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SODI UM HYDROGEN .'EXCHANGER TYPE 1 | NHI Bl TOR ( NHE- 1) :

- SODITUM-HYDROGEN .EXCHANGER TYPE 1 INHIBITOR (NHE-1)

BACKGROUND OF INVENTION
This invention relates to a sodium-hydrogen exchanger type 1 (NHE-1)
inhibitor. _
5 Myocardial iséhemic injury can occur in out-patient as well as.in
perioperative settings and can lead to the development of sudden death,
myocardié! infarction or congestive heart failure. There is an unmet medical need

to prevent_or'minimize myocardial ischemic injury, particuhlarly perioperative
myocardial infarction. Such a therapy is anticipated to be life-saving and can

10  reduce hospitalizations, enhance quality of lifs and reduce overall health care costs
of high risk patients. '

F’harmaéological cardioprotection would reduce the incidence and
progression of myocardial infarction and dysfunction oceurring in these surgical
settings (perioperatively). In addition to reducing myocardial damage and

15 improving post-ischemic myocardial function in patients with ischemic heart
disease, cardioprotection would also decrease the incidence of cardiac morbidity
and mortality due to myocardial infarction and dysfunction in patients “at risk” (such
as greater than 65 years, exercise intolerant, coronary artery disease, diabetes
n;ne'IIitus, hypeﬂenéion) that require non-cardiac surgery.

20 - The mechanism(s) responsible for the myocardial injury observed after
ischemia and reperfusion is not fully understood. .

A variety of publications have disclosed the use of guanidine derivatives as
useful for the freatment of;'for example, arrhythmias.

A recent published patent application, PCT/IB99/00206 published as WO

25 99/43663 on September 2, 1999, the disclosure of which is hereby incorporated by
reference, discloses a variety of NHE-1 inhibitors including {5-cyclopropyl-1-
(quinolin-5—y!)—1H;pyrazole-4-carbbnyljguanidine. The publication further states
that “preferred salts of the immediately preceding compound are the mono- or di-

~ mesylate salts.” One group of preferred compounds, which include

36  hydroxyquinoline cOmpoun'ds, is described in claim 102 of the published
application. Of courée, some of these hydroxyquincline compounds can exist in
several tautomeric forms such as the quinolone form as described in that patént
application. In addition, commonly aséigned U.S. provisional application serial no.
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15  a prodrug thereof, or a pharmaceutically acceptable salt of said compound or of

said prodrug, with the proviso that [5-cyclopropyl-1-(quinolin-5-yl)}-1H-pyrazole-4-
carbonyl]guanidine is not included.
As used hereih the phrase “a prodrug thereof, or a ph::lrn'iau';euticaIlyr
acceptable salt of said compound or of said prodrug” includes the proviso that [5-
20 Cyclopropyl-1-(quinolin-s-yl)-1 H-pyrazole-4-carbonyf]guanidine is not includéd.
This invention is also directed to substantially pure [5-cyclopropyt-1-(2-
“quinolon-5-yi)}-1 H-pyrazo!e—4-carbc§nyl]guénidine, or a pharmaceutically acceptable
salt of said 6ompound.



WO 01183470 PCTI I BOL/ 00277 -2 60/162,374 was filed on October 29, 1999 and
is directed to crystal fornms of the above described NHE-1 inhibitar.

PCT/ JP97/ 04650 application published on June 25, 1998 di ¢@dakeng004

[ (substituted five-nmenbered heteroaryl)] guani di ne conpounds to be useful as
5 inhibitors of Na'|H+ exchange and consgquently effective for the
treatnent of various di seases such as hypertension, arrhythm a, angina
pectoris, nyocardial infarct, arteriosclerosis, and conplications of
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femal e or nﬁ\lee{fascu!ature, or intestinal tissue.

An especially preferred ischemic tissue may be cardiac tissue.

It is especially preferred that the Formula | compound, a prodrug thereof, or a
pharmaceutically acceptable salt of said compound or of said prodrug is administered to
prevent perioperative myocardial ischemic injury.

Preferably, the Formula 1 compound, a prodrug thereof, or a
pharmaceutically acceptable salt of said compound or of said prodrug may be
administered prophylactically.

The ischemic damage may occur during organ fransplantation either to the organ
or the patient.

Preferably, the Formula | compound, a prodrug therecf, or a pharmaceutically
acceptable salt of said compound or of said prodrug may be administered prior to, during
and/or shortly after cardiac surgery or non-cardiac surgery.

In one aspect of this invention the Formula | compound, a prodrug thereof, or a
pharmaceutically acceptable salt of said compound or of said prodrug may be administered

locally.
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administering to a mammal (e.g., a female or male human) a therapeutically effective

amount of the Formula | compound, a prodrug thereof, or a pharmaceutically acceptable salt
of said compound or of said prodrug. ) ) ,

Another disclosed embodiment is directed to a chronic method of reducing
myocardial tissue damage (e.g., substantially preventing tissue damage, inducing tissue
protection) in a patient with diaghosed coronary heart disease (e.g., previous myocardial
infarction or unstable angina) or patients who are at high risk for myocardial infarction (e.g.,
age > 65 and two or more risk factors for coronary heart disease) comprising administering
to a mammail (e.g., a female or male human) a therapeutically effective amount of the
Formula | compound, a prodrug thereof, or a pharmaceutically acceptable salt of said
compound or of said prodrug.

Another disclosed embodiment is directed to a method of preventing ischemic
damage comprising the chronic oral administration to a mammal in need of such
treatment a therapeutically effective amount of the Formula | compound, a prodrug

thereof, or a pharmaceutically acceptable salt of said compound or of said prodrug.



a pharmaceutically acceptable salt of said conpound or of said prodrug.
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Another disclosed embodiment is directed to a method for treating cardiac
hypertrophy comprising administering to a mammal (e.g., a female or male human) a
therapeutically effective amount of the Formula | compound, a prodrug thereof, ora
pharmaceutically acceptable salt of said compound or of said prodrug.

Another disclosed embodiment is directed to a method for treating renal diseases
comprising administering to a mammal (e.g., a female or male human) a therapeutically
effective amount of the Formula | compound, a prodrug thereof, or a pharmaceutically
acceptable salt of said compound or of said prodrug.

Ancther disclosed embodiment is directed to a method for treating diabetic
complications comprising administering to a mammal (e.g., a female or male human) a
therapeutically effective amount of the Formula | compound, a prodrug thereof, or a

pharmaceutically acceptable salt of said compound or of said prodrug.
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human) a therapeutically effective anount of the Fornul a27 Ocwobpo20td, a
prodrug thereof, or a pharmaceutically acceptable salt of said conpound or
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therapeutically effective amount of the Formula | compound, a prodrug thereof, ora
pharmaceutically acceptable salt of said compound or of said prodrug.

Another disclosed embodiment is directed to a method for treating pulmonary
fibrosis comprising administering to a mammal {e.g., a female or male human) a
therapeutically effective amount of the Formula | compound, a prodrug thereof, or a
phammaceutically acceptable salt of said compound or of said prodrug.

Another disclosed embodiment is directed to a method for freating cerebro ischemic
disorders comprising administering to a mammal {e.g., a female or male human) a
therapeutically effective amount of the Formula | compound, a prodrug thereof, or a
pharmaceutically acceptable salt of said compound or of said prodrug.

Ancther disclosed embodiment is directed fo a method for treating myocardial
stunning comprising administering to a mammail (e.g., a female or male human) a
therapeutically effective amount of a the Formula | compound, a prodrug thereof, or a

pharmaceutically acceptable salt of said compound or of said prodrug.



Anot her di scl osed enbodinent is directed to a nmethod for treating fibrotic
di seases conprising admnistering to a mammal (e.g., a fenmale or nale
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of said prodrug. Another disclosed enbodifrent is directed to a method for
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(e.g., a female or male human) a therapeutically effective anmount of the
Fornula | conpound, a prodrug thereof, or a pharnaceutically acceptable
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a prodrug thereof, or Sh,_E’har maceutical ly acceptable salt of said conmpound

or of said prSEFTFOTRIRNGAIMNERIY PAPBREdEIna %esorma#ee*ﬁln@a 20 a nethod

for treati nghéfy}ﬁe@:&cﬁeﬂiy aecu»@tamwmtrwthéeawmaalcamp@ﬁzm dpr6dreg ihB@of, -2 NaMTAl
effective anount of a the

(e.g., a femal e or ) er apeut.i c I

Formula | c tnellyﬁrc'fﬁﬁ’%% Sf'*ﬁ%frsa@ﬁom ?“"ﬂor% REY%Eti cal |y acceptabl e
Zaltlof Zai d cgrrpmmérmgcéc@éd smibcsglnrﬁurmiadrre@ﬁtngn@moel&mrea’iﬁ@érgaﬂ Angt her

i scl osed enbodi nent i i ed to a nmetho or treatjn ar di
dystunct on THOHSTES R RRRERRS o Rad LR R e (24 RURdP 8 B o
human) a thmuarpem&euabémcalyém;twe\mncﬁmmime RmimlnlhEcdﬁwomw a plodagtipeenichr a
prodnig there har | |y acc tab of said conmpound or
of said prof?’ﬁﬁ?acilﬁg? acce%ﬁalsgL gt 5%8518?@ S@'dcsPr?&%ed to a method for
treati ng cer ebr oviasdnveation |sch|$>eiae®eﬂ tc pingumecautiel raad-mbmmmsemuchng:mmsa manmal

(e 01 2, " STty R Lol doriboul L LRBRH eral o B eI HepaTount of the
npoun a prodru ereo ar ceu a accept abl e
salt of sai wcmmtqb{emtﬂof(ﬁald@bmswnd opof@d:ﬂtwgldmgrmti beharhasaticled enbodi nent is
directed to gcéﬁ?atbfé%gnfep(/ekbtﬁee&tdhﬁ&t. organ hypertrophies or hyperplasias
conpri sing adm ni ster a mammal (e.g., a female or male hunman) a
therapeutically éﬁtsmnupg issaisnLAvecied totphamseutichigompeasiopdionitie raslugivodf ug
thereof, Or yisgye damage resulting from ischemia which comprise a therapeutically effective amount of
the Formula 1 compound, a prodrug therecf/for a pharmacéutica"y acceptable salt of said
compound or of said prodrug and a pharmaceufically acceptable carrier, vehicle or diluent.
Another aspect of the invention is directed to a use of a therapeutically effective
amount of a compound as defined above, a prodrug thereof or a pharmaceutically
acceptable salt of said compound or of said prodrug for the manufacture of a medicament
for reducing tissue damage resulting from ischemia or hypoxia in a mammal in need of such
treatment.

