(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
International Bureau

(10) International Publication Number

WO 2005/105147 A2

(51) International Patent Classification’: A61K 45/06, (74) Agent: HAMAI, Kosuke; c/o Astellas Pharma Inc.,
31/401, 31/421, A61P 13/12 Intellectual Property, 3-11, Nihonbashi-Honcho 2-chome,
Chuo-ku, Tokyo 103-8411 (JP).

(43) International Publication Date

10 November 2005 (10.11.2005)

(21) International Application Number: (81) Designated States (unless otherwise indicated, for every

PCT/IP2005/006536 kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
(22) International Filing Date: 28 March 2005 (28.03.2005) CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
(25) Fi]jng Language; Enghsh KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD,
MG, MK, MN, MW, MX, MZ, NA, NI, NO, NZ, OM, PG,
. e . PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, SM, SY, TJ,
(26) Publication Language: English TM. TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, YU, ZA.

M, ZW.

(30) Priority Data:

60/566,920 3 May 2004 (03.05.2004) US (84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
(71) Applicant (for all designated States except US): ASTEL- GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
LAS PHARMA INC. [JP/IP]; 3-11, Nihonbashi-Honcho, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
2—ch0me, Chuo—ku, TOkyO 103-8411 (JP) European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,

FR, GB, GR, HU, IE, IS, IT, LT, LU, MC, NL, PL, PT, RO,
SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN,

(72) Inventors; and GQ, GW, ML, MR, NE, SN, TD, TG).

(75) Inventors/Applicants (for US only): SOGABE, Hajime
[JP/JP]; c/o Astellas Pharma Inc., 3-11, Nihonbashi-Hon-  pyplished:
cho, 2-chome, Chuo-ku, Tokyo 103-8411 (JP). TOMITA, — \jthout international search report and to be republished
Masayuki [JP/JP]; c/o Astellas Pharma Inc., 3-11, Nihon- upon receipt of that report
bashi-Honcho, 2-chome, Chuo-ku, Tokyo 103-8411 (JP).
NAKAZATO, Shoko [JP/JP]; c/o Astellas Pharma Inc., For two-letter codes and other abbreviations, refer to the "Guid-
3-11, Nihonbashi-Honcho, 2-chome, Chuo-ku, Tokyo 103-  ance Notes on Codes and Abbreviations" appearing at the begin-
8411 (JP). ning of each regular issue of the PCT Gazette.

(54) Title: THE COMBINATION OF PROSTAGLANDIN E2 RECEPTOR ANTAGONIST AND RENIN-ANGIOTENSIN SYS-
TEM INHIBITOR FOR TREATING RENAL DISEASES

005/105147 A2 | 00001 0 O 00 O O A

(57) Abstract: This invention relates to methods for treating renal diseases by using combination of prostaglandin E2 receptor antag-
onist and renin-angiotensin system inhibitor and pharmaceutical compositions for treating renal diseases comprising prostaglandin
E2 receptor antagonist and renin-angiotensin system inhibitor.



10

15

20

25

WO 2005/105147 PCT/JP2005/006536

1
DESCRIPTION
The combination of prostaglandin E2 receptor antagonist and

renin-angiotensin system inhibitor for treating renal diseases

Technical Field

This invention relates to the combination of prostaglandin
E2 receptor antagonist and renin-angiotensin system inhibitor
for treating renal diseases.

More particularly, this invention relates to methods for
treating renal diseases by using the combination of prostaglandin
E2receptorEP4antagonistandrenin—angiotensinsysteminhibitor
and pharmaceutical compésitions for treating renal diseases
comprising prostaglandin E2 reéeptor EP4 antagonist and

renin-angiotensin system inhibitor.

Background Art

Prostaglandin E2 is known as one of the metabolites in an
arachidonate cagscade. It isknown that it has various activities
guch as pain inducing activiﬁy, inflammatory activity, uterine

contractileactivity, apromotingeffectondigestiveperistalsis,

“an awaking activity, a suppressive effect on gastric acid

secretion, hypotensive activity, platelet inhibitory activity,

bone-resorbing activity, angiogenic activity, or the like.
ProstaglandhnEzreceptorshavebeensub-aividedintofour

subtypes, EP1, EP2, EP3 and EP4, and these receptors have a wide

digtribution in various tissues. The effects associated with EP1



10

15

20

25

WO 2005/105147 PCT/JP2005/006536

2

and EP3 receptors may be consideredas excitatory, andarebelieved
to be mediated by stimulat;,ion of phosphatidylinositol turnover
or inhibition of adenylcyclase activity, with resulting decrease
in intracellular levels of cyclic AMP. In contrast, the effects
agsociated with EP2 and EP4 receptors may be considered as
inhibitory, and are believed to be associated with a stimulation
of adenylcyclase and an increase in levels of intracellular cyclic
AMP.

EP4 receptor ishighlyexpressedinthymus, intestine, lung,
spleen, adrenal grand, kidney, and so on, it may be considered
tobe associatedwithsmoothmuscle relaxation, anti-inflammatory
or pro-inflammatory activities, 1ymphocyte differentiation,
antiallergic activities, mesangial cell relaxation or
proliferation, gastric or enteric mucus secretion, or the like.
In kidﬁey, EP4 regeptor is predominantly expressed in glomerulus,
where it may contribute to the regulation' of glomerular
hemodynamics and renin rel‘ease. To date, a variety of EP4
antagonists have been developed for treating renél diseases, and
it has been shownthat some of EP4 agonistsmayalsohave therapeutic
effect on said diseases. Héwever, the mechanism by which EP4
antagonist or agonist can function for treating renal diseases
have not been elucidated.

