WO 2010/018549PCT/1B2009/053553 THERAPEUTIC COMPOSITIONS CONTAINING
MACILTENTAN The present invention relates to a product containing macitentan, i.e. the compound of
formula (1) below (1) or a pharmaceutically acceptable salt of this compound, in combination with at
least one 5 é@ﬂ]b‘ﬂ%&f‘?ﬁving prostacyclin receptor (IP) agonist propertie]s)%{'lﬁzﬁ'i’?é%ga’éeutically '
acceptable salt thereof, as well as this product for therapeutic use, simultaneously, separately or over
a period of time, in the treatment of a disease wherein endothelin is involved. PCT publication WO
02/053557 describes endothelin receptor antagonists including the 10 compound of formula (I) and the
use of said endothelin receptor antagonists in the treatment of various diseases wherein endothelin is
involved (i.a. heart faj j eclori ' i d erectile
dysfunction). Compgu S %@gé@@ﬁ%@%g@&§@%@%ﬁ%§ﬁﬁ§é§ been described
notably in the following documents: 15 US 4,683,330 describe the compound treprostinit and salts and
analogues thereof; + US 4,539,333 describes epoprostenol sodium; + US 4,692,464 describe the
compound itlpprost-and SRS RNCreRAI0westhRiReTdhiiaifid S8R desiibgdhe ceppaurd beraprost

and salts and analoques thereof;
formula (1) below
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or a pharmaceutically acceptable salt of this compound, in combination with at least one
5 compound having prostacyclin receptor (IP) agonist properties, or a pharmaceutically
acceptable salt thereof, as well as this product for therapeutic use, simultancously,
separately or over a period of time, in the treatment of a disease wherein endothelin is

mvolved.

PCT publication WO 02/053557 describes endothelin receptor antagonists including the
10 compound of formula (I) and the use of said endothelin receptor antagonists in the
treatment of various diseases wherein endothelin is involved (i.a. heart failure, angina

pectoris, pulmonary and systemic hypertension and erectile dysfunction).

Compounds having prostacyclin receptor (IP) agonist properties have been described
notably in the following documents:

15 < US 4,683,330 describe the compound treprostinil and salts and analogues thercof;

< US 4,539,333 describes epoprostenol sodium;

% US 4,692,464 describe the compound iloprost and salts and analogues thereof;

% US 4,474,802 describe the compound beraprost and salts and‘analogues thereof;

“ US 7,205,302 describe among others 5,6-diphenyipyrazine derivatives having

20 prostacyclin receptor (IP) agonist properties, and salts and analogues thereof, an in



+ US 7,205,302 describe among others 5,6-diphenylpyrazine derivatives having 20prostacyclin
receptor (IF) agonist properties, and salts and analogues thereof, an in 2 particular the compounds
known under the code names MRE-269 and NS-304 (K. Kuwano et al., J. Pharmacol. Exp. Ther.
(2007), 322(3), 1181-1188). Besides, WO 2004/01 7993 describes the use of the endothelin receptor
antagonist bosentan together with the prostacyclin receptor agonist epoprostenol sodium for treating

pulmonary aptatiatlaypéreeroionomids Apptivanthdsndie fadd thateie MBI Riordf MaciEhtan with
a compound payid BIEIARY HbESRRINNIE)AIRDISRIGPERIERIPSUlS Inidsirong synergistic effect i

the treatment of diseases wherein endothelin’is involved. Additionally, the possible side effects related
to the compounds havin{g prostacyclin receptor (IP) aﬁgonist pro%erties (e.g. flushing or, systemic

hypotBfeiteh L2084 (R Y Bedaesbesdie oY dhepBRHMBAEHESSRISE APHSRIELRYTEIRRS thus to
a prO%gétﬁept@ii@ﬁn%%%%%@aiﬁr Anhrsmassaiicalhopeneniable salidhicekang aideasione (and

preferably one) compound having prostacyclin receptor (IP) agonist properties, or a pharmaceutically
accepEBIESBPHERSPA further embodiment relates to a product containing macitentan or a

pharmaceutically acceptable salt thereof in combination with at least one (and preferably one)
compaysdAjprioghprestacyelitvredeptar (\e) agesisitpno peities;ianaphaitnaceatigallypddoeptable salt

thereof, for therapeutic use, simultaneously, separately or over a period.of time,.in.the treatment of a
dise B HETEI SRR APV GO el Lo el e SRS S e
macitgnigiscasa pHassacaditalhacdeptahid. saltdfithis igomhpquissible sainbifieatiomelatldo l8rst one
compound havjng prostacyclin receptor (IP) aganist praperties, or a pharmaceutically acceptable salt
there SCTUHEN %ﬁ%@ﬂﬁnﬁ%ﬁ%%@\ﬂn@%’gﬁg{agﬁﬂina%?eétc?rr ?ﬁgftéegso ?é%’pﬁ)up%}ﬂ@sogr Systetd

pharmpgeuicady)aceepirbtedalbthétaehisdelected from iloprost and its pharmaceutically acceptable
salts, beraprost and its pharmaceutically acceptable salts,
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pharmaceutlcg]ly accepta ts, and 14-[(5,6- 2a diphenylpyrazin-2-y1)(isopropyl)aminoThutoxy)

aceticpheithanehiisgtharmepebtically thcoapiaiié adkest one (and preferably one) compound having

prostacyclin receptor (IP) agonist properties, or a pharmaceutically acceptable salt thereof.

A further embodiment relates to a product containing macitentan or a pharmaceutically
acceptable salt thereof, in combination with at least one (and preferably one) compound having
prostacyclin receptor (IP) agonist properties, or a pharmaceutically acceptable salt thereof, for
therapeutic use, simultaneously, separately or over a period of time, in the treatment of a disease

wherein endothelin is involved.

