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Summary

Introduction

‘9' The Fischer-Ehrlich paradigm of MedChem: 20" century
§T he present MedChem paradigm of drug discovery:

; o {
.r: T 2}
=)
L=
)
=
=
p—
w
-
- 9
(=
=
-
=
e
%)
S
| 3
)
=
=
=
o
o
=
=
—

| e 21t century

' w “fi“& The mutitarget contemporary challenge
{‘FF' 3

‘f;q oS Rational Design of New Dual

: E,,, Lead-candidates:

The design & discovery of LASSBio-468

O o LASSBIio-596, LASSBio-1349

medlc“}al Novel dual antiinflammatory lead-compound
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1955 — C. roseus

A

1960 - talidomida

1996 - Wermuth

' % 1977 - captopril &
1908 Ehrlich M

e 1960 - UbfiumR 1975 - cimetidina | 1952 - Vane
1307 - Salvarsan = s
1943 - cloroguina 1958 - Burger 1967 - nifedipina | n
1955 - Vinca P

1904 - corantes
1902 - Fischer

1941- penicilina 1950 - RNM

1964 - propranclol
1935 - Dumagkl 1949 - cortisona

1964 - Hansch

1988 - Black

I IT'imeline of Medicinal Chemistry

1948 - Ahlquist | 1962 - indometacina 1980 - cetoconazol
1952 - fenotiazina 1963 - VallumR 1980 - lovastatina

E 1860 - AS "
a 1823 - quinina 1889 - paracetamol Ti 1958 - haloperidol 1981 - aciclovir
1825 - Setlrner ygg4 . atropina o Q” ¢ H, 1945 - Fleming 1959 - "pilula”

iGaleno
. J—L 2 1959 - Kornberg

i

1805 - morfina 1860 - fenol | 1889- AAS 1910 - Dale (AChRs)
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E 1999 - oseltamivir
G 1999 - celecoxibe

BES . 2001-imatinibe

Analgesics

Every
Molecule
Tells a Story

http://ejb-eliezer.blogspot.com




The Fischer-Ehrlich paradigm

TR
TR
Emil Fischer 3
1852-1919 %
,;;f‘ Structure-based DD
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¢ &ational Drug Design
(20 century)
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s, YEEBIRY
Paul Ehrli- 1900 Wl W\
1854-1915 | . postulated the existence of specific receptors, -
- ociated with cells or distributed in the blood

K Strebhardt & A Ullrich, Paul Ehrlich magic bullet concept: Liga nd-based DD
100 years of progress, Nature Rev. Cancer 2008, 8, 473




Drug Innovation during 20" Century

OH OH

NH, NH, _
LN Innovation
HO@ @,OH 1910 — Introduced

1912 — the leading drug

H;N As-As ; . ..
) jij/ As—As NH, Arsenic-containing drug
HO OH HEN@ Q 1.5 year

translational
OH

Salvarsan
1909 NC Lloydet al., The composition of Ehrlich's ~1 OOy

@8 Fhrlich & Hata Salvarsan: resolution of a century-old debate,
Angew. Chem. Int. Ed. Engl. 2005, 44, 941.

Atorvastatina translational
1991

B Roth
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Top-seiling drug of all time
@NH /won 1991-2011 - patent
Total world sales: USS 140bi
~8-10 year

Innovation
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propranolol

cimetidine
captopril

omeprazole

paclitaxel
lovastatin
penicillin

Ao

Mono-target

1942

> Cinati

imatinib
Multi-target N
Therapeutic HN):N;\@
& |
innovations Kj”‘s A

& weranin umr
Gleevec™ CH
fmtinds masylwie) | / 3
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Current Drug Therapy, 2008, 3, 000-000 1

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

Eliezer J. Barreiro and Carlos Alberto Manssour Fraga

Laboratério de Avaliagdo e Sintese de Substdncias Bioativas (LASS] ‘iz de Farmacia, Universidade Federal

do Rio de Janeiro, P.O. Box 68023, 21044-G71, Rio de Janeiro, RJ, B

Abstract: Some physiopathological processes mnvolved in the genesis of diseases could suggest the necessity of designing
¥, ¥ bioligands or protofypes that aggregate, in only one molecule, dual pharmacodynamical properties, becoming able to be
%'1 ¥ recognized by two elected bioreceptors. This approach can have distinct aspects and. when a novel ligand or a prototype
-l 5 acts in two elected targets belonging to the same biochemical pathway. e.g. arachidonic acid cascade, it receives the de-
@, «F  nomination of dual or mix agent. On the other hand, if these two targets belong to distinct biochemical routes and both are
related to the same disease, we can characterize the agents able to modulate 1t as symbiotic ligands or prototypes. In the
present work, we provide some examples and applications of the molecular hybridization concept for the structural design

of new symbiotic ligands and prototypes, especially those applied 1n the treatment of chronic-degenerative disorders.
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Key Words: Symbiotic drugs: molecular hybridization: multifactonial diseases: therapeutic mmnovation: drug design: dual com-
pounds.

