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1
SOLID PHARMACEUTICAL COMPOSITIONS
COMPRISING A SIP RECEPTOR AGONIST
AND A SUGAR ALCOHOL

This is a divisional of application Ser. No. 10/552,005 filed >
on Nov. 14, 2005, which is National Stage of International
Application No. PCT/EP2004/003656 filed on Apr. 6, 2004,
which claims benefit of provisional Application 60/461,215
filed on Apr. 8, 2003, the entire disclosures of which are
hereby incorporated by reference.

The present invention relates to pharmaceutical composi-
tions comprising a sphingosine-1 phosphate receptor agonist.
Sphingosine-1 phosphate (hereinafter “S1P”) is a natural
serum lipid. Presently there are 8 known S1P receptors,
namely S1P1 to S1P8. S1P receptor agonists have accelerat-
ing lymphocyte homing properties.

S1P receptor agonists are immunomodulating compounds
which elicit a lymphopenia resulting from a re-distribution,
preferably reversible, of lymphocytes from circulation to sec-
ondary lymphatic tissue, evoking a generalized immunosup-
pression. Naive cells are sequestered, CD4 and CDS8 T-cells
and B-cells from the blood are stimulated to migrate into
lymph nodes (LN) and Peyer’s patches (PP), and thus infil-
tration of cells into transplanted organs is inhibited.

The various known S1P receptor agonists show structural
similarities, which result in related problems in providing a
suitable formulation. In particular, there is a need for an S1P
receptor agonist containing formulation which is well-
adapted for oral administration in a solid form, e.g. as a tablet
or capsule.

Accordingly, the present invention provides a solid phar-
maceutical composition suitable for oral administration,
comprising a S1P receptor agonist and a sugar alcohol.

Ithas surprisingly been found that solid compositions com-
prising a sugar alcohol provide formulations which are par-
ticularly well suited to the oral administration of S1P receptor
agonists. The compositions provide a convenient means of
systemic administration of S1P receptor agonists, do not suf-
fer from the disadvantages of liquid formulations for injection
or oral use, and have good physicochemical and storage prop-
erties. In particular, the compositions of the present invention
may show a high level of uniformity in the distribution of the
S1P receptor agonist throughout the composition, as well as
high stability. The compositions of the invention may be
manufactured on high speed automated equipment, and thus
do not require hand encapsulation.

S1P receptor agonists are typically sphingosine analogues,
such as 2-substituted 2-amino-propane-1,3-diol or 2-amino-
propanol derivatives. Examples of appropriate S1P receptor
agonists are, for example:

Compounds as disclosed in EP627406 A1, e.g. a compound

of formula I
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CH,OR;

R,RsN CH,OR,
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Ry

wherein R, is a straight- or branched (C,,_,,)carbon chain
which may have in the chain a bond or a hetero atom
selected from a double bond, a triple bond, O, S, NR,
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which may have as a substituent alkoxy, alkenyloxy,
alkynyloxy, aralkyloxy, acyl, alkylamino, alkylthio,
acylamino, alkoxycarbonyl, alkoxycarbonylamino,
acyloxy, alkylcarbamoyl, nitro, halogen, amino,
hydroxyimino, hydroxy or carboxy; or
R, is
a phenylalkyl wherein alkyl is a straight- or branched
(Cs_50)carbon chain; or
a phenylalkyl wherein alkyl is a straight- or branched
(C,_s0)carbon chain wherein said phenylalkyl is substi-
tuted by
a straight- or branched (C,_,,)carbon chain optionally sub-
stituted by halogen,
a straight- or branched (C,_,,)alkoxy chain optionally sub-
stituted by halogen,
a straight- or branched (C_,)alkenyloxy,
phenylalkoxy, halophenylalkoxy, phenylalkoxyalkyl, phe-
noxyalkoxy or phenoxyalkyl,
cycloalkylalkyl substituted by Cg4_,qalkyl,
heteroarylalkyl substituted by C,_,qalkyl,
heterocyclic Cg_,qalkyl or
heterocyclic alkyl substituted by C,_,qalkyl,
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
NRg, wherein Ry is as defined above, and
as a substituent alkoxy, alkenyloxy, alkynyloxy, aralky-
loxy, acyl, alkylamino, alkylthio, acylamino, alkoxycar-
bonyl, alkoxycarbonylamino, acyloxy, alkylcarbamoyl,
nitro, halogen, amino, hydroxy or carboxy, and
each of R,, R;, R, and Ry, independently, is H, C,_, alkyl or
acyl
or a pharmaceutically acceptable salt thereof;
Compounds as disclosed in EP 1002792A1, e.g. a com-
pound of formula II