In one aspect, there is provided a product containing macitentan or a pharmaceutically acceptable
salt of this compound, in combination with at least one compound having prostacyclin receptor
(IP) agonist properties, or a pharmaceutically acceptable salt thercof, wherein the compound
having prostacyelin receptor (IP) agonist properties or pharmaceutically acceptable salt thereof is
selected from iloprost and its pharmaceutically acceptable salts, beraprost and its
pharmaceutically acceptable salts, 2-{4-[(5,6-diphenylpyrazin-2-yl)(isopropyl)aminoJbutoxy}-N-
(methylsulfonyl)acetamide and its pharmaceutically acceptable salts, and {4-{(5.6-



In another aspect, there is provided a product containing macitentan or a pharmaceutically acceptable
salt of this compound, in combination with at least one compound having prostacyclin receptor (IP)
agonist properties, or a pharmaceutically acceptable salt thereof, for therapeutic use, simultaneously,
separately or over a period of time, in the treatment of a disease selected from hypertension,
pulmonary hypertension, diabetic arteriopathy, heart failure, erectile dysfunction, angina pectoris and
pulmonary fibrosis, wherein the compound having prostacyclin receptor (w) agonist properties or
pharnﬁ%@&%ﬁ%@c%ﬁt%ﬁ@@ﬁ?ﬁé%ﬂé%@%e%Wf%ﬁ%tl%@ﬁ%&ﬁﬁ%%ﬁeﬁw%eeptab|e
salts, pgraprost and its pharmaceutically acceptable salts, 2-
{4-[(5,6-diphenylpyrazin-2-y1)(isopropyl)aminoThutoxy}-N-(methylsulfonypacetamide and its
pharmaceutically acceptable salts, a dfgf-ﬁ%ﬁ_di henylpyrazin2-y1)(isopropyl minocljbu oxy} acetic
acid &Hd%@é‘?ﬁr?ﬁ%%ﬁ%ﬁfﬁ/ 508@%‘?218 g .q‘ﬁc?/eﬁoﬁ?éﬁﬂ%g ﬂ%%% ,%r%rig ?6%3 eggca}@'
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acceptable salt thereof, in combination with at least pne compound hayi rost in receptor (IP)
o R HILL 66 8 SRR SCA BRUSPAEHE S AETEORULS AL AP0, gerese
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2-{4-[yéhetiptiemydpyiazipediorly (adpromybramintimsioxylhbichethylsulipayhdbetany decandyitsin

pharmaceutically acceptable salts, and (44(5,6- diphenylpyrazin-2-y1)(isopropyl)aminglhutoxy} acetic
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having prostacyclin re or (IP) agonist properties, or a rmaceutically, acceptable salt thereof, for
the mANmoirt A (UM EN TRGr Rl 1 oAb AT e G R B nonery
hypertgiasion idiabetit atftekopathyy headdaiusg] erectidtdysfunaton, af¥gid pdotbesyimaauimonary

fibrosis, wherein 2h the ¢ ound having prostacyclin receptor.(IP) agaonist properties or
pharn%g\ﬁgﬁﬁﬁm}’g@@gﬁf’é‘g%%ﬁﬁﬁPi%erté%fu%&)saeléé %ﬁf ?grnnaﬁglgr%%llf%f%%cgé%%ﬁgrgrﬁ%%euticalIy acceptable
salts, beraprostanditspharmaceuticallyacceptablesalts,2- {4-[(5,6-diphenylpyrazin-
2-yl)(isoprapgtjatinincinewxytheN-(m mw'l_dsdlf@ nmyacemml mw@ﬁammnﬁmLy @c@@tp'ﬁable_
salts, gnd 41@%?19@%&5%%‘#'8}’@%%2{ RORToRYAING LN RN ACRIIEATAANGI'S Rhamageuticall

accep%%%%a S owing paragraphs provide definitions of the various terms used in the present

patenbapplicationrshdare inteededyidiappiveptifoltly teoughomnbéiepeelficatbaradesiatalsy unless
an otherwi I finitl j it i is the
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the comprwndbhioinmier¢hinmie mem@émw{iﬂtcmmﬁﬁrﬁuE@ﬁé@@@yﬁﬁﬂtﬁimnﬁﬁﬂb&s",
when é%f%ﬁ%l%&?i@‘ §.Ié'1%ri:?@§ I URELGANS INJBG RIESeALARRICRIGR IhR e INREAPRIHIGHE R
concerned consists in the a mInIStIPatIOH of two or more active ingredients by the same route and at
the saphertiraesutically acceptable salts, 2-{4-[(5,6-diphenylpyrazin-2-yl)(isopropyl)amino]butoxy}-N-

(methylsulfonyl)acetamide and its pharmaceutically acceptable salts, and {4-[(5,6-
diphenylpyrazin-2-yl)(isopropyl)amino]butoxy}acetic acid and its pharmaceutically acceptable

salts.

In still another aspect, there is provided the use of macitentan, or a pharmaceutically acceptable
salt thereof, in combination with at least one compound having prostacyclin receptor (IP) agonist
properties, or a pharmaceutically acceptable salt thereof, for the manufacture of a2 medicament
intended to treat a disease selected from hypertension, pulmonary hypertension, diabetic

arteriopathy, heart failure, erectile dysfunction, angina pectoris and pulmonary fibrosis, wherein



WO 2010/018549PCT/1132009/053553 "Separately" or -separate”, when referring to a therapeutic
use, means in the present application that the therapeutic use concerned consists in the administration
of two or more active ingredients at approximately the same time by at least two different routes. By
therapeutic administration "over a period of time",js meant in the present application 5 the
administration of two or more ingredients at different times, and in particular an administration method

according to which the entire administration of one of the active ingredients is completed before the
admirflaeratoRnsLNe SEVERDr FERISKERINS SRS WRY RISHYsIHetHistnth e BreBtigid uctive

ingredjgntsderseyrrahmamths Refore adminisieinadhaather griivenairdient RLingisientss,In this
case, no simultaneous 10 administration occurs. Another therZ{)eutic administration over a period of

time CofaREsin tHeGdniftistralEmeaHHHE of tREERBRIE mote!ctivé i mrE ¥ 8fibination
using @{fl?(ﬁab%%g}}%ﬂﬁiﬁﬁﬂ%&@z%@wf(m% sﬁﬂ@ﬁ?ﬁﬁh&ftﬁﬁﬁ&c“V%mfedﬁms, yHerelyalGasain
Nt