Angiotensin I (AI) is, in the renin—angiétensin cascade,
generated from angiotensinogen in blood plasma.by the enzymatic
action of renin produced in kidney. Then, angiotensin I is

convertedtoangiotensinII (AII) byangiotensinconvertingenzyme
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(ACE) . Angiotensin II has a potent vasoconstrictive activity
and therefore can cause hypertension. Therefore, angiotensin
converting enzyme inhibitors (ACE-I), which dinhibit the
production of angiotensin II, and angiotensin II receptor blocker
(ARB),whichiﬁhibitthefunctionofangiotensinII(collectively
referred to renin-angiotensin system inhibitors) have been used
in the treatment of hypertension.

Renin-angiotensin system inhibitors have been also used
in the treatment of nephritis or renal failure. Inrenal failure,
Na is pooled in the blood to raise blood pressure, and angiotensin
II contracts efferent glomerular arteriole té | raise
intraglomerular pressure. The rise of blood pressure and
intraglomerular pressure cause and maintain glomerular
hyperfiltration to promote progression of renal failure
pathologically. Therefore, renin-angiotensin system
inhibitors can be used to suppress intraglomerular hypertension
to prevent the progression of renal failure pathologically.
Renin-angiotensin system inhibitors specifically relax efferent
glomerular arteriole and can suppress intraglomerular
hypertension independent on'systemic blood pressure. However,
the efficacy of renin-angiotensin system inhibitors in the
treatment of renal disease is not sufficient and can not increase

by administering higher amounts of the inhibitors.

Summary of the Invention
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The present inventors have established use of the
combination of prostagiandin E2 recepto? antagonist and
renin~éngiotensin system inhibitor in the treatment of renal
failure to overcome the low efficacy of the prostaglandin E2
receptor antagonist or the renin-angibtensin system inhibitor
alone in such treatment.

Specifically, the present invention is based on the
knowledge found by the inventors that EP4 receptor antagonists
can function in the treatment of renal failure by a mechanism
different from that of renin-angiotensin system inhibitors and
the combinationof EP4 receptor antagonists andrenin- angiotensin
system inhibitors, rather than EP4 receptor antagonists or
renin-angiotensin system inhibitors alone, can more effectively
suppress the rate of decline in renal function.

In one aspect, the present invention relates to methods
for treating renal diseases comprising administering
prostaglandin E2 receptor antagonist and renin-angiotensin
system inhibitor to a patient suffering from gsaid diseases and
pharmaceutical compositions for treating renal  diseases
comprising prostaglandin  E2 receptor antagonist and
renin-angiotensin system inhibitor. |

In another aspect, the present invention relates method
for increasing an effect of renin-angiotensin system inhibitor
for treating renal disease, comprising administering
prostaglandin E2 receptor antagonist to a patient suffering from

said disease, and pharmaceutical composition for increasing an
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effect of renin-angiotensin system inhibitor for treating renal
disease, comprising proétaglandin E2 receptor antagonist.

In another aspect, the present invention ?elates method
for increasing an effect of prostaglandin E2 receptor antagonist
for treating renal digease, comprising administering
renin—angiotehsin system inhibitor to a patient sﬁffering from
said disease, and pharmaceutical composition for increasing an
effectofprostaglandinEzreceptorantagonistfortreatingrenal
disease, comprising renin-angiotensin syétem inhibitor.

In another aspect, the;preseﬁt invention relates to a use
of prostaglandin E2 receptoraantagonist and renin-angiotensin
systeminhibitorformanufacturinganedicamentfortreatingrenal
disease.

In another aspect, the present invention relates to a use
of prostaglandin E2 receptor anﬁagonist for manufacturing a
medicament for increasing an effect of renin-angiotensin system
inhibitor for treating renal disease, and a use of
renin-angiotensin system inhibitor fof manufacturing a
medicament for increasing an effeét of prostaglandin E2 receptor
anfagonist for treating renal disease.

In another aspect, the present invention relates to an
article of manufacture, comprising packaging material .and
prostaglandin E2 receptor antagonist within the packaging
material, wherein said packaging material comprises a label or
a written material which indicates that the prostaglandin E2

receptor antagonist can be used for increasing an effect of
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renin-angiotensin system inhibitor for treating renal disease.

In another aspect, the present invention relates to an
comprising packaging'nmterial and
renin-angiotensinsysteminhibitorwithinthepackaéingmaterial,
wherein said packaging material comprises a label or a written
material which indicates that the renin-angiotensin system
inhibitor can be used for increasing an effect of prostaglandin

E2 receptor antagonist for treating renal disease.

Brief description of the drawings

Fig

. 1 shows the time schedule in the experiment of the

Example using male Wistar rats.

Fig

invention

Fig.

invention

Fig.

invention

Fig.

invention

Fig.

invention

Fig.

invention

Fig.

Fig.

. 2 shows the influence of the combination of the present
on body weight géin.

3 shows the effect of ﬁhe combination of the present
on urinary excretion of the protein.

4 shows the effect of the combination of the present
on blood urea nitrogen (BUN).

5 shows the effect of the combination of the present
on the serum creatinine concentration.

6 shows the effect of the combination of the present
on the percentage of rats reached endopoint.

7 shows the effect of the combination of the present
on the rate of decline in renal function.

8 shows the prediction of time reaching renal death.

9 shows the effect of the combination of the present
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invention on systolic blood pressure.

Fig. 10 shows the effect of the combination of the present
invention on kidney weight.