Current
Drug Therapy

& AB Reitz, Future horizons in drug
discovery research, ACS Med. Chem.
Lett. 2012, 3, 80

JL Medina-Franco, MA Giulianotti, GS Welmaker, RA Houghten, Shifting from the single to the multitarget paradigm
in drug discovery, Drug Discov Today 2013, 18, 495; S Reardon, A world of chronic disease, Science 2011, 333, 558.




The modern MedChem paradigm

‘... the preparation of dual- or multiple-ligands on an

almost rational basis is now conceivable and it can be

expected that many of these molecules will yield drugs
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of superior clinical value compared with monotarget

b

formulations’

Camille G. Wermuth

Drug Discov. Today 2004, 9, 826

medicinal chemistry
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medicinal cheémistry
*One-target-one-ligand: the 20" century paradigm

One-ligand / one-disease — Lock & Key & Magic bullets  CH;
e.g. propranolol, cimetidine, captopril, omeprazole. N
Clozapine, an “atypical’” neuroleptic drug

has affinity for the D, central receptor &
D,, D,, 5-HT,,, 5-HT,, al and 2 - is an \O\

exception considered as “promiscous” drug.

e Ligands for multi-target: the 21t paradigm Clozapine
Dual, binary, dimeric, bivalent, symbiotic = multi ligands:
5-LOX/COX-2 ; TXS/TP,; COX-1/LTA, hydrolase; ﬁ\\
5-HT, R, /SSRI; TPam/IPag, SSRI/PDE-4; PDE-3/PDE-4
TNFa/PDE-4; . -
H,C-N
Hsc'om s, Leval, 2002 o /\@O\CHE‘ Zapata-Sudo, 2012
O}—@— 1 ‘|3Ha



medicinal chemistry
The symbiotic lead-candidate design

compound-1

compound-1
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target-A |[molecular recogmtion| target-B

The symbiotic approach is concerned to a new lead-compound with
multiple-target recognition pattern, where the receptors are involved
with a complex disease pathology, but belonging to different
biochemical pathways. A dual agent with this profile can be structuraly
designed by combining molecular pharmacophoric fragments for each

target.




The rational-based dual ligand design

Pharmacophoric Pharmacophoric combination
units | Medicinal

Chemistry
Strategies
DD
—_—
CALD
Molecular
Hybridization

Chemical
intuition

Congeneric

- series
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21t Century

A+B C+D
l l AB-receTpltors 7 Mas ter\
A-receptor  B-receptor RS Keys
rec ognltlon recognl‘[lon liP;Plhitlic for
m—— R Multiple
e Molecular -
Dual candidates locks

fragment

medicinal cheémistry

C Viegas-Jr, A Danuello, VS Bolzani, EJ Barreiro, G Nicola et al., Public domain databases

CAM Fraga, Molecular Hybridization: A useful tool in the design for medicinal chemistry, J Med Chem
of new drug prototypes, Curr Med Chem 2007, 14, 1829 2012, 55, 6987
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Rational Design of New Symbiotic Lead-candidates:

The discovery of LASSBio-468, 596 & 1349
as novel dual antiinflammatory
drug candidates

sulfonamide LASSBio-1349
0] 0]
\\S y OCH,

H,CO 4 O
N
\ X
—> > OCH,
H;CO CH,
HO
Montana, 1998 é : N-methyl-N-acylhydrazone
Laberatério de Rvalingdio ¢ Sintese Q!&m




Role of Cytokines and Cytokine Inhibitors
In Chronic Inflammation

[F My MAPK
GM-CSF MMP
L

IL-18

; ]
chemokines T

IL-16 TGFR
L6 IL-1RA STNF-R IL-4
cjL-1pq1 Monoclonal 10

Pro-inflammatory antibody T
to THF £

IL-18BP

Anti-inflammatory

Arend. Arthritis Rbeum 2001.

* TNF-o = Tumor necrosis factor-alpha
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The Target Election: TNF-a
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TNF-a is a cytokine that appears rapidly in response to inflammatory injury

PC Taylor, Pharmacology of TNF blockde in RA and other chronic inflammatory diseases, Curr. Op. Pharmacol.
2010, 10, 308; MLC Barbosa et al., Therapeutic approaches for tumor necrosis factor inhibition, Braz. J. Pharm.
Sci. 2011, 47, 427.