Another aspect of the present invention is directed to a use of [5-cyclopropyl-1-
{(quinolin-5-yl}-1H-pyrazole-4-carbonyllguanidine for the manufacture of a medicament
wherein the medicament is capable of being administered to a human to produce [5~
cyclopropyl-1 -(2-quinoton-5-yi}-1 H-pyrazole-4-carbonyl]guanidine .

The term “reduction” is intended to include partial prevention or prevention
which, although greater than that which would result from taking no compound or
from taking a placebo, is less than 100%, in addition to substantially total

prevention.



a pharmaceutically acceptable salt of said conpound or of said prodrug.
This invention is also directed to pharmaceutical conpositions which
conprise an anount of the Fornmula 1 compound, a prodrug 2heeieber 2Q4e
pharmaceutically acceptable salt of said conmpound or of said prodrug and a
pharmaceutically acceptable carrier, vehlcle or diluent. This invention is
al so directed to pharnmaceuti cal conp05|t|6hs for the reduction of tissue
damage resulting fromischem a which conprise a therapeutically effective
anount of the Formula 1 conpound, a prodrug thereof/or a pharmaceutically
acceptabl e salt of said conpound or of said prodrug and a pharmaceutically
acceptabl e carrier, vehicle or diluent Anot her aspect of the invention is
directed to a us hera effective ound as
et 1 ned above, = TBY AT A EIE FEUMGors Spikigs Etfpiowd TP el BeapiBnta) « "o
sai d conpoudikealy assbcisted dattpnedntred@lob@ﬂowime|smnfufa(atnpreeiuefto aclomdi canent for

reducing tissye da e esultln m a, or oxi.a,li

need of “sucRotErERCh e ik Wi oRTbbSEP R el St R fokh Ryl HE

di rect ed t oala, idewaréd PXygeryitdreporoioyslieH tissiiey impairéd tssbe pérjotmance, tissue

H pyrazol e h ture of i

wher ei n theéﬂeﬁ[cg%nn%r!rqlogﬁ%%% g\g‘?rﬁ&{ﬂ?&'ﬁﬁg}egegﬂé; ‘r'1v|°§ rg%g]{u%% 9 "?ﬁ?%gn to
produce [ 5- qusrditatiyelogsiehudte, tedoxyoémeimging Eapﬁb}yOI

H pyrazol e- 4- car bonyl ] guani di ne. The term "reduction” is intended to
include partial prevention or prevention which, although greater than that
whi ch woul d result fromtaking no conpound or fromtaking a placebo, is

| ess than 100% in addition to substantially total prevention. 27 Cctober
2004 -7a The term "damage resulting fromischem a" as enpl oyed herein
refers to conditions directly associated with reduced blood flowto
tissue, for exanple due to a clot or obstruction of blood vessels which
supply blood to the subject tissue and which result, inter alia in |owered
oxygen transport to such tissue, inpaired tissue performance, tissue
dysfunction and/ or necrosis. Alternatively, where blood flow or'organ
perfusion may be quantitatively adequate, the oxygen carrying capacity of
27 Cctober 2004 WO 01/83470 PCT/1BA /00277 the bl ood or organ perfusion
medi um may be reduced, e.g., in hypoxic environnment, such that oxygen
supply to the tissue is lowered, and inpaired tissue
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cyclopropyl-1-(quinolin-5-yl)-1H-pyrazole-4-carbonyl]guanidine is not included.

By "pharmaceutically acceptable” it is meant the carrier, diluent, excipients,
and/or salt must be compatible with the other ingredients of the formulation, and
not deleterious to the recipient thereof.

As used herein, the expressions "reaction-inert solvent" and “inert solvent"
refers to a solvent or mixture of solvents which does not interact with starting
materials, reagents, intermediates or products in a manner which adversely affects

: the yield of the desired product.

30

It will be feco’gnized that the compound of this invention can exist in
radiolabelled form, i.e., the compound may contain orie or more atoms containing
an atomic mass or mass number d:fferent from the atomic mass or mass number
ordlnanly found in nature. Rad|0|sotopes of hydrogen and carbon include *H, *H,
and "C respectively. A compound of this invention, which contains those
radioisotopes and/or other ra.dioisotopes of other atoms are within the scope of this
invention. Tritiated, i.e., °H, and carbon-14, i.e., **C, radicisotopes are particularly

and
2004 WO



-9 preferred for their ease of preparation and detectability. A
radi ol abel |l ed Fornul a | onpound can generally be epar ed é net hods wel |
known to those skilled i ‘ he art. Conveniently, sbn adlh Orieber 2004

conpounds PuPA7dr epared by carrying out the procedures P@h«ﬁﬁdlmfs,@} in the
Schemes and/or 'in the Exanples bel ow by g substituting a readily avail able

radi ol abel | ed reagent for a non-radiolabelled reagent. O her features and
advantages wil|l be apparent fromthe specification and clains which
descri be the invention. DETAI LED DESCRI PTI ON OF THE | NVENTI ON 10 The

conpound of pfgérmad @r%énﬁea@,ew[m@afmbﬁlaﬁa u&@c@&m? pyrakipRbeRd Fokmula )
(qui nol i n-5- yI ) - 1H: p%_gazol e-4-car bonggyguanl ine. It was identified from

sanpl es of CAURENDF Qﬁ‘eb%'ﬁ’z?iema&? methods weh kpawniarthesesskillediintheo
5- cycl opr.opygk:- EonlEment, bLﬁbh%Mﬂo)abéﬁéd%Hhﬁ?dah@sMﬁ@ﬂﬂr’eh%?%@hﬂh@%utt0 hurman

subj ects. The structure nd was i ndependent y ver| by

f
cheni cal sy therseredures,diglesedip Iﬂ].%s%{?ﬁéﬁ,ﬁt angifor irhihg Exammb@

[ 5- cycl opr opypstituting aqeh&glmnaﬁmé/}adrouﬁew& AEBkAfdra ﬁé\{-kaamme&ml dine may be
prepared by adm nistering [5-cyclopropyl-I|-(quinolin-5- yl)-

H pyrazol e- eagihbonyl ] guani dine to a human and isol ating the de5| red
met abolite from bigerRb#ar s andlaifimaddsiGll be abpselBiaR e é)%c?ﬂ@ﬁﬁn%ﬁ be

i solated from the human since it 1S produced in vivo. I'n general the
conpound of claimsswhighy pgeriba thedavendiofade by processes which incl ude

processes anal ogous to BEPAREMMECRIPIOR OFSAEIRVERTIGN Particularly in

| ight of the description contained herein- Céertain processes for the
manuf actQur e of T%C%HWMFWWHMS?W@% mstabalite 9b SyrlaR@PYs!-f ur t her

features Of(qhihsnﬁ-ewrm .sy?az%;@@.rb%nmgwﬁa.hat ﬁdvaemédﬁﬁed fRbmQahipes'gact i on -

schenme. OQther procésses are describ he experinental section. A

det ai | ed deRwpapplremadptaings %tW@U#@%@&@BWSﬁWW& iCHAeRrEPYr-f ol | ows: 0 WO
01/ 83470 | A(qh|nollrzg-yﬁnWézo?@@éarbéﬂylﬁgﬁlhlm RWRd subjects. The structure

of this compound was independently verified by chemical synthesis. In another

15  aspect of this invention [5-cyclopropyi-1-(2-quinolon-5-yl)-1H-pyrazole-4-
carbonyljguanidine may be prepared by administering [5-cyclopropyl-1-(quinolin-5-
YI)-1H—pyrazole-4-carbonyl]guanidine to a human and isolating the desired
metabolite from th_e plasma. Alternatively, the metabolite need not be isolated from
the human since it is produced in vivo.

20 In general the compound of this invention can be made by processes which
include processes analogous to those known in the chemical arts, particutarly in
light of the description contained herein. Certain processes for the manufacture of
the compound of this invention are provided as further features of the invention and
are illustrated by the following reaction scheme. Other processes are described in

25 the experimental section.