Fig. 11 shows the effect of the combination of the present
invention on the number of red blood cell.

Fig. 12' shows histological findings.

Fig. 13 shows the effect of the combination of the present

i

invention on glomerular injury.

Detailed description of the present invention

The present invention is now described in detail.

Prostaglandin E2 receptor antagonists useful for the
present invention include a variety of prostaglandin E2 receptor
antagonists known in the art.

Preferabiy, prostaglandin E2 receptor antagonist useful
for the present invention is an EP4 receptor antagonist.

Preferably, EP4 receptor.antagonists useful for present
invention include known oxazole compounds described in, for
example, WO095/17393, W095/24393, WO97/03973, W098/55468 and
WO00/18744, and compounds described.in.wooo/03980, WO00/15608,
W000/18405, WO00/21532, WO01/10426, WO01/49661, WO01/72302,
WO01/42281, WO01/62708, W002/16311, WO02/20462, W002/32900,
WO03/086390, WO03/087061, W002/50031, WO02/50032, W002/50033,
WO02/64564, which are incorporated by reference in the present

specification, or pharmaceutically acceptable salts thereof.
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Preferably, EP4 receptor antagonists useful for present
invention include the oxazole compounds represented by the

following formula (I):

R3 | TS ) ®
R4/ ™~ X/ ___ a2 o 2

R' is aryl which may be substituted with halogen(s),

5 wherein

R? is aryl which may be substituted with halogen(s),

X is single bond,
C
L'
10 or S0O,,

R® and R®* are independently hydrogen or suitable substituent

(wherein X is
C
|l
O,,

neither R® nor R* is hydrogen),

15 R® and R* may be linked together to form

-0 )

is N-containing heterocyclic group which may be substitutedwith
one or more sultable substituent (s),
R®> is hydrogen, hydroxyl, carboxy, or protected carboxy,

20 A' is lower alkylene or single bond,



10

15

20

WO 2005/105147 PCT/JP2005/006536

()

A

igs cyclo(C3-Cy)alkane or cyclo(Cs-Cs)alkene,
or a pro-drug thereof, or a pharmaceutical acceptable salt
thereof.

The definitions used in the above general formula (I) and
the specific and preferred examples thereof are explained and
set forth in detail as follows.

Suitable "aryl" andarylmoietyintheterms "ar (lower)alkyl
n, maryloxy", "ar (lower)alkenyl", "arylsulfonyl", "ar (lower)
arylsulfonyl","ar(1ower)a1kylsulfonyl",énd"aryloxysulfonyl"
mayincludephenyl,loweralkylphenyl(e.g.,tolyl,ethylphenyl,
propylphenyl, etc.), naphthyl or the like.

éuitable"halogen"mayincludefluorihe,chlorine,bromine,
or iodine.

The term "lower" is intended to mean 1 to 6 carbon atom(s),
unless otherwise indicated.

Suitable "lower alkyl" and lower alkyl moiety in the terms
"lower alkylamino", "ar(lower)alkyl", "carboxy(lower)alkyl",
"hydroxy (lower)alkyl™", "ar (lower)alkylsulfonyl", and lower
alkylsulfonyl may include straight or branched one having 1 to
6 carbon atom (s), such as methyl, ethyl, propyl, isopropyl, butyl,
isobutyl,sec—butyl,t—butyl,pentyl,t—pentyl,hexylorthelike,

preferably one having 1 to 4 carbon atom(s) .
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Suitable“loweralkylaminq"mayincludemono—ordi—(1ower)
alkylamino, such as mefhylamino, dimethylamino, ethylamino,
diethylamino, or the like.

Suitable"loweralkoiy"andloweralkoxynmietijltheterm
thydroxy (lower) alkoxy" may include methoxy, ethoxy propoxy,
isopropoxy, butoxy, isobutoxy, t-butoxy, pentyloxy, t-pentyloxy,
hexyloxy, or the like, preferably methoxy.

Suitable "heterocyclic group" may include saturated or
unsaturated, monocyclic or polycyclic heterocyclic group
containing at least one nitroge'n atom. And especially preferable
heterocyclic ring containing nitrogen may be ones such as:

unsaturatedBix:8—memberedheteroﬁonocyclicgroupcontaining
1 to 4 nitrogen atom(s), for example, pyrrolyl, pyrrolinyl,
imidazolyl, pyrazolyl, pyridyl and its N-oxide, pyrimidinyl,
pyrazinyl, dihydropyridazinyl, tetrahydropyridazinyl,
triazolyl (e.g., 1H-1,2,4-triazolyl, 1H—1,2,3-triazolyl,
2H-1,2,3-triazolyl, etec.), tetrazolyl (e.g., 1H-tetrazolyl,
2H-tetrazolyl, etc.), dihydrotriazinyl (e.g., 4,5-dihydro-
1,2,4-triazinyl, 2,5-dihydro-1,2,4-triazinyl, ete.), etc.,;
saturated 3 to 8-membered heteromonocyclic group containing
1 to 4 nitrogen atom(s), for example, pyrrolidinyl,
imidazolidinyl, piperidinyl, piperazinyl, azacycloheptyl,
azacyclooctyl, perhydroazepinyl, etc.,;

unsaturated condensed heterocyclic group containing 1 to 5
nitrogen atom(s), for example, indolyl, 2,3-dihydroindolyl,

