WO 2006/063715 PCT/EP2005/013046 Use of PPAR agonists for the
treatment of congestive heart failure Congestive heart failure is a
devastating disease where there is ineffective pumping of the heart
vaadingrés7ah accumulation of fluids in the lungs. Typical sympimns)os/613046
include shortness of breath, difficulty breathing when lying flat and
swelling of.legs and ankles. Said progressive impairment of physical
fitness can ultimately lead to death. There are a number of causes for
heart failure but the most frequent are myocardial infarction (about 60

e R Sl i L O,
In patients, the severity of CHF is categorized according to the clinical
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. sm%&éﬁ?@@&%ﬁ;ﬁé&ﬁ%&B?rméfﬁﬁm%&%%ﬂ}ﬁamw 18448 death. There are

progression of CHF prolon%ﬂsurvwal considerably. Nevertheless, at any
j

a nyRer RGaseRH, RRATdA MG aRNeB 98 EaR-ENhRSA rAveFaLiR) infarction

(abBErGONidIeE Yest 4N caces), langshrenip éirissnefoipird 2% pafieplisetividisposition
mainly NYHA 11 or Ill. A common.disadvantage of all currently approved
(10 T G SEY I =g MRS RER (o uretics, ACE
inhibitors, B-blockers) their blood pressure lowering effect. Combination

In JRGRIARY ﬁeoémn%mﬁb'g BREAYFSIN ARAOMPRRNSPLARR AR RIEMd!
decrease too much..As a consequence, alternative therapeutic strategies,
baspdutinGlasEEAIEHHAVEIRBS! Bk tom Na Rykiisan dssogiasiom ENYHAS: The

patRAvEPEeRRNTitidve disriipe o tlbificHiePRIRITOAIR Difbigfaisioms),
_ tivator receptors PPAR%r resenta.c f nuclear hormpne |
N B T e TP RAEIE SreT oA b L AR Chting i
exaitsnpsr Mehiding henpiocaatiteatand the vessels. Activation of the
PPARs leads to - - o ‘
Current treatment of CHF that delay the progression of CHF prolong survival
considerably. Nevertheless, at any given NYHA stage, overall mortality has remained
high, averaging 15 percent per year in recent large scale trials performed in patients .
with mainly NYHA 1} or {Il. A common disadvantage of all currently approved CHF ‘
medications with a proven mortality benefit (e.g., diuretics, ACE inhibitors, 3-blockers)
- their blood pressure lowering effect. Combination therapy is often not possible
.because in many patients blood pressure will decrease oo much. As a consequence,
- alternative therapeutic strategies, targeting novel mechanisms of action, are urgently
" needed for the further advancement of medical therapy of CHF.

The peroxisome proliferator activator receptors (PPARS) represem-a class of nuclear
hormone receptors, two of which (PPAR« and PPARYy) are expressed in many tissues,
including the myocardium and the vessels. Activation of the PPARs leads to
expression of a variety of genes and, subsequently, production of proteins. The PPARy
activators (e.g., rosiglitazone) have been approved for the treatment of type 2 diabetes
mellitus, based on their efficacy in improving insulin sensitivity and delaying the
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expression of a variety of genes and, subsequently, production of

proteins. The PPARy activators (e.g., rosiglitazone) have been approved
for the treatment of type 2 diabetes mellitus, based on their efficacy in
Waprewing insulin sensitivity and delaying the WO 2006/063 #La/EP2005/013046
PCT/EP2005/013046 2 progression of insulin resistance into overt
diabetes (Malinowski and Bolesta CIin2 Therapeutics (2000), 22,
1151-1168; Leff and Reed, Curr. Med:"Chem. Immunology, Endocrine &

Metabolic Agents (2002), 2, 33-47). In addition some PPARYy activators,

pro@\%ﬁ?&t@ﬁr@mrsm@eésﬁewa Shadr & W@@%‘é‘fﬁﬂ%%?a Clin.
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the%éor ers and diabetes mellitus (Inoue Katasg}ama Current Drug

I8, efsrm&)ﬁgfaha?%%%vﬁats SRRty igsrdussoipas eclesiene)
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effect results in reduced
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normalization of expression of PPARY | rom
their metabolic effects, little is known about-the direct effects of PPAR

-In thethadingoyptasinanl tmtisolaenkneeastab s W@&Eﬁﬁy%\éﬁiﬁ fRSTﬁ'hfa

cn PPAR I actl\e/ator enof rate WY 4643 as w s.the PP g
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arterial hypertension, PPARy and PPARYy activation were

paraliglRe: by i Rdrsdian 1of &Wfﬁ%@ﬁw@ﬂ%?@?f%tﬁéhﬁy@wﬁﬁ@%hemla

and reperfusion,

 Apart from their metabolic effects, little is known about the direct effects of PPAR

activators on the heart. In isolated neonatal cardiomyocytes in vitro, both the PPARq

activators fenofibrate and WY14,643 as well as the PPARy activator rosiglitazone

-were able to prevent endothelin-1 induced hypertrophy. Similarly, the PPARYy activator

reduced the hypertrophy induced by mechanical strain in isolated cardiomyocytes. In a
model of arterial hypeﬁens'ion PPARa and PPARYy activation were both able to reduce

cardiac fibrosis. In a mouse model of acute myocafdlai ischemia and reperfusion,

PPARc as well as PPARy activation has been shown to reduce myocardlal infarct size.

