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Discovery of the Novel, Orally Active S1P, Receptor
Agonist ACT-128800 (Ponesimod)

Drug Discovery Chemistry at Actelion

S1P, Agonist Biology & Pharmacology

The Discovery of Ponesimod

— Synthesis of iminothiazolidinones

— SAR leading to ponesimod

Ponesimod Properties

Summary



Actelion 1997

« founded in Allschwil, BL by
Jean-Paul Clozel
Martine Clozel
Thomas Widmann
André J. Mueller
Walter Fischli

* Vision: A company based on two pillars
» develop and sell bosentan (in-licensed from Roche)

« discover and develop own novel drugs
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Actelion Earns Money by Sellings Drugs to Treat

- Pulmonary Arterial Hypertension

(4
- oral Traclee[
(OSENTAN TABLETS

v INHALED

_ inhaled ggbntavis*
Glopost EstAsAziow

_ VELETRI
— intravenous epoprostenol win

=

- Gaucher Type | and Niemann-Pick C disease

(\ 3
ZavescCa

4 miglustat


Vorführender
Präsentationsnotizen
Tracleer approved: 2001 US, 2002 EU, 2005 JP
Ventavis: acquired 2007
Veletri: approved 2010, improved formulation stable at rt
Zavesca: EU 2003, US 2004
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... and Invests Money into the Discovery and
Development of Novel Drugs

- Endothelin Antagonists

. Orexin Antagonists

- CRTH, Antagonists

- Sphingosine 1-Phosphate Agonists
« Renin Inhibitors

« Antibiotics
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Actelion 2011
Strong Commitment to Research and Development

Employees
Drug Discovery 401
Clinical Develoment 643} Allschwil
Support Functions 420

Marketing & Sales 1029 Allschwil + subsidiaries in >25 countries
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Actelioh

M.C.. Escher



‘Drug Discovery
Network of Disciplines




77
[
"!

e e _ " ACTELION
Drug Discovery Chemistry

Medicinal Chemistry Open Access
* ,one by one’ Instrumentation
« small libraries e anal. LC-MS
/| . *prep. HPLC
B « NMR

« chiral separation
o fl © SEC
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Drug Discovery Chemistry

Open Access
Instrumentation
LC-MS

Medicinal Chemistry
- .one by one* |l e ¥
e small libraries ¥

]

ormatting .
ifal separation

Process R

« route find
* route optin P High Throughput
* drug substaheceste Medicinal Chemistry

Computational Chemistry *large compound libraries
» crystallography
» molecular modeling
10  property calculation
e HTS hit clustering
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Now Its Time for Science!

11



12

Sp

r_{ingosine-l-Phosphate

A Highly Active Research Field OH

600 -

500 -

400 -

300 -

200 -

100 -

40
35
30
25
20
15
10

u Patents on S1P, agonists

2002 2004 2006

0

SO VR
5 o
AR JIC I g

©
<

m Primary Papers

£

A
>

2008

m Reviews

\?’# & q "‘ISE? m@w 1@1 w@% 'f?ﬁ m@% wéo m@ *ﬁé‘b m@q &

2010

= Patents



77
[}
"!

"\ ACTELION

S1P Receptor Biology & Pharmacology

i T &
I - [ Neurogenesis ]

|Pro|iferati0n| | Survival | yﬁ%?ﬂﬁ@%"gvgﬁ? [ Angiog enesis ]

S1P, S1P, S1P, S1P, S1Pg

. . . lymphoid and brain: astrocytes,
ubiquitous ubiquitous ubiquitous ymp s

haematopoietic tissue oligodendrocytes; skin,

cell migration?,

. . . heart rate|,
proliferation, survival, e
. . vasoconstriction,
vascular L proliferation,
o cell migration 1, .
cell migration|, development, . . survival of mature
‘ proliferation and .
vascular macrophage and oligodendrocytes,
enhancement, vascular

cytokine secretion in T

development monocyte migration,
P y g cells |,

B cell tolerance
induction and
maturation,

astrocyte stimulation,
remyelination,

maturation and tone,

astrocyte mediated
neuroprotection,
neurogenesis

Rosen et. al. Nat. Rev. Immunol. 5 (2005) 560-570
K. Takabe et al. Pharmacol. Rev. 60(2008) 181-195
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ACTELION
T Cells Circulate Through the Body