points in time simultaneous administrations of all the active ingredients of the combination take place
wheressatadimeabimanp difr 3P b emilppadiniind eamen s ugraalbrierst ieeticomisifasoSmay be
administeted (ar axemRle,Ubibegase of a combination of macitentan with NS-304, the therapeutic
administration over a period of time could be such that macitentan will be administered once a day
whereas NS-304 will be administered twice a day).. By -disease wherein endothelin is involved" is
meant FF PRI RABEFERRIOR S B BRI hy e HERETBI i STl Y FL ol Sehahe ent
hypertgnsienosliahtifcaneopaidysfitarfatuidy atectiledysfiaspesifiangimaapdaibiia grupidssonary
fibrosis. By "compound having prostacyclin receptor ‘PI{P) onist ro}ger jes" is meant a compound
that, VIREPSTBH SRR heseTadt ?Sf?fﬂ Oé‘é?g?mfﬁeétf’o s 0%3388 CFSCABESlP) agonist ECso”

described in the present patent application, has an EC50 value equal to or 25 lower than 500 nM.
Specifi¢eiamples oheoraponmes duadyiNprostdoy otimreesptoo {| ragonidh propehtiesimshudell
treproﬁ}”}"f%‘{-‘edp'és Eehaa{éngae%?““%é"t AcseRtanl oﬁéﬁh%‘) R go'rgb&‘e%é aP&?i%gﬁ%ﬁhﬁﬁ”y _
accep able sal s,‘ﬁopros anaits pharmaceutically accept e sa , beraprost and its pharmaceutically
acceptable salts, 2- (4-[(5,6-diphenylpyrazin- ‘ _

“Simultaneously” or “simultancous”, when referring to a therapeutic use, means in the present

application that the therapeutic use concermned consists in the administration of two or more

active ingredients by the same route and at the same time.



302-y1)(isopropyl)aminoibutoxyl -N-(methylsulfonypacetamide(NS-304)andits
pharmaceuticallyacceptablesalts,and{4 - [(5 ,6 -diphenylpyrazin- WO
2010/018549PCT/1132009/053553 2-y1)(isopropyl)amino]butoxylacetic acid (MRE-269) and its
pharmaceuti%’&l?g’é@gﬁﬂble salts. The term "phaiinaceutically acceptalﬁgg et to non-toxic,
inorganic or organic acid and/or base addition salts’ Reference can be made to "Salt selection for
basic drugs”, Int. J. 5Phann. (1986), 33, 201-217. Besides, any reference to macitentan or to a
compound KavirgeiostatysihnaetsptohtiP ) dgomist repdrieecidio W undetstdodashreserfing also to
the phafma%?#ﬁ&:ﬁl%%ﬁ&%ﬂ@éﬂ@a@@ﬁﬁé'&@é%ﬁc@&@@%9&5@% andiexpediaRbn JFRieiRRRkEhe product

according to this invention will be 'such that macitentan and the 10 cor'(éjigrf)und having prostacyclin
receptor (IPYAY6AREEsHSPBHcd e meEsdassraHEIa e atilc e EVRHLITTERESYREce simultaneously or

over a period of time. According to one preferred variant of this invention, macitentan and the
com pound mmgrmasiammmmmm@g agornist pfdpmtiég wﬁtﬂﬁelri_rﬂmpiesle_m bephchniaistered
compound 3 B B e o LR e over
a period of tidreinietieriogtbed rredmdarded wbidnehthertipe adeusdrafien produeadberdifittto this
invention wil) be gt least Qnfm Wea A Mefarakivaticast RS ALMRBIIRBNSHOneKATRIE SiX
it is possible fo administer one of the active ingredients for several months before
administeriﬁg the other active ingredient or ingredients, In this case, no simultaneous
10 administration occurs. Another therapeutic administration over a period of time consists in
~ the administration over time of the two or more active ingredients of the combination using
different frequencies of administration for each of the active ingredients, whereby at
certain points in time simultaneous administrations of all the active ingredients of the
combination take place whercas at some other points in time only part of the active
15 ingredients of the combination may be administered (for example, in the case of a
combination of macitentan with NS-304, the therapeutic administration over a period of

time could be such that macitentan will be administered once a day whereas NS-304 will

be administered twice a day).

By “discase wherein endothelin is involved” is meant in particular hypertension,
20  pulmonary hypertension (including pulmonary arterial hypertension), diabetic arteriopathy,

heart failure, erectile dysfunction, angina pectoris or pulmonary fibrosis.

By “compound having prostacyclin rec”eptor (IP) agonist propertics” is meant a compound

that, when submitted to the “Test for the determination of prostacyclin receptor (IP)

agonist ECse” described in the present patent application, has an ECs value equal to or
25 lower than 500 nM. |

Specific examples of compounds having prostacyclin receptor (IP) agonist properties
include treprostinil and its pharmaceutically acceptable salts, epoprostenol and its
pharmaceutically acceptable salts, iloprost and its pharmaceutically acceptable salts,
beraprost and its pharmaceutically acceptable salts, 2-{4-[(5,6-diphenyipyrazin-
30 - 2-yD(isopropyDamino Jbutoxy}-N-(methylsulfonyijacetamide (NS-304) and its
pharmaceutically acceptable salts, and {4-[(5,6-diphenylpyrazin-



20 months). This period of time may also be the whole life of the patient that receives the product.
According to a particular mode of administration according to this invention, administration of
macitentan will be alternated with administration of a compound having prostacycli ptor (IF)
agonist prop‘é’ﬁi%%l,ﬂg}ﬁ%gfﬁe interval between such administration will not e@%%y ﬁ%go%% ree days (and
more preferably not exceed one day). According 60425 another particular mode of administration
according to this invention, in the case of a combination of macitentan with NS-304, the therapeutic
administratidry blispraopehisarap thneeours e asit MR- reSeitedtdn pifrpacsarisizaserBhke a day
whereas NS;3Q4 will be administered twice a day. WO 2010/018549PCT/1B2009/053553 Preferably,
the compound having prostacyclin receptor (IP) agonist properties will be selected from 2-