In the chronic phase after myocardial infarction, PPARYy activators have shown to
improve myocardial remodelling and heart failure symptoms (Lianget él. Endocrinology
20073, 144: 4187-4184). On the other hand, there is evidence that heart failure may be
worsened by PPARY agonists in patients with type 2 diabetes mellitus.

Thus, while the benefit of PPARy activation in CHF is controversial, there are no data

at all about the role of selective PPAR« activation in CHFE,
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PPARYy as well as PPARYy activation has been shown to reduce

myocardial infarct size. In the chronic phase after myocardial infarction,

PPARYy activators have shown to 25 improve myocardial remodelling and

heart failure symptoms (Lianget al. Endocrinology 2003, 144: 4187-4194).

On the other hand, there is evidence that heart failure may be worsened

by PPARy agonists in patients with type 2 diabetes mellitus. Thus, while

the benefit of PPARYy activation in CHF is controversial, there are no data
Accoidingt llsafiat e diodieele girveiBEARY actvefiarcim@Pidbnd oAdserdingula (1)

to a first aspect, there is provided the use of a compound of the formula (I)

0 OH (I) 5 or a pharmaceutically acceptable salt thereof for the

preparation of a medicament for the treatment of congestive heart failure

(CHF). An emen Bfthe present invention is thé“use. of a compound

of the formula 000 ~ 110 }—Eg(l) 10 or acﬁ)har aceutically

acceptable salter physio}lo&iéalkf Unctional deti for the

preparation of a medicament for the treatment of congestive heart failure

(CHF). A further embodiment is the use of a compo e formula (I1)

rO O F N O OH (11) 15 or a pharmaceutically acceptable salt or()

physiologically functional derivative thereof for the preparation of a

or a phadnasrufcady reoseiablertalt Bnrigettive heart failure (CHF).

for the preparation of a medicament for the treatment of congestive heart faiiure (CHF).

An embodiment of the present invention is the use of a compound of the formula (1)
/\

O~ oo LI

e

0 OH

(1
or a pharmaceutically acceptable salt or physiciogically functional derivative thereof

for the preparation of a medicament for the treatment of congestive heart failure (CHF).

A further embodiment is the use of a compound of the formula (i)

O

or a pharmaceutically acceptable salt or physiologically functional derivative thereof

for the preparation of a medicament for the freatment of congestive heart failure (CHF).

A preferred compound of the formula (11} is the compound of the formula (Il})
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A preferred compound of the formula (11) is the compound of the formula
(I111) 3a FO O O- NO OH (111). The compound of the formula (1) was
prepared according to international patent 5 application WO 2004/085377,
example 5. Compounds (11) and (I111) were prepared according to
international patent application WO 03420269, examples | and 11.
Pharmaceutically acceptable salts are suitable for medical applications
because of their greater solubility in water compared with the starting or
base compounds These 10 salts must.he

lactic, Iactoblonlc maleic, mallc methanesulfonlc succmlc p>5
toluenesulfonic and tartarjc acids. Suitab armaceutlc II cept
The GXBROCS S AT A SRR PARER et G e %%.um@ﬁﬁem
apphcmﬁaﬁswm samam&eammmm nixiet sadtadsytih aschidbnesieprapared

o e TR S S e AR

formula (I) of the |nvent|on for . example an ester which is able on
administ |on to a uch as. f le, a hum

S
PR N o) AR oSSt DA a5 ) GBI 2l Beayee of
their gretatbolgelthéigdh Fblajeratomm@txadumﬁhdhal stemt\vag\resaalse tachpmteinds. These

salis %ﬁ%%ﬁ%sve a pharmaceutically acceptable anion or cation. Suitable

pharmaceutically acceptable acid addition salts of the compounds of the invention are



10

15

20

25

30

of the compounds of the invention, as described, for example, in H. Okada
et al., 15 Chem. Pharm. Bull. 1994, 42, 57-61. Such prodrugs can be
metabolized in vivo to a compound of the invention. These prodrugs may
wenwetssihave activity or not. The compounds of the invertiDarRay/ 013046

- also-exist in various polymorphous forms, for example as amorphous and
crystalline polymorphous forms. All polymorphous forms 20 of the
compounds of the invention belong within the scope of the invention and
are a further aspect of the invention. The amount of a compound of

saﬁ@rﬁ‘ﬂ%rﬂbrﬁﬂ)a‘éfc@'@u@ﬁ(&sﬁ?@o%m%‘éﬁdt drsirerhiliposipabaEect

ends on a number of factors, for example the specific compound 25
me&ﬁﬁ%@%ﬂ@%@ﬁ&@&%&”%& AR aﬁa&ﬁ%@mﬁsﬁi%a%ﬁ% %‘ﬁnﬁeaﬁxample
ac@wdﬁidﬂmhmwlmﬁchaﬂaib/ dinse, istigenarallyrik theniangeagftesdhic, glycolic,

