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niversidade Federal do Rio de Janeiro
Definicion: Quimica

estudiar los factores moleculares relacionados

con el modo de accion de las drogas,
incluyendo una comprension de la relacion
entre la estructura quimica y actividad (SAR)
Aparte de las propiedades que rigen su
absorcion, distribucion,

el metabolismo, la eliminacion (ADME)

Quimica y la toxicidad.

Eur. J. Med. Chem., 31, 747 (1996)
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¢/ Qué es un farmaco?

e b s e da Sebakincins Bravdieas

Es una sustancia organica (pureza> 98%) con propiedades
farmacoterapéuticas para uso médico, capaz de recuperar,
promover, mantener o preservar la salud;

Con una alta eficiencia en la diana terapéutica (PD);
No es toxico;

Potente, con buena biodisponibilidad, activo en bajas
dosis, por via oral, si es posible en una sola dosis diaria;

Metabdlicamente estable y bien absorbida (PK):
propiedades fisico-quimicas fundamentales para la
actividad p.o., una buena particion pasiva en
biomembrana

Enlaces-H (donante y aceptor);

Sintéticamente accesible en buena escala a un costo
aceptable;

Protegido por una patente para un determinado (s)
indicacion (s) tratamiento (s);

... Las propiedades moleculares de las drogas son el
objeto de estudio de Quimica Medicinal




- fﬁﬂﬂ =

Hesearch team formed MNowel chemicals Chemicals tested for Farmulation, stability Cornpany files
and objectives st synthesized efficacy and satsty in stale-up synthesis, Imeestigational New

test tubes and animals. chmnic safety in animals Drug (IND) application
r . Results used to chooss with FOA
Q uimica drug candidate.

El proceso de descubrimiento/invencion yi
desarrollo de farmacos es mui complejo ...

M

Drug is appmoved FOA reviens NOA Cormpany files New Phese [II; large clinical Phaze [I; studies Phasa |; studiss
for marketing Drug Application (NCA) triaks in many petients in patients (eficacy) in healthy humans
(toleration)

® JA Lombardino & JA Lowe III, Nature Rev. Drug Dise. 2004, 3, 333
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“ ...medicinal chemists today live in

exciting times...
their work can have a beneficial
effect on millions of

suffering patients — surely an important

medicinal cheémistry

motivating factor for any scientist...”

J. G. Lombardino

: . The Role of the Medicinal Chemist in Drug Discovery — Then and Now,
o Nature Rev. Drug Disc. 2004, 3, 853.
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La cuna de la Quimica I\/Iedlcmal

Stovarsol ;

CAS 97-44-9

OH

/
O§AS\OH

Ernest Fourneau HC™ N Institut Pasteur (1887)
1872-1949 OH Paris, Francia
1911- Laboratoire de Chimie Therapeutique

Institut Pasteur (Emile Roux)

1911-1944 — Jacques Tréfouél (1897-1977)
Théreze Tréfouél (1892-1978)
Germaine Benoit (1901-1983)
Federlco Nitti (1903-1947)

Prémio Nobel de
Fisiologia/Medicina
1957

Daniel Bovet

b - 1907-1992 * Sulfonamidas,
S *EarmacButico suico anti-histaminicos.
Doutor A.c. UFR] Curare: SAR

“ ® J-P Fourneau, « Ernest Fourneau foundateur de la Chimie Pharmaceutique
Sia22810 francaise », Revue de | Histoire de la Pharmacie, t. XXXIV, n° 275, 335-355




Quimica

Prof. Alfred Burger

(1904-2000)
University of Virginia

\.\‘ / Alfred Burger
L\ .' 1904-2000 BURGER’S

Medicinal
@ Chemistry

Dlug

Discovery

D Id.]Ah aham

. . Merhiinal
1958 — creador Pharmaceutical Chemistry Journal — Chemistry

después Journal of Medicinal Chemistry

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

1978 - GlaxoSmithKline y ACS “Alfred Burger Award” in Medicinal Chemistry
io T. Y. Shen - inventor de la indometacina
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| 4 r
o, Las moléculag pioneras ...
1897 %) Bayer N —
COZH [ =
AR @ ==,
1929
Apg  OAC penicilina
HO O C16H18N204S
morfina CoHs0s H
C17H15NO; Felix Hoffman N S, CH:
1868- 1946 \><
0 N
- / “CHj
u*\, ©
e . COH
Alexander Fleming
o ) b ‘ 1881-1955
Friedrich W. A. Sertlrner ¥ Nobel 1945
1783- 1841 ). .,
”
Sir Robert Robinson g%
1886-1975 :
IASSBio Nobel 1947




Productos Naturales & Farmacos: Alcaldides

Alcaléides fenantrénicos e  1493-1541 Marco Polo (Veneza) = Opio

benzilisoquinolinicos 1803 = Friedrich WA Sertiirner isola a
(papaverina 0,2 %)
~_morfina ("Morpheus”) = hipno-analgesia!
/ 2 1815 - Setiirner Co
“{_ 1924 - Diidromorfinona (Dilaudid) Knoll
| 1925 — Sir Robert Robinson (estrutura)

1827 - Darmstadt , Alemanha (Merck)
1952 - M. Gates primera sintesis total
1954 - Beckett & Casey, Un. London

Descubrimiento de los receptores opioides: 0, K, 1)
P. W. Schiller, Progr. Med. Chem. 1991, 28, 301

Papaver somniferum

analgesia central;
tolerancia &
dependencia quimica;

Sindrome de abstinencia;

morfina
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Striptease
molecular
4
O
\_~CHj;
O
morfina meperidina
PM = 285.1 PM =247.3
C47H4oNO; e C15H21NO;
(assBic Producto natural como protoétipo




(I:H3 CI:H3
N r-\l!‘H
invivo
> —_
(@) O-
Ph \_~CH;
@) @)
CNS

<< ClogP = 2,03 (calc.)
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N-CH,-CH,Ph aumenta a atividade
N-CH,-CH=CH, produz antagonismo
* remo¢ao da hidroxila \ N
reduz a atividade;
* troca bioisostérica
reduza atividade;
* metila¢do reduz a
atividade;

* acetilacao reduz a
atividade:

/
H

diacetilmorfina

e b s e da Sebakincins Bravdieas

CH;

