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DIARYL UREA FOR TREATING PULMONARY HYPERTENsION | 0 Nov. 2005

The present invention relates to pharmaceutical compositions and combinations for treating,
preventing or managing pulmonary hypertension comprising 4(4-[3-(4—chloro-3-_triﬂuoromclhyl-,
pheny!)-urcido]-3-fluorophenoxy}-pyridine-2-carboxylic acid methylamide optionally combined

with at least one additional therapeutic agent.

Diaryl urea compounds e.p. 4{4-[3~(4-chloro-3-triﬂucrométhylphenyI)—mido]-B-ﬂuorophenoxy}-
pyridine-2-carboxylic acid methylamide as described c.g. in  US 20050038080 are potent anti-
cancer and anti-angiogenic agents that possess various activities, including inhibifory activity on
the VEGFR, PDGFR, raf, p38, and/or fli-3 kinase signaling molecules. These diaryl urea
compounds have been previously characterizéd as having various activities, including for
inhibiting the Rat/MEK/ERK pathway, raf kinase, p38 kinese, VEGFR kinase, PDGFR kinase.
These activities and their use in treating various diseases and conditions are disclosed in, e.g., WO
2005/009961.

Pulmonary hypertension refers to a disease characterized by sustaincd elevations of pulmonary
artery pressure (L.J. Rubin, The New England Journal of Medicine,1997, 336(2), 111). Current
treatment of pulmonary hypertension depends on the siage and the mechanism of the disease.
Typical treatments for pulmonary hypertension include anticoagulation, oxygen supplementation,
conventional vasodilator therapy, transplantation and surgical care. Therapeutic agents presently

used for the treatment of pulmonary hypertension include e.g. calcium channel blockers and

" pulmonary vasodilators

The present invention provides pharmaceutical compositions for treating, preventing or managing
pulmonary hypertension comprising a compound of formula 1 and optionally at least one further

therapeutic agent.

The present invention can be used ¢.g. by administering a diary! urea compound of formula I and

optionally a further therapeutic agent, pharmaceutically-acceptable salts thereof, and derivatives

thereof, eic.

The compounds with the structure of formula 1, pharmaceutically acceptable salts, polymorphs,
solvates, hydrates metabolites and prodrugs thereof, incleding diastercoisomeric forms (both
isolated sterecisomers and mixtures of stereoisomers) are collectively referred to herein as the

“compounds of formula 1",

Formula (1) is as follows:
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Where the plural form of the word compounds, salts, and the like, is used herein, this is taken to

m

mean also & single compound, salt, or the like.

The present invention also relates to useful forms of the compounds as disclosed herein, such as
pharmaceutically gcceptable salts, metabolites and prodrugs. The term “pharmaceutically
acceptable sall” refers to a relatively non-toxic, inorganic or organic acid addition salt of a
compound of the present invention. For example, see S. M. Berge, et al. "Pharmaceutical Salts,” J.
Pharm. Sci. 1977, 66, 1-19. Pharmaceutically acceptable salts include those obtained by reacting
the main compnund, functivning as a base, with an inorganic or organic acid 1o form a salt, for
example, salts of hydrochloric acid, sulfuric acid, phosphoric acid, mcthane sulforic acid, camphor
sulfonic acid, oxalic acid, malcic acid, succinic acid and citri¢ acid. Pharmaceutically acceptable
salts also include those in which the main compound functions as an acid and is reacted with an
appropriate base to form, e.g., sodium, potassium, calcium, mangnesium, ammonium, and choline
salts. Those skilled in the art will further recognize that acid addition salts of the claimed
compounds may be prepared by reaction of the compounds with the appropriate inorganic or
orpanic acid via any of a number of known methods. Alternatively, alkali and alkaline earth metal
salts are prepared by reacting the compounds of the invention with the appropriate base via a

variety of known methods.

Representative salts of the compounds of this invention include the conventional non-toxic salts
and the quaternary ammonium salts which are formed, for example, from inorganic or organic
acids or bases by means well known in the art. For example, such acid addition salts include
acetate, adipate, alginate, ascorbate, aspartate, benzoate, benzenesulfonate, bisulfate, butyrate,
citrate, camphorate, camphorsulfonale, cinnamate, cyclopentanepropionate, digluconate, dodecyl-
sulfate, ethanesulfonate, fumarate, glucoheptanoate, glycerophosphate, hemisulfate, heptanoate,
hexanoate, hydrochloride, hydrobromide, hydroiodide, 2-hydroxyethanesulfonate, ilaconate,
lactate, maleate, mandelate, methanesulfonate, 2-naphthalenesulfonate, nicotinate, nitrale, oxalate,
pamoate, peclinate, persulfate, 3-phenylpropionate, picrate, pivalate, propionate, succinate,

sulfonate, tartrate, thiocyanate, tosylate, trifluoromethanesulfonate, and undecanoate,
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Base salts include alkali metal salts such as potassium and sodium salts, alkaline earth metal salis
such as calcium and magnesium salts, and ammonium salts with organic bases such as dicyclo-
hexylamine and N-methyl-D-giucamine. Additionally, basic nitrogen containing groups may be
quaternized with such agents as lower alkyl halides such as methyl, cthyl, propyl, and butyl
chlorides, bromides and iodides; dialkyl sulfates likc dimethyl, diethyl, and dibutyl sulfate; and
diamyl sulfates, long chain halides such as decyl, lauryl, myristyl and strearyl chlorides, bromides
and iodides, aryl or aralky| halides like benzy) and phenethyl bromides and others monosubstituted’
aralkyl halides or polysubstituted aralky| halides.

Solvates for the purposes of the invention are those forms of the compounds where solvent
molecules form a complex in the solid state and include, but are not limited to for example ethanol

and methanol. Hydrates are a specific form of solvates, where the solvent molecule is watet.

Certain pharmacologically active agents can be further modified with labile functional groups that
are clzaved afler in vivo administration to fumish the parent active agent and the pharma-
cologically inactive derivatizing group. These derivatives, commonly referred to as prodrugs, can
be used, for example, to alter the physicochemical properties of the active agent, to target the
active agent 10 & specific tissue, to alter the pharmacokinetic and pharmacodynamic propertics of
the active agent, and 10 reduce undesirable side effects. Prodrugs of the invention include, e.g., the
esters of appropriate compounds of this invention that are well-tolerated, pharmaccutically
acceptable csters such as alkyl esters including methyl, ethyl, propyl, isopropyl, butyl, isobutyl or
penty) esters.  Additional esters such as phenyl-C,-Cy alkyl may be used, although methyl ester is
preferred. ’ |

Methads which can be used to synthesize other prodrugs are described in the following reviews on -
the subject, which are incorporated herein by reference for their description of these synthesis
inethods:

o [iguchi, T.; Stells, V. eds. Prodrugs As Novel Drug Delivery Systems. ACS Symposium
Series. American Chemical Society: Washington, DC (1975).

* Roche, E. B. Design of Blopharmaceutical Properties through Prodrugs and Analogs.
American Pharmaceutical Association: Washingion, DC (1977).

e Sinkula, A. A.; Yalkowsky, S. H.J Pharm Sei. 1975, 64, 181-210.
* Stella, V. J.; Charman, W. N. Naringrekar, V. H. Drugs 1985, 29, 455-473.

s  Bundgaard, H., ed. Design of Prodrugs. Elsevier: New York (1985).
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Stella, V. J.; Himmelstein, K. ). J. Med. Chem. 1980, 23, 1275-1282.
e Han, H-K; Amidon, G. L. 44PS Pharmsci 2000, 2, 1- 11.
¢ Denny, W. A. Eur. J. Med. Chem. 2001, 36, 577-595.

¢ Wermuth, C. G. in Wermuth, C. G. ed. The Practice of Mediciral Chemistry Academic Press:
San Diego (1996). 697-715. '

o Balant, L. P.; Doclker, E. in Wolff, M. E. ed. Burgers Medicinal Chemistry And Drug
Discovery John Wiley & Sons: New York (1997), 949-982.

The metabolites of the compounds of this invention include oxidized derivatives of the compounds
of formula 1, wherein one or more of the nitrogens gre substituted with a hydroxy group; which
includes decivatives where the nitrogen atom of the pyridine group is in the oxide form, referrcd (c;
in the art as 1-oxo-pyridinc or has a hydroxy substitucnt, referred to in the art as |-hydroxy-

pyridine.
General Preparative Methads

The compounds of the invention mey be prepared by use of known chemical reactions and
pracedures as described e.g. in the following published intemational application WO
20057009961

Further therapeutic agents

The compounds of - formula 1 according to the present invention can be combined with further
therapeutic agenis presently used to treat, prevent or manage pulmonary hypertension such as, but
notlimited to, anticoagulants, diuretics, cardiac glycosides, calcium channel blockers, vasodilators,
prostacyclin analogucs, cndothelium antagonists, phosphodiesterase inhibitors, endopeptidase
inhibitors, lipid lowering agents, thromboxane inhibitors and ather therapeutics known to reduce

pulmonary artery pressure.

Examples of anticoagulants include, but are not limited to, ¢.g. warfarin useful in the treatment of
patients with pulmonary hypertension having an increased risk of thrombosis and

thromboembelism.

Examples of calcium channel blockers include, but are not limited to, diltiazcm, felodipine,
amlodipine and nifedipine particularly useful for vasoreactive patients at right heart catheteri-

2ation.
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Examples of vasodilators include, but are not limited o, e.g. prostacyclin, :poﬁrﬁstenol,

treprostinil and nitric oxide (NO).

Examples of phosphodiesterase inhibitors include, but are not limited to, particularly phosphe-

diesterase V inhibitors such as e.g. tadalafil, sildenafil and vardenafil.

Examples of endothelin antagonists include, but are not limited to, e.g. bosentan and sitaxentan,

preferably bosetan.

Examples of prostacyclin analogues include, but are not limited to, e.g. ilomedin, treprostinil and

epoprostenol,

Examples of lipid lowering agents include, but are not limited to, ¢.g. HMG CoA reductase
inhibitors such as simvastalin, pravastatin, atorvastatin, lovastatin, itavastatin, fluvastatin,

pitavastatin, rosuvastatin, ZD-4522 and cerivastatin

Examples diuretics include, but are not limited to, e.g. chlorthaliden, indapamid, bendro-
flumethiazid, metolazon, cyclopenthiazid, polythiazid, mefrusid, ximapid, chlorothiazid and

hydrochlorothiazid particularly useful 10 manage ﬁeriphcral edema.

Examples of other therapeutics known to reduce pulmonary artery pressure include, but are not
limited to, e.g. ACE inhibitors such as enalapril, ramipril, captopril, cilazapril, trandolapril,
fosinopril, quinapril, mocxipril, lisinopril and perindopril, or AT I inhibitors such as losartan,
candesartan, irbesartan, embusartan, valsartan and telmisartan, or iloprost, betaprost, L-arginine,
omapaltrilat, oxygen particularly useful in those patients with resting or exercise-induced
hypoxemia or digoxin particularly useful to improve right ventricular function in patients with

right ventricular failure.

Furthenmore the compounds and combinations of the invention can be combined with kinase

inhibilors and/or elastase inhibitors.

Examples of kinase inhibitors include,. but are not limited to, e.g. BMS-354825, canertinib,
erlotinib, gefitinib, imatinib, lapatinib, lestaurtinib, lonafamnib, pegaptanib, pelitinib, semaxanib,
tandutinib, tipifarnib, vatalanib, lonidamine, fasudil, leflunomide, bortezomib, imatinib, erlotinib

and glivec. Preference is given to glivec,
Indications

The compounds and combinations according to the present invention can be used for manufacture

of a medicament for treating, preventing and managing pulmonary hypertension. Also the present



20

25

D)

BHC 051 131

G-

invention provides methods of treating, preventing and managing pulmonary hypertensian,
cemprising administering effective amounts of a1 least one compound of formula | and optionally
at lcast gne further therapeutic agent acearding to the invention. An “clfcclive amount™ is the
guantity of the compound that is wsefil 10 achieve the desired result, e g, to treat, prevent or

anage e disease or condition,

" The term "pulmonary hypertension™ according (o the invention include, but js nat limited 1o,

ptimery pulmonary hipertension, sécondery pulmonary hypertension, familial puimonery
hyperiensien, sporadic pulmonary hypenension, presapillary pulmenary hypentension, pulmonary
arteriel, pulmonary arery ,hypcrt:n'siun, idiopathic pulmonary hypertension, thrombotic pulmonary
arterigpalhy, plexogenie pulmonary arlcriopathy and pulmenary hypertension aseociated with or

related e, lefi vemricular dysfunclion, mural valvilar disease, constriclivepericanditis, aortic

stencsis, cardiomyopathy, mediastinal fibrosis, anomatous pulmonary venous drainage, pulmotary.

venooctlusive diseasg, collapen vascular discase, congenifal heart disease, conpenital heart
disease, pulmonary venus hypertension, chronic ebstructive ptilm-nnw disease, interstitial lung
disease, sleepdisordered breathing, alvealarhyperventilation disofder, chronie exposuee io high

altitade, neonatal Rung dissase, ahbveplar-capillary dvsplasia, sickle cell disease, gther cougulation

dizorders, chronic thremboemboli, conneclive tissue diseace, lopus, schislosomiasis, sarcoidosis or

pulmenary capillary hemangiomaiosis,

According Lo the invention the tenm “treating” refers to the administration of o pharmaceutical
campasition aller the onset ef symploms of pulmonary hypertension, whereas “praventing™ relers
to the adminisiration prier 10 the onset ef symiptoms, parlicularly to patients af risk of pulmonary
hypertension, The tenmi “managing” encompasses proventing the reeumence of pulmonary

hyperiension in a patient who suffered from pulmonary hypertension,
Adininistration

Compounds or drug combinations of (he present invontion can be administered in any form by any
effechve route, including, 2.g. ossl, parenteral, enteral, intravenous, fnnaperimn:al, topigal,
transdermal (g.g . USing an:f'stﬁndurd patch), aphthalmic, nasally, local, ﬁan.nml_ such as aergsal,
inhaletion, swbeutanegus, intramuscdiar, boceal, 5uh|i_n§ual, recfal, vaginal, miva-arienal, ahd
intralhecal, ete. They can be administered alone, or in combinalion with any ingredient[s), active

of inactive,

Preference is given to an oral admimstration.
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Compounds or drug combinations of the present invention can be converted in a known manner
into the usuzl formulations, which may be liquid or solid formulations e.g. without limitation
normal and enteric coaled tablets, capsules, pills, powders, granules, elixirs, tinctures, solution,

suspensions, syrups, solid and liquid aerosols and emulsions.

The combinations of the present invention can be administered at any time and in any effective
form. For ¢xample, the compounds can be administered simultaneously, e.g., as a single
composition or dosage unit {e.g., a pill or liquid containing both compositions), or they can be
administered as sepm:ale compositions, but at the same time (e.g., where one drug is administered
intravenously and the other is administered orally or intramuscularly). The drugs can also be
administered sequentially at different times, Agents can be formulated conventionally 1o achieve
the desired rates of release over extended period of times, e.g., 12-hours, 24-hours. This can be
achieved by using agents and/or their derivatives which have suitable metabolic half-lives, andfor

by using controlled release formulations.

The drug combinations can be sjvncrgislic, .8, where the joint action of the drugs is such that the
combined effect is greater than the algebraic sum of their individual effects. Thus, reduced
amounts of the drugs can be administered, e.g., reducing toxicity or other deleterious or unwanted
effects, and/or using the same amounts as used when the agents are administered alone, but

achieving greater efficacy.

Compounds or drug combinaticns of the present invention can be further combined with any other
suitable additive or pharmaceutically acceptable carricr. Such additives include any of the

substances already mentioned, as well as any of those used conveationally, such as those described

in Remington: The Sciepce and Practice of Pharmacy (Gennaro and Gennaro, eds, 20th edition,

Lippincott Williams & Wilkins, 2000); and Practice of Industrial Pharmacy (Lachman et
al, cds., 3rd edition, Lippincott Williams & Wilkins, 1986); Encyclopedia of Pharmaccutical

Technology (Swarbrick and Boylan, eds., 2nd edition, Marcel Dekker, 2002). These can be

. referred to herein as “pharmaceutically acceplable carriers” 10 indicate they are combined with the

active drug and can be administered safely to a subject for therapeutic purposes.

In addition, compounds or drug combinations of the present inveation can be administered with
other active agents or other therapies that are utilized lo treat any of the above-mentioned diseases

and/or conditions.

Other therapies according to the invention include, but are not limiled to, e.g. physical or

mechanical therapy such as electrical stimulation, acupuncture, magnet therapy or topical use of

. polyurethanc films.

20
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The present invention provides also combinations of at least one compound of Formula ( and at

least one other therapeutic agent mentioned above useful in trealing a disease or disorder.

“Combinations™ for the purposes of the invention include:

-single compositions or dosage forms which contain at least one compound of Formula |

and at least one other therapeutic agenl mentioned above;

-combination packs containing af least one compound of Formula 1 and at least one other

therapeutic agent mentioned above to be administered cuncurrently or sequentially;

-kits which comprise at least one compound of Formula I and at least one other therapeutic
agent mentioned above packaged separate from one another as unit dosages or as inde-
pendent unit dosages, with or without instructions that they be administered concurrently

or sequentially; and

-separate independent dosage forms of at least one compound of Formula | and at feast one
other therapeutic agent mentioned above which cooperate to achieve a therapeutic effect,

e.g., treatment of the same disease, when ddministered concurrently or sequentially.

The dosage of each agent of the combination can be selected with reference to the other and/or the
type of disease and/or the disease status in order to provide the desired therapeutic activity. For
example, the active agents in the combination can be present and administered in a fixed
combination. “Fixed combination” is intended here to mean pharmaceutical forms in which the
components are present in a fixed ratio that provides the desired efficacy. These amounts can be
detennined routinely for a particular patient, where various parameters are utilized to select the
appropriate dosage (e.g., fype of disease, age of patient, disease status, patient health, weighs, etc.),

or the amounts ¢an be relatively standard.

The amount of the administered active ingredient can vary widely according to such considerations
as the particular compound and dosage unit employed, the mode and time of administration, the
period of treatment, the age, sex, and general condition of the patient treated, the naturc and extent
of the condition treated, the rate of drug metabolism and excretion, the potential drug combinations

and drug-drug interactions, and the like,

Preference is given to an amount of the compound of formula 1 from 20 to 2000 mg, preferably
from 40 1o 800 mg, more preferably from 50 to 600 mg.
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Particular preference is given to an amount of 4{4-[3-(4-chloro-3-trifluoromethylphenyl)-ureido]-
3-fluorophenoxy}-pyridine-2-carboxylic acid methylamide in the pharmaceutical composition
from 20 to 3000 mg, preferably from 50 to 1500, more preferably from 60 to 1000 mg.

In another embodiment of the invention the compound of formula | is administered in combination
with at least one further therapcutic agent in an amount that those of ordinary skill in the art can

determine by their professional judgement.

The pharmaceutical composition according to the invention is administered one or more,
preferably up to three, more preferably up to two times per day. Preference is given to an
administration via the oral route. With each administration the number of tablets or capsules taken

in at the same time should not exceed two.

Nevertheless, it may in some cases be advantageous to deviate from the amounts specified,
depending on body weight, individual behaviour toward the active ingredient, type of preparation
and time or interval over which the administration is cffected. For instance, less than the
aforementioned minimum amounts may be sufficient in some cases, while the upper limit specified
has 10 be exceeded in other ¢ases. In the case of administration of relatively large amounts, it may

be advisable to divide these into several individual doses over the day.

The combination can comprise effective amounts of at least one compound of Formula 1 and at
least one other therapeutic agent mentioned above, which achicves a greater therapeutic cfficacy
than when either compound is used alone. The combination can be useful to treat, prevent or
manage pulmonary hypertension, where the therapeutic effect is not observed when the agents are

used nlone, or where an enhanced effect is observed when the combination is administered.

The relative ratios of each compound in the combination can also be selected based on their
respective mechanisms of action and the discase biology. The relative ratios of each compound can
vary widely and this invention includes combinations for treating, preventing or managing
pulmonary hypertension where the amounts of the formula I compound and the other therapeutic

agent can be adjusted routinely such that either is present in higher amounts.

The release of one or more agents of the combination can also be controlled, where appropriate, to
provide the desired therapeutic activity when in a single dosage form, combination pack, kit or

when in separate independent dosage forms,

Preference is given to & ¢ombination comprising a compound of formula I and at least one
compound selected from the group consisting of phosphodiesterase V inhibitors, endothelin

antagonists, prostacyclin analogues, kinase inhibitors and elastase inhibitors. More preferably a
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combination comprising 4 {4-{3{4-chloro-3-trifluoromethylphenyl)-ureido}-3-fluorophenoxy}-
pyridine-2-carboxylic acid methylamide and and at least onc compound selected from the group
consisting of tadalafil, sildenafil, vardenafil, bosentan, sitaxentan, ilomedin, treprostinil and
epoprostenol is uscd. Most preferably a combination comprising 4{4-[3-(4-chloro-3-
trifluoromethylphenyl)-ureido}-3-fluorophenoxy}-pyridine-2-carboxylic acid methylamide and

bosentan or vardenafi! is used.
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Examples:

The offects of the compounds and drug combinations according to the invention are tested in vitro on
isolated rat pulmonary arteries and in vivo in mongcrotaline-treated rats with pulmonary

hypertension.