I

CH,OR';

| I
R'4R'5N—cl—<CH2>24®7€—<CH2>M~®

CILOR',

whereinm is 1 to 9 and each of R',, R';, R', and R's, indepen-
dently, is H, alkyl or acyl,
or a pharmaceutically acceptable salt thereof;
Compounds as disclosed in EP0778263 Al, e.g. a com-
pound of formula 111

11
Rn R",

Y
wW— c—z2
X

(CHZ) wOR"3

wherein W is H; C, _qalkyl, C, salkenyl or C, salkynyl;
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, _;cycloalkyl, phenyl and phe-
nyl substituted by OH;

X is H or unsubstituted or substituted straight chain alkyl
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3 4
atoms, e.g. substituted by 1 to 3 substitutents selected from Compounds as disclosed in WO 02/076995, e.g. a com-
the group consisting of C,  alkyl, OH, C,_;alkoxy, acyloxy, pound of formula V

amino, C, salkylamino, acylamino, oxo, haloC, _galkyl, halo-
gen, unsubstituted phenyl and phenyl substituted by 1 to 3

substituents selected from the group consisting of C,_ alkyl, 5 R v
OH, C,_salkoxy, acyl, acyloxy, amino, C,_,alkylamino, acy- ¢
lamino, haloC, g4alkyl and halogen; Y is H, C,_salkyl, OH, R4¢R35N4~7(CH2)MC—XCR25
C, salkoxy, acyl, acyloxy, amino, C, salkylamino, acy- R
lamino, haloC, 4alkyl or halogen, Z, is a single bond or a
straight chain alkylene having a number or carbon atoms of q, 10
each of p and q, independently, is an integer of 1 to 20, with wherein
the proviso of 6=p+q=23, m'is 1,2 o0r3,nis 2 or 3, m_is 1,2 or3;
each of R", R",, R"; and R",, independently, is H, C, _,alkyl X 1is O or a direct bond;
or acyl, 15 R, is H; CO,_4 alkyl optionally substituted by OH, acyl,
or a pharmaceutically acceptable salt thereof, halogen, C,_,,cycloalkyl, phenyl or hydroxy-phenylene;
Compounds as disclosed in W002/18395, e.g. acompound C, galkenyl; C, salkynyl; or phenyl optionally substituted
of formula I'Va or IVb by OH;
20 R, 1s
Iva
CHyR3, Ryq ORs,
I —
(Rpg)sN—C—CH,—X,—P=0 or | oRee
| | 25
THZ Ry
CHa wherein R is Hor C,_,alkyl optionally substituted by 1, 2
or 3 halogen atoms, and R, is H or C,_,alkyl optionally
. substituted by halogen;
each of R;_ and R,_, independently, is H, C,_,alkyl optionally
substituted by halogen, or acyl, and
R, is C,;_5palkyl which may optionally have in the chain an
(CH2)7CH; oxygen atom and which may optionally be substituted by
35 nitro, halogen, amino, hydroxy or carboxy; or a residue of
formula (a)
IVb
CHyR3p Ryq
' @
R0))N—C—CH,—X,—P=0 R,
| | 40 ¢
THZ Ry _|:x
—(CHz)24- /
e \ /\ RSC
45

wherein R, _ is H, C,_,alkyl or C, ,alkoxy, and r is substi-
tuted C, o alkanoyl, phenylC, ,alkyl wherein the
C,_14alkyl is optionally substituted by halogen or OH,
Y,—Ry4, cycloalkylC, | alkoxy or phenylC, ,,alkoxy wherein
50 the cycloalkyl or phenyl ring is optionally substituted by
halogen, C, jalkyl and/or CO, ,alkoxy, phenylC, ,,
wherein X, is O, S, NR,, or a group —(CH,),,,—, which alkoxy-C,_j alkyl, phenoxyC, ,alkoxy or phen-
group is unsubstituted or substituted by 1 to 4 halogen; n, is 1 oxyC,_,,alkyl,
or 2, R, is H or (C,_,)alkyl, which alkyl is unsubstituted or R_ being also a residue of formula (a) wherein Ry, is
substituted by halogen; R, , is H, OH, (C,_,)alkyl or O(C, ) 5 CC alkoxy when R,, is C,alkyl, C alkeny?c or
alkyl wherein alkyl is unsubstituted or substituted by 1 to 3 Cl_lglkyn ] te 14 1T
halogen; R, , is H, OH or (C,_,)alkyl, wherein alkyl is unsub- -0 Y
stituted or substituted by halogen; each R, , is independently
selected from H or (C,_,)alkyl, which alkyl is unsubstituted or
substituted by halogen; R, , is H, OH, halogenor O(C, _,)alkyl
wherein alkyl is unsubstituted or substituted by halogen; and

