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Bioisosterism: A Useful Strategy for Molecular Modification and Drug
Design

Lidia Moreira Lima and Eliezer J. Barreiro*

Laboratorio de Avaliagdo e Sintese de Substancias Bioativas (LASSBio), Faculdade de Farmacia, Universidade
Federal do Rio de Janeiro. CCS, Cidade Universitaria, CP 68.006, 21944-190, Rio de Janeiro, R.J., Brazil

Abstract: This review aim to demonstrate the role of bioisosterism in rational drug design as well as in the
molecular modification and optimization process aiming to improve pharmacodynamic and pharmacokinetic
properties of lead compounds.




\
A< Q  CH,
5 H\N
HyC” o) CHj Q0 N
I\ -5 N’N
“hs HsC
= ' 1 I g o CH
Sildenafil (ViagraR) L ;
= i CH;
== Pfizer —
Htfp://pubs.acs.org/cen/coverstory/83/8325/8325viagra.html LEVITRA 10mg ; .
http://www.farmacia.ufrj.br/lassbio/index.htm Ty el Vardenaﬁl (LeVltraR)
Bayer-GSK

eliezer © 2006



Novos Protétipos Descobertos no LASSBio

d/ 5 {:fk;r'\ H 4[1 T H“‘VO

LASSRBio-294
- (-"’ C“ Quimica Mova, 25, 1172 (2002)
AcOH 0.2% 45.3% 3 3 n . J. Phammacol. Exper. Therap., 299, 558 (2001)

Br H,CO AcOH 0.2% 76.6% Br. J. Pharmacol., 134, 603 (2001)

Eur. ). Med. Chem., 33, 225 (1998) AcOH 0.2% 49.5% Bioorg. Med. Chem, 8, 2243 (2000) Br. J. Pharmacol,, 135,293 ( 2002)

Il Farmaco, 54, 747-757 (1999) Quimica Nova, 25, 129 (2002) Eur. J. Pharmacoll, 470, 79 (2003)

/E_ N (‘{
: N 5‘)\3 _Q_
N N\
H . G;
_N_ LASSBio-756 :
sy, CHs LS Varandas, MSc UFRJ, 2000 o
o "0 Bioorg. Med. Chem, 10, 3067 (2002)
.
LASSBio-326
J. Chem, Res (S), 102 (1982) -
Quimica Nova, 22, 744 (1999) Bioorg Med. Chem. Lett., 8, 183 ( 1998)
N
N~ °N :
/ Py
i*-]' N
“

N

_ LASSBio-599
LASSBio-581 Eur. J. Med. Chem., 37, 163 (2002)

Cl LASSBio-323

LASSBio-552 Bioorg. Med. Chem, 11, 4807 (2003) -
Bioorg. Med. Chem Lett., 12, 1533 (2002) Braz. J. Biol. Med. Res., 36, 625 (2003) m Boll. Chim. Fam, 139, 14 (2000)
J. Pharm. Biomed. Anal, 33, 1127 (2003)




4

Novos Prototipos de
Farmacos Anti-inﬂamatérios

ST b e

CH,

LASSBio-257

eliezer © 2006

o T et T R

L e - TR T

: » - oy ot Trra i) “.-'.-'E_.v:_._ . et

' . v I-I"__.""._.- LR _”':.-':-\.'_.'

] ; ] léncias Biookiva: I . IR T I . L
LN ] . W AT

':.-"": .
o PR LI d "
y i it et
St LER
e . B .

LASSBi0-326



Mediadores do Processo Inflamatorio
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F Nova relacéo bioisostérica:
indanona-benzodioxola

aceptor-H
o 0
o = P = ( ‘
O O\ O
N~ CHj, N CHs
CGP 28238 Ill
Futaki, 1995 Flosulid
osulido . .
safrulido safronamida
CueH1sF,NO,S ' '
353.34 C15H15sNO,S Ci5H1sNO,S
IS COX-1/COX-2 = 5000 305.34 305.34
IS = indice de seletividade ) . é
EJ Barreiro et al., Bioorg.Med. Chem. Lett., 8, 183 (11998)
IC, (WPGHS-1) = 73,2 uM é: s .‘
ICSO (rPGHS-Z) = 0,015 HM Wﬁ%!hﬂﬂhmn-‘g

eliezer © 2006



¥

Br
Fs
O e
Mg/l (cat.)
THF, rt ’1114
30 min <Z:©/
Safrole 0

OH

a) EJ Barreiroetal., 1982, Fs CF COOH
NaBH
: : CH Cl
Novo Sulido obtido ) 0 | ocmmn
a partir do safrol 90%