SAR

introducao de hidroxila
/ aumenta a atividade

reducio da insaturacao

/ aumenta a atividade

* reduc¢ao da hidroxila
aumenta a atividade;
* oxidacao a carbonila
reduz a atividade;

* acetilacao aumenta a
atividade:

1890 a 1910 la heroina
se vendia como un
sustituto no adictivo de
morfina







d
salicina

e b s e da Sebakincins Bravdieas




o)

OH
salicina

Salicina es un B-glucdsido, com propiedad anti-inflamatoria
obtenida de corteza de sauce (willow bark)

La teoria de las firmas

theory of signatures Q\f
1853 -Charles F.Gerhardt (impura)

1899 — Felix Hoffmann AAS
1886 — acetanilida (analgésico)
1887 -fenacetina

0
OH OH
AS
N CHa 3y
A\ss. 1953 - paracetamol ,©/ T;[/ Q/O/ N  Salixalba Vitellina-Tristis'

................................
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www.scielo. com.br

BIODIVERSITY: POTENTIAL SOURCE FOR DRUG DISCOVERY

Quim. Nova, Vol. 32, No. 3, 679-688, 2009

BIODIVERSIDADE: FONTE POTENCIAL PARA A DESCOBERTA DE FARMACOS

Eliezer J. Barreiro®

Departamento de Firmacos, Faculdade de Farmicia, Centro de Ciéncias da Saitde, Universidade Federal do Rio de Janeiro, CP 63006,
21944-910 Rio de Janeiro - RJ, Brasil

Vanderlan da Silva Bolzani**

Instituto de Quimica, Universidade Estadual Paulista, Rua Francisco Degni, s/n, 14800-900, Araraquara - SP. Brasil

Recebido em 16/1/09; aceito em 6/4/09; publicado na web em 9/4/09

BICODIVERSITY: POTENTIAL SOURCE FOR DRUG DISCOVERY. In economic terms, biodiversity transcends the boundaries
usually given to conventional industries because it is a valuable source of biological and chemical data of great nse to drug discovery.
Certainly, the use of natural products has been the single most successful strategy in the discovery of novel medicines, and most
of the medical breakthroughs are based on natoral products. Half of the top 20 best-selling drogs are natural products, and their
total sales amounted to USH 16 billions shows the importance of natural products, which is evidenced by the new chemical entities
{NCE) approved by regulatory authorities around the world in the past decade. Recently, the approval of the alkaloid galanthamine
as a medicine to treat Alzheimer’s disease shows that natural compounds from plants will continue to reach the market. The huge
biological diversity of the Brazilian biomes, by its ability to generate new knowledge and technological innovation can be a fantastic
alternative as raw material for drog discovery.

HO o OH

o
mafing (1) mapariding [2)
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Productos naturales com propriedad anti-cancer

Farmacos

Anti-cancer

Origem

plantas

Cancer

microorganismos

Doxorubicina

Vincristina
Paclitaxel
Podofilotoxina
Camptotecina

Docetaxel
Irinotecan
Etoposido

sintéticos

Dactomicina
Bleomicina

Topoisomerase |1 & |l
a-Tubulina

DNA

Tirosina quinase
PKC

COX




The Story
0l Taol

~ NATURE AND Potirics
IN THE PURSUIT OF AN
ANTI-CANCER DRUG

$JORDAN GOODMAN
VIvIEN WALSH

s O 0]
Paclitaxel \ 5
H,C ,
R M. E. Wall,,
TaXOI “Chronicles of Drug Discovery”,
M. C. Wani et al., J. Am. Chem. Soc. 1971, 93,2325 D. Lednicer, V‘;l- 3, ;;CS, 1993,
Res. Triangle Park, 1967 pp- 327-3

1996 - National Cancer Institute

R
Award of Recognition INSTITUTE

Taxus bacatta




SAR dos taxoides

lipofili , .
ililpoﬁ?ﬁ PO EOS © ésteres, desoxi: ativo
rofilicos: ativos
0 anel A: essencial hidroxi em ¢ ativo
i ORz

~ Cancer
6 __ \ aminoésteres,ésteres, epimero,

/ OH, COCHj;

ésteres ativos nativo garganta
in vivo, mas nao in vitro
anel oxetano aberto: mativo
Taxotere (R,= H, R;= OBu) 2- benzﬂox1 essencial OH, H: nativo

grupo arila
essencial

\

desoxi: ativos
Cancer de mama,

Pulmao ,cérebro,

Analogo sintético do taxol

(R,= Ph, R,= Ac) Taxol (taxus brevifolia) (Paclitaxel; Bristol-Myers Squibb, 1992)

(uso: parenteral)

Toxicidad: Médula osea
Neutropenia

“Natural Compounds in Cancer Therapy: Promising
Nontoxic Antitumor Agents from Plants and Other
Natural Sources”, J. Boik, Medical Press, Princeton, 2001.
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Epotilona A R=H
Epotilona B R=CH;

Nare
REVIEWS

Epotilona D

-

(2007 - Primeiro membro da classe dos
macrociclos de 16 membros (epotilonas) a ser
aprovado pelo FDA para tratamento do cancer
metastatico de mama, atuando como inibidor

Lde microtubulos

Analogo semi-sintético

Ixabepilona

. E:E;'F.i'.lm'_r
E .'*.::5 IxernpraR

T el BWS, Out. 2007

Via fermentativa bacteriana,

Nat. Rev. Drug Discov. 2007, 6, 953
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ativo em células taxano-R

A Conlin, M Fornier, C Hudiis, S Kar, P. Kirkpatrick,




-

COOH

pit

1896 —Robert Duchesne

(Prémio Nobel, 1964)
Edward Abraham

1957 — John Sheehan
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Raios X — Dorothy Hodgkin

1943 — Andrew J. Moyer

Alexander Fleming
1881-1955

http://nobelprize.org/nob
el_prizes/medicine/laurea
tes/1945/fleming-bio.html _

" ] http://nobelprize.org
‘ 1945 Ernst B. Chain
Howard W. Florey 1906-1979
1898-1968 Cnaemediciveflaratosf 1995
http://nobelprize.org/nobel_prizes/me /chain-bio.html

dicine/laureates/1945/florey-bio.html




Uaf Universidade Federal do Rio de Janeiro

Quimica

Fa’ rm a COS 199 Nobel laureates in Medicine

160 Nobel laureates in Chemistry
& 192 Nobel laureates in Physics
(from 1901 to 2011)
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| Clave y cerradura ,
Y FArmacos

