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Claims

We Claim:

1. A compound represented by Formula la

R4
RS A R3
=
’ RZa
A
RE N T R?
R la

or a pharmaceutically acceptable salt thereof, wherein

Ais NorCR";

R'is H, C4-Cg alkyl optionally substituted by oner more halogen atoms;
R'is H, C,-Cg alkyl optionally substituted b or more halogen atoms, C,-C, alkyl,
OH, OR’, -NR™®R?, CN or C5-C; cycloalkyl: or  /
R'is -X-Y: or
R'is -W-R™-X-Y: or
R'is —S(0)-W-X-Y; or
R'is =S(0)-W-R™-X-Y:

R%is H, C,-Cg alkyl
OH, OR', -NR™R?, CN or C5-C;
R%is -X-Y; or /
R2is -W-R™-X-Y: or /
R is ~5(0);-W-XY:
R?is =S(0);-WRT-X-Y:
i XY, “W-RT-X-Y, —S(O)-W-X-Y; 0r ~S(0)- WoR™-X-Y

substituted by one or more halegen atoms, C4-C, alkyi,
cloa[kyl; or

wherein either R' or f’
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R* is hydrogen;
R? and R* together are oxo;

R?is H, C4-C4 alkoxy, OH, -NR'™R?, CN, halogen, Cs-C- cycloalkyl or alkyl

optionally subsiituted by one or more halogen atoms;

R*is H, C4-C4 alkoxy, OH, -NR"R?', CN, halogen, C3-C; cycloal or C-Cg alkyl
optionally substituted by one or more halogen atoms;

R® is C4-Cs alkyl optionally substituted by one or more -- atoms, C4-C4 alkyl, OH,
OR', -NR"R?'| CN or C5-Cy cycloalkyl; C,-Cs alkoxy optionally bstituted by one or more
halogen atoms; Cg-Cyq aryl; -(Co-Cy alkyl)-4 to 14 memberedteroaryi, or -(Cqy-Cy alkyl)-3 to 14
membered heterocyclyl wherein the heteroaryl and hetero - contain at least one hetercatom
selected from N, © and S, wherein the aryl, heteroaryl r- heterocyclyl are each optionally

substituted by one or more Z substituents;

R®is Cg-Cy4 aryl; -(Cy-C, alkyh)-4 to 14 e heteroaryl, -(C¢-C, alkyl)-3 to 14
membered heterocyclyl wherein the heteroaryl d heterocyclyl contain at least one heteroatom

selected from N, O and S, wherein the aryl and heterocyclyl are each optionally

substituted by one or more Z substituents; /
W is C-Cs alkylene optionally bstituted by hydroxy, halogens or C+-C, alkyl;
X is C4-Cs alkylene optiong y substituted by hydroxy, halogens or C4-C4 alkyl;

Y is carboxy, alkoxyconyl, tetrazolyl, carbamoyl, monoalkylcarbamoyl,
dialkylcarbamoyl, or -CONK-S(0),-R¥, wherein R is -C;-Cy alkyl or -NR'™R?;

qisQ,1or2; ,
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R is a divalent moisty represented by -O-, -NHC(O)-, -CH,=CH,-, -Cs-C14 aryl-D-; -3 tof
14 membered heterocyclyl-D-, wherein the heterocyclyl contains at least one heteroatom /
selected from N, O and S, wherein D is O, S, NH ar not present;

bstituted
by one or more OH groups or NH, groups, C-Cs alkyl optionally substituted by o - or more

Zis independently OH, aryl, O-aryl, benzyl, O-benzyl, C4-Cq alkyl optionally 3

1-Cg alkoxy
ited by C(-C,
atkoxy, NR'®(SO,)R?!, (SO,)NR¥RY, (S0O,)R?', NR'®C(O)R?, C(O)NR19R NR'®C(O)NR"R?",
NR™C(O)OR™, NR™R¥, C(0)OR™, C(O)R*, SR™, OR™, oxo, CN, NO#
membered heterocyclyl, wherein the heterocyclyl contains at least o heteroatom selected
from N, O and S; '.