{4-[(5,6-diphgnylpyrazin-2-y1)(isopropypaminolbutexyl.- N-(methylsulfonyl)acetamide (NS-304) and its
phaimaceu@%gggcgg?a ecgs&agffsi?%ndg %%ﬁé?%%ﬁ)%é%%fﬁféﬁ?ﬁ%?ﬁ @%}( délf)(il ammo Bﬁ%éiy) acetic
acid (MRE-268)ahabsits&hitvaind ce Riidaity @opepiabledsahs Saltcoldifignt oo hessatticuslady preferred

variant Qf th AQ}/- n i@@é qf pgynd having prostacyclin receptor (IP) agonist properties will be 2-
{44(5 ,63dipf‘?eny]ﬁpy§aziJ?Z-Y%?sopro'pyl)amino]butoxy} -N-(methylsulfonyl)acetamide (NS-304) or a

pharmaceutically acceptable salt thereof. The administration route of macitenian and thaéng):;the
compound f%‘?ﬁ#@%ﬁ’&é’té@&%el@ FEREFTUERRY) R AEPRPBREARENE PRYarABI e R E T particular,

the common:gslininiséiatine outetioniasikantan affig-Hiop Hiscconpopinadrhadini-dipsiaeyaiiaeceptor

(1P) agonist ro ertie V\éiléll be th[(;:-a era}lroclg(t% 'il'er&?ugh the exact administration doses of a product
according to' this TVENtEN WP RAYE (6 ve dstérmined by the treating physician, it is expected that a

dose of 0.05 to 2 mg (and 15 preferably 0.1 to 1 mg) of macitentan per kg of patient body weight and
per day will Bestspiopthaersinsi atgortneeietitda tpion dpdehst e s 0omecteRd sy 1.5 to 15

p.g) of gpMReuRd haviRgRIesiReMalnIacaRiepUP)@gonRistRoRaiRaBEr k8 ahratient fpdy weight
given twice a day will be appropriate. Preferably, the disease intended %o_be treated by a product
according to TR G  RAAh takes place simultancously or over a pertod of time.

According to one preferred variant of this invention, macitentan and the compound having

prostacyclin receptor (IP) agonist properties will be intended to be administered

simultancously.

15 According to another preferred variant of this invention, macitentan and the compound
having prostacyclin receptor (IP)} agonist properties will be intended to be administered

over a period of time.

The period of time intended for the therapeutic use of a product according to this invention
will be at least one week, and preferably at least one -or more months (for example six
20  months). This period of time may also be the whole life of the patient that receives the
product. -According to a particular mode of administration according to this invention,
administration of macitentan will be alternated with administration of a compound having
prostacyclin receptor (IP) agonist propettics, and the interval between such administration
will not exceed two or three days (and more preferably not exceed one day). According to
25  another particular mode of administration according to this invention, in the case of a
combination of macitentan with NS-304, the therapeutic administration over a period of
time could be such that macitentan will be administered once a day whereas NS-304 will

be administered twice a day.



20 be selected from hypertension, pulmonary hypertension, diabetic arteriopathy, heart failure, erectile
dysfunction, angina pectoris and pulmonary fibrosis. More preferably, the disease intended to be
treated by a&roduct according to this invention will be selected from hypertension and pulmonary
hypertension. %zﬁg’fﬁgﬁﬁr, the disease intended to be treated by a produ@%@(’ﬁ?ﬁf?@%@%his invention
will be pulmonary hypertension (and 25notably pulmonary arterial hypertension). The invention also
relates to a pharmaceutical composition containing, as active principles, macitentan or a
pharmaceutltafiFadre frapienxied tigissnpolid cim dsasbiaatd bl wRRat | @aarsihes (amd peeferably
one) compo ving progtagyclin rec )ﬁgﬁ:ﬂ' Al (%3@)' ‘ ' Aacceptable
ke RS EREQ[(@B gl/b 9F§SQ4§92|3%§)F(%E)1%2 OQ/OSB?SHQ@J%

salt thereof, as well as at least one excipient. WO 2010/01 3 The invention

further relatéS @By PreABrtan (O’ Phashd it RIS tibl cfe P BPthisEEmPdling, in

combinationwif(s at deashons-tand piefesahlyponensampesnd Lavingamstaecinpcaptor(IP) agonist
properties, or.a pharmac uticalIﬁ/gi%(icep%abI‘éesl salt thereof, for the ma%ufac%ure f a medi zﬁ]ment

intended to FRUMEHUEASY RAFSPAR'ETAthARTIETRE R SRS BALIGRET S BFSFIN S IHATE RE P for the
product accardéngdo this tougniiar dleodiy Se@pplyciwtatispoutéiitiagorihe patmaseuticale
compositions apd uses of this invention,. Particular emboadiments,of the invention are described in the
folloning Exarps e L e e e e R D S, ope i
any way. 10(EXAMPoES Toamstrtite theagspiflilvend dfaieidinvention, the association of macitentan,
administered orally at a dose of 10 mg/kg per day, with NS-304, administered orally at a dose of 1

mg/kg twice ehelaynGanibgisiudied isrtwodifiamnihy pertersion pedrisadamely thepunanary
hypertension monocrotaline rat model and the spontanequsly hypertensive rat 15 model. Other
associaflond FHE0F E50rd8BE IR LRI A NPT ﬁ@a% %tg?:%lgamﬁt MayP BEGLEd St GREAHER in the part
entitled "Phaxmacsiogical-puapéstiesoftthainmehtion thtoropapnds! hereaftarodRidARMACGPLOGICAL

PROPERTI OaF T,.LIEJ[Erl(l)\l\e/I%chTlCfil\!)élt 6I\/CI’F_"&?rLJil}%eDS Experimental methods: 20The experimental
methods de Cr}bganhelpea?ter can be usedto show the phaiinacological

Though the exact administration doses of a product according to this invention will have to
be determined by the treating physician, it is expected that a dose of 0.05 to 2 mg (and
15  preferably 0.1 to 1 mg) of macitentan per kg of patient body weight and per day will be
appropriate. Similarly, 1t 1s expected that a dose of 0.5 to 30 ug (and preferably 1.5 to
15 pg) of compound having prostacyclin receptor (IP) agonist properties per kg of patient

body weight given twice a day will be appropriate.