& el
Nobel

Emil Fischer
1852-1919

1902

http://nobelprize.org/no
bel_prizes/chemistry/laur

El paradigma de Fischer y Ehrlich

eates/1902/fischer-
bio.html
Foos Paul Ehrlich
Quimica
1854-1915 . , S

P. Ehrlich, Chemotherapeutics: scientific principles,
1908 methods and results. Lancet 1913, 2, 445

http://nobelprize.org/nobel_priz

® es/medicine/laureates/1908/ehr

Si22810 lich-bio.html




Eil] <for their discoveries of important principles for drug treatment"’

| P i -
George Hitchings (1905 - 1998) and Gertrude Ellon (1218 - 1999}

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

Inter-alia. Propranolol, cimetiding,

azatioprina, alopurinol, trimetoprim, aciclovir
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Prémio Nobel, 1959 e

= The Two Cultures: Chemistry and Biology'

= Arthur Kornberg

Department of Biochemisiry, Stanford University, Stanford, California 94305
Recelved July 14, 1987

" Much of life can be understood in rational terms if
1918-2007 expressed in the language of chemistry... the

R Y O I
: g dite Lapea o mﬁg

i‘- iﬂinHHhBHEuﬁé historical roots of ChemiS ir M and bi OI Og!

p i are intertwined in many places...
Pharmaceutical chemistry was until

recently the bastion of organic chemistry...

in the search for alternative or superlor
‘;‘ drugs for the treatment of various diseases...

University of Stanford

Biochemistry 1987, 26, 6888-6891

: interdisciplinaridad
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actuam sobre dianas terapéuticas...

o * J. Drews, “Editorial: What’s in a number?”, Nature Rev. Drug Discov. 2006, 5, 975;
&' J.Drews & S. Ryser, Classic drug targets, Nature Biotechnol. 1997, 15, 1318;

& J.P. Overington, A-L Bissan & A.L. Hopkins, Nature Rev. Drug Discov. 2006, 5, 993;

- Estes autores estimam em 324 os biorreceptores de todos os farmacos contemporaneos.




La mayoria de biorreceptores de
los farmacos contemporaneos son las

enzimas... \

ca. 80%

Erzymes 47% GPCRs 30%
DMA 19% lan channels 7%
Irtecring 1%
Mizcelaneous 2% Transporters 4%
Muckar hormans
Crher receptors 4% receplors 4%

Figura 4 | Marketed small-molecule drug targets by biochemical class.
GPCR, G-protein-coupled mospiar,

Cwww.nature.com/ reviews /drugdisc

Hopking, A L. & Groom, S, L The druggable oenoma.
Z | Mstuns Bsv Drug Disoow: 1, 727-30 (20020
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“alfabeto” de /35 enzimas ...

CH, O
\)k HaC
OH H.c OH
MH

T
NH, &3 Ny
glicina (gly) _
alanina valina isoleucina (lle) leucina
Q OH O o
HO OH -3
Hal= 2H HsC CIH
i cisteina (Cys) _ o
Serina trecnina (Thr) metionina
N =
vw“_ty/':i} 3
T
-
Sy - )L
Fe e HM A/\|)-LDH HOW N
lisina (Lys) arginina MH
. acido glutédmico acido aspartico

- [::IH .
prolina . glutamina (GIn)  H.N OH asparagina (Asn)
o
HNf¢%7’ OH
\:N NH2

tirosina (Tyr) histidina




La quiralidad y los farmacos

Methods and Principles in Medicinal Chemistry

Edited by WILEY-VCH
Eric Francotte and Wolfgang Lindner  ———

Chirality in
Drug Research

Volume 33

Seres Editorns
E. Mannhold,
H. Kuiny,

Ca. Follogrs

é Other enantiomer does not fit
enzyme active site

Modelo de los tres puntos

5@ Modelo de Easson-Stedman
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UFR)

Journal of

Medicinal Chemistry

Subscriber access provided by UNI FED DO RIO DE JANEIRO UFRJ

The Protein Data Bank (PDB), Its Related Services and Software
Tools as Key Components for In Silico Guided Drug Discovery

Johannes Kirchmair, Patrick Markt, Simona Distinto, Daniela Schuster,
Gudrun M. Spitzer, Klaus R. Liedl, Thiemmy Langer, and Gerhard Wolber

J. Med. Chem., 2008, 51 (22), 7021-7040 « Publication Date (Web): 01 November 2008

Journal of Medicinal Chemustry, 2008, Vol 51, No. 22 7027

Medicinal
Chemistry
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¢.*f Universidade Federal do Rio de Janeiro

v

Quimica

gio

2 cins Biootivos
;3 do Rvaliaghe & gintese d¢ Sulstan
prator
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Eleicao do
alvo-terapéutico

Produtos
Naturais

Sintese Orgénica
Medicinal

. —
j_lll . e - A |
« I

Ensaios
clinicos

Otimizacao

Novo farmaco
Quimioteca con 1735 compuestos activos (in vivo)

sktincins Rraciian




¢ Existen numerosas técnicas para el
disefio molecular en la quimica
mpr’(irihal qnp se Pnpr’mh 11+|’|i7;w por
separado oigombinadas, para formar
. -un nfimero quimiotipos diferentes

c:@n el fin deidentificar nuevos

COH’?DUGSJ(OS’ Drotojlp@s

b / é’ DUGVOS candldatos 3 Fé’rmacos




[ Abordagem Fisiologica PLANEJAMENTO RACTONAL

(ISAR CADD | ¢ | cstrutura 3D estrutura 30

alvo terapéutico | —pe

desconhecida

|

conhecida

Homtre

produto
natural

| 4 | ligante

protegio
patentdria

Composto Protétipo  ENITEVITTEINSeS

substrato
natural

SINtético

i viire bioensalos

desenho estrutural do
padrao molecular

n vivo

!