A detailed description of the synthetic aspect of the invention foliows:



NH, H2N'-% NH 11 According to the scheme above, the for rrul a | A compound

(prepared as described ipn Capps, J. D.; Ham Iton, Am Chem Soc.
1938, 60, 2104) is 5 di ved in a protic sol vent ch a%7@f;'|ﬁ’§ﬁ"o?00énd
treated w

? propriate reducing agent such as st annoysy k 45 .
di hydrate. The resulting mxture is stij %gd at a tenperature 0 out 0 C
to about 115 C for about 30 mnutes to out 24 hours. The resulting
m xture is cooled to about 23 C and filtered. The resulting solid materi al
is purified in a suitable way, such as by triturating with 10 hydrochloric
acid (for exanple, 1 Maqueous) at about 100 C for about gyhour, cooling
to about 23 C ango,filtering to provi dgi,the formula 11 conpdﬁmd as its
hydrochlorlde sajt. Alternatively, thie formula Il conpound cqgn be isolated
fromthe reac F 2Py basi fying e QI gani ¢
base, and "ext
conpound' can & d P& s. O her redH
that will perfor ction Il i N 27 OGct ober 2004 WO 01/ﬁ347|° 11
PCT/ | BO1/ 00277 are known to those skilled in the art, such as for exanple
catal ytic hydrogenation!™ The fornmula 11 congound .is diazotized in W™
hydrochl oric acid and water using sodiumnitrite at abo 0 C for about 15
m nutes to about 2 hours. The resulting diazoniyaalt Qolution is reduced
with an appropriate reducing agent, such as 5 stann I oPfdeldi hydrate
in hydrochloric acid and water at about 0 C to about C for gbout 30
m nutes to about 6 hours. The resulting solid is collec iltration
and purified in.a suitable manner, such as by trit¥ agton h gydrochloric
acid (for exanple, M aqueous) at about- 23 C for about 30 nutes. The
conpound of forryla NI is collected by filgration as its hydroghloride
salt. 10 Alterna\\i ve)A/,—®he formula |1l confpund can be isol ate§ fromthe
reaction m xture Nthe free base by. basi {1 wi th an i norggmeoRriase,
and extracti ith an appropriate org solvent. The foy
conpound car/ al o be isolated as other/fsal\ts. O her redu0|
wll perfor f sformati on are kn

eSS ueet

| i v

a lll
ents that

IZ

According to the scheme above, the formula IA compound (prepared as
described in Capps, J. D.; Hamilton, C. S. J. Am. Chem. Soc. 1938, 60, 2104) is
5 dissolved in a protic solvent such as ethanol and treated with an appropriate
reducing agent such as stannous chloride dihydrate. The resulting mixture is
stirred at a temperature of about 0 °C to about 115 °C for about 30 minutes to
about 24 hours. The resulting mixture is cooled to about 23 °C and filtered. The
‘ resulting sofid material is purified in a suitable way, such as by triturating with
10 hydrochloric acid (for example, 1 M aqueous) at about 100 °C for about 1 hourr,
cooling to about 23 °C and filtering to provide the formuta Il compound as its
- hydrochloride salt. Alternatively, the formula Il compound can be isolated from the
reaction mixture as the free base by basifying with an inorganic base, and
extracting with an appropriate organic solvent. The formula Il compound can also
15  be isolated as other salts. Other reduction methods that will perform this réduction



to those skilled in the art. 15 The fornula IV conmpound is prepared by

met hods known to those skgl ed in the art, such as“ the reaction of an
N, N-di al kyl or mani de di al K#acetal, for exanple, ned’Hy FtPberRftde

di met hyl acewei/8a#h an ester of 3-cycl opropyl - 3- oxopr oparrimisaréd7at a
tenperature of about 23 C to about 115 Cif-or about 1 hour to about 4 hours
with or without an acid catal yst. The group RL and R2 are 20 conveniently
any al kyl, cycloal kyl, cycloal kyl al kyl, or aryl al kyl group. Furthernore,
the two R2 groups may be tethered together to forma cyclic entity. The

formila |V CoBRABRAA tb frosERlcrinthd o |Sien Lot ukambit babRiPRIMgdnER.

al coholic sol vent such. as et hanol llﬁr;Bera ur e
115 C for about Whe fﬁﬂﬁH'?é%cwoaB%@tdla@tl p bydroghieria agid anst watepusing

conpound i s gd4giRfin ﬁﬁntait absut Dy drfecidont '!Siﬁnrﬁﬁéstto abbuti Bhalfky/ a'm@%QMﬁ to carry
out the reaglon -a hon-nucl e 'clllc base,

e of
such as tri LR ﬁ@'psqlﬁté’"f’w%f’%ﬁ] ‘('}‘th E'E)ﬁ%ﬂmft? teduging agentgs qsl ltration.
Al t er nat 5ve|$amtohs chiwride diydfatecimhedriochlomryadidand wateniteabobty0 e kesbduet hods

ST abt e or e ot BBAu QYRS e bl A7 136 MU B0s cRlkAAERIC" ot £

sui tabl e organic so vel %o may be
prepar ed usifitption@ntauriedinia uitsklepwnner, amh an hetntw:aimpomﬂndwdrthphace of

the formul aahM&&@i@H% 1%‘5&\16%%5 t%%%%fo?aﬁmhébrﬁ group is

repl aced by a g ﬂéﬁ’n he forrrula V_conpound 1S with a base
such as sodicAmpPgprNd P ﬂﬁ"ﬁ?ﬁ%ﬁt%bﬁﬂtrﬁt‘%‘cﬁ%ﬁty "5019 H"‘é&s%ter and/ or
met hanolo amtenatiVély, 186 farmaladicompbiynddantitibblaied fionthe déadkbn eﬂu&u@tﬁd

t it f t ob 004 0 3470, PCT/ | BO1/ 00277
o enner St % Bisdthy barind. vafh AhOREhg BALe. o eRtectd MR Ly i e Vi aci d
i s then i sappropdateyorganic seventplee formuiall sggmpbundnagaiscchesisblatedtas,

aci di fyi ng ﬂﬂ%r%élié edinaPredubhd %gé}ﬂé Lﬁé?wl epr{etllj'@l nfé"’% gy.kaomat.smeom an be

isolated fromthe reacti on m Xt organi ¢ sol ven
aci di fyi ng #htosekiled e aftt h an appropriate organic 5 sol vent. The

Formul a48/1 aci d Thederulen wnﬁﬂ’bunﬂ 9T aree by Metihis IknewR RS tho8é sRilléd/int abl e
coupl 19 29t g i 5 101 BRMRE T AP TR AR ™2 o
reacti on wi ekamapleaNiNdimetiyformamibe dgneiggdanetmmythtaa estereheytiopvopylis-ef f ect s
this condenggatirgfhrdft &id at a temperature of about 23 °C to about 115 °C for about 1
hour to about 4 hours with or without an acid catalyst. The group R'and R? are
20 conveniently any alkyl, cycloalkyl, cycloalkylalkyl, or arylalkyl group. Furthermore,
the two R” groups may be tethered together to form a cyclic entity.
The formula IV compound is reacted with the formuta ill comp;ound in an
alcoholic solvent such as ethanol at a temperature of about 23 °C to about 115 °C
for about 15 minutes to about 12 hours. When the formula ill compound is used as
26 its hydrochloride salt, it is advantageous to carry out the reaction in the presence of
an excess of a non-nucleophilic base, such as triethylamine. The formula V
éompound is collected by filtration. -Alternatively, the formula V compound may be
isolated by other methods such as concentration followed by addition of water and
extraction with a suitable organic solvent. Altemativély. the formuta V compound
30  may be prepared using the formula Hi compound and other compounds in place of
the formula IV compound, such as a compound in WhICh the (Rz)zN group is
replaced by a R%0 group.
The formula V compound is hydrolyzed with a base such as sodium or
lithium hydroxide in a solvent such as water, and/or methanol, and/or THF
35 conveniently at about 23 °C or at an elevated temperature such as at reflux



10 one pot process when m xed together with the carboxylic acid and
guani di ne. Exenplary coygling reagents are
1- ( 3- di net hyl ani nopr opy! - et hyl car bodi i m de . 27 October 2004

hydr ochl or \gggilgghHeoxyberi zot ri azol e (EDC/ HBT), dicycl ohexy iini de
(DCC) / hydr oxybenzot ri azol e( HBT), PERTRIRIA

«]2-
2- et hoxy-| - et hoxycar bonyl -1, 2-di hydroqui noline (EEDQ, and
di et hyl phosphoryl cyani de. The coupling is performed in an inert 15 sol vent,
preferably an aprotic solvent at a tenperature of about -20C to about 50C

for about | to ab .1n the presence exces uani.dine as base.
Exenpl.ary sotPU'é’ﬁfag ienfél‘g?}gjg'&jé@g}'%ﬁ?stt?ﬁbgyt @ﬁ@‘l‘ﬁ%&éﬁ%é,\ﬁac'd isthen .

di et hyl sul fieclated by, ftiresamplef mmosimpdies orghhic soiemts) aidifyimgxdnd fiterindgier eof . The
coupl i ng age &gﬁl L ch. QAN 20
acid to an _a@%elrr\‘i/%%(vgg{ ?ﬁtfgt_‘r?nrrlg%i@g% e u?'g\ﬁ'/g':‘ EQ fsggﬂq%(f%%ﬁ éé\%feggﬁlé'g&'f%‘ﬂ'e;bﬁ a
first step dammoviggtBeetgapis selvgats. agidifying and ieatractingiwith ancapprepristeeprgahicanpl es
of such gouplolvegit. agents and activated internediates are thionyl chloride
aci d 1 tor i de_or UF BeTple VAckTis Formied i Guariding Iy Be BLRsproa st 4 SiAbbpeny|
ch Iho (r]I of gr rragrauplrngmgammmmwmwngaﬁ%ﬁ Isi oiie vﬁ?‘cf{ %Wg@rﬂbﬁmg %pigc i df
anhydride, FE ) ase.to forma . mxed anhydride o
the car boxyI''|§i§)aa{'g{‘i'%ﬁm'gsrnE (géér t’g%lf‘%ﬁs%%aaﬁ@? linkage ©g,rrction wi q?ﬂ‘%‘ﬁzol e.. If

t he coupl i ng agerftheieoupling agentmay be deeagent whichdéfacts #ije cosdensatiopihay  a

smal | aggun fafl ) V, AL D ‘ : vent (such
as di cﬁor tgr?g{) ﬁﬂ%@éfyﬁﬁgﬁ%gﬁfﬁ%r%ﬁ%%a)ﬁ?é ?ﬂgggg r&gé@ﬁ?‘%rl de. This
activat ed a&*EMBRNGERYRING reagefits\are &-(2-gimstadarpiporiopyirg-sthlearbediimide er nedi at e
S0l vont | base gacn oot | ane oy e (LCHED. SRyEIRbYRafeoRfie Aopr opriate
et o RO S e o toefeo o yremce o
excess guan ) rylepgnidep r Theet eoupling/is incmin i ons