halogen atoms, C4-Cs alkoxy optionally substituted by one or mare OH groups "

optionally substituted by one or more halogen, C,~-Cg alkoxy optionally substjf

halogencra 3 to 14

R is independently H or C1-Cs alkyl;
R' and R* are each independently H; C-Cg alkyl; C5-Cs cycloalkyl; C;-C, alkoxy-C1-Ca
alkyl; (Co-C4 alkyl)-aryl optionally substituted by one of more groups selected fram C;-Cg alkyl,

C,-Cs alkoxy and halogen; (Co-C, alkyl)- 3- to 14-

including one or more heteroatoms selected from

£mbered heterocyclyl, the heterocyclyl

/N, O and S, optionally substituted by one or
alkyl and C(Q)C;-Cs alkyl; (Co-Cy alkyl)-O-aryl
optionally substituted by one or more groupg elected from C,-Cs alkyl, C4-Cs alkoxy and
halogen; and (Cy-C, alkyl)- O-3- fo =

more heteroatoms selected from N, O

more groups selected from halogen, oxo, C,-G

bered heterocyclyl, the heterocyclyl including one or
ind S, optionally substituted by one or more groups
selected from halogen, C4-Cg alkyl of C{O)C4-Cs alkyl; wherein the alkyl groups are optionally
substituted by one or more atoms, C,-C, alkoxy, C{O)NH;, C{O)NHC-Cg alkyl or
C{OIN(C1-Cs alkyl); or ’
R'™ and R? together
membered heterocyclyl, thé
fromN, O and §, the hg
selected from CH; ha gen; aryl; 5- to 10-membered heterocyclyl including one or more
heteroatoms seleg d from N, O and S; S(O})zaryl; S(0)-C4-Cg alkyl; C-Cq alkyl opticnally

substituted by - or more halogen atoms; C-Cg alkoxy optionally substituted by one or more

ith the nitrogen atom to which they attached form a 5- to 10-
heterocyclyl including one or more further heteroatoms selected
erocyclyl being optionally substituted by one or more substituents

OH groups of C;-C4 alkoxy; and C(O)OC-Ce alkyl, wherein the aryl and heterocyclyl substituent

groups arefthemselves optionally substituted by C,-Cg alkyl, C1~Cg haloalkyl or C4-Cg alkoxy.
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2. The compound according to claim 1, wherein
R'is X-Y;
R?is H, or C,-C; alkyl optionally substituted by one or more halogen atoms;
R% is hydrogen;
X is C4+-Cs alkylene optionally substituted by hydroxy, halogens or C;-C, al vl
Y is -C(O)OH, -C{O)OR*or -CONH-S(0)4-R*, wherein R* is -C4-C4 alkyl; ,
qis 2; _ '
R%is H, C4-C4 alkoxy, OH, CN, halogen, C5-C; cycloalkyl or C4-Cy g optionally
substituted by one or more halogen atoms;
R*is H, C,-C, alkoxy, OH, CN, halogen, C;-C; cycloalkyl or « alkyl optionally

substituted by one or more halogen atoms.

3. The compound according to any of the preceding claims, wrein
R'is X-Y, wherein X-Y is -(CH2)n-C(O)OR", or -(CH-R7—(CH2),,- C{O)OR™;
R%is H, Ci-C, alkyl optionally substituted by one o halogen atoms;
R* is hydrogen;
R®is H, C-C4 alkoxy, OH, CN, halogen, Cg- cycloalkyl or C+-C, alkyl optionally
substituted by one or more halogen atoms:
R*is H, C4-C4 alkoxy, OH, CN, halogen
substituted by one or more halegen atoms;

/C+-C; cycloalkyl or C-C4 alkyl optionally

R"is H or C4-C, alkyl optionally stituted by one ar more halogen atoms;
mis1,2,3,4,5,6 708, /
nisQ,1,2o0r3.

