FDESCRI PTICNY [lnvention Title] PHARMACEUTI CAL COVPCSI TI ONS FOR
THE TREATMENT OF CHRONI C HEART FAI LURE COVPRI SI NG PYRAZOLOPYRI M DI NONE
DERI VAT| WO BOBIVBEEIND [ Techni cal Fi el d] The pr esenPCI/HR208/003101 el at es
to a pharmaceutical conposition for treating chronic heart failure (CHF)
conprising, as an effective ingredient, 5-[2-propyl oxy-5-(1-

10met hy1- 2- pyrrolidi nyl eneam dosul fonyl ) phenyl ] - 1- net hyl - pr opyl -

1, 6-di hydro- 7H pyr azol o( 4, 3-d) pyri m di ne-7-one. [Background Art]

The heart consists of four chanbers, two atria (upper chanbers) and two
ventricles (lower chanbers), and four major 15val ves. As the heart beats,

the right atriumreceives venous plood fro he body.” The bl ood then
passes through the tricuspid vaIJ@E%GRFﬁEI$%ght ventricle. At the sane

ti me, bl ood oxygenated in the lungs flows into the left atriumand then
passes through the mitral valve into the left ventricle. The 20
contracttqgngéntq§ Hﬁgﬁg‘ventricle~propels the bl ood colleeted in the
ri ght atriun1|ﬁF%I¥he- ang, in which the venous bl ood picks up oxygen.

Ocygenat ed bl OgplpmfRbHiERM cabdtrrdNs FoR! sk Mo RfRoleEEO  he
left ventricle. The left ventricle contracts to punp the Igﬁ to ?%e

body. O peagrf owatigne! VELMBRISING VIYRERSORS frvﬁafvhgmg
backward between an atriumand a ventricle, and the other two valves
prewent ideembegkward flow of bl ood between a ventricle and an artery. The
heart beats to supply blood to all parts of the body. The bl ood punped
fromthe heart circulates in the body to deliver oxygen and nutrients to
ti ssues and carries waste products away flu' tissues. The vol une of bl ood

expel | ed Pyediical Field]

' The present invention relates to a pharmaceutical
composition  for  treating chronic heart failure (CHF)
comiarising, as an effective ingredient, 5-[2-propyloxy-5-(i-

10 methyl-2-pyrrolidinyleneamidosulfonyl)phenyl] ~1-methyl-propyl-

1, 6-dihydro-7H-pyrazolo{4,3-d)pyrimidine-7-cne.

[Background Art)
The heart consists of four chambers, twc atria (upper
chambers) and two ventricles (lower chambers), and four major
15 valves. As the heart beats, the right atrium receives venous
’ blood from the body. The blood then passes through the
tricuspid valve to the right ventricle. At the same time, blood
oxygenated in the lungs flows into the left atrium and then
passes through the mitral valve into the left wventricle. The
20 contraction of the right ventricle propels the blood collected
in the right atrium into the lung, in which the venous blood

picks up oxygen. Oxygenated blood is returned to the left
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10 heart with each beat varies depending on physical activity. A
relatively small volune of blood is required for resting tinme, while a

| ar ge vowgmegrisshgood i s needed for exercise. In this wegT/Kreshezrot beat s
slowy or rapidly according to demands for bl ood, |eading to rel axation
and contraction of blood vessels. 15 Heart failure is a pathophysiologic
state in which the heart loses its ability to punp a sufficient anount of
bl ood to neet the needs of the body tissues, and is caused by several
factors. Wien the cardiac nuscle is not able to contract or rel ax
forcefully enough, 'blood circul ati on becones difficult,, 20 and a |arger
vol ume of bl ood accunul ates in each chanber of the heart and the |ungs. '
When t hi satappenand t Hdawsar €ovi i ditpo Erprpdiefat evemiriciies by ThecovR
enlarged to puy nore bl ood to tissues O£ or gans. en this_ state |asts .
for a | onfFittrAelet ReNtRfichLR IR 5 P ?‘B‘éc‘f‘f%strﬁ v ¢ 9F RSN nore

severe 25problensg. In part'icu

wh t. he i ' it f the t.

weakens al V&LV <hi & aﬁi%gs c%ﬁggﬂitc ﬁ?:g%uﬁl ﬁg%}({? %i‘g‘h%gr gpaqlﬂ’%r%gg;' s
t hods qf ' ting. f t hi LLi i ncl i ised h t te,
near't - onl S GERENE T oo a g EACF Bt eATRo TS IeE Co R gitves ©
decquenéﬁ%h%ﬁt'%h%c%%gg%gkﬁdf9¥w5ngﬁE§§$tbQQWe&QIanggggﬂﬁ% I g! e 1S

al so"ref €rred as congesti ve hear , ccor nerican

Heart As i.ation ear ai f f i 4141 1 i s, and
OnmReqfl, 4 %&%@1 Hiboll e M1l IR QA

about 55 ew cagegleare &Jle%:%'ogcgd edach-year. Al so, alb ut 1% of people

aged 50 M&ﬁ's I (?%oﬁe ”ﬂ@g agg&ﬁ 9 08&-AYEH-6D sYeahs Waplder are
suffering om eéglrhfl ai Pur .d put_%oéz%?fg patlflénts (ﬁad'nosed }\%Ist}ﬁ hear t
failure Qi ;tEpm ésaggn fahlur guididhicd 0ps YeRysuedndam®%RfrBaki aplstedi €
within five years. ronic heart failure may be caused by sone di seases,

and 15 s diesashsy afenlagiRdeds PHaNGoDake CaE SIS écbelﬂédritg}sﬂ%d | t
evel opnen

cardi ac function. However, other factors may contribute to the
of heart HairkUkethnenahi BBLS vhoibavaepdndEithg eimighyeliyabehttiwitya | ang

time even though they have been suffering froma heart failure-causing
di sease. rHlettesTpnsmil X aushanedfohdaidod aid urceniimetiuderexestsiiy etiadet, er | oad
and preload, inpaired blood flowinto the ventricles, defective heart
functi onwidised daegtovojanardf ablost hissn mgedadd for mxeychyecarkdi dlhis
di sease. Factors contributing to.heart failure include infective
endocar diways, theubheanty dosath tdlowlynoosnreplifityl KBiysdingenoi dapantisutior
nyocardi al infarction, pulnonary enbolism

blood, leading to relaxation and contraction of blood vessels.

15 Heart failure is a pathophyéiologic state in which the
heart loses its ability to pump a sufficient amount of blood to
meet the needs of the body tissues, and is caused by several
factors. When the cardiac muscle is not able to contract or
relax forcefully enough, ' blood circulation becomes difficult,‘

20 and a larger volume of blood accumulates in each chamber of the
heart and the Ilungs. When this happens, the heart tries to
compensate for this by be:comi.ng enlarged to pump more blood to
tissues or organs. When this state lasts for a long time, the

compensation effort reaches its limits, causing wmore severe

25 problems. In particular, when the pumping capacity of the heart
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3 wvarious infections, anem a, hyperthyroidism pregnancy, physical and
mental strain, excessive al cohol consunption, and excessive eating. The
synpt onswor20bszes282f ai | ure vary dependi ng on the 5sever i(RGITBR200¥B0319] ness,
but the nost common synptomis breathing difficulty.Difficulty in-

breat hing occurs only during exercise in early stages, but occurs even

W t hout physical activity with the progression of heart failure. Wen
soneone |ies down, breathing beconmes nore difficult due to the 10
difference in the volune of blood entering the heart. Qher synptons

i.ncl ude coughi ng, wheezing, palpitation, nausea, confusion, enuresis,

vel | ng. GRS SREGYAbIY 1 T HLC SR Gt Ae o RAELS PT8Rbaia  afrure i s
di th hysi cal I nat i . and fani
Ciggggi?kgﬁc%?sﬁgéih%%ﬁb?%f?%?”%ﬁn%%t%ﬁ?f Bl T EpPE\ AR0A oﬂf?dt i )

o ‘ocardi ogra . echocardj n | c e .zation
are perdeﬁ%&aFﬁgpgﬁggEt%a%§alEgie pg¥§%%§&%%néf§%§%#%ﬁﬁghd gtgg%hé
coronary J%ée%'{ﬂmql Seaggnggd é%%rcd' a&&&&i&&%ﬁ:&eﬂ- is accompanied by

5 congestion, chromic heart failure is also referred as congestive

heart failure.