I ncl udeqyvat y : ' ] o er wth 35
1’1 cog ol 3/%\% gé‘&%ﬁ’ grg e%%%%%g}r?g? Eglkéént%? gt‘%ﬁ%%{rdg §$_%%%E%Fg§§§é&andwa base

such 0 . 27950 tepaboyichte ahertydd s in heresore edexcess guanidine ssdiasm
pot assi um OExémplahy BNty inNLEE atdlorstild, HithBRImEtHaN, idintethPsGifiide™® t he acid

el o611 on oRmeloBRRLINEHEFEfER A EGr R oAby Lo t hose SKI |1 ed i n ¢ he
art or can be rede kyuplidgagentimmoalés berttahagdritwhicti coneedtsithel aioxglic t hi s
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: allowed to react with guanidine in a second step. Examples of such coupling
agents and activated intermediates are thionyl chloride or oxalyl chloride to form
the acid chloride, cyanuric fluoride to form an acid fluoride or an alkyl chloroformate
such as isobutyl or isopropenyl chloroformate or propanephosphonic anhydride
25  (propanephosphonic acid anhydride, PPA)} with a tertiary amine base to form a
mixed anhydride of the carboxylic acid, or carbonyldiimidazole to form an
acylimidazole. [f the coupling agent is oxalyl chloride, it is advantageous to employ
a small amount of dimethylformamide as cosolvent with another solvent (such as
‘ dichloromethane) to catalyze the formation of the acid chloride. This activated acid
30  derivative may be coupled by mixing with the intermediate in an appropriate solvent
' together with an appropriate base. Appropriate solvent/base combinations are for
example, dichloromethane, dimethylformamide or acetonitrile or mixtures thereof in
the presence of excess guanidiné as base. Other appropriate solvent/base
combinations include water or a ((C-Cs)alcohol) or a mixture thereof together with
'35  acosolvent such as dichloromethane, tetrahydrofuran or dioxane and a base such
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conpoun urnolin SO Included in this
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those skilled in the art dﬁl} E’F é04 WO 01/ 8347 t’
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and the solid is collected by filtration. Alternatively, the formula | compound may be
20 isolated by extraction with an organic solvent. The formula | compound may be
transformed to the corresponding hydrochioride salt by treating a solution of it in
methanol with hydrogen chloride in ether, and collection of the resulting solid by

filtration or concentration. Other salts may be prepared by analogous methods.
Those skilled in the art will recognize that it is also possible to transform the

25 formula V compound directly to the formula | compound by treating the formula V
compound with excess guanidine in an inert solvent, such as an alcoholic solvent,
for examptle ethanol, or in the absence of a solvent, at about 60 °C to about 150 °C.

Those skilled in the art will recognize that the Formula | compound can exist

‘ in several tautomeric forms. Al such tautomeric forms are considered as part of

30 this invention. For exémp!e, all of the tautomeric forms of the carbonylguanidine

| moiety of the Formula | compound are included in _this invention. Ail tautomeric
forms of the 2-quinolone moiety of the Formula | compound, éuch as the 2-
hydroxyquinoline form, are also included in this invention.
The starting materials and reagents for the above described compounds,
35 arealso readily available or can be easily synthesized by those skilied in the art



I n addi tion, when the conpound of this invention forns netabolites,
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within the scope of this invention and they can be prepared by
conventional nethods. For exanple, they can be prepared sinply by
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restenodls paftially aquecns medook The gpits henmecoveas eithehinclittrationdiog pretipitatioack
oL " sold SRR Raof s modloh) E3adBid) e s Sk PRI P,
i schem a or aquedusrsolutions, by fyephibzatip.caasppprdpéialet 25 nuscl e i schenic
hduced by sur or 1P Fernde SefPbing, Atbaub ieer 84 Bigmalhulely o g
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etc.), cerepraphylecticcagent 80 disiessesieased by the aateleoatide of thessalindprtorni t h
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phar maceut i egetigscureesi hupertensin; ashytimiadegorigthendc arhyhmiaachytpmiadr ug can
oo o 3 fuel lahRal o SFiSh A PLERL NN RN Y Lo
COct ober 2Q004angina pectoris, cardiac hypertrophy, myocardial infarction, heart failure (e.g., :
congestive heart failure, acute heart failure, cardiac hypertrophy, etc.), restenosis
after PTCA, shock (e.g. hemorrhagic shock, endotoxin shock, etc.)], renal diseases
(e.g., diabetes mellitus, diabetic nephropathy, ischemic acute renal failure, etc.)
drgan disorders associated with ischemia or ischemic reperfusion [(e.g., heart
25 muscle ischemié reperfusion associated disorders, acute renal failure,'or disorders
induced by surgical treatment such as cd_ronary artery bypass grafting (CABG)
surgeries, vascular surgeries, organ {ransplantation, non-cardiac surgeries or
pe'rcutaneous transluminal corenary angioplasty {PTCA)], cerebrovascular
diseases (e.g., ischemic stroke, hemorrhagic stroke, etc.), cerebro ischemic
30 disorders (e.g., disorders associated with cerebral infarction, disorders caused after
cerebral apoplexy as sequelae, or cerebral edema). The Formula | compound, a
. -prodrug thereof, or a pham_'naceutic_:ally acceptable salt of said compound or of said
prodrug can also be used as an agent for myocardial protection during coronary

artery bypass grafting (CABG) surgeries, vascular surgeries, percutaneous



WO 01/83470 PCT/1B01/00277 -15 translum nal coronary angi opl asty(PTCA),
organ transpl antation, orgaon-cardiac surgeries. Pgeferably, the Fornula I
conpound, a prodrug ther , or a pharmaceutically cep27aﬁb@bslza2Q04of sai d
conmpound &yp@isss@ed prodrug can be used 5 as agents for ﬁﬁ#

protection before, during, or after corgmary artery bypass grafti ng (CABG
surgeries, vascul ar surgeries, percutaneous translum nal coronary

angi opl asty (PI CA), organ transpl antation, or non-cardiac surgeries.
Preferably, the Formula |I' conpound, a prodrug thereof, or a

phar maceut i gahimit efoaslyangRblasqf(PPEAY oﬁﬁmugysiarﬁéudaf ofAbHlcAbREr U9 can be
used 10 as r%ents for myocardial protection in patients presenting with
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age great eraﬁél?ﬂa% (PTOAY, %a@nrtran%ﬁéﬁtaﬁdrﬁ Er ﬁé’ril&é}ﬂﬁcfsﬁf efég.onary heart
di sease). In dition to this, For mul a r’rPounél a prodrug thereof,

or a 20 phar maceff§ %’épﬁyy’hﬁé:@é'ﬁt"aﬂlcémﬂ%"'td EPT@&F githerebidd or of said
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pharmaceutical |y acceptabl e salt” of” said conpound sal%)prodrug are
val uabl e 25ererpbipehamnic eygin (e srokéke i n di seases in which cell

proliferation remree@smah@Foﬁﬁuuamsneaunae&emﬁfgvm&w%rand may, therefore,
be used as antiatherosclerotic agents, and as agents agai nst diabetic late

conpl i cat | dhgrmeegtticaly ccaptabls sal of said BrBRQUAd r SE said §r @ﬂ&lcﬁsb%)weﬂnnar y
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organ hypertrophies or hy pl asi as, parti cul ar perpla5|a or
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I njur Y. more risk factors for coronary heart disease).
In addition to this, the Formula | compound a prodrug thereof, or a
20 pharmaceutically acceptable salt of said compound or of said prodrug are notable :
for their strong inhibitory effect on the proliferation of cells, for example the
pr_ollferatlon of fibroblast cells and the proliferation of the smooth muscie cells of
the blood vessels. For this reason, the Formula 1 compound, a prodrug thereof, or a
pharmaceutically acceptable salt of said compound or of said prodrug are valuable
. 25 therapeutic agents for use in diseases in which cell proliferation represents a
primary or secondary cause and may, therefore, be used as antiatherosclerotic
agents, and as'agents against diabetic late complications, cancerous diseases,
fibrotic diseases such as pulmonary fibrosis, hepatic fibrosis or renal fibrosis,
, glomerular nephrosclerosis, organ hypertrophies or hyperplasias, in particular
30 ﬁyperplasia or hypertrophy of the prostate, pulmonary fibrosis, diabétic
' complications or recurrent stricture after PTCA, or diseases caused by endothelial
cell injury.
The utility of the Formula | compound, a prodrug thereof, or a
pharmaceuucally acceptable salt of said compound or of said prodrug as medical
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| oaded cells are incubated for mn at 37C I n aci |ng rredla(70 vl
chol i ne chloride, 50 n%ﬁawqer&ntﬁflﬂmeHEﬂ mm@maw\ﬂm m CaCl 2, 5 nv

gl ucose, 10 nM HaBk&dolBdies for ﬁ*)east?r@ﬁileﬁthﬁ'ﬂuﬂlaﬁ ’chtﬂrtlgElHﬁ’fnﬂﬁﬁSPt | magi ng

Pl at e Reader (I\/bl ecul ar Devi ces, uorescence 1I's nonitored
usi ng exci t RRIPRGY aEg basesioadhese meérbgtm@tson etal, Am. J. Physiol., 24:G229-