Isolated small pulmopary arteries

Male Wistar rals (250-300 g) are anaesthetized with ether, and the lungs are removed. The left
pulmonary arterial vessel is dissected and placed in ice-cold Krebs-Henseleit (KH) buffer of
following composition (in mmol/l): NaCl 112, KCl 5.9, CaCl; 2.0 MgCh, 1.2, NaH;PO, 1.2,
NaHCO, 25, glucose 11.5 and optionally the compound/combination to be tested in a

coneentration of 107" to 107 mol/l.

For measurement of isometric tension, ring segments, 2 mm in length, are mounted in a small
vessel chamber myograph. Two wires (40 pm diameter) are introduced through the lumen of the
segments and mounted according to the method described by Mulvany and Halpern (Circulation
Research 1977; 41:19-26). After a 30 min equilibration period in oxygenated KH solution at 37 °C
and pH = 7.4, scgments are stretched to their optimal lumen diameter for active tension
development which is detcrmined based on the internal circumference-wall tension ratio of the
scgments by setting their internal circumferenice to 90% of what the vessels would have if they are

exposed to a passive tension cquivalent to that produced by a transmural pressure of 30 mmHg.

Afterwards, segments are washed three times with KH solution and left to equilibrate for 30 min.
Segment contractility is then tested by an initial cxposure 1o a high K* solution (§20 mmol/l K*-
KH solution, which is identical to KH solution except that NaCl is replaced by KCl on an

equimolar basis).

The vessels are than pre-contracted using K' (50 mmolil) KH solution. When the contraction is
stabilized, an accumulative dose response curve of thc compound/combination tested is
constructed. The stabilized contraction induced by K* (50 mmol/l) KH solution is defined as 100%

tension. The relaxation is expressed as percentage tension.

Pulmonary Artery Pressure jn Monocrotaline treated rats

Male Sprague Dawley rats (250-300g) are treated with monocrotaline 60mg/kg subcutanously
(=day 0). On day 14 after monocrotaline injection treatment the compound/combination to be

tested is administered. On day 28 hemodynamic parameters, i.e. right vetricular pressure, systemic
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blood pressure, heart rate, arterial and venous oxygen saturation are measured and compared with

untreated control animals.
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Use of a compound of formula I or a pharmaceutically acceptable salt, polymorph, salvate,
hydrate, metabalite, prodrug or diasterecisomeric form thereof, for manufacture of a

medicament for treating, preventing or managing of pulmonary hypertension, -

wherein said compound of formula i is:

FS
cl O~ s
X -
P
N~ N
H H
F .

Combination comprising at least onc compoun';i of formula I as defined in claim | and at

m

Jeast one elastase inhibitor and/or one kinase inhibitor.
]

Combination of claim of 2 wherein the kinase inhibitor is glivec.

Combinatipn comprising at least onc compound of formula I as defined in claim | or a

combination as defined in any of claims 2 10 3 and at least one therapeutic agent selected
from the group consisting of anticoapulants, diureli;:s, cardiac glycosides, calcium channel
blockefs, vasodilators, prostacyclin analogues, endothelium antagonists, phosphodiesterase
inhibitors, endopeptidase inhibitors, lipid lowering agents, thromboxane inhibitors and

other therapeutics known to reduce pulmonary artery pressure.

Combination of claiin 4 wherein the further therapeutic agent is a phosphodiesterase V

inhibitor, endothelin antagonist or prostacyclin analogue.

Combination of claim 4 wherein the further therapeutic agent is tadalafil, sildenafil,

vardenafil, bosentan, sitaxentan, ilomedin, treprostinil or epoprostenol.

Use of the combination of any of claims 2 to 6 for manufacture of a medicament for

treating, preventing or managing of pulmonary hypertension.
Pharmaceulical composition comprising a combination es defined in any of claims 2 10 6.

Pharmaceutical composition of claim 8 for the treatment of pulmonary hypertension,
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A method for treating, prevenling er managing pulmanary hypertension in a subject in
need thersof comprising administering effcetive amounts of a compound of fortauls [ or a
pharmaceutically acceptable salt, polymorph, solvate, hydrate, metabolite, prodrug or

dinstereoisomeric form thereof

whezein said compound of formula | is.

{I)

The methad of clalm 10 wherein the compound of formuls [ is combined with al Jeast one

elasiase inhibilor and/or one kinase inhihitor.

The method of any of claims 10 to 1) wherein the compound of farmula | is sdditionally
combined with at least qne therapeutic agent sclected from the group conzsting of
anticoapulants, diuretics, cardiae glyeosides, calcium channel Blackers, vasodilators,
prostacychin - analogues, endothelinm  amagonisis, phosphodiesierase inhibitars,
endopepiidase inhibitors,” lipid lowering agents, thromboxane inhibilors and other

therapewtics knowt to reduce pulmonary artery pressyre,
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DIARYL UREA FOR TREATING PULMONARY HYPERTENSION
Abstract

The pfcsem invention relates to pharmaceutical compositions for treating, preventing or managing
pulmonary  hypertension  comprising 4{4-[3-(4-chloro-3-triﬂuommethylpﬁenyI)-ureido]—3-
fluorophenoxy}-pyridine-2-carboxylic acid methylamide optionally combined with at ledst one

additional therapeutic agent.
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DIARYL PA FOR Ti{EATlNG PULMONARY HYPERTENSION

The present invention rclates to pharmaceutical compositions and - combinations for treating,
preventing or managmg pulmonary hyperiension comprising 4{4-[3-(4-ch]oro-3-tnﬂuoromcthyl-
phenyl)-ureido)-3- ﬂuorophcnoxy} pyndmc-Z-carboxyhc ac1d methylamide optionally combined

with at least onc addmona] therapeutic agent.

:Diaryl urea compounds e.g. 4{4-[3-(4-chloro- 3-tnﬂuoromethylphenyl)-umdo] 3- ﬁuorophenoxy}
- pyridinc-2-carboxylic acid methylam:de as descnbed e.g.-in US 20050038080 are -potent anti-

cancer. and anti-angiogenic agents that posscss various activities, mclqdmg inhibitory activity on
the VéGFR, PDGFR; raf, p38§, and/or ft-3 kinase sigilaling molecules. These diar);l area
compounds ‘have been previously characterized as having various activities, including for
_in}n:biting the RaffMEK/ERK pathway, raf kinase, p38 kinase,AVEGFR kinase, PDGFR kinase.
These activities and their use in treating various diseases and conditions are djscloscd in, e‘.g., wO
2005/009961. . ' | |

PulmoAnar‘y‘ hypertension refers to a disease cheracterized by sulstairicd elevations of pulmonary
artery pressure (.. Rubin, The New England Journal of Medicine,1997, 336(2), 111), Current
treatment of pulmonary hypertension depends on the stage and the mechanism of the disease.
Typical treatments for pulmonary hypéﬁcnsion include anticoagulation, oxygen supplementation,
conventional vasodilator therapy, uﬁxisplanmtion' and surgical care.- Therapeutic agents presently

" used for the treatment of pulmonary -hypertension include e.g. caleium channel blockers and

pulmonary vasodilators

Thc present invention provides pharmaceutical composmons for ueatmg, preventing or managing -
pulmonary hypencnsmn compnsing a compound of formuta I.and optionally at least one further
therapeuhc agent. ' ' .

The present invention can be used e.g. by administering a diaryl urea compound of formula 1 and _
optionzlly a further therapeutic agent, pharmaceuticélly-acpcptable ‘salts thereof, and derivatives
thereof, etc.

. The compounds with the structure of formula I, pharmaceutically acceptable salts, polymorphs,

" solvates, hydrates metabolites and prodrugs thereof, including diastereoisomeric forms (both

isolated stcrcoisomers and mixtures of stercoisomers) are collectively refemred to herein as the

“compounds of formula1”.

. Formula () 1s as follows:
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F M

Where the plural form of the word compounds,.sa]ts, and the lil&e, is used herein, this is taken to

mean also a single compound, salt, or the like.

The present invention also relates to useful forms of the compounds as disclosed herein, such as
pharmaceutically acceptable salts, metabolites ‘and prodrugs.” The term. "phannaceuiically

acceplable salt” refers to ' relatively non-toxic, inorganic or organic acid addition salt of a

' compound of the prescn.t invention. For example, scc S. M. Berge, ef al. “Pharmaceutical Salts,” /.

- Pharm. Sci. 1977, 66, 1-19. Pharmaceutically acceptable sahs include those obtained by reacting

the main compound, functioning as & base, with an inorganic or organic acid to form a salt, for

‘example, salts of hydro'ch!oric'ac.id, sulfuric acid, phosphoric acid, methane sulfonic acid, camphor

sulfonic acid, oxalic acid, maleic acid, succinic acid and citric acid. Pharmaceutically acceptable

salts also include those in which the main compound functions as an acid and is reacted with an
appropriate base to form, e.y., sodium, potassium, calcium, mangnesivm, ammonium, and choline
salts. Those skilled in the art will further recognize that acid addition. salts of the <:laimed~
compounds may be prepared by reaction of the compounds with the appropn'z;te inorganic ar
organic acid via any of a number of known methods. Alternatively, alkali and alkaline earth m_etal

salts arc prepared by reacting the compounds of the invention with the appropriate base viz a

- varicty of known methods.

Repiesentative salts of the compounds of this invention include the conyemional non-taxic salts
and the quaternary ammonium salts which are formed, for example, from inorganic or organic
acids or bascs by means well known in the art. For example, such acid addition salts include
acetate, adipate, alginate, ascorbate, aspartate, benzoate, benzenesulfonate, bisulfate, butyrate,
citrale, éamphoraté, camphorsulfonate, cinnamate, cyclopentancpropionate, digluconate, dodecyl-

sulfate, ethanesulfonate, fumarate, glucohcptanoate, glyccrophosphate, hemisulfzte, heptanoate,

" hexanoate, hydrachioride, hydrobromide, Wydroivdide, 2-hydroxyethanesulfonate, itaconate,

laclate, maleate, mandelate, methanesulfonate, 2-naphthalenesulfonate, nicotinate, nitate, oxalate,
pamoate, peclinate, persulfate, 3-phenylpropionate, picrate, pivalate, propionate, succinate,

sulfonate, tartrate, thiocyanate, tosylate, trifluoromethanesulfonate, and undecanvate.
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Base $alls include alkali metal salis such as potassium and sodium sakts, atkaline earth metal salts

such es caleium and magnosiom sals, and ammoniurn salls with organic bases mich' ag dicyc]n-

heaylamine and N-methyl-D-plucamine, Addm-::-naily, basic nitrogen :untﬂmmg Broups rrLay b -

quau:mlzr.d with such apents-as lower alkyl halides such as methyl], ethyl propyl, and butyl”
chlorides, bromides and jodides; dialky] sulfales like dumethyl, diethyl, and dibuty] sujfptc, and
dumyl sulfates, long chaj';::'hali:des such as decyl, lauryl, myristyl and strearyl nhlbﬁdes, Jbromides
and iodides, aryl or aralky] halides ike benlzjl and phencthyl bmmildcs and gthers mopusui)s'_cinned

'ara[kyl halides or polysubstitated aralloy] halides,

Bolvates [or the purposes of the iﬁvenlidn, are those forms of the compounds where salvent
malecules form a complex in the sslid state and inclade, but are not Kmited ta for example ethanol

and methanol, Hydraies are & SPuuiﬁt: form of sulvates, where the solvent moleeule is water.

Certain phaﬂmcnlog:icany active agents can be further mudiﬁ:d with lahile funr:hﬂnal Broups tsat
are cleaved afier in vivo ‘administration” to furmish the " parem active agent and the pharma-

cologically macta\-e. derivalizing grqup. These derivativeyg, r.:ummon]}r referred 10 as pmdmgs, can
be used, for example, to aitér the physicuchmca] properties of the active agent, to target the
antw:: agenl 10 a specific tissue, io alter the phmnacn}unchc and pharmacndymnuc properties of
the active agent, and 1o reduce undeswable side effects. Prodrugs of the invention include, ¢. g, (he
csters of appropriate compounds of this invenlion ‘that are well-tolerated, phanaceutically

'acceplab]e eslers such as alky] esters including methyl, ethyl, propyl, isopropyl, butyl, isnhutyl or

penty] esters. hddmonal esters such as phmyi-C,-C_; a].lq.-l may be uszed, although meth}'} egler ie
prefen—ed

Methods which can be used to synthesize other prodrugs are described m the fol)owing ré\riews o
e El.[h_]ﬂ:t which re mr.:nmumtcd herein by veference for their description of ﬂwse synthcs;s

mcthods:

* Hguehy, T, Swella, V. eds. Prodrugs As Nove! Drug Defivery Systems, ACS Symposium
Series, Amencan Chemical Secicty: Washington, DC (1975}

s  Rocle, E.'B. Design of Biepharmaceniical Properiies rh}'m_.rg}: Prodrugs ond Anaiogs.
Amertean Pharracewtical Association: Washingron, DC (197 f]_'

*  Sinkula, A. A.; Yalkewsky, §. KL J Pharm Sei, 1975, 64, 181-210.
» Stella, V. J; Charman, W, N, NMaringrelar, V. H. Drups 1985, 29, 455473,

s Bundgaard, H., ed. Design of Prodrugs, Elsevier: New York (1985).
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v SteMa, V. I; Himmelstemn, K. T J. Med Cham, 1980, 23, 1275-1282.

+  Han, HK; Amidon, G. L. A4PS Phermsci 2000, 2, 1 Lt
e Denny, W, A, Eur [ Med. Chem. 2001, 36, 577-595.

+  Wermuth, C. G. in Wermuth, C. G. ed. The Practice of Medictnal Chemistry Avademic Prass:
San Diego (199€), 697715, ' '

. Balart, L. P; Doelker, E. in Wolff, M. E. ed Burgers Medicinal Chemisiry And Drug
Discovery Jahm Wiley & Sons: New Yark (1997), 949-982.

The metabalites of the compounds of this mvention include oxidized derivatives of the compounds
of fopmula I, wherzin e or mmnte of the Initn:r;;l:ns arc substituted with 2 hydroxy group; which
includes danvatives where ﬂ}e'ﬁ:h‘ugtn atom of the pyridine group 15 1o the oxide fomm, nzf'erfed 0
in the ari as l-oxo-pyridine or has a hydroxy substituent, referred to 0 the art as 1-bydroxy-

pytidine.

Geperal Pre parative Methads

The compounds of the invention may be prepared by wse ‘of Ympwn chemieal reactions snd

pracedurss as described eg. i the following published intemational application . WO
2005/009%61.

Further therapewtic apencs

The compounds ¢f formula [ accnrding'tu the present invention can be combined with further

‘thergpeutic agents presently used to Ireat, prévent'or manage pulmenary hypertension such as, but

notlimuted to, anticoaguiants, duretics, cardiac glycosides, ralcium channel bleckers, ¥asodilalors,
prusta::ychﬁ analogucs, endothchum antagonists, phosphodiesierase inhibilors, cnﬂz-lu'pcptidasu':
inhibitors, lipid lowering agents, thromhexane inkikytors and other therapeutics kmown 1o reduce

puimonacy arléry pressare,

Exaﬁples of anticoagulants Inch.u:ie, but, are not limited to, £.g. warfenn vseful in the eatemeént of
patients  with  pulmonary hypertensicn having an increased risk of thr_ctmbu‘SLs and

‘thromboemboelism.

Examples of calciom channed blockers mclude, but are not limited to, diltiezem, felodeping,
amlodipine a0d nifcdipine particularly useful (or vasorenslive patients al right heart catheten-

zatio,
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" Examples of vasodilators include, bt arc not Emuled ln, c.g. prostac}mlm, epoprostennI
" weprostingl and nitric ﬂ:-udc (NO] :

Exemples of phosphodiesterase I:I’l]‘llbltﬁ]’-s inclade; but are not hrmted 14, pamcuTaﬁy phospho-
diesterase V inhibitors such a5 e g l:adalaﬁl sildenafi] and \rardcnaf L

['.:-Lamplss of endothelin antagouists mclude. bul are not, limited lD 2.2, bosentan ang mt&nentan
prefecably bosetan... ' '

Examples of prustacyclin ana]ugui:s include, but are not mited toy 8.1 1lomedm trEpmS'q.m] and

:pnprostc:nul

Examples of Ilpld lowmng agimts melude, but are not lirhited to, e.p. HMG CoA redm:tase:
inhibitors sur.h as s:m'.rastatm, pravastann al-::mastatln, lovastatir, Lmvastahn fluvastatin,

pitavastatm. rozuvastatin, ZDJ_iiEZ and cerivastatin

Examples diuretics 1nciudc bul are ‘nat ]Imilﬁd ln Eg ch]mthahdan. mdapm'md bendm—
ﬂumethuznd matc!azc}m &yclopenthiazid, pnlﬁhau:d mefrugid, mmapld, uhlurmh;az.d an:]
h:,rdmchlurothlaz:d particularly useful 0 manage penpheral cden‘m

Examples of other therapeutics knuwn-l.o seduce pulmonary artery prcssunl‘; include, b;.ul are nol
limited to, ¢.g. ACE inﬁibiturs such as enalapril, wamipril, captapril,. nilaz:april andufapril
fosinopri], qQuinail, mnexlpn] lasmnml and perindoptil, ar. AT 1l infiibitars such as losartan,
candesartan ul:msaﬂan, erqhusartan valsartan a:nd t:lnusartan or 1Iupmst. helaprost, L-preinine,

" omapatrijal, oxygen particulacly uscful in th-:m: patmnls with :cshng or em.rc:se-mdum:d ,

hypeaemia or digoxin particularly useful ta improve nght venlticwlar function in pahents with

a right ¥entrcular fallurc

Furth:m'mre the compounds and combmaiiors af the invention can be combmed with kanase
inhibitors andéor elastase inh:bint'&rs_ ; '

Examplcs ul’ linase” mh:bﬂms mcluda 'uut are moet hmnted to, e.g. BMS 354825 canertinih, |

_['-I']Otlrl'ib geﬁtmll:r, umtmlb tapatinib, In:staurhmi} Ionafam;b pegaptamb pel:hn'b s:maxﬂ.mb
. tandutintb, tipifarnib, vetalanb, lonidamine, fasudil, leflunomide, | bortezomib, 1matmlb erlolimb

“and glivec. Frelerence is given to glivec.

Indications

The compounds and cattibinations accarding to the preseat myention can be used for manufacture

of 2 medicament fcr'ﬁeat:'ng, preventing and managing pulmanary hypc.rtensicn. Alse the pres.ent
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n¥ention prosides methgds of oeating, preventing and -n.'l.anag'ing pulmonzry  hyperiension,
::nmﬁrising adnunjsmring effective amounts of al least one compound of formula T and aptianally”

- at leasl one further therapsubic agent according 1o the invention, An “efective zmount” is the

quantity of the compound that 15 useful to achieve the degired resull, -e.g., o treag, premt or

manage the discase or condition,

The term “pulmonary hypertension” accnrdinﬁ to the invention include, but is not limitcd te, -

primary pulmenary hypertension, “secondary pulmonary h}pcrte:_'ismn; familizl ‘puimenary

hypertension, sporadic pelmonary hypertepsion, precapillary pulmanary hypertension, ﬁutmnnar}r :
" arterial, pulmenary arety hyperiension, wdiopathic pulmonary hyperiension, thrombotic pulmonary

artenopalky, plexogenie pulmonary arlenopathy and pu]rﬁmary hypertension associated with or
related’ to, Ieht veniricular dysfunction, mimal valwiar digeaze, constrictivepericarditis, acriis
slenosis, cardiomyopathy, mediagtinal fivrosis, anomalous pﬁ]rﬁmary venous drainage, pulmenary
vengocclusive disease, coliagen vascular disease, congemital hearm disease, cang{.:nil.a'l' _heﬁn

disezzc, pulmonary venus hypenensiﬁh. chromie abstructive puhﬁnnar;-' disease, imer:{miai,]ung

.chsease, sleep-disordered bre:ilhjng, alveolarhyperventilation di‘scrrder, chiume expostre to high
altitude, neonetal lmg disease, alveolar-capillary dysplasia, siekle cell dis'ca.se, odher cvagulation |

disorders, chromto thromboentboly, cofmechve lissus disease, luprLis, schistossnuasis, sarcoidosis or

puimonary capillary hemangiomatosis.

Any furm of puimunar_v hypericnsion can be treated -in accordance with the present tmvenlion,

including, bul eol imited 3, mud, © g, associated with mereases of mean blood pressure of about

"20-30 mim Hg at rest; moderate, g , assecisted with increascs of 30-38 tnm Hy al rest; and 'scvé:re:,

e.g., associated with increases of 40 mm HEg or maorc at rest.