isoindolyl, indolinyl, indazolyl, isoindolinyl, indolizinyl,
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benzimidazolyl, quinolyl,"1,2,3,4— tetrahydroquinolyl,
isoquinolyl, indazolyl; benzotriazolyl, tetrazolopyridyl,
tetrazolopyridazinyl (e.g., tetrazolol[l,5-blpyridazinyl,
etc.,), dihydrotriazolopyridazinyl, etc.,;
unsaturated 3 to 8-membered heteromonocyclic group containing
1 to 2 oxygen atom(s) and 1 to 3 nitrogen atom(s), for example,
oxazolyl, isoxazolyl, dihydroisoxazolyl, oxadiazolyl (e.g.,
1,2,4-oxadiazolyl, 1,3, 4-oxadiazolylf 2,5—oxadiazblyli
etc.,), etec.,;
saturated 3 to 8-membered heteromonocyclic group containing
1 to 2 oxygen atom(g) and 1 to 3 nitrogen atom(s), for example,
morpholino, etc.,;
unsaturated condensed heterocyclic group containing 1,to 2
oxygen atom(s) and 1 to 3 nitrogen atom(s), for example,
benzoxazolyl, benzoxadiazolyl, etc.,;
unsaturatedBtu)8—memberedheteromonocyclicgroupcontaining
1to 2 sulfur atom(s), for example, thienyl, thiepinyl, etc.,;
unsaturated 3 to 8-membered heteromonocyclic group containing
1 to 2 sulfur atom(s) and 1 to 3 nitrogen atom(s), for example,
thiazolyl, isothiazolyl, thiazolinyl, thiédiazolyl (e.g.,
1,2,4-thiadiazolyl, 1,3,4-thiadiazolyl, 1,2,5-thiadiazolyl,
1,2,3-thiadiazolyl), etc.,;
saturated 3 to 8-membered heteromonocyclic group containing
11x32sulfuratom(s)and].toBrﬂIrogenatoﬁ(s),forexample,

thiazolidinyl, etc.,;
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unéaturated condensed heterqmonocyclic group containing 1

~to 2 sulfur atom(s) and.lix33 nitrogen;atom(s), for example,
benzothiazolyl, benzothiadiazolyl, etc., and the like.

Suitable acyl and acyl moiety in the terms of "acylamino™

and “acyldxy“ may include aliphatic acyl group and acyl group

containing an aromatic or heterocyclic ring.

And, suitable examples of the said acyl may be lower alkanoyl

(e.g. formyl, acetyl, probionyl, butyryl, isobutyryl, valeryl,

isovaleryl, oxalyl, succinyl, pivaloyl, etc.); lower alkenoyl

(e.g., propionyl, 2—methy1pfopionyl, butenoyl, or the like,

preferably one having 3 to 4 carbon atom(s)); aroyl (benzoyl,

naphthoyl, etc.); lower alkoxyaroyl (methoxyphenylcarbonyl,

ethoxyphenylcarbonyl, propoxyphenylcarbonyl, isopropoxy-

phenylcabonYl, methoxynaphthylcarbonyi, ethoxynaphthyl-

carbonyl, propoxynaphtylcarbonyl, isopropoxynaphthylcarbonyl,
etc.); heterocyclic carbonyl ("heterocyclic moiety" in the term
"heterocyclic carbonyl" can be referred above); bridged
cyclic (lower) alkanecarbonyl (bicyclo[2.2.1]hept-2-yl-carbonyl,
bicyclo[3.2.1]oct-2-yl-carbonyl, bicyclo[3.2.2]non-2-yl-
carbonyl, bicyclb[3.2.2]non—3—y1—carbony1, bicyclo[4.3.2]
undec-2-yl-carbonyl, bicyclo[4.3.2]undec-3-yl-carbonyl,

bicycle[2.2.2]oct-2-en-2-yl-carbonyl, bicycle[3.2.2]non-3-en

-3-yl-carbonyl, tricyclo[5.3.1.1]dodec-2-yl-carbonyl,
tricycle[5.3.1.1]dodec-3~yl-carbonyl, adamantylcarbonyl,
etc.) ; cyclo (lower) -alkanecarbonyl (eyclopropanecarbonyl,

cyclobutanecarbonyl, cyclopentanecarbonyl, cyclohexane-



10

15

20

25

WO 2005/105147 PCT/JP2005/006536

13
carbonyl, etc.), carbamoyl Which.may‘be substituted with mono-
or di- (lower)alkyl (e.g. dimethylcarﬁamoyl, etc.) and the like.

Suitable ﬁcyclo(lower)alkyl“ may include‘cyclopropyl,
cyclopentyl, cyclobutyl, cyclohexyl, or the like.

Suitab;e"cyclo(lower)alkenyl"mayincludecyclopentenyl,
cyclohexenyl,cycloheptenyl,cyclooctenyl,cyclononenyl,orthe
like.

Suitable "proteqted carboxy" may include carbox&late,
esterified carﬁoxy, or the like.

Suitable exampleof theestermoietyof anesterifiedcarboxy
may be the ones such as lower alkyl (e.g., methyl, ethyl, propyl,
isopropyl, butyl, iscbutyl, tert-butyi, pentyl, hexyl, etc.)
which may have at least one suitable gsubstituent (s), for example,
lower alkanoyloxy (lower)alkyl . (e.g., acetoxymethyl,
butyryloxymethyl, valeryloxymeth?l, pivaloyloxymethyl, etc.),
halo(lower)alk?l (e.g., 2-iodoethyl, 2,2,2- trichloroethyl,
etc.); lower alkenyl (e.g., vinyl, allyl, etc.); lower alkynyl
(e.g., ethynyl, propynyl,‘etc.); ar (lower) alkyl which may have
at least one  suitable substituent (s) (e.g.,. benzyl,
4-methoxybenzyl, 4- nitrobenzyl, phenethyl, trityl, etc.); aryl
whichmayhaveatleastonesuitablesubstituent(s)(e.g.,phenyl,
teolyl, ‘4—chloropheny1, tert- butylphenyl, xylyl, mesityl,
cumenyl, etc.); phthalidyl; or the like.