According to the American Heart Association, heart failure
affects about five million Americans, and about 550000 new cases
are diagnosed each year. Also, about 1% of people aged 50 yeérs

10 ‘or older and about 5% of those aged 75 years or older are
suf'feri:rllgl from heart failure. About 10% of patients diagno.%,éd
with heart féilure die from heart failure within one vyear, &md

50% of patients die within five years.
VChronic heart failure may be caused by some diseases, and
15 such diseé.ses ‘are deemed as ?rinéj;pal causes of the diminished
cardiac function. However, other factors may contribute to the
development of heart failure in patients who have lived
relatively well for a long time even though they have bc%en
suffering from a heart failure-causing disease. Ther COMENON
20 causes of heart failure include excessive afterload and preload,
impaired blood flow into the ventricles, defective heart
function caused due to myocardial ischemia, and prima}ry
myocardial disease. Féctors contributing to heart failure
include infective endocarditis, acute myocé.rditis, uncontrolled

25 hypertension, acute myocardial infarction, pulmonary embolism,
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The treatnment of chronic heart failure is performed with the renoval of
contributing.factors, the treatnment of diseases as fundanental Causes, the
reduct i oWOof008i15628ry salt, the 25reducti on of prel oad uBFHERAWEORIPEs, and
t he reduction of WD 2008/ 153282PCT/ KR2008/ 003101 afterl oad using
vasodi | ators. Di goxi n or synpathom netic am nes, which act to increase
myocardi al contractibility, are also usefU in the treatnent of chronic
heart failure. Vasodilators, such as angi otensin-converting enzyne (ACE) 5
inhibitors, nitrates, and hydral azine, are primarily used for treating
chronic heart failure. Thiazide or |oop diuretics can be given in early

stages of therap ecause they can redu flui.d retention. Digitall
gl ycosi deEHEVE g?ﬁ%crt}é@r?'u mig ¢ P PEEM JFETEEFY I%@Eﬁf‘ F@ such

dilol, 10 oprol ol and bi ol o 0.b
of oot | véKh ERFahi BERBGT FAreae 18R collNECIBEY ML SR

‘whi ch i ndu g_s vascul ar snooth nuscle relaxation, to enlarge arterial blood
Vessel s. %_ ReE inhibitors, enal april, captopril and lisinopril increase
the 15 survivab,J ales,ofnpatdents havi ag oL afeatdodfibyr con Ao

qui napril and Tosinopril alleviate synmptonms in patients having left

venty i oul akuedysh NGt | Qe | 1 11bk8s1e)toutACENN bk O Sork@ O yiBEdH diiky and
“nortality of “heart failure patients due to left ventricular dysfunction,

and are s SR (B dirieat to0r onipg £ROCHREF t kAl bé&thiliys ockeBar iy

acting on the rennin-angioténsin system ((RAS), has been expected to have
r

t her apeutdgo-185f ecksromeheart karhyr estatps, cl bt Cabedirsal evka datthduave
supported Its therapeutic efficacy on chronic heart failure. However, the

use of | qgAkianli actesity cwethi Rhbherogsesaiorhypbt Rastontpthirent sthe5and
may affect renal function and potassiumlevels in the body.
someone lies down, breathing becomes more difficult due to the

10 difference in the volume of blood entering the heart. Other
Synlptéms include - coughing, wheezing, palpitation, nausea,
confﬁsion, enuregis, oliguria, systemic edema, ascites, upper

- abdominal discomfé_)rt, pain and swelling, rapid onset of fatigue, -
and general weakness .

15 - - Heart failure :i.'s- diégnbsed through physical' ekami-na:tioh;
based on personal and family history, or by assessing
abrnormalities in the left ventricle or the valves.
Electrocardiograpl%y-, echocardiography and cardiac
catheterization are performed in order to evaluate cardiac

20  function and detect coronary artery disease and myocardial
infarction.

The treatmex@t of chronic heart failure is performed with
the removal of ccﬁntribui:ing fé.ctors, the treatment of diseases
as fundamental éauses, the reduction of dietary sait, the

25 reduction of preload using diuretics, and the reduction of
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5 Chronic coughing is observed in 10% of patients. As well, other side
effects include dizziness due to | ow bl ood pressure, skin rash, and sudden
swel | i ngwer20081853p92ps and cheeks. Angiotensin |1 recept RCHKB208PME18L e used
in patients who 5 cannot tolerate the side effects of ACE inhibitors. They
i nprove the synptons of heart failure through an action nechanism simlar
to that of ACE inhibitors. Trials are underway to exam ne whet her
angiotensin Il receptor blockers can be used in conbination with ACE
inhibitors. Angiotensin Il 10 receptor. bl ockers do not cause severe side
effects when admnistered in a single dose per day, but rarely cause renal

function deterioration ta. bl ocker en t he
synpt oms M- HeqrE f‘éﬂ%ﬁe vﬁﬁﬁgagzogﬁm consd ered%?o %g%%{éne:fl cial 15

t her apeuti c ef f ec eI p.rel g7 gy ocardi al
cont r act i B ;?ﬁ&h ce Adtt ?eggr%'a 1.ac g?rag%lﬁra. ?/commnl y
“used beta bl ocke S1 4,8 r t\/\@ﬁ%n}'@ve benefi ci al
actions t ré’\?g et%lreo\gér%géé@%%@# %Bﬁ?ﬁaﬁre ort

hospitalizati gi_a £ edug gwte&g@cgh@gg@[ ¥y oM@ bece

adm nistered s art| ng froma ow %osa and the dosage shoul d be

| ncreased; gy ﬁ;g'dé}:é}’ AYEfared ONGnReh At Diz RV eAl PRSI PuULSEE se:\teral

weeks after mni stration, synptons often worsen because the oxygen

supply t%ﬁé&%ﬁgdﬁhij&%&%t @=hakrsi, derief £A6kS oi-n bt ed Aahyitse RSinoN,
breathing difficCulty, and nausea.. |nadditiontotheaforenmentioneddrugs,
phosphodigst @i-ase 1| eaﬂfﬂybls&:agés Gfasthdrapyantscausday theyc s:ans uskhes
am odar one, 1 nplanLabl e cardioverter defibrillators (1CDs), and cal cium
channel bilagkensteeEsny. sbDifiaslisr ghyquaideandatel adepi be;—znameeds@@ to
treat heart failure. |1CDs, which have been still studied, have been
approved tafday f heartse fieri Jaurdei. gh- rista gidogkeand GCCBH have taevedised . onl y
in patients having other indications for CCB therapy.