Fe, NH Cl HNO /CHCI
) : 0 C, 3h
-
reflux, 1h -
/) 4.2 ) 89% 96%

CH SO Cl
E——
Py, CH CI

rt, 40 min
50%

1 5 1 3 1 1

Iiezer © 2006



H SO /AcOH

AcOEt, 0 C
A e
90% <
Safrole SO;H
_ KOAC/EtOH
a) AS Lages et al., Bioorg.Med.Chem.Lett.8,183 (1998) rt. 30 min
90%
Novo retroiséstero |

a partir do safrol

SO Cl/DMF ( cat.)
60 C, 4h

40%CH NH (aq
CHCI

0 C, 4h
95%

<

57%

PhNH /CHCI

rt, 2h
96%

T o~ AN



UFRJP

3

eliezer © 2006

% of Inhibition
38888388

o 6

Effect of new candidates of PGHS-2 inhibitors
In the carrageenan-induced rat paw edema (100 uM, po)
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SYNTHESIS AND PHARMACOLOGICAL EVALUATION OF NEW FLOSULIDE
ANALOGUES, SYNTHESIZED FROM NATURAL SAFROLE

Adriana 8. Lages,*" Kelli C. M. Silva," Ana L. P. Miranda,* Carlos A. M. Fraga," and Eliezer J. Barreiro, *
“Laboratério de Avaliagdo e Sintese de Subsidncias Bioativas (LASSBio), Faculdade de Farmdcia,
Universidade Federal do Rio de Janeiro, CP 68006, ZIP 21944-970, Rio de Janeiro - RJ, Brazil
*Departamento de Quimica Orgdnica, Instituto de Quimica, Universidade Federal do Rio de Janeiro, Rio
de Janeiro - RJ, Brazil

Received 27 October 1997; accepted 2 December 1997

Abstract: Four new aryl-sulfonamide derivatives (3a, 4a, 5a~b), having methylenedioxy group attached to
phenyl ring, were prepared from natural safrole and evaluated as anti-inflammatory agents. The N-
methylsulfonamide 3a and corresponding retrosulfonamide derivative 5a were more active than standards
indomethacin and nimesulide, at the same molar concentration, in carrageenan-induced pleurisy assay.

SISISININININININIS



http://www.elsevier.com/locate/issn/0960894X

e e e 2

ENSAIO DE TOXICIDADE

(GAD & CHENGELIS, 1989)

{UFR)|

A incidéncia de obitos foi verificada em ratos, apos
administracao diaria, durante periodo de sete dias,

da mesma dose efetiva (p.o.)

Sinais de letargia, convulsdes, perda de peso,
considerados indicios de toxicidade aguda, ndo foram

observados.
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% Edema de pata de rato induzido por carragenina (FERREIR
& Potencial ulcerogénico (CHI-CHUNG CHAN et al., 1995)
% Pleurisia induzida por carragenina em ratos: migracao celu

(TOMLINSON et al., 1994; HARADA et al., 1996)
% Artrite induzida por adjuvante em ratos: inflamacgao cronic
# Contorcao abdominal induzida por acido acetico em camun
analgesia periférica (COOLIER et al., 1968)
# Bioensaio da formalina: hiperalgesia/dor inflamatoria (HUN
= Agregacao plaquetaria em PRP citratado de coelhos: COX-!
# Dosagem de PGE,/EIA: Modelo de “Air Pouch™ em ratos (S

= Atividade sequestrante de radical livre: DPPH (TAIT et al., 18
& Ensaios de toxicidade (GAD & CHENGELIS, 1989): histopatolc
comportamental, sanguineo ( inter-alia: TGO, TGP, glicose, uréia, crea




= Sem alteracoes comportamentais (€.g. ca
movimentacao);

% Registro do peso diario: sem alteracao;
= Aspecto do pelo: normal,

= Consumo de racao e agua: normais;

= LASSBI0715 e 455 nao apresentaram efeiesiexices
em 1.400 ng/Kg.




ED., = 75,0 uM/kg
Sem toxicidade aguda em protocolos
com roedores e caes;
Sem efeitos histopatoldgicos
(figado, pulmao, rins, SNC);
Sem efeito ulcerogénico (p.o. cronico);

Novo NSAI LD, /ED., > 45 vezes
de segunda geracao

Em fase de ensaios pre-clinicos finais

Primeiro candidato a ensaio clinico de Fase 1 descoberto no LASSBIio
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L. S. Varandas, C. A. M. Fraga, A. L. P. Miranda, E. J. Barreiro, “Design, Synthesis and Pharmacological

Evaluation of New Nonsteroidal Antiinflammatory 1,3,4-Thiadiazole Derivatives”, Letters in Drug Design
& Discovery, 2, 184-193 (2005)
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Letters in Diug Design & Discovery, 2005, 2, 62-67

Design, Svnthesis and Pharmacological Evaluation of New Nonsteroidal
Antiinflammatory 1,3,4-Thiadiazole Derivatives

L.S. Varandas!-2, C.A.M. Fragal-2. AL.P. Miranda! and E.J. Barreirol-2- Letters in Drug
Design & Discovery

1] aboratério de Avaliagdo e Sintese de Substdncias Bioativas (LASSBio), Faculdade de fflmmdcr'a, Universidade
Federal do Rio de Janeire, PO Box 08000, 21944971, Rio de Janeire, R.J., Brazil; <Institute de Quimica,
Universidade Federal do Rio de Janeiro, Rio de Janeiro, R.J., Brazil
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New lead-candidates COX-2