Pulmenary hyperténsion includes pulmonary arterial hyperiensian (PAH), and includes, primary

- pulmonary hypertension. (PPH), diopathic PAH (IPAH), familisl PAH (FPAH). Several

classilications systerns for pulmgnary myperiension have been publizhed, mcluding Lhe_ Ewvian
Momenelaluee and Classification of pulmonary hyperiension (PH) (1998} and ths Rewised
Nomenelature and Classification of PH (2003). See, Lewis ct al., Chese, 2004, 126, 73-10, which

" is hereby incorporaied by rcference m ils entirety, Any disease PH listed in these c.la&ai'ﬁr_;almn

sthemes can be treated, manag.:d, ar prevented in accordance with the present invention. Risk
factors and diagnostic coiena for PH are desecbed in McGoon et al, Chesr, 126, 14-34; 2004,
which is hereby teorporsated by refsrence in its entirety

The follgwing kst 15 the 2003 classification ﬁmpuscd at the Third World Conference on

" Pulmanary Hypertensior:: PAH, IPAN, FPAH, collagen vascular disease, congenital Systemic to

pulmonary shuncs (large, ¢mall, repaired or nonrepaited), Forial hypertension, drigs and toxing,
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other (glycogcn storage disease, gauicher d.seasc hereditary hemorrhaglc lelangiectasia,
hemoglobmopalhrcs myeloproliferative disorders, sp!eneclomy) associated with significant
venous or capillary involvement, pulmonary venous hypertension; pulmonary capillary
hemanéi'omatdsis, pulmonary venous hypertension, left-sided atrial ventricular heart disease, left-

sided valvular heart disease, pulmonary hypertension associated with hypoxémia, COPD,

" interstitial lung disease, sleep-disordered breathing, alveolar hypoventilation disorders, chronic

exposure 1o high altitude, PH due to chronic thrombotic and/or cmboiiq disease, thromboembolic -

obstruction of proximal pulmonary arteries, . thromboembolic “obstruction of distal pulmonary

arteries, pulmonary embolism (tumor, parasites, foreign ‘material), sarcoidosis, histiocytosis X,

lymphangiomatosis, compressron of pulmonary vessels (adcnopalhy, tumor, fibrosing .

‘mediastinitis)

Any of the above-mentioned disorders can be associated with an mcrezsed risk of pulmonary

hypertension, including, subjects having, eg, congemtal heart disease (e.g., Eisenmenger '

syndrome}); left hecart discase; pulmonary venous disease (e.g., fibrosis tissue namowing or
occluding pulmonary veins and venules); pulmonary arterial discase; diseases causing- alveolar
hj./poxia; fibrotic lung diseases; Williams syndrome; subjects with intravenous drug abuse injur).r,
pulmenary vasculitis (such as Wégener’s, Goodpasture's, and Churg-Strauss 'syndrofnes);

cmphysema; chronic bronchitis; kyphoscoliosis; cystic fibrosis; obesity-hyper-ventilation and sleep

apnea disorders; pulmonary fibrosis; sarcoidosis; silocosis; CREST (calcinosis cutis, Raynaud

phenomenon; esophageal motility disorder; “sclerodactyly, and .lclcangiectasia) and other

. connective tissue diseascs. For example, a subject who possesses a BMPR2 mutation {bone

morphogenetic protein receptor II) has a 10-20% Iifetimc risk of acquiring FPAH. Subjects with
hereditary hemorrhagic telang1ectasa were also |dcnt|ﬁe.d 8s bcmg at risk for [PAH, espocnally
‘thosc carrying mumnons in ALK]. See, McGoon et al., Chest, 2004 _gg 14-34,

According to the invention the term “treating” refers to _th‘e administration of a pharmaccutical

composition aftcr the onset of symptoms of pulmonary hypertension, whereas “preventing” refers
. Y ary hyp g

1o the administration prior o the cnset of symptoms, particularly to patieﬁt_s at risk of pulmonary

hypertension. The term “managing” encompasses preventing the recurrence of pulmonary

ﬁypcrtension in a patient who suffered fsom pulmonary hypertension.
Administration

Compounds or drug combinations of the prescr;l invention can be administercd in any form by any

effective route, including, c.g., oral, parenteral, enteral, intravenous, intraperitoneal, topical,

transdermal (e.g., using any standard patch), ophthalmic, nasally, local, non-oral, such as acrosal, '

inhalation, subcutaneous, intramuscular, buccal, sublingual, rectal, vaginal, intra-arterial, and
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intrathecal, ete. They can be administered alone, or in combination with any ngredient(s), active

or inactive.

Preference is given 1o an oral administration.

Compounds or dyug combinations of the present invention can be converted in 8 known manner
into the usuval formulations, which may be liquid or solid formulations c.g. without limitation
normal and enteric coated mblels, capsules, pills, powders, granules, elixirs, tinctures, solution,

suspensions, syrups, solid and liquid aerosols and cmulsions.

Examples of solid formulétiops for oral administration are described in US provisional applicatian
No. 60/605,752. )

The combinations of the present invention can be administered at any time and in any effective
form. For example, the compounds can be administered simuitaneously, e.g., as @ single
composition or dosage unit (¢.g., a pill or liquid containing both compositions), or they can be
administered as separate compositions,, but at the same time (¢.g., where one drug is administercd
intravenously and the other is administered orally or intmmusculgrly). The- drugs um also be
administered sequentially at different times. Agents can be formulated conventionally 1o achieve
the desired rates of release over extended period pf times, e.g., 12-hours, 24-hours. This can be
achieved by using sgents and/or their derivatives which have suitable metabolic half-lives, and/or

by using conuolled release formulations.

The drug cambinations can be synergistic, e.g., where the joint action of the drugs is such that the

combined effect is grcalcr.lhan the algebraic sum of their individual effects. Thus, reduced

* amounts of the drugs can be administered, e.g., reducing texicity or other delcterious or unwanted

effect; and/or using the samc amounts as used whcn_thc agents are administered along, but

achieving greater efficacy.

Compounds'or drug combinations of the presént invention can be further combined with any other

suitable additive or pharmaccutic.ally accepiable camier. Such additives include any of the

substances already mentioned, as well as any of thosc used conventionally, such as those described -

_in Remington: The Scicnce and Practicg of Pharmacy (Gennaro and Gennaro, cds, 20th cditi_on,

Lippincott Williams & Wilkins, 2000); Theory and Practice of Industnal Pharmacy (Lachman et
al.,‘cds.. 3rd edition, Lippinﬁott Williams & Wilkins, 1986); Encyclopedi .h tica
Technology (Swarbrick and Boylan, cds.,, 2nd edition, Mercel Dekker, 2002). These can be
referred to herein as “pharmaccutically acceptable carriers” 1o indicate they are combined with the

active drug and can be administered salcly to a subject for therapeutic purposes.
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In 'éd::[:'h'un, compounds or drug combinations of the 'prcs:nt invention can be administered with
ciher petive agénts or uther thenipics that are wtilized (o tregt any of the abwermenmned diseases
andior -:.nndﬂmns.

Other ﬂ'tr:rapics accarditg to the invenlinn i'nc]ude,'bur are ol limited to, e.g. physical or

mechanical therapy such as eluehical st:mulanan acupuncmre, magnet therapy or topical use ui‘-

pnlyurerhane films.

- The present mu:ntmn provides also -:omblnanans of at leasl one compound of Fnrmula { and at’

least one 'other merapeunc agent mentioned gbove useful in treating a disease or disorder.

“Combinations” for the purposes of the invention include:

-single wmpuéiti{ms or dosage forms which confein at lcast one cottipound of Formuls |

and at least one other theraprubic 2gent mentioned above;

~combinatign packs containmg at least one compound of Formula T and at Jeast ofe other

therapeutic agent mentioned above to be administered concurrently or s'.:quentia]ly;

-kits which compnise at leasl pne compound of Formula f and at least ¢ng other l:hf:rapeurm
agent mentioned above patkaged scparate from one another as unit dosages vr a3 inde-
. pendent mit dossges, w11h or without insiructions that they be administerad nonnu:rentl}'

qr anue.ntmlfy; and

sepa:al‘.c mdepcndem desage forms of at least one comnpound af Formula 1 and at least one
ather the.mpcuhc agent mentioned above whml: cooptrate 1o achieve a therapeutic :ffect

c.§., treatment of (he same disease, when administercd concurrently or scquentially,

The du-sa;gc_ﬁf tach agent of the combination can be selected with reference to the other andior the
type of disease andfor the disease status in order to provide the desirsd therapeutic activity, For'

example, the active aptnts in the combination can be present and ai-:lm:imstercd an o fixed

" wombination. "Fixed combindtion” is intended here to mean pharmaceutical Forms in which the

" COTIpoNEnts are pregent in & fixed ratio that provides the desired efficacy. These amounts can be

dftennmed routinely for & par'twular patient, where, vanuus paramelers are uhilizged to select the

appmpnatc dosage (e, g type of disease, age of patient, d:sea.se status, patient health, weight, ete.), -

or the amounts can be rtlahvely Standard.

The amsunt of the administered aclive ingredient ¢an vary widely according lo such considerations

‘a5 the particular compound and dosage wait employed, the mode and time of administration, the
period of treatment, the age, sex, and_ peneral condition of the paticnt treated, the natute and extient
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of the conditien treated, the rate of drug metabolism and excretion, tre potential drug cambinations
" and drug-drug interactions, and the like. :

Preference is given to 20 ameuat of the compound of formuta [ from 20 to 2000 mg, preferably

from 40 to 800 wg, more preferably from 50 50 600 mg.

Particolar preference s given to an 2mount of 4{4-{3{4-chloro-3-rifluoromethylphenyl)-ureida]-
3-fluprophenoxy) -pyridine-2-carboxylic acid methylamide in the ﬁharmaceutma] Cumpasition
from 10 to 2000 mg, preferably from 50 ta 1560, more preferably from 60 to 1000 mg, '

In another embodiment of the invention the compound of formula Tis adnumstered in combination

with at least one further therapeutic agent in an amount that thosc of trdinary skill in the art can
determing by their professional judgement

The phanmacéatical composition according te the wvention is administered one or more,

: plrt:ﬂ:mbly up to thn::: mare _prtf:rabl;,r up to two times per day. Pre_[‘erc:hce iz givén to an

adiministration w1a the oral rouse. With each admjnis_tra'ti-on the number of 1ablets or capsules taken

in at the same time showld not exceed two.

Nevertheless, it may in Stme cases be advantageons te dewate from the smounts spaciﬁ:ﬂ,

depending on body weight, 1ndividual behaviour toward the active ingredient, type of preparabon
and time or interval ower which the adminietration 15 eifesied, For mstance, less than the

aforementioped minimum amounts may be sufficient in some cases, while the upper limt specified

has to be exceeded in other cases, In the case of admunistration of relatively large amounts, it may-

_be advisable to divide these into several individual doses aver the day.

The combination can comprise elfective amounts of at least ons compound of Formula [ and at
least ane other therapeutic agent mentioned above, wiﬂct; achieves a greater therapeutic cfficacy
than when either compound it used atont. The combination can be vsefiul to weat, prevent ot
ranage pulmonary hypertension, where (he therapeutic ffect is not ohserved when the agents are

used alone, or where an enhanced effect i5 observed when the combinahon 1¢ administered,

The relative rati-os c.f' esch compound in the combination can also be selecied based on their
respoctive mechanisms of action and the disease biology. The refative ralios of each -::'ampérund Can
vary widely and this invention includes combinations for trcating, preventing OF managing
pulmonary hypertension where the amounts of the formuls [ compound and the other therapeutic

apent can be adjusted routinely such that either is present in higher amounts.

il
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The release of one of more agents of the comhination can-also be controlied, where appropriate, to

© provide the désired therapeutic activity wheq in a single dosage form, combination pack, kit or

when in separate independent dosage forms,

Preference is given (o a combination comprising a compound of formula I and at least one

compound solected from the group Consisting of Fhosphodiestérase ¥V inkubitors, endothelin -

antagonisls, prostecyclin analogues, Janase inhibiters aird elastase inhibitors. More prcﬁ:-rabiy a
combination Comprising 4{4-[3—{4-¢h|uru—3-1riﬂunmm_:thy]phmyIJ-uImEn]—Jvﬂuumphenoxy]-

- pﬁldiné-z-carfm_xylic z¢id methylaride and and at least one compound selected fram the proup

consisting of tadalafil, sildenafil, vardenafii, hosentan, sitaxentan, ilomedin, treprostinil ang

cpoprostenc] is  used. Most preferably a  combination COmpriging 4{4*[3—(44]1]0&-3-

- triflucromethylpheryi)}- ureide]-3-fluorophenoxy | -pyridine-Z-carboxylic mci-:l' methylamide and

busentan or vardenafil 15 used.

4’2/
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Examples: .

The effects of the compounds and drug combinations according (0 the invention are tested in viro'on'

isolated rat pulmonary arteries and in vivo in monocrotaline-treated rats with pulmonary

hypertension.

Isolated small pulmonary arteries

Male Wistar rats (250-300 g) arc anaesthetized with cther, and the lungs are removed. The left

_ pulmonary arterial vessel is dissected and placed in ice-cold Krebs-Henseleit (KH) buffer of

following composition (in mmol): NaCl 112, KCI 5.9, CaCl, 2.0 MgCl, 1.2, NaH,PO, 1.2,
NaHCO, 25, glucosc 11.5 and optionally the compound/combination to be tested in 2
concentration of 107" to 10 mol/l.

For measurement of isometric tension, ting segments, 2 mum in length, are mounted in a small
vessel chamber myograph. Two wires (40 pm diamcter) are introduced through the Jumen of the
scgments and mounted according to the method described by Mulvany and Halpem (Circulation

“Research l§77; 41:19-26). Aficr a 30 min equilibration period in oxygenated KH solution at 37 °C

and pH = 74 secgments are stretched to their ‘optimal lumen diameter for active tension

development which is determined based on the internal circumference-wall tension ratio of the

scgments by setting their intemnal circumference to 90% of what the vessels would have if they are

exposed 10 a passive tension equivalent to that produced by a transmural pressure of 30 mmHg.

Aflerwards, segments arc washed three times with Kl‘l solution and left to equilibrate for 30 min.
‘chm'cnt contractility is then tested by an initial exposure to a high K* solution (IZC; mmob1 K*-
KH solution, which is identical to KH solution except that NaCi is replaced by KCl on an
equimolar basis). '

The vessels are than pre-contracted using K' (50 mmol1) KH solution, When the contraction is

. stabilized, an accumulative dose response curve of the compound/combination tested is

constructed. The stabilized contraction induced by K* (50 mmol/1) KH solution is defined as 100%

tension. The refaxation is expresscd as percentage tension.

Pulmonary Arti e in Monocrotaline treated rats

Malc Spraguc Dawley rats (250-300g) arc treated with monocrotaline 60mg/kg subcutanously

(=day 0). On day 14 after monocrotaline injection treatment the compound/combination to be

tested is administered. On day 28 hemodynamic parameters, i.e. right vetricular pressure, systemic
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blood pressure, heart rale, arterial and venous oxygen saturation arc measured and compared with:
untreated control animals.
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‘What we claim: ) : ‘5' DEZ. 2805

Use of a compound of formula I or a pharmaceutically acceptable szlt, polymorph, solvate,
hydme metabolite, prodrug or diastereoisomeric form thereof, for manufacturc of a
medicament for reating, preventmg or managing of pulmonary hypertznsmn

wherein said compound of formula I is:

_CH,

Iz

)

Combmatlon comprising at least one compound of formula I as defined in claim 1 and at

least one elastase mhlbxtor and/or one kinase mh:butor

Combination of claim of 2 whereih the kinase inhibitor is glivee.

Combination comprising at Icast one compuund of formula 1as deﬁned in clalm lora
combination as defined in any of claims 2 to 3 and at lcast one therapeutic agent selected
from the group consisting of anticeagulants, diuretics, cardiac glycosndes calcium channel
blockers, vasodllamrs prostacyclin analogucs cndolhclmm antagonists, phosphodnesterasc
inhibitors, endopeptidase inhibitors, lipid lowering agents, thromboxane m]ubltors and

other therapeutics known to reduce pulmonary artery pressure.

CnmbinatiOn of claim 4 wherein the further therapeutic agént 15 a phosphodiesterase V
inhibitor, endothelin antagonist or prostacyclin analoguc.

Combination of claim 4 wherein the further therapeutic agent is tadalafil, sildenafil,
vardenafil, bosentan, sitaxentan, ilomedin, treprostinil or epoprostenol.

Use of the combination of-any of claims.2 to 6 for manufacture of a medicament for

treating, preventing or managing of pulmonary hypertension.

Pharmaceutical composition comprising a combination as defined in any of claims 2 to 6.

Pharmaceutical composition of claim 8 for the treatment of pulmonary hypertension.

g



BHC 05} 13i-EPO}
-15-

10. A method for treating, preventing or managing pulmonary hypertension in a subject in
need thereof comprising administering effective amounts of a compound of formula 1 or

pharmaccutically acceptable sall, polymorph, solvate, hydrate, metabolite, prodrug or

diastereoisomenic form thereof

s wherein said compound of formula 1 is:

cF, :
1S ¥en
H H
: F

l-lA " The method of claim 10 wherein the comypound of formula I is combined with at least onc

M.

elastase inhibitor andfor onc kinase inhibitor. -

10 12, The method of any of claims 10 to 11 wherein the corﬁpc\md of fo;-mulal is additionally
combined with at least one therapeutic agent selected from the group consisting of
anticoagulants, diuretics, cardiac glycosides, calciwn channel blockers, -vasodilators,
prostacyclin  analogucs, endothelium  antagonists, phosphodiesterase  inhibitors,
endopeptidase inhibitors, lip.id lowcring agents, thromboxane inhibitors and other

- 15 therapeutics known to reduce pulmonary artery pressure.
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DIARYT, UREA FOR TREATING PULMONARY HYPERTENSION

EPO - pmy i
33 Unich

.Abétrac! ﬂ;-s_nezzms | .

“The present invention relates to pharmaceutical compositions for treating, preventing or managing

pulmonary  hypeniension  comprising - 4{4»[3-(4-chlord—3-triﬁuommethylpﬁenyl)—ureido]—fi-' .

flucrophenoxy}-pyridine-2-carboxylic acid methylamide optionally combined with at least onc

. - additional therapeutic agent.

47



Document made available under
Patent Cooperation Treaty (PCT)

Iernalional a]}pl-lc;ﬂiﬂll-l'lll]'lll}et'. PUT/ERZ006/010406

International filing dute: 30 October 2006 (30,10.2006)

‘Documcnt type: - Certified copy of priority r:locumenl.
- Document details: Country/Office:  EP

MNumber: 06012234 8
Filing datc. 14 June 2006 (14.06 2006)

- Date of receapt at the Intemational Burean: 20 Noveniber 2006 (200112006}

Remark:  Priority document submitted or transwitted to the Tnterational Buteau in
compliance with Rule 17, 1{a} oi (1] '

“World Tntedlectunl Property Organization (WIPO) - Genéva, Switz_erlﬁnd
Organisation Moiidle de la Propriété Intellectuelle (OMPI1) - Cienéve, Suisse

the

ne



Europhlsches Patentamt
GD1

European Patent Offica
DG

ERIDI0H06

Offlee eurcpéon des brevels

T woliols

Bescheinigung

Qie angehafieten Unlarlagen
atimmen mit der urapranglich
eingareichtan Fassung der
aufdem nachsten Blat
bezeichnaten eurcpdisshen
Patzntanmeidung Oherein.

Cerlificate

The aftached documents are

exact copizs of the
Eurcpean patent application
degeribed on the fillowing

~ page, as onginally e,

Attestallon

Les documents fixés 3 coite
attestoticn sont eonformes a

la versian initizlemant

dépozda de la demanda da
hrevet ewropeen spécifiode 4 -
e page suivanta..

Patenlanmeldung Kr,

Patent applicallon Ne.

05012234 8 / EPOB0 12234

Demanda de brevel n°

The grganizetlon code and number of your pnum}.r appfication, to be vsad fnr fi iling ebroad under the Padis

GCaonvention, is EPOEI12234

EPA/EFCUCER Form 13 0200

Der Prasident clos Eumpﬂ.laa:ahcn Palenlamle;
I ﬁer.‘a.u '

Fer e Preaident el tha Eurcpean Patent Office h
Le Freaideni da [Ofice europden dos brevets

pe.

RG. van Dijk

41



Furgpdlaches Patentamt European Pateni Office -ﬂﬁlce eurapéen des brevels

0} G . DG DGl
. Anmelching Hr: Anmeldatag:
Apptiodtlon ne.:  QBO1EE34.8 Omeclfing. . 140608
Demands no. o Date da déphi:

Armekdes'Appicant{syDemandaup)

 Bayer HeallhGare AG

51368 Levelkus-BnFD_E

Bezaichaunyg dar EdindungiTitla of ke v ntlonTitre de lmeniion

{Falfz die Bezewhnung der Edindung meht angegeban 15!, siehe Beschreibung.
IFna tilla |8 shown plasss rfer to the cezcriplion.

Si ausin filre n'sct ndiqué ze refargr 4 |a dederiplian.)

