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The present invention relates to the use of the S1P receptor
modulator 2-amino-2-[2-(4-octylphenyl)ethyl]propane-1,3-
diol, administered at a daily dosage of 0.5 mg, for inhibiting
or treating neo-angiogenesis associated with multiple sclero-
sis.
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1
S1P RECEPTOR MODULATORS FOR
TREATING MULTIPLE SCLEROSIS

This application is a Continuation of U.S. application Ser.
No. 12/303,765 filed Dec. 8, 2008 which is a 371 of PCT/
EP2007/005597 filed on Jun. 25, 2007, which claims benefit
of Great Britain Application No. 0612721.1 filed on Jun. 27,
2006, which in their entirety are herein incorporated by ref-
erence.

The present invention relates to the use of an S1P receptor
modulator in the treatment or prevention of neo-angiogenesis
associated with a demyelinating disease, e.g. multiple scle-
rosis.

S1P receptor modulators are typically sphingosine ana-
logues, such as 2-substituted 2-amino-propane-1,3-diol or
2-amino-propanol derivatives, e.g. a compound comprising a
group of formula X.

Sphingosine-1 phosphate (hereinafter “S1P”) is a natural
serum lipid. Presently there are eight known S1P receptors,
namely S1P1 to S1P8. S1P receptor modulators are typically
sphingosine analogues, such as 2-substituted 2-amino-pro-
pane-1,3-diol or 2-amino-propanol derivatives, e.g. a com-
pound comprising a group of formula X

X

z

R3RpN *\‘ CHpR,,

wherein Z is H, C, _salkyl, C,_salkenyl, C,_salkynyl, phenyl,
phenyl substituted by OH, C,_salkyl substituted by 1 to 3
substituents selected from the group consisting of halogen,
C, 4cycloalkyl, phenyl and phenyl substituted by OH, or
CH,—R,, wherein R, is OH, acyloxy or a residue of formula

(@

(a)
ORs;,

7~
—Z,—P.
[ org,

wherein Z, is a direct bond or O, preferably O

each of Ry, and R, independently, is H, or C, _,alkyl option-
ally substituted by 1, 2 or 3 halogen atoms;

R,,is OH, acyloxy or aresidue of formula (a); and each of R ,,
and R;, independently, is H, C, _,alkyl or acyl.

Group of formula X is a functional group attached as a
terminal group to a moiety which may be hydrophilic or
lipophilic and comprise one or more aliphatic, alicyclic, aro-
matic and/or heterocyclic residues, to the extent that the
resulting molecule wherein at least one of Z and R, is or
comprises a residue of formula (a), signals as an agonist at one
of more sphingosine-1-phosphate receptor.

S1P receptor modulators are compounds which signal as
agonists at one or more sphingosine-1 phosphate receptors,
e.g. S1P1to S1P8. Agonist binding to a S1P receptor may e.g.
result in dissociation of intracellular heterotrimeric G-pro-
teins into Ga.-GTP and Gfy-GTP, and/or increased phospho-
rylation of the agonist-occupied receptor and activation of
downstream signaling pathways/kinases.

The binding affinity of S1P receptor modulators to indi-
vidual human S1P receptors may be determined in following
assay:
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S1P receptor modulator activities of compounds are tested on
the human S1P receptors S1P,, S1P,, S1P;, S1P, and S1P5.
Functional receptor activation is assessed by quantifying
compound induced GTP [y->*S] binding to membrane protein
prepared from transfected CHO or RH7777 cells stably
expressing the appropriate human S1P receptor. The assay
technology used is SPA (scintillation proximity based assay).
Briefly, DMSO dissolved compounds are serially diluted and
added to SPA-bead (Amersham-Pharmacia) immobilised
S1P receptor expressing membrane protein (10-20 pg/well)
in the presence of 50 mM Hepes, 100 mM NaCl, 10 mM
MgCl,, 10 uM GDP, 0.1% fat free BSA and 0.2 nM GTP
[y->°S] (1200 Ci/mmol). After incubation in 96 well microti-
terplates at RT for 120 min, unbound GTP [y->°S] is separated
by a centrifugation step. Luminescence of SPA beads trig-
gered by membrane bound GTP [y->*S] is quantified with a
TOPcount plate reader (Packard). ECs are calculated using
standard curve fitting software. In this assay, the S1P receptor
modulators preferably have a binding affinity to S1P receptor
<50 nM.