10 metoprolol and bisoprolol, have been reported to be effectlve in

chronic heart failure. :
ACE inhibitors activate c¢GMP, which | induceé vascuiar
smooth muscle relaxation, to enlarge arterial blood v:__essels. Of
ACE inhibitors, enalapril, captopril and lisinopril iJ:flcrease the

15 survival rates of patients having chronic heart failure, and -
quinapril and fosinopril alleviate symptoms in patients ha;\ring
left wventricular dysfunction. In this way, ACE. inhibitors
reduce morbidity and mortality of heart failure pati%nts due to
left ventricular dysfunction, and are thus used to treat chronic
20 . hea?t failure. Thus, losartan, acting on the renru'-.n—angiotensin
system (RAS), has been expected to have therapeutic effects on
heart failure, and clln.ical trials to date have sup_ported its
therapeutic efficacy on chronic héart failure. Howevér, the use
of losartan is restricted in the case of hypotemsion patients,

25 and may affect renal function and potassium levels in the body.
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Phosphodi_esterase V (PDE-5) inhibitors have been 10 denonstrated to
inhibit the enlargenent, renodeling and fibrosis of ventricular nuscle in
m ce i n Woi2bs/1ssz@sure overl oad was i nduced by sil denafP¢T/KREOEPEBIMedi ci ne
2005 11(2): 214-222). The effects of PDE-5 inhibitors have been known to
be achi eved via a nechani sm which involves bl ocking of the activity 15 of
PDE-5, catalyzing the breakdown of cyclic guanosi ne nonophosphat ase '
(cGW), coupled with an.intrinsic signaling systemin the heart, so as to
i nhibit nyocardial proliferative responses (Journal of Biol ogical

Chem stry 2003 278: 4769447699) 20The present inventors devel oped prior to

t hi | j cat 5. |
gyh_fg?f)gi?:aﬁ%‘ggﬁ & P?X%mﬁ mitoby fzp%t'f_:lbeﬁ'ltf ., As well, other
I hydro- 7tb.pyr
' pojl"rtmg)‘f%a r% doags’ dgge 19‘95 eﬁé&%&%mgﬂg as

f1 udenaf (T e conpoun °has t e 25effect- of Inhibiting

PDE-5 act ty Pal, 0 ) 14). ‘ Th
i nvent oréflao¥1 ?u’igg ap Icatio l%%ﬁ%dﬂ%% %r cggg}g%r c% on the ' cgnpound
and the r eseaA?xBlE@éHé%?dI, ﬁdrn@l%?‘:efrga&ré hesdidenafidt icompownd (al so

referred herein“to as zolopyrlnldlnone erivative") prevents
venty i Cu'c%ﬁngﬁv'é]die%ltérg@ﬁ@msl@@d yepidicubar aval | i ahiwmindd¥g. n cheeni ¢
heart failure e findings further include that the pyrazol opyrim di nOne
ggglvgél%%ﬁ§gp@ra§§gs§: et r beul Beaexprestiiuga othadugial anat miculehic
I MRNA,
mechanism - similar to that of ACE inhibitors. Trials are

underway to examine whether angiotensin II receptor blockers

can be USéd in combination with ACE inhibitors. Angiotensin II

10 receptor blockers do .-not cause severe side effects wheﬁ

admlnlstered in a single dose per day, but rarely cause renal
function deterloratlon

Beta:-‘ blockers have been kﬁown to worsen the symptoms of

heart faijlure, but are also consider-éd %:o have beneficial

15 - therapeutic effects. They help relax the heart muscle, weaken

myocardial contractibility, and redlice additional rcarrdiac

strain. i‘he most commonly used beta blockers are carvedilol

and metop%olol, which have beneficial actions to prevent the

progression of heart failure, shorten hospitalization, and

20 reduce moi“tali-ty. Beta blockers should be administered stérting

from a low dosage, and the dosage should be increased gradually

over a 1c.ing period of sevei‘al. months. During several weeks

after adtninistration, symptome often worsen because the oxygen

supply to’ the body decréases. Other side effecﬁs include

25 hypotensioh, breathing difficulty, and nausea.
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10reduces the ampunt of collagen deposition, as a marker of -ventricular
fibrosis, in ventricles, thereby |leading to the ,, A present invention.
{ Di scl osWiOs300$/T%8e%Mmi cal Problen] 151t is therefore an oBFEER2B/00HEL
present disclosure to provi deapharmaceuti cal conpositionconpri sing
pyrazol opyri mi di none derivative as an effective ingredient. for a novel
use of the compound in the treatment of chronic heart _ 20It is another
obj ect of the present disclosure to provide a pharmaceutical conposition_
for inproving depressed cardiac function by suppressing norphol ogi cal
changes in chronically failing hearts, reducing atrial natriuretic peptide
AN?) levels, and inhibjti| [ ' | S. .
( _ ) In acllc%l.éi{or}lg Ven%cl;l cul %flefl brglsz(ljgementloned drugs,
ph‘osph‘édi_esterase_ IIT" irihibito:;s,. Class III antiarrhythmies,
such as amiodarone, implantable cardioverter defibrillators
{ICDs) ,7 and calcium chammel blockers (CCBs), such as amlodipine
5  and felodipine, are used to treat heart failure.  ICDs, which
_have been still studied, have been approved only for use in a
high-risk group, and CCBs have been used only in patients having
other indications for CCB therapy.
Phosphodiesterase V (PDE-5}" inhibitors - have been
10 demonstrated to inhibit the enlargement, remodeling and
fibrosis  of wventricular muscle in mice iIn which pressure
overload was induced by sildenafil (Nature médicine 2005 11.(2):
214-222) . The effects of PDE-5 inhibitors have been known to be
achieved via a mechanism whi¢h involves blocking of the activity
15 of PDE-5, catalyzing the breakdown of cyclic guanosine
monophosphatase (cGMP), coupled with an Aintrinsic signaling
system in the heart, so as to inhibit myocardial proliferative
responses (Journal of Bioclogical Chemistry 2003 278:47694-
47699) .
20 The present inventors developed prior to this application
5- [2-propyloxy-5- (1-methyl-2-
pyrrolidinyleneamidosulfonyl) phenyl] -1-methyl-propyl-1,6-
dihydro-T7H-pyrazolo (4, 3-d)pyrimidine-7-one, : designated the
compounid as “udenafil”, and reported that the compound has the
25 effect of inhibiting PDE-5 activity (Korean Pat. Registration

7



It is a further object of the present disclosure to provide pharmaceuti cal
conposition for treating chronic heart failure,conprising,as an effective
i ngredi ent, pyrazol opyrim di none derivative, which has good
phar macoki netic and safety profiles conpared to Conventi ona
phosphodi est erase5 (PDE-5) inhibitors. *ethnical Soluticcd I n order
to acconplish the above objects, the present disclosure prOV|des a
~ phal 4udceuti cal conposition conprising, as -

10_Si effectivei ngredi ent, --5-[ 27propyl oxy-5- (1- net hyl- 2-
pyrrolidi nyl eneam dosul f onyl ) pheny1] - 1- net hyl - propyl -1, 6-
~di-hydr o- 7FprrazoIo(4 3-d) pyri m.dine-7-one(hereinafter, referred to asna
pyrazolp gaagge derivative"), represented by Chemical Formula-
1, bel ow e novel use of 15the conpound in the treatnment of chronic

heart fa'lureﬂ&kghﬁgh%ﬁkoﬁgrngka %ﬁls appllcatlon ,conducted further
research on the compound‘ and.*the ‘research resulted in new °
flndlngs that the udenafll compcund (also referred hereln to as
5.- *a pyrazolopyrimidinone derivative”) prevents ventrlcular cav1ty
enlargement and ventrlcular wall thinning in chronlc heart
, fallure The findings fuxrther 1nclude that \the.
-npyxazolqpyrrmldlnone derlvatlve 5uppresses the wventricular
' expre531on of atrlal natrluretlc peptlde (ANP)  mRNA, andr
10 reduces the anrnnzt of collagen deposrtlon, as a marker- of-
“ventrlcplerj flbrosrs, -in - ventricles, thereby leadlng 1x> the

present invention.