Antigen- Lymph node
presenting O Naive T cell
cell _
O Activated T cell
® cffector T cell
Infected Cell
Lymph Target organ

14


Vorführender
Präsentationsnotizen
S1P concentrations are high in plasma
S1P concentrations are low in lymph node
lymphocytes circulate through the body, home for training to the lymph nodes
dendritic cell interacts with one T cell, T cell is activated and start to proliferate
activated T cell express no S1P1, receptor internalised through CD69 interaction, 
effector cells express S1P1, become cytotoxic or helper cells, produce cytokines
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S1P, Agonists Sequester T Cells in Lymphnodes

Antigen-presenting

Lymph node
cell O Naive T cell

QD Activated T cell
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® Fifector T cell
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Infected Cell
Target organ
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Vorführender
Präsentationsnotizen
S1P1 agonist is masking the S1P gradient
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the NEW ENGLAND
JOURNAL o MEDICINE

ESTABLISHED IN 1812 FEBRUARY 4, 2010 VOL. 362 NO.5

A Placebo-Controlled Trial of Oral Fingolimod
in Relapsing Multiple Sclerosis

Ludwig Kappos, M.D., Ernst-Wilhelm Radue, M.D., Paul O’'Connor, M.D., Chris Polman, M.D.,
Reinhard Hohlfeld, M.D., Peter Calabresi, M.D., Krzysztof Selmaj, M.D., Catherine Agoropoulou, Ph.D.,
Malgorzata Leyk, Ph.D., Lixin Zhang-Auberson, M.D., Ph.D., and Pascale Burtin, M.D., Ph.D.,
for the FREEDOMS Study Group*

Oral Fingolimod or Intramuscular Interferon
for Relapsing Multiple Sclerosis

Jeffrey A. Cohen, M.D., Frederik Barkhof, M.D., Giancarlo Comi, M.D.,
Hans-Peter Hartung, M.D., Bhupendra O. Khatri, M.D., Xavier Montalban, M.D.,
Jean Pelletier, M.D., Ruggero Capra, M.D., Paolo Gallo, M.D.,
Guillermo lzquierdo, M.D., Klaus Tiel-Wilck, M.D., Ana de Vera, M.D.,
16 James Jin, Ph.D., Tracy Stites, Ph.D., Stacy Wu, M.D., Shreeram Aradhye, M.D.,
and Ludwig Kappos, M.D., for the TRANSFORMS Study Group*
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FTY720 (Fingolimod, Gilenya™)
A First Non-selective S1P, Agonist on the Market

OH W (IE
- \O-
OH © O \OH

= RH
FTY720 ~ Fingolimod NH p-FTY720 3
OH O
/\/\/\/\/\/\/\/'\/\ /lg\o
N 07 oh
NH,

Sphingosine 1-phosphate
- FTY720 is phosphorylated in vivo

- p-FTY720 is a potent agonist of S1P; 5 4 4ngs

- FTY720 has a long half-life in vivo

17
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S1P Project Goal

- potent, orally active S1P, receptor agonist
- selective against S1P,
- rapid on-set of action and rapid reversibility in vivo

. use blood lymphocyte counts as biomarker

18
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he Discovery of Ponesimod

HTS, Synthesis & SAR Studies

19
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High Throuhput Screening Hit

20
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AN
ACT-847351

structure as provided by supplier
NMR shows presence of only one compound

hS1P GTP
ECx, LTS 144 nM
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Synthesis of ACT-847351

NCS
MeOH
©/ r, 4h

HN-N
\
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Br->COOMe N# S
pyridine, rt 16 h N + :<
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AN

76% 20%

OH  EtOH, piperidine

/O 80°C0r16h
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HO 60°C 24 h
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% structure as provided by supplier