Preferred S1P receptor modulators are e.g. compounds
which in addition to their S1P binding properties also have
accelerating lymphocyte homing properties, e.g. compounds
which elicit a lymphopenia resulting from a re-distribution,
preferably reversible, of lymphocytes from circulation to sec-
ondary lymphatic tissue, without evoking a generalized
immunosuppression. Naive cells are sequestered; CD4 and
CD8 T-cells and B-cells from the blood are stimulated to
migrate into lymph nodes (LN) and Peyer’s patches (PP).

The lymphocyte homing property may be measured in
following Blood Lymphocyte Depletion assay:

A S1P receptor modulator or the vehicle is administered
orally by gavage to rats. Tail blood for hematological moni-
toring is obtained on day -1 to give the baseline individual
values, and at 2, 6, 24, 48 and 72 hours after application. In
this assay, the S1P receptor agonist or modulator depletes
peripheral blood lymphocytes, e.g. by 50%, when adminis-
tered at a dose of e.g. <20 mg/kg.

Examples of appropriate S1P receptor modulators are, for
example:

Compounds as disclosed in EP627406A1, e.g. acompound
of formula I

CH,OR3

R4RsN CH,0R;

R

wherein R, is a straight- or branched (C,,_,,) chain

which may have in the chain a bond or a hetero atom
selected from a double bond, a triple bond, O, S, NRg,
wherein Rq is H, C,_jalkyl, aryl-C, jalkyl, acyl or
(C, 4alkoxy)carbonyl, and carbonyl, and/or
which may have as a substituent C, _jalkoxy, C, ,alkeny-
loxy, C,_jalkynyloxy, acyl, C,_,alkylamino,
C, salkylthio, acylamino, (C,_jalkoxy)carbonyl,
(C,_salkoxy)-carbonylamino, acyloxy, (C,_jalkyl)
carbamoyl, nitro, halogen, amino, hydroxyimino,
hydroxy or carboxy; or
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R, is
a phenylalkyl wherein alkyl is a straight- or branched
(Cs.20)carbon chain; or
a phenylalkyl wherein alkyl is a straight- or branched
(C,_30)carbon chain wherein said phenylalkyl is substi-
tuted by
a straight- or branched (Cq_,,)carbon chain optionally sub-
stituted by halogen,
a straight- or branched (Cg_,,)alkoxy chain optionally sub-
stituted by halogen,
a straight- or branched (Cg4_,)alkenyloxy,
phenyl-C, ,,alkoxy, halophenyl-C, ,alkoxy, phenyl-
C,.4alkoxy-C, | ,alkyl, phenoxy-C, jalkoxy or phe-
noxy-C, alkyl,
cycloalkylalkyl substituted by C_,,alkyl,
heteroarylalkyl substituted by Cg_,nalkyl,
heterocyclic C_,nalkyl or
heterocyclic alkyl substituted by C
and wherein
the alkyl moiety may have
in the carbon chain, a bond or a heteroatom selected from
a double bond, a triple bond, O, S, sulfinyl, sulfonyl, or
NR, wherein Ry is as defined above, and
as a substituent C,_jalkoxy, C,_,alkenyloxy, C,_,alkyny-
loxy, arylC, _,alkyloxy, acyl, C,_,alkylamino, C,_,alky-
Ithio, acylamino, (C,_jalkoxy)carbonyl, (C,_jalkoxy)
carbonylamino, acyloxy, (C,_salkyl)carbamoyl, nitro,
halogen, amino, hydroxy or carboxy, and
each of R,, R;, R, and R, independently, is H, C, _, alkyl or
acyl or a pharmaceutically acceptable salt or hydrate thereof;
Compounds as disclosed in EP 1002792A1, e.g. a com-
pound of formula II