Diaryl uraa for trealing pulmonary hypartetisian

In anspnezh gerammens Priotlkition) § Prioiyges) claimed ! Priorié(s) evendiquéss)
SlaatTagimilonzalichen / State/Date/Fila ne. f Paya/Dale/Mumédro de déd pid;

Intermativna’a Petartklzasifikation § Inlarmehign el Paterd Glassiie alin S Clasgilication ntemaionnla da Brawrsta

ABTKI1A00

Air Anridetag Benatnle Yarragateaten / Corlracting slates designated al dalo of filing £ Etals contractan:e désignios bora du ddpd!:

ATBEBGCHGY CZDEDK EEES FI FR GB GR HU IE 1S ITLILY LU LY MG NL PL PT RO SE SI 8K TH

EPAEPCWOER Form 1M4 02,00 2






10

15

2

23

30

‘DIARYL UREA FOR TREA [ING PULMONARY HYPERTENSION

2

BHC 05 1131-EP02  ALAUXPIZ006-0602

- 83

The ﬁrescnt invention related to pharmaceutical eompositions and combinations for treating
preventing or managing pulmonery hypertension comprising 4 {4-[3-(d-chloro-3-triflucromethyl-
phenyl}—ureido]-:-!—ﬂuamphennx_v_}—pyﬁdine—z-carbﬁxylic acid methylamide opticnally combined

with at least one additional therapeutic agent.

Diaryl urea compounds €.g, 4 {4-[3-(4-chlore-3-wifluoromethylphenyl}-ureido]-3-flugrophenoxy} -
pyﬁdine-!-c_arhnnqu:: acid methylamide as described e.g. in US 20050038080 are potcnt anti-

 cancer and anti-angiogenic agents that possess various activities, including inhiutory activity om

the VEGFR, PDGER, raf, pd8, andfor f1t-3- kinase signaling molecules. These diaryl ures
compound: have been previously characterized as having various activities, imcluding for
nhibiting the RalMEK/ERK pathway, raf kinase, p3f kinase, VEGFR kinase, PDGFR kinase.

These activities and their use in weating vanous digeases and conditions ars disclosed in, ¢.g, WO
2003009961,

Pulmonary hyperiension refers o a disease characterized by sustained elevations of pulmonary

artery pressire {L.J. Rubin, The New England Journal of Mcd_icinc,lgﬁ‘?, 336(2), 111). Current

treatment of pulmonary h}':iertensiun depends on the stage and the mechanism of the disease.
Typical treatments for pulmonary hypenensiﬁn inchude antic-:iaéulatian. oxygen fupplemeéntation,
conventional vasodilator thern;;y, transplantation and .surgica'l care. Therapeutic apents presently
used fn-r the weatment of pulmonm"_.; hypertenaion include c.g. caleism channel blockers and

pulmonary v.a_sodllamr_s .

The present invention provides pharmaceutical compositions for treating, preventing or managing

pulmenary ‘hyperension cumpﬁ.sitm, & compoynd of formula [ and cpiionally at least one forther

- therapeulic apent. -

" The present invention can be used e.g. by adminislering a diaryl urea compeund of formala I and

- aptionally a further therapeutic agent, pharmaceutical ly-acceptable sﬁi_ts thereof, and derivatives |

therzof, sic.

The compounds with the structure of formula |, pharmaceutically acceptable salts, polymorphs,-

solvates, hydratcs metabolites: snd predrugs theceof, including dissterevisomeric forms (both

isplated sterecisomers end mixtures of sterecisomers) are collectively referred to herein as the

“compounds of formula I",

9¢
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Formula (I) is as follows:

CF, . Q
cl ‘ 0 _CH,

M

Where the plural form of the word compounds, salts, and the like, is used herein, this is taken to

mean also a single compound, salt, or the like.

The present invention also relates to uscful forms of the compoun&ls‘ as disclosed nerein, such as
pharmaceuticelly acceptable salts, metabolites and prodrugs. The term “pharmaceutically
acceptable sait® refers 1o a relatively nqn-toxic’ inorganic or organic acid addition salt of a
compound of the present invention. For example,’see 8. M. Berge, et al. "Pharmaceuticai Salts," /.
Pharm, Sci. 1977, 66, 1-19. Pharmaceutically acceptable salls include those obtained by reacting
the main ¢ompound, functioning as a base, with an inorganic or organic acid to form a salt, for
example, salts of hydrochloric acid, sulfuric acid, phosphoric acid, methane sulfonic acid, camphor
gulfonic acid, oxalic acid, maleic.acid, succinic acid and citric acid. Pharmaceutically acceplable

salts also include those in which the main compound functions as an acid and is reacted with an

appropriate base to form, e.g., sodium, potassium, calcium, mangnesium, ammonium, and choling

salts. Those skilled in the art will further recognize that acid addition salts of the claimed
compounds may be prepared by reaction of the compcmnds with the appropriate inorganic or
organic acid via any of a number of known methods. Alternatively, aliali and alkaline earth metal
salts arc preparcd by reacting the compounds of the invention with the appropriatc base via a
varicty of nown methods.

Representative salts of the compounds of this invention include the conventional non-toxic salls
and the quaternary anmonium salts which arc formed, for example, from inorganic or organic
acids or bases hy means well known in the art. For example, such acid addition salts include
acetale, adipate, alginate, ascorbate, aspartate, benzoate, benzenesulfonate, bisulfate, butyrate,
citrate, camphorate, camphorsulfonate, cinnamate, cyclopentanepropionate, digluconate, dodecyl-
sulfate, cthanesulfonate, fumarate, glucoheptanoate, glycerophosphate, hcmis;u!fa!'e. hcptanoalé,
hexanoate, hydrochloride, hydrobromide, -hydroi'odide‘ z-hydroxycthancsulfon'ate, itaconate,
lactate, malcate, mandelate, methancsulfonaté, 2-naphthalenesulfonate, nicotinate, nitrate, oxalate,
pamoatc, pectinate, persulfate, 3-phenylpropicnate, picrate, pivalate,- propionate, ‘succinate,

sulfonatc, tartrate, thiocyanate, losylate, trifluoromethancsulfonate, and undecancate.
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Base zalts include alkali metal Sa.]tq siich as Potassium and sedium salis, alkaline sarth meta)] salts
siich as calr.:il‘.lm and magnesium sahs, and ammonium salts with orgamc.bases such as dicycle-
hexylamine and N-methyl-D-ghiramine. Additierially, basic nitrogen containing groups may be
quarnized with such agents as lower alkyl halides such as methyl, ethyl, propyi, and butyl
chlorides, bromides and iodides; dialkyl sulfates like dimethy], diethyl, and dibut:.lrl sulfate; and
diamy] sulfateg, long chein baiides such as deey!, lauryl, myristy]l and streary! chlarides, brormdes
and iodides, aryl or aralkyl halédcs like benzyl and phenethyl bromides and others monosubstituted -
araliy] halides or polysubstifited aralkyl halides.

Solvates for the putpases of the invention are those forms of the compounds where solvent
milecules Mo a complex in the solid state and include, but are not limited 1o for example cihannl

and methanol. Hydrates are a specific form c-f solvates, where lhe solvent molecule i5 water

Certain pharmacologically active a gems can be further rmodified with labile functional groups that

are cleaved after /m wive administration to furnigh the pareni active agent znd the pharma-

.cologically inaclive derivatizing group. Thesc derivatives, commonly referred to as prodrgs, can

be uzed, for axamnple, to Zlter the physicochmﬁ::ﬁl properties af the gctive égent, to target the
active agent to a specilie tissue, to aller &Lc pharmacokinetic and bhannamdynanﬁu propertigs of
the active agent, and to reduce undesirable side effects. Frodrugs of thIe invention 'mcludé, ¢.z., the
csters of appropriste compounds of this invention that are well-tolerated, phaimaceutjn ally '
accoptable esters ;uul'l i-ts alky] esters including methyl, ethyl, propyl, isepropyl, butyl, {seburl ec
pentyl esters, Additionsl esters such as phenyl-C; -Ci'al.kyl may be used, although .meﬂwl ester 1%
p:et"farred. . .

Methods which can be used 10 synthesize GThEllf prodougs are descrived in the fol lowing reviews on

the subjact, which are incorporated herein by vefererice for their deseription of thesc synthesis

" metheds;

. H{_guc.hi, T.: Siella, ¥. eds, Pmdﬁ:gs As Novel Drug De!iu-e:y Sysrems. ACS Symposium
Serics. American Chenical Sozitry: Washington, DC (1975).

= Roche, E. B. Daign of Bicpharmaceutical Propertics through Prodrugs and Analogs.
* American Pharmaccution] Assoeiation: Washington, DIC (1977}

"w Sinkuls, A. A Yalkowsky, §. H. J Pharm Sci. 1975, 64, 181210,

= Stella, V. ]; Chamman, W. N. Neringrekar, V. H. Drugs 1985, 29, 455473,

* " Bundgeard, H.,'ed, Design of Prodrugs. Slsevier: New Yark (1985)
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e Stella, V. ], Himmelstein, K. J. J. Med. Chem, 1980, 23, 1275-1282.
« Han, H-K; Amidon, G. L. AAPS Pharmsci ZOD!I, 2, l-'l i,
e Denny, W. A, Eur, J. Med. Chem. 2001, 36, 577-595.

o  Wemuth, C, G. in Wermuth, C. G. ed. The Practice of Medicinal Chemistry Academic Press:
San Diego {1996), 697-715.

* Balant, L. P,; Doelker, E. in Wolff, M. E. ed. Burgers Medicinal Chemistry And Drug
Discovery John Wiley & Sons: New York (1997), 949-982.

The metabolites of the compounds of this invention include oxidized derivatives of the compounds
of formula I, wherein one or more of the nitrogens are substituted with a hydroxy group; which

includes derivatives where the nitrogen atom of the pyridine group is in the oxide form, referred to

.in the art as 1-oxo-pyridine or has a hydroxy substitucnt, referred to in the art as 1-hydroxy-

pyridine.
General Preparative Methods - '

The compounds of the invention may be prepared by use of known chemical reactions and proce-
durcs as described c.g. in the following published intemational application WO 2005/009961.

Further therapeutic agents

The compounds of formula I according to the present invention can be combined with further
t.herapeutic agents presently used to treat, prevent or manage puimonary hypcrtension‘such as, but
notlimited to, anticoagulants, diuretics, cardiac glycosides,»calciurh channel block&s, vasodilators,
prostacyclin anslogues, endothelium antagonists, phosphodiesterase inhibitors, endopeptidase
inhibitors, lipid lawering agents, thromboxane inhibitors and other therapeutics known to reduce

pulmonary arery pressure.

Examples of anticoagulants include, but are not limited to, e.g. warfarin uscful in the treatment of
patients with pulmonary hypertension having an increased risk of thrombosis and thrombo-

embolism,

Examples of calcium channel blockers inciude, but are not limited to, diltiazem, felodipine,
amlodipine and nifcdipine particularly uscful for vasoreactive patients at right heart catheteri-

Zation.
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Examples of vasodilators include, but are not limited to, e.g. prostacyclin, epoprastenol,

weprostinil and nitric oxide (NQ).

Examples of phosphodiesterase inhibitors include, but are not limited to, particularly phospho-

diesterasc V inhibitors such a3 e.g. tadalgfil, sildenafil and vardenafil.

Examples of endothelin antagonists include, but are not limited to, e.g. bosentan and sitaxentan,

pre ferably_ bosetan,

Examples of prostacyclin analogues include, but are not limited to, e.g. itomedin, treprostinil and

epoprostenol.

Examples of lipid lowering agent's include, but are not limited to, e.g. HMG CoA reductase
inhibitors . such as simvastatin, pravastatin, atorvastatin, lovastatin, itavastatin, fluvastatin,

i)itnvnstnﬁn, rosuvaslatin, ZID-4522 and cerivastatin

Examples diuretics include, but are not limited to, e.g. chlorthalidon, indapamid, bendro-
flumethiazid, metolazon, cyclopenthiazid, polythiazid, mefrusid, ximapid, chlorothiazid and hydre-

chlorothiazid particularly useful to manage peripheral edema.

Examples of other therapcutics knowﬁ to reduce pulmonary artery pressure include, but are not
limited " to, e.é. ACE inhibitors such as enalapril, ramipril, captopril,. cilazapril, trandolapril,
fosinopril, quinapril, moe?tipril, lisinopril and perindopril, or AT II inhibitors such as losartan,
candesana;l, irbesartan, embusartan, valsartan and telmisartan, or ilop.rost, betaprost, L-arginine,
omapatrilat, oxygen particularly useful in those patients with resting or cxercise-induced
hypéxemia or digoxin particularly useful to improve tight ventricular function in patients with

right ventricular failure:

Furthermore the compounds and combinations of the invention can bc combined with kinase

inhibitors and/or elastase inhibitors.

Examples of kinase inhibitors include, but are not iiljnited lo, e.g. BMS-3S482_5, gaﬁerﬁnib.

erlotinib, gefitinib, imatinib, lapafinib, lestaurtinib, lonafarib, pegaptanib, pelitinib; semaxanib,

tandutinib, tipifarnib, vatalanib, lonidamine, fasudil, leflunomide, bortezomib, imatinib, erlotinib

and glivec. Preference is given to glivec.

Indications

" . The compounds and combinations according ta the present invention can be used for manufacture

30

of a medicament for treating, preventing and managing pulmonary hypertension. Also the ‘present
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invention provides mcthods of treating, preventing and managing pulmonary hypertension,

- comprising administering effective amounts of at least one compound of formula | and vptionally

al lcast one further therapeutic agent according to the invention. An “cffective amount™ is the
quantity of the compound that is eseful to achicve the dcsired result, ¢.g.. to treat, prevent or

manage the disease or condition.

The term “pulmonary hypem:nsion" according 1o the invention include, but is not limited to,
primary puimoniry hypertension, secondary pulmonary hyperension, familial pulmonary
hypertension, sporadic putmonary hypertension, precapillary pulmonary hypertiension, pulmonary
arterial, pulmonary artery hypertension, idiopatmc pulmunary hypertension, thrombotic pulmonary
arteriopathy, plexogenic pulmonary arteriopathy and pulmonary hypertension associated with or
related to, left ventricular dysfunction, mitral valvilar dfseasc. constrictivepericarditis, aortic
stcnosis, cardiomyopathy, mediastinal fibrosis, anomalous pulmonary venous drainage, pulmonary
venoocclusive discasé, collagen vascular discase, congenital heart disease, congenital heart
diséasc, pulmonary venus h)'pcnensibn, chronic obstrﬁctive pulmonary disease, interstitial lung
disease, sleep-disordered breathing, alveolarhyperventilation disorder, chronic expusure to high

altitude, nconatal lung disease, alveolar<apillary dysplasia, sickle ccll disease, other coagulation

" disorders, chronic thromboemboli, conncctive tissue disease, lupus, schistosomiasis, sarcoidosis or

pulmonary capillary hemangiomatosis.

Any form of pulmonary hypertension can be treated in accordance with the present invention,
including, but not limited to, mild, e.g., associated with increases of mean blood pressure of about
20-30 mm Hg st rest; moderate, e.g., associated with increases of 30-39 mm Hg at rest; and severe,

e.g., assuciated with incieases of 40 mm Hg or more at rest.

Pulmonary hypertension includes pulmonary arterial hypertension (PAH), and includcs, primary
pulmonary hypertension (PPH), idiopathic PAH ([PAH), familial PAH (FPAM). Scveral
classifications systems for pulmonary hypertension have been published, iﬁcluding the Evian
Nomenclalure and Classification of pulmonary hypertension (PH) (1998) and the Revised
Nomenclature and Classification of PH (2003). See, Lewis et al., Chest, 2004, 126, 73-10, which
is hereby incorporated by4 reference in its entirety, Any disease PH listed in these classification
schemes can be treated, managed, or prevented in accordance with the present invention. Risk
factors and diagnostic én‘teria for PH are described in lMcGoon et al,, Chest, 126, 14-34, 2004,

which is hereby incorporated by veference in ils cntirety.

The following list is the 2003 classification proposed at the Third World Conference on
Pulmonary Hypertension: PAH, IPAH, FPAH, collagen vascular diseasc, congenilal systemic to
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pulmonary shunis (large, small, repaired or nonrepaired), Portal hypenension, drugs and toxins,
other (glycogen storage disease, gaucher discase, hereditary hemorrhagic telangiectasia, hemoglo-
binopathies, myeloproliferative disorders, splenectomy), associated with significant venous or
caplllary involvement, pulmonary venous hypertension, pulmonary capillary h{.mangwmato.v,as
pulmonary venous hypertension, left-sided atrial ventricular heart disease, left-sided valvular heart
disease, pulmonary hypertension associated with hypoxemia, COPD, interstitial lung disease,
slecp-disordered breathing, alveo!ar hypoventllauon disorders, chronic exposure to high altitude,
PH due 1o chronic lhrombonc and/or embolic disease, th.rombocmbohc obstruction of proximal
pulmonary arteries, thrombocmbolic obstruction of distal pulmonary arteries, pulmonary embolism
(tumor, parasites, foreign material), sarcoidosis, histiocytosis X, lymphangiomatosis, compression

of pulmonary vesscls {(adenopathy, tumot, fibrosing mediastinitis)

Any of the above-mentioned disorders can be associated with an increased risk of pulmonary
hypertension, including, suﬁjects having, e.g., cor;gcnital heart disease (c.g., Eiscnmenger
syndrome); left heart discase; pulmonary venous disease fe.g., fibrosis tissue narrowing or
occluding pulmonﬁ:y veins and- venules); puImonéry arterial disease; diseases causing alveolar
hypoxia; fibrotic lung diseases; Williams syndrome; subjects with intravenous drug abuse injury;
pulmenary vas;:qliti's. (such "as Wegener's, Goodpasture's, ‘and Churg-Sirauss syndromes);
emphysema; chronic bronchitis; kyphoscoliosis; cystic fibrosis; obesity-hyper-ventilation and sleep
apnea disorders; pulmonéry fibrosis; sarcoidosis; silocosis; CREST (calcinosis cutis, Raynaud
phenomenon; csophageal motility di.;sorder; sclerodactyly, and tclcangiéclasia) and other
connective tissue diseases. For example, a subject' who possesses a BMPR2 mufalion {bone

morphogenetic protein receptor TI) has a 10-20% lifetime risk of acquiring FPAH. Subjects.with

“hereditary hemorthagic tclangiectasa were also identified as being at nisk for [PAH, especially
 those carrying mutations in ALK1. See, McGoon et al., Chest, 2004, 126, 14-34.

P4

According to the invention the term “treating” refers to the administration of a pharmaceutical

composition after the énsct of symptoms of pulmonary hypertension, whercas “preventing” refers

10 the administration pridr to the onset . of symptoms, particularly o patients at risk of pulmonary
hypertension. The term “managing” encompasses preventing the recurrence of pulmonary

hypertension in a patient who syffered from pulmonary hypertension. '

A@minlstrntion

* Compounds or drug combinations of the prcsent invention can be adrmmslered in any form by any

effective route, “including, e.g, oral, parenteral enlcral, intravenous, mtmpentonmal topical,

transdermal (e.g., using any standard patch), ophthalmic, nasally, Ipcal, non-oral, such as acrosal,
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inhalation, subcutancous, intramuscular, buccal, sublingual, rectal, vaginal, intra-arterial, and
intrathecal, etc. They can be administered aluric, or in combination with any ingredient(s), active

or jnactive.
Preference is given to an oral administration.

Compaunds or drug combinations of the present invention can be converted in a known manner

into the usual formulations, which may be liquid or solid formulations e.g. without limitation

normal and enteric coated tablets, capsules, pills, powders, granules, elixirs, tinctures, solution, -

suspensions, syrups, solid and liquid acrosols and cmulsions.

Exanples of solid formulations for oral administration are.described in US provisiona) application
No. 601605,752.

The combinations of the preseat invention can be administered at any time and in any effective
form. For example, the compounds can be administered -simultancously, e.g., as a single
composition or dosage unit (e.g., a pill or liquid containing both compaositions), or they can be
administercd as separate compositions, but at the saine time (e.g., where onc drug is adminisiered

intravenuusly and the other is administered orally or intramuscularly). The drugs can zlso be

administcred sequentially at different times. Agents can be formulated conventionally to achieve '

the desired rates of reléase over extended period of times, e.g., 12-hours, 24-bours. This cin be
achieved by using agents and/or their derivatives which have suitable metabolic half-lives, and/or

by using controlled release formulations,

The drug combinations van be synergistic, £.g., where the joint action of the diugs is such that the
combined effect is greater than the slgebraic sum of their individual cffects. Thus, reduced
amounts of the drugs can be administered, e.g., reducing toxicity or other deleterious or unwanted
effects, and/or using ‘the same amounts as used when the agents are administered alone, but

echieving greater efficacy.

Cumpounds or drug combinations of the present invention can be further combined with any other
suitable additive or pharmaccutically acceptable camier. Such additives include any of the
substances already mentioned, as well as any of those used conventionally, such as those described
in Remington: The Sciencc anci ];ract;'ce of Pharmacy (Gennaro and Gennaro, cds, 20th edition,
Lippincott Williams & Wilkins, 2000); Theory and Practice of Industrial Phagmacy (Lachman et
al,, cds., 3rd cdition, Lippincott Williams & Wilkins, 1986); Encyclopedia of Pharmaceytica

Technology (Swarbrick and Boylan, eds., 2nd edition, Marcel Dekker, 2002). These can be
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referred 1o herein as “pharmaceutically acceptable carriers” to indicate they are combined with the

active drug and can be administered safely to a subject for therapeutic purposes.