Suitable"loweralkylene"mayincludestréightorkmanched
one having 1 to 6 carbon atom(s), such as methylene, ethylene,

trimethylene,tetramethylene,pentamethyleneandhexamethylene,
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preferably one having 1 to 3 carbon atom(s), more preferably
methylene.

Suitable "oyclo (C3-Cy) alkane™ may include‘cyclopropane,
cyclobutane, cyclopentane, cycldhexane, cycloheptane,

5 - cyclooctane, cyclononane, or the like, preferably one having 5
to 7 carbon atoms.

Suitable "cyclo(Cs-Cy)alkene" may include cyclopentene,
cyclohexene,cycloheptene,cyclooctene,cyclononene,orthelike,
preferably one having 5 to 7 carbon atoms.

10 Preférred embodiments of the oxazole compounds (I) as EP4
receptor antagonists useful for the present inventioﬁ are as
follows:
wherein
R' is aryl which may'be substituted with halogen(s),

15 R? is aryl which may be substituted with halogen(s),

X is single bond,
C
!
or S0,,
" R® and R* are independently
20 (1) hydrogen;
(2) hydroxy;
(3) lower alkyl which may be substituted with one or more
substituent (s) selected from the group consisting of:
(a) hydroxy,

25 (b) cyano,
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(3)
(k)

(1)

15
lower alkoxy,
hydroxy (lower) alkoxy,
cyglo(lower)alkyl,
cyclo (lower)alkenyl,
amino,
lower alkylamino,.
carbamoyl,
carboxy,
protected carboxy,

heterocyclic group optionally

ar (lower) alkyl or oxo, and

(m)

aryl optionally substituted with
hydroxy,

carboxy,

"protected carboxy,

carboxy (lower)alkyl, or

PCT/JP2005/006536

substituted with

lower alkoxy which may be substituted with cafboxy or

protected carboxy;

(4) lower alkoxy which may be substituted with aryl(s);

(5) aryl whichmaybe substitutedwithone or more substituent (s)

gselected from the group consisting of:

(a)
(b)

(c)

aryloxy,
acylamino, and

carbamoyl;

(6)cyclo(lower)alkylwhichmaybesubstitutedwithhydroxy(s);

(7)

arylsulfonyl;
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(8) ar(lower)alkylsulfonyl;
(9) lower alkylsulfonyi;

(10) aryloxysulfonyl;

(11) heterocyclic group which may be substituted with one or

5 more substituent (g) selected from the group consisting of:

(a) ar(lower)alkyl,
(b) arvli,
(¢) protected carboxy,
(d) lower alkyl, and
10 (e) oxo;
(12) acyl which may be substituted with aryl; or
(13) carbamoyl which may be substituted with
ar (lower)alkyl, or arylsulfonyl,
(wherein X is
I
15 o

3 4

neither R ®? nor R * is hydrogen),

> and R * may be linked together to form

55 ED

acyl,

is N-containing heterocyclic group which may be substituted with

20 one or more substituent (s) selected from the group consisting

of:
(1) lower alkyl,
(2) aryl,

(3) protected carboxy,
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(4) hydroxy (lower)alkyl,
(5) ar(lower)alkyl,
(6) hydroxy,
(7) oxo,‘and
5 (8) lower alkylamino,
R® is

(1) hydrogen,
(2) hydroxy,
(3) carboxy, or

10 (4) protected carboxy,

A' ig lower alkylene or single bond,

()

A

is cyclo(Cs3-Cs)alkane or cyclo (Cs-Cs) alkene,
or a pro-drug thereof, or a pharﬁaceutically acceptable salt
15 thereof.

More preferred.embodiments of the oxazole compounds (I)
as EP4 receptor antagonists useful for the present invention are
as follows:
wherein

20 R' is aryl,
R? is aryl,

X is single bond
| C

I

O

or 503,
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R?® and R*! are independently
(1) hydrogen;

(2) hydroxy;

PCT/JP2005/006536

(3) lower alkyl which may be substituted with one or mdre

substituent (s) selected from the group consisting of:

(a) hydroxy,

(b) cyano,

(c) lower alkoxy;

(d) hydroxy (lower)alkoxy,
(e) cyclo(lower)alkyl,
(£) éyclo(lower)alkenyl,
(g) amino,

(h) lower alkylamino,.

(1) carbamoyl,

(j) carboxy,

(k) protected carboxy,

(1) heterocyclic Qroup optionally

ar (lower)alkyl or oxo, and

(m) aryl optionally substituted with

hydroxy,
carboxy,
protected carboxy,

carboxy (lower)alkyl, or

substituted

with

lower alkoxy which may be substituted with carboxy or

protected carboxy;

(4) lower alkoxy which may be substituted with aryl(s);
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(5) aryl whichmaybe substitutedwithone or more substituent (s)
selected from the group éonsisting of:
(a) aryloxy,
(b) acylamino, and
5 (¢) carbamoyl;
(6) cyclo (lower) alkyl whichmay be substitutedwithhydroxy(s) ;
(7) arylsulfonyl;
(8) ar(lower)alkylsulfonyl;
(9) lower alkylsulfonyl;
10 (10) aryloxysulfonyl;
(11) heterocyclic group which may be substituted with one or
more substituent (s) selected from the group consisting of:
(a) ar(lowe?)alkyl,
(b) aryl,
15 (¢) protected carboxy,
(d) lower alkyl,-and
(e) oxo;
(12) acyl‘which may be substituted with aryl; or
(13) carbamoyl . which may be subst%tuted with acyl,
20 ar(lower)alkyl, or arylsulfonyl,