G238, 1991), where NHE-mediated recovery of intracellular pH is measured fo!!owmg
20 intracellular acidification. Thus, fibroblasts stably expressing human NHE-1
(Counillon, L. et al., Mol. Pharmacol., 44:1041-1045 (1993) are plated onto collagen
coated 96 well plates (50,000/well) and grown to confluence in growth media (DMEM
high glucose, 10% fetal bovine serum, 50 u/ml penicillin and streptomycin).
Confluent plates are incubated for 30 min at 37°C with the pH sensitive fluorescent
25  probe BCECF (5 pM; Molecular Probes, Eugene, OR). BCECF loaded cells are
incubated for 30 min at 37°C in acid loading media (70 mM choline chioride, 50 mi
NHCl,, 5 mM KCI, 1 mM MgCl;, 1.8 mM CaCl,, 5 mM glucose, 10 mM HEPES, pH
7. 5), and then placed in a Fluorescent Imaging Plate Reader (Molecular Devices,
. CA) BCECF fluorescence is monitored using excitation and emission wavelengths
-30 of 485 nM and 525 nM, respectively. lntracellular acidification is initiated via rapid
~ ‘replacement of acid loading media with recovery media (120 mM NaCl, 5 mM KCI, 1
- mM MgCl,, 1.8 mM CaCl,, 5 mM glucose, 10 mM HEPES, pH 7.5) * test compound,
. and NHE-mediated recovery of intracellular pH is monitored as the subsequent timé-
dependent increase _BCECF fluorescence. The potency of human NHE-1 inhibitors is



30 of 485 nMand 525 nM .respectively. Intracellular acidification is
initiated via rapid replggenment of acid | oading nedga with recovery nedia
(120 MM Nadl, 5 nM KCl, 1M MyCl 2, 1.8 nM CadCl 2, Fueesker 2004 mv

HEPES, -pH woi/ssd7ast conpound, and NHE-nedi ated recovery gdr4pdi/b | 1 ul ar
pHis monitored as the subsequent tinme- gependent increase BCEgl! i

fluorescence. The potency of "human NHE-1 inhibitors is WO 01/83470 -17 . 27
Oct ober 2004 PCT/1BOL1/ 00277 cal cul ated as the concentration that reduces
recovery of intracellular pH by 50% (I1Cw). Under these conditions

reference NHEiL 2P ) | ; \, or human
NHE-1 of 50 %‘%ﬁ%ﬁ‘“ﬁ%‘?&fgﬁ%ﬁ@%‘%&% ccg;‘g%%gﬁﬂtéaég@%rﬂgjﬁ B pospr
denonst r at ed|Gt- Ueler hgpeeorgitionp mierenge Nk inhibdors amilodde arsl HOEHE2 Haden
reported th | ' -~ | Esehena.f.al | ronary
artery r epe? ?J”?? dc%%j;@ﬁﬁ%@%@“ﬁﬁg %ggﬁlé\&j%@ooms gﬁlb%gh%é'&%ys %gg%‘d@“ﬁ?ﬁi al

i schenm a ( MRompuletl dgmonstGitedtan s wiueref 2000 irlth8 @bovikdB83y. Thi s phenonenon i s

known ag ischem | L. Qul . r . C. of .1 he
corrpound§ of thi éﬁ%%%ﬁ?%ﬁ%ﬁmﬁggg%f ?ﬁ%‘%’hﬁﬁ%&%&sﬁe@%tﬁ%ﬁé@ resul ting
from an i scleertinary artany tepedusidrepratentsilss hesriftbn subsequent stvengmybiandial pr esent ed
in Liu et a d¢ W@ .28 0y~ . descri hed
speci ficall i'/s °h§?'[ea| . %? 8'."?5'?8' %ﬁ%%ﬂéﬁé‘ggeﬂaﬁf%gms B@S"Fé‘&'&& W n
infarcted apd&Echemioprecopditioning.i nduced phar macol ogi cal |y usi ng adenosi ne
receptor agoni st s] | : [ I rf rabbit hearts, as an
in.vitro nodel of% hlrar;/ﬁ?)eéé af?e ?f#'g%ﬁ% é‘?@%g‘ﬂ%‘@ﬁf‘%8@’55?@1"?"'@&?’%@%(%8 pr&aheﬂt
Car di ovi3c. tiftes dani@e T&8Hing @@ arlid&®Emic ihkeft ¢an bevddmanstratet imege niohgd bel ow
denonstrat eg_t.h Y conmpopnd £a macol ogi cal |y
i nduce car d‘;ﬁ%eps rpg%seeg"?elagiﬁ?‘lui e.?ég?‘ ?é%rg'(ﬁ“d rng:' #}e/%tgeﬁg?%l'ﬁ%ﬂf Eébg‘ﬁ % Ggeé?'%(men
adm ni st er edpdcifically lvéint Casidpatdtectioheay ihdicdibe be & rediictioroh infartddest conpound
are conpar e o LLionin nd t AL1A3 adenosi ne agoni st,
APNEA. (NB. 2By BT E B SRR s ol King SUErRe e BBRRBRTIR 1E L o
phar macol ogisolateldy retiogtadely pedustidopblot lesatts @s aniin vilne modbllf myiosardial ed heart
(Liu et ,aL,. ' ISC gees . » 1057-1061,. 1994 1he.e t hodol ogy
i s des c??beﬁg%%ﬂgwl&?ﬁ%m@rﬁﬁ %'(‘:Jo%%{]'itgﬂdl%?sct ﬁ%%ezgaéi?)sg r ﬂ%ﬁgnﬁ(@é‘l EIE% f’ﬁ/ foll ows
t hat descr i bitrd tdsy desanibedibelak deGansiratesdthat anRective 1638 cddpoiintiah,alsb994. Ml e
New Zeal and_\W\i ' -4 .25 k are anesthetize i t.h.sodj um
pent obar bi t %I?a %golé%%lgtin%lu&g ﬁr'dlog\%t%c?lzna é‘é”p recpqce myocar%hapin}'grct sizé, when
administered to a rabbit isolated heart. The effects of the test compound are
compared to ischemic preconditioning and the A1/A3 adenosine agonist, APNEA {N°-
20  [2-(4-aminophenyl)ethylladenosine), that has been shown to pharmacologically
induce cardioprotection in the rabbit isolated heart (Liu ef al.,, Cardiovasc. Res.,
28:1057-1061, 1994). The exact methodology is described below.
The protocol used for these experiments closely follows that described by Liu
et al., Cardiovasc. Res., 28:1057-1061, 1994. Male New Zealand White rabbits (3-4
25  kg) are anesthetized with sodium pentobarbital {30 mg/kg, i.v.). Afterdeep .
anesthesia is achieved {determined by the absence of an ocular blink reflex) the
animal is intubated and ventilated with 100% O, using a positive pressure ventilator.
A left thoracotomy is performed, the heart exposed, and a snare (2-0 silk) is placed
loosely around a prominent branch of the left coronary artery, approximately 2/3 of
30 the distance towards the apex of the heart. The heart is removed from the chest and
' rapidly (<30 sec) mounted on a Langendorff apparatus. The heart is retrogradely
perfused in a non-recircutating manner with a modified Krebs solution (NaCl 118.5
mM, KCl 4.7 mM, Mg SO, 1.2 mM, KH,PO, 1.2 mM, NaHCO; 24.8 mM, CaCl, 2.5
- mM, and giucose 10 mM), at a constant pressure of 80 mmHg and a temperature of
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Pharnacologlca opro ectron 1s iIn using the ' "conpound
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regi onal i sghfitndt 1204Rinand continuing until the end of the 120 mn
reperfusion period. Hearts which receive test conpound do not undergo the
period of i schenPargiacelegianlcriskaprajectipnés indeeaddydefusinptiedestcomppiiichat 500 nM)

I's perfusedpkhiemtRed 8sHckRtrdtibhE, Sarflly ki Hof td'fe385nin regional ischemia,
20  and continuing until the end of the 120 min reperfusion period. Hearts which receive
test compound do not undergo the period of ischemic preconditioning. The reference
compound, APNEA (500 nM}) is perfused through hearts (which do not receive the
test compound) for a & min period Which ends 10 min before the 30 min regional
ischemia.
25 At the end of the 120 min reperfusion pericd, the coronary artery snare is
' tightened, and a 0.5% suspension of fluorescent zinc cadmium sulfate particles (1-10
HM) Duke Scientific Corp.(Palo Alto, CA) is'perfused through the heart; this stains all
of the myocardium, except that area-at-risk for infarct development (area-at-risk).
The heart is removed from the Langendorff apparatus, blotted dry, wrapped in
-30  aluminum foil and stored ovemnight at -20°C. The next day, the heart is sliced into 2
mm fransverse sections from the apex to the top of the ventricles. The slices are
stained with 1% triphenyl tetrazolium chloride (TTC) in phosphate-buffered saline for
20 min at 37°C. Since TTC reacts with living tissue (containing NAD-dependent
dehydrogenases), this stain differentiates between living (red stained) tissue, and



test conmpound) for a 5 mn period which ends 10 mn before the 30 mn
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tissues T ' u : r ' odenal
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phar maceut i osd! rgutes. paptridrak indrativodsinakesutes, etonenaraliy theoforgwiladl prodrug i s

admi ni st er egbljnBoérjuﬂ el &oérﬁg theredt"6%a gﬁérl'l%}:e&rca@’ééciemaﬁle salt of said
compound or of said prodrug is administered in single (e.g., once daily) or multiple
doses or via constant infusion- in, for example, an isotonic saline solution.

20 The Formula | compound, a prodrug thereof, or a pharmaceutically
acceptable sait of said compound or of said prodrug is useful, for example, in
reducing or minimizing damage effected directly to any tissue that may be
susceptible to ischemia/reperfusion injury (e.g., heart, brain, lung, kidney, liver, gut,
skeletal muscle, retina), through for example mediation by NHE-1, as the result of

25 an ischemic event (e.g., myocardial infarction). The active compound is therefore
usefully employed prophylactically to prevent, (i.e., prospectively or prophylactically)
to blunt or stem, tissue damage (e.g., myocardial tissue) in patients who are at risk
for ischemia (e.g., myocardial ischemia).