In addition, compounds or drué combinations of the present invention can be administered with

 other active agents or other therapics that are utilized to treat any of the above-mentioned diseases

and/or eonditions.

Other therapies according to.the invention include, but are not limited to, e.g. physical or
mechanical therapy such as electrical stimulation, acupuncture, magnet therapy or topical use of

polyurethane films.

The present invention prévides also combinations of at least one compound of Formula 1 and at
least one other therapeutic agent mentioned above useful in treating a discase or disorder.

“Combinations” for the purposes of the invention include:
. L
- single compositions or dosage forms which contain at least one compound of Formula 1

and at least one other therapeutic agent mentioned above;

- combination packs containing at least one compound of Formula [ and at least one other

therapeutic agent mentioned above to be administered concurrently or sequentially;

- kits which compﬁse at least one compound of Formula I and at least one other
therapeulic agent mentioned above packaged scparate from vne another as unit dusages
or as independent unit dosages, with or without instructions that they be administered

concurrently or sequentially; and

- separate independent dosage forms of at least one compound of Formula 1 and at least
one other therapeutic agent mentioned above which cooperate to achieve a therapeutic
cffect, e‘g.. treatment of the same disease, when administered concurrently or

" sequentially.

The dosage of each agent of the combination can be selected with reference to the other and/or the
type of disease and/or the disease status in order to provide the desired therapeuli-c activity. - For
example, the -active agents in the combination can be pres‘cn; and administered in a- fixed
combination. “Fixed combination” is .imcnded‘here to mean pharmaceutical forms in which the
components are present in a fixed ratio that provides the desired efficacy. These amounts can be
.determined routinely for a pérficular patient, Wherc various pammétcrs ace utilized to select the
sppropriate dosage (¢.g., type of discase, age of patienl, disease status, patient hefxllh, weight, etc.),

or the amounts can be relatively standerd.

L0
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The amount of the administered active ingredient can vary widely according to such considerations
as the particular compound and dosage unit employed, the mode and time of administration, the
period of treatment, the age, sex, and general condition of the patient Ueél'ed, the nature and extent
of the condition treated, the rate of drug metabolism and excretion, the potential drug combinations

and drug-drug interactions, and the like.

Preference is given to an amount of the compound of formula 1 frum 20 to 2000 mg, preferably
from 40 to 800 mg, more preferably from 50 to 600 mg.

Particular preference is given to an amount of 4{4-{3-(4-chloro-3-triflucromethylphenyl)-ureido}-
3-ﬂuoropf|cnoxy}-pyridinc-Z-carboxyiic acid mcthylamide in the pharmaceutical composition

from 20 to 3000 mg, preferably from 50 to 1500, more preferably from 60 to 1000 mg.

tn another embodiment of the invention the compound of lormula | is administered in combination-

with at least one further therapeutic agent in an amount that those of erdinary slall in the art can

‘determine by their professional judgement.

The pharmaceutical composition according to the invention is administered one or more,
preferably up to thrce, more preferably up to two times per day. Preference is given to an
administration via the oral route. With each administration the number of tablets or capsules taken

in at the same time should not exceed two.

Nevertheless, it may in some cases be advantageous to deviate frons the amounts specified,

depending on body weight, individual behaviour toward the active ingredient, type of preparation .

and lime or intcrval over which the administration is cffected. For instance, less than the
aforementioned minimum amounts may be sufficient in some cascs, while the upper limit specified
has to be exceeded in other cases. In the case of administration of rclatively large amounts, it may

be advisable to divide these into several individual doses over the day.

The combination can comprise effective amounts of at least one compound of Fortnula I and at
jeast one other therapeutic agent mentioned above, which-achieves a greater therapeutic efficacy
than when cithcr compound is used alone. The combination can be usefu] to treat, prevent or
manage pulmonary hypertension, where the therapeutic effect is not observed when the agents are

used alone, or where an enhanced effect is obscrved when the combination is administered.

The relative ratios of cach compound in the combinalion can also be selected based on their

- respective mechanisms of action and the disease biology. The relative ratios of each compound can

vary widely and this invention includes combinations for treating, preventing Or managing
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pulmonary hypertension wherc the amounts of the formula 1 compound and the othey therapeutic

agent can be adjusted routinely such that cither is present in higher amounts.

The release of onc or more agents of the combination can also be controlled, where appropriate, to
provide the desired therapeutic activity when in a single dosage form, combination pack, kit or

when in separate independent dosage forms.

Preference is given to a combination comprising 8 compound of formula 1 and at least one
compound selected from the group consisting of phosphodiesterase V inhibitors, cndothelin

anlagonists, prostacyclin analogucs, kinase inhibitors and elastase inhibitors. More preferably a

combination comprising  4{4-[3-(4-chloro-3-trifluoromethylphenyl)-ureido]-3-fluorophenoxy}-

pyridine-2-carboxylic acid methylamide and and at least one compound selected from the group

consisting of tadalafil, sildenafil, vardenafil, bosenlan, sitaxentan, ilomedin, treprostinil and

cpoprostenol is used. Most preferably a combination compnsmg "4{4-[3-(4-chloro-3-

tnﬂuoromethylphenyl)-ure1do] 3-flucrophenoxy) -pyridine-2-carboxylic - acnd methylarmde and

bosentan or vardenafil is used,
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Examples:

The cffects of the compounds and drug combinations accarding (v the invention are tested in vigo on
isolated ral pulmonary ancries and in vivo in monocrotaline-treated rats with pulmonary

hypertension,

" Isplated smali pulmonary arteries

Male Wish';r rats (250-300 g) are anacsthetized with ether, and the lungs are removed. The left
pulmonary arterial vessel a5 dissected and placed in icc-cold Krcbs-He;1selcit (KH) buffer of
following compesition (in mmol/l): NaCi 112, KCl 5.9, CaCl, 2.0 MgCl, 1.2, NaH,PQ, 1:2.
NaHCO, 25, glucose' 11.5 and opli;anally the compound/combinérion o be tested in a

concentration of 10°'® to 10" moVl.

For measurement of isometric tension, ring scgments, 2 mm in length, are mounied in a smal)

vesscl chamber myograph. Two wires (40 pm dianeter) are intreduced through the lumen of the

segments and mounted according to the methed described by Mulvany and Halpem (Circulation’

Rescarch 1977, 41:19-26). After a 30 min equilibration pcried in oxygenated KH solution at 37 °C
and pH = 7.4, segments are stretched to their optimal lumen diameter for active tension
development which is determined based on the intemal ¢ircumfercnce-wall tension ratio of the

segments by selting their internal circumference to $0% of what the vessels would have if they are

. exposed to a passive tension equivalent to that produced by a transmural pressure of 30 mmHg.

Afterwards, scgments are washed three times with K11 solution and left to cquilibrate tor 30 min.
Segment contractility is then tested by an initial exposurc to a high K~ solution (120 mmol K*-
KH solution, which is identical 1o KI1 solution except that NaCl is replaced by KCI on an

equimolar basis).

The vessels are than pre-contracted using K’ (50 mmol/t) KK solution. When the coniraction {s
stebilized, an accumulative dose response curve of the compound/combination tested is
constructed, The stabilized contraction induced by K* (50 mmo'/1} XH solution is defined as 100%

tension. The relaxation is expressed as percentage tension.

Pulghopary Artery Pressure in Monocrotaline treatcd rats

Male Sprague Dawley rats (250-300g) are treated with monocrotaline 60mg/kg subcutanously
(=day 0). On day 14 after monocrotaline injection treauﬁm} the compound/combination to be

tested is administered. On day 28 hemodynamic paramcters, i.e. night vetricular pressure, systemic

6
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blood pressurc, heart rate, arterial and venous oxygen saturation are measured and compared with

untreated contro! animals.

Results.

Monocrotaline (MCT) treated rats are randomized to receive 4{4-[3-(4-chloro-3-trifluoromethyl.
phenyl)-ureido]-]-ﬂuoropheﬁdxy}~pyridine-2-carboxylic acid methylamide 3 mg/kg or vehicle by
gavage ouce daily after the onset of moderate pulmonary arterial hypertension starting 14 days
after the injection of MCT until day 28. In animals with MCT-induced pulmonary arterial
hypertension treatment with 4{4-[3-(4-chloro-3-tri.ﬂuowmethylphcnyl)-lzteido]-]-ﬂuorophenoxy]-
pyridine-2-carboxylic acid methylamide markedly decreases right ventricular hypertrophy,
compared to vehicle treated animals (right ventricle/left ventricle +septum ratio control: 0,25 +

0,01 ; 4{4-[3-(4-chloro-3-triﬂuoronicthyIphenyl)-ureido]-!-ﬂuorOphcnoxy}-pyridine-z-carboxylic

~ acid methylamide: 0,28 £ 0,01 vs. placebo: 0,62 + 0,02) (mean + SEM). This effeét of 4{4-[3-(4-

ch!oro-3-triﬂuoromet.hylphenyl)-ureido]-3—ﬂuorophenoxy}.-pyridine-Z-carboxylic acid methyl-
amide is paralleled by an improvement of the survival of'thg animals {mortality rate contrul; 0 %:;
BAY73-4506: 0 % vs. Placcho: 40 %). - '
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What we claim: - 1& Juni'ms

5
2.
3
0 4
15
S.
6.
20 7
8.

Use of a compound of formula 1 or a pharmaceutically acceptable salt, polymorph, solvate,
hydrate, metabolite, prodrug or diastercoisomeric form thereof, for manufacture of a

medicament {or treating, preventing or managing of pulmonary hyperiension,

wherein said compound of formula I is:
F, ) O
Cl ‘ O N N ~CH,
H
=N
N N ; '
. H H :
. . . F

Combination comprising at least one compound of formula I as defined in claim ! and at

M

least one elastase inhibitor and/or one kinase inhibitor.
Combination of claim of 2 wherein the kinase inhibitor is glivec.

Combination comprising at least one compound of formula I as defined in claim 1 or a
combination as defined in any of claims 2 to 3 and at least one therapeutic agent selected
{rom the group consisting of anticoagulants, diuretics, cardiac glycosides, calcium ¢hannel

blockers, vasodilators, prdstacyclin analogues, endothelium antagonists, phosphodiesterase

inhibitors, endopeptidase inhibitars, lipid lowering agents, thromboxane inhibitors and -

. other therapeutics known to reduce pulmonary aricry pressure. .

Combination of claim 4 whercin the further therapeutic agent is a phosphodiesterase V

inhibitor, cndothelin antagonist or prostacyclin analogue.

Combination of claim 4 wherein the further therapeutic ‘agent is tadalafil, sildenafil,

vardenafil, bosentan, sitaxentan, ilomedin, treprostinil or epoprostenol.

Use of the combination of any of claims 2 10 6 for manufactire of a medicament for

treating, preventing or managing of pulmonary hypertension.

_Pharmaceutical composition’ comprising a combination as defined in any of claims 2 to 6

Pharmaceutical composition.of claim 8 for the treatment of pulmonary hypertension.
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A method for treating, preventing or managing pulmonary hypertension in a subject in
need thercof comprising administering effective amounts of 2 compound of fonmula I ora
pharmaceutically acceptable salt, polymorph, solvate, hydrate, metabolite, prodrug or

diastereotsomenic form thercof

wherein said compound of formula [ is:

' 0
| _O N N’CH’
" H
=N
N N
H H
F

The method of ciaim 10 wherein the compound of formula [ is combined with at Jeast one

F

0

elastase inhibitor and/or one kinase inhibitor.

The method of eny 61' claims 10 to 11 whérein the compourd of formula 1is additionally
combined with at least one therapeutic agent selected from thg group corisiéting of
anticoagulants, diuretics, cardiac. glycosides, calcium channel blockers, vasodilators,
prostacyclin analogues, endothelium antagonists, phosphodiesterase inhibitors, endopep-
tidase inhibitors, lipid towering agents, thromboxane inhibiters and other lhempéutics

known to reduce puimonary a.rtery pressure.
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DIARYL UREA FOR TREATING PULMONARY HYPERTENSION
- EPO -Bhgunich

14, Juni 200

Abstract

The present invention relates to phannaceuliéal compositions for treating, preventing or managing
pulmonary hypertension comprising 4{4-[3-(4-chlcro-3-u'iﬂuoromi;thy]phenyl)-ureido]-3-ﬂuoro-
phenoxy}-pyridine-2-carboxylic acid methylamide optionally combined with at lcast one addition-

nal therapeutic agent.
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DIARYL UREA FOR TREATING PULMONARY HYPERTENSION -

The present invention relates to phanmaceutical compositions and combinations for treating,
preventing or managing  pulimonary hypertension comprising 4{4-[3-(4-chloro-3-trifluoromethyl-
pheny!)—ureido]-ii-ﬂuorophenoxy}-pyridine-Z-carboxylic acid methylamide optionally combined

with at least one additional therapeutic agent.

Diaryl urea compounds e.g. 4{4-[3-(4-chioro-3-trifluoromethylphenyl)-ureido]-3-fluorophenoxy}-
pyridine-2-carboxylic acid methylamide as described ¢.g. in  US 20050038080 are potent anti-
cancer and anti-angiogenic agents that possess various activities, including inhibitory activity on
the VEGFR, PDGFR, raf, p38, and/or flt-3 kinase signaling molecules. These diaryl urca
compounds have been previously characterized as having various activities, including for

inhibiting the Raf/MEK/ERK pathway, raf kinase, p38 kinase, VEGFR kinase, PDGFR kinase.

These activities and their use in treating various diseases and conditions arc disclosed in, e.g., WO

2005/009961.

Pulmonary hypertension refers to a disease characterized by sustained elevations of pulmonary
artery pressure (L.J. Rubin, The New England Journal of Medicine,1997, 336(2), 111). Current
treatment of pulmonary hypertension depends on the stage and the mechanism of the disease.
Typical treatinents for pulmonary hypertension include anticoagulation, oxygen supplementation,
conventional vasodilator therapy, transplantation and surgical care. Therapeutic agents presently
used for the treatment of pulmonary hypertension include e.g. calkium channet blockers and

pulmonary vasodilators

The present invention provides pharmaceutical compositions for treating, preventing or managing,
pulmonary hypertension comprising a compound of formula I and optionally at least one further

therapeutic agent.

The present invention can be used e.g. by administering a diaryl urea compound of formula 1 and
optionally a further therapeutic agent, pharmaceutically-acceptable salts thereof, and derivatives

thereof, etc.

The compounds with the structure of formula I, pharmaccutically acceptable salts, polymorphs,
solvates, hydrates metabolites and prodrugs thereof, including diastereoisomeric forms (both
isolated stereoisomers and mixtures of stcreoisomers) are collectively referred to berein as the

“campounds of formula 1".

67
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Formula (I) is as follows:

CF, '
cl NG}
/ﬁ\ N "
>
N N :
H H
F

)

Where the plural form of the word compounds, salts, and the like, is 'used berein, this is taken to

mean also a single compound, salt, or the like.

The present invention also relates to uscful forms of the compounds as disclosed herein, such as
pharmaceutically acceptable salts, metabolites and prodrugs. The term “pharmaceutically
acceptable salt” refers to a relatively non-toxic, inorganic or organic acid addition salt of a
compound of the present invention. For example, sec 8. M. Berge, el al. “Pharmaceutical Salts,” J.
Pharm. Sci. 1977, 66, 1-19. Pharmaceutically acceptable salts include those obtained by reacting
the main compound, functioning as a base, with an inorganic-or organic acid to form a salt, for
example, salts of hydrochloric acid, sulfuric acid, phosphoric acid, methane sulfonic acid, camphor
sulfonic acid, oxalic acid, maleic acid, succinic acid and citric acid. Pharmaceutically acceptable
salts also include those in which the main compound functions as an acid and is reacted with an
appropriate base to form, e.g., sodium, potassium, calcium, mangnesium, ammonium, and choline
salts. Those skilled in the art will further rccognize that acid addition salts of the claimed
compounds may be prepared by reaction of the compounds with the appropriate inorganic or
organic acid via any of a number of known methods. Alternatively, alkali and alkaline earth metal
salts are prepared by reacting the compounds of the invention with the appropriate base via a

variely of known methods,

Representative salts of the compounds of this invention include the conventional non-toxic salts
and the quaternary amunonium salts which are formed, for example, from inorganic or organic
acids or bascs by means well known in the art. For example, such acid addition salts include
acctate, ad|pale alginate, ascotbate, aspartate, beumate, benzenesulfonate, bisulfate, butyrate,
‘ citrate, camphorate, camphorsulfonate, cinnamate, cyclopentanepropionate, dlgluconate, dodecyl-
sulfate, ethanesulfonate, fumarate, plucoheptanoate, glycerophosphate, hemisulfate, heptanoate,
hexanoate, hydrochloride, hydrobromide, hydroiodide, 2-hydroxyethanesulfonate, itaconate,
lactate, malcate, mandelate, mcthanesulfon;ue, 2-naphlhalenesulf6naté, nicotinate, nitrate, oxalate,
pamoale, pectinate, pcrsulfat'e, 3-phenylpropionate, picrate, pivalate, propionate, succinatce,

sulfonate, tartrate, thiocyénate, tosylate, trifluoromethanesulfonate, and undecanoate,
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Base salts include alkali metal salts such as potassium and sodium salts, alkaline earth metal salts
such as calcium and magnesium salts, and ammonium salts with organic bases such as dicyclo-
hexylamine and N-methyl-D-glucamine. Additionally, basic nitrogen containing groups may be
quaternized with such agents as lower alkyl halides such as methyl, cthyl, propyl, and butyl
chlorides, bromides and iodides; dialky} sulfates like dimethyl, diethyl, and dibutyl sulfate; and
diamyl sulfates, long chain halides such as decy!, lauryl, myristyl and streary! chlorides, bromides
and iodides, aryl or aralky! halides like benzyl and pﬁeuethyl bromides and others monesubstituted
aralkyl halides or polysubstituted aralkyl halides.

Solvates for the purposes of the invention are those forms of the compounds where solvent
molecules form a complex in the solid state and include, but are not limited 1o for example ethanol

and methanol. Hydrates are a specific form of solvates, where the solvent molecule is water.

Certain pharmacologically active agents can be further modificd with labile functional groups that

are cleaved after in vivo sdministration to fumnish the parent active agent and the pharma-

. cologically inactive derivatizing group. These derivatives, comumonly referred to as prodrugs, can

be used, for example, o alter the physicochemical propertics of the active agent, 10 target the
active agent to a specific tissue, to alter the pharmacokinetic and pharmacodynamic properties of
the active agent, and to reducc undesirable side effects. Prodrugs of the invention include, e.g., the
esters of appropriate compounds of this invention that are well-tolerated, pharmaceutically
acceptable esters such as alkyl esters including methyl, ethyl, propy), isopropyl, butyl, isobutyl or
pentyl esters. Additional esters such as phenyl-C,-Cs alkyl may be used, although methyl ester is

preferred.

Methods which can be used to synthesize other prodrugs are described in the following reviews on

the subject, which are incorporated herein by reference for their description of these synthesis

methods:

Higuchi, T.; Stella, V. eds. Prodrugs As Novel Drug Delivery Systems. ACS Symposium
Series. American Chemical Society: Washington, DC (1975).

e "Roche, E. B. Design of Biopharmaceutical Properties through Prodrugs and Analogs.

American Pharmaceutical Association: Washington, DC (1977).
e Sinkula, A. A Yalkowsky, S. H. J Pharm Sci. 1975, 64, 181-210.
e Stella, V. J.; Charman, W. N. Naringrekar, V. H. Drugs 1985, 29, 455-473.

+ Bundgaard, H., ed. Design of Prodrugs. Elsevier: New York (1985).
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e Stella, V. J; Himmelstein, K. 1. J Med. Chem. 1980, 23, 1275-1282.
«  Han, HK; Amidon, G. L. 44PS Pharmsci ﬁobo, 2,1- 11

o Denny, W. A. Eur. J. Med. Chem. 2001, 36, 577-595.

e Wermuth, C. G. in Wermuth, C. G. ed. The Practice of Medicinal Chemisiry Academic Press:
San Diego (1996), 697-715. ‘

¢ Dalant, L. P.; Doclker, E. in Wolff, M. E. ed. Burgers Medicinal Chemistry And Drug
Discovery John Wiley & Sons: New York (1997), 949-982.

The metabolites of the compounds of this invention include oxidized derivatives of the compounds
of formula 1, wherein ore or more of the nitrogens arc substituted with a hydroxy group; which
includes derivatives where the nitrogen atom of the pyridine group is in the oxide form, referred to
in the art 35 l-oxo-pyridine. or has a hydroxy substituent, rcferred to in the art as 1-hydroxy-

pyridine.
General Preparative Methods

The compounds of the invention may be preparcd by use of known chemical reactions and proce-

dures as described e.g. in the following published international application WO 2005/009961.
Further therapeutic agents

The compounds of formula I according to the present invention can be combined with further
therapeutic agents presently used to treat, prevent or manage pulmonary hypertension such as, but
notlimited to, anticoagulants, diuretics, cardiac glycosides, calcium channel blockers, vasodilators,
prostacyclin analogucs, endothelium antagonists, phosphodiestcrase inhibitors, cndopeptidase
inhibitors, li.pid lowering agents, thromboxane inhibitors and other therapeutics known to reduce

pulmonary artery pressure.