4. The compound according to @ny of the preceding claims, wherein

R'is X-Y, wherein -(CH2)w-C(O)OR".

R*is H or C,-C4 - optionally substifuted by one or more halogen atoms;

R* is hydrogen:/

‘_ -C4 alkoxy, OH, CN, halogen, cyclopropyl or C;-C,4 alkyl optionally substituted

by one or moé halogen atoms; and
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5. The compound according to any of the preceding claims, wherein -
R%is H;
R? is hydrogen:;
R"is H;
R*is H, methyl, methoxy, OH, CN, fluorine or cyclopropyl;
R*is H, methyl, methoxy, OH, CN, fluorine or cyclopropyl; and
mis 4, 5 or 6.

6. The compound according to any of the preceding claims wherein 4
R® is phenyl optionally substituted by C;-C, alkoxy, halogen o /C+-Cy alkyl optionally
substituted by one or more halogen atoms; and 4
% is phenyl optionally substituted by C,-C, alkoxy, halo en or C,-C; alkyl optionally

substituted by one or mare halogen atoms.
7. The compound according to any of the preceding cEa_s, wherein A is N.

8. A pharmaceulical compositicn, comprising: )

a therapeutically effective amount of thempound according to any one of claims 1 to
7, or a pharmaceutically acceptable salt there, and

one or more pharmaceutically acceble carriers.

9. A pharmaceutical combination, co rising:
a therapeutically effective r of the compound according to any one of claims 1 to
7, or a pharmaceutically accepte salt thereof, and

a second active agent/

10. A method of treating imonary arterial hypertension in a patient in need thereaf,
comprising: )

administeri a the subject in need thereof a therapeutically effective amount of the
compound accomg to any one of claims 1 to 7, or a pharmaceutically acceptable salt thereof,

11. The coound according to any cne of claims 1 to 7, or a pharmaceutically acceptable salt

thereof, , use as a medicament.

178



WO 2012/007539 PCT/EP2011/062028

12. Use of a compound according to any one of claims 1 to 7, or a pharmaceutically accep able
salt thereof in the manufacture of a medicament for the treatment of a disorder or disea€e in a

subject mediated by activating IP receptor.

13. Use of a compound according to any one of claims 1 to 7, or a pharmaceutj tally acceptable
salt thereof for the treatment of a disorder or disease in a subject by activatEthe IP receptor.

14. Use of a compound according to any one of claims 1 to 7, or a phagnaceutically acceptable

salt thereof for the treatment of pulmonary arterial hypertension by ivating the IP receptor.

15. A method for the prevention or treatment of a condition affegted by activation of the IP
receptor, comprising: /
administering an effective amount to activate the Ireceptor of at least one compound

according to any of claims 1 to 7 to a subject in need treatment.
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CLAIMS

1. A compound represented by Formuia la

R"'
R% A R3
2
[ R2a
.
RE N T R2
R? la

or a pharmaceutically acceptable salt thereof, wherein

Ais NorCR}

R'is H, C4-C; alkyl optionally substituted by one or more halogen atoms;

R’ is H, Cs-Cs alkyl optionally substituted by one or more halogen atorﬁs, C4-C,
alkyl, OH, OR', -NR™R?', ON or C4-Cy cycloakyl; or

R'is -X-Y; or

R'is -W-R*-X-Y; or

R" is ~S{0)-W-X-Y; or

R'is —S(O)-W-R™-X-Y;

R?is H, C:-Cs alkyl optionally substituted by one or more halogen atoms, C+-C,
alkyl, OH, OR', -NR"™R?’, CN or C4-C; cycloalkyl; or

R*is -X-Y: or

R?is -W-R"-X-Y; or

R? is =S{0)2-W-X-Y; or

R? is ~S({0)-W-R™-X-Y;

wherein either R? or R? is -X-Y, W-R™-X-Y, —=S{0),-W-X-Y; or ~S(O)-W-R*-X-Y;