andlogo-ativo

quimioteca

HTS

vitre

Contribuigoes farmacoforicas 1

dociing | |

.l,'.",l':'-.l.a' N I . . _
virtial 1 or— restrigiao || hibridagio
LmMIzZacao conformacional

molecular

bhit do Protétipo

toxicidez toxicidez
sub-aguda aguda

Nova entidade molecular
‘i‘ VR €nsaios
bt pré-clinico

Lat 6 ingdio ¢ Sintese de Substdncins Bioativas

clinicos

Farmaco

-

ey

)

O

©
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©
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O
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Enfermedades cronicas no transmisibles

. .
' CAMNCER

DIABETES CARDIOVASCULAR

MEUROLOGICAL INELAMMATION ALZHEIMER'S

DISEASES DISEASE
— gy
AUTOIMMUNMNE _ _ PULMONARY
DISEASES s . DISEASES
- ARTHRITIS '




Fosfolipidios de membrana

PL.ll"t2

¥

CH3

anexina-1 resolugao =
resolvinas PRAR 5
- - = F=1 - E +¢-
H ¥

NF-kB acido araquidénico
caspases-3

E & 120X SR Trombina
! ADFP
resolugao
apopose | ... LXA LT's «Cys-LT's
L)(E!4
agregagao
plaquetaria
inflamagao |...| dor

CB’'s

| UlmlﬂtEX|a Illllllllllllll :
VR s dor q m

" - MAPK-p38
IL-10 PDE-4°S

& ... Y depende de |a fisiopatologia!
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HyC dickolenaco
@
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Hg': -5 @N\O Irh H Hﬁ OH
fenibulazona

sulindaco |
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| -
H,N - ~H3

= sl
] ! . . . R {j{'r 1"',5:,
Celecoxib (Celebra® ) Rofe%%)gl? %'(;)GXX ) Valdecoxib (BextraR )
1999 (Pfizer US$ 30 bi) ) e 2004- 2006
0 Sy
\\\,,-"JLIL« [:II]{I”?D | q"'«\"‘”?c'
I A
H o Ml 2
\T/\? F OH
A - - | cl
0 S )
T
III
7 Lumiracoxib (PrexigeR)
Parecoxib (DynastatR ) 2006- 2007 —— Etoricoxib (Arcoxia®)
2005- 2006 0,0 v 2007- 2008
S -~

Firocoxib (EquioxxR
‘. 2008
&A33Bi0 (FDA — uso veterinario) |




1

COOH .« Inflamacién

e Cancer
Pl o *Endotelio
ac/luetas ) vascular

* Estomago Acido araquidénico e Rifiones

* Rifiones ({( ] ( ‘()X (  Cerebro

v l‘),
CH3 J ) Vvl I\ CH,
HaC CO,H - COX-1 | COX-2 CO,H

CsHp IO,

SeH 3O NHs - NH»
Isoleucina : ' Valina
Hiss13, JIF | =4 S
.\{__j‘r_ N} e - Sitio
. ativo

“r~ [ ibuprofeno
inibidor nao
seletivo

CH;

50 ° Acido araquidénico




5 -

\) ) NOVARTIS

Diclofenac Lumiracoxib (PrexigeR)

@ |

COX-1 >>>>>> COX-2 COX-2 > COX-1
El increible efecto de un inteligente

. grupo metilo !
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COX-2 active site with lumiracoxib
and diclofenac (green)

Cl Cl
F

Brazilian National Health
Surveillance Agency
(ANVISA) ordered the
withdrawal of lumiracoxib
in Oct. 2008.

e 8 B 1, B =

Letters in Drug
Design & Discovery

C. M. Corréa, A.F. de Paula, G. M.S. da Silva, C. M.R. Sant’/Anna,C.A. M.
Fraga, E.J. Barreiro, Letters in Drug Design & Discovery, 2007, 4, 422




CHEMICAL chem- Rev. 2011, 111, 5215-5246
REVIEWS ¢dx.doi.org/10.1021/cr200060g

The Methylation Effect in Medicinal Chemistry

e b s e da Sebakincins Bravdieas

E. J. Barreiro, A. E. Kimmerle and C. A. M. Fraga

% &‘ Quimica
Bio

Biomacromolecules Micromolecules
CH/m interactions from the methyl group of The inductive eletronic effect of the methyl
timine. Conformational changes, wich could be.,.--"'" ""'-.,.. group is the responsible for the subtype
‘ H involved on maintenance of life. .+ _eneezrmm . receptors selectivity (Hyx Hy) on cimetidine

3 : Stereoelectronic Properties
The stereoelectronic effects :

of the methyl group have great
importance on biological
events and are widely used by

the Medicinal Chemistries in
a the development of new drugs.

: MW=15,03

' MR = 5,65 cm®mol
n hansch = 0,56
o hammett =-0,17




Quimica _Comprende el uso de
3 técnicas de cambios
estructurales en un
compuesto dado con

el fin de reducir su

La estrategia de la complejidad
. i tructural, que

- :cicacion €S ’
simp lifi conduce a una
molecu lar sustancia nueva

de la misma actividad

Me farmacologica.




£1Nuevo prototipo cardioactivo
vasodilatador

LASSCi0-294

Uso de productos naturales

abundantes como materia prima illOtl'épiCO

EJ Barreiro, CAM Fraga, ALP Miranda, “Quimica Medicinal de Derivados A-Acilidrazénicos, Protstipos de Agentes
Antiinflamatoérios, Analgésicos e Anti-trombdéticos”, Quimica Nova, 25,129 ( 2002).

http://www.sbq.org.br/publicacoes/quimicanova/qnol/2002/vol25n1/21.pdf

Barreiro, “Estratégia de Simplificacao Molecular em Quimica Medicinal:descoberta de Novo Agente Cardioténico”,
® Quimica Nova, 25,1172 (2002).
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Digoxina HO
g o O
'CH3
CH;
o O OH
HOHO

Una serie de nuevos agentes inotropicos positivos se han
desarrollado para el tratamiento de la insuficiencia cardiaca
wll congestiva




UFR

Carbohydrate part

Steroidal part

a-subunit of the Na+/K+ ATPase pump in the membranes of heart cells
— Digoxin inhibit the hypoxia-inducible factor 1 (HIF-1) in 88% at 0.4 uM&