Examples of anticoagulants include, but are not limited to, e.g. warfarin useful in the treatment of
patients with pulmonary hjpertensiun having an increased risk of thrombosis and thrombo-

embolism.

Examples of calcium channel blockers include, but are not limited to, diltiazem, felodipine,
amlodipine and nifedipine particularly useful for vasoreactive patients at right heart catheteri-

zation.
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Examples of vasodilators include, but are not limited to, e.g. prostacyclin, epoprostenol,

treprostinil and nitric oxide (NO).

Examples of phosphodiesterase inhibitors include, but are not limited to, particularly phospho-

diesterase V inhibitors such as e.g. tadalafil, sildenafil and vardenafil.

Examples of endothelin antagonists include, but are not limited to, e.g. boscntan and sitaxentan,

preferably bosetan.

Examples of prostacyclin analogues include, but are not limited to, e.g. ilomedin, treprostinil and

epoprostenol.

Examples of lipid lowering agents include, but are not limited to, e.g. HMG CoA reductase
inhibitors such as simvastatin, pravastatin, atorvastatin, lovastatin, itavastatin, fluvastatin,

pitavastatin, rosuvastatin, ZD-4522 and cerivastatin

Examples diuretics include, but are not limited to, e.g. chlorthalidon, indapamid, bendro-
flumethiazid, metolazon, cyciopenthiazid, polythiazid, mefrusid, ximapid, chlorothiazid and hydro-

chlorothiazid particularly useful to manage peripheral edema.

Examples of other therapeutics known to reduce pulmonary artery pressurc include, but are not
limited to, e.g. ACE inhibitors such as enmalapril, ramipril, captopril, cilazapril, trandolapril,
fosinopril, quinapril, moexipril, !isiﬁopn’l and perindopril, or AT II inhibitors such as losartan,
candesartan, irbesartan, embusartan, valsartan and telmisartan, or iloprost, betaprost, L-arginine,
omapatrilat, oxygen particularly useful in those -patients with résting or cxercise-induced
hypoxemia or digoxin particularly useful to improve right ventricular function in patients with

right ventricular failure.

Furthermore the compounds and combinations of the invention can be combined with kinase

inbibitors and/or elastasc inhibitors.

Examples of kinase inhibitors include, but are not limited to, e.g. BMS-354825, canertinib,
erlotinib, gefitinib, imatinib, lapatinib, lestaurtinib, lonafarnib, pegaptanib, pelitinib, semaxanib,

tandutinib, tipifamib, vatalanib, lonidamine, fasudil, leflunomide, bortczomib, imatinib, erlotinib

" and ghivec. Prefercnce is given to glivec.

Indicotions

The compounds and combinations according to the present invention can be used for manufacture

of a miedicament for treating, preventing and anaging pulmonary hypertension. Also the present

)
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invention provides methods of treating, preventing and managing pulmonary hypertension,
comprising administering effective amounts of at Icast one compound of formula I and optionally
at least onc further therapeutic agent a.ccording to the invention. An “effective amount” is the
quantity of the compound that is useful to achicve the desired result, e.g., 10 treat, prevent or

manage the disease or condition.

The term “pulmonary hypertension” according to the invention include, but is not limited to,
primary pulmonary hypertension, secondary pulmonary hypertension, familial pulmonary
hypertension, sporadic pulnonary hypertenston, precapillary pulmonary hypertension, pulinonary
arterial, pulmonary artery hypertension, idiopathic pulinonary hypertension, thrombotic pulmenary
arteriopathy, plexogenic pulmonary arteriopathy and pulmonary hypertension associated with or
related to, left ventricular dysfunction, mitral valvilar disease, constrictivepericarditis, aortic
stenosis, cardiomyopathy, mediastinal fibrosis, anomalous pulmonary venous drainage, pulmonary
veooocclusive disease, collagen vascular disease, congenital heart disease, congenital heart
discase, pulmonary venus hypertension, chronic obstructive pulmonary disease, interstitial lung
discase, sleep-disordered breathing, alveolarhyperventilation disorder, chronic exposure to high
altitude, necnatal lung disease, alveolar-capillary dysplasia, sickle cell disease, other coagulation
disorders, chronic thromboemboli, connective tissue diseasc, lupus, schistosomiasis, sarcoidosis or

pulmonary capillary hemangiomatosis.

Any form of pulmonary hypertension can be treated in accordance with the present invention,

including, but not limited to, mild, e.g., associated with increases of mean blood pressure of about

20-30 mm Hg at rest; moderate, e.g., associated with increases of 30-39 mm Hg at rest; and severe,

c.g., associated with increases of 40 mun Hg or more at rest.

Pulmonary hypertension includes pulmonary arterial hypertension (PAH), and includes, primary
pulmonary hypertension (PPH), idiopathic PAH (IPAH), familial PAH (FPAH). Several
classifications - systems for pulmonary l_aypcncnsion have been published, including the Evian
Nomenclature and Classification of pulmonary hypertension (PH) (1998) and the Revised
Nomenclature and Classification of PH (2003). See, Lewis et al., Chest, 2004, 126, 73-10, which
is hereby incorporated by refcrence in its entirety. Any disease PH listed in these classification
schemes can be treated, managed, or prevented in accordance with the present invention. Risk
factors and diagnostic criteria for PH are described in McGoon et al., Chest, 126, 14-34, 2004,

which is hereby incorporated by reference in its entirety.

The following list is the 2003 classification proposed at the Third World Conference on
Pulmonary Hypertension: PAH, IPAH, FPAH, collagen vascular discase, congenital systemic to

¢
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- pulmonary shunts (large, small, repaired or nonrepaired), Portal hypertension, drugs and toxins,

other (glycogen storage disease, gaucher disease, hereditary hemorrhagic telangicctasia, hemoglo-
binopathies, mycloproliferative disorders, splenectomy), associated with significant venous or
capillary involvement, ];ulmonary venous hypertension, pulmonary capillary hemangiomatosis,
pulmonary venous hypertension, left-sided atrial ventricular heart disease, left-sided valvular heart
disease, pulmonary hypertension associated with hypoxemia, COPD, interstitial lung disease,
sleep-disordered breathing, alvcolar hypoventilation disorders, chronic exposure to high altitude,
PH duc to chronic thrombotic and/or cmbolic disease, thromboembolic obstruction of proximal
pulmonary arteries, thromboembolic obstruction of distal pulmonary arteries, puimonary emBolism
(tumor, parasites, foreign material), sarcoidosis, histiocytosis X, lymphangiomatosis, compression

of pulmonary vessels (adenopathy, tumor, fibrosing mediastinitis)

Any of the above-mentioned disorders can be associated with an increased risk of pulmonary
hypertension, including, subjects having, e.g, congenital heart diseasc (e.g., Eisenmenger
syndrome); lcft heart discase; pulmonary venous discase (e.g., fibrosis tissue narrowing or
occluding pulmonary veins and venules); pulmona:y artenial discase; diseases causing alveclar
hypoxia; fibrotic lung diseases; Williams syndrome; subjects with intravenous drug abuse injury;
pulmonary vasculitis (such as Wegener's, Goodpasture’s, and Churg-Strauss sy.ndromes);
emphysema; chronic bronchitis; kypho§coliosis; cystic fibrosis; obesity-hyper-ventilation and sleep
apnea disorders; pulmonary fibrosis; sarcoidosis; silocosis; CREST (calcinosis cutis, Raynaud
phenomenon; esophageal motility disorder; sclerodactyly, and teleangicclasia) and other
connective tissue diseases. For example, a subject who possesses a BMPR2 mutation (bone
morphogenelic protein reccptor ) has a 10-20% lifetime risk of acquiring FPAH. Subjects with
hereditary hemorrhagic telangiectasa were also identified as being at risk for IPAH, especially
those carrying mutations in ALK 1. See, McGoon et a'l., Chest, 2004, 126, 14-34.

According to the invention the term “treating” refers to the administration of a pharmaceutical
composition after the onset of 'symptoms of pulmenary hypertension, whercas “preventing” refers
to the administration prior to the onset of symptoms, particularly to patients at risk of pulmonary
hypertension. The terrn “managing” encompasses preventing the recurrence of pulmonary

hypertension in a patient who suffered from pulmonary hypertension.
Administration’

Compounds or drug combinations of the present invention can be administered in any form by any
effective route, including, c.g., oral, parenteral, enteral, intravenous, intraperitoneal, topical,

transdenmnal (e.g., using any standard patch), ophthalmic, nasally, local, non-oral, such as aerosal,

15
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inhalation, subcutancous, intramuscular, buccal, sublingual, rectal, vaginal, intra-arterial, and
intrathecal, etc. They can be administered alone, or in combination with any ingredient(s), active

or inactive.
Preference is given to an oral administration,

Compounds or drug combinations of the present invention can be converted in a known manner
into the usual formulations, which may be liquid or solid formulations e.g. without limitation
normal and enteric coated tablets, capsules, pills, powders, granules, elixirs, tinctures, solution,

suspensions, syrups, solid and liquid aerosols and emulsions.

Examples of solid formulations for oral administration are described in US provisional application

No. 60/605,752.

The combinations of the present invention can be administered at any time and in any eflective
form. For example, the compounds can be sdministered simultaneously, ¢.g., as a single
composition or dosage unit (e.g., a pill or liquid containing both compositions), or they can be
administered as separatc compositions, but at the same time {e.g., where one drug is administered
intravenously and the other is administered orally or intramuscularly). The drugs can also be
administered sequentially at different times. Agents can be formulated conventionally to achieve
the desired rates of release over extended period of tincs; e.g., 12-hours, 24-hours. This can be
achicved by using agents aad/or their derivatives which have suitable metabolic half-lives, and/or

by using controlled release formulations.

The drug combinations can be synergistic, c.g., where the joint action of the drugs is such that the
combined effect is greater than the algebraic sum of their individual effects. Thus, reduced
amounts of the drugs can be administered, e.g., rcduc'ing toxicity or other deleterious or unwanted
effects, and/or using the same amounts as used when the agents are administered alone, but

achieving greater efficacy.

Compounds or drug combinations of the prescat invention can be further combined with any other
suitable additive or pharmaceutically acceptable carrier. Such additives include any of the
substances alrcady mentioned, as well as any of those used conventionally, such as those described
in Remington; The Science and Practice of Phaguacy (Gennaro and Gennaro, eds, 20th cdition,
Lippincott Williams & Wilkins, 2000); Theory and Practice_of Industrial Pharmacy (Lachman et
al., eds., 3rd edition, Lippincott Williams & Wilkins, 1986); Encyclopedia of Pharmaceutical
Technology (Swarbrick and Boylan, eds.,, 2nd edition, Marccl Dekker, 2002). These can be

i — e
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referred to herein as “pharmaceutically acceptable carricrs™ to indicate they are combined with the

active drug and can be administered safely to a subject for therapeutic purposes.

In addition, compounds or drug combinations of the present invention can be administered with
other active agents or other therapies that are utilized to treat any of the above-mentioned diseases

and/or conditions.

Oiher therapies according to the invention include, but are not limited to, e.g. physical or
mechanical therapy such as clectrical stimulation, acupuncture, magnet therapy or topical use of

Apolyurcthane films.

The present invention provides also combinations of at least one compound of Formula I and at
lcast one other therapeutic agent mentioned above useful in treating a disease or disorder.

“Combinations” for the purposes of the invention include:

- single compositions or dosage forms which contain at least one compound of Formula |

and at least one other therapeutic agent mentioned above;

- combination packs containing at least one compound of Formula I and at least one other

therapeutic agent mentioned above to be administered concurrently or sequentially;

- kits which comprise at lcast one compound of Formula I and at least one other
therapeutic agent mentioned above packaged separate from one another as unit dosages
or as independent unil dosages, with or without instructions that they be administered

concurrently or scquentially; and

- separate independent dosage forms of at least one compound of Formula I and at least
one other therapeutic agent mentioned above which cooperate to achieve a therapeutic
effect, e.g., treatment of the same disease, when administered concurrently or

sequentially.

The dosage of each agent of the combination can be selected with reference to the other and/or the
type of disease and/or the disease status in order to pro\;ide the desired therapeutic activity. For
example, the active agents in the combination can be present and administered in a fixed
combination. “Fixed combination” is intended here to mean pharmaceutical forms in which the
components are present in a fixed ratio that provides the desired efficacy. These amounts can be
determined routinely for a pasticular patient, where various parameters are utilized to select the

appropriate dosage (e.g., type of disease, age of patient, disease status, paticnt health, weight, etc.),

or the amounts can be relatively standard.
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The amount of the administered active ingredient can.vary widely according to such considerations
as the particular compound and dosage unit cmployed, the mode and time of adminisl;atiun, the
period of treatment, the age, sex, and general condition of the patient treated, the nature and extent
of the condition treated, the rate of drug inetabolism and excretion, the potential drug combinations

and drug-drug interactions, and the like,

Preference is given to an amount of the compound of formula 1 from 20 to 2000 mg, preferably

from 40 to 800 mg, more preferably from 50 1o 600 mg.

Particular preference is given to'an amount of 4{4-[3-(4-chloro-3-trifluoromethylphenyl)-ureido]-
3-fluorophenoxy}-pyridine-2-carboxylic acid methylamide in the pharmaccutical composition

from 20 to 3000 mg, preferably from 50 to 1500, more preferably from 60 to 1000 mg.

In another embodiment of the invention the compound of formula I is administered in combination
with at least onc further therapeutic agent in an amount that those of ordinary skill in the art can

determine by their professional judgement.

The pharmaceutical composition according to the invention is administcred one or more,
preferably up to three, more preferably up to two times per day, Preference is given to an
administration via the oral route. With each administration the number of tablets or capsules taken

in at the same time should not exceed two.

Nevertheless, it may in some cases be advantageous to deviate from the amounts specified,
depending on body weight, individual behaviour toward the active ingredient, type of preparation
and time or intcrval over which the administration is effected. For instance, less than the
aforementioned minimum amounts may be sufficient in some cases, while the upper limit specified
has to be exceeded in other cases. In the case of administration of relatively large amounts, it may

be advisable to divide these into scveral individual doses over the day.

The combination can comprise effective amounts of at least one compound of Fonnula I and at
Jeast one other therapeutic agent mentioned above, which achieves a greater therapeutic efficacy
than when either compound is used alone. The combination can be useful to treat, prevent or
mannge pulmonary hypertension, where the therapeutic effect is not observed when the agents are

used alone, or where an enhanced effect is observed when the combination is administered.

The relative ratios of each compound in the combination can also be selected based on their
respective mechanisms of action and the disease biology. The relative ratios of each compound can

vary widely and this invention includes combinations for treating, preventing or managing
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pulmonary hypertension where the amounts of the formula 1 compound and the other therapeutic

agent can be adjusted routinely such that either is present in higher amounts.

The release of one or more agents of the combination can also be controlled, where appropriate, to
provide the desired therapeutic activity when in a single dosage form, combination pack, kit or

when in separate independent dosage forms.

Preference is given to a combination comprising 2 compound of formula 1 and at least one
compound selccted from the group consisting of phosphodiesterase V inhibitors, endothelin
antagonists, prostacyclin analogues, kinase inhibitors and elastase inhibitérs. More preferably a
combination comprising  4{4-[3-(4-chloro-3-trifluoromethylphenyl)-ureido}-3-fluorophenoxy)-
pyridine-2-carboxylic acid methylamide and and at least one compound selected from the group
consisting of tadalafil, sildenafil, vardenafil, bosentan, sitaxentan, ilomedin, treprostinil and
epoprostenol is used. Most preferably a combination comprising 4{4-[3-(4-chloro-3-
trifluoromethylphenyl)-ureido)-3-fluorophenoxy) -pyridine-2-carboxylic acid methylamide and

bosentan : or vardenafil is used.

7
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Examples:

The ciects of the compounds and drug combinations according to the invention are tested in vitro on
isolated rat pulmonary arteries and in vivo in monocrotaline-treated rats with pulmonary

hypertension.

Isolated sinall pulmonary arterjes

Male Wistar rats (250-300 g) arc anacsthetized with ether, and the lungs are removed. The left
pulmonary arterial vessel is dissected and placed in ice-cold Krebs-Henseleit (KH) buffer of
following compbsition (in mmol/l): NaCl 112, KC! 5.9, CaCl, 2.0 MgCl, 1.2, NalLPO, 1.2,
NaHCO; 25, glucose 11.5 and optionally the compound/combination to be tested in a

concentration of 107" to 10 mol/l.

For measurement of isometric tension, ring segments, 2 mm in length, are mounted in a small
vessel chamber myograph, Two wires (40 ym diameter) are introduced through the lumen of the
segments and'mbuntcd according to the method described by Mulvany and Halpern (Circu[ation
Research 1977; 41:19-26). After a 30 min equilibration period in exygenated KH solution at 37 °C
and pH = 7.4, segments are stretched to their optimal Jumen diameter for active tcnsion
development which is determined based on the internal circumference-wall tension ratio of the
segments by selting their internal circumference to 90% of what the vessels would have if they are

exposed to a passive tension equivalent to that produced by a transmural pressure of 30 mmHg.

ARerwards, scgments are washed threc times with KH solution and left to equilibrate for 30 min.
Segment contractility is then tested by an initial exposure to a high K* solution {120 mmolfl K*.
KH solution, which is identical to K solution except that NaCl is replaced by KCl on an

cquimolar basis).

The vessels are than pre-contracted using K* (50 mmoll) KH solution. When the contraction is
stabilized, an accumulative dose response curve of the compound/combination tcsted is
constructed. The stabilized contraction induced by K* (50 mmol/l) KH solution is defined as 100%

tension. The relaxation is expresscd as percentage tensjon,
Pulmon riery Pressure in Monocrotaline treated r

Male Sprague Dawley rats (250-300g) are treated with monocrotaline 60mg/kg subcutanously
{=day 0). On day 14 afier monocrotaline injection treatment the compound/combination to be

tested is administered. On day 28 hemodynamic parameters, i.e, right vetricular pressure, systemic

gO
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blood pressure, heart rate, arterial and venous oxygen saturation are measured and compared with

untreated control animals.

Regults:

Monocrotaline (MCT) treated rats are randomized to receive 4 {4-[3-(4-chloro-3-triflucromethyl-
phenyl)-ureido}-3-fluorophenoxy}-pyridine-2-carboxylic acid methytamide 3 mpkg or vehicle by
gavage once daily after the onset of moderate pulmonary arterial hypertension starting 14 days
after the ‘injection’ of MCT until day 28. In animals with MCT-induced pulmonary arterial
hypertension treatment with 4 {4-[3-(4-chloro-3-trifluoromethytphenyl)-ureido]-3-fluorophenoxy} -
pyridine-2-carboxylic acid methylamide markedly decreases right ventricular hypertrophy,
compared to vehicle treated animals (right ventricle/lef? ventricle +septum ratio control: 0,25 *
0,01 ; 4{4-[3«4-chloro-3-triflucromethylphenyl)-ureido]-3-fluorophenoxy }-pyridine-2-carboxylic
acid methylamide:; 0,28 & 0,01 vs, placebo: 0,62 & 0,02) (mean 4 SEM). This effect of 4{4-[3-(4-
chloro-3-triflucromeihylphenyl)-ureido)-3-fluorophenoxy} -pyridine-2-carboxylic  acid  methyl-
amide is paralleled by an improvement of the survival of the animals (mortality ratc control: ¢ %;
BAY73-4506: 0 % vs. Placebo: 40 %).

Example 1: Preparation of a 4:1 co-precipitate formulationsolid dispersion of 4{4-[3-(4-
chloro-3-trifluoromethylphenyl)-ureido]-3-fluorophenoxy}-pyridine-2-carboxylic acid

methyl amide with polyvinylpyrrolidone.

In an uncapped vial, one part of 4{4-[3-(4-chloro-3-triflucromethylpheny!)-ureido}-3-
f]u'orophcnoxy}-pyridme-Z-carboxylic acid methy! amide as a free base was mixed with four parts
polyvinylpyrrolidone (PVP-25 / Kollidon 25), and dissolved in a sufTicicnt amount of a 1:1
mixturc of acctone and ethanol, until all powders are in solution. The uncapped viai was placed

into a vacuum oven set at 40°C, and let dry for at least 24-48 hours.
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What we claim:

Use of a compound of formula I or a pharmaceutically acceptable salt, polymorph, solvate,
hydrate, metabolite, prodrug ot diasterecisomeric form thercof, for manufacture of a

medicament for treating, preventing or managing of pulmonary hypertension,
wherein said compound of formula I is:

F, 0
Cl 0 M

>=

\___

z
I

Iz
Iz

F
0
Combination comprising at least one compound of formula | as defined in claim 1 and at
least one clastase inhibitor and/or one kinase inhibitor.