R¥ is hydrogen; or

R* and R*™ taken together are oxo;
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R®is H, C1-C. alkoxy, OH, -NR™R®, CN, halogen, C+-C; cycloalkyl or C;-Cq atky!
optionally substituted by ane or more halogen atoms,;

R'is H, C4-C4 alkoxy, OH, -NR'*R?!, CN, halogen, Cs-C; cycloalky! or C;-Cy alkyl
optionally substituted by one or more halogen atoms;

RYis C¢-Ca alkyl optionally substituted by one or more halogen atoms, C;-C
alkyl, OH, OR', -NR™R?, CN or C4-C; cycloalkyl; C;-Cs alkoxy optionally substituted by
one or more halogen atoms; Cg-Cus aryl; -(C¢-Cs alkyl}-4 to 14 membered heteroaryl, or -
(Co-Cs alkyl)-3 to 14 membered heterocyclyl wherein the heteroaryl and heterocyclyl

contain at least one heteroatom selected from N, O and S, wherein the aryi, heteroary!
and heterocyclyl are each optionally substituted by one or more Z substituents;

R® is Cg-Cqe aryl; <{(Cp-Cs alkyi)-4 to 14 membered heteroarylér~(cg~c4 atkyl)-3 to
14 membered heterocyclyl wherein the heteroaryl and heterocyclyl contain at least one
heteroatom selected from N, O and 8, wheren the aryl, heteroaryl and heterocyclyl are
each optionally substituted by one or more Z substituents;

W is Ci-Cs alkylene optionally substituted by hydroxy, halogens or C-C, alkyl;

X is C4-C; alkylene optionally substituted by hydroxy, halogens or C,-C, alkyl;

Y is carboxy, alkoxycarbonyl, tetrazolyl, carbamoyl, monoalkylcarbamoyl,
dialkylcarbamoyl, or -CONH-S(0)-R*, where n R* is -C,-C, alkyl or -NR™*R*",

qis 0, 1or2;

R’ is a divalent moiety represented by -O-, -NHC(O)-, -CHy=CHg-, -C4s-Cys aryl-D-;
-3 {o 14 membered heterocyclyl-D-, wherein the heterocyclyl contains at least one
heteroatom selected from N, O and S, wheren D is O, S, NH or not present;

Z is independently OH, aryl, O-aryl, benzyl, O-benzyl, C.-Cx alky! optionally
substituted by one or more OH groups or NH; groups, C,-Cg alkyl optionally substituted
by one or more halogen atoms, C4-Ce alkoxy optionally substituted by one or more OH
groups, C;-C¢ alkoxy optionally substituted by one or more halogen, C4-Cy alkoxy
optienally substituted by C-C4 alkoxy, NR™¥(SO,)R*, (SO, )NRR®, (SO,)R?*,
NR™C(O)RY, C{OINR™R?", NR™C(OINR'RY, NR®C(O)OR™, NR'*R*, C(O)OR™,
C(O)R™, SR™, OR™, oxo, CN, NO,, halogen or a 3 to 14 membered heterocyclyl,
wherein the heterocyclyl contains at least one heterpatom selected from N, O and §;
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R'® is independently H or C.-Cs-alkyl;

R' and R*' are each independently F; C.-Cs alkyl; Cs-Cs cycloalkyl; C:-Cs
atkoxy-C+-C; alkyl; (Co-C. alkyl)-aryl optionally substituted by one or more groups
selected from C;-C, alkyl, C+-Cg alkoxy and halogen; (Cp-C. alkyl)- 3- to 14-membered
heterocyclyl, the heterocyclyl including one or more heteroatomé selected from N, O and!
S, optionally substituted by one or more groups selected from halogen, oxo, C+-Cg alkyt
and C(O)C4-Ce alkyl; (Co-C,; alkyl)-O-aryl optionally substituted by one or more groups
selected from C,-Cq alkyl, C4-C; alkoxy and haiogen;-%ild (Ce-C; alkyl)- O-3- to 14~
membered heterocyclyl, the heterocyclyl including one or more heteroatoms selected
from N, O and S, optionally substituted by one or more groups selected from halogen,
C4-Cy alkyl or G{O)C4-C; alkyl; wherein the alkyl groups are optionally substituted by one:
or more héiogen atoms, C4-C. alkoxy, G{O)NH,, C(OYNHC,-Cs alkyl or C(OIN(C,-Cs
alkyl)s; or