Fig. (2). Design concept of new 1.3 4-thiadiazole COX-2 inhibitor candidates.
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Table 2. Effect of 1.3.4-thiadiazole Derivatives (12a-d), (8a-d), (13a-b) and Celecoxib (1) in the Carrageenan-Induced Rat Paw
Edema (0.1mg/paw)

. Compound Dose® (umolkg) n” Edema (uL)* Inhibition (%4)
1 _—
Velucle Control - 10 3601 x451 -

Celecoxib 300 03 BE259 3BT

12a 300 0o 3553323 3T6*

126 300 03 618176 364

12c 300 03 4464404 21le6*

12d 300 03 4885%314 142ns=

8a 300 03 5146283 06ns.

&b 300 03 3287 X310 422 %

8c 300 03 4081249 2E1*

8d 300 10 3057212 5=

13a 300 03 4902 202 123 0=

13b 300 03 3e6.0x397 33T
3311 compounds were administered p.o. 60 min before carrageenan injection. Uy = pumber of ammals. “edema is the differsnce between the volumes of carragesnan treated
paw and saline treated paw. 43, of inhibition obtained by companson with vehicle control group. * p= 0.05 [ Student’s t-test). n.s. — non siznificant. Results are expressed

as mean T SEM. 5 ?
N—N N_S\\
He A
H 0
= F
12b
eliezer © 2006 8b
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F

[ Compound 12b (300 pmol/kg)
I Compound 8b (300 umol/kg)
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£ |
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e |
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u_ !

Neurogenic Phase Inflammatory Phase
"all compounds were administered p.o. 60 min before
formalin injection (2.5%; 2 pl/paw). * p< 0.05 ( Student’s t-
test). n.s. — non significant. Results are expressed as mean £
SEM and compared with vehicle control group.

Fig. (3). Effect of 1,3 4-thiadiazole denivatives (12b), (8b) and celecoxib (1) in the formalin induced pain test in mice.
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C_1AA (200 uM)
m=m DMSO (0.5%)

50- o

Letters in Drug
Design & Discovery

% Aggregation
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F d o
F
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Compounds were incubated with PRP 5 min before AA
addiction. * p< 0.05 (ANOVA oneway; Bonferroni’s test).
Results are expressed as mean = SEM of independent
experiments carried out in triplicate and compared with AA
control group.

Figz. (4). Effect of 1,3 4-thiadiazole derivatives (12a-d), (8a-d) and (13a) on in vitro platelet aggregation of cifrated rabbit platelet-nch
plasma induced by arachidonic acid (AA . 200 ub).
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O LASSBio-552 Bioorg. Med. Chem., 11, 4807 (2003) LASSBio-323

Bioorg. Med. Chem Lett., 12, 1533 (2002) S L Y e ) e m G
J. Pharm Buoined. Anal, 33, 1127 (2003)
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NAH-unit as isostere of pyridazinone moiety
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2H-Pyridazinone N-Acylhydrazone
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PM 274
Lima, P. C. et al. (2000)

Eur. J. Med. Chem. 35, 187.
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sl Novo Prototipo de Farmaco Cardioativo

{UFR)]

OOBI0=/

Estruturalmente simples;
Sinteticamente acessivel
em otimos rendimentos;
Matéria-prima disponivel

381
(produto natural abundante). USGIT)T&(')D gg\zf- (ngrgg)er

“Novel, Non-toxic Chronotropic Stimulator of Cardiac
and Skeletal Muscle”

EX Albuquerque, EJ Barreiro, RT Sudo, "LASSBio 294 A Novel Digitalis-like Compound with Potential Antifadigue
Activity", USPTO Provisorial Number 60-140,352 (1999); WO Patent; Eur. Patent;




ESTUDOS DE TOXICIDADE AGUDA E SUB-

v A toxicidade sistémica aguc: ¢ tli-aguda foi investigada em
ratos, por duas vias de administracao, p.o. e 1.p., nas doses de
1000 uM/kg e 73 uM/kg, respectivamente (i.p., administrando-se
2 vezes ao dia, durante 15 dias seguidos: — 100 vezes superior a

EDg, in VivO). SRiIN.
Nao tem efeito letal, nao provoca é

letargia, nao reduz a motilidade,
nem altera o péso dos animais.

Ty oy T

Nao provoca alteracdes na N&ao se observaram efeitos
contagem de células sanguineas, neurotdéxicos em culturas

hematocrito, nem altera a taxa de de neurénios hipocampais
glicose,  ureia, TGO, TGP, de ratos, tratadas com

creatinina. LASSBi0-294 (500 uM).