50-81%


Vorführender
Präsentationsnotizen
Knoevenagel condensation
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High Throuhput Screening Hit
A First Surprise

ST CL
Z_ OH
N
O
N

AN

ACT-847351
structure as provided by supplier

NMR shows presence of only one compound

hS1P GTPgS 144 nM
ECs 1 ACT-847351

VA
Ne( &

the correct structure

22
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Iminothiazolidinone Synthesis

Summary Regioselectivity

‘_NHZ i Br-~ “COR %— > + %_ >
®c . 9.0 = 4
0% Oj\\)

: " 3 A :

OCHj,4 non- or 3- or 4-substituted phenyl branched 10 - 20 ; 1

OCHj, 2-substituted phenyl branched 3-4 : 1

OCHj,4 2,6-disubstituted phenyl branched 1 : ~13

OCHj, any substituted phenyl straight 1 : 45 - >150

Br any substituted phenyl straight or >20 : 1
branched

23 — bromo acetylbromide reactant of choice
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SAR of Iminothiazolidinone Derivatives
as S1P, Receptor Agonists

\/R3

| VY

GTPyS assay
- potency on S1P,

. SeleCtiVity against SlP3 } often flat SAR

24
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SAR of Iminothiazolidinone Derivatives
Influence of R,

S1P, S1P,
HO ‘ ECs [nM] ECs [NM]
Cl H >10000 >10000
methyl 990 8810
ethyl 186 1229
% S - n-propyl 67 189
:<N n-butyl 112 264
iso-propyl 47 120
@ by W%
. cyclopropyl 103 114
T Teyciobutyl T 202 128

cyclopentyl 347 302

25
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SAR of Iminothiazolidinone Derivatives
Influence of R,

S1P, S1P,
‘ EC., [NM] ECs, [NM]
phenyl 47 120
2-methyl-phenyl 34 139
HO C| 2-chloro-phenyl 54 425
2-methoxy-phenyl 106 428
2,6-dimethyl-phenyl 154 307

% S~
# 3-methyl-phenyl 110 200
N 3-chloro-phenyl 35 129
. 2-methyl-3-chloro-phenyl 31 246
4-methyl-phenyl 78 88
benzyl 630 674

26
phenethyl 925 183



Vorführender
Präsentationsnotizen
not strictly transitive! see e.g. 2-methyl-phenyl + 3-chlorophenyl ≠ 2-methyl-3-chloro-phenyl


SAR of Iminothiazolidinone Derivatives

Influence of Ry

Rs
%{3 g
O

27
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8 S1P, S1P,
. ECs [NM] ECs [NM]
phenyl 1237 317
2-pyridinyl 863 n.d.
3-pyridinyl 6746 n.d.
4-pyridinyl 1520 n.d.
4-quinolinyl 1749 n.d.
3-indolyl 5046 n.d.
phenethyl 541 976
cyclohexyl >10000 n.d.
ethyl >10000 n.d.
cyclopropyl >10000 n.d.



Vorführender
Präsentationsnotizen
aromatic rings prefered, there is space, phenethyl may hint for selectivity
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SAR of Iminothiazolidinone Derivatives
Influence of Ry

R, S1P, S1P,

ECs [NM] ECs [NM]
B H 1237 317
\ // 4 2-methoxy >10000 2583
3-methoxy 185 35
57 3-hydroxy 752 103
4<N 4-methoxy 201 106
@ 4-hydroxy 122 95
4-hydroxy-3-fluoro 225 99
4-hydroxy-3-chloro 47 120
4-hydroxy-3-methyl 37 50

’8 4-hydroxy-3-methoxy 200 335




Combining Best Elements
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Combining Best Elements
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Cl Cl
\—\w _<‘j Vi
GTP frivA] 15
ECso 7S $1B1 (] 81
Y 21
RS 0AA39)  fmax 0.2
C¥2[mL/min/kg] 92
F [%] <1
107 v Ponesimod
= | s =
o P o
Z 3 8
™ 5 ™ ™ 51
S) S S)
% > %
—Jl— Vehicle, n=6 —Jl— Vehicle, n=6 —lll— Vehicle, n=6
30 0 —E— 30 mg/kg po n=6 —E— 10 mg/kg po n=6 0 —E6— Ponesimod, 10 mg/kg po n=6
0 6 12 18 24 24 0 6 12 18 24
Time (H) Time (H)
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Ponesimod Properties