2-208lkyl,

II
CHOR';

| i
R'4R'5N—T—<CH2>2OC—(CHz>m@

CH,OR',

whereinm s 1 to 9 andeach of R',, R, and R's, independently,
is H, C,_salkyl or acyl,
or a pharmaceutically acceptable salt or hydrate thereof;
Compounds as disclosed in EP0778263 Al, e.g. a com-
pound of formula IIT

m
NR"/R",

" C_ZZC

(CHy)»OR"3

wherein W is H; C,_salkyl, C, salkenyl or C,_ calkynyl;
unsubstituted or by OH substituted phenyl; R",O(CH,),; or
C, _salkyl substituted by 1 to 3 substituents selected from the
group consisting of halogen, C;_gcycloalkyl, phenyl and phe-
nyl substituted by OH;

X is H or unsubstituted or substituted straight chain alkyl
having a number p of carbon atoms or unsubstituted or sub-
stituted straight chain alkoxy having a number (p-1) of car-
bon atoms, e.g. substituted by 1 to 3 substitutents selected
from the group consisting of C,_salkyl, OH, C, _salkoxy, acy-
loxy, amino, C, salkylamino, acylamino, oxo, haloC,_salkyl,
halogen, unsubstituted phenyl and phenyl substituted by 1 to
3 substituents selected from the group consisting of C, _salkyl,
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OH, C, salkoxy, acyl, acyloxy, amino, C,_salkylamino, acy-
lamino, haloC,_galkyl and halogen; Y is H, C, salkyl, OH,
C,_salkoxy, acyl, acyloxy, amino, C, salkylamino, acy-
lamino, haloC,_salkyl or halogen, Z, is a single bond or a
straight chain alkylene having a number or carbon atoms of q,
each of p and q, independently, is an integer of 1 to 20, with
the proviso of 6<p+q=<23,m'is 1,2 or3,nis 2 or3,
eachof R",R",, R"; and R",, independently, is H, C, ,alkyl
or acyl,
or a pharmaceutically acceptable salt or hydrate thereof,

Compounds as disclosed in WO02/18395, e.g. acompound

of formula IVa or IVb

IVa
CHbR3, Rig
|
(Rza)zN—T—CHz —X,—P=0
CH, Ryp
CH»
or
(CH>),CH3
Vb
CH,R3, Ria
|
(RZa)zN_?_CHz—Xa—Il’ZO
?Hz Rip
CH,
Yo.—Raa

wherein X, is O, S, NR,; or a group —(CH,),,,—, which
group is unsubstituted or substituted by 1 to 4 halogen; n, is 1
or 2, R, is H or (C,_,)alkyl, which alkyl is unsubstituted or
substituted by halogen; R, , is H, OH, (C,_,)alkyl or O(C, _,)
alkyl wherein alkyl is unsubstituted or substituted by 1 to 3
halogen; R, , is H, OH or (C,_,)alkyl, wherein alky] is unsub-
stituted or substituted by halogen; each R, , is independently
selected from H or (C, _,)alkyl, which alkyl 1s unsubstituted or
substituted by halogen; R, is H, OH, halogen or O(C, _,)alkyl
wherein alkyl is unsubstituted or substituted by halogen; and
R;, is H, OH, halogen, (C,_,)alkyl wherein alkyl is unsubsti-
tuted or substituted by hydroxy, or O(C, _,)alkyl wherein alkyl
is unsubstituted or substituted by halogen; Y, is —CH,—,
—C(0)—,—CH(OH)—,—C(=NOH)—, OorS,andR,,, is
(Cayp)alkylor (Cyy 4)alkenyl;
or a pharmaceutically acceptable salt or hydrate thereof;
Compounds as disclosed in WO02/06268A1, e.g. a com-
pound of formula V

i /R”
CH)a—— 1 -\
N o

NRRa4

Ryg

Ry 0

whereineach of R, ;and R, ,, independently, is H or an amino-
protecting group;
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R, is hydrogen, a hydroxy-protecting group or a residue of
formula