Nao altera histopatologicamente Efeito neuroprotetor

orgaos vitais, tais como figado, foi observado em < doses.
pulmao, SNC.

eliezer © 2006



515 West Lombard Street, Suite 500
Baltimore, Maryland 21201
Tel. (410) 706-1874; Fax. (410) 706-5035

http://www.orad.umaryland.edu/industry/technologies/therapeutics.php

LASSBI0 294: a novel compound having digitalis-like
cardiotonic properties and the potential to reduce

muscle fatigue

Tech ID # 1558EA o
otimizagéo i

atnia s P o oSimane da Snbincins Binsviom

P1-0403363-9 20/08/2004 =) Relaxantes musculares seletivos

http://www.inventabrasil.hpg.ig.com.br/ytabela.htm
http://www.comciencia.br/reportagens/farmacos/farma08.htm oliezer © 2006
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P00 B 34385
WASHINGTON, DE 20045 3008
ISSUE NOTIFICATION

The progected peient sumber and ssue dale sre specified above.

Determinaiion of Pateni Term Adjestment under 35 1L5.C. 154 (b)
{npplication fled on or after May 29, 2000)

The Paienl Term Adjustment is 109 day(s), Any patem o issse from the sbove-idensified applicaton will
inclede =n indication of the adjestmeant on the front page.

If a Centinoed Prosecution Application (CPA) wis filed in e above-identifisd apglicution, the Aling date that
derermines Patent Term Adjustment is the filing date of the most recer CPA,

Applican will be able to obisin more detniled infoemation by scomssing the Patent Application Information
Retrieval (PAIR) WEB site (hipe/fpair. uspeo. gov),

Any questions regardeng the Patent Term Extension or Auljustmern desermination shoukd be directed 1o the
Offece of Paicat Legal Admisiewation & (571) 172-T702, Questions relating 1o jssee and peblication fes
payments should be directed 10 the Costomer Service Center of the Office of Patept Publication at {703}

APPLICANT(E) (up o 14 names are Included below, see FAIR WEE siie bip:pair uspin gov Tor sdtioms] apphicans):

Bobarte Takasti Sudo, Rio de Jaseim, BRAZIL;
Bt X, Albugiesgie, Balimore, ML:

BBz ), D Baerwsmo, Rio de Janedrn, MI;

¥asoo Auscava, Blo de lapsim, BRATIL;

Wagmer Bcnasipo Clir, Rio de T, BRAZIL;
Paulo D Acesis Melo, Miteroi, BRAZIL;

Pramezois (eermais Moel, Hio de Janssn, BRAZIL
(riscle Eapata Sudo, Rio de Jaseim, BFRATIL:
Hewson Goocalves de Casin, Rio de Tasebn, BRAZIL;
Pairicia Ddas Femandes, R de Fansirs, BRATTL: 1ﬁhﬂlilbl!nﬁiﬁl“uﬁmtrm‘[
Carfes Allesto Maassour Fraga, Fiode Jsaem, BRAZIL; .

Ama Laiss Palbares D Mimeds. Peeopolis, BRATIL.

R Rav, 150H)

http://www.linkgrinder.com/Patents/Thienylhydrazon_7091238.html
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LASSBio-294 LASSBIio-785

Table - The concentration of compounds necessary to reduce 50% of maximal
phenylephrine-induced contracture {1Cz) in aorta with o without  intact

endothelium.
IC5o (M)
Compounds With endothelium Without endothelium
a1 LASSBio-785 10.2 £0.5 185 +£3.6
-~ — (N-Me)
e LASSBio-788 67.9 6.5 65.7 £8.0
WA {N-allyl)
LASSBio-786 1341 +31.0 1416 +£53.8
{N-benzyl)
LASSBio-791 1728 +26.7 ND
{NH,dihydro)
LASSBIio-790 2160 +39.3 ND
{NH, 5-Nitro)
LASSBio-787 2930176.0 27341220
i ® (NH, 5-methyl)
Bkttt 0 LASSBio-789 ND ND
{NH, 5-bromide) _
LASSBio-294 740 |—— ND
(NH)

ND = Not Determined.

P1-0403363-9 20/08/2004

A G Silva, G Zapata-Sudo, AE Kummerle, CAM Fraga, EJ Barreiro, RT Sudo, “Synthesis and vasodilatory activity

of new M-acylhydrazone derivatives, designed as LASSBi0-294 analogues “,Bjioorg. Med. Chem. 2005, 13, 3431.
2006
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LASSBio0-294 LASSBio-785 LASSBio-786

Vista Frontal

[e}

Vista Paralela

Kummerle, A. E. (2005) Tese de Mestrado, 1Q-UFRJ.
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Cronologia da descoberta do novo candidato a farmaco cardioativo

J Fharmacol Exper Ther 2000, 299,555 MSS/@DZ.94

|
Brit. T Fharmacol. 2001, 134 603

Fafenfe Brift T Fharmacol. 2002 135 293

LASSBia294 Eioorg Med Chem. 200515, 3431

o
1 =
R
B R o

Pronar | Eicensaios J

Qﬂﬂﬂzﬂ;&ﬂ Fatenfe

AVI Cong Laf Fharmacol.