[D:Lsclosure]
| (Techn:.cal Problem]

15 ‘, Tt 1s therefore an object of the present dlsclosure to‘
prev1de a pharmaceutlcal composxtlon compr151ng a

pyrazolopyrlmldlnone derivative as an effectlve ingredient for

a movel use of the compound in the treatment of chronic heart .

fallure

20 rIt is another object of the present disclosure to prov1de a
phermaceutical ccmp051t1an for 1mprov1ng depressed cardiac

functlon by suppressing mrphologlcal changes in chronically

failing hearts, reduc1ng atrial natriuretic peptide (ANP)
levels, and inhibiting ventricular fibrosis.

B



In one aspect, there is provided a pharnmaceutical conposition for treating
chronic healLL failure conprising a pyrazol opyri m di none derivative
represented by Chem cal Forrmula 1, below, as an effective ingredient.

5[ Chem cal Fonnul a 1] In a second aspect, there is provided a use

of a pyrazol opyrim di none derivative represented by Chem cal Formula 1,

bel ow, in manufacture of a pharmaceutical formulation for treating
10chronic heart failure. [Chemical Formula 1] /H 0=S-N 11\ OCH3 .
- TwWhant egl mi s Ef f ect s] I n accordance with the present disclosure, the’
phar maceutical conposition conprising the pyrazolopyrlnldlnone derivative
as an effective ingredient suppresses norphol ogi cal changes in chronically

farling hearis, S0 s pLezs Cogpgﬁgégg?éfyu fSrpel Ll paoptatal

~ patriuretic pe VIS CTWR] , ef evat : B
. pat hgphysi ol ogi ¢ state of chronic Iur ﬂ su £es g he
~cardiac eXpr 88@?5‘-?‘1 %Lftlﬁﬁlg nFEf\W‘pq é_’ |Ecng t%? 8?9 g Bﬁ£ ecreapkté%ﬁ%
'agent for hefure, comprising, as an effectlve 1ngred1ent a

'pyrazolopyrlmldlnone derlvatlve, which has good pharmacoklnetlc-
5 . and safety proflles compared to conventlonal phosphodlesterase—

5 (PDE-5) J_nh.}.bltors.

[Techm.cal Solut:.on] _
In- order to accompllsh the above objects, the present

R
. dJ_ c.losure prov:Ldes a pharmaceut:l_cal compos:Ltlon comprlslng, as

-10  . :a'n -effective . 1ngred1ent, 5~ [2 propyloxy-s (1- metl'xyl -2-
pyrrol-id’inylerieamidos'ulfonyl) ph_enyl} —l—methyl —pr_opyl- 1,6~
dihydro-~7H- pyrazolo {4,3-d} pyr:.m:.chne 7 -one | (hereinafter,
referred to ‘ as *a pyrazolopyrlmrdlnone derivative”),

rrrepresented by Cﬁemicéi Formula 1, below, for the novel'uee-of

i5 the compound in the treatment of chronic heart failure.

[Chemical Formula 1]




10 failure. Further, the present conposition inhibits cardiac fibrosis,

t hereby i nproving cardiac systolic and diastolic function-. - Also, the
pyrazol opyri m di none derivative has a long in - vivo half-life,

al |l owi ng decreased adm ni stration frequency, 15reaches the maxi mal plasna
|l evel in a short time, has fewer inherent side effects, entails | ow danger
of interaction with other drugs, and has a wi de safety nmargin.

[ Description of Draw ngsi FIG 1 is a graph showing that a
pyrazol opyri m di none 20deri vati ve accor di ng to the present i nventi on

reduces serum AN2 | evel s; gra shovm n
pyrazol opyri n%%l?f@nélsﬁﬁﬁ'\/aﬁe\}@ éécBIr"‘E}’ﬁqﬁdt% ?}ﬁaszF%% a ﬁ@ otsl‘uc_in reduces

ANP nRNA _ | | t | d
showi ng ifﬂjéte%/%a% g’B{fIF ar %‘?‘fés%gr 7 ﬁl\slén%ccg&ga ok%n_ﬁﬁle present
' nventi o LEANGSS rte%%eggr?éieé bgf cﬁ&hhﬁﬂ%&ﬁ?&%} 9L, B LA | Ssue

ingredient.

5 [Chemical Formuala 1]

In a second aspect, there 1s provided a wuse of a
pyrazolopyrimidinone derivative represented by Chemical Formula i,

below, in manufacture of a pharmaceutical formulation for treating

10 chronic heart failure.

[Chemical Formula 1]

Sa



5(Best Mode] The pyrazol opyri m di none derivative according to the
present invention, which is a phosphodi esterase -5 (PDE-5) i nhibitor,

exhi bits strong and selective inhibitory activity against PDE -5, is
rapidly ,absorbed due to its enhanced 10 solubility, has high

bi oavailability and {1 arge distribution volunme, and has an in vivo
half-life 3 tinmes longer than a drug acting via the same nmechani sm.

sil denafil. - The pyrazol opyri m di none derivative has the foll ow ng
physi cocheM cal properties: it is difficult to dissolve in 15 water but is
readily dissolved in acetic acid, nethanol and chloroform it has a’ '
melting point of 158-161 t; it has a pKai val ue of about 6.5 and a

.r-pKa2vaIue of about 12.5; and it i's not a hydrate or solvate, but is a

. precool e

white or light white powder. The pyrazol opyri m di none derivative.is -

synt hesi z 20t hr ough %F%pr step process, as follows. - In brief,
The flrstnggﬁng?%eéh? %%14 [ 2- propyl-oxy-5- - T

(chl orosul f ony},) bepzasp 8ol =d- mekhyl- BtHEOpy é%éﬁ%baHE o sure, -'the

pyrazole. 4-{ 2- propyloxy benzanl ol - L=net hyl-3- propyl-5-"carbaroyl N

pyrazol e &Br%ﬂ}{laé%ﬁtﬁb REEEEE REAT BefbATRIR the pyRhabepyE midi mekd,
em Xt ur

to O r eis filtered, and the filtrate is washed and
dried to pradueevd- E% RRORY FREE ve( QMg%diBhf osyppreaseanmbophological

- 1-nmet hyl- 3-propyl-5-carbanmoyl pyrazole. 5The second step is to prepare

4- [%?proﬂﬁb@@és5 {A- lorpidhyally failing hearts.  Also, the*-present
composa.tlon reduces c:.rculat:.ng atr::.al natriuretic peptlde {ANP)
| levels,- whlch are elevated in - a pathophysiologic state of
-- chronlc heart failure, and suppresses the card:.ac express:.on of
ANP MRNA, thereby be:.ng useful as a therapeutlc agent for heart'
10 fallure. Further, the present compos:LtJ.on 1nh:.b1ts card:r.ac
- fil:;rosis,_ thereby mtpronng cardiac systolic and diastolic
function.
Also, the pyrazolopyrlmldlnone derivatlve has a long in
vivo ‘half- llfe,' allow1ng‘ decreased zminlnlstratlon frequency,,-
15 ‘reaches the maximal plasma level in a short tz_me, has fewer

inherent side effects, entails low danger of interact_ion with

other drugs, and has a wide safety margi_n.