Chemistry Biology Pharmacology

31
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Ponesimod Chemistry

Isomers, Isomers, Isomers

32



Ponesimod

'H NMR and Chiral Chromatography
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Ponesimod X-ray
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Ponesimod in Solution
LC-NMR Studies

- When solutions of ponesimod are exposed to light, formation of an
Isomer is observed

« This isomer is in equilibrium with ponesimod

H
H 13C
\_\_5’
13 O/
/
O/ Ottana et al. Bioorg. Med. Chem. 13(2005)4243-4252
Hansen Prog. NMR Spectr. 14(1981) 175-296

ponesimod 6.3 Hz A. Prei3, M. Elend

CH
35 (] SR ~ Fraunhofer

ITEM


Vorführender
Präsentationsnotizen
H. O. Kalinowski, S. Berger, S. Braun, 13C-NMR Spektroskopie, Georg Thieme Verlag Stuttgart, New York 1984, p 475-490
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Ponesimod Biology

36
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Ponesimod
Potency and Selectivity

GTPyS ECy,
[nM]a*

S1P, S1P, S1P, S1P, SIP,

5.7 >10000 105 1108¢ 59.1¢

— potent and selective S1P, agonist

37 aCHO-S1P membranes; PHela-S1P, cells; cpartial agonist; *values are geomeans, n = 3


Vorführender
Präsentationsnotizen
A HeLa cell (also Hela or hela cell) is a cell type in an immortal cell line used in scientific research. It is one of the oldest and most commonly used human cell lines.[1] The line was derived from cervical cancer cells taken from Henrietta Lacks, a patient who eventually died of her cancer on October 4, 1951. The cell line was found to be remarkably durable and prolific as illustrated by its contamination of many other cell lines used in research. 
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S1P, Receptor Internalisation

Hela-S1P, Cells After 24 h Incubation

Vehicle S1P (100 nM) Ponesimod (100 nM)

S1P,

lampl/S1P,

— ponesimod: efficient S1P, receptor internalisation and lysosomal targeting
38


Vorführender
Präsentationsnotizen
Hela-S1P1 with 24 hours incubation: antibody against S1P1, lamp1 as a marker for lysosomes.
1) untreated cells show S1P1 at cell surface, lysosomes inside
2) S1P treated cells show still significant S1P1 receptor abundance on cell surface
3) ponesimod treated cells show no more S1P1 receptor on cell surface, S1P1 receptor colocalize with lysosomes. 
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Ponesimod Biology

Summary
S1P  Ponesimod
Potent & efficient Go. — mediated S1P, signaling + +
Efficient S1P, receptor internalization - +
S1P, receptor transfer to lysosomes - +
S1P, receptor degradation i +

Desensitization / functional antagonism - +

39


Vorführender
Präsentationsnotizen
No comment.
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Ponesimod Pharmacology

40
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Ponesimod — In Vivo Pharmacology
Single and Multiple Dosing in Male Wistar Rats

—ll— Vehicle n=12
3 mg/kg po n=6
—@ — 10 mg/kg po n=6

107 - Q — 30 mg/kg po n=6
— : + 100 mg/kg po n=6
3
2 o mm_w
T - L
o ,
™
o 5 \\‘;\
A |
% i S 4
E = ;;;;*,,,——J*"”’*""————r,,,,,%% *
O \ r r T
0 6 12 18 24

Time (H)

— rapid and dose dependent
LC reduction
41

Administration

LT

10 -
—l— Vehicle, n=6
—@ 100 mg/kg/day po n=6

/
|

LY (10 3 cells / pl)
(6)]

0 T T I T I T T 1
1 2 3 4 5 6 7 8 9
Time (Day)

— rapid reversibility
of LC reduction
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Ponesimod — In vivo Pharmacology
Rheumatoid Arthritis Model

« Ponesimod was shown to be efficacious in several animal models of
autoimmune diseases e.qg.