Preferably, the disease intended to be treated by a product according to this invention will
20 be selected from hypertension, pulmonary hypertension, diabetic arteriopathy, heart
failure, erectile dysfunction, angina pectoris and pulmonary fibrosis. More preferably, the
disease intended to be treated by a product according to this invention will be selected
from hypertension and pulmonary hypertension. In particular, the disease intended to be
treated by a product according to this invention will be pulmonary hypertension (and

25  notably pulmonary arterial hypertension).

The invention also relates to a pharmaceutical composition containing, as active principles,
macitentan or a pharmaceutically acceptable salt of this compound, in combination with at
least one (and preferably one) compound having prostacyc]in receptor (IP) agonist

properties, or a pharmaceutically acceptable salt thereof, as well as at least one excipient.



properties of the invention compounds. Monocrotaline model of pulmonary. hypertension in rats Male
Wistar rats are purchased from Harlan (Netherlands) and maintained under conditions in accordance
with local guidelines %BaseI-Landschaft cantonal veterinary 25office). All rats are housed in
climate-contf6R4188A%itons with a 12:12 hour light.dark WO 2010/018538 P #B8167053553 cycle,
and had free access to chow and water. A telemetr§ system is implanted under anaesthesia by
inhalation of 2.5% isoflurane (in 70% 02 + 30% N20). Under aseptic conditions, a pressure
radio-frequeHasy itregusivnittor thsinpbitastendthstosthel peadioméal eavinfaanereusending catablerdl inserted in
the pU'monéwtﬂ{g%%ﬁ&%&méﬁ@fﬁﬁ{gﬁo%%{ﬁqttgég%éeacgﬁ@m&@ﬂamg%@Hﬁ%&@dtﬂmﬁn is closed.

A receiver platform transforms the radio signal into digitized input, that is sent to a dedicated personal

computer (OBRSEEHCIDASKpRISY. PONFAOMAT PEPRSII D RIGHNbrERRGrE s aresRRts st Bsistated by
using an inpgt fieMaR.aRRieNbPressiR Jelsrenesdtelemetty wnitseate abtaineddmmdRata Sciences
(St. Paul, MN, USA). Monocrotaline (MCT; Sigma Chemicals, St Louis, MO, USA) is 10 administered
as a sinﬁle doHiitdneous (sc) injection (60 mg/kg) in a volume of 3 ml/kg, and control age-matched
rats receive an equal volume of saline. Variant I: chronic effect assessment: The animals are randomly
assigned to Begdeanenfategros pulioriedifontireroduinitieteningtint2a inedsiomd Timjsetionlifor a
duration of 4,weeks, Macientan andihe £RrReuRd.LRiBAVIRG RIostrayslinyasrptor (IP) agonist

properties are administered by the oral route. The effects of macitentan, the compound having
prostacyclin receptor (IP) agonist properties and their combipation an pulmonary a ter%l od
pressure are HEASH & E‘Bﬁ’étét&[gt ARSI EOM ) ef’ﬁf@?fgl@. %%g?i Wﬁr%%yf]}?&?ﬁ’] ?@arterial
pressure aregatculitashtor padhvatidt thenenrdabieeohdindimaiapil sagkificedy Thg.heart is removed
and weighed, 20 and the ratio of organ weight to body weight (BW) is calculated. The right ventricle
(RV) and the left ventricle plus septum are separated and weighed; the ratio RV/BW is used as an

index of right ventricular hypertrophy. The lower the ratio RV/BW, the stronger the effect of the item(s)
tested #8r reEMW Hevkntricular hypertrophy.

To illustrate the usefulness of this invention, the association of macitentan, administered
orally at a dose of 10 mg/kg per day, with NS-304, administered orally at a dose of
1 mg/kg twice a day, can be studied in two different hypertension models, namely the
pulmonary hypertension monocrotaline rat model and the spontancously hypertensive rat
15 model. Other associations may of course be tested similarly. The protocols that may be
used are detailed in the part entitled “Pharmacological properties of the invention

compounds” hereafter.

PHARMACOLOGICAL PROPERTIES OF THE INVENTION COMPOUNDS

Experimental methods:

20 The experimental methods described hereafter can be used to show the pharmacological

properiies of the invention compounds.

Male Wistar rats are purchased from Harlan (Netherlands) and maintained under
conditions in accordance with local guidelines (Basel-Landschaft cantonal veterinary

25  office). All rats are housed in climate-controlled conditions with a 12:12 hour light:dark



Variant 2: acute effect assessment: 25Four weeks after injection of MCT, the rats become pulmonary
hypertensive and the respective effects of a single oral administration of Macitentan, of the compound
having prostacyclin receptor (IP) agonist properties and of their combination can be evaluated on
mean pulmoR&y2eiathressure. WO 2010/018549PC1/1132009/053555 82" EhBrtaheously
hypertensive rat model The same protocol is used-ds for the monocrotaline model of pulmonary
hypertension in rats, except that spontaneously hypertensive rats (SHR) replace the
monocrotalingctteatsd hatsTRhecSisiRieatbarespdrofitsed skt afy (IRathe anteycd Tadefor the

determinatiop, L HRSIACYIRARGSPY PIARONISLACEA: AHOsels APl expressing b puman 1P
n

receptor are cultured in Ham's F-12 medium containing 10% fetal bovine serum in a humidified
atmosphere GPO5HE%iR RFHYE C309-SEayBCC BRESHESeBap R ¢ BeIRTHENSH S22l plates

and cultured:f@rAg fyidolianing is washandircubatianrwithassaycrifemiesdib sat3dCicthe cells are
exposed to 10 varjous concentrations of test compound in the presence of IBMX (500 ).1M). After
removaPof ﬁpﬁl@%ﬁﬁuﬁéif}%ﬁtﬂﬁ ey n%]gsﬁ%‘d 'orﬁCSngFZ‘ %é?&ﬁfgﬁ%%@ﬂ.tg%ﬁaé%m cells are
frozen for 2 ki@atai8RE adidithaveshia, ettaads intracell adehddied Sepematantsparer c(lleeted,in rubes,
neutralized M | 03 solution, and then centrifuged at 14,000 g.for m 4C to obtain samples
for meas.inAt ST A AR IO B bra Ao st P B e AR e
plates is mefsaukad dobowing selubiligitiorndn T]I¢wOH soltion. dvelglofroaMParéaspressed as

pmol cAM P’&S‘E%ﬁ@%ﬁﬂ%ﬁ%ﬁ’@&b%aﬁn‘éeé@{@ﬁi?%?gafﬁ%%ﬂ&ﬂf&ﬁl?aétr%ﬁﬁisiﬁ@,aﬁ@){?%§ of

concentration-response curves, and is defined as the negative logarithm of the concentration of test

compotthd tAdianisiesed rsshnsls tRacimausiise missteml e bobsarvayme of 3 mike,

and control age-matched rats receive an equal volume of saline.