_ Generally, the Formula | compound, a prodrug thereof, or a

30 'pharmaceuticatly acceptable salt of said compound or of said prodrug of this

| invention is administered orally, or parenterally (e.g., intravenous, intramuscular,
subcutaneous or intramedullary). Topical administration may also be indicated, for

example, where the patient is suffering from gastrointestinal disorders or whenever
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dosage is about 0.01 to 50 mg/kg/day of the Formula | compound, a

preferre
prodrug thereof, or a pharmaceutically acceptable salt of said compound or of said
20  prodrug of this invention.
in one mode of administration the Formula | compound, a prodrug thereof,
or a pharmaceutically acceptable salt of said compound or of said prodrug may be
administered just prior to cardiac surgery (e.g., within twenty-four hours before
surgery), during or subsequent to cardiac surgery (e.g., within twenty-four hours
25 after surgery) where there is risk of myocardial ischemia. In an especially preferred
mode an infusion is administered with a loading dose of about 1 mg to about 300
mg for about one mihute to about one hour prior to surgery followed by a constant
infusion of about 1 mg/kg/day to about 100 mg/kg/day for the remaining
presurgery, surgery and post surgery periods, including for example about 2 to
30 about 7 days post surgical treatment. The compound of this invention may also be
administered in a chronic daily mode.
The Formula | compound, a prodrug thereof, or a pharmaceutically
acceptable salt of said compound or of said prodfug is generally administered in

the form of a pharmaceutical composition comprising the Formula | compound, a
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talc are often very useful ettrng purpos conpositions of a
combined with various sweetening adents, flavoring agents, cotonng agents,

emulsifying agents and/or suspending agents, as well as such diluents as water,
20 ethanol, propylene glycol, glycerin and various like combinations thereof.

For purposes of parenteral administration, solutions, for example, in
sesame or peanut oil or in aqueous propylene glycol can be employed, as welt as
sterile aqueous solutions of the corresponding water-soluble salts. Such aqueous
solutions may be suitably buffered, if necessary, and the liquid diluent first rendered

25  isotonic with sufficient saline or glucbse. These aqueous solutions are especially
suitable for intravenous, intramuscular, subcutaneous and intraperitoneal injection
purposes. In this connection, the sterile aqueous media employed are all readily
obtainable by standard téchniques well-known to those skilled in the art.

For purposes of transdermal (e.g..topical) administration, dilute sterile,

30 aqueous or partially aqueous solutions (usually in about 0.1% to 5% concentration),

' otherwise similar to the above parenteral solutions, are prepared.

Methods of prepari.ng various pharmaceutical compositions with a certain
amount of active ingredient are known, or will be apparent in light of this disclosui‘e.
to those skilled in this art. For examples of methods of preparing pharmaceutical



simlar type are also enployed as fillers in soft and hard-filled gelatin
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formulation. -IThe followng formilation exanples are || Lve’ only
Active mgredlent 0.25-100
Starch, NF ) - - 0-650
Starch flowable powder 0-50
Silicone fluid 350 centistokes 0-15

A tablet formulation is prepéred using the ingredients below:
Formulation 2: Tablets

Ingredient Quantity (mg/tablet)
Active ingredient : 0.25-100
Cellulose, microcrystalline . 200-650
Silicon dioxide, fumed 10-650
- Stearate acid : 5-15

The components are blended and compressed to form tablets.
20 Alternatively, tablets each containing 0.25-100 mg of active ingredients are
made up as follows:



and are not intended to limt the scope of the present invention. In the
formul ati ons which follo "active ingredient" nean he Formul a |
conpound, a prodrug ther , or a pharmaceutically ept 2abOetobat 200 sai d
conmpound oyoQfys3flod prodrug. 15 Formul ation 1: CGelatin Capggirgsdiaid
gelatin capsul es are prepared using the.s#qllow ng: Ingredient Quantity
(ng/ capsul e) Active ingredient 0.25-100 Starch, NF 0-650 Starch flowable
powder 0-50 Silicone fluid 350 centistokes 0-15 A tablet forrmulation is
prepared using the ingredients below. Fornulation 2: Tablets Ingredient
Quantity (nHdrmblatibh 3 Tabiste | ngredi ent 0.25-100 Cell ul ose,

m crocrystal | lne-200.650 Sl licon dioxide funed 10-650 _Stearate acid 5-15
The conponentsifwf%d'ﬂl“ended and conpressed to form tQusnbydmghiablet)
Al t ernati vel YA
are nmade up as : . 27 Cctober 2004 V\D 01/ 83470 - 3 -
Formul ati on 3: Simm ets I ngredi ent Quantity (ng/tablet) Actbve
i ngredi ent0. 25 ul ose, mcrocrystalline3

Pol yvi nyl pyr roFé@g ?ggrbéirgso%@a% ution in water)4 Sodi um §gar boxynet hyl
cel lul ose4.5 l\agimgvlgmcglﬁim@sé@%sowloom water) 4

di ents
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Sodium carboxymethyi cellulose ) 4.5
Magnesium stearate 0.5
Talc 1.

The active ingredient, starch, and celiulose are passed through a No. 45
mesh U.S. sieve and mixed thoroughly. The solution of polyvinylpyrrolidone is
mixed with the resultant powders which are then passed through a No. 14 mesh

5 U.S. sieve. The granules so produced are dried at 50° - 60°C and passed through a
No. 18 mesh U.S. sieve. The sodium carboxymethy! starch, magnesium stearate,
and talc, previously passed through a No. 60 U.S. sieve, are then added to the
granules which, after mixing, are compressed on a tablet machine to yield tablets.

. Suspensions each contéining 0.25-100 mg of active ingredient per 5 ml

10 dose are made as follows: '
Formulation 4: Suspensions

Ingredient _ Quantity {(mg/5 mL)
Active ingredient 0.25-100 mg
Sodium carboxymethyl cellulose 50 mg

"~ Syrup . ) 1.25 mg
Benzoic acid solution } 0.10 mL
Flavor q.v.
Color ' q.v.
Purified Water to S5mL

The active ingredient is passed through a No. 45 mesh U.S. sieve and
hixed with the sodium carboxymethyl cellulose and syrup to form smooth paste.
The benzoic acid solution, flavor, and color are diluted with some of the water and
15  added, with stirring. Sufficient water is then added to produce the required volume.
An aerosol solution is prepared containing the following ingredients: l



The active ingredient, starch, and cellul ose are passed through a No. 45
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Aer osol | ngpeidipenf thepfepeliant 22, WOMTCQM"P And tronsfemest toci BlingdeiceEThanol 25. 75
Propel lant guicehbficart St RETS DanfIdS s@&i‘zg.ﬁaﬁ.si ﬁ’tfq{iufwﬁlmeﬁgan' s_m xed

wi th ethanol and t m xture t 22,
cool ed t9 3@manmn|pmwﬂamte’rh%ua!ve)umtﬁamthengttaémmecomamerreqm red anount is

t hen fed tosé‘ppﬁsﬁbﬁﬁseéé p?éﬁa%d SQﬂﬂl@\h&er and diluted with the

Formulation 6: Suppositories

Ingredient Quantity {(mg/suppository)
Active ingredient : 250
Saturated fatty acid glycerides 2,000

The active ingredient is passed through a No. 60 mesh U.S. sieve and
suspended in the saturated fatty acid glycerides previously melted using the
10  minimal necessary heat. The mixture is then poured into a suppository mold of
nominal 2 g capacity and aliowed to cool. A
An intravenous formulation is prepared as follows:

" Formulation 7: Intravenous Solution

" Ingredient | Quantity
Active ingredient : 25mg
~ Isotonic saline - ' 1,000 mL

The solution of the above ingredients is intravenously administered to a
15 - patient.

GENERAL EXPERIMENTAL PROCEDURES
_ 300 and 400 MHz 'H NMR spectra were recorded on a Varian Unity+ 300 or
400 spectrometer (Varian Co., Palo Alto, CA) equipped with two RF channels,
‘indirect detection, and pulsed—ﬁeld gradients (Z-aicis_ only). Spectra were generally
20  acquired near room temperature {21°C) , and standard auto-lock and auto-shim
" routines were employed for shimming samples. Chemical shifts are expressed in

parts per million downfield from trimethylsilane. The peak shapes are denoted as



5 remai ning propellant. The valve units are then fitted to the container.
Suppositories are prepar ebgs follows: Formul ati on 6g Suppositories
| ngredi ent Quantity (rrg/ sWPbosi tory) Active ingredi ’ 205Qctobgit 2004t ed

fatty aci dw@ ygguatodes 2,000 The active ingredient is passeg-fhiopeestza No.
60 nesh U.S. sieve and suspended in thepgaturated fatty acid glycerides
previously nelted using the 10 m ni mal necessary heat. The m xture is then
poured into a suppository nold of nomnal 2 g capacity and all owed to cool.
An intravenous formulation is prepared as follows: Fornulation 7:

I nt ant t t t X | t oni
I avenole bl CoLpR e, Y S e Bl 00
adni ni st er edReéspnanges gdesignated asGaidRRigealixiERIdVENTNr ilPREEEAEISIBMR00 and 400
MHz ' H NWR

spect r ot ef %Tg{r@gﬁﬁﬁ@rgﬁﬁ&?%rﬁﬁlglm%@ sﬁ%ﬁ%ﬁ@e%&%&\g\?%gﬂ?%m&ﬁg gﬁmﬁnel s,

i ndirect detSAMenbnAtmesphein E’éﬂsquéh'éfﬂﬁﬁla@'@ﬂP% mazs sredradAPEIMSBeret ra wer e

general | g 2QA4iAed bRG FIERE mmtlﬁmmwa%s (ZWQectroﬁﬁ@ﬂer ﬁ:g%ﬁﬁéissam Oh' ?tCk
sni S

and aut 0- shi; u Ip dfor hi mmi n

are. express W%es}eﬁﬁ&mﬁg erpn gin EQP‘%}IW?’%WF%‘FW'WW grsaR. The
peak shapes deserilsiei) thecekpasted int@sitpeativbeds db@@ﬂem;ﬁ:idx?rﬁété@ 3:2%or