R' and R* together with the nitrogen atom to which they attached form a 5- to
10-membered heterocyclyl, the heterocyclyl including one or more further heteroatoms

selected from N, O and 8, the heterocyclyl being optionally substituted by one or more
substituents selected from OH; halogen; aryl; 5- to 10-membered heterocyclyl including
one or more heteroatoms selected from N, O and S; S{O)z-aryl; S(0),-C4-Cg alkyl, C4-Cs
alkyl optionally substituted by one or more haiogen atoms; C4-Cs alkexy optionally
substituted by one or more OH groups or C4+-C;; alkoxy; and C(O)OC,-C; alkyl, wherein
the aryl and heterocyclyl substituent groups are themselves optionally substituted by Cs-
Cs alkyl, C,-Cs haloalkyl or C,-Cs alkoxy.

2. The compound according to claim 1, wherein

R'is -X-Y; or -W-R7-X-Y; |

R? s H, C+-Cs alkyl optionally substituied by one or more halogen atoms, C4-C.
alkyl, OH, or OR",

R®is H, C:-C, alkoxy, OH, -NR™R?!, CN, halogen, Cs-Cy cycloalkyt or C4-Cq alky!
optionally substituted by one or more haloger. atoms,;

R is H, C-C, alkoxy, OH, -NR'R*', CN, halogen, Cs-Cy cycloalkyl or C,-C. alkyl
optionally substituted by one or more haloger: atoms;
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W is C,-Cgalkylene optionally substituted by hydroxy, halogens or C;-Cy alkyl;

X is C.-Cs alkylene optionally substituted by hydroxy, halogens or C.-C4 alky};

Y is -C(O)OH, -C(O)CR?, tetrazolyl, carbamoyl, monoalkylcarbamoyl,
dialkylcarbamoyl, or -CONH-5(0)-R¥, wherein R* is -C,-C., alkyl or -NR*R*";

gis 2;

R'is H, C4-C, alkyi optionally substituted by one or more halogen atoms;

R is a divalent moiety represented by -Cs-Cs4 aryl-D-; -3 to 14 membered
heterocyclyl-D-, wherein the heterocyclyl contains at least one heteroatom selected from
N, O and S, wherein D is O; and

R'® and R*! are each independently H; C,-Cs atkyl.

3. The compound according to claim 1 or 2, wherein

R' is {(CH2)m-C(O)OR", or -{(CHz)m-R'-(CH2),- C{O)OR™;

R?is H, C,-C, alkyl optionally substiiuted by one or more hatogen atoms;

R®is H, C-C, alkoxy, OH, -NR™R¥, CN, halogen, Cs-C; cycloalkyl or Cy-C, alkyl
optionally substituted by one or more halogen atoms,
" RYisH, Ci-Cs alkoxy, OH, -NR™R¥", CN, halogen, C+-C; aycloalkyl or Cr-C alky!
optionally substituted by one or more halogen atoms;

misi1,2, 3,4 50r 6,

nisQ, 1,20r3;

R"is H or C;-C,4 alkyl; and

R’ is a divalent moiety represented by -C5-C,4 aryl-D-; -3 to 14 membered
heterocyclyl-D-, wherein the heterocyclyl contains at least one hetercatom selected from
N, Oand S, wherein D is O.