Duescriptioﬁ:of‘Draﬁingsl
FIG. 1 is a graph showing that a pyrazolopyrimidinone
20 derivatix}e accerding to the -p_reserLt inveption_ reduces serum ANE
levele B
FIG. 2 is a graph showing that a pyrazolopyvrimidinone

derivative according to the present invention reduces ANP mRNA

10



- 2-pyrrolidinylLethyl am dosul fonyl)benzan do] - 1- met hy1- 3- propyl-

5-carbaMoyl pyrazole fromthe pyrazol e conpound obtained in the first

step. A preuessisgsned anount of a dichl oronet hane sol ut PERERR008HE3101

4-[ 2- propyl oxy-5-(chl orosul f onyl ) benzaM do] -1- 10 _ E

met hyl - 3- propy1- 5- carbanoyl pyrazole prepared in the first step is m xed
with a predeterm ned anmount of 27(2-am noethyl)-1- nethyl pyrrolidine with
stirring at O r. After the reaction is conpleted, the reaction m xture is
diluted in dichloronethane. An organic phase is washed, dried,
concentrated and filtered to ' o ' :

15pr oduced- [ 2- pr opyl oxy.- 5-(1- net hyl.- 2- pyrrol i di nyl et hyl

am doeul ﬁb%"%ﬁfbéﬂz ?ﬁ’:(]l)é]qull-arrret. lf;’%zvlfif p?o%yl- 5- car banoyl pyrazol e. The
third step is prepare th : pres i LN, 5 ‘
B-[2-pr opyloxyEE S ( lfrrg?hyai ) QFEBHP%%%% téPl%.t & _f)%:a&gygﬁ;fﬁgdlnone

" pyrrolidi : 1. d f l,) phenyd] - 1 - PR Lnb- '

di hydr o- Jf&%&?ﬁ% o%j%%)-r mél)gri ?nsdi%de% 7?%%%{%# r ng t h.étlégnpf)%%aceosbt glhﬁed in
the seco p LA u trAeup¥Faz ok eu£onpound
synthesiE%E%%E ? nggggﬁ%pstep%?§§g?sg%ﬁ8%h in t-butanol and mxed with a
predeterm ned anmount of potassiumt-butoxide under reflux for a o
predeterm ned period of time. 25After the reaction is conpleted, the
reacfion Bi¢meded cooled, diluted, washed, and dried. The dried product
is subjected to distillation under reduced pressure, solvent renoval and
silica gel colmwan phresalegyapmdirmrpr odecevatpes e pyc@zhilrgpytiom thaone

derivative according to the present S5invention. The present invention
rel at es toreaephar imcetiticeal edripbsi £5om f grhcspbatiiagtehasem s WEREtSfail ure
and may be described in detail as fol:lows. : 1) The present

i nvent i orinpribitdes exhilerapestironggenc 1Ptlnutivepgmssdddorar dicd vity
nor phol ogi cal changes caused by heart failure.
against PDE-5, is rapidly absorbed due to 1its enhanced
10 solﬁbility, has high bioavaii'lability and large distribution
volume, and has an in vivo hal%—life 3 times longer than a drug
acting via the same mechanism, 7_. sildenafil.
The pyrazolppyrimidinonc—:; derivative has the following
physic'ock-lemical properties: _it is difficult to dissolve in'
15 water but is readily dissolved in acetic acid, methanol and
chloroform; it has a melting point of 158-161 C; it has a pKa:
value of about 6.5 and a pKas #élue of about 12.5; and it is not
a hydrate or solvate, but is a white or light white powder.
The pyrazdlopyrimidinorie “derivative is  synthesized
20 through a three-step process, as follows.
In brief, The first step' is to prepare 4-[2-propyloxy-5-
(chlorosulfonyl ) benéarﬁido] -1 —mét:hyl -3-propyl-5-carbamoyl
pyrazole. 4- [2-propyloxy ¢ benzamido] -1-methyl-3-propyl-5-

carbamoyl pyrazole 1is mixed with a predetermined amount of

11



2) " The present invention provides a therapeutic agent that suppresses the

expression of atrial natriuretic peptide (AN?), which is elevated
in faili W We8133282 so as to normalize 15ANP | evel s, andPERER2PM8H0HI0T s
ventricul ar fibrosis. 3) The present invention provides a

t herapeutic agent for chronic heart failure, which has better

phar nacoki netic properties and is safer than conventi onal

phosphodi esterase-5 (PDE-5) inhibitors. 20The therapeutic agent conprising
t he pyrazol opyri m di none derivative according to the present invention as
an effective ingredient may be used in gener al pharnaceutical dosage forns

That s, e 0upaglenud, m dLogos, fler el Yo [gsenL Lpwantion may

be -adm nis ere ' a wde va oraI and paren osage Torns

upon cli @Iﬁalth@pmﬁféﬂé)ms q&aai,heda%an@&éatt&rbﬂﬂdag @t%ﬁ%f@;q,ﬂoayt he

present invention. A fornulation may be prepared with general I'y used

. di | uent $_qenexEbHLx 1) befiBarsad])i-1l-gesnyt b 1Sk bipdemeyihunect ant s,
di si nt egrat.rs and surfactants. Soli1d fornulations for oraI

adm ni st p3trhe@p1@Ry include tablets, pills, powders, granules and capsul es,
.and are prepared by m xing the pyrazol o_pyri m di none derivative conpound
withs one or MIhe excbptestep duchoapraparehs-datmrapploaybbnbl -epetdndrose,
| act ose and gelatin. Also; the solid fornulations may include, .10in
addi ti on 2tpyarslifimylexbipi erinidastubonyddirensanhias Irmghbyl tinrstopgiiat e or
tal c. Liquid formulations for oral adm nistration may include
suspensi érsarbamerinalyresbliei fngn Bl pymEr landosyeups . obtadined iguibe
formul ati ons may include, in addition to comonly. used
first step. A predetermined amount of a dichloromethane
solution of the 4- [2-propyloxy-5- (chlorosulfonyl)benzamido] -1-

10 methyl -3 -propyl-5-carbamoyl pyrazole prepared in the first step
is mixed with a pre'detenﬁine& amountt of - 2-(2-aminoethyl})-1-
methyl pyrrolidine with stirring at 0 C. After the reaction is
completed, the reaction mixture is diluted in dichloromethane.
An organic phase is washed, dried, concentrated and filtered to

15  produce g [2-propyloxy-5- (1-methyl-2-pyrrolidinylethyl
amidosul fonyl) benzamido] -1-methyl~3-propyl-5-carbamoyl pyrazole.

The third step is to prepare the compound of the present
invention, : 5- [2-propyloxy-5- (1-methyl-2-
pyrrolidinyleneamidosulfonyl)phenyl] -1-methyl-propyl-1,6-

20 dihydro-7H-pyrazolo (4, 3-d) pyrirhidine-—'?—one, from the compound
obtalned in the second step. A predetermined amount of the
pyrazole compound synthe51zed in the second step 1s dissolved
in t-butanol and mixed with a predetermined amount of potassium

t-butoxide under reflux for a predetermined 'perilod of time.