dth mfernaf. Congr. Fharm. Sci, Fib Frefo, 2003

Eur J Med Chem, 2000 35, 1587 Eur. J Fharmacol. 2003, 474 79
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* P. C. Lima, L. M. Lima, K. C. M. da Silva, P. H. O. Léda, A. L. P. Miranda,
C. A. M. Fraga & E. ). Barreiro, “Synthesis and Non-addictive Analgesic
Activity of Novel N--acylarylhydrazones and lsosters,

Derived from Natural Safrole”, Eur. J. Med. Chem., 35, 187-203 (2000);
H.Gonzalez-Serratos, R. Chang, E. F. R. Pereira, N. O. Castro,

Y. Aracava, P. A. Melo, P. C. Lima, C. A. M. Fraga, E. ). Barreiro & E. X. Albuquerque,

“A Novel Thienylhydrazone, (2-thienylilidene)-3,4-methylenedioxybenzoylhydrazone,

Increases Inotropism and Decreases Fatigue of Skeletam Muscle”,

® J. Pharmacol. Exper. Therap., 299, 558-566 (2001);

| — R . R.T. Sudo, G. Zapata-Sudo, E.). Barreiro, ‘“LASSBio-294, a Novel
“Cardionotropic agent, Increases the Calcium Content in the Sarcoplasmatic
Reticulum of Saponin-skinned Cardiac Fibres”, Br. J. Pharmacol., 134, 603-613 (2001);
C.L. Silva, F. Noel & E. ). Barreiro, ‘“Vasodilatory Properties of LASSBio-294 and its
dependence on cGMP increase”, Br. J].Pharmacol., 135, 293-298 ( 2002);

G. Zapata-Sudo, R. T. Sudo, P. A. Maronas, G. L. M. Siilva, O. R. Moreira, M. I. S. Aguiar,
E. ). Barreiro “ Thienylhydrazone Derivative Increases Sarcoplasmic Reticulum Ca*?
Release in Mammalian Skeletal Muscle”, Eur. J. Pharmacol., 61, 79-85 (2003);

A. G. Silva, G. Zapata-Sudo, A.E. Kummerle, C.A.M. Fraga, E.). Barreiro, R.T. Sudo,

“Synthesis and vasodilatory activity of new N-acylhydrazone derivatives,

designed as LASSBio-294 analogues ‘““,Bioorg. Med. Chem., 13, 3431-3437 (2005).
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Web Imagens Grupos Moticias  mais »

GOOSIG' LASSEi0 294 | ([ Pesquisar_] Besauiza aangada

Pesquisar. & aweb O paginas em portugués O paginas do Brasil

Web Resultados 1 - 10 de aproximadamentq 451 para LASSBio 294 (0,11 segundos)

Dica: Ganhe tempo teclando Enter ao invés de clicar em "Pesquisar”

LASSBio-294

Estarmos falando do LASSBio-294, um farmaco deservalido pelo Laboratdrio de Avaliagio ..
0 proprio LASSBio-294, embara seja fruto da maodelagem molecular, ...
inventabrasilnet t5 com br/barreiro htm - 3k - Em cache - Paginas Semelhantes

Inventores Brasileiros - Farmacos

2 LASSBio-294 (que atua no aumento das contragdes cardiacas), fol desenvaolvido a partir de
moaodelagem molecular e teve pedido de patente solicitado no IRPI ...
inventabrasilnet t5. com. briyfarmac. htm - 67k - Em cache - Paginas Semelhantes

e Apresentacio do PowerF oint

Formato do arguive: Microsoft Powerpoint - Yer em HTML

Awaliar og perfis antiinflamatario e analgésico da série de derivados MN-Acilidrazdnicos nitrados
31, andlogos do composto LASSBie 294, 3. METODOLOGIAS ...

acd. ufr). br/~pharmaflasshio/download/painell _SBEFTEDA ppt - Paginas Semelhantes

Cuimica Mova - Strateqgy of melecular simplification in rational ...

Cutrogsim, o efeito de relaxamento observado com LASSBio-294 (37) permaneceu inalterada
guandao os anéis de aorta isolados de ratos foram pré-tratadas com K+ ...

wanniy, Scielo. brfscielo, php?pid=50100-4042200200070001 B8script=sci_arttext - 75k -

Em cache - Paginas Semelhantes

Cuimica Mova - <B=Estratégia de simplificacao molecular no ...