PCT/ | BO1/ 00244, % ' uartet;

il i ot ol 5 RRtningonf Rt /B ofinind ot k! s nebeg D! o al o
not appear. |rC|@n§e|ﬁr dn somp/Rasesqrdy leprasentafiver & NMB and ARGIMSameakbaken Wi t h
several 4gro eﬂf D20 in the same solvent. Atnospheric pressure chem cal

i oni zati on Mass ctra &APCI M5S) were .5 obtained on a Fisons Platform 11

or a M cronass Z ‘é‘B’éE'E' B‘r‘f'é‘tgé?P"{'ﬁ’l\Vl’QﬁR%fﬁﬁﬁ%d with gither BakesrSiliag Gel) . Where t he
intensity of4@np(J. TeBaker, FHpsbard; N.PorBilRa G188 (BMSciences, Gibbstown,

N.J.} in glass columns or in Flash 12, 40 or 75 (Biotage) (Charlottesville, VA)
columns under low nitrogen pressure. Radial Chromatography was performed

15  using a Chromatotron, (Harrison Research, Palo Alto, CA.) Unless otherwise
specified, reagents were used as obtained from commercial sources.
Dimethyiformamide, 2-propanol, methanol, dimethylsulfoxide, 1,2-dichloroethane,
tetrahydrofuran, toluene, dichloromethane and other reaction solvents were the
anhydrous grade supplied by Aldrich Chemical Company (Milwaukee, Wisconsin).

20  Microanalyses were performed by Schwarzkopf Microanalyticat Laboratory,
Woodside, NY. The terms "concentrated in vacuc® and “removed in vacuo” refer to

~ removal of solvent at reduced pressure on a rotary evaporator with a bath

temperature of less than 90°C. Reactions conducted at "0-20°C" or "0-25°C" were
conducted with initial cooling of the vessel in an insulated ice bath which was

25  allowed to warm to room temperature over severél hours. The abbreviation "min"
and "h" stand for "minutes" and “hours" respectively.

‘ EXAMPLE 1

_ 5-Amino-2-quinolone hydrochloride

30 A solution of the 5-nitro-2-quinolone (12.37 g, 65 mmol) (prepared as
described in Capps, J. D.; Hamilton, C. 8. J. Am.-Chem. Soc. 1938, 60, 2104) in
EtOH (176 mL} under a nitrogen atmosphere was treated with SnCl,+2H,0 (73.4 g,
325 mmol). The heterogeneous reaction mixture was allowed to stir at 23 °C for 2
hours and heated at reflux for 2 hours. The resulting heterogeneoué mixture was

35 cooled to 23 °C and filtered. The solid material was trit_uratéd in HCI (1 M aqueous,



descri bed, the expected intensity ratio was observed (approximtely 3:1 for
35C1/37Cl -containing io and 1:1 for 79Brl1$ Br-co ining ions) and Mis
based on 35Cl and 7913rW¥| n sonme cases only repres@t at id/£0atppend04nd

APCI M5 peaW$ ®1r8847010 gi ven. Col unm chromat ography was per f pcogebiwoi#r ei-t her
Baker Si1ica Gel (40 m (J.T. Baker, Phipédi psburg, N.J.) or Silica Gel 60
(EM Sci ences, G bbstown, N.J.) in glass colums or in Flash 12, 40 or 75
( Bi ot age) (Charl ottesvill e, VA) columms under |ow nitrogen pressure.

Radi al Chrorrat ography was performed 15 using a Chromatotron, (Harrison

Research, Pajempl 18 mofdh d ehibser RAReLIIGfIo ﬁgaﬁaﬁﬁee&&ggg K3l g ueed

as obt ai ned from comerci al _source rmam
met hanol , diqfdheJesitediRieduet(787% yield)chl or oet hane t et r ahydr of ur an, toI uene,

SL;B: io;grrE;hane a‘mﬁNmmqgoaﬁmﬁt DMS@-Q?;‘?FE& rﬁmh@:‘:o%’njwn Q!-Lgé%@ﬁe

M cr oanal yseégﬁﬂ@'Z’:B%g?%Z(ﬁd'g%gg% IJGS? =10 Wbéﬂeflupﬁnc . Labor at ory,
Woodsi deS NY. TheARGIMS 16¢{Meghtrated i n vacua" and "renopved in vacuo"
refer to. renoval of solvent at reduced pressure on a rotary evaporator

with a bath tenperature of |ess than 90C. Reactions conducted at "0-20C
or "0-25C" were conducted with iniEBXAMRIdORPIi ng of the vessel in an

i nsul ated i %!%gnm}?mom %&o@l‘mlbﬁﬂﬁd to warmto roomtenperature over
several hours revia nd "h" stand for "mnutes" and
"hours" respecti fe?%’”“%@ﬁ_"@%zﬂumqm@mdmhhﬂd%h@ 08/airSich honolliim 30 A.

sol ut i 010 of HOgodmeahtrdted, 220UnDPARIME.d 2331L93t @50 WS ltrbatddf ftBAKE gw?tg
described in Cﬁ@ é B.; #—? em Soc. 193 0, 2104)
in EtoH (178° ?“EIE aNCa (3 9@&’%"&5‘? Eih@r@ﬁ ré&t’Bﬂ“W't“Pﬂ #6CI 2. 2H20

(73.4 g, 3tHnperaiuye balow S5I7€t dhegendtingsret sasperspnwast alofedas sil dtowed to stir
at 23 Cforggq4iRers and heated at reflux for 2 hours. The resulting

het er ogeneous m.Xture was 35 cooled to 23 C and filtered. The solid
material was tri A &erRagate threeneck roynd hadem dlask equippadoniéh a zmaaamlo 1/ 83470

PCTI | BOflg 00gkiter, a 8farry &f shc:zaz&zmms 118t 1126 nfhiolf RIHG B@.wen Ft 023G
and filtered &@H@ %3% S) ad o9 dtt 8e§,|hr eﬂ rgern(‘)sduct 28 /o H NVR
(400 M, (239510 yas paglge 01&) ¢ ugipEnsipnwas tregtsd bropwide
- with the red diazonijum salt suspension prepared above, while maintaining the
temperature below 5§ °C. The reaction mixture was warmed to 23 °C and allowed to
_ stir for 3 hours. The résulting suspension was filtered. The collected solid was
20  triturated with HCI {1 M aqueous, 61.4 mL, 61.4 mmol) at 23 °C for 30 minutes.
The solid was collected by filtration to afford 7.88 g of the desired product (73 %
yield).
'HNMR (400 MHz, DMSO-dg) & 6.43 (d, J= 10, 1H), 6.63 (d, J=8, 1H),
6.88 (d, J=8, 1H), 7.38 (t, J=8, 1H), 7.98 (d, J=10, 1R}, 8.97 (bs, 1H), 10.40 (bs,
25 1H), 11.77 (bs, 1H).
APCIMS 176 [M+1]

EXAMPLE 3

30 A solution of methyl 3-cyclopropyl-2-(dimethylaminomethyiene)-3-
oxopropanoate (7.85 g, 39.8 mmol) in EtOH (257 mL) was treated under a nitrogen
atmosphere with triethylamine (7.77 mL, 55.8 mmof}, followed by 5-hydrazino-2-
quinolone hydrqchloﬁde (7.88 g, 37.2 mmol). The resulting heterogeneous
reaction mixture was heated at reflux for 4 hours and cooledto 23°C . A pale

35 yellow solid precipitated out and was collected by filtration to afford 5.06 g of the



6.81 (d, J=8, 1 H, 7.27 (d, J=8, 1 H, 8.04 (d, J=10, 1 H), 11.71 (bs, |
H. 5 APCIMS 161 [ M+l)* MPLE 2 5-Hydrazino-2-guigaol one hydrochl oride A
sol ution of 5-am no-2-qui¥® one hydrochl oride (10. 08, =Z7.Qctehasi2P04n 10
HCl (concewtroatsegp 42.7 nL) and H20 (18.2 m-) at 0 C was dmgraabgebzer opw se
with a solution of NaNO2 (3.53 g, 51.2-z7wol) in H20 (26.4 nL) while

mai ntaining the tenperature below 5 C. The resulting red suspensi on was
allowed to stir at 0 C for 1 hour. In a separate three neck round bottom
flask equi pped with a nmechanical 15 stirrer, a slurry of SnCl 2. 2H20 (25.41
g, 112.6 mtﬁéswéﬁpﬂﬁhd(ﬁﬁ'%ﬁafdf at ed 34.2 - ) .and H20 (93.9 nl) was

cooled to O e suspensi on was eated dropwise with the red di azoni um

salt suspensi on pFAgN¥RA30QMbzeD Mﬁﬂ 1’@519&5319 &8 [k Fn@7 (reAPdr3affse bel ow 5

C. The reactiipnesxdw=aones), narmed=o, #9), €3a46, ,Mswﬂq ?qgéauﬁa gﬂj 3 2
SOl | was

i at 6 v EHULE RONTES, 2, 1230 e hﬁ)egl.lhﬁéfﬁ &t 53 Cfor 30

m nutes. 5 The soIARDI%.?a_‘t&iMﬁ]:ted by filtration to afford 7.88 g of the
desired product (73 % vyield). "H NWR (400 VHz, DMSO-d6) 8 6.43 (d, J= 10,
1 H, 6.63 (d, J=8, | H, -6.88 (d, J=8, 1 H, 7.38 (t, J=8, 1 H, 7.98 (d,
J=10, 1 H), 8.97 (bs, 1 H), 10.40 (@SA_%& , 11.77 (bs, 1 H. APCI MBS