Variant 1: chronic effect assessment:
The animals arc randomly assigned to experimental groups, and treatment is mitiated
within 24 h after MCT injection, for a duration of 4 weeks. Macitentan and the compound
15 having prostacyclin receptor (IP) agonist properties are administered by the oral route. The
effects of macitentan, the compound having prostacyclin receptor (IP) agonist properties
and their combination on pulmonary arterial blood pressure are measured by collecting
data at S-minute intervals. Hourly means of pulmonary arterial pressure are calculated for
cach rat. At the end of recording, rats are sacrificed. The heart is removed and weighed,
20  and the ratio of organ weight to body weight (BW) is calculated. The right ventricle (RV)
and the left ventricle plus septum are separated and weighed; the ratio RV/BW is used as
an index of right ventricular hypertrophy. The lower the ratio RV/BW, the stronger the
effect of the ttem(s) tested for reducing right ventricular hypertrophy.

Variant 2. acute effect assessment:

25  Four weeks after injection of MCT, the rats become pulmonary hypertensive and the
respective effects of a single oral administration of Macitentan, of the compound having
prostacyclin receptor (IP) agonist properties and of their combination can be evaluated on

mean puimonary arterial pressure.



Experimental results: EXAMPLE 1: acute effect of macitentan, NS-304 and their combination on mean
pulmonary arterial pressure in monocrotaline treated rats: Experiments were performed in pulmonary
hypertensive male Wistar rats treated with 25 monocrotaline according to_ the monocrotaline model as
described inHE2EE ¥ Monocrotaline model of pulmonary hypertensior? %Tpﬁ%%(%’fﬁses?aart entitled
"Experimental methods". WO 2010/018549PCT/182009/053553 -9 25 to 30 days after the
monocrotaline treatment, four groups of 6 rats were fritied and studied: the first group was treated
neither with Fharisaneas nbyReithnsis: 2g4nednhtrol group); Sthe second group was treated with
macitentan only (10 mg/kg per os); the third group was treated neither with NS-304 only (30 mg/kg per
os); the fourihgratR wasdisatedsadthsagombinationailinaciedinos Aoimaky hepeshaiod NS-304 (30

mg/k r os);. . . .
g/kg pe Orse?t’s, except that spontaneously hypertensive rats (SHR) replace the monocrotaline-treated

rats. The SHR rats are purchased from Harlan (Netherlands).

CHO cells stably expressing the human IP receptor are cultured in Ham’s F-12 medium
containing 10% fetal bovine serum in a humidified atmosphere of 95% air and 5% CO; at
37°C. Cells are seeded at 1 x 10° cells/well in 24-well plates and cultured for 48 h.
Following a wash and incubation with assay buffer for 1 h at 37°C, the cells are exposed to
10 various concentrations of test cdniﬁgahd“in'the presence of IBMX (500 ‘LLM)‘.ABZGI’
removal of supernatant, the reaction is stopped by addition of 0.2 M perchloric acid.
Adherent cells are frozen for 2 h at ~80°C and thawed to extract intraceilular cAMP.
Supernatants are collected in tubes, neuiralized by 2M KHCO: solution, and then
centrifuged at 14,000 g for 10 min at 4°C to obtain samples for measurment of cAMP
15 levels by EIA system. Protein content of cell debris adhered to culture plates is measaured
foIlowing's‘oiu.bﬂization. in 1IN NaOH solution. Levsls of cAMP are expréssed as pmol
cAMP/ mg protein. The ECs; value is determined from non-linear regression analyses of
concenfration-response curves, and is defined as the negative logarithm of the
concentration of test compound that elicits a response that is half of the maximal effect
20 observed.

Experimental results:

EXAMPLE 1: acute effect of macitentan, NS-304 and their combiration on mean

pulmenary arterial pressure in monocrotaline treated rats:

Experiments were performed in pulmonary hypertensive male Wistar rats treated with
25  monocrotaline according to the monocrotaline model as described in the section
“Monocrotaline model of pulmonary hypertension in rats” of the part entitled

“Experimental methods”.



Mean pulmonary arterial pressure was measured over time. The relationship between mean 10

pulmonary arterial pressure and time was plotted as a graph. Area Under Curve (AUC) was calculated

for each gr P#é of rats after the oral administration of the different treatmen ?(r\/zé osmve area being
ative a

found if the a.ﬁq L[fllr%o?}ary arterial blood pressure increases and a neg fiea sglﬁg found if the

mean pulmonary arterial blood pressure decreases). The results thus obtained are summarized in
Table 1 hereafter. Rat group [treatment] AUC Group 1 [control: no treatment] 106 134 Group 2
[treatment withiendEitestasfter Ohip grRESENEE)T BEtment @%uﬁ@m@étﬁﬂ@rﬁtwwsfsme@@nﬁ1g/kg per

0S)] -99 128,died:

- the first group was treated neither with macitentan nor with NS-304 (control
group);
5 - the second group was treated with macitentan only (10 mg/kg per os);
- the third group was treated neither with NS-304 only (30 mg/kg per os);
- the fourth group was treated with a-combination of macitentan (10 mg/kg per os)
and NS-304 (30 mg/kg per 0s);.

Mean pulmonary arterial pressure was measured over time. The relationship between mean
10 pulmonary arterial pressure and time was plotted as a graph. Area Under Curve (AUC) was
calculated for each group of rats afier the oral a&rninistration of the different treatment(s)
(a positive area being found if the mean pulmonary arterial blood pressure increases and a
negative arca being found if the mean pulmonary arterial blood pressure decreases). The

results thus obtained are summarized in Table 1 hereafter.