Vise%S lfé !gc[ﬁp %%LO%IOHI %ﬂafjgl%g i a %Ut 3 @%?%fgﬂg éger day and

per kilogram o y weight, Tof exam‘prpe ay PAn
tolyemgoetionis doddananctaciqsr Ssdéalmepmxﬁm@@augmﬁwm@&mb@ Banig soits are

amhOmLaHKeaidhioRAansdiaty be,ad RNSIGIRA 35 siop %I@?Wkaime

?B%to 30 100 ng per kilogram and per minute. Suitable infusion solutions
ea (FUEE 3R MACHREIMM BRL LAIFHM, $8%-about 0.1 ng to 10 mg,

typlcally from about 1 ng'to 10 mg, per millilitre. Single doses may

ntar; ampl 'ro ut 1.m to,,lO f WO 20 6/063715
E A S e N S SR
phm@&@iﬁéﬂmmm@raﬁﬁwmﬂﬁﬁ@owmnua@@ﬁﬁqrmgetdllobtmgnmmion for .

exSHRgIE; Qﬁ%‘sﬂc&r WHM'%&B&BS%W@{%%%%@% %% far gxample

examp e, capsules or tab ets ma¥ contain, for example from a out

a hyRNnig, RSP FHATBetR A R SOBRRYNELP iRIdRg Y oy (1) or an

acmh@neamjmﬁma@ é@pmy@a@ghaimmwm @éﬁo:mda é!éo (Hi066ldrbdrugs
Lhs disedas e compound: Iself bl e may also he In e form of 2
arma eutlcal comp OSI'[IOI’] Wlﬁ'? ansaccep‘t le“carr er Ia Ig a
Ch&méﬁt@bﬁe iButhet Qéﬁséarﬁ“f-ms Sonippritsiaigdthahde metabohzed invivo to a

compound of the invention. These prodrugs may themselves have activity or not. .

The compound'sof the invention may also-exist in various polymorphous forms, for
example as amorphous and crysiat!ine polymorphous forms. All polymorphous forms
of the compounds of the invention belong within the scope of the invention and are a
further aspect of the invention.

The amount of a compound of formuta (1), (I1) or {IIl) necessary to achieve the desired

- biological effect depends on a number of factors, for example the specific compound

chosen, the intended use, the mode of administration and the clinical condition of the
patient. The daily dose is generally in the range from about 0.3 mg to 100 mg (typically
from about 3 mg to 50 mg) per day and per kilogram of body weight, for example about
3-10 mg/kg/day. An intravenous dose may be, for example, in the range from about 0.3
mg to 1.0 mg/kg, which can suitably be administered as an infusion of about 10 ng to
100 ng per kilogram and per minute. Suitable infusion solutions for these purposes
may contain, for example, from about 0.1 ng to 10 mg, typically from about 1 ng to 10

mg, per millilitre. Single doses may contain, for example, from about 1 mg to 10 g of
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other ingredients of the composition and is not harmful to the patient's
health. The carrier may be a solid or a liquid or both and is often
formulated with the compound as 10 a single dose, for example as a

waiels/vich may contain from about 0.05% to 95% by wemght/oftfs/o13046
active compound. Other pharmaceutically active substances may likewise
be present, including other compounds of formula 1. The pharmaceutical
compositions of the invention can be Broduced by one of the known

. pharmaceutical methods, which may essentially consist of mixing the

the wr@m%%wm@%@@?&“mﬁ%ﬂ

%W%yc@cm@{iﬁﬁgg@{amp!e, from
excipients. Pharmaceutical compositions of the invention include those

abogtitdbre ol BPdndeand sitspredrsseieiarpdeardhascan misgiminisaeed orally,
sucRIETERBkAIApRX2AIRIGISH BEWBRRO UPayHEATRUS TalesxHIHITE Al Sbout 1.0 to

R e R S b

condftithe, dbaditimpda s toé taerduwa o i ther idiiuneeg fiib e sethyeotinedcompound

irsof B InGlRI08 Bl AR B CORErRHRURIG R AL

coated slow-felease formulations also belong within the framework of the
acchpieRlforRIPREfdian eaTiey v toRigRle dnihg aaree ietlissrampatible with the

othé@iﬁf@}#b’ﬁi@rﬁ@- ;ﬁuﬁanlaﬂaiﬁmhﬁmthbjfﬂt@ep@ﬂam@%aﬁh. The .
elliulose acetale ate, ALl cetgle alate, .
Ca"ﬁ?fdm%?o%iﬁhgt%wcgﬂﬁﬁ%é%%é%%ﬁt@ 8?}8’£ BRIEER LN compound as

a singieltusy|ifoaexhandenastahnethsbigtateSeotable ppharatama liCals to 95% by

e el R e e S

likewisadin prerdive NelHBUA C8TRhecoRRYOdR @ldOEalA: (T)1q Phermecsyticsl
confsOYARISs At @hanmemtion saBeHRIJSEEAeNBENE IBf ARV B rmaceutical

on-aqueaus liquid: or as an oil- in-water or water-in-oil emulsion. These
me g S LSS R ORSTEl RS ovEBenS
phaRta0EPgoal/Gaeptfepraparsdcby/angsipiabte. pharmaceutical method
which includes a step in which the

Pharmaceutical compositions of the invention include those suitable for oral, rectal,
topical, peroral (for example sublingual) and parenteral (for example subcutaneous,

" intramuscular, intradermal or intravenous) administration, although the most suitable

mode of administration depends in each individual case on the nature and severity of
the condition to be treated and on the nature of the compound of formula (1), (I1) or (II})
used in each case. Coated formulations and coated slow-release formulations also

_belong within the framework of the invention. Preference is given to acid- and gastric

juice-resistant formulations. Suitable coatings resistant to gastric juice comprise
cellulose acetate phihaiate, polyvinyl acetate phthalate, hydroxypropylmethylcellulose
phthalate and anionic polymers of methacrylic acid and methy! methacrylate.