Digoxin inhibit interleukin-17~*

& H Zhang et al., Digoxin and other cardiac glycosides inhibit HIF-1a. synthesis and block tumor growth, PNAS 2008
* JR Huh et al, Digoxin and its derivatives suppress TH17 cell differentiation by antagonizing RORyt activity, Nature 2011, 472, 486




o)

- /H
Protein 'i‘
Kinase /N
(Acltive) cAMP
», e

Protein

Kinase \_./
(Inactive)

Phosphodiesterase |l 1 N
{7

N

. PDE-3 inhibitors enhance the left ventricular contraction acting at Ca++




Farmacos cardioactivos

Inibidores de
PDE-3 (Ca*t)
\ /

" H;C"

/

N

I

N

Efecto
inotrépico
positivo
benzimidazola

imazodana

OCHj

/s
N

pimobendana

dihydropyridazinone ] o

5-metil-3(2H)-piridazinona
Boehringer Ingelheim

[Uso veterinario]
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Diseno estructural

21 pyvidayvanones @(JH(J‘@K ({f

NH ‘1“‘/ NH

a-bond scisson N

ruptura del enlace a l N

N AH | hydrazone

® SN

g_) Negeylhydvavanes

E. J. Barreiro, et a/ “Quimica Medicinal de Derivados A-Acilidrazdnicos, Protdtipos de Agentes Antiinflamatoérios,
Analgésicos e Anti-trombdticos”, Quimica Nova, 25, 129-148 ( 2002).

http://www.sbq.org.br/publicacoes/quimicanova/qnol/2002/vol25n1/21.pdf




o r
NH
i ~ ( j@(
LASSBio-252 0 N

Serie congenere

LASSBio-294

EXY ™| Nag I SOy
i JN /_ o

. o)
benzodioxola < j@/ NH N LASSBio-286
(safrol) o N <o:©/ NH
R o) N

P. C. Lima, L. M. Lima, K. C. M. da Silva, P. H. O. Léda, A. L. P. Miranda, C. A. M. Fraga & E. J. Barreiro, “Synthesis and Non-

addictive Analgesic Activity of Novel N-acylarylhydrazones and Isosters, Derived from Natural Safrole”, Eur. J. Med. Chem., 35,
187 (2000).




Sintesis do LASSBio-294

KOH aDs/Oz
KOHagq._
¢ | e YTy D Sy

b)Zn/AcOH
0C

SafrOI M.E.F. Lima & E. J. Barreiro, J. Pharm. Sci. 1992, 81, 1219

0
NIB
IS Te: N
I, KOH, MeOH NeHe, 2O <Zj©)L Assmo
EOH

(oj\ (81CHO
CHO FtOH, H( (cat.)

EtOH, H( (cat.)
\D @[}
{ 4 ¥
LASSBio-286 LASSBio.204 ca. 56 % overall yield

2,0 M scale

P. C. Lima, L. M. Lima, K. C. M. da Silva, P. H. O. Léda, A. L. P. Miranda, C. A. M. Fraga & E. J. Barreiro, “Synthesis and Non-addictive
Analgesic Activity of Novel N-acylarylhydrazones and Isosters, Derived from Natural Safrole”, Eur. J. Med. Chem., 35, 187 (2000).




Propriedad estructurales

NMR 'm/ Bc

MS
# raios=2X
-l ' 4 L B ;
’ -'l\,.-.-l-. g R T
: :
. AL, v
&
Z-1soméro E-1soméro

LASSEi0-294 -4

M. R. L. Santos, M. G. de Carvalho, R. Braz-Filho, E. J. Barreiro, "'"H and '3C of New
Bioactive Isochromanylactylarylhydrazone Derivatives", Magn. Reson. Chem. 1998, 36,
533.

L. F. C. C. Leite, E. J. Barreiro, M. N. Ramos, et al., “Electron Impact Mass Spectrometry of
Some 3-[3-(4-aryl)-1,2,4-oxadiazole-5-yl]] acyl arylaldehyde Hydrazone derivatives”,
Spectroscopy 2000, 14, 115.

=y /%g\g .\

Laboratério de Avalingtio ¢ Sintese de Substéincins Bioativas

L. Pol-Fachin, C. A. M. Fraga, E. J. Barreiro, H. Verli, Characterization of the conformational
ensemble from bioactive M-acylhydrazone derivatives, J. Molecular. Graphics and Modelling,
2010 K AAA




Andlisis de la configuracion relativa del enlace C=N

(espectroscopia RNM*H & Difraccion de rayos X) é &
ASSBio
(o] S
\
(o] ~N 2

LASSBio-129 o) H 8,32 < ID)LT ~
LASSBio 294 S H 8,64 |] E o nooA B

. LASSBio-294
LASSBio-TR7 5 CH, 3.58 J | |
LASSBio-789 i ] Br 8,35
LASSBio-790 5 NO, 8.81 / 8,09
LASSBio-1028 NH H 3,28 ‘

.'i| i'l A I
10 _,_JL— TR b [_
6 11,67 0 8,64

Karabatsos, G.J., et al. (1964) J. Am. Chem. Soc., 86, 3351; Karabatsos, G.J., et al. (1967) Tetrabedron, 24, 3907; ibid (1967) Tetrahedron, 24, 3361.

Vista Frontal Vista Paralela

Kummerle, A. E.; Raimundo, J. M.; Leal, C. M.; Silva, G. S.; Balliano, T. A.; Pereira, M. A.; DeSimone, C. A.; Sudo, R. T.; Zapata-
Sudo, G.; Fraga, C. A. M.; Barreiro, E. J. , Eur. J. Med. Chem. 2009, 44, 4004-4009




Estudios de el metabolismo

DOBI0=/

—
CYP1A2 aﬁ

Phel2%
\
(0
\
HO /N@
N S

ﬂl
HO H

LASSBio-294

Heme

& Cys458

(LASSBio-294) by rat liver microsomes and human recombinant CYP enzymes”, Eur J. Med Chem., 46, 349 (2011);

A.  G.M. Fraga et al., “CYP1A2-mediated biotransformation of cardioactive 2-thienylidene-3,4-methylenedioxybenzoylhydrazine




Estudios de el metabolismo en
hongos

N . .
0 N N S Beauveria bassiana o \ N @S
< | ATCC 7159 < | \
O H o H SRY

CYP1A2

HOD)CLT/NVE\>
HO "

E. O. Carneiro, C. H. Andrade, R. C. Braga, et al., Structure-based prediction and biosynthesis of the major mammalian metabolite of the
cardioactive prototype LASSBi0-294, Bioorg. Med. Chem. Lett., 20, 3734 (2010).