Anti-TNFo Therapies

Frotem-based anti-TNF-alpha Therapres i Clnrcal lse™

Universidade Federal do Rio de Janeiro § |5Faa7>

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-TNFo therapies
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The first pharmacophoric identity
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2-(2,6-Dioxo-3-piperidinyl)-1H-isoindole-1,3(2H)-dione

lor ffed Th
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Wilhelm Kunz, 1953
Herbert Keller, 1953
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Thalidomide CNS., 1957
Anti-TNF Frances Kelsey, 1961
Gilla Kaplan, 1991 (TNF-)
TNF-a IC;, =200 uM Elisabeth Sampaio, 1997
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A medicinal chémistry
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'I' The pathogenesis of inflammatrott

10 Phosphodiesterase-4 is predominant in

| the inflammatory cells ¢y
MEKE] i @ (w10 = LldP

dqrodatian and osl s

PDE = Phosphodiesterase




Ibudilast

CO,H
Cilomilast
£ Ariflo™
S
:-; O \ \\\\‘\\\\
b N\
e | pr
E H,CO
S
e : pyrazolo[1,5-a]pyridine
= 4-cyano-cyclohexyl carboxylic acid OMe
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Phase Il
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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
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The molecular design of new agent with

foxcophore - dual anti-TNFo, activity & PDE-4i

A N+ o é‘!\.ﬂﬂio

NH sulfonamide

\_ O )0 ( 0 )
A

phthalimide : molecular
N_
hybridization

B sulfonamide

\_ 0o
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phthalimide

isosteres / \
-

>y

Congeneric

lipophylic }1.,“ ;1.,” series
=
Montana et al., 1998 \ * _J Molecular diversity
medicinal chemistry o, 7, RM

C Viegas Jr, A Danuello, VS Bolsani, EJ Barreiro, CAM Fraga, Molecular Hybridization: A useful tool in the design of
new drug prototypes, Curr Med Chem 2007, 14, 1829




Congenenc series o medicinal chemistry

LASSBio-449 LASSBio-468
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0 0 @
LASSBio-469 LASSBio-470

O
O\ o)
A psomen
Bloisosterisim
: o
Lidia M. Lima (LASSBio0),
PhD ThCSiS, IQ-UFRJ, BI'., 2001 LASSBio-544
LM Lima, EJ Barreiro, Bioisosterism an useful strategy for molecular modification and drug design, Curr.Med.Chem.2005, 12, 23
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Synthesis of congeneric series

_NH, O
CISOz;H
N— >
0°C to rt, then 60°C
\ 1hr 3
phthalic anhydrlde
C8H403 C14H9N02 O 1.0M
O
N— —_—S
N—
o] (o)
@) c\)\,o
N—< >—S(
C14H8C|NO4S N
" ¥ LASSBio-544
s 69%

0]
L ASSBio469 W LASSBio-449 Q %verall yield: ca. 25%
58% 0 65% s7” (~0.5M, 200 g)

o
N—@—\é/’o @ CisHi6N2045;2
S T
N LASSBio-468 M.W. = 388.45
67% L N >
‘ .

LASSBio-470 “CH,3 Lidia M. Lima, PhD Thesis, IQ-UFRJ,2001



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

DMSO zé o

(=
=
-5 ]
—
-]
Pre—
U
-
.9
(=
-
-
=
e
L
S
| 3
L
=
]
=
o
>
=
=
—

—1 ¥

Neutrofilos (x 1ﬂ3me)

control LASSBio LASSBio LASSBio LASSBio LASSBio
449 468 469 470 44

Results are expressed as means SEM of seven animals.

Vera G Koatz
IBgM, Universidade Federal do Rio de Janeiro




Effect of compound LASSBIio 468 (50 mg/kg, ip) on TNF-x

k= levels and neutrophils influx (BALB/c of mice lungs)
_E =0 - -|- iis - ’
T 1 - 14010
= . - 50% more active than TLD
<o -
% — 10 10 El
= ] 1 Tl
2o E 0 - -iom &
'§ E'E'-" 1 —
= T O -2 ;3
g = 3
= = -sm T
=
P by
£ o []
Z
a4 -0
Vera G Koatz
IBqM. UFRJ

CTR LASSBio-468

inhibition of the production of TNF-a promote the elevation of intracellular levels of cyclic 3’,5’-
adenosine monophosphate (CAMP) in leukocytes, associated with inhibition of PDE-4 activity.*

* DO Procopio, MM Teixeira, MM Camargo, LR Travassos, MA Ferguson, IC Almeida, RT Gazzinelli, Differential
inhibitory mechanism of cyclic AMP on TNF-  and IL-12 synthesis by macrophages exposed to microbial stimuli.
Br. J. Pharmacol.1999, 127, 1195
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TNF-a EDy, 2.5 mg/Kg

PDE-4 1nhibitor

Dr Claire | Lugnier (CAPES-COFECUB; LASSBio-Strasbourg)
O Université Louis Pasteur, Strasbourg, FR.
Laboratoire fle Pharmacologie et de Physicochimie des Interactions
Cellulaires et Moléculaires.