Suitable phgrmaceuticai compounds for oral administration may be in the form of
separaie units such as, for example, capsules, wafers, or tablets, each of which
contain a defined amount of the compound of formula (1}, (11) or (l1); as powders or
granules, as solution or suspension in an aqueous or non-agueous liquid; or as an oil-
in-water or water-in-oil emulsion. These compositions may, as already mentioned, be



active compound and the carrier (which may consist of one or more
additional ingredients) are brought into contact. The compositions are
generally produced by uniform and homogeneous mixing of the active
veonrgeusdivith a liquid and/or finely 5 divided solid carrier, afteewdish thas
praduct is shaped if necessary. Thus, a tablet can for example be
produced by compressing or muldinga'a powder or granules of the
compound, where appropriate with one or more additional ingredients.
Compressed tablets can be produced by tableting the compound in
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harmaceutica composition which are suita rperoral I|n U

'dlvmmmnew&@mﬁﬂ% Epresiitshanadiconesssmy. oTHQEnmlat(l?i can

for dR=RREIE) M SlRYarGoRIIRAINPHFTRSBIANE GUBWHEPS BFanules of the

tragacanth, and pastilles whjch comprise the compound in an inert base ‘
COBREHL &&s&%e%&p@@&%ﬁh&%ef&ersrﬁﬁamwm'rmedfﬂ%s Compressed
tabﬁﬂlamadmmoaﬂmnmmabmmwnaé)m)fap@manmleafmhswmgwmwamws for

_ ex%%mgr(ﬁ?)jo%?dgtreép %ﬂﬂ?e%uﬁiﬁé%)mﬁﬁ}%?gi REARGHY 8 rg@l%ér}t inert

which'may be “isoton he intende |p|erit
dlim%w@@mammmmcamiwwmrmgmm@ylrammighle machine.

Mo%alwat@a%w;ﬁm@@oplmm@%%ﬂ%uﬁdImﬁmgsﬁu&wer form

intradermal injection. These preparations can be produced by mixing the

- anqs POiHRNGAI IR 5RA Flid A Rat iR RHADIAMBR A e 25 and

isotonic with blood. Injectable compositions of the invention generally

PrEARRBIEE A RSN 06 BENRAIR s
confisifer i ets pbcaptiina spomRnssofaase I@dﬁd@b@@ﬂd&@dﬂw ﬁlﬂxmg?Q,
nofnBRYORHBEOh RN BUHR AR DV ER QAL AHANE FASHRNIRARISIRprise the

carriers, for example cocoa butter, and shaping
compound in an inert base such as gelatme and glycerol or sucrose and gum Arabic. .

The pharmaceutical Compositions suitable for parenteral administration may comprise .
sterile aqueous preparations of a compound of formula (I), {I) or (1ll), which may be
isotonic with the blood of the intended recipient. These preparations may be
administered intravenously, although administration may also take piace by
subcutaneous, intramuscular or intradermal injection. These preparations can be
produced by mixing the compound with water and making the resulting solution sterile
and isotonic with blood. ihjectable compoSitions of the invention generally contain from
about 0.1 to 5% by weight of the active compound. |

Pharmaceutical compositions suitable for rectal administration may be in the form of
single-dose suppositories. These can be produced by mixing a compound of formula
(I} with one or more conventional solid carriers, for example cocoa butter, and shaping
the resulting mixture.
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the resulting mixture. WO 2006/063715 PCT/EP2005/013046 7
Pharmaceutical compositions suitable for topical use on the skin may be
in the form of an ointment, cream, lotion, paste, spray, aerosol or oil.
wgoisllestarriers are for example petrolatum, lanolin, polyeyiermos/o13046
glycols, alcohols and combinations of two or more of these substances.
The active compound is generally prxlesent in a 5 concentration of from- .
about 0.1 to 15% by weight of the composition, for example from about
0.5 to 2%. Transdermal administration is also possible. Pharmaceutical

PharR{BEARUP RS RBHERISHOL LiTaPRIB MR ILSESePHRR L KRe {gb@f iR Bl8orm of |

plasters which are suitable for long-term 10 close contact with

an O'BHHSHE LERTeofONs BRADISBtEK BN U RitarH IR B ERVERSARB IR in

exanwﬂeanemawlwmlwmawmwmgwmraiamﬂmmﬂb&mzs of two or
morede ésdelsso%rstedégsaq.adheilvec%%dls Fd ié‘ aé rr}gg A suitable
active compound” concentration 1S & out 1 '96%0 5 y welgtnf1 8r about
concgotradian of fmmaxiaiilit 199dS thémewieht ehiisuermpdséinicleseddypple from
abou§&hg-@nsport or iontophoresis as described, 15 for example, in
Pharmaceutical Research, 2(6): 318 (1986). In order to test the effect of

specific activation of either PPARYy (rosiglitazone) or PPARa (compound

. Tranefiéomatlaifdhiéiohaod i(r.lIb)i)sorm@hentﬁr@pmwmaebofié‘dﬂ&mﬂa@tmweb@éble for

ron| Soronar arter tion S caus yocardl rction i
iranstﬁj: A Be Yh o43r %_ngm ‘f’ ?ﬁasustr'é}% 8hﬁ? orﬁong ?erm

mos common Cause or 1allz
closshonadheridintisapatiniisiopidsrrina Ruck plestfisislitabhntersiie theattive
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function - and therefore cardiac output - are improved after treatment with

and ‘é’é&?ﬁﬁfﬁﬁ‘fh"&ﬁfhé%?rﬁﬁ?a"é@‘ﬁﬁ’e(ﬁ%r"(lﬂmmrﬁ%f Wittt iepalyg compound

- concanthaies. ué\abwatlo%qb%aﬁm ASYHNYONBELR BT AN ABLEONgRSEMIIASS for

the acYnJ\(/je? QS%%QX ?o be released by electro-transport or iontophoresis as described,

for example, in Pharmaceutical Research, 2(6): 318 (1986).