R. C. Braga et al., “Determination of cardiactive prototype LASSB10-294 and its metabolites in dog plasma by LC-MS/MS: application
for a pharmacokinetic studies”, J. Pharm. Biomed. Analysis, 55, 1024 (2011);
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Quim. Nova, Vol. 25, No. 6B, 1172-1180, 2002

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

Eliezer J. Barreiro®
Departamento de Farmacos, Faculdade de Farmécia, Universidade Federal do Rio de Janeiro, Cidade Universitdria, [Tha 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
CARDIOACTIVE AGENT. In this article are described examples of the successful use of molecular simplification strategy in
the discovery of new drugs from bicactive natural products and synthetic compounds. The discovery of a new cardiotonic derivative
(37, 2-thienylidene-3 4-methylenedioxybenzoylhydrazine: LASSBio-294), efficiently synthesized from Brazilian natural product
and structurally designed by molecular simplification of active pyridazinone compounds reported in the literature, is described.
A brief description of the pharmacological profile of this new cardiotonic lead-compound, belonging to the N-acylhydrazone
(NAH) class, is also reported herein.

Keywords: new cardiotonic derivative; bioactive N-acylhydrazone compound; LASSBio-294.
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Los estudios de lo mecanismo de accion

NH, [neutrﬁﬁlus, Iinfacitos, macrufﬁgus]
T\ﬁl\l[h«!} . Produciio de citocinas (TNF-alfa)
HO % <N 5 I'Iﬂl

IFN-alfa, T1-12, T1.-6, TL-9, T1.-10

[151'29 - Szent—G}'ﬁrgyi]

Tyl, T2
receptores de adenosina Bl B NETC
NO
‘LG-PCR SO
g Aza Ayp Az

Ligando A, ,
} b b ) 1C5=9,5uM

= cANMP = cAMP

alta baixa
afmidade

N S S . sistema cardiovascular
Agonistas & Hﬂtﬂgﬂlﬂ!tﬂi sistema nervoso central

epilepsia, dor,
neuroprotecao

vasodilatacio
isquemia cerebral (DA)
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A\ YH10=
e tiene una potente actividad
inotropica positiva en el e tiene un potente efecto
musculo cardiaco, con un vasodilatador, dependiente de
madximo de dos veces la fuerza la dosis con IC., de 74 um en la
de contraccion de los haces aorta aislada de cobaya

musculares aislados, sin la [~ mediada a través de la
induccion de arritmias By ) guanilato ciclasa

Tiene um mecanismo
farmacoldgico nuevo , dual y es e bioensayos de toxicidad

activo p.o. aguda y subcronica no mostro
L séri dad ninquna reaccion a la toxicidad
a série congenere estudada aquda hasta 1000 uM/k.

por la optimizacion apresentou
perfil de actividad distinto

Gonzalez-Serratos, H.; Chang, R.; Pereira, E. F. R.; Castro, N. G.; Aracava, Y.; Melo, P. A.; Lima, P. C.; Fraga, C. A. M.; Barreiro, E.
J.; Albuquerque, E. X. J. Pharmacol. Exp. Ther. 299, 558-566v (2001); Sudo, R.T. et al. Brit. J. Pharm., 134, 603 (2001); Barreiro,
E.J., Quim. Nova, 25, 129 (2002); Silva, C.L.M. et al. Brit. J. Pharm., 135, 293 (2002); F. C. F. Brito, A. E. Kummerle, C. Lugnier, et
al. Novel thienylacylhydrazone derivatives inhibit platelet aggregation through cyclic nucleotides modulation and thromboxane A,
synthesis inhibition, Eur. J. Pharmacol., 638, 5 (2010)
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Current Drug Therapy, 2008, 3, 000-000 1

New Insights for Multifactorial Disease Therapy: The Challenge of the
Symbiotic Drugs

Eliezer J. Barreiro and Carlos Alberto Manssour Fraga Q ui m i Ca

Laboratério de Avaliacdo e Sintese de Substdncias Bioativas (LASSBio), Faculdade de Farmdcia, Universidade Federal
do Rio de Janeiro, P.O. Box 68023, 21044-971, Rio de Janeiro, RJ, Brazil.

Current El tratamiento de una fisiopatologia
Drug Therapy

multifactorial con una droga mono-diana
sera siempre paliativo, especialmente en
las enfermedades cronico-degenerativas
que requieren medicamentos eficaces

con drogas actuando sobre multiples

dianas, i.e. dobles, mixtos, multiples vy

simbiotico.




The multiple-target lead design

compound-1 compound-1

target-A |molecular recogmtion| target-B

La quimica medicinal del siglo 21

The named symbiotic approach is a denomination that we adopt for a
compound with multiple-target recognition pattern, where these
receptors are connected to a same complex disease pathology but
belonging to different biochemical windows.
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Nuevos candidatos a farmacos simbioticos

Enfermidades inflamatorias

cronicas
TNF-o:

.0
\ ’0
* Yo
* L 4
“ 0.
* L 2
L 4
L 4
‘0
L 4

Desenho molecular: ™.

estratégias classicas
da Quimica Medicinal
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Role of Cytokines and Cytokine Inhibitors
in Chronic Inflammation

IF My MAPK
THNEG E_ rlg--:}EdF MMP
IL-1 Rl IL-15
sl IL-16
chemokines "IET;
IL-16  TGFp
L  IL-1RA STNF-R IL-4
| 2IL-1R1 Mnnﬂﬂ]nnal L0
Pro-inflammatory antibody IL-11
to THF RE
IL-18BF

Anti-inflammatory

Arend. Arthritis Rbeunr 2001.