Clidre Lugker | ' .. ICSO — 30.3 MM
‘ | ¢f. PDE-1, 2, 3, > 150 uM;

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., LASSBi10-468: a
New achiral Thalidomide Analogue which Modulates TNF-a0 and NO Production and Inhibit Endotoxic
Shock and Arthritis in Animal Model, International Immunopharmacology 2005, 5, 485; LM Lima, CAM
Fraga, VLG Koatz, EJ Barreiro, Thalidomide and Analogs as Anti-Inflammatory and Immunomodulator Drug
Candidates, Anti-Inflammatory & Anti-Allergy Agents in Medicinal Chemistry, 2006, 5, 79; L M Lima, N M
de Lima, Rev. Virtual Quim. 2009, 1, 35;
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Effect of the treatment with LASSBi0-468 (50 mg/kg po) on
hind paw edema in adjuvant-induced arthritis (AiA-model)

(Mycobacterium tuberculosis) in rats

40 -
- —s— LASSBio 468 (50 mg/kg)
: —e— Thalidomide (50 mg/kg)
= m - —o—Vehicle
= E 25 * i
27 ]
E o 20-
— = ; Treatment
= m 15
=S
104 Ty
] Infjection
5 - ¥
0 - .:} . ¥ £ £ 2 O O
0 1 12 14 16 18 20 22 24

Magna Suzana Alexandre-Moreira
LASSBio, Universidade Federal do Rio de Janeiro

Days after induction

23%
18 %

\¥ 4



Histopathological results
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(1) Photomicrography of granulomatous hepatitis in the control animals (HE - 100X);
(2) Animals treated with thalidomide (HE - 100X);
(3) Animals treated with LASSBio 468 (HE — 200X);

* A positive control was performed M. tuberculosum.

LASSBIi0-468 has a protective effect on inflamation development

mediated by immunomodulatory macrophage activity

Christina M Takyia
ICB, Universidade Federal do Rio de Janeiro
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LASSBio-468 lead“combc

A new symbiotic anti-inﬂammatory agent

LASSBio0-468 is a new dual
antiinflammatory agent (DMARD),
active at TNF-o production with

inhibitory activity on PDE-4. |
This new achiral compound is an .I-L é&sa‘.

immunomodulator lead, without

proliferative activity in the concavalin-A mitogen assay, in
contrast to TLD. It is an useful lead to therapy of rheumatoid

arthritis & 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; AL Machado et al., Design, Synthesis and anti-inflammatory
activity of novel phthalimide derivatives, structurally related to thalidomide, Bioorg. Med. Chem. Lett. 2005, 15, 1169.



o
=)
-5 ]
=
o
s
U
.~
.9
(=
=]
-
=
R
L
S
| 3
L
.~
]
4.~ |
o
5
=
=
=

L‘Eﬂ d Phthalimide Derivatives

0 l}timizﬂtiﬂ“ as TNF-a Inhibitor medicinal chemistry

L AS SBiO-468 Bioisosteric . O
replacement Q
° SO
N
N’} .
LASSBio-595

S Instituto Nacional de Ciéncia e Tecnologia
de Farmacos e Medicamentos L93
| ANV . . - -4
; V‘C"{Jﬁ www.inct-inofar.ccs.ufrj.br

o, ,0
<:> \//
N
LASSBIio-577

LM Lima, EJ Barreiro, “Bioisosterism: A Useful Strategy for Molecular Modification and Drug Design, Curr. Med.
Chem. 2005, 13,23
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Metabolic & chemical stability of LASSBi0-468

in vivo plasma metabolites of TLD

Schumacher, H.; Smith, R. L. & Williams, R. T.
(1965) Brit. J. Pharmacol., 1965, 25, 324

EEEEEEEEEEEEEEEEEEEEENEEEEEEEEEEEEEEEER
et .
- S0
N
N
. P
,
.
’ \
N s
.. O
=<

1h, 91%

in vivo plasma metabolite
of LASSBio-468 (596)

a) KOH,MeOH/H,0, 0°C,

inct

Inestitubos nacionals
e cidneia & tecnalogia
P
"
v.y-.o

% Compound

100+
80-
60 -
40-
20- .
- LASSBio-468 - Buffer (pH 7.4)
4 LASSBio-468 -Plasma
0-
I | L 1
0 20 40 60
Time (min)