_ORgq

—P.
||\0R84
O
R, ;18 C,_jalkyl;
n,is an integer of 1 to 6;
X is ethylene, vinylene, ethynylene, a group having a for-
mula -D-CH,— (wherein D is carbonyl, —CH(OH)—, O, S
or N), aryl or aryl substituted by up to three substitutents
selected from group a as defined hereinafter;
Y ,is single bond, C,_, alkylene, C,_, jalkylene which is sub-
stituted by up to three substitutents selected from groups aand
b, C,_j0alkylene having O or S in the middle or end of the
carbon chain, or C, _,,alkylene having O or S in the middle or
end of the carbon chain which is substituted by up to three
substituents selected from groups a and b;
Rs, is hydrogen, C,_scycloalkyl, aryl, heterocyclic group,
C,_¢cycloalkyl substituted by up to three substituents selected
from groups a and b, aryl substituted by up to three substitu-
ents selected from groups a and b, or heterocyclic group
substituted by up to three substituents selected from groups a
and b;
each of Ry, and R, independently, is H or a substituent
selected from group a;
each of Ry ;and R, ;, independently, is H or C, _,alkyl option-
ally substituted by halogen;
<group a> is halogen, lower alkyl, halogeno lower alkyl,
lower alkoxy, lower alkylthio, carboxyl, lower alkoxycarbo-
nyl, hydroxy, lower aliphatic acyl, amino, mono-lower alky-
lamino, di-C,_,alkylamino, acylamino, cyano or nitro; and
<group b>is C,_scycloalkyl, aryl or heterocyclic group, each
being optionally substituted by up to three substituents
selected from group a;
with the proviso that when Ry, is hydrogen, Y, is a either a
single bond or linear C,_,, alkylene, or a pharmacologically
acceptable salt, ester or hydrate thereof;

Compounds as disclosed in JP-14316985

(JP2002316985), e.g. a compound of formula VI

VI

X,—Y.—Rs,
NR Rz,

R;0

whereinR,_, R,,, R, R4, Re.s Roos Ry, 11, X, andY, are as
disclosed in JP-14316985;
or a pharmacologically acceptable salt, ester or hydrate
thereof;

Compounds as disclosed in WO03/062252A1, e.g. a com-

pound of formula VII
VI
Rsg
)\ /(R4g)04
N Ar\
(CHZ)ng Rg —M
A/ (CHZ)mg
Rig
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wherein
Ar is phenyl or naphthyl; each of m, and n, independently is
0 or 1; A is selected from COOH, PO;H,, PO,H, SO,H,
PO(C, ;alky)OH and 1H-tetrazol-5-yl; each of R, and R,
independently is H, halogen, OH, COOH or C,_,alkyl option-
ally substituted by halogen; R;, is H or C,_,alkyl optionally
substituted by halogen or OH; each R,, independently is
halogen, or optionally halogen substituted C, ,alkyl or
C,_;alkoxy; and each of R, and M has one of the significances
as indicated for B and C, respectively, in WO03/062252A1;
or a pharmacologically acceptable salt, solvate or hydrate
thereof;

Compounds as disclosed in WO 03/062248A2, e.g. a com-

pound of formula VIII

VIII
Rap

Ryn )\ /(R4h)0-4
A N A.r\
« H R,—M
Rop

wherein Ar is phenyl or naphthyl; n is 2, 3 or 4; A is COOH,
1H-tetrazol-5-yl, PO;H,, PO,H,, —SO;H or PO(R;,)OH
wherein Ry, is selected from C,_jalkyl, hydroxyC,_ ,alkyl,
phenyl, —CO—C, jalkoxy and —CH(OH)-phenyl wherein
said phenyl or phenyl moiety is optionally substituted; each of
R,;, and R, independently is H, halogen, OH, COOH, or
optionally halogeno substituted C,_calkyl or phenyl; R, is H
or C,_,alkyl optionally substituted by halogen and/OH; each
Ry, independently is halogeno, OH, COOH, C, ,alkyl,
S(0)o,1 02C13alkyl, C,_salkoxy, C;_ scycloalkoxy, aryl or
aralkoxy, wherein the alkyl portions may optionally be sub-
stituted by 1-3 halogens; and each of R, and M has one of the
significances as indicated for B and C, respectively, in WO03/
062248A2
or a pharmacologically acceptable salt, solvate or hydrate
thereof.
Compounds as disclosed in WO 04/103306A, WO
05/000833, WO 05/103309 or WO 05/113330, e.g. com-
pounds of formula IXa or IXb