In order fo test the effect of specific activation of either PPARYy (rosiglitazone) or
PPAR«a (compound of formula (1}, (il) and (ill)) on the improvement of CHF, a rat

model of chronic coronary artery ligation was used because myocardial infarction is the
most common cause for CHF in the industrialized countries.

It is shown herein that activation of PPARw is beneficial in congestive heart failure.

With regard to myocardial function, both systolic and diastolic LV function - and
therefore cardiac output - are improved after treatmént with a compound of the formula
(1, (11} or (1) but not with the PPARYy activator.

Activation of PPARc also improved pulmonary congestion, as evidenced by the

. normalization of both right ventricular and lung weight (a tower lung weight is an

indicator for better heart function; a high lung weight indicates pulmonary congestion,
which is frequently due to depressed function of the heart (i.e., CHF).
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normalization of both right ventricular and lung weight (a lower lung weight
is an indicator for better heart function; a high lung weight indicates
pulmonary congestion, 30 which is frequently due to depressed function of
weepsas(ile., CHF). WO 2006/063715 PCT/EP2005/013046:81Pr005/013646
previous studies, both PPARa and PPARYy activation had been reported to
decrease myocyte hypertrophy in vitrﬁn reduce fibrosis in

mineralocorticoid dependent hypertension, and limit myocardial infarct
size in acute ischemia-reperfusion models (vide supra). The opposing

in pRERGLR At ARHVRHBM B GRS I FIAR SLBOWRSS MaRASteh YRS IR decrease

infarction heart fa_ilurga were therefore‘unexpected. One of the reasons for
mwa%?&wéﬁm%m N@@cb@ﬁ@%ﬂ%@ﬁ@ SpEUiRy aipeaeisnid éﬁﬂ%’ﬁgfﬁh of
hypEleh¥R R AR isvbRRSsrabrewaiians dnd Aty Hr&ddision models

. congestive heart failure LV = left ventricle/ventricular Ml = myocardial
(vide, fifietfin 18 ARPOPRAHESRE L AGHHAURB A heaR MY ST SSRiypes in post
mydstangitk idfarctio nfribernfsansl bdradanapidole Brenjpattanh@pe silithe fensses for

the?ﬁ %&%@ﬁ%%%;st@Slﬁgrﬂéw@é%fgéégﬁictﬁﬁm%'ita%%?%%%%h/%‘gﬁﬁge 9 PPAR

allure r rats were ree per cage u der stan

 sub@¢Rfitions of 20 temperature, humidity, and light. They had free access to

a standardized diet (sodium content 0.2 %, Altromin, Lage, Germany) and

tap drinking water. Chronic heart failure was induced by a permanent
AbREXBLRSIS gpﬁwé‘fé?wmnary artery approximately 2 mm distal to its origin
CHFffom the aorta ressitjagtiveatangésiifearction of the free left ventricular '

LV = left ventricle/ventricular
MI = myocardial infarction
PPAR = peroxisome proliferator activator receptor

SEM = Standard error of the mean

Example 1: Proof of concept study for use of a compound of the formula (1) for the
treaiment of congestive heart failure

Male Wistar rats were housed three per cage under standardized conditions of

temperature, humnidity, and light. They had free access 1o a standardized diet (sodium
~ content 0.2 %, Altromin, Lage, Germany) and tap drinking water. Chronic heart failure -

was induced by a permanent occlusion of the left coronary artery approximately 2 mm
distal to its origin from the aoria resulting in a large infarction of the free left ventricular
wall. Chronic treatment was initiated on the day after production of the myocardial

- infarction and continued for eight weeks.

o4

At the end of the treatment period, cardiac function was rheasured using an isolated
working heart preparation {modified Langendorff apparatus, cf. Linz et al., J. Ren.
Angiotensin Aldosterone Syst., 2003): The hearts were perfused according to
Langendorff's method with an oxygenated (95% O2, 5% COg) noncirculating Krebs-

Henseleit solution of the following compositions (mmol/L): NaCl, 118; KCl, 4.7, CaClp,

2.5; MgS04, 1.6; NaHCOg3, 24.9; KHoPO4, 1.2; glucose, 5.5; Na-pyruvate, 2.0.. The



10

15

20

wall. Chronic treatment was initiated on the day after production of the
myocardial 25 infarction and continued for eight weeks. At the end of the
treatment period, cardiac function was measured using an isolated
w@onkéngeart preparation (modified Langendorff apparatugcafziemasat siis