* TNF-a = Tumor necrosis factor-alpha




f ojgvjofe A¥ (] E

validated

TNF-a is a cytokine that appears rapidly in response to inflammatory injury
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Anti-TNFo Therapies

Frotem-based antr-TAF-alpha Theraores wr Cluncal lse™

Drug Status Biological Form

Etanercept approved soluble TNFR2 coupled to Fc
portion of IgG

Infliximab approved chimeric anti-human TNF antibodie

Adalimumab approved anti-human TNF antibodie

ISIS 104838 clinical TNF anti-sense

Onercept clinical soluble p55 TNFR

Humicade clinical anti-TNF humanised IgG4

PC Taylor, Pharmacology of TNF blockade in rheumatoid arthritis and other chronic inflammatory

diseases, Curr. Op. Pharmacol. 2010, 10, 308

* protein-based injectable anti-TNFao therapies
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a N _ riedicinal cheimisty

NH

o O
2-(2,6-Dioxo-3-piperidinyl)-1H-isoindole-1,3(2H)-

PV dapod g
| ]

| =4 |
TR R _u.utu:uuu £y

O R
@@ -

' i . 1
- U | ‘_,_h . F
O '_*{t "".___

' i '
R

B 5, Ly 1 oo
II.- ﬂﬂﬂﬂﬂ

Wilhelm Kunz, 1953
- - Herbert Keller, 1953
Thalidomide CNS, 1957
Anti-TNF Frances Kelsey, 1961

Gilla Kaplan, 1991 (TNF-o

Elisabeth Sampaio, 1997
TNF-o 1C,, = 200 uM

Apremilast, Phase IlI, Celgene (2009) Q:(( E{g‘;
H3C\n/NH 0

HsC
én\ssmé@ H-W Man et al., J. Med. Chem. 2009, 52, 1522
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Second Target Election:PDE-4

.. FMaminang @
THF.x

el | rmem b ‘ — T E Estracedulr

PR aS] ENY YR HYERE Sy r' -|l R L L L I I L L L L L L L L T LY

BERIREET SRR YR D RN l - ettt e b B B S T L IR N LR RN kR R N R LA ek N

EIH he pathogenesis of inflammation
Phosphodiesterase-4 is

redominant in the inflammggfpry
TRAFZ RIF
Spoptosis .@. MEEE] =i @ Ce”S c.ﬁ_r..'l:'ﬂ. AP

Froteascm= kE @ R @ THF-x gere s=pression TF'I-.'A
degrodation ard =l sra:

PDE = Phosphodiesterase

M. D. Houslay, P. Schafer, P,; K. Y. J. Zhang, Phosphodlesterase-4 as a therapeutic target, Drug Discovery Today
2005, 10, 1503; B. J. Lipworth, Phosphodiesterase-4 inhibitors for asthma and chronic obstructive pulmonary
disease, Lancet 2005, 365, 167




PDE4 subtypes and splice variants

PDE4A1

o
=]
-
&l

TILY

The phosphodiesterase 4
(PDE4) is the most
important PDE family in
the control of intra-cellular
cAMP. PDE4 is encoded
by four separate genes
(PDE4A, 4B, 4C, and
4D). The PDE4 subtypes
are highly distributed in
inflammatory responses.

POE4AA/S

PDE4AB

PDE4A10

PDE4A11

v

PDE4B2

L

PDE4B4

-

1

DE4
Note: S, short-form; SS, super short-form;

no labels, long-form; LARBS, low-affinity
rolipram binding state; HARBS, high-affinity
rolipram binding state.

CJ Schmidt, Phosphodiesterase inhibitors as potencial
cognition enhancing agents, Curr. Topics Med. Chem.
2010, 10, 222




Ibudilast

pyrazolo[1,5-a]pyridine
4-cyano-cyclohexyl carboxylic acid

Ruflomilast

P

Cl CHF,
\0/

/CI

9 Recent advances on phosphodiesterase 4 inhibitors for the treatment

of asthma and chronic obstructive pulmonary disease

A. Kodimuthali, S. S. L. Jabaris, M. Pal
J. Med. Chem. 2008, 51, 5471




PDE-4i IC, = 4.3 uM
Arylsulfonamide

Patent US 5728712 , Application Number US/08/650672; 20 May, 1996.

J. G. Montana ef al.*, “Arylsulfonamides as selective PDE-4 inhibitors”,
Bioorg. Med. Chem. Lett. 1998, 8, 2635.

* Chiroscience Ltd, Cambridge Science Park, Cambridge, UK




The design of new symbiotic agent with

foxicophore  Anti-TNFq, activity & /PDE-4i

A

(" o) -
A N-
\ 0 /O
phthalimide

B sulfonamide

lipophylic
y }m,q

Montana ef al., 1998
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Laboratério de Avalinghio ¢ Sintsse do Substancins Bisativas
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Synthesis of congeneric series

NH2

0 0
HSO3CI O\\ _0
o] —» N s<
120°C PCI5 (of]
0 92% 76% o)
X NH | chf
\—/

X= NPh 69%

/} X= NMe 67% o
k/N X= NH 58% o
X= 0 65% \_o
@ X=S 72% N sZ
N/w

K/ LASSBio-449 L ASSBio-468
N CisH16N204S:

M.W. = 388.45
%

Overall yield: ca. 20%
(~ 0.5 M, 200 g)

Lidia M. Lima (LASSBio), PhD Thesis, IQ-UFRJ], Br., 2001




Effect of compound LASSBIio 468 (50 mg/kg, i.p.) on TNF-a levels
and neutrophils influx (BALB/c of mice lungs)

14+

CTR

=140
- 130
50% more active than thalidomﬁi‘eIIJJ
@) -2
Ao
CL-O % [
N’}
s U
T —
. -m
LASSBio 468

Fig. . [Effect of LASSBio-468, thalidomide and pentoxifylline on
survival BALB/c mice after LPS (500 pg/mice) administration.

Vera G Koatz
IBgM, Universidade Federal do Rio de Janeiro

(QuyBbu) 0o-4NL




Effect of new compounds and thalidomide on neutrophils
influx, induced by LPS into BALB/c of mice lungs
(10 mg/kg, DMSO; i.p.)

we | DMSO O o
WO
O
140 - N/w
- 120 o 0 K/S
.g LASSBio-46§:
;-E“ 100 - T
4, =
invivo : - T
=
L= 50 -
2
=
a0 -
. 1
0 -

control LASSBio LASSBio LASSBio LASSBio LASSBio
449 463 469 470 544

Results are expressed as means SEM of seven animals.