Xa
Rar Rsp
Rop
Ay—7Z; Y
NH Ry
~o—w”
IXb
Rar R
Rox
A—ZF Y oH
“wiT SN, Ry
wherein
A; is COORs;, OPO(ORsp), PO(ORsy),, SO,0Rs,,

POR,, OR;, or 1H-tetrazol-5-yl, Ry, being H or C,_qalkyl;
W, is a bond, C; salkylene or C,_jalkenylene;

Y, is Cq4_paryl or C,_heteroaryl, optionally substituted by 1
to 3 radicals selected from halogene, OH, NO,, C, _calkoxy;
halo-substituted C,_galkyl and halo-substituted C,_salkoxy,
7, is a heterocyclic group as indicated in WO 04/103306A,
e.g. azetidine;

Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

US §,741,963 B2

7
R, is Cq4_jparyl or C, gheteroaryl, optionally substituted by
C,ealkyl, Cg oarylC, salkyl, C,heteroaryl, C; ghet-
eroarylC, ,alkyl, C;_gcycloalkyl, C, gcycloalkylC, ,alkyl,
C,_gheterocycloalkyl or  Cj gheterocycloalkylC, ,alkyl;
wherein any aryl, heteroaryl, cycloalkyl or heterocycloalkyl
of R, may be substituted by 1 to 5 groups selected from
halogen, C, qalkyl, C, calkoxy and halo substituted-
C, salkyl or —C, _salkoxy;
R,,is H, C,_salkyl, halo substituted C,_salkyl, C,_salkenyl or
C,_salkynyl: and
each of R;, or R,,, independently, is H, halogen, OH,
C,salkyl, C, qalkoxy or halo substituted C, salkyl or
C, _salkoxy;
and the N-oxide derivatives thereof or prodrugs thereof,
or a pharmacologically acceptable salt, solvate or hydrate
thereof.

The compounds of formulae I to IXb may exist in free or
salt form. Examples of pharmaceutically acceptable salts of
the compounds of the formulae I to VI include salts with
inorganic acids, such as hydrochloride, hydrobromide and
sulfate, salts with organic acids, such as acetate, fumarate,
maleate, benzoate, citrate, malate, methanesulfonate and ben-
zenesulfonate salts, or, when appropriate, salts with metals
such as sodium, potassium, calcium and aluminium, salts
with amines, such as triethylamine and salts with dibasic
amino acids, such as lysine. The compounds and salts of the
combination of the present invention encompass hydrate and
solvate forms.

Acyl as indicated above may be a residue R —CO—
wherein R, is C,_salkyl, C;_scycloalkyl, phenyl or phenyl-
C,_alkyl. Unless otherwise stated, alkyl, alkoxy, alkenyl or
alkynyl may be straight or branched.

Aryl may be phenyl or naphthyl, preferably phenyl.

When in the compounds of formula I the carbon chainas R,
is substituted, it is preferably substituted by halogen, nitro,
amino, hydroxy or carboxy. When the carbon chain is inter-
rupted by an optionally substituted phenylene, the carbon
chain is preferably unsubstituted. When the phenylene moi-
ety is substituted, it is preferably substituted by halogen,
nitro, amino, methoxy, hydroxy or carboxy.

Preferred compounds of formula I are those wherein R is
C,5.00alkyl, optionally substituted by nitro, halogen, amino,
hydroxy or carboxy, and, more preferably those wherein R, is
phenylalkyl substituted by C,_,4-alkyl chain optionally sub-
stituted by halogen and the alkyl moiety is a C,_galkyl option-
ally substituted by hydroxy. More preferably, R, is phenyl-
C, _salkyl substituted on the phenyl by a straight or branched,
preferably straight, Cg_,,alkyl chain. The Cg_,,alkyl chain
may be in ortho, meta or para, preferably in para.

Preferably each of R, to R5 is H.