A descoberta de novo protdtipo cardiotdnico LASSBio-294 (37) ... De fato, a hipdtese de
inibigdo de PDES & 3 no mecanismo de agdo de LASSBio-294 foi ...

wewewy. sciela brfscielo php?script=sci_artext&pid=50100-
404220020007 00018 &Ing=pt&nrm=isa - BBk - Em cache - Paginas Semelhantes
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1. A Quimica (Farmacéutica) Medicinal: defini¢éo
2. Como se descobrem os farmacos?
3. A origem dos farmacos
3.1. O Papel dos produtos naturais na descoberta de farmacos
3.2 O Acaso e a descoberta de farmacos
3.3 Os farmacos sintéticos
4, O processo da cescoperta
4.1, A abordagem fisioldgica e a diversidacle rmolecular
4.2 O paradigrna cdo composto-prototipo:interactes farmaco-biorreceptor
4.3 A Importancia dos fatores estruturais/conformacionais: grupos farmacoforicos/toxicoféricos
50 planejamento racional
5.1 Farmacos inteligentes: Cimetidina; atovarstatina; celecoxib; me-too; imatinib
5.2 A diversidade molecular dos farmacos sintéticos
5.3 A diversidade molecular de novos protétipos descobertos no LASSBio, UFRJ
6. As estratégias de desenho estrutural da Quimica (Farmacéutica) Medigifal
6.1 Bioisosterismo: LASSBi0-326
6.3 Hibridacao molecular: LASSBio-756

6.4 Simplificagéo molecular: LASSBIi0-294
6.5 Desenho de protatipos simbidticos: LASSBi0-468
7. Conclusdes

eliezer © 2006
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“..the problem will not be

our ability to do things.
The terrible problem is,

what will we choose
to do next?”

Sir James W. Black

1988, Nobel Winner
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The symbiotic lead-candidate design

_ compound-1 compound-1
.—I:I e, )

y dizeaze

o }
L‘h"-. &

target-A |molecular recogtion| target-B

medicinagl chemistry
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«Compostos-prototipos simbioticos:
compostos-prototipos que possuam afinidade (Afi) por dois alvos
terapéuticos distintos, simultaneamente, envolvidos na mesma
fisiopatologia em estudo, mas pertencendo a diferentes cascatas
bioquimicas;

New Symbiotic lead-candidates

(Symbiotic multi-target lead-candidates)

a new compound able to be effective in two different targets, both
relevant to disease, but belonging to distinct biochemical pathway;




@] Rational basis to symbiotic drug design ~ New
B  pharmacophores Symbiotic

' pharmacophores - i
points e Molecular Lead-candidate
— \ Hybridization &W
P -modulator
B o) .

Medicinal
@i Chemistry
Intuition :
N Y
K P -modulator
Receptor-b Molecular
moleCl_Jl_ar recognition by
Receptor-a recognition both receptors
molecular i
» Congeneric
recognition Series

Integrate pharmacophores approach D g;
i ®

eliezer © 2006 Labaaluiia ths s lia:m eSikaic da Sakskancins Basiiim



Role of Cytokines and Cytokine Inhibitors
in Chronic Inflammation

|F My MAPK I
1 GMCSF  MMp First target
IL-& and
IL-1 IL-15
other | ILAE
chemokines T
IL18  TGFp
L6  W-1RA  STNF-R -
. iL-1R1 Mn!'m{:lunal L0
Pro-inflammatory antibody L1
te THF 13
IL-18BF
J\ y
/N3 Anti-inflammatory

Arend. Arthritis Rheun 2001.

eliezer © 2006
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Wilhelm Kunz, 1953

Herbert Keller, 1953
— CNS, 1957

TNF-a ICSO =200 HM Frances Kelsey, 1961

i Gilla Kaplan, 1991 (TNF-a)
ThalomidR, Phase I11, Celgene Elisabeth P. Sampaio, 1997

L.M. Lima et al., O Renascimento de um Farmaco: Talidomida, Quim. Nova 2001, 24, 683; (www.scielo.br);
E.P. Sampaio, D.S. Carvalho, J.A.C. Nery, U.G. Lopes, E.N. Sarno,”Thalidomide: An Overview of its
Pharmacological Mechanisms of Action” Anti-inflammatory & &anti-alergy Agents in Medicinal Chemistry
2006, 5, 71; L.M. Lima, C.A.M. Fraga, V.L.G. Koatz, E.J. Barreiro, “Thalidomide and Analogs as Anti-
inflammatory and Immunomodulator Drug Candidates”, Anti-inflammatory & &anti-alergy Agents in
Medicinal Chemistry 2006, 5,79. eliezer © 2006
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Phosphodiesterase-4 as a therapeutic target
Miles D Houslay, Peter Schefer & Kam Y J Zhang

Drug Discov Today 2005, 10, 1503,

The p38 MAP kinase pathway as a therapeutic target in
Inflammatory disease
Jeremy Saklatvala

Curr Op Pharmacol. 2004, 4, 372

What next for rheumatoid asthritis therapy?
Simon M Blake & Barbara A Swift

Curr Op Pharmacol. 2004, 4, 276

Inflammatory resolution: New opportunities for drug discovery
Derek W. Gilroy, Toby Lawrence, Mauro Perretti & Adriano G. Rossi

Nature Rev Drug Discov. 2004, 3, 401

eliezer © 2006
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Anti-Inflammatory & Anti-Allergy Agents in Medicinal Chemastry, 2006, 5, 000-000 1

Thalidomide and Analogs as Anti-Inflammatory and Immunomodulat..
Drug Candidates

s RS (e 1 : I
Lidia Moreira L1111ia . Carlos Alberto Manssour Fraga . Vera Lucia Gongalves Koatz™. and
Eliezer J. Barreiro

Laboratorio de Avaliagéiio e Sintese de Substdncias Bioativas (LASSBio), CP 68.006, 21944-190, Rio de Janeiro, RJ,
Brazil), Faculdade de Farmdcia, Universidade Federal do Rio de Janeiro, RJ, Brazil; *Instituto de Biogquimica Médica,
Universidade Federal do Rio de Janeiro, RJ, Brazil.