4. The compound according to any one of claims 1 to 3, wherein

R® is phenyl optionally substitued by OH, C,-C, atky! optionally substituted by one or
more OH groups or NH; groups,; C,-C, alkyl cptionally substituted by one or more
halogen atoms; C4-C. alkoxy optionally substtuted by one or more OH groups or C:-Cs
alkoxy; NR¥R™; C(O)OR™; C(O)R™®; SR OR™; CN; NO;; or halogen; and
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R® is phenyl optionally substituted by OH, C,-C. alkyl optionally substituted by
one or more OH groups or NH, groups; C;-C. atkyl optionally substituted by one or more
halogen atoms; C;-C4 alkoxy optionally substiuted by one or more OH grou'ps or Ci-Cy
atkoxy, NR¥R*, C(OYOR", C(O)R™, SR, OR™, CN, NO;, or halogen.

5. The compound according to any one of claims 1 to 4, wherein A is N.

6. The compound according to claim 1 selectad from the group consisting of
?-(Z—phenyl-B-_p-tolyl-?',8—dihydropyrido[Z,S-b]pyrazin—5(6H)—y!)heptanoic acid;
7_-(S-hy_droxy-z-;3~dip-tolyi-?,B-dihydropyrido[z,37b]pyrazin-5(6H)-yi)hepianoic acid;
7-(7-hydroxy-6-ox0-2,3-dip-tolyl-7, 8-dihydropyrido[2,3-blpyrazin-5(6H)-yl}heptanoic acid;
7-(2,3-di-p-tolyl-7,8-dihydropyrido[2,3-b]pyrazin-5(6H)-yl)heptanoic acid;
2-(3-((2,3-diphenyl-7,8-dihydropyrido{3,2-blpyrazin-5(6H}-ylimethyliphenoxy)acetic acid;
and

7—1(3aphenyl-2-p—toiy!—?,S-dihydropyrido[z,3—b]pyra_zin-S(GH)-y!)hepﬁanoic acid; or a
pharmaceutically acceptable salt thereof.

7. The compound according to claim 1, which is
7-(2,3-di-p-tolyl-7,8-dihydropyridof2,3-blpyrazin-5(6H}-yl)heptanoic acid of formula

O OH

1

or a pharmaceutically acceptable salf thereof.
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8. The compound according to claim 1, which is

7-(2-phenyl-3-p-tolyl-7,8~dihydropyrido{2,3-b]pyrazin-5(6H)-y)heptanoic acid of formula

I ~
Z l Z
o /\g\; O
N “::/k N /\\/\/\\/E\JOH

N

or a pharmaceutically acceptable sailt thereof.

8. The compound according to claim 1, which is

2-(3-((2,3-diphenyl-7,8-dihydropyrido {3,2-b] pyrazin -5 (6H)-yl) methyl) phenoxy) acetic acid
of formula

0 \N/\E\\g

or a pharmaceutically acceptable salt thereof,

10. The compound according to any one of claims 6 to 8, wherein the compound is in
free form.

11. A pharmaceutical composition, comprising:
a therapeutically effective amount of the compound according to any one of claims 1 to
10, or a pharmaceutically acceptable salt thereof, and

one or more pharmaceutically acceptable cariiers.
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12. A pharmaceutical combination, comprising:
a therapeutically effective amount of the compound according to any one of claims 1 to
10, or a pharmaceutically acceptable salt thereof, and a second active agent.

13. The compound according to any one of claims 1 to 10, or a pharmaceutically
acceptable salt thereof, for use as a medicament.

14. The compound according to ciaim 13, or a pharmaceutically acceptable salt thereof,
for use in the treatment of PAH, disorders in need of antiplatlet therapy, atherosclerosis,

asthma, COPD, hyperglycemia, inflammatory disease, or fibrotic diseases.

15. The compound according to claim 13, or a pharmaceutically acceptable salt thereof,
for use in the treatment of PAH, asthma, COPD, or cystic fibrosis.
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