J..Ren. Angiotensin Aldosterone Syst., 2003): The hearts were perfused
according to 30 Langendorff's method with an oxygenated (95% 02, 5%
C02) noncirculating Krebs- Henseleit’ solution of the following
compositions (mmol/L): NaCl, 118; KCI, 4.7; CaC12, 2.5; MgSO04, 1.6;

left NAIRCRR 2 RARY 4% SBIFOSR T NABYINAL 218 FRGWO
2006/063715 PCT/EP2005/013046 9 left atrium was cannulated by an

equiRendion Bf1ine R duRd ecRHPa RISAiRE €8 MMBFAIdhe R wes Tiehed

into PerivsiRIngPresayrat of R aming pﬁ*é@sﬂﬁ@rémasrﬁmltabeﬂhﬁﬁoaﬁi@rlwm%sure

mode, a aflxed f|II|n ressur of 11m hen lo
was (R RIS AR SIS ol 28 e 48 e el B e

repreaphiaiive Bndgivenrietiveensiogiefefivad coastane altsﬂoambmﬁuveaﬁd

| presggrgglyﬂgis': WA PRSP AV ED S AR WS R GRS ¢ %é&%’é‘%ﬂ?’cﬁé@%ﬂput

every 2 seconds. Cardiac output measurés-the overall capacity of the

MeaRRt %B%%Yﬁba{h%asﬁﬁﬁ’ firbsghed AU INIPlRRM BN o RIBRE LV

- dP/dmyacw dinimenieailycamidhedereetlienewiing ahiddygehdiatingariibVof the

t Is an mdex f the abilit fth ocardl to relax. In addjt
hear R BT oA 8% 2B S By Sh R iR S Bl Rrosiien
lungingighdtveigrmsfa Sined amm@ewwhm&mmmmdgmﬂmfwmnmr@t sign of
CHElpressed in chow, resulting in a dose of 20 mg/kg/d) was initiated on the

day after myocardial infarction. The pure PPARYy 15 agonist rosiglitazone
was used for comparison in an additional group (3 mg/kg/day in chow).

Treabheanigitheatmepbuiit) shenBRARaiach\presssdne pmaulrRE0imeia\E8ose of
20 mgH(g/%Twas initiated on the day after myocardial infarction. The pure PPARy

agonist rosiglitazone was used for comparison in an additional group (3 mg/kg/day in |
chow). ‘ '

Chronic treatment with the PPAR« activator of the formuia (1) improves different
aspects of heart failure, whereas activation of PPARy (using rosiglitazone) does not.

Together, these data provide a strong ranona!e for a beneficial effect of a compound of
the formula (I) in the treatmeni of congestive heart failure.

Table 1:

Test conditions  |Lung weight Cardiac output |LV dP/dimax  |LV dP/dtmin
Gram mb/min mmHg/s mmHQ/s |

Sham (No Mi, 1.88 £ 0.10* 37.3+3.5" 5780 + 191 3527 £ 217"

Ino treatment)

Ml Placebo 2.96 = 0.40 189+29 3748 £+ 176 2119275

MI Rosiglitazone |3.67 +0.38" |10.2+3.8" 3491 + 147 2081 £ 65

3 mo/kg/d

Mt compound (1) [1.62 + 0.06* 258 +4.3" 4614 + 253" 2502 = 77"

20 mo/kg/d
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aspects of heart failure, whereas activation of PPARYy (using rosiglitazone)
does not. 20 Together, these data provide a strong rationale for
abeneficial effect of a compound of the formula () in the treatment of
wongesibsekeart failure. Table 1: Test conditions Lung weigitrGasgiads 3o4s
output LV dP/dtmax LV dP/dtmin Gram mUmin mmHg/s mmHg/s Sham
(No MI, 1.88 0.10* 37.3 3.5*5780t 191 * 3527 t 217* no treatment) MI
Placebo 2.96 0.40 18.9t2.9 3748t 196 2119 :175 MI Rosiglitazone 3.67
t0.38*10.213.8* 3491t 147 2081 t 65 3 m /k /d MI compound (1) 1.62 t
Dao .06* 25.8 4.3* 4661]4%% i'és* 25002ut 77* /ify\/cfé 06 a7015 tout, LV
BTt 16T Bt e meH 8 e
dP/g0050s! Wab%@mtnamr@d’nmput@d\at apmmam 8&}’ mmmmme

'heép(ﬁasured at an afterload of 80 mmHg (working heart). 5 Example 2: .

Dose response in chronic myocardial infarction Male Sprague Dawley rats
were pre-treated with a chronic ligation-of the left coronary artery, in order

| Exdmprodupessmymraishahiofatsio m(Mihansl sasemrent development of

heart failure: Treatment with a compound of the formula (1) (pressed in
chow, resulting 10 in different daily doses) was initiated on the day after
Mateyiwagiial DafaleyioatsAftge rerdekieoiwittaaebnonibdigatintalyf iherkettitethnary

antdRg |Hr29dé’?‘ﬁ>"£5?69t]@9 aaﬂ?a%@%&glqm%ﬁc%mﬁﬂii‘é‘lﬂée&ﬂ@@éh\gﬁtsdevelopmem of

anayse ex vivo in the working heart mode, in the same manner as

he%ﬁ%ﬁb’@dﬁ%ﬁ%ﬂﬁfﬁ‘{E"!La(ﬁEi@Pﬁiﬁ?ﬂ?ﬁhﬁﬁﬁ@tﬁ@d’él(ﬁ%?&%ﬁ‘séﬁgw resulting

in different daily doses) was initiated on the day after myocardial infarction. After 8
weeks of treatment, the animals were killed, the lung was weighed, and the function of
the isolated heart was. analysed ex vivo in the working heart mode, in the same
manner as described for Example 1 (wde supra). This method allows to assess
different aspects of the myocardial function. For comparison against the effect of an
established therapeutic principle in the present experimental series, the dual

'ACE/NEP, or vasopeptidase, inhibitor (7-(2-Acetylsulfanyl-3-methyl-butyrylamino)-6-

ox0-1,2,3,4,6,7,8,1 2b-octahydro-benzo[c]pyrido[1,2-alazepine-4-carboxylic acid;
international patent application no. WO 02/083671) that is known for being active in the
treatment of CHF was applied in an additional group.