Chemical stability at pH 7.4 and
plasma stability of LASSBio-
468. The points represent the
mean of the percentage of
compound remaining at each
time point. **P<0,01 Student’s t-
test.

medicinal chemistry
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0 Prodrug

LASSBio-468

C18H16N204S;

x-ray diffraction

Ames Test

The bacteria reversed mutation assay : in the presence or absence of liver

0]
/ KOH / HOH
N—  —e=0 >
\N CH.OH Overall yield: 29%
3
> /w 1hr
S 0.35M

CO,H

LASSBio-596
C18H18N205S;

B¢, 'THNMR/IR/UV/MS
HPLC / CHN

differential scanning
calorimetry (DSC)
X-ray

Micronucleus Test

S9 fraction = LASSBi0-596 (625-3125 ug/plate) not presented Used to quantify chromosomal damage in eukaryotic cell :

carcinogenic potential

inct
nstifutos nacionais
de ciéncia e tecnalogia

in the presence or absence of liver S9 fraction = LASSBi0o-596
(153-768 uM) not presented genotoxic potential

> I-”D(!:.A



Metabolism profile & toxicity in animals (rodents)

=
)
: [ ]
=, LASSBi0-596 v'Acute Toxicity (14 days):
.~ .
= 1 LD, = 150-200mg (iv)
et _ LD, >2000 mg (po)
- o 0,9
= °
—q;)- s 0,8 . N
2 qE 0,7 2— \
L .
= 3 °°
=l & os-
§ g 0.4 - —— Frac&o microssomal
= o
= j 03 —A— Plasma . L.
=& 2 v'Subchronic Toxicity (90 days):
g 01 - Dose = 10, 50 and 250 mg/Kg
0 I T 1
0 100 200 300 Not induce death;
Tempo de incubagéo (min) some hematological
and few histopathological
Metabolism profile of LASSBio-596 in rat liver microsomes in the changes were observed,
presence of cofactors (blue) and in plasma of rats (in pink). Chart without clinical signiﬂcance,
obtained from the ratio of the area LASSBio-596 and the area of
internal standard methyl-biphenyl-4-carboxylate vs. incubation time.
medicinal chemistry



Pharmacokinetic Parameters
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PK LASSBIio-596
tV2 (h) 2.0+04"
CL (L/h/kg) 0.22 £ 0.05
Crax (HQ/ML) 0.61 +£0.16
Bioavailability (%) (p.0) 3.6
Bioavailability (%) (ip) 96

* Significantly different with respect to the parameters after ip dose (a = 0.05)




r Antifibrinogenic -
Antlasth matic medicinal chemlstly

0”0
Antunflammatory \s// s

N

Universidade Federal do Rio de Janeiro

C1sH1gN,058,
406,4
i LogP=2/CLogP =1,80
INCT | Cneiv’e Teenolosia
MR = 1“3,“2 ’ Lofl , de Farmacos e Medicamentos

ww.inct-inofar.ces.ufrj.br

PIBR 0208767-7 - 08/11/2002 | Predinicstudies Jead

PIBR 0401660-2- 27/04/2004 mlz
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“Without a doubt, a university has"
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an ideal enviroment where drug

discovery & medicinal chemistry

medicinal chemistiy | activities can thrive...There is no

doubt that academia can play an

important role in drug discovery”
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Pretende-se frafar de temas, opinides,
comentdrios sobré:a Ciénciados Farmacos
seu uso seguro e beneficios. Aspectos da
formagao qualificada de universitarios e pos-
graduandos nas Ciéncias dos Farmacos
também sdo de interesse.

Relendo um arfigo de divulgacdo cientifica publicado este
ano, me deparei com alguns argumentos cenfrais do autor,
sobre o avanco tecnolégico que se observou na difusdo da
informacéo, com inimeros novos recurses, além das redes
socials, capazes de distnbui-la eficiente e rapidamente. Nao
sel bem porque, fiz um link com a evolugcdo que acompanher
no desenho das estruturas quimicas de compostos
organicos desde aquelas dos tnterpenos tetraciclicos do tipo
damarano de minha dissertacdo de mestrado, concluida em
1973 até as ulimas, representadas em recente publicacéo
orunda do LASSBio. Achei que podenia ser interessante
como leitura, o registro da evolugdo dos recursos para o
desenho das estruturas quimicas dos compostos organicos.
que testemunhei, daquela época até hoje.
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