular




Siegfried Schwarz

b'l'@qwmlcoss

H'.:.'I l_r OH .,.'

EARGER

Kyl (arboraratos
e L ipideos

acidos mucleicos
proteinas

eliezer © 2010

Model Compound Bound to the Minor
Groove of a DNA Molecule
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Amino-acidos essenciais

alicina (gly) Hz -
alanma valma isoleucina (1l leucina
0 OH (O a
HO OH -
3 OH H:C OH
Ml MHz NH
i cisteina (C
S 5 N (Cys) treonina (Thr) metionina
R
e )L
. = -
lisina (L arginina
acido glutammo acido aspartico
prolina glutamma(Gln) HM OH asparaging (Asn)
F‘_'_,_o-""
H 0
/__-f"
MNH
| / s oH T OH [Hr ™ ™3 OH
~ - |l \
NHy 08 o NH —N MH
ki L-,:HQ:, 2
triptofano (Trp) C fenilalanina (Phe) tirosina (Tyr) histidina
iﬂ\SSDIO

g
H
H

E
H
5
§

F
H
B
E
L

T
i
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Estrutura Primaria das Proteinas

RESIDUO DE AMINO ACIDO

(D g (o
HN
. =~ N NH
CADEIA PROTEICA N ﬂ/ N " GADEIA PROTEIC/
H o (|Rs ) H 0
[ LIGAGAO PEPTI’DICA]

1§ | 11
Essenciais: His, lle, Leu, Lys, Met, Phe, Thr, Trp, Val 'm
AMINO ACIDOS: .

Nao-essenciais: Ala, Arg, Asn, Asp, Cys, Glu, Gin, Gly, Pro, Ser, Tyr

-_—
LB

eliezer © 2010
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“acidos nucleéeicos...

Pyrimidines H H
s 3 N o/ d
Thymine O N
HaC

| Cytosine
N Hd H c yt

Nitrogenous Bases of DNA

e
N d
|

Adenine

Purines

I

-_—
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CHEMICAL INFORMATION
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Complexo formado entre LASSBio-257 (verde) e o LASSBi0-258 (rosa)
com o sitio de reconhecimento molecular da PGHS-2.

eliezer © 2010
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A maioria dos biorreceptores dos farmacos
contemporaneos sao enzimas ...

Erzymes 47% GFCRs 3056

DA 1% lom channelks 7%

Irtscrins 1%

Fizoolanoous 29 Trancportors 4%

Muclkzar karmans
Chher recectors 4% receptors 4%
Figura 4 | Marketed small-molecule drug targets by biochemical class.
GPCR, G-protein-coupled rmceptar,
“wivw.Nature.com; reviews, drugdisc
Hopkins, A L. & Groom, . B The drugaable genome.

Nlskre Rk Drug Chscey: 1, 727-30 2002,

Labainia Pl o Sisare da Sabsticins Bnsiacn



Y

9p
U
>
©
c
O
9p
<

®9i
i
Sl

i

i | 5 o £
1 T L, £
L LN —, i
T e e — w

i




acido carboxilico




O Centenario Modelo "Chave-Fechadura”

Complementaridade do modelo
Chave-fechadura

Sitio ionico

itio ionico

complementaridade molecular







Esqueleto ciclopentano
peridrofenantreno

Testosterona Progesterona

similaridade molecular

"8CH,
19 5 1 u 13 @
A ' )
- A ;“ “Hn. :

B/C C/D trans B/C C/D trans
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Fase farmacocinética

(PK)

Asn102
Posologia
N GI104
i A8 |
30 vl '
.‘ s Thr107
] ‘:I pulmenany

Az rpticn s—

Asn108 ™

LI'WVER
first-pass
rretsbolism
(in=cthration)

GUT
abzorption

Efeito terapéutico

BLOOD S TREAM
drug — systemic effect + inactive metabolite

Bi()fase Fase farmacodinamica
g PD) ..

F
i
i
E
H
£
§
&
¥
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2
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AAS Posologia: concentragio
H p.o. tempo de meia-vida
o~ metabdlito ativo (?)
0,100 metabdlito toéxico {?)
o VY . outras atividades {?
0 ossmM 8 ahgorcdo )

P 180 )\ lipossolavel Fatores Farmacocinéticos
He O
Coeficiente de parti¢ao

Farmaco:
ativo

Bicativacao
Biotransformacgao

eliminagéo hidrossolivel
Sangue _ o
Enzimas oxidativas

Reticulo microssomal Citocromo P-450




Medicamento

(el
‘ fi | Fase farmacéutica Excrecao
| \

F
o
R
M
U
L
A
¢
A
o

Eliminagao

rena

Bile, fezes, pulmao

Agente de
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Homology modeling of rat and
human CYP 2D isoforms and
computacional rationalization

of experimental ligand-binding
specifities, NPE Vermeulen et al.,
J. Med. Chem. 2003, 46, 74

W. Xie & R. M. Evans, Drug Discovery Today 2002, 7, 509-515

Animal transgénico com mPXR-, hPXR+ que possui
mesmo perfil de resposta a acio de farmacos que humanos.

Possui CYP 3A isoenzimas (xeno-sensor) que permite o estudo

{ T
o
- - - - - - - -

de interacoes de farmacos simulando o estudo em humanos.
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Paul Ehrlich (1909) — Um farmacéforo "carries (phoros) the essential features
responsible for a drug’s (= pharmacon’s) biological activity"
(Ehrlich. Dtsch. Chem. Ges. 1909, 42: p.17).

Em 1977, Peter Gund atualizou a definicao: "a set of structural features in a
molecule that is recognized at a receptor site and is responsible for that molecule's
biological activity"

(Gund. Prog. Mol. Subcell. Biol. 1977, 5: pp 117-143).

@arreiro & Fraga.

E o conjunto de caracteristicas eletronicas e estéricas que caracterizam um ou
mais grupos funcionais ou subunidades estruturais, necessarios ao melhor
reconhecimento molecular pelo receptor e, portanto, para o efeito farmacolégico
desejado.

Farmacoforo nao é uma molécula real, nem associagdes de grupos funcionais; ao
contrario, € um conceito abstrato que representa as diferentes capacidades de
interagdes moleculares de um grupo de compostos com o sitio receptor.

\O\farmacéforo pode ser considerado como a “parte” molecular do farmaco essenciﬂ/

e; : a atividade desejada.
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R. Ry R, Rz= H, alquila, cicloalquila, arila, heteroarila
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