Rat group [treatment] ' AUC
Group 1 [control: no treatment] : 106 £134
Gro#p 2 [treatment with macitentan (10 mg/kg per os)] -381 + 147
Group 3 [treatment with NS-304 (30 mg/kg per os)] 99+ 128

Group 4 [treatment with macitentan (10 mg/kg per os) and
NS-304 (30 mg/kg per os)}

-758 £ 164

Table 1

15 These data obtained in the monocrotaline model of puimonary arterial hypertension
confirm the synergistic effect of a combination of macitentan and NS-304 in the treatment

of rats having previously undergone monocrotaline administration.



Group 4 [treatment with macitentan (10 mg/kg per os) and NS-304 (30 mg/kg per 0s)] -758 164 Table
1 15 These data obtained in the monocrotaline modgl-of pulmonary arterial hypertension confirm the
synergistic effect of a combination of macitentan and NS-304 in the treatment of rats having previously
undergone monocrotaline administration. - 10 - Claims 1. A product containing macitentan or a
pharmaceutically acceptable salt of this compound, in combination with at least one compound having
prostacyclin receptor (IF) agonist properties, or acﬂ)ﬁaﬁnaceutically acceptable salt thereof, wherein the
compound having prostacyclin receptor (IP) agonist properties or pharmaceutically acceptable salt

Sthereof iqs@ecﬁ%ddb@nbdi@amﬁiganﬁd&&@h@m@cwtipmﬁmeﬁmn@ salisptablapsakt afdlis
pharmaceutically acceptabI% salts,

' {4-[(5,6-diSRBRAB A a W@Bﬁpoayf&a?ﬁ.Waﬁ*h%ﬂsmfm?&ﬁwé&ﬁm%&%i*a%%mafi{é?)

phalioaceuticatky wg&@@e&a&t@ma’&&eﬁ;ﬁml%@wméaﬁn ﬂry&xfsaﬂia&y@amim}bpmw acetic
acid and its pharmaceutically acce ﬂg salts. 102. A roduct aﬁcordln 1a|m 1, Wiﬁrem the
Compoundhﬁ}ﬁ\ﬂﬁg{)%g%fw&llﬁepge tor ¢ Fg)gomst prop rtles or pharmaceltically accéptable salt

5  thereof is selected from iloprost and its pharmaceutically acceptable salts, beraprost and its
pharmaceutically acceptable salts, 2-{4-[(5,6-diphenylpyrazin-
2-yl)(isopropyl)amino Jbutoxy} -N-(methylsulfonyl)acetamide and its pharmaceutically
acceptable salts, and {4-[(5,6-diphenylpyrazin-2-yl)(isopropyljamino}butoxy}acetic acid

and its pharmaceutically acceptable salts.

10 2. A product according to claim 1, wherein the compound having prostacyclin receptor (IP}
agonist properties or pharmaceutically acceptable salt thereof is sclected from
2-{4-[(5,6-diphenylpyrazin-2-yl)(isopropyl)amino]butoxy}-N-(methylsulfonyl)acetamide
and its  pharmaceutically  acceptable salts, and  {4-[(5,6-diphenylpyrazin-

2-yh(isopropyl)amino]butoxy}acetic acid and its pharmaceutically acceptable salts.

15 3. A product according to claim 2, wherein the compound having prostacyclin receptor (IP)

agonist properties or pharmaceutically acceptable salt thereof is

2-{4-[(5,6-diphenylpyrazin-2-yl)(isopropyl)amino]butoxy} - N-(methylsulfonyl)acetamide

or a pharmaceutically acceptable salt thereof.

4. A product containing macitentan or a pharmaceutically acceptable salt of this
20 compéund, in combination with at least one compound having prostacyclin receptor (IP}
agonist properties, or a pharmaceutically acceptable salt thereof, for therapeutic use,
simultaneously, separately or over a period of time, in the treatment of a disease selected
from hypertension, pulmonary hypertension, diabetic arteriopathy, heart failure, erectile
dysfunction, angina pectoris and pulmonary fibrosis, wherein the compound having
25  prostacyclin receptor (IP) égouist properties or pharmaceutically acceptable salt thereof is
selected from iloprost and its pharmaceutically acceptable salts, beraprost and its
pharmaceutically acceptable salts, 2-{4-[(5,6-diphenylpyrazin-
2-yl)(isopropyl)aminojbutoxy}-N-(methylsulfonyljacetamide and its pharmaceutically
acceptable salts, and {4-[(5,6-diphenylpyrazin-2-yl)(isopropyl)aminoJbutoxy}acetic acid

30  and its pharmaceutically acceptable salts.



agonist properties or pharmaceutically acceptable salt thereof is selected from 2-
{4-[(5,6-diphenylpyrazin-2-y1)(isopropyeamino]butgx y} -N-(methylsulfonyl)acetamide
anditspharmaceuticallyacceptablesalts,and{4-[(5,6-diphenylpyrazin- 2-y1)(isopropypamino]butoxy{
acetic acid and its pharmaceutically acceptable salts. 153. A product according to claim 2, wherein the

compoundhauineipebseserding tecbpioril Pherinibeswpeatiad brpnamrtaialiceateptdble salt
thereof is g{%g)ﬁl—;@,6-dlpttg)%gmg¥razin-%—yl)(isg:b%&%l)amin%lmtoxyl j\_l{@?gl;&@%w%%%pide or a
|

pharmaceutically acceptable salt thereof. 4. A product containing macitenitan or a pharmaceutically
acceptabl@-shltisfnis i eompouady In' Comsinasidfonitiracienid ©nanconisourltrraeagtisedstacyclin
receplor (F3,aags! RiRberies 21 BIarRaRanlicaly asaeRlahiesalbieIRel Ry letapeyts use,
simultaneously, separately or over a period of time, in thé treatment of a diSease 'selected from
hyperfensiowl, isupromaserypshictsiaradiabdtic arteriopathy, heart failure, erectile dysfunction, angina
pectoris and pulmonary fibrosis, wherein the compound having 25 prostacyclin receptor (IP) agonist

properties@uphasmacautisaliy 2eseniahls sahthareaf dscopigetar RO prest-apdlifSreceptor
pharmaceutically acceptable salts, beraprost and. its pharmac_euticalIgﬁacceptable,salts, 2-

{4-[(5,6-dipRanytByRin D1OR§TSr by parihoHS BT LRHy fsO SRR Sty -
pharmacepticaliy aseeptabie saltsi @ Hol(B-dnhraukeea8ty L)liseprepy!)amino]butoxy} acetic

acid 30and its pharmaceutically acceptable salts. 5. A product according to claim 4, wherein the
compound_having prostacyclin receptor (IP).agopistpropgrtiesisselectedfrom2- . o
e e R A RO
pharmaceiticallydiceapiahiarsaliscaret4+(5,6-diphenylpyrazin-2-y1)(isopropyl)amino]butoxyl acetic
acid 5and its pharmaceutically acceptable salts.