Chronic treatment with a compound of formula (1) improves different aspects of heart
failure. Together, these data prove a beneficial effect of the compound of the formula
{l) in congestive heart failure. '

Table 2:

Test conditions  |Lung weight  [Cardiac output |LV dP/dtmax  |LV dP/dimin
g/100g BW mL/min Mm Hg/s mm Hg/s

Sham {No M, 0.39+0.01* |36.0x27" 5807 + 192* 2985 + 109*

no {reatment)

Mi Placebo 0.71 = 0.07 7.3+1.8 3170 2= 247 2056 + 138

M| compound (1) |0.80 + 0.08 125+ 3.3 3280 =250  |1886+ 137

1 mg/kg/d '

Ml compound (1} |0.54 +0.08* 215=x54" 3665 + 166" 2353 277
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different aspects of the myocardial function. For comparison against the
effect of an 15 established therapeutic principle in the present
experimental series, the dual ACE/NEP, or vasopeptidase, inhibitor
wWo-t2esastysulfanyl-3-methyl-butyrylamino)-6- PCT/EP2005/013046
oxo-1,2,3,4,6,7,8,12b-octahydro-benzolc]pyrido[1,2-a]Jazepihe-4-carboxyli
c-acid; international patent applicatio ;no. WO 02/083671) that is known
for being active in the treatment of CHF was applied in an additional
group. 20 Chronic treatment with a compound of formula (I) improves

3 retiftegent aspedts of heart Taillire. Together, these data prove'| beneficial

Mi eBREGUNBeICq01BRU Bl cH-TNeZaTEIIE gi) T s Feart [gigee; 497
10 rapley Test ¢onditions Lung weight Cardiacjoutput LV dP/dtmax LV

Mi ¢fPidtmin -g/1 09gB3V\bmizminvim Hesmm FagsShayp{NO 9578 3% 26+

30 0n@ky/86.0 2.7* 5807 t 192* P985 t 109* no freatment) MI Placebo 0.71

0.07 7.3t1.83170 t 247 2056 138 Mi compound (1) 0.80 0.0812513.3
886 137 /d. M] compoun 0.54, 0.08 * 21.5 1 5.4* 3665
Da e T o S e P o 8 B R 36901 G R RYR
dP/dnpoand (N ofatoinogeRImeagudediatant AE8102838 80l thmHE fwkridnig)|
hea¥f) 0.56 t 0.07* 27.2 t 3.5 3868 172* 2379 120* 30 m /k /d

Exarmnple 3: Agonistic efficacy of the compound of formula (1) _

The agonistic activity of compounds of the formula (1) was tested according to
WO 03/020269 as follows: To analyse the sffectiveness of substances which bind to
human PPARG, activating it in agonistic manner,'a stable transfected HEK cell line

- (HEK=human embryo kidney) designated here as "PPAR, reporier cell line” was used.

The activity of PPARw agonists was determined in a three-day test, described below:

- Day 1: The PPARa reporter cell line was cultivated up to 80% confluence in DMEM

medium (Life Technologies) with the following additives: 10% cs-FCS (foetal calf
serum, Hyclone), antibiotics (0.5 mg/m! of zeozin [Invitrogen}, 0.5 mg/ml of G418 [Life
Technologies], 1% penicillin streptomycin solution {Life Technologies]) and 2 mM of L-
glutamine (Life Technologies). Cultivation was carried out in standard cell culture

bottles (Becton Dickinson) in a cell culture incubator at 37°C and 5% COy. The 80%

confiuent cells weré washed once with 30 mi of PBS (Life Technologies), treated with 2
ml of trypsin solution (Life Technotogies) at 37°C for 2 min, taken up in 5 mi of the
medium described above and counted in a cell counter. After dilution to 500,000
celis/ml, in each case 100,000 cells were sown into each well of a 96-well microtiter
plate having a clear plastic bottom (Corning Costar). The plates were incubéted ina
cell incubator at 37°C and 5% COx for 24 h, '
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Data are mean sem. N=6-12 per group. p<0.05 vs. Placebo. Cardiac
output, LV dP/dtmax and LV dP/dtmin were measured at an afterload of
80 mmHg (working heart). 5 Example 3: Agonistic efficacy of the
wepinpeuadh of formula (1) The agonistic activity of compoungetihasmoizods
formula (I) was tested according to WO 03/020269 as follows: To analyse
the effectiveness of substances which bind to 10 human PPARa,
activating it in agonistic manner, a stible transfected HEK cell line
(HEK human embryo kidney) designated here as "PPARa reporter cell