Combination of claim of 2 wherein the kinase inhibitor is glivec.

Combination comprising at feast one cumpound of formula I as defined in claim 1 or a
combination as defined in any of claims 2 to 3 and at least one therapeutic agent selected
from the group consisting of anticoagulants, diuretics, cardiac glycosides, calcium channel
blockers, vasodilators, prostacyclin analogucs, endothelium antagonists, pho_sphodiesterase
inhibitors, endopeptidase inhibitors, lipid lower‘ing agents, thromboxanc inhibitors and

other therapeutics known to reduce pulmonary artery pressure.

Combination of claim 4 wherein the further therapeutic agent is a phosphodiesterase V

inhibitor, endothelin antagonist or prostacyclin analogue.

Combination of claim 4 wherein the further therapeutic agent is tadalafi), sildenafil,

vardenafil, bosentan, sitaxentan, ilomedin, treprostinil or cpoprostenol.

Use of the combination of any of claims 2 to 6 for manufacture of a medicament for

treating, preventing or managing of pulmonary hypertension.
Pharmaceutical composition comprising a combination as defined in any of claims 2 to 6.

Pharmaceulical composition of claim 8 for the (reatment of pulmonary hypertension.
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10. A method for treating, preventing or managing pulmonary hypertension in a subject in
need thereof comprising administering effective amounts of a compound of formula i or a
pharmaceutically acceptable salt, polymorph, solvate, hydrate, metabalite, prodrug or

diastereoisomeric form thereof

5 wherein said compound of formula [ is:

Fs
- Ci O X N,CH3
I “
~N
N N
H H
E

11, The method of claim 10 wherein the compound of formula 1 is combined with at least one

M

clastase inhibitor and/or one kinase inhibitor.

12. The methed of any of claims 10 to }1 wherein the compound of formuta 1 is additionally

10 combined with at least one therapeutic agent selected from the group consisting of
anticoagulants, diurctics, cardiac glycosides, calcium channcl blockers, vasodilators,

prostacyclin analogues, endothelium antagonists, phosphodiesterase inhibitors, endopep-

tidase inhibitors, lipid lowering agents; thromboxane inhibitors and other therapeutics

known to reduce pulmonary artery pressure.
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DIARILUREA PARA EL TRATAMIENTO DE HIPERTENSION PULMONAR

La presente invencion se refiere a composiciones y combinaciones
farmacéuticas para el tratamiento, prevencion o control de hipertension
pulmonar que compren'den metilamida del acido 4{4-[3-(4-cloro-3-
trifluorometilfenil)-ureido]-3-fluorofenoxi}-piridina-2-carboxilico,  opcionalmente
combinada con al menos un agente terapéutico adicional.

Compuestos de diarilurea, por ejemplo metilamida del acido 4{4-[3-(4-
cloro-3-trifluorometilfenil)-ureido]-3-fluorofenoxi}-piridina-2-carboxilico, como se
describen, por ejemplo, en el documento US20050038080, son potentes
agehtes anticancerigenos y antiangiogénicos que poseen diversas actividades,
incluyendo actividad inhAibidora de' las moléculas de sefalizacion cinasa
VEGFR, PDGFR, raf, p38 y/o flt-3. Estos compuestos de diarilurea se han
caracterizado previamente comc compuestos que tienen diversas actividades
que incluyen la inhibicién de la ruta RaffMEK/ERK, raf-cinasa, cinasa p38.
cinasa VEGFR, cinasa PDGFR. Estas actividades y su uso en el tratamiento de
diversas enfermedades y dolencias se dan a conocer, por ejemplo, en el
documento WQ2005/009961.

La hipertensién pulmonar se refiere a una enfermedad caracterizada por
elevaciones sostenidas de ia tension arterial pulmonar (L.J. Rubin, The New
England Journal of Medicine, 1997, 336(2), 111). €l tratamiento actual de la
hipertension pulmonar depende de la fase y el mecanismo de la enfermedad.
Los tratamientos tipicos para la hipertension  pulmonar ihcluyen
anticoagulacion, aporte de oxigeno, tratamiento vasodilatador convencional,

transplante y atencion quirdrgica. Los agentes terapéuticos actualmente usados

G
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para el tratamiento de hipertension pulmonar incluyen, por ejemplo,
blogueantes de los canales de calcio y vasodilatadores pulmonares.

La presente invencion proporciona composiciones farmacéuticas para el
tratamiento, prevencion o control de hipertension pulmonar que comprenden un
compuesto de formula | y opcionalmente al menos otro agente terapéutico.

La presente invencién puede usarse, por ejemplo, 'administrando un
compuesto de diarilurea de férmula | y opcionalmente otro agente terapéutico,
sales farmacéuticamente aceptables del mismo y derivados del mismo, etc.

Los compuestos con la estructura de formula |, sales farmacéuticamente
aceptables, polimorfos, solvatos, hidratos, metabolitos y profarmacos de los

mismos, incluyendo formas diastereoisomeras (tanto estereoisomeros aislados

como mezclas de estereoisémeros), se refieren conjuntamente en este

documento como los “compuestos de férmula 1”.

La formula (I} es como sigue:

F3
Ci
NN N
I D
o
NN
F 0

Cuando en este documento se usa la forma plural de la palabra
compuestos, sales y similares, ésta también se considera que significa un
compuesto Unico, sal o similar.

Por tanto, la presente invencién se refiere a formas Utiles de los

compuestos que se dan a conocer en este documento, tales como sales

farmacéuticamente aceptables, metabolitos y profarmacos. E! término “sal
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farmacéuticamente aceptable” se refiere a una sal de adicion de acido
inorganico u organico, relativamente no toxico, de un compuesto de la presente
invencién. Por ejemplo, véase S. M. Berge y col. “Pharmaceutical Salts,” /.
Pharm. Sci. 1977, 66, 1-18. Las sales farmacéuticamente aceptables incluyen
aquellas obtenidas haciendo reaccionar el compuesto principal, que funciona
como una base, con un 4cido inorgénico u orgdnico péra formar una sal, por
ejemplo sales del &cido clorhidrico, acido sulfurico, acido fosférico, acido
metanosulfénico, acido alcanforsulfonico, acido oxdlico, acido maleico, acido
succinico y acido citrico. Las sales farmacéuticamente aceptables también
incluyen aquellas en las que el compuesto principal funciona como un acido y
se hace reaccionar con una base apropiada para formar, por ejemplo, sales de
sodio, potasio, calcio, magnesio, amonio y colina. Los expertos en la materia
reconoceran adicionalmente que las sales de adicidon de acido de los

compuestos reivindicados pueden prepararse haciendo reaccionar los

compuestos con el acido inorganico u organico apropiado mediante cualquiera -

de los varios procedimientos conocidos. Alternativamente, las sales de metales
alcalinos y alcalinotérreos se preparan haciendo reaccionar los compuestos de
la invencion con la base apropiada mediante una variedad de procedimientos
conocidos.

Sales representativas de los compuestos de esta invencion incluyen las
sales no toxicas convencionales y las sales de amonio cuaternario que se
forman, por ejemplo, a partir de acidos o bases inorgéanicas u organicas por
medios bien conocidos en la técnica. Por ejemplo, tales sales de adicién de
acidos incluyen acetato, adipato, alginato, ascorbato, aspartato, benzoato,

bencenosulfonato, bisulfato, butirato, citrato, canforato, canfosulfonato,
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cinamato, ciclopentanopropionato, digluconato, dodecilsulfato, etanosulfonato,
fumarato, glucoheptanoato, glicerofosfato, hemisulfato, heptanocato, hexanoato,
clorhidrato, bromhidrato, yodhidrato, 2-hidroxietanosulfonato, itaconato, lactato,
maleato, mandelato, metanosulfonato, 2-naftalenosulfonato, nicotinato, nitrato,

oxalato, pamoato, pectinato, persulfato, 3-fenilpropionato, picrato, pivalato,

propionato, succinato, sulfonato, tartrato, tiocianato, tosilato,

triflucrometanosulfonato y undecanoato.

Sales basicas incluyen sales de metales alcalinos tales como sales de
potasio y sodio, sales de metales alcalinotérreos tales como sales de calcio y
magnesio, y sales de amonio con bases organicas tales como diciclohexilamina
y N-metil-D-glucamina. - Adicionalmente pueden cuaternizarse grupos que
contienen nitrégeno basico con agentes tales como haluros de alquilo inferior
tales como cloruros, bromuros y yoduros de metilo, etilo, propilo y butilo:
sulfatos de dialquilo como sulfato de dimetilo, dietilo y dibutilo; y sulfatos de
diamtlo, haluros de cadena larga tales como cloruros, bromuros y yoduros de
decilo, laurilo, miristilo y estearilo, haluros de arilo o aralquilo como bromuros
de bencilo y fenetilo y otros haluros de aralquilo monosustituidos o haluros de
aralquilo polisustituidos.

Solvatos para los fines de la invencion son aquellas formas de los
compuestos en las que las moléculas de disolvente forman un complejo en
estado sdlido e incluyen, perc no se limitan a, por ejemplo etanol y metanol.
Hidratos son una forma especifica de solvatos en la que la molécula de
disolvente es agua.

Ciertos agentes farmacolégicamente activos pueden modificarse

adicionalmente con grupos funciones labiles que se escinden después de la

97
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administracién in vivo para' prdporcionar el agente activo de procedencia y el.
grupo de derivacion farmacolégicamente inactivo. Estos derivados,
comunmente denominados en 10 sucesivo profarmacos, pueden usarse, por
ejemplo, para modificar las propiedades fisicoquimicas del agente activo, para
elegir como diana para el agente activo un tejido especifico, para modificar las
propiedades farmacocinéticas y farmacodindmicas del agente activo y para
reducir efectos secundarios no deseados.‘ Los profarmacos de la invencién
incluyen, por ejemplo, los ésteres de compuestos apropiados de esta invencion
que son bien tolerados, ésteres farmacéuticamente aceptables tales como
ésteres alquilicos que incluyen ésteres metilicos, etiliéos, propilicos,
isopropilicos, butilicos, . isobutilicos o pentilicos. Pueden usarse ésteres
adicionales tales como de fenilalquilo C4-Cs, aunque se prefiere el éster
metilico.

En las siguientes revisiones se describen procedimientos que pueden
usarse para sintetizar otros profarmacos, que se incorporan en este documento
mediante referencia para la descripcion de estos procedimientos de sintesis:

¢ Higuchi, T.; Stella, V. eds. Prodrugs As Novel Drug Delivery
Systems. ACS Symposium Series. American Chemical Society:
Washington, DC (1975).

« Roche, E. B. Design of Biopharmaceutical Properties through
Prodrugs and Analogs. American Pharmaceutical Association:
Washington, DC (1977).

+ Sinkula, A. A.; Yalkowsky, S. H. J Pharm Sci. 1975, 64,181-210.

o Stella, V. J.; Chaman, W. N. Naringrekar, V. H. Drugs 1985, 29, 455-
473.
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» Bundgaard, H., ed. Design of Prodrugs. Elsevier: Nueva York (1985).
o Stella, V. J.; Himmelstein, K. J. J. Med. Chem. 1980, 23, 1275-1282.
e Han, H-K; Amidon, G. L. AAPS Pharmsci 2000, 2, 1- 11.
e Denny, W.A. Eur. J. Med. Chem. 2001, 36, 577-595.
o Wermuth, C. G. en Wermuth, C. G. ed. The Practice of Medicinal
Chemistry Academic Press: San Diego (1996), 697-715.

« Balant, L. P.; Doelker, E. en Wolff, M. E. ed. Burgers Medicinal
Chemistry And Drug Discovery John Wiley & Sons: Nueva York
(1997), 949-982.

Los metabolitos de los compuestos de esta invenciQn incluyen derivados
oxidadqs de los compuestos de férmﬁla I, en los que uno o mas de los
nitrogenos estan sustituidos con un grupo hidroxi; que incluyen derivados en
los que el atomo qe nitrégeno del grupo piridina estad en forma de oxido,
referido en la técnica como 1-oxo-piridina o tiene un sustituyente hidroxi,
referido en la técnica como 1-hidroxi-piridina.

Procedimientos preparativos generales

| Los compuestos de la invencion pueden prepararse usando reacciones y
procedimientos quimicos conocidos como se describen, por ejemplo, en la
siguiente solicitud internacional publicada W02005/009961.
Otros agentes terapéuticos

Los compuestos de férmula | segun la presente invencion' pueden
combinarse con otros agentes terapéuticos usados actualmente para tratar,
prevenir o controlar hipertension puimonar tales como, pero sin limitarse a,
anticoagulantes, diuréticos, glucosidos cardiacos, blogueantes de los canales

de calcio, vasodilatadores, analogos de la prostaciclina, antagonistas del

o)
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endotelio, inhibidores de la fosfodiesterasa, inhibidores de la endopeptidasa,
agentes hipolipemiantes, inhibidores del tromboxano y oftros agentes
terapeuticos conocidos para reducir la tension arterial pulmonar.

Ejemplos de anticoagulantes incluyen, pero no se limitan a, por ejemplo
warfarina, util en el tratamiento de pacientes con hipertensién pulmonar que
tiene un riesgo elevado de trombosis y tromboembolismo.

Ejemplos de antagonistas de calcio incluyen, pero no se limitan a,
diltiazem, felodipino, amlodipino y nifedipino, particularmente dGtiles para
pacientes vasorreactivos en la cateterizacion del hemicardio derecho.

Ejemplos de vasodilatadores incluyen, pero no se limitan a, por ejemplo
prostaciclina, epoprostenol, treprostinilo y oxido nitrico (NO).

Ejemplos de inhibidores de la fosfodiesterasa' incluyen, pero no se
limitan a, particularmente inhibidores de la fosfodiesterasa V tales como por
ejemplo tadalafilo, sildenafilo y vardenafilo.

Ejemplos de antagonistas de la endotelina incluyen, pero no se limitan a,
por ejemplo bosentan y sitaxentan, preferentemente bosetan.

Ejemplos de analogos de la prostaciclina incluyen, pero no se limitan a,
por ejemplo ilomedina, treprostinilo y epoprostenol.

Ejemplos de agentes hipolipemiantes incluyen, pero no se limitan a, por
ejemplo inhibidores de la HMG CoA reductasa tales como simvastatina,
pravastatina, atorvastatina, lovastatina, itavastatina, fluvastatina, pitavastatina,
rosuvastatina, ZD-4522 y cerivastatina.

Ejemplos de diuréticos incluyen, perc no se limitan a, por ejemplo
clorotalidona, indapamida, bendroflumetiazida, metolazona, ciclopentiazida,

politiazida, mefrusid, ximapid, clorotiazida e hidroclorotiazida, particularmente

Ny
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utiles para controlar el edema periférico.

Ejemplos de otros agentes terapéuticos conocidos para reducir la
tension arterial pulmonar incluyen, pero no se limitan a, por ejemplo inhibidores
de ACE tales como enalapril, ramipril, captopril, cilazapril, trandolapril,
fosinopnil, quinapril, moexipril, lisinopril y perindopril, o inhibidores de AT Il tales
como losartan, candesartan, irbesartan, embusartan, valsartan y telmisartan, o
iloprost, betaprost, L-arginina, omapatrilato, oxigeno, particularmente utiles en
aguellos pacientes con hipoxemia inducida por el descansc o ejercicio o
digoxina, particularmente util para mejorar la funcién ventricular derecha en
pacientes con fallo ventricular derecho.

Ademas, los .compuestos y combinaciones de la invencién pueden
combinarse con inhibidores de cinasa y/o inhibidores de elastasa.

Ejemplos de inhibidores de cinasa incluyen, pero no se limitan a, por
ejemplo BMS-354825, canertinib, erlotinib, gefitinib, imatinib, lapatinib,
lestaurtinib, lonafarnib, pegaptanib, pelitinib, semaxanib, tandutinib, tipifamnib,
vatalanib, lonidamina, fasudil, leflunomida, bortezomib, imatinib, erlotinib y
glivec. Se da preferencia a glivec.

Indicaciones

Los compuestos y combinaciones segun la presente invencién pueden
usarse para fabricar un medicamento bara tratar, prevenir y controlar
hipertension pulmonar. Por tanto, la presente invencién proporciona
procedimientos para el tratamiento, prevencidén y control de hipertension
pulmonar, que comprenden administrar cantidades eficaces de al menos un
compuesto de férmula | y opcionalmente al menos otro agente terapéutico

segun la invencién. Una “cantidad eficaz” es la cantidad del compuesto que es
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Gtil para lograr ei resultado deseado, por ejemplo, para tratar, prevenir o
controlar la enfermedad o estado.

El término "hipertension pulmonar” segun la invencién incluye, pero no
se limita a, hipertension pulmonar primaria, hipertensién pulmonar secundaria,
hipertension pulmonar familiar, hipertension pulmonar esporadica, hipertension
pulmonar precapilar, arterial pulmonar, hipertension de arterias pulmonares,
hipertension pulmonar idiopatica, arteriopatia pulmonar trombética, arteriopatia
pulmonar plexogénica e hipertensién pulmonar asociada con o relacionada con
disfuncion ventricular izquierda, enfermedad de la valvula mitral, pericarditis
constrictiva, estenosis aértica, cardiomiopatia, fibrosis mediastinal, drenaje
venoso pulmonar anémalo, enfermedad venooclusiva puAImonar,k enfermedad .
vascular del colageno, enfermedad cardiaca congén'ita, enfermedad cardiaca
congenita, hipertension venosa pulmonar, enfermedad pulmonar obstructiva
crénica, enfermedad pulmonar intersticial, trastornos respiratorios durante el
suefno, trastorno de hiperventilacion alveolar, exposicion crénica a altas
altitudes, enfermedad pulmonar neonatal, displasia alveolocapilar, enfermedad
de las células faiciformes, otros trastornos de la coagulacién, tromboembolia
cronica, enfermedad de tejido conectivo, lupus, esquistosomiasis, sarcoidosis o
hemangiomatosis capilar pulmonar.

Cualquier forma de hipertensién pulmonar puede tratarse segun la
presente invencion, que incluye, pero no se limita a, leve, por ejemplo asociada
con aumentos de la tension arterial media de aproximadamente 20-30 mm de
Hg en reposo; moderada, por ejemplo asociada con aumentos de 30-39 mm de
Hg en reposo; y grave, por ejemplo asociada con aumentos de 40 mm de Hg o

mas en reposo.
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La hipertension pulmonar incluye hipertensién arterial pulmonar (HAP) e
incluye hipertension pulmbnar primaria (HPP), HAP idiopatica (HAPI), HAP
familiar (HAPF). Se han publicado varios sistemas de clasificacién para la
hipertension pulmonar, que incluyen la nomenclatura de Evian y la clasificacién
de hipertension pulmonar (HP) (1998) y la nomenctatura revisada y la
clasificaciéon de HP (2003). Véase Lewis y col., Chest, 2004, 126, 73-10, que en
este documento se incorpora mediante referencia en su totalidad. Cualquier
enfermedad de HP enumerada en estos esquemas de clasificacion puede
tratarse, controlarse o prevenirse segun la presente invencion. Los factores de
riesgo y los criterios diagnosticos para HP se describen en McGoon y col.,
Chest, 126, 14-34, 2004, que en este documento se incorpora mediante
referencia en su totalidad.