or a compound of formula VI

VI

R;, s H, OH, halogen, (C,_,)alkyl wherein alkyl is unsubsti- Ry _Il{f

tuted or substituted by hydroxy, or O(C, _,)alkyl wherein alkyl ‘\

is unsubstituted or substituted by halogen; Y, is —CH,—, R4xR3xN—~_fCH2)"x‘<\7_/<
—C(O)—, —CH(OH)—, —C(=NOH—, OorS,and R, is ¢ CH,—OR,, /'

(o Nollxl Aav A Nallranyd.
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wherein

n is2,3or4

R,, is H; C,_salkyl optionally substituted by OH, acyl, halo-
gen, cycloalkyl, phenyl or hydroxy-phenylene; C, salk-
enyl; C,_salkynyl; or phenyl optionally substituted by OH;

R,,is H, C,_, alkyl or acyl

each of R, and R, , independently is H, C, ,alkyl optionally

substituted by halogen or acyl,

Rs, s H, C, ,alkyl or C,_,alkoxy, and

Re, is C, ,palkanoyl substituted by cycloalkyl; cylo-
alkylC, _, ,alkoxy wherein the cycloalkyl ring is optionally
substituted by halogen, C,_,alkyl and/or C,_,alkoxy; phe-
nylC, , ,alkoxy wherein the phenyl ring is optionally sub-
stituted by halogen, C, , ,alkyl and/or C, ,alkoxy,

R, being also C,_, ,alkoxy when R |, is C,_,alkyl substituted
by OH, or pentyloxy or hexyloxy when R, is C, | ,-alkyl,

provided that Ry, is other than phenyl-butylenoxy when

either Rs, is H or R, is methyl,

or a pharmaceutically acceptable salt thereof;
Compounds as disclosed in WO02/06268A1, e.g. a com-

pound of formula VII
VII
NR, Ry Rea R7a
Raa (CH2)na ( ;_Xd Ys—Rsq
S
R3,0

whereineach of R, ;and R, ,, independently, is H or an amino-
protecting group;

R, is hydrogen, a hydroxy-protecting group or a residue of
formula

ORogq

”\ORSd
(@]

R, 1s lower alkyl;

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,_jpalkylene 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, cycloalkyl, aryl, heterocycle, cycloalkyl
substituted by up to three substituents selected from groups a
and b, aryl substituted by up to three substituents selected
from groups a and b, or heterocycle substituted by up to three
substituents selected from groups a and b;

each of R, 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-
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<group b>is cycloalkyl, aryl, heterocycle, each being option-
ally substituted by up to three substituents selected from
group a;
with the proviso that when Ry, is hydrogen, Y, is a group
5 exclusive of single bond and linear C, ,, alkylene, or a phar-
macologically acceptable salt or ester thereof;
Compounds as disclosed in JP-14316985
(JP2002316985), e.g. a compound of formula VII:

10
VII
X—Y—Rs,
Ree
NRRoe

f\ AN N\

15 Ry (CHZ)ne_l
/A s
R3,0 R7e

) whereinR,_, R, ., R;,, R,., Rs,, Re,., R, n,, X and Y, are as
disclosed in JP-14316985;
or a pharmacologically acceptable salt or ester thereof;
Compounds as disclosed in WO 03/29184 and WO

03/29206, e.g. compounds of formula IX

25
X
R3f
R, X
lf X s \/\ NI
30 | |
P = o CH,OR4s
Ry 2 CHORs

wherein X is Oor S, and R, » R, R, -and n are as disclosed
in WO 03/29184 and 03/29205,
eachofR,-and R, independently is H or a residue of formula

35

ORgf

40
[ ™>ory,
0

wherein each of Ry -and Ry, independently, is H or C, ,alkyl
optionally substituted by halogen; e.g. 2-amino-2-[4-(3-ben-
zyloxyphenoxy)-2-chlorophenyl [propyl-1,3-propane-diol or
2-amino-2-[4-(benzyloxyphenylthio)-2-chlorophenyl|pro-
pyl-1,3-propane-diol, or a pharmacological salt thereof.
Compounds as disclosed in WO03062252A1, e.g. a com-

45

50 pound of formula X
X
Rs,
(Raglo-4
55 )\ &
N
(CHa)g | R,—M

J (CHa)pg

60 Rig
wherein

Ar is phenyl or naphthyl; each of mg and ng independently is
0 or 1; A is selected from COOH, PO3H2, PO2H, SO3H,