(wherein X is
C
I
OI

3

neither R ® nor R *is hydrogen),

R?® and R® may be linked together to form
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isN-containingheterocyclicgrowpwhidhmaybeéubstitutedwith
one or more substituent (s) selected from the group consisting
of:
5 (1) lower alkyl,
(2) aryl,
(3) protected carboxy,
(4) hydroxy (lower)alkyl,
(5) ar(lower)alkyl,
10 (6) hydroxy,
(7) oxo, and
(8) lower alkylamino,
R® is hydrogen, .

A' is lower alkylene,

®

15 A
| is
(1) cyclohexane,
(2) cyclohexene,
(3) cyclopentane, or
20 (4) cyclopentene;
or a pro-drug thereof, or a pharmaceutically acceptable salt
thereof. |

Furthermore preferred embodiments of the oxazole compounds

(I) are as follows
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wherein
R' is phenyl,

R? is phenyl,

X is

C

|

5 Ol
or SO, ,

R? and R*! are independently

(1) hydrogen;

(2) lower alkyl which may be substituted with one or more
10 substituent (s) selected from the group consisting of:

(a) hydroxy,

(b) heterocyclic group, and

(c) phenyl;

(3) lower alkoxy which may be sﬁbstituted with phenyl; or
15 (4) ﬁhenyl which may be substituted with phenyloxy;

(wherein X is
C
|
neither R® nor R* is hydrogen),

R?® and R® are linked together to form

EORD

ig N-containing heterocyclic group;
R® is hydrogen,

A' is methylene,
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22

is

(i) cyclohexane,

(2) cyclohexene,

(3) cyclopentane, or

(4) cyclopentene,
or a pro-drug thereof, or a pharmaceutically acceptable salt
thereof.

ThespecificallypreferredEP4receptorantagonistsuseful

for the present invention is N—[(2—hydroxy—2—phenyl)ethyl]—3-
{[(1S,2R)—2—(4,5—diphenyloxazol—2-yl)—1-cyclopentyl]methyl}b
enzamide, N-(2,2 —diphenylethyl)—3~{[(1S,2R)—2—(4,5—diphenyl
—oxazol—2;yl)-1—cyclop¢ntyl]methyl}benzamide, N—benz?loxy—3—
{[(18)—2—(4,5~diphenyloxazol—2—yi)-2—cyclohe#en—l-yl]methyl}
benzamide or N- benzylsulfonyl-3-{[(1S)-2-(4,5-diphenyloxazol
-2—y1)-2—cyclohexen—1—yl]methyl}benzamide, and the most
preferred EP4 receptor antagonists useful fqr the present
invention is N- benzylsulfonyl-3-{[(1S)-2-(4,5-diphenyloxazol
—2—yl)—z—cyclohexen—l—yl]methyl}bénzamide (FR233074) as’

represented by the following formula:

Ph Ph

O, N o
Oy
“\\\\\‘\ ”/ S
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or pharmaceutically acceptable salts thereof.

Renin-angiotensin system inhibitors useful for present
invention include a variety of angiotensin éonvgrting enzyme
inhibitors (ACE-I) and angiotensin II receptor blockers (ARB)
known in the art.

Angiotensin converting enzyme inhibitors (ACE-I) useful
forpresentinventioninclude,forexample,captopril,1isinopril,
temocapril, enalapril, imidapril, gquinapril, cilazapril,
delapril, trandolapril, ramipril, £fosinopril, perindopril,
benazepril and alacepril or pharmaceutically acceptable salts
thereof (see, e.g., US4,046,889, US4,555,502,‘ UsS4,699,905,
US4,374,829,US4,508,727,US4,761,479,US4,512,924,US4,385,051,
U55,256r,68'7,US4,587,258,US4,337,201,US4,508,‘729,US4,410,5.20,
and US4,248,883, which are incorporated by reference in the
present specification). Specifically preferable ACE-I useful
for present invention is captopril.

Angiotensin IT receptorxblockers (ARB) useful for‘presént
invention include, for example, losartan, candesartan,
telmisartan, olmesartan, eprosartan, irbesartan andsvaléartan,
or pharmaceutically acceptable salts thereof (see, e.g.,
U85,138,069,USS,354,766,USS,591,762,USS,616,599,U85,185,351,
W09114679 and EP433983, which ére incorporated by reference in
the present specification). Specifically preferableARB useful
for present invention is losartan.

Renal diseases treated by the combination of the present

invehtioninclude,butarenotlimitedto,renalfailure(chronic
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and acute), nephritis, glomerulonephritis, glomerulosclerosis,
nephropathy, nephrosclérosis, renal fibrosis, diabetic
nephropathy, nephrotic syndrome, and the 1ike. More
specifically, renal diseases treated by the combination of the
present invéntion are chronic renal failure and nephritis.

The term “increasing an effect of” means that combination
of EP4 receptor antagonist and renin-angiotensinsysteminhibitor,
can more effectively improve renal disease of a patient than EP4
receptor'antagonist,or:reﬁin—angiotensin:systen1inhibitor‘alone
does.