25 After the reaction is completed, the reaction mixture is coocled,

12



15 sinple diluents, such as water and liquid paraffin, various excipients, -
whi ch are exenplified by hunectants, sweeteners, aromatics and

pr eser vawiowees/1sBze2mul ati ons for parenteral adm ni strati BOI/ERYOBAEIINHe
steril e aqueous sol utions, non-aqueous sol utions, suspensions, enulsions,

| yophilized 20 preparations, and suppositories. Non-aqueous sol utions and
suspensi ons may be prepared with propyl ene glycol, polyethylene glycol,

vegetabl e oils such as olive oil, and injectable esters such as ethyl
ol eate. As a base for suppositories, Wtepsol, nmacrogol, Tween 61, cacao
oil, laurin oil and.glycerinated 25gel atin nay be used. The dosage

Efyrta?gl Eiﬁﬁﬂﬁéﬁfﬁm bl U S b PELES Sﬁ%@tﬁs‘eﬁ%‘fn Ryary
ofacm nPErak 6% e o b e ChvEHF %%#va#lar{gé:ssﬁ 827 T
P

dgﬁlsrgo§§&et £ gggﬁgnéogo Haﬁéggémgy Soggggshg&%%'ggaken |ﬁ ; g?%gle
dose or gﬁ%ﬁgglgky?heqhkgﬁgaseag¥fyatgg§esacgggg%%%or bnv%ghlogﬁeégﬁtbetter

underst present i1nvention may ai ned through the
follz0 g Qéﬁgﬁ$ﬁs which are set forth to illustrate, but are not to be
construe as e’ limt of the present invention. EXAMPTF: Eval uati onof

therapeutic ekfgct s okchhe 15RMRZBLOPWHIELEENORS def i vighiM@ddhtanaani mal

nodel of heart failure The pyrazol opyri m di none derivative of Chem cal

Foul a 1 aempheifmed Orbhe pr&aaanly | SNesticonhyast eYalilared tanmddetsy nbae
described in detail as follows. | |

1) The present :invention provides a therapeutic agent

10 that suppresses cardiac morphological changes caused by heart
failure.. : |

2} The present -invention brovides a therapeutic agent
that suppresses the éxpression of atrial natriuretig peptide
(ANP), which is elévatéd in failing hearts, so as to n_ormalize'

-iS ” ANP 1evei~é, and that inhibits ventricular fibrosis.

3) The present invention provides a therapeutic agent for
chronic heart failure,- which has better pharmacokinetic
properties and is safér than conventional phosphodiesterase—5

7 {_PDE-S) 1nh1b:|_tors

20 The therapeutlc agent comprising the pyrazolopyrlmldlnone
derivative according to the present invention as an effective
ingrediént mnay be used:'_ in general pharmaceutical dosage forms.
That 1is, the pyrazolo-pyrimidinone derivative of the present
i_nvéntion may be admihistered in a wide variety of oral and

25 parenteral dosage forms wupon clinical application, oral

13



whether it has a therapeutic effect on heart failure, as 20foll ows.

Mal e Spregue-Dawl ey rats, wei ghing 220-240 g, were randomy divided into

t hr ee grwomoos/es3eg nal control group WO 2008/ 153282PCTRRFEBIBS0GED 1
(Nonal ), a heart failure control group (Of) and a treatnent group (CHF
plus cpd. 1), each group consisting of seven rats. The pyrazol opyri m di none
derivativ'e was orally admnistered to heart failure-devel oped ani mal s of
the treatnment group in a 5dose of 30 ny/kg. Nor mal control aninmals
were subjected to a sham operation. Aninmals of heart failure control and
treatment groups underwent a surgical abdom nal incision to create an
abdom nal aorta-to-inferior vena cava fistula so as to 10 artificially

i ncr ease BTGBASEFBW 91 oRPERE IRELETFEPdvdia TV aPTATY t he Pt e ri Um
After 8 weeks, 5 m/kg of a solvent.was_ orall m nj_st ered e_not nmal
control - Jr?ﬂfml’%%ﬂo‘f ai“%ér ES oRFFRIEGE olipE™ £ IF1 %@fks?s%%d%% %é&ég]- of
pyrazol opyri.m di hone_deri vati : or.al.l 1, N t O RE, t ment
group at eg(ciglﬁ%%se‘ o?u%b_ 7/ k%ﬁTl\o@r}% m‘gielk%?ﬂ%aé'n,ﬁ%g‘%%%v(e?% anetst ngi zed

W th pen_t(ﬁg%]tg%_p%tééo ! KQyeloiidos @nd subj ected to M node

echocar diograp n order to evaluate interventricular septum wall

thi gkness (1 WE),;3 ‘riﬂfhﬁﬁ%tc%ﬁs,(% @n@rﬁlﬁ.‘?'éﬁxﬁﬁﬁgkﬁmﬁi@n ofafheidcaliie

ventricle, postério eft ventricular wall thickness
 tablets, pills, powders, granules and capsules, and are prepared

by mixing the pyrazolopyrimidinone derivative compound with one

or more excipients, such as starch, caléium carbonate, sucrose,

‘lactose ai;id gelatin. Also, the solid formulations may inc:lude,

10 | in addition to a simple excipient, & lubricant such as magpesiwn
stearafe or talc. -

Liquid forrﬁulations for dral administration wmay ir;clude

suspensions, internal solutions, emilsions and syrups. " The

liquid formilations may include, in addition to corrmon}-.y_' used

15 - simpie diiuents, such. as water and liguid para'ffin',\ rvarious

excipients, which are exemplified by humectants, sweeteners,

aromatics and preservatives. Formulations for paren_teral

administration may include sterile aqueous solutions, non-

agueous solutions : guspensions, emulsions, lyophilized

20 preparations, and suppositories. Non-agueous solutions and

suspensions may be prepared with propylene glycol, polyethylene

glycol, vegetable oils such as olive oil, and injectable e:"sters

such as ethyl oleate. As a base for suppositories, Wite-psol,

macrogol, Tween 61, cacao oil, laurin oil and glycerihated

25 gelatin may be used.
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20 (PWI), left ventricular end-systolic dinmension (LVESD), and |eft
ventricul ar end-diastolic dinension (LVEDD). The relative wall thickness

" (RW) wasoceisaaszseed according to the fol |l owi ng equat i Q¥T/KR2008/003101
[IWI(D)+PWI(D)]/LvEDD, and is given in Table 1, below. After the

echocar di ographi ¢ neasurenents, bl ood sanples 25were collected from

abdom nal aortas to prepare serum sanples. Serumlevels of atrial
natriuretic peptide (ARP) were determ ned, and are shown in FIG 1. 100 ngy
of each of the left ventricular tissues was stored in |liquid nitrogen and
then subjected to RT-PCR in order to assess ANP nRNA | evel s. The neasured