] Abstract: Thalidomide ([2-(2.6-dioxo-hexalydro-3-(R,S)-pyridinyl)-1 3-isoindolinedione]), well known by ifs teratogenic
Amt-Intiammatory effect, caused birth defects 1n up to 12,000 children in the 1960s. More recently, this drug was approved by the US Food
s and Drug Administration for the treatment of erythema nodosum leprosum, under restricted-use program, and a variety of

new possible therapeutic applications have been described. This article will accomplish a review of medicinal chemustry

aspects of thalidonide and state of the art in the development of new anfi-inflammatory and mmunomodulator dmg can-
didates designed using thalidonude as lead-compound.
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Chiroscience Ltd, Cambridge Science Park, Milton Road, Cambridge, UK
(Celltech Chiroscience Ltd; UCB-Euronext)

Aril-sulfonamida

PDE-4i IC,, =4.3 uM

J. G. Montana, G. M. Buckley, N. Cooper, H. J. Dyke, L. Gowers,
J. P. Gregory, P. G. Hellewell, H. J. Kendall, C. Lowe, R. Maxey,
L. Miotla, R. J. Naylor, K. A. Runcie, B. Tuladhar, J. B. H. Warneck,

“Aryl sulfonamides as selective PDE-4 inhibitors” , Bioorg. Med. Chem.

Lett. 1998, 8, 2635.
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Molecular Design of New Symbiotic Candidates

o | toxicophoric unit New symbiotic drug candidate
| with both activities, PDE-4i
N—Kx o) :
N E— & antl-TNFa
A o B W
C13H10N204  thalidomide molecular ?

258.23 hybridization
TNF-o IC _ =200 uM _ N_-

Quim. Nova 2001, 24, 583

A O
o\
HyC” o isosteres
H3C\O/ Congeneric series
C17H19NO,S 7‘% 7“« S ’71“
333.40 S O N N _ .
| sulf i \CH \H N-phenylpiperazinyl
aryl suiftonamiae 3
Ca4H21N304S
PDE-4i IC =43 uM isosteres 447.50
50 o, n, MR

JG Montana et al., Bioorg. Med. Chem. Lett. 1998, 8, 2635
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SyntheS|s of LASSBi0-468

0
? o
CISO3H/PCI5 NAQ‘S\/
70% Cl
120 C.; 30 min

86%

anidrido ftalico

X =NMe 65%
X =NPh 67%
X=NH 58%
X= 0 63%
X= S 6%

Overall yield: ca. 20%
(0.10 M 1.e. ca. 40Q)

Lidia M. Lima,Tese de Doutoramento, 1Q-UFRJ, Br., 2001

eliezer © 2006
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Effect of new compounds and thalidomide on neutrophil
Influx induced by LPS into BALB/c of mice lungs
(10 mg/kg, DMSQO; 1.p.)

Neutrofilos (x 10°/mL)

¥ &% & B8 88 E 3 B8

lead>>Rgmll=Mit T " prototipe > ligaste
WU C‘?‘@’ ag %

fussmml

N
=
N
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| dassee

Effect of compound LASSBI0 468 on TNF-a levels and

neutrophil influx into the BALB/c of mice lungs

TR LASSBio0-468

50% more active than thalidomide

] (Qwbu) o-4NL
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— TNF-a ED;, 2,5 mg/Kg
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PDE-4 inibidor
I

Atividade PDE-4 de foi
medida em aorta bovina:

IC50 = 62,6MM
(cf. PDE-1, 2, 3, > 420 uM; 5)

L. M. Lima, P. Castro, A. L. Machado, C. A. M.
J.

Dr Claire Lugnier (CAPES-COFECUB; LASSBIo-Strasbourg) Fraga, C. Lugnier, V. L. G. Moraes, E. J. Barreiro,
Université Louis Pasteur de Strasbourg, FR. Synthesis and Anti-inflarmmatory activity of Phthalimide
Laboratoire de Pharmacologie et de Physicochimie des Interactions Derivaatives, Designed as New Thalidornide Analogues,
Cellulaires et Moléculaires. Bioorg. Med. Chem. 2002, 10, 3067.