ProstaglandinE2 receptor antagonist andrenin-angiotensin
system inhibitor used in the present invention may ofally or
parenterally' administered, simultaneously, separately or
sequentially, in combination with physiologically acceptable
carriers. |

ProstaglandinEZreceptorantagonistandrenin—angiotensin
system inhibitor used in the present invention can be used in
the form of a pharmaceutical preparation, for example, in golid,
semisolidcn:liquidform(e.g.,tablet,pellet,troche,capsule,
suppository, cream, ointment, aerosol, powder, solution,
emulsion, suspension etc.), which contains the object compounds
or a pharmaceutically acceptable salt thereof as an active
ingredient, suitable for rectal, pplmonary (nasal or buccal
inhalation), mnasal, ocular, -external (topical), oral or
parenteral (including subcutaneous, intravenous and

intramuscular) administrations or insufflations.
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Preparation of prostaglandin E2 receptor antagonist and
renin—angiotensinsysteminhibitorusedlethepmesentinvention
cancontainvarioﬁsorganicorinorganicCarrierma;erials,which
are conventionally used for pharmaceutical purpose, such as
excipilent (e.g., sucrose,'starch, mannit,lsorbit, lactose,
glucose, cellulose, talc, calcium phosphate, calcium carbonate,
etc.), binding agent (e.g., cellulose, methyl cellulose,
hydroxypropylcellulose, polypropylpyrrolidone, gelatin, gum
arabic, polyethyleneglycol, sucrose, gstarch, etc.),
disintegrator (e.g., starch, carboxymethyl cellulose, calcium
salt of carboxymethyl cellulose, hydroxypropylstarch, sodium
glycol- starch, sodium bicarbonate, calcium phosphate, calcium
citrate,etc.),lubricant(e.g.,magnesiumstearéte,talc,sodium
laurylsulfate,etc.),flavoringagent(e.g.,citricacid,mentol,
glycine, orange powders, etc.),.preservative (e.g., sodium
benzoate,sodiumbisulfite,methylparaben,propylparaben,etc.),
stabilizer(e.g.;citricacid,sodiumcitrate,aceticacid,etc.),
suspendingagent(e.g.,methylcellﬁlose,polyvinylpyrrolidone,
aluminum stearate, etc.), dispersing agent, aqueous diluting
agent (e.g., water), base wax (e.g., cacao butter,
polyethyleneglycol, white petrolatum, etc.) .

The effective ingredient may usually be administered with
a unit dose of 0.01 mg/kg to 100 mg/kg, 1 to 4 times a day. The
therapeutically effective dose of ingredient can be suitably
determined by practitioner on the basis of age, body weight and

condition of patient as well as administration mode.
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The folléwing example illustrates the treating renal
disease using the combination of prostaglandin E2 receptor
antagonistAand renin-angiotensin system inhibitor and as such
is not to be considered as limiting the present invention in the

appended claims.

Example
Combination effect of captopril (ACE-I) and FR233074 (EP4

antagonist)cnlratuninephrectomizedanti—Thy—lnephritismodel

Method (Fig. 1)

Male Wistar rats (6-weeks old) were used for the example.
These Wister rats were anesthetized by administration of
pentobarbital and subjected to unilateral nephrectomy. Two
weeks later, these rats were injeéted.with anti-Thy-1 antibody
(gift of Department of Cell Biology, Institute of Nephrology,
NiigataUniversityGraduateSchoolofMedicalandDentalSciences,
Japan) from tail vein of them to induce anti-Thy-1 nephritis.
Normalgroupweresubjectedtoonlyventrotomywithoutunilateral
nephrectomy and injected with saline instead of anti-Thy-1
antibody.

One week after administration of the antibody, the rats
were weighted, blood of the rats were collected (0.55ml1 from
gubclavian vein), and 24-h urine collections were performed.

Then,theseratsweredividedintothegroupsbasedonboayweight,
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renal function parameters (BUN (blood urea nitrogen) and serum
creatinine) and urinary’excretion of protein.

The agents were administered to the rats fo# 23 weeks from
the day 6f the grouping. 2, 4, 6, 8, 12, 16, 20 and 24 weeks
after adminiétration. of the antibody (at 24 weeks after
administration of the antibody, the administration of the agents
wag finished), the rats were weighted, blood of the rats were
collected,24—hurinecollectionswergp@rformed,andthen,body
weight,renalfunctionparametersandurinaryexcretionofprotein

of the rats were determined. Systemic'blood.pressure of each rat

was alsomeasuredat 10 weeks after administrationof the antibody.

Results
1. Effect on body weight
There were no effects of administration of the agents on

body weight gain. (Fig. 2)

2. Effect on urinary excretion of protein

Urinary excretion of protein in control group. increased
to nine folds of that in normal group on one week after injection
of anti-Thy-1 antibody (i.e., disease induction), and continued
to increase for 24 weeks (Fig. 3).

On the other hand, in the group administered with captopr:;Ll
alone (30 mg/kg/day) and in the group administered with FR233074
alone (20 mg/kg/day), increases in urinary excretion of protein

were suppressed. Furthermore, in the group administered with



10

15

20

25

WO 2005/105147 PCT/JP2005/006536

28
combination of captopril and FR233074, an increase in urinary
excretion of protein‘was‘suppressed more strongly, suggesting

additive effect of the combination (Fig. 3).

3. Effect on renal function parameters
Each group administered with the agent was improved in renal

function parameters (BUN and serum creatinine) (Fig. 4 and 5).

4. Percentage of rats which reached to endpoint

In the control group, rats which reached to endpoint
(doubling of éerum creatinine concentration or death) abpeared
on 8 weeks after disease induction and the number of such rats
increased thereafter (Fig 6).