PP nRNA | evels are_shown in FIG 2.. The renmainjng part f_thecti es
were fixed i nT290% 8 | L afSst RPABERTY CR/LSS%‘%I%O%%F?L(? ro§1f§ t%é%et ect
collagen fiber in order .to assess |eft ventr.,i cul I hr-Qsi. S
resul ts BFeS¢fiven FHEEP . AR GES ar eE%%pr «;%Qégeédé% &%ﬁﬁéﬁ%%gn%%% ,
shown in Taple 1, short-axis Mnnde .ec o] hi,G..i : hat
the chr oAFELYREME 135 | ﬁ?e-eif%&ﬁgéger étngt}%%l@lég{g’r ou%‘g_ 'F]rgné#glﬁ gﬁ?h c%pﬁ?
great er ft_ventricul ar d-diastal ke -ands eidtSYsho! ¢ fmd RN §baasSo# han
nor nal plﬁﬁ?r’ artj'lreer\]tt_s:% vé'%l&lﬁ%’s a§r1e’i c#ei%ge [ ngjllcgfi ng ventricul ar _
dilatat] Q@Fixiﬁ{ﬂt‘%}%tﬁén? E&E&:géio&%aéég,n ahaheset sbakbueg. okntianwessri cul ar
- sepfum wa Itkness” at end- systole and systolic and diastolic posterior
| ef t venprleulan makhe t BELHAS SomRbans] @8 (b adiliyiistatd®rto andatbls
" decrease results fromventricular cavity enlargement |leading to
ventricukar a\/\/%!a'ilﬁzh'ki&ah?& oENGcatd NPo@ bl Ni T | gasigndbsagmtmP bear di ac
change. The relative wall thickness, calcul ated using the aboVe equati on,
was al sorgk&miifi easlhyldeidaasedmagntet dbsieladesnto ssawegradodssstent Wi th

the aforenentioned alterations. aortocaval fistula rats that
recei ved the pyrazol opyri m di none derivative for an 8-week period
(treatnment 25group),: left ventricular end-diastolic and end-systolic

[Mode for Invention]
10 A betté:; %ﬁndérstanding of the present- invention may be
cbtained throuéﬁ the following examples, which are set forth to
illust-:rate, but:-: are not to be construed as the limit of the
present invention.

A

EXAMPLE : Evaluation of therapeutic . effects of the

i5 pyrazolopyrimidinone derivative in an animal model of heart

failure

The pyrazdlopyrimidinone derivative of Chemical Formula 1
according to the present invention was evaluated to determine

whether it haé a therapeutic effect on heart failure, as

A20 follows. |
Male Sprague-Dawley rats, weighing 220-240 g, were

randomly divided intoc three groups: a normal control group

15



di mensi ons were si.gnificantly decreased conpared to heart failure contro
rats (CHF group). These results indicate that the ventricular dilatation,
found i AWEMORIISE2%eart failure, was _inhibited through RAFEEBRHHEME, ati on
of the pyrazol opyri m di none derivative. Al so, interventricular septum wall
t hi ckness at end-systole and end-di astol e and posterior left ventricular
wal | thickness were significantly increased, and the relative wall
thickness was significantly increased, conpared to the heart failure
control group. These results 10 indicate that the pyrazol opyri m di none
derivative inhibits the ventricular dilatation and a decrease in

i cul hi ck ial -
X&:ﬁ b L el REtEl; R RERES SSabture (T Rtatt ofD, (GRS CEHAT bP e et @
ted 0 4
conpar ed CFS P ndCHE, RuFE sher 81 oraSh HEbABo et bany vy %‘%.’%9. ﬂ%ﬁ%ﬁée nas

signific fﬁ%%ﬂrﬂ z i e4ani %Hn\_lﬁ Eeseiyveghrats
(0. 033+0%g%2%%?§£§ FI é?hgﬁﬁﬁo%geggéﬁﬂ%ﬁﬁﬁggveIs Fx Ieftlventrlcular

tissues. pIhee C%@ﬂtf@&@«?&lé@éd UERiGOn roF @reuprexhinbht egrsigniiki cantly
increased ANP ' RVA | evel s (0.963+0.114) conpared to the normal control

group (34684+0s Py /KkBe 1 ncreased ANP mRNA | evel s were significantly
decreased in pyrazolopyrltldlnone derivative- 25receiving rats

(0.739+0. 120) nephpar edchorbhe Reambléai hidire comijeekedrotp. Enessharesul ts
indicate that ANP | evel s el evated by pathophysi ol ogi ¢ changes were
decr easegp é@aﬁtﬁfﬂ@' lzen k8 st hspughathe fadmumestamaitrodl odnd hereatment
pyr azol opyrl m di none derivative. 5FIG 3 shows the anount of coll agen
depOSI tl gbo@ss aunderwent a surglcal abdominal incision to create an
abdominal .aortla—to-—lnferlor vena cava flstula so as to
10 artificially increase blood flow from the inferior wvena cava
into the right atrium. After 8 weeks, 5 ml/kg of a solvent was
orally administered to the normal control and héaart failure
control groups for 8 weeks, and the pyrazolc:_ﬁpyrimidinone
derivative was orally administered to the treatmen?t group at a
15 dose- of 30 mg/kg for 8 weeks. The'n,l rats were ;anesth-etized
| with pentobarbital (50 mg/kg, i.p.), and gubjected to M-mode
- echocardiography in order té evaluate interventricular septum
wall thickness (IWT) at end-systole (8) and end-dié:.stole (D) of
the left wventricle, pbsterior left wventricular wall thiclcne.ss
20“ (PWT), left ventricular end-systolic dimension (LVESD) , and left |
ventricular end-diastolic dimension (LVEDD). The fe]_.ative wall
thickness (RWT) was calculated according to 'tlf_l'e following
equation: [IWT(D)+PWT(D)]/LVEDD, and is given in Table 1, below.
After the echocardiographic measuremernts, blood samples

25 were collected from abdominal aortas to prepare serum samples.
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-~ marker of ventricular fibrosis. The chronic heart failure control group
exhi bited significantly increased coll agen deposition (0.928+0. 228
conpar edWORO$EB3HBr nml control group (0.384+0.103). Thepq?f@%%@anébl | agen
deposition was 10 significantly decreased through the adm nistration of
pyrazol opyri m di none derivative (0.604+0.214). These results indicate that
ventricular fibrosis, causing ventricular systolic and diastolic
dysfunction, was decreased by the pyrazol opyrim di none derivative, thereby
enhanci ng ventricular 15systolic and-diastolic function. TABLE 1 M node
echocar di ographi ¢ neasurenents for evaluating chronic heart disease

,00UCt! OBkl SCyEALEs 210t SR CpPligetesel pagLRE Rzchny ) dhdnone

1L $1+0' 2%étemined, and are shown in FIG. 1. 100 mg of each of the left

" frentricular tissues was stored in liquid nitrogen and then
éubjected to RT-PCR in order to assess ANP mRNA levels. ‘The

5 measured ANP mRNA levels are shown in FIG. 2. The remaining
parts of the tissués were fix_ed in -10% formalin, and stained
with Masson’'s trichrome to detect collagen fiber in order to
assess left ventricular fibrosis, and the results are given in
FIG. 3.. All values are expressed as meantSD.

10 'As shown in Table 1, short-axis M-mode echocardiographic
images ‘.-:.-s-how that the chronic heart —ﬁaiiure-—induced raté (CHF
group) I?had significantly greater left ventricular end—diéstol_ic
and end-systolic dimensions than normal éontrol rats, such as an
increasé indicating ventricular dilatation, which is a typical

15 sign of heart fallure Intefventricular septum wall thickness
at end-systole and systolic and diastolic posterior left
ventricular wall thickness were significantly smaller, and this
decreasé results from ventricular cavity enlargement leading to
ventric*;llax wall thinning, indicating a clinically significant

20 cardiac change. The relative wall thickness, calculated using
the above equation, was also significantly decreased, and these
results are consistent with the aforementioned alterations.