8. A pharmaceutical composition containing, as active principles, macitentan, or a
pharmaceutically acceptable salt thereof, in combination with at least one compound
having prostacyclin receptor (IP) agonist properties, or a pharmaceutically acceptable salt
thereof, as well as at least one pharmaceutically acceptable excipient, wherein the
15 cornpouhd having prostacyclin receptor (IP) agonist properties or pharmaceutically
acceptable salt thereof is selected from iloprost and its pharmaceutically acceptable salts,
beraprost and its pharmaceutically acceptable salts, 2-{4-[(5,6-diphenylpyrazin-
2-yl)(isopropyl)aminobutoxy} -N-(methylsulfonyl)acetamide and its pharmaceutically
acceptable salts, and {4-[(5,6-diphenylpyrazin-2-yl){isopropyl)amino]butoxy}acetic acid

20 and its pharmaceutically acceptable salts.

9. A pharmaceutical composition according to claim 8, wherein the compound having

prostacyclin receptor (IP) agonist properties or pharmaceutically acceptable salt thereof is



6. A product according to claim 5, wherein the compound having prostacyclin receptor (IP) agonist
properties is 2- (4-[(5,6-diphenylpyrazin-2-y1)(isogrppyl)aminoThutoxyIN-(methylsulfonypacetamide or
a pharmaceutically acceptable salt thereof. 7. A product according to one of claims 4 to 6, wherein
the disease wherein endothelin is 10involved is pulmonary hypertension. 8. A pharmaceutical

. composition containing, as active principles, macitentan, or a pharmaceutically acceptable salt thereof,
in combinatithithrdipkepsiBYrazBrApo L HORTaDY i Brotasyem récaph By gshrtsRBpSies, or a
pharmace&tigilﬂgéﬁg&e@ggp&h@ysgg&gpﬁmgfsmwyo@s at least one pharmaceutically acceptable
excipient, wherein the 15 compound having prostacyclin receptor (IP) agonist properties or

[S)glz?;msé:reutlczglly accﬁe%gé%%ﬁég%ergof is select ]% g(%%l@ﬁgossa ?&% 1%% f?grcrg% ?ﬁ{%&l%ﬁﬁceptab'e

L s regtbthat g S i e Ve s L
phaiiiiaceutically acceptable salts, and. (4-{(5,6-djiplienylpyrazin-2-y1)(JsopropyDaminoThutoxyl acetic
acid 20anBhEpREEHSEAesTRRESH B?grg‘éﬁté& %ﬂ%ﬁ?ﬁqg@égﬁéﬁ %B %%ﬁ%tnlrgg%‘g? i?]og to claim
8, whereinfhe sQmpakndlbavin Gpro siaryeliniacapipn {2y aaenistepsipertiad afphasmaedutically

tabl It th fis -1la- 2- ) . ) ) )
L[5, 6B RS 73S e i AR SR FRE R oty HReslly qbgrelp the

pharmacepticaiyaECepiakie malitoectal. (kdepdse OPinagitenianyoparpharoraphutinatiyusicetptable salt
thereof, in combination with at least.one campound havin prci%ac clin reCﬁgrtor (IPt) oniﬁt
r aé‘%?é:

properties?icRBObhHh RSEAELIYACCERHBRE LOPTLER 1S SUPStire B R Predicament
intenged tedrgaba diseaseiselqgiashfiorathypertensignalpidl meniary Myperensidiptaiaiipticaareriopathy,
heart failure, erectile dysfunctign, anging pectoris apd pulmonary fibrosis, wherein the compound
having pro%"tﬁé@’éﬂﬂr?gé@ﬁ%’tnﬂﬁ})u ﬂéiﬁ'ﬁ%‘f}t Vbi%@%?ﬁﬁ%?%&ﬁic%ﬁ% aé%ep‘%a%?%%??ﬁ%ﬂgof is
selected fromeflepestand tsdoHarseatiballyl pecepiabid salberdd/Densiprdbtiandy jteghauvidceutically

acceptable salts, 2- (4-[(5,6-diphenylpyrazin2-y1)(isopropyeamino]butoxyl
-N-(methyRling %}é%ﬁ?ﬁfb%*ﬁh&%gpgﬁ@%ﬁa éutically acceptable salts, and

(4-[(5,6-diphenylpyrazin-2-y1)(isopropyl)aminol.butoxyl acetic acid and its pharmaceutically acceptable
salts.

15

20

25



1520 - 12 -11. Use according to claim 10, wherein the compound having prostacyclin receptor (IF)
agonistpropertiesorpharmaceuticallyacceptablesaltjhereofis 2-
{4-[(5,6-diphenylpyrazin-2-y1)(isopropyeaminotbutoxyl -N-(methylsulfonyeacetamide or a phaiin
aceutically acceptable salt thereof. 512. Use according to claim 10 or 11, wherein the disease intended

to be treated is pulmonary hypertension. _ )
11. Use according to claim 10, wherein the compound having prostacyclin receptor (IP)

agonist  properties or  pharmaceutically acceptable salt  thereof  is
2-{4-](5,6-diphenylpyrazin-2-yl)(isopropyl)amino Jbutoxy}-N-(methylsulfonyl)acetamide

‘or a pharmaceutically acceptable salt thereof.

5 12.Use according to claim 10 or 11, wherein the disease intended to be treated is

pulmonary hypertension.