65 PO(C1-3alkyl)OH and 1H-tetrazol-5-yl; each of R1g and
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optionally substituted by halogen or OH; each R4g indepen-
dently is halogen, or optionally halogen substituted
C1-4alkyl or C1-3alkoxy; and each of R9 and M has one of
the significances as indicated for B and C, respectively, in
WO03/062252A1,
Compounds as disclosed in WO 03/062248A2, e.g. acom-
pound of formula XI

XI
Rap

Ryn )\ (Ran)oa
A 7 N Ar/
H ~ R,—M
Rop

wherein Ar is phenyl or naphthyl; n is 2, 3 or 4; A is COOH,
1H-tetrazol-5-yl, PO3H2, PO2H2, —SO3H or PO(R5h)OH
wherein R5h is selected from C1-4alkyl, hydroxyC1-4alkyl,
phenyl, —CO—C1-3alkoxy and —CH(OH)-phenyl wherein
said phenyl or phenyl moiety is optionally substituted; each of
R1h and R2h independently is H, halogen, OH, COOH, or
optionally halogeno substituted C1-6alkyl or phenyl; R3h is
H or Cl-4alkyl optionally substituted by halogen and/OH;
each R4h independently is halogeno, OH, COOH, C1-4alkyl,
S(O)0, 1 or 2C1-3alkyl, C1-3alkoxy, C3-6¢cycloalkoxy, aryl
or aralkoxy, wherein the alkyl portions may optionally be
substituted by 1-3 halogens; and each of Rg and M has one of
the significances as indicated for B and C, respectively, in
WO03/062248A2.

According to a further embodiment of the invention, a S1P
receptor agonist for use in a combination of the invention may
also be a selective S1P1 receptor, e.g. a compound which
possesses a selectivity for the S1P1 receptor over the S1P3
receptor of at least 20 fold, e.g. 100, 500, 1000 or 2000 fold,
as measured by the ratio of EC50 for the S1P1 receptor to the
ECS50 for the S1P3 receptor as evaluated in a 35S8-GTPyS
binding assay, said compound having an EC50 for binding to
the S1P1 receptor of 100 nM or less as evaluated by the
35S-GTPyS binding assay. Representative S1P1 receptor
agonists are e.g. the compounds listed in WO 03/061567, the
contents of which being incorporated herein by reference, for
instance a compound of formula

XII

| AN
e O‘<j>j \/z
NH
OH or

XII

CH;—(CHy)g

In each case where citations of patent applications are

R M
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Acyl may be a residue R —CO-—wherein R, is C,_jalkyl,
C,_scycloalkyl, phenyl or phenyl-C, _,alkyl. Unless otherwise
stated, alkyl, alkoxy, alkenyl or alkynyl may be straight or
branched.

When in the compounds of formula I the carbon chain as 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.x0alkyl, optionally substituted by nitro, halogen, amino,
hydroxy or carboxy, and, more preferably those wherein R is
phenylalkyl substituted by Cg_, ,-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, C, | ,alkyl chain. The Cg_,alkyl chain
may be in ortho, meta or para, preferably in para.

Preferably each of R, to R is H.

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 phar-
maceutically acceptable salt form (referred to hereinafter as
Compound A), e.g. the hydrochloride, as shown:

HO OH

H,N “HCI

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-[(1-oxo-
5-phenylpentyl)phenyl]ethyl }propane-1,3-diol, in free form
or in pharmaceutically acceptable salt form (referred to here-
inafter as Compound B), e.g the hydrochloride.

A preferred compound of formula I1I is the one wherein W
is CH;, eachof R"; toR"; is H, Z, is ethylene, X is heptyloxy
and Y is H, i.e. 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.

A preferred compound of formula 1Va 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,,,is H, R;, is OH, X, is O, R, , and R, are
OH, Y, is O and R,, is heptyl). A preferred compound of
formula V is Compound B-phosphate.

A preferred compound of formula V is phosphoric acid
mono-[(R)-2-amino-2-methyl-4-(4-pentyloxy-phenyl)-bu-
tyl]ester.

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

When the compounds of formulae I to XIII have one or
more asymmetric centers in the molecule, the various optical
isomers, as well as racemates, diastereoisomers and mixtures
thereof are embraced.

Examples of pharmaceutically acceptable salts of the com-
pounds of formulae I to XIII include salts with inorganic
acids, such as hydrochloride, hydrobromide and sulfate, salts
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