In aortocaval fistula rats that received the
pyrazolépyrimidinone derivative for an 8-week period (treatment

25 group),  left ventricular end-diastolic and end-systolic
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1.56+0. 09* 1.74+0.13** LVEDD (mm) 8.69+0.56 9.75+0.85* 8.45+0.62n PWI(D)
MO 1.83+0. 13 1.64+0.11* 1.78+0.04n |\WI(S)(nm) 2.83+0.17 2.56+0. 11*
WO 2008/153282 PCT/KR2008/0031¢1

dimensions were significantly decreased compared to heart
failure control rats (CHF group) . These results indicate that
the ventricﬁul,ar dilatation:.m found in chronié héart faillure, was
inhibited through the administration of the
5 pyrazolopyrimidinone derivative. Also, interveﬁtrimllar septum
- wall thiékness at end-systole and end-diastole and posteriér
left ventricular wall thickness were significantly increased,
and the relative wall thickness was significantly increased;
compared to the heart failure control gl;oup . These results
10 indicate that the pyrazolopyr_jimidinone derivative inhibits the
ventricular ‘dilatation ‘and a decrease 1n ventricular wall
thickness. | o
FIG. 1 shows the serum levels ofi: atrial mnatriuretic
peptide (ANP). The chronic heért: fa:i?.lure control group
15 éxhibited significantly increased serum ANP levels
(0.040¢0.004ng/m1) compared to the normal control group
(0.0294+0.003ng/ml) . This increase was significantly decreased
in pyrazolopyrimidinone derivati\%e—received rats
(0.033+0.003ng/ml) .
20 FIG. 2 shows ANP mRNA levels in leffrv-entricﬁlar-tissues.
The chronic heart failure control group exhibited gignificantly

increased ANP wRNA levels (0.963:+0.114) co:r_nparéd to the normal

control group (0.607+0.169). The increased ANP mRNA levels were
gsignificantly decreased in pyrazolopyrimidinone derivative—

.25 receiving rats (0.739+0.120) compared to the heart failure
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control group. These results indicate that ANP levels elevated
by pathophysioclogic changes were decreased to normal levels
through the administration of the pyrazolopyrimidinoné

derivative.

FIG. 3 shows the amount of collagen deposition as a
marker of wventricular fibrosis. The chronic heart failure

control group exhibited significantly increased collagen

‘deposition (0.928+0.228) compared to the normal control group

5(0.38410.103). The increased collagen deposition was’

significantly decreased through  the administration = of

Zpyrazolopyrimidinone derivative (0.60410.214). These results

‘indicate that ventricular fibrosis, causing ventricular systolic
‘and diastolic dysfunction, was decreased by the
:pyrazolopyrimidinone derivative, thereby enhancing ventricular

‘systolic and diastolic function.

TABLE 1

M-mode echocardiographic measurements for evaluating chronic
" heart disease induction in SD rats and therapeutic effects of

the pyrazolopyrimidinone derivative on the disease

Normal CHF CHF+cpd.1 (30 mg/kg)
IWT (D) (mm) | 2.81+0.20 | 1.5640.09 1.74+0.313%
LVEDD (mm) | 8.69+0.56 | 9.75+0,.85 8.45+0.62"
PWT (D) (mm) | 1.83+0.13 | 1.64+0.311" 1.78+0.04"
TWT(S) (mm) | 2.83+0.17 | 2.5640.11" 2.74+0.117
. LVESD {mm) 5.43+0.31 | 6.2040.70" 4.68+0.38"
PWT(S) (mm) | 2.8940.15 | 2.54+0.18" 2.80+£0.10"
RWT 0.42+0.05 § 0.3430.02° 0.4240.05"
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*: The CHF group exhibits a significant difference conpared to the nornal
“group (p<0.05). -: The CHF+cpd. 1l group exhibits a significant difference
conpared to the CHF group (p<0.05). _

5FORVUNKP BREECARBLES. Pr epar at | onof phar maceut i cal  f or mEGRSHEASI, o)

adm nistration 1. Preparation of powders The conmpound of Fornula 12 g
Lactosel g*. 10The above conponents were m xed and placed in an airtight
pack to produce powders. 2. Preparation of tablets The conmpound of Fol mul a
1100 ng Corn starchl100 ny :

*: The CHF group exhibits a significant difference compared
to the normal group {(p<0.05).
*: The CHF+cpd.l gxcupﬂgxhibits a significant difference

compared to the CHF group (p<0.05}.

5 FORMUMATION EXAMPLES: Preparation of pharmaceutical

formulations for oral administration

1. Preparation of powders

The compound of Formula 1 .29
Lactose ' 19"
10 The above components were mixed an§ placed in an airtight

pack to produce powders.

2. Preparation of tablets

The compound of Formula 1 100 mg
Corn starch 100 mg
15 Lactose 100 g
Magnesium stearate 2 ng

The above components were mixed and tabletted according

to a commoh tablet preparation method te produce tablets.
3. Preparation of capsﬁles
20 The compound of Formula 1 100 mg

Corn starch | 100 ﬁg
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15Lact osel00 ng Magnesi um stearate2 ng The above conponents were m xed and
‘"tabletted according t© a conmon tabl et preparation nethod to produce

tablets, 3. ration of capsul es 20The conpound of . My Corn
star ch198 BN 008/ 153282PCT/ 10R2008/ 003101 Lact ose{%ﬂm&@%a%sg@si um

stearate2 ngy The above conponents were m xed and | oaded into gelatin
capsul es according to a common capsul e preparation nmethod to 5produce

capsul es.

Lactose 100 mg

Magnesium stearate 2 mg

The above components were mixed and loaded into gelatin
capsiules ‘according to a common capsule preparatiop method to

5 produce capsules.
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WO 2008/ 153282PCT/ KR2008/ 003101 [al uns] [C ai m 1] A phar Maceut i cal
‘conposition for treating chronic heart failure conprising a

pyrazol Loy dipone derivative represented by Chemcap Aozhor bel ow,
as an eﬂ?%%’gyghﬁngredient. [ Chem cal Fornula 1] [CIaiH? 10The

phar maceuti cal conposition according to claim 1, which inhibits cardiac
nor phol ogi cal changes in chronic heart failure. [ aim 3] The
pharmaceutical conposition according to claim1, which 15inhibits
ventricular cavity- enlargenment and ventricular wall thickness change in
chronic heart failure. _

fcramMs]
[claim 1]

A phartiaceutical composition for treating -chronic heart

failure = comprising a pyrazolopyrimidinone derivative
.5 represented by Chemical Formula 1, below, as an effective
ingredient.

[Chemical Formula 1]

[Claim 2]

10 The pharmaceutical composition according to claim 1, which
inhibits cardiac morphological changes in chronic heart

failure.

[claim 3]

The pharmaceutical composition according to claim 1, which
15 inhibits wventricular cavity’' enlargement and ventricular wall

thickness change in chronic heart failure.
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[Claim4] A use of a pyrazol opyrim dinone derivative represented by
Chem cal Foula 1, below, in manufacture of a phai maceutical formulation
for treating chronic heart failure. 5[ Chem cal Fornmula 1] NH Of CH3

0=S-NL 0 \Th) CH3 11 .

[claim 4]

®

A use of a pyrazolopyrimidinone derivative represented by
Chemical Formula 1, below, in manufacture of a pharmaceutical

formulation for treating chronic heart failure.

5 | [Chemical Formula 1]
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