— Adjuvant-induced arthritis (AIA) model

—e— Control, n=2
-e— Vehicle, n=5
25 -1 —e ponesimod n=5

complete Freund's adjuvant

>

o

g 1g/kg ~ 100 mg/kg/day

(S

| | - o 4 8 12 16 20
1\01\ 10 20 Time after induction of arthritis (day)

-3h +9h Time [day]
30 mg/kg ponesimod

Change in paw volume (mL)

42


Vorführender
Präsentationsnotizen
Freund's adjuvant is a solution of antigen emulsified in mineral oil and used as an immunopotentiator (booster). The complete form, Freund's Complete Adjuvant,(CFA or FCA) is composed of inactivated and dried mycobacteria (usually M. tuberculosis), whereas the incomplete form (IFA or FIA) lacks the mycobacterial components (hence just the water in oil emulsion). It is named after Jules T. Freund.
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Summary

43

Iminothiazolidinones
- SAR leading to the identification of ponesimod
- Regio-isomers, constitutional isomers, atropisomers

Ponesimod

- IS a potent, selective S1P, receptor agonist

- leads to S1P, receptor internalisation and degradation

- acts as a functional receptor antagonist

- reduces blood lymphocyte counts with rapid onset and reversibility
- is efficacious in models of autoimmune diseases

- isin Phase Il clinical trials for MS and psoriasis

Bolli et al. J. Med. Chem. 53(2010) 4198-4211
Piali et al. J. Pharmacol. Exp. Ther. 337(2011) 547-556
Bolli et al. Curr. Top. Med. Chem. 11(2011) 726-757
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o Biology Lucy Baumann, Christoph Binkert, Magda Birker, Maxime Boucher, John
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Fabio D'Aiuto, Alexandre Flock, Julien Grimont, Beny Hofstetter, Niklaus Kuratli, David Lehmann, Cyrille

Gatfield, Julie Hoerner, Oliver Nayler, Alexandre Peter, Sylvie Poirey, Patrick
Sieber, Virginie Sippel, Daniel Strasser Chemistry Arturs Berzins, Martin Bolli,

Lescop, Boris Mathys, Matthias Merrettig, David Monnard, Claus Miuller, Henri Ramuz, Michael Scherz,
Jurgen Seifert, Mireille Tena Stern, Jorg Velker, René Vogelsanger, Thomas Weller DMPK Noura Akel,
Stéphane Delahaye, Sibylle Flaeschel, Julia Friedrich, Susanne Globig, Carmela Gnerre, Chris Kohl,
Thomas Pfeifer, Alex Treiber, Aude Weigel, Rolf Wuest Modeling Daniel Bur Legal Thomas Gschwend
Pharmacology Marion Aubert, Ceéline Bortolamiol, Roland Ernst, Eric Ertel, Giorgio Ferrari, Sylvie
Froidevaux, Franck Haag, Hakim Hadana, Alexander Hasler, Nicole Hecht, Patrick Hess, Keith Morrison,
Johannes Mosbacher, Luca Piali, Markus Rey, Jeremy Scherer, Eva Schlosser, Christine Seeger, Beat
Steiner, Meélanie Tunis, Daniel Wanner Preformulation Roberto Bravo, Stephan Buchmann, Bruno
Capeleto, Elvire Fournier, Judith Frey, Christine Metzger, Rodolphe Mielke, Gaby von Aesch, Markus von
Raumer Process Research Stefan Abele, Patrick Dorrwéchter, Daniel Leuenberger, Stefan Reber,
Gunther Schmidt, Marco Tschanz Project Management Paul Brian, Thomas Sergejew Toxicology Tanja
Bayer, Patrick Bouis, Ulrich Menzel, Kerstin Niggemann, Hugo Perez, Petra Reissbrodt

_—

ﬁ Fraunhofer M. Elend, A. Preil

ITEM
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Vorführender
Präsentationsnotizen
Fraunhofer Institute for Toxicology and Experimental Medicine
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