Dy R e Bl S R S TR TS TR B Benaton

of 1®\ra$mmhwamtm3¢mﬁ®%veﬁﬂh&aémrﬁmmﬁmadémerﬁ)m medium (Life

Tecﬁrﬁﬁ@é@@%ﬁ%%@ ?Wdf@ &%Fb‘f%j 29 EC?%Q%P% aatb

seru clone), antibiotics 0.5 mg/ml of zeozin [Invitrogen], 05mg/ml of

- Tecl@@i@[ﬁﬁ)eaﬂ‘éﬁ’rﬁ@m@i@ﬁlfsl BbRIRR R RFRMR IR SO RIRSNERS and

streaﬁmm@%sé)zmé@ rr@ét@fublsmuwymé%dﬁﬁwmgwmsoa Qigmariion
was C rrle C re on |
om0 R B LR s
;,LM WMQM{\@@W(TB Wfﬁhdfm(hlfa Tngqiog;asto:mmeddmmS% rakifd in
ution | N N m 0

S e S KT N AT AR W et
mediarbQs, m%mbpﬂmmwase 46@1068 dajls weresompidiely esrnbvadiby
oo R R R o
CEBHQDMNFQW WIEOMMEWEF@@DE/O&G@@WQZJW 2rqhe
(BeSRARBIANISSHI PHELR] WA SN DUIO AARAES HA

10 mM. This stock solution was diluted in Phenol-Red-free DMEM
Wasrﬁ@@Mh«pﬁT@H of a 96-well plate. The DMSO concentration in the assay was
always below 0.1% v/v to prevent cytotoxic effects of the solvent. To demonstrate that
the assay was working in each individual plate, a standard PPAR«x agonist, which was
also diluted to 11 different concentrations, was added to each plate. The test plates

were incubated in an incubator at 37°C and 5% COg for 24 h.

Day 3: The PPAR« receptor cells treated with the test substances were removed from
the incubator and frozen at ~20°C for 1 h to improve cell lyses. After the plates had
thawed (thawing at room temperature for at least 30 min), 50 ul of buffer 1 (Luc-Screen

kit #.51000, PE Biosystems Tropix) were pipetted into each well and the plates were

" then transferred into an apparatus for measuring luminescence, fitted with a pipetting

unit (LLuminoscan Ascent, LabSystems). The luciferase reaction in the measurement
apparatus was started by pipetting 50 p! of butfer 2 (Luc—Screen kit #.51000, PE
Biosystems Tropix) into each well of the 96-well plate. Addition of buffer to the |
individual wells was carried out in defined and identica!l time intervalé forio'wing the
instructions of the manufacturer (LabSystems). All samples were measured exactly 16

min after addition of buffer 2. Measurement time is 10 sec per sample.



Technologies) to which 5% of cs-FCS (Hyclone), 2 mM of L-glutamine

(Life Technologies) and the antibiotics described above (zeozin, G418,
penicillin and 5 streptomycin) were added. Test substances were usually
weste/asstisdifferent concentrations (10 M; 3.3 M; 1 M; 0.38dWie@208M3046
0.033 M; 0.01-M; 0.0033 M; 0.001 M; 0.00033 gM and 0.0001 M). More
potent compounds were tested in con‘\%entration ranges of from 1 gM to

10 pM or 100 nM to 1 pM. From each well, the medium of the PPARa
reporter cell line sown on day 1 was completely removed by 10 aspiration,

. Thé'mbiRmesiRialidheten) srbstapseAltieddn Mmedunn wereserdd8ikec

~ cells. Dilution and addition of the substances can be carried out using a

achiyibn P! BRBRAIEKIB Btk 20} pae bariotumiaast iha fatiadReaness
diluted in medium was 100 | per well of a 96-well plate. The DMSO -
concentration in the assay was always below 0.1 % v/v to prevent

- cytotoxic effects of the solvent. To demonstrate that 15 the assay was
working in each individual plate, a standard PPARa agonist, which was
also diluted to 11 different concentrations, was added to each plate. The
test plates -were incubated in an incubator at 37C and 5% CO2 for 24 h.
Day 3: The PPARa receptor cells treated with the test substances were
removed from 20 the incubator and frozen at -20C for 1 h to improve cell
lyses. After the plates had thawed (thawing at room temperature for at
least 30 min), 50 | of buffer 1 (Luc-Screen kit #.S1 000, PE Biosystems
Tropix) were pipetted into each well and the plates were then transferred
into an apparatus for measuring luminescence, fitted with a pipetting unit
(Luminoscan Ascent, LabSystems). The luciferase reaction in the
measurement 25 apparatus was started by pipetting 50 pl of buffer 2
(Luc-Screen kit #LS1 000, PE Biosystems Tropix) into each well of the
96-well plate. Addition of buffer to the individual wells was carried out in
defined and identical time intervals following the instructions of the
manufacturer (LabSystems). All samples were measured exactly 16. min
“after addition of buffer 2. Measurement time is 10 sec per sample.



30 WO 2006/063715 PCT/EP2005/013046 13 The PPARa agonistic
activity of compounds (II) and (ll1), and the PPARy agonistic activity of
compounds (1), (II) and (111) can be determined in a similar manner. 5

10 14 Claims: 1. Use of a compound of the formula () 50 N 0 OH (I) or
a pharmaceutically acceptable salt thereof for the preparation of a
medicament for the treatment of congestive heart failure (CHF).

Claims:

1. Use of a compound of the formula (1)

@:LOWO

L
0 OH

()
or a pharmaceutically acceptable salt thereof

for the preparation of a medicament for the freatment of congestive heart failure (CHF).