Vera G Koatz
IBgM, Universidade Federal do Rio de Janeiro




Universidade Federal do Rio de Janeiro

/ r % '—] > )T
BN » -
Laboratéria de Avoliagio e Sintese de Subst@ncios Biootivas

Dr Claire | Lugnier (CAPES-COFECUB; LASSBio-Strasbourg)

\S’ Université Louis Pasteur, Strasbourg, FR.

Laboratoire fle Pharmacologie et de Physicochimie des Interactions

C18H16N204SZ Cellulaires et Moléculaires.
R ICs, = 13,5uM
o o0 ) | SN cf. PDE-1, 2, 3, > 150 uM;

a) L. M. Lima et al., “Synthesis and Anti-inflammatory Activity of Phthalimide Derivatives, Designed as
New Thalidomide Analogues”, Bioorg. Med. Chem. 2002, 10, 3067,
b) M. S. Alexandre-Moreira et al., “LLASSBi10-468: a New achiral Thalidomide Analogue which Modulates

TNF-o0 and NO Production and Inhibit Endotoxic Shock and Arthritis in Animal Model”, International
Immunopharmacology 2005, 5, 485.




LASSB|0'468 lead ¢

A new symbiotic anti-inflammatory agent

LASSBIi0-468 is a new dual-target
anti-inflammatory lead-compound,

active at TNF-a production and

with inhibitory activity on PDE-4,

as originally planned. LASSBio-468

is structurally simple derivative, easy |

to synthesized at good overall yield éﬂ&tﬂio
and 0.5 M scale. This new achiral T
compound presents immunomodulatory activity
without anti-proliferative effect, in contrast to THLD.
LASSBIi0-468 is an useful lead-compound to
treatment of chronicle inflammatory disorders as
rheumatoid arthritis and shock septic syndrome.

L. M. Lima et al., “Synthesis and Anti-inflammatory Activity of Phthalimide
Derivatives, Designed as New Thalidomide Analogues”, Bioorg. Med. Chem. 2002, 10, 3067
A. L. Machado et al., “Design, Synthesis and anti-inflammatory activity of novel phthalimide derivatives,
structurally related to thalidomide”, Bioore. Med. Chem. Lett. 2005, 15, 1169
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The discovery of new dual lead-compounds
LASSBio-468

Desenhado por
hibridacion molecular

TNF-0. PDE-4

TNF-o EDc, 2,5 mg/Kg
PDE-4 IC., = 13,6 UM

Metabolism
studies

K/S LASSBio-596

L. M. Lima, P. Castro, A. L. Machado, C. A. M. Fraga, C. Lugnier, V. L. G. Moraes, E. J. Barreiro, Synthesis and Anti-inflammatory
activity of Phthalimide Derivaatives, Designed as New Thalidomide Analogues, Bioorg. Med. Chem. 2002, 10, 3067.
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LASSBio-596: da descoberta aos ensaios pré-clinicos

Rocco, Patricia R. M.;? Xisto, Debora G.;* Silva, J. D.;* Diniz, Magareth F. F. M.;"
Almeida, Reinaldo N.;° Luciano, Melissa N.;" Medeiros, Isac A.;° Cavalcanti, Bruno C.;°
Ferreira, José R. O.;° de Moraes, Manoel 0.;° Costa-Lotufo, Leticia V.;* Pessoa, Claudia
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FROM THE ANALYST'S COUCH

Thera P ies for COPD Nature Rev. Drug Discov. 2008, 7, 285

Uma Yasothan and Santwana Kar
Tablel | Selected novel COPD pipeline products in development

Drug
Cilomilast
Midesteine
Roflumilast

lileuton

681323.856553

BAYx1005
BEA-2180-BR
Infliximab
Oglemilast
aCH-527123
Tetomilast
UK-432007
656033

Amelubant

AZD-1236/
0668/4818

BAY-71-0678

Canakinumab

Developer
GlaxoSmithKline
Medea Research

MNycomed

Critical Therapeutics/
SkyePharma

ClaxoSmithKline

Bayer

Boehringer Ingelheim
Centocor

Forest Laboratories/Glenmark
achering—Flough

Ctsuka Pharmaceutical

Pfizer

GlaxoSmithKline

Boehringer Ingelheim

Astrafeneca

Bayer

Mowvartis

Target/mechanlism
PDE4 inhibitor
Elastase inhibitor
PDE4 inhibitor

LTB4 synthesis inhibitor

p38 MAPF kinase inhibitor
LTB4 inhibitor
Anti-inflammatory

TNF-t ligand inhibitor
PDE4 inhibitor
CXRCR1/CXCR2 antagonist
PDE4 inhibitor

Adenosine A__receptor agonist
CXCR2 antagonist

LTB4 antagonist
Anti-inflammatory

Elastase inhibitor

IL1p antagonist

Status
Phase |l
Phase Il
Phase Il
Phase Il

Phase ||
Phase ||
Phase ||
Phase ||
Phase ||
Fhase ||
Phase ||
Phase ||
Phase |
Phase |
Phase |

Phase |
Phase |




A hibridacion molecular

) Lead-optimization
sulfonamide
O§ //O
HaCO 2 <0\| SN s OCHs
j‘ 0N\ “CH;, OCH;
H,CO
2"d generation | LASSBio-959

Biophore from |IC;, = 6,7 uM PDE-4

natural safrole
1 3th generation

N
IC., = 105 nM PDE-4 / ®
= H,CO HaC O OCH;

e b s e da Sebakincins Bravdieas




Optimizacion

N-methyl-NAH OCH,

| ©i
ril/ OCHj
CH OCH,
HsCO 0

LASSBio-1386
PDE-4 ICs, = 105 nM

HsCO
d OCHs

N
CH;
OCH; .
OCH; O LASSBio-1407
PDE-4 ICsy = 200 nM
N/ OCHj

OCH&
| 0O

io PDE-4 ICs, = 50 nM

e b s e da Sebakincins Bravdieas

N~ OCH,

CH3

LASSBio-1406

PDE-4 ICsy = 220 nM
LASSBio-1393
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“For all the efforts to industrialize and automate
discovery, history suggests druq discovery is art

as well as science and relies heavily on the skill

of experienced druq hunters...”

=" | Charles H. Reynolds

J&J Pharmaceutical Research and Development, Spring House, Pa

" em Pharma’'s Road Ahead , C&EN, Volume 84, Issue 25, June 19, 2006
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