La siguiente lista es la clasificacién de 2003 propuesta a la Tercera
conferencia internacional de hipertension pulmonar. HAP, HAPI, HAPF,
enfermedad vascular del colageno, derivaciones de sistémicas a pulmonares
congénitas (grandes, pequeﬂas. reparadas o nb reparadas), hipertension
portal, farmacos y toxinas, otras (enfermedad del almacenamiento de
glucogeno, enfermedad de Gaucher, telangiectasia hemorrégica hereditaria,
hemoglobinopatias, trastornos mieloproliferativos, esplenectomia) asociadas
con una significativa participacidon venosa o capilar, hipertension venosa
pulmonar, hemangiomatosis capilar pulmonar, hipertensién venosa pulmonar,

enfermédad cardiaca auriculoventricular izquierda, enfermedad cardiaca

valvular de la auricula izquierda, hipertensidon pulmonar asociada con

hipoxemia, EPOC, enfermedad pulmonar intersticial, trastornos respiratorios

durante el sueno, trastornos de hipoventilaciéon alveolar, exposicién cronica a
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altas altitudes, HP debida a enfermedad trombdtica: y/o embélica cronica, -

obstruccion tromboembdlica de las arterias pulmonares proximales, obstruccién
tromboembdlica de las arterias pulmonares distales, embolia pulmonar (tumor,
parasitos, material extrafio), sarcoidosis, histiocitosis X, linfangiomatosis,
compresion de los vasos pulmonares (adenopatia, tumor, mediastinitis fibrosa)

Cualquiera de los trastornos anteriormente mencionados pueden estar
asociados a un aumento del riesgo de hipertensién pulmonar que incluye
sujetos que tienen, por ejemplo, enfermedad cardiaca congénita (por ejemplo
sindrome de Eisenmenger); enfermedad del hemicardio izquierdo; enfermedad
venosa pulmonar (por ejemplo estrechamiento de tejidos por fibrosis u oclusién
de venas y vénulas pulmonares); enfermedad arterial pulmonar; enfermedades
que provocan hipoxia alvéolar; enfermedades pulmonares fibréticas; sindrome
de Williams; sujetos con lesién por abuso de drogas intrévenosas; vasculitis
pulmonar (tal como sindromes de Wegener, Goodpasture y Churg-Strauss);
enﬂéema; bronquitis crénica; cifoscoliosis; fibrosis quistica; trastornos de
hiperventilacion debida a obesidad y apnea del suefio; fibrosis pulmonar;
sarcoidosis; silocosis; CREST (calcinosis cutis, fenémeno de Raynaud;
trastorno de motilidad esofagica; esclerodactilia y telangiectasia) y otras
enfermedades de tejido conectivo. Por ejemplo, un sujeto que posee una
mutacion BMPR2 (receptor |l de la proteina morfogenética 6sea) tiene un 10-
20% de riesgo en su vida de adquirir HAPF. Los sujetos con telangiectasia
hemorragica hereditaria también se identificaron como de riesgo para HAP,
especialmente aquellos que Ilévaban mutaciones en ALK1. Véase McGoon y
col., Chest, 2004, 126, 14-34,

Segun la invencion, el término “tratar” se refiere a la administracién de
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una composicién farmaceutica después de la aparicion de sintomas de
hipertension pulmonar, mientras que "prevenir” se refiere a la administracién
antes de la aparicién de sintomas, particularmente en pacientes con riesgo de
hipertensién pulmonar. El término “controlar’ engloba evitar la reapariciéon de
hipertension pulmonar en un paciente que padecié hipertension pulmonar.
Administracion -

Los compuestos o combinaciones de farmacos de la presente invencion
pueden administrarse en cualquier forma por cualquier via eficaz, que incluye,
por ejemplo, oral, parenteral, enteral, intravenosa, intraperitoneal, t6pica,
transdeérmica (por ejemplo usando cualquier parche habitual), oftalmica, nasal,
local, no oral, tal como aerosol, inhalacion, subcutanea, intramuscular, bucal,
sublingual, rectal, vaginal, intraarterial e intratecal, etc. Pueden administrarse
solos 0 en combinacion con cualquier componente(s), activo o inactivo.

Se da preferencia a una administracion por via oral.

Los compuestos 0 combinaciones de farmacos de la presente invencidn
pueden convertirse de un modo conocido en las formulaciones usuales, que
pueden ser formulaciones liquidas o sodlidas, por ejemplo, sin restricciones,
comprimidos recubiertos normales y entéricos, capsulas, pfldoras, polvos,
granulos, elixires, tinturas, disolucién, suspensiones, jarabes, aerosoles y
emulsiones soélidas y liquidas.

En la solicitud provisional de los EE.UU. numero 60/605.752 se
describen ejemplos de formulaciones sélidas para administracién por via oral.

Las combinaciones de la presente invencién pueden administrarse a
cualquier hora y en cualquier forma eficaz. Por ejemplo, los compuestos

pueden administrarse simultaneamente, por ejemplo, como una composicion
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simple o unidad posoldgica (por ejemplo una pildora o liquido que contiene
ambas composiciones), © pueden administrarse como composiciones
separadas, pero al mismo tiempo (por ejemplo cuando un farmaco se
administra por via intravencsa y el otro se administra por via oral o
intramuscular). Los farmacos también pueden administrarse secuencialmente
en diferentes momentos. Los agentes pueden formularse convencionalmente
para lograr las velocidades de liberaciéon deseadas durante un periodo de
tiempo prolongado, por ejemplo, 12 horas, 24 horas. Esto puede lograrse
usando agentes y/o sus derivados que tienen semividas metabdlicas

adecuadas y/o usande formulacienes de liberacidon controlada.

Las combinacicnes de farmacos pueden ser sinérgicas, por ejemplo, en

las que la accidn conjunta de los farmacos es tal que el efecto combinado es
mayor que la suma algebraica de sus efectos individuales. Asi pueden
administrarse cantidades reducidas de los farmacos, por ejemplo, reduciéndose
la toxicidad u otros efectos perjudiciales 0 no deseados, y/o usando las mismas
cantidades gue se usan cuando se administran los agentes sclos, pero
lograndose una eficacia mayor.

Compuestos o combinaciones de farmacos de la presente invencién
pueden combinarse adicionalmente con cualquier otro aditivo adecuado o

excipiente farmacéuticamente aceptable. Tales aditivos incluyen cualquiera de

las . sustancias ya mencionadas, ademas de cualquiera de las usadas

convencionalmente, tales como aquellas descritas en Remington: The Science

and Practice of Pharmacy (Gennaro and Gennaro, eds, 20? edicion, Lippincott

Williams & Wilkins, 2000); Theorv and Practice of Industrial Pharmacy
(Lachman y col., eds., 3% edicion, Lippincott Williams & Wilkins, 1986);
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Encvclopedia of Pharmaceutical Technology (Swarbrick and Boylan, eds., 22

edicion, Marcel Dekker, 2002). Estos pueden referirse en este documento como
“vehiculos farmacéuticamente aceptables” para indicar que estan combinados
con el farmaco activo y que pueden administrarse de forma segura a un sujeto
para fines terapéuticos.

Ademas, los compuestos o combinaciones de farmacos de la presente
invencién pueden administrarse con otros agentes activos u ofros tratamientos
que se utihzan para tratar cualquiera de las enfermedades y/o dolencias
anteriormente mencionados.

Otros tratamientos segun la invencion incluyen, pero no se limitan a, por
ejemplo tratamiento fisico o mecanico tal como estimulacion eléctrica,
acupuntura, magnetoterapia o uso tépico de peliculas de poliuretano.

La presente invencion también proporciona combinaciones de al menos
un compuesto de formula | y al menos otro agente terapéutico mencionado
anteriormente util en el tratamiento de una enfermedad o trastorno. Las
‘combinaciones” para los fines de la invencién incluyen:

- composiciones simples o formas farmacéuticas que contienen at
menos un compuesto de formula | y al menos otro agente
terapéutico anteriormente mencionado;

- paquetes de combinaciones que contienen al menos un compuesto
de formula | y al menos otro agente terapéutico anteriormente
mencionado gue va a administrarse simultdnea o secuencialmente;

- kits que comprenden al menos un compuesto de férmula 1 y al
menos ofro agente terapeutico anteriormente mencionado

envasados por separado el uno det otro como monodosis o como
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monodosis independientes, con o sin instmcciohes de que deben
administrarse simultanea o secuencialmente: y

- formas farmacéuticas independientes separadas de al menos un
compuesto de formula | y al menos otro agente terapéutico
anteriormente mencionado que coopera para lograr un efecto
terapéutico, por ejemplo, tratamiento de la misma enfermedad
cuando se administra simuitdnea o secuencialmente. |

La dosificacion de cada agente de la combinaciéon puede seleccionarse
en relacion con el otro y/o el tipo de enfermedad y/o el estadio de ia
enfermedad con el fin de proporcionar la actividad terapéijtica deseada. Por
ejemplo, los agentes activos en la combinacion pueden estar presentes y
administrarse en un combinacion fija. En este documento, “combinacidn fija”
pretende significar formas farmacéuticas en las que los componentes estan
presentes en una relacion fija que proporciona la eficacia deseada. Estas
cantidades pueden determinarse rutinariamente para un paciente particutar,
utilizéndose los diversos parametros para seleccionar la dosificacion apropiada
(pdr ejemplo, tipo de enfermedad, edad del paciente, estadio de ia enfermedad,
salud del paciente, peso, etc), o las cantidades pueden ser relativamente
convencionales.,

La cantidad del principio activo administrade puede variar ampliamente
segun tales consideraciones segun el compuesto particular y la unidad de
dosificacion empleada, el modo y el tiempo administracion, el periodo de
tratamiento, la edad, sexo y estado general del paciente tratado, la naturaleza y
el grado de la dolencia tratada, la velocidad del metabolismo v la excrecion del

farmaco, las potenciales combinaciones de farmacos y las interacciones



10

15 -

20

25

16
farmaco-farmaco, y similares.

Se da preferencia a una cantidad del compuesto de formula | de 20 a
2000 mg, preferentemente de 40 a 800 mg, mas preferentemente de 50 a 600
mg. |

Se da particular preferencia a una cantidad de metilamida del acido 4{4-
[3-(4-cloro-3-triflucrometilfenil)-ureido}-3-fluorofenoxi}-piridina-2-carboxilico  en
la composicion farmacéutica de 20 a 3000 mg, preferentemente de 50 a 1500,
mas preferentemente de 60 a 1000 mg.

En otra realizacion de la invencion, el compuesto de formula | se
administra en combinacién con al menos otro agente terapéutico‘ en una
cantidad que puede determinar un experto en la materia mediante su juicio
profesional.

La composicion farmacéutica segun la invencién se administra una o
mas, preferentemente hasta tres, mas preferentemente hasta dos veces al dia.
Se da preferencia a una administracion por via oral. El nimero de comprimidos
o capsulas ingeridas al mismo tiempo no .debe exceder dos con cada
administracion.

Sin embargo, en algunos casos puede ser ventajoso desviarse de las
cantidades especificadas, dependiendo de! peso corporél, comportamiento
individual hacia el principio activo, tipo de preparacién y tiempo o intervalo
durante el que se efectua la administracion. Por ejemplo, en algunos casos
puede ser suficiente una cantidad inferior a las cantidadeé minimas
anteriormente mencionadas, mientras que en otros casos tiene que excederse
el limite superidr especificado. En el caso de administracién de cantidades

relativamente grandes, puede ser aconsejable dividir éstas en varias dosis
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individuales a lo largo del dia.

La combinacién puede comprender cantidades eficaces de al menos un
compuesto de formula | y al menos otro agente terapéutico anteriormente
mencionado, que. logra una mayor eficacta terapéutica que cuando el
compuesto se usa solo. La combinacion puede ser Util para tratar, prevenir o
controlar hipertensién pulmonar, cuando el efecto terapéutico no se cbserva si
los agentes se usan solos, o cuandc se observa un efecto mejorado si se
administra la combinacion.

También pueden seieccionarse las razones relativas de cada compuesto
en la combinacion basandose en sus mecanismos de accién respectivos y en
la biotogia de la enfermedad. Las razones relativas de cada compuesto pueden
variar ampliamente y esta invencion incluye combinaciones para e! tratamiento,
prevencion o contro! de hipertension pulmenar, en las que las cantidades del
compuesto de férmula | y el otro agente terapéutico pueden ajustarse
rutinariamente de tal manera que ninguno esté presente en altas cantidades.

La liberacion de uno o mas agentes de la combinacién para proporcicnar
la actividad terapéutica deseada también puede controlarse, cuando sea
apropiado, en una forma de monodosis, paquete de combtnacién, kit o en
formas farmaceuticas independientes separadas.

Se da preferencia a una combinacién que comprende un compuesto de

_formula 1 y al menos un compuesto seleccionado del grupo constituido por

inhibidores de la fosfodiesterasa V, antagonistas de la endotelina, analogos de
la prostaciclina, inhibidores de 1a cinasa e inhibidores de la elastasa. Mas
preferentemente se usa una combinacién que comprende metilamida del 4cido

4{4-[3-(4-cloro-3-trifluorometilfenil)-ureido}-3-fluorofenoxi}-piridina-2-carboxilico
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y al menos un compuesto seleccionado del grupo que esta constituido por
tadalafito, sildenafilo, vardenaﬁlo,‘ bosentan, sitaxentan, ilomedina, treprostinilo
y epoprostenol. Mas preferentemente se usa una combinacién que comprende
metilamida del &cido 4{4-[3-(4-cloro-3-trifiuorometilfenii)-ureido]-3-fluorofenoxi}-
piridina-2-carboxilico y bosentan o vardenafilo.
Ejemplos:

Los efectos de los compuestos y combinaciones de farmacos segun ia
invencién se prueban in vitro en arterias pulmonares de rata aisladas e in vivo
en ratas con hipertension pulmonar tratadas con mohocrota!ina.

Arterias pulmonares pequefias aisladas

Se anestestaron ratas Wistar macho (250-300 g) con éter y se extrajeron

los putmones. Se disecciona el vaso arterial pulmonar izquierdo y se coloca en
tampon de Krebs-Henseleit (KH) enfriado con hielo de la siguiente composicién
{en mmoi/l): NaCl 112, KCI 5,9, CaCl; 2,0 MgCl, 1,2, NaH,PO4 1,2, NaHCO,
25, glucosa 11,5 y opcionaimente et compuesto/combinacién que va a probarse
en una concentracion de 107 a 10 mol/i.

Para la medicién de la tensién isométrica se montan segmentos anulares
de 2 mm de longitud en un miografo de cdmara de recipiente pequefno. Se
introducen dos alambres (40 pm de diametro) a través de! lumen de los
segmentos y se montan segun el procedimiento descrito por Mulvany y Halpemn
(Circulation Research 1977, 41:19-26). Despueés de un periodo de equilibracién
de 30 min en disolucion de KH oxigenada a 37°C y pH = 7.4, los segmentos se
estiran hasta su diametro de lumen oOptimo para el desarrollo de la tensién
activa, que se determina basandose en la relacién de tension de la

circunferencia interna de la pared de los segmentos ajustando su circunferencia

103
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interna hasta el 90% de lo que tendrian los vasos si estuvieran expuestos a una
tensidn pasiva equivaiente a ta producida-por una tensién transmural de 30 mm
de Hg.

Despues, los segmentos se lavan tres veces con disolucion de KH y se
dejan equilibrar durante 30 min. Entonces se prueba la contractilidad de los
segmentos mediante una exposicién inicial a una disolucion de K' de alta
concentracion (120 mmol/l de disolucion K’*-KH, gue es idéntica a ia disolucion
de KH, excepto que el NaCl se sustituye por KCi en una base equimoiar).”

Entonces, los vasos se contraen previamente usando K* (50 mmol/l) de
disolucién de KH. Cuando se estabiliza la contraccién, se construye una curva
de respuesta-de dosis acumulativas del compuesto/combinacién probade. La
concentracion estabitizada inducida por K* (50 mmol/l) de la disolucién de KH
se define como el 100% de tensién. La relajacién se expresa como porcentaje
de ta tension.

Tensién arterial pulmonar en ratas tratadas con monocrotalina

Se tratan por via subcutanea ratas Sprague Dawley macho (250-30 g)

con 60 mg/kg de monocrotalina (= dia 0). El compuesto/combinacién que va a_

probarse se administra el dia 14 después del tratamiento por inyeccién con
monocrotatina. Se miden los parametros hemodinamicos en el dia 28, es decir,
la tension ventricular derecha, la tensién arterial sistémica, frecuencia cardiaca,
saturacion arterial y venosa de oxigeno, y se comparan con los animales de
control no tratados.
Resullados. .

Las ratas tratadas con monocrotalina (MCT) se eligen aleatoriamente

para recibir 3 mg/kg de metilamida del acido 4{4-[3-(4-cloro-3-trifluorometil-5

T —
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fenil)-ureido]-3-fluorofenoxi}-piridina-2-carboxilico 6 vehiculo  mediante
alimentacién forzada por sonda esofagica una vez al dia antes de la aparicion
de hipertension arterial pulmonar moderada empezando 14 dias después de la
inyeccion de MCT hasta el dia 28. En animales con tratamiento de hipertension

arterial pulmonar inducida por MCT con metilamida del acido 4{4-{3-(4-cloro-3-

trif[uofometilfenil)-ureido]-3-fluorofenoxi}-piridina-2—carb0xilico, la hipeﬁrofia'

ventricular derecha disminuye notablemente, en comparacién con los animales
tratados con vehiculo (relacién ventriculo derecho/ventriculo izquierdo + septo
de control: 0,25 + 0,01; metitamida del acido 4{4-[3-(4-cloro-3-trifluorometilfenil)-
ureido]-3-fluorofenoxi}-piridina-2-carboxilico: 0,28 + 0,01 frente a placebo: 0,62
t 0,02) (media + EEM). Este efecto de la metilamida del acido 4{4-[3-(4-cloro-3-
trifluorometilfenil)-ureido]-3-fluorofenoxi}-piridina-2-carboxilico es analogo a una
mejora de la supervivencia de los animales (control de la tasa de mortalidad:
0%, BAY73-4506: 0% frente a placebo: 40 %).

Ejemplo 1: Preparacién de una dispersién soélida de formulacion
coprecipitada 4:1 de metilamida del. A&cido 4{4-[3-(4-cloro-3-
triﬂuorometilfenil)-ureido]-3-ﬂuorofenoxi}-piridina-z-carboxllico con
polivinilpirrolidona.

En un vial sin tapa se mezcld una parte de la metilamida del acido 4{4-
[3-(4-cloro-3-trifluorometilfenil)-ureido}-3-fluorofenoxi}-piridina-2-carboxilico
como una base libre con cuatro partes de polivinilpirrolidona (PVP-25 / Kollidon
25) y se disolvié en una cantidad suficiente de una mezcla 1:1 de acetona y
etanol hasta que todos los polvos se encuentran en disolucion. El vial sin tapa
se colocd en.una estufa a vacio ajustada a 40°C y se dejo secar durante al

menos 24-48 horas.
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Habiendo descrito la invencién como antecede, se declara como

propiedad lo contenido en las siguientes:

REIVINDICACIONES

1. Uso de un compuesto .de formula | o una sal farmacéuticamente
aceptable, polimorfo, solvato, hidrato, metabolito, profarmaco o forma
diastereoisdmera del mismo para la fabricacion de un medicamento para el
tratamiento, prevencion o control de hipertension pulmonar,

" en el que dicho compuesto de formula | es:

F, 0
Ci ‘ O X N
i "
N
N~ TN Z
H H :
F
V)

2. Combinacion que comprende al menos un compuesto de férmula | como
se define en la reivindicacidn 1 y al menos un inhibidor de elastasa y/o un

inhibidor de cinasa.

3. Combinacién de la reivindicacion 2 en la que el inhibidor de cinasa es
glivec.
4. Combinacion que comprende al menos un compuesto de férmula | como

se define en la reivindicacion 1 o una combinacién como se define en
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cualquiera de Ias‘ reivindicaciones 2 a 3 y al menos un agente terapéutico
seleccionado del grupo constituido por anticoagulantes, diuréticos, glucésidos
cardiacos, blogqueantes de los canales de calcic, vasodilatadores, analogos de
la prostaciclina, antagonistas del endotelio, inhibidores de la fosfodiesterasa,

inhibidores de la endopeptidasa, agentes hipolipemiantes, inhibidores del

trombhoxano y otros agentes terapéuticos conocidos para reducir la presion -

arterial pulmonar.

5. Combinacién de la reivindicacién 4 en la que el otro agente terapéutico
es un inhibidor de la fosfodiesterasa V, antagonista de la endotelina o analogo

de la prostaciclina.

6. Combinacién de la reivindicacion 4 en la que el otro agente terapéutico
es tadalafilo, sildenafilo, vardenafilo, bosentan, sitaxentan, ilomedina,

treprostinilo o epoprostenol.

7. Uso de la combinacién de cualquiera de las reivindicaciones 2 a 6 para
la fabricacion de un medicamento para el tratamiento, prevencion o contro! de

hipertension pulmonar.

8. Composicién farmacéutica que comprende una combinacion como se

define en cualquiera de las reivindicaciones 2 a 6.

9. Composicién farmacéutica de la reivindicacion 8 para el tratamiento de

hipertension pulmonar.

07
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10 Un procedimientc para el tratamiento, prevencion o control de
hipertensiuﬁn pulmonar en un sujeta en necesidad del mismo gue comprende
administrar cantidades eficaces de un compuests de formulz | o una sal
farmacéuticamente aceptable, polimorfo, solvate, hidrato, metabolito,
prefarmace o forma diasterecisémera del mismo

en el que dicho compuesta de férmuia | es:

CF,
. ‘ Mj\ﬂ‘ ! :
- H H
F .

Ly

11, - E! procedimientc de la reivindicacién 10 en el gue el compuesto de

faérmufa | se combina con al menos un inhibidor de elastasa y/o un inhikidor de

cinasa.

12,  El procédimiento de cualquiera de las reivindicaciones 10 a 11 en el que
el compuesto de formuia 1 se combina adicionalmente con al menas un agente
terapéutico seleccir?nado det grupo constituido por énticoagulantes, diureticcs,
glucdsidos cardiacos, antagonistas del calcio, vasodilatadores, anaiogos de la
prostaciclina, antagonistas det enclntél'ta, inhibdores de la fosfodiesterasa,
inhibidorés. de la 'endupephdasa. agentes hiﬁulipemiantes, inhibidores del
tramboxano y r::troé agentes terapaulicos conocidos para réducir la tensién

arterial pulmonar

1ol
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DIARILUREA PARA EL TRATAMIENTO DE HIPERTENSION PULMONAR

Resumen

La presente invencion se refiere a composiciones farmacéuticas para el
tratamiento, prevencién o control de hipertension pulmenar que comprenden
metilamida del acido 4{4-[3-(4-cloro-3-trifluorometilfenil}-ureido]-3-fluorofenoxi}-
piridina-2-carboxilico, opcionalmente combinada con al menos un agente

terapéutico adicional.
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