On the other hand, in eachgroup administeredwith the agent,
an increase of rats which reached to endpoint was suppressed,
however, there was no gsignificant difference between the group
administerea with captopril or FR233074 alone and the gfoup

administered with the combination (Fig. 6).

5. Effect on the rate of decline in renal function

The rate of decline in renal function (1/Cxr slope) was
decreased in the group administered with captopril or FR233074
alone than the control group. Furthermore, the rate of decline
in renal function was more effectively decreased in the group
administered with the combination than the group administered

with each agent alone (Fig. 7).
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6. Prediction of time reéching renal death

An averaged value of 1/Cr in each group at one week after
disease induction was plotted, and drew down linearly, based on
an averaged value of 1/Cr slope in each group. A time point for
1/Cr = 0.1 was calculated, and defined as time reaching renal
death(timepointforl/Cr:O.lisoneofstandardsforintroducing
dialytic therapy in clinical bractice{.

Time from the digease induction to the renal death was
prolonged in the group administered with captopril or FR233074
alone compared with the control group. Furthermore, the time
was prolonged in the group administered with the combination

compared with the group administered with each agent alone (Fig.

8).

7. Effect on systemic blood pressure

An elevation in systolic blood pressure appeared in the
control group. An elevation in systolic blood pressure was
suppressed in the group administered with captopril alone or the
combinationcomparaiwiththecontrolgroup. HoWever,therewas
no significant effect on an elevation in systolic blood pressure

in the group administered with FR233074 alone (Fig. 9).

8. Effect on kidney weight
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An increase in kidney weight appeared in the control group.
On the other hand, it was suppressed in the group administered

with the combination (Fig. 10).

9. Effect on the number of erythrocyte

The number of erythrocyte was decreased in the control group
due to renal anemia. On the other hand, decrease of e;ythrocyte
was suppressed in the group administered with combination (Fig.

11).

10. Histological observation

Severe glomerular and tubulointerstitial injury were
obgserved in the control group. ‘However', the extent of damage
was reduced in the group administered with captopril or FR233074
alone, and further less damage.was observed in the group

administered with the combination (Fig. 12-13).

Conclusion

As known from the above result, renin-angiotensin system -
inhibitor or EP4 receptor antagonist could suppress an increase
in urinary excretion of protein (a renal function parameter) and
therate of decline inrenal function (an indicator for aggravation
of renal injury), and the combination of both agents has additive
effect on the suppression of them. Furthermore, the difference

in the effects of the agents on systemic blood pressure suggests
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that each agent can suppress the progression of renal injury by

a different mechanism.
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" CLAIMS

1. A method for treating renal diéease, comprising
administering prostaglandin E2 receptor antagonist and
renin-angiotensin system inhibitor to a patient suffering from

said disease.

2. The method of claim 1, wherein the prostaglandin E2
receptor antagonist and the renin-angiotensin system inhibitor
are administered to the patient simultaneously, separately or

sequentially.

3. A method for increasing an effect of renin-angiotensin
system inhibitor for treating renal disease, ‘comprising
administering prostaglandin E2 receptor antagonist to a patient

suffering from said disease.

4. A method for increasing an effect of prostaglandin E2
receptor antagonist for treating renal disease, comprising

administering renin-angiotensin system inhibitor to a patient

suffering from said disease.

5. The method of any one of claims(1—4, wherein -the
prostaglandin E2 receptor antagonist is a prostaglandin E2

receptor EP4 antagonist.
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6. Apharmaceutical composition for treatingrenal disease,
comprising prostaglandin E2 receptor antagonist and

renin-angiotensin system inhibitor.

7. A pharmaceutical composition for increasing an effect
of renin-angiotensinsysteminhibitor for treatingrenal disease,

comprising prostaglandin E2 receptor antagonist.

8. A pharmaceutical composition for increasing an effect
ofprostaglandinEZreceptorantagonistfortreatingrenaldisease,

comprising renin-angiotensin system inhibitor.

9. The pharmaceutical composition of any one of claims 6-8,
wherein the prostaglandin E2 receptor antagonist 1is a

prostaglandin E2 receptor EP4 antagonist.

10. A use of prostaglandin E2 receptor antagonist and
renin-angiotensin system inhibitor for wmanufacturing a

medicament for treating renal disease.

11. A use of prostaglandin E2 receptor antagonist for
manufacturing a medicament for increasing an effect of

renin-angiotensin system inhibitor for treating renal disease.

12. A use of renin-angiotensin system inhibitor for

manufacturing a medicament for increasing an effect of
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prostaglandinEzreceptorantagonistfortreatingrenaldisease.

13. The use of any one of claims 10-12, wherein the
prostaglandin E2 receptor antagonist is a prostaglandin E2

receptor EP4 antagonist.

14. An article of manufacture, comprising packaging
material and prostaglandin E2 receptor antagonist within the
packaging material, wherein said packaging material comprises
a label or a written material which indicates that the
prostaglandin E2 receptor antagonist can be used for increasing
aneffect of renin-angiotensinsysteminhibitor fortreatingrenal

disease.

15. An article of manufacture, comprising packaging
material and renin-angiotensin system inhibitor within the
packaging material, wherein said packaging material comprises
a label or a written material which indicates that the
renin-angiotensin system inhibitor can be used for increasing
an effect of prqstaglandin E2 receptor antagonist for treating

renal disease.

16. The article of manufacture of any one of claims 14-15,
wherein the prostaglandin E2 receptor antagonist is a

prostaglandin E2 receptor EP4 antagonist.
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