In the above formula of V “heterocyclic group” represents
a 5-to 7 membered heterocyclic group having 1 to 3 heteroa-
toms selected from S, O and N. Examples of such heterocy-
clic groups include the heteroaryl groups indicated above,
and heterocyclic compounds corresponding to partially or
completely hydrogenated heteroaryl groups, e.g. furyl, thie-
nyl, pyrrolyl, azepinyl, pyrazolyl, imidazolyl, oxazolyl, isox-
azolyl, thiazolyl, isothiazolyl, 1,2,3-oxadiazolyl, triazolyl,
tetrazolyl, thiadiazolyl, pyranyl, pyridyl, pyridazinyl, pyrim-
idinyl, pyrazinyl, tetrahydropyranyl, morpholinyl, thiomor-
pholinyl, pyrrolidinyl, pyrrolyl, imidazolidinyl, pyrazolidi-
nyl, piperidinyl, piperazinyl, oxazolidinyl, isoxazolidinyl,
thiazolidinyl or pyrazolidinyl. Preferred heterocyclic groups
are 5- or 6-membered heteroaryl groups and the most pre-
ferred heterocyclic group is a morpholinyl, thiomorpholinyl
or piperidinyl group.
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A preferred compound of formula I is 2-amino-2-tetrade-
cyl-1,3-propanediol. A particularly preferred S1P receptor
agonist of formula I is FTY720, i.e. 2-amino-2-[2-(4-oc-
tylphenyl)ethyl|propane-1,3-diol in free form or in a pharma-
ceutically acceptable salt form (referred to hereinafter as
Compound A), e.g. the hydrochloride salt, as shown:

HO OH

LN “HCL

A preferred compound of formula II is the one wherein
each of R', to R's is H and m is 4, i.e. 2-amino-2-{2-[4-(1-
ox0-5-phenylpentyl)phenyl]ethyl}propane-1,3-diol, in free
form or in pharmaceutically acceptable salt form (referred to
hereinafter as Compound B), e.g the hydrochloride.

A preferred compound of formula III is the one wherein W
is CH;, each of R", toR"; is H, Z, is ethylene, X is heptyloxy
and Y is H, ie. 2-amino-4-(4-heptyloxyphenyl)-2-methyl-
butanol, in free form or in pharmaceutically acceptable salt
form (referred to hereinafter as Compound C), e.g. the hydro-
chloride. The R-enantiomer is particularly preferred.

Compounds may e in phosphorylated form. A preferred
compound of formula IVa is the FTY720-phosphate (R,,, is
H, R;, is OH, X, is O, R,, and R, are OH). A preferred
compound of formula IVb is the Compound C-phosphate
(R,,1sH,R;,i1sOH, X, isO,R, ,and R, are OH,Y ,is O and
R,, is heptyl). A preferred compound of formula V is Com-
pound B-phosphate.

A preferred compound of formula VI is (2R)-2-amino-4-
[3-(4-cyclohexyloxybutyl)-benzo[b]thien-6-yl]-2-methylbu-
tan-1-ol.

A preferred compound of formula IXa is e.g. 1-{4-[1-(4-
cyclohexyl-3-triffuoromethyl-benzyloxyimino)-ethyl]-2-
ethyl-benzyl}-azetidine-3-carboxylic acid, or a prodrug
thereof.

S1P receptor agonists or modulators are known as having
immunosuppressive properties or anti-angiogenic properties
in the treatment of tumors, e.g. as disclosed in EP627406A1,
WO 04/103306, WO 05/000833, WO 05/103309, WO
05/113330 or WO 03/097028.

Multiple sclerosis (MS) is an immune-mediated disease of
the central nervous system with chronic inflammatory demy-
elination leading to progressive decline of motor and sensory
functions and permanent disability. The therapy of multiple
sclerosis is only partially effective, and in most cases only
offers a short delay in disease progression despite anti-in-
flammatory and immunosuppressive treatment. Accordingly,
there is a need for agents which are effective in the inhibition
ortreatment of demyelinating diseases, e.g. multiple sclerosis
or Guillain-Barré syndrome, including reduction of, allevia-
tion of, stabilization of or relief from the symptoms which
affect the organism.

Characteristic pathological features of demyelinating dis-
eases include inflammation, demyelination and axonal and
oligodendrocyte loss. In addition lesions can also have a
significant vascular component. A firm link has recently been
established between chronic inflammation and angiogenesis
and neovascularization seems to have a significant role in the
progression of disease.

It has now been found that S1P receptor modulators have
an inhibitory effect on neo-angiogenesis associated with
demyelinating diseases, e.g. MS.
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