Eliezer©® 2006



”‘}t LASSBI10-468 lead‘compound
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a new symbiotic drug candidate

LASSBI0-468 is a new symbiotic lead-compound, designed as
antiinflammatory agent acting at TNF-a ”

and PDE-4 level. I\|4<;>7\\840
LASSBIi0-468 was designed i ; N

by molecular hybridization SHN>>10 O <;_>
keeping pharmacophore points of thalidomide

& arylsulfonamides, derivatives with anti-TNF-a & PDE-4 inhibitory
activity, respectively. This new symbiotic-lead compound have a very
simple structure, achiral, easy to obtained using classical synthetic
methods, in high overall yield. This new NSAI drug candidate could be

useful to treatment of rheumatic arthritis, Crohn disease and others
chronical inflammatory state, without immunosupressor activity. :5&

L. M. Lima et al., “Synthesis and Anti-inflammatory Activity of Phthalimide
Derivatives, Designed as New Thalidomide Analogues”, Bioorg. Med. Chem. 2002, 10, 3067
M. S. Alexandre-Moreira et al., “LASSBi0-468: a New achiral Thalidomide Analogue which Modulates TNF-a.

and NO Production and Inhibit Endotoxic Shock and Arthritis in Animal Model”, International
eliezer © 2006 Immunopharmacology 2005, 5, 485.
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* L. M. Lima & E. J. Barreiro, “Bioisosterism: A Useful Strategy for \ LASS B | 0_596

Molecular Modification and Drug Design”, Curr. Med.Chem. 2005,
13, 23; [http://www.bentham.org/cmc/samples/cmc12-1/0002C. pdf] W Pl 041660-2
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e-mail of Eliezer J. Barreiro Patente

De: Kyle Kuhn - Paramount BioCapital Investments, LLC
Para: eliezer@pharma.ufrj.br

Cc: eliezer@ufrj.br

Data: 26/08/2006 11:01

Assunto: Phthalimide derivative LASSBi0-552

Dr. Barreiro,

My name is Kyle Kuhn, | represent a biopharmaceutical investment firm called Paramount BioCapital
Investments, LLC. My job here at Paramount is to identify promising therapeutic technologies, and explore
potential investment and/or licensing opportunities.

| recently saw a summary of some information you presented at the recent International Symposium

on Nitric Oxide, Cytokines and Inflammation, in Malbourne, and | would like to learn more about compound
LASSBi0-552.

| would like to know the development status of this compound, as well as any plans for its continued
development. | would also like to know the IP status for this technology. Any additional information you
can provide would be very helpful.

It may be more convenient to speak over the phone. If you would like to provide a number, and suggest

a convenient time, | would be happy to give you a call. Alternatively, my contact information is provided
below, please feel free to contact me at your convenience. | look forward to hearing from you.

Best regards, >
Kyle Kuhn y

Biotechnology Venture Capital Analyst
Paramount BioCapital Investments, LLC
787 Seventh Avenue - New York, NY 10019 -Tel: 212.554.4315 -Fax: 212.554.4490

e-mail: KKuhn@Paramountbio.com
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Acadr::-mla given a helping Nature Rev. Drug Disc. 2006, 5, 177 | i
hand in drug development  —
Malorye Allison Branca
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. The FDA& hopes its new initiatives will help buck the recent downturn in innovative drugs approved.
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" as the medicinal chemist...”

) Corwin Hansch, 1996.
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Departamento de Farmacos
| Faculdade de Farmacia
.io Universidade Federal do Rio de Janeiro

Labaratéria de Avaliegfo & Sintese de SubsiBncios Biootivas

"SI ININIR]N|N|N]




IJIJIJIJIJIJIJIJIJIJ

Arquiva  Editar  Egibir  Eawvaritos

Feramentas

Aiuda

1= [Bad
| &

i > JOE AT e

Endereco I@ bt A Ay Farmacia, ufi. brelazshbiod

firca de Atvacae Links Uteis

@b | Links »

..

Laberaterie 4 fivaliagho & Sintese de Substandiaz Bieatives
Faculdade de Farmacia
UFRJ

Contate Home |

Equipe

» Histdrico

» Publicacies Selecionadas
» Teses e Dissertagoes

» XI EVQF

» Projetos de Pesquisa em
Andamento

# Dlsclpllnas

» Seminérius e Cursos
» 2004
» Conferéncias e Palestras

» 2004

» Painéis Premiados
» 2004

R

i ] i R A

|

LASSBio cadastra candidatos a Pos-Doutoramento

|| ESCOLA |
OE YERAD

ﬂlﬂl nﬂ‘m Farmamuﬂca
: & Medicinal :

http:/~www.farmacia.ufrl.br/lasshlo

05 a 09 de fevereiro de 2007

Ciéncia e Tecnologia
Ministério da Ciénclia & Tecnalogia

INSTITUTOS do MILENIO

Uma nova era para a pesquisa e P T

desenvolvimento do Brasil.

Rede Inovacao e

!éj Concluido

Miniciar| | =u.| @c | avw] Go | @Ew[E. i

Ll Internt.

|_| My Cy >

] Mew computadar **




Universidade Federal do Rio de Janeiro
|_aboratorio de Avaliacao e Sintese de Substancias Bioativas