176 [ MF11* X QAL , jpakan-5-yl)-1

H pyrazol e- %‘%mjy ate InOE)h?é u@ﬁonp%brer%?gr? 9944

3-cycl opropy! Gt phymet IR hE{2-guinglebsrdp irewiagoler-g5 g, 39. 8
{mol % hl :no Et ebfb(oz)azter(ﬁns\gass urmb@;ia umdl I1 Sml) bidMROH (abrmsaphﬁag Wi t hI
riethyl am 0 a ol one
hydr ochl ori ?fg %&"@% L%Hé?%%#%ﬁ% 811%15“7 I"?T%ba'?fg%/ %‘égﬂ@gﬂ’éfogggct I on
m xt ur e was hherst dbe aesuitinglheferogenesus mixtareavas aooleddd 286C2The€ Me@H@alle 35

yel | ow sol i { ford
5506 0 of 1 eFaRgs PRIty 4 e BB BT s lnt T R sbainen 2
product (44 Q’/EIS’ ,3& ¥ing HCI (concentrated). The mixture was filtered. The solid was dried

15  to afford 4.94 g of desired product (100% yield).
_ 'H NMR (400 MHz, DMSO-d6) § 0.58 (d, J=4.4, 2H), 0.64 (d, J=8, 2H), 1.82
{m, 1H), 6.50 (d, J=10, 1H}, 7.12 (d, J=10, 1H), 7.27 (d, J=7.6, 1H), 7.44 (d, J=8.4,
1H), 7.60 (t, J=8, 1H), 7.97 (s, 1H), 12.03 (bs, 1H), 12.38 (bs, 1H).
APCIMS 296 [M+1]"

20
EXAMPLE 5
[5-Cyclopropyl-1-{2-quinolon-5-yI)-1H-pyrazole-4-carbonyllguanidine hydrochloride

A solution of 5-cyclopropyl-1-(2-quinolon-5-yl)-1H-pyrazole-4-carboxylic acid
(13.27 g, 45.0 mmol) in SOCI, (60 mL) was heated at reflux for 1 hour. The excess
25  SOCI, was removed in vacuo. “The residue was treated with dry toluene and
concentrated in vacuo. A solution of the solid residue in THF (50 mL) was treated
with a solution of guanidine hydrochloride (15.47 g, 162 mmol) in NaOH 2M
agueous, 162 mt, 324 mmol) under a nitrogen atmosphere. The resulting mixture
, was stirred at 23 °C for 2 hours. The reaction mixture was then concentrated in
30  vacuo to remove the THF. The aqueous layer was cooled to 0 °C and acidified to
| pH 9. A pale yellow solid precipitated and was collected to afford 11.41 g of the
free base of the desired compound. A solution of the solid in MeOH (700 mL) was
treated with HCI (1 M in ether, 84.9 mL, 84.9 mmol). The solvent volume was
reduced in vacuo. The resulting pale brown precipitate was collected to afford 8.49
35 g (51% yield).  (Additional product as the free base may be obtained by extraction



"H NMR (300 MHz, DVMsO-d6) 6 0.59-0.73 (m 4H), 1.87 (m 1 H), 3.79' (s, 1
H, 6.54 (d, J=10, 1 H) .17 (d, J=10, 1 H), 7.34@, J=7.5, 1 H, 7.49
(d, J=8, 1 H, 7.66 (t4¥=8, 1 H, 8.08 (s, 1 H), 10 £H9ctoperB0045

APCI V5 310WPDNRBB4FO0EXAMPLE 4 5-Cyclo ro yl 1-(2-nui nol on- 5-wdixeo1/00277

H 2yrazol e-4-carboxylic acid A slurry of-28et hyl

5-cycl opropyl - 1- (2- qui nol on-5-yl ) - 1H pyrazol e-4- 10 carboxylate (5.06 g,
16.4 mmol) in THE (81.8 nL) and MeCH (40.9 nL) was treated with LiCH (1 M
aqueous, 81.8 nlL, 81.8 nmol) and heated at reflux for 2.5 hours. The

resul ting hejmeasqumusay@wémgaow&mpq{ ). to 23 C The MeOH and THE were
renoved. i n vacuo. rry was cooled to .C and acidified to
pH 3-4 using HC 1 @ﬁ&‘ﬁﬁ#%&"%ﬁigﬁ)#%h% %soﬁpl(qcbﬂea 8.4H)s319%2d was

dried 15 to (af ﬂbIDcB£39:m d=16, tegH),&U1 D(drduts, 10D W, 9E7) 1H), ﬂ4b"\/8 (400 Mz,

510, 1 1y, % fﬁ%“fﬂ?ﬁw(’%@é#da“ffg%oé”w%éﬂ‘wwﬂa Pt

H) , 05(t Hi=g, 1 H, 7.97 (s, 1 H, 12.03. (bs, 1 H, 12.38 (bs, 1H)
APC I\/B 296. (I\/Hl]gp@ﬁﬁﬁ%ﬂ\fﬂ..&lﬁ | 5- Cycl ooropy I -1 (-quinolon-5-yl) 1

H pyrazol e- 4- car bonvl | auani di nhe hydrochl oride A solution of

5-cycl opropyl - 1- (2- qui nol on- 5-yl ) - 1H pyrazol e-4-carboxylic acid (13.27 g,
45.0 mmol) in SOC 2 (60 m.) was heamegsfl ux for 1 hour. The excess 25
SOCI 2 was rg d The ua. = trﬁat ed W|th dry tol ugne and

(]

concentr at ed .
t r eat edf0 wi inthumamblasma sampleg

NaOH (2 M @%Esandjl_@b!% 324 nmol ) under a nltrogen at m)sp ere. The
resulting m ed at 23 C for 2 hours. The reaction mxture
was then concent HiMag subjegts %@d@SdenVéYmBSIV méth BHEclohropalliepirolindyer was
cool ed to 0yl)31ﬂqﬂrﬁb|§l4-ﬁ:h%n§l]guaﬁhin8 meﬁqdh%r%cb{@h&é) ?ﬁ&h)d%é@rﬁﬁ htated and

was col | ect s ﬁ affi) %eﬁ' free base o eS|r conpound.
A sol uti on BFSTARETR qsdvqrﬁ PR tctgfgt?rﬁﬂﬁi PiRieins wegepregipiiated bytwice 1 M i n
et her, 1&4. g\loidlmeMa@etmmtnil@ Aft€heerdrifuyativn, thel supemsimt was dosRftrafediaguo. The

resultlng ilgabbate was collected to afford 8.49 35 g (51 %
yield). (A%@f%@%ﬂ)?&e %s the free base may be obtai ned by extraction

0 0 27 Cctober 2&paliquot (100 pL or 50 pL) of the concentrated sample was injected onto
an LC/MS/MS instrument equipped with a Zorbax Rx-C8 4.6 x 150 mm column,
analyzed on PE Sciex AP1 2000 or Finnigan LCQ mass spectrometer and

20 monitored by UV detector at 254 nm. The eluent from the column was split so that
5% of eluent was diverted to the mass spectrometer and the rest was passed to UV
detector. The analyses were performed using a mobile phase ﬂovJ' rate of 1
ml/minute, where the mobile phase consisted of 5 mM ammonium formate (pH 3.0)
as solvent A and acetonitrile as solvent B, A gradient included 5/95 to 40/60 of B/A

25  over a 20 minute period after an initial hold for 3 minutes. Under these L.C
conditions a metabolite was detected at a retention time of 11.8 minutes ([5-
cyc!opropyl-1-(quinolin-S-yI)—‘l H-pyrazole-4-carbonyl]lguanidine was detected at
13.7 minutés). ‘The 16 mass units difference between 5-cyclopropyl-1-(quinolin-5-

_ yl)-1H-pyrazole-4-carbonyl]guanidine (m/z 321) and metabolite (m/z 337) in human

30 piasma suggested that it is formed through oxidation. LC/MS/MS product ion
spectrum of protonated metabolite at m/z 337 ([M+H]") showed fragment ions at
mv/z 278, 260, 250, 236, 223 and 208.

The salts were removed from the above concentrated sample by solid
phase extraction. The sample was concentrated to contain approximately 5-10 pg

35  of the metabolite. 50 pL of this sample was injected onto an LC/NMR instrument




WO 01/ 83470 PCT/ |1 BOLI 0($277 -28 of the aqueous |ayer using Et QAc- THF

(1:1)). 1H NMVR (400 MHz, Od6) 5 0.51 (m 2H), 0.Z0 (dd, J=2, 8.4, 2H),
1.92 (m 1 H), 6.53 (dd@#=1.6, 10, 1 H), 7.17 (d, 10 2710Hpber72®5 (d,
J=7, 1°'H) w@ohsfe, JI=8.4, 1 H, 7.64 (t, J=8.2, 1 8 p¢4160F00272H) . 8. 60

(bs, 3H), 11.64 (s, 1 H), 12.10 (s, 5 Izd¢). APCI VB 337 [ Mt1] + EXAMPLE 6
| dentification of f5-cyclopropyl-1-(2-quinolon-5-vl)-1

H pyrazol e- 4- car bonyl | puanidine 10 in human plasma sanples by liquid
chromat ogr aphy (LC)/mass spectroscopy |Ms)/Ms and LC/ NVMR Human subj ects

wer e dosed c Io | - n -5-
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of Bl A 125 gMfywhichWeié aw;ﬂecp@réaeﬁ ofel Biit rib‘l‘td é‘r\}étﬁiar peaksl TRE abseput es.

Under these | ondj.ti.ons, a abol cted at a retention tine of
11. 8 mi nut € f own#' eld peak at £'B£ ppm ttlmt is present in Fs-cyclopropyl 1-(quinolin-5-yl)-

cycl (i)gr (;pyl 1H—p9mznm_?_4-cm=bﬁay]gpamdineysugg&t@+ mwdmﬁaétt]maiqnmow det ect ed
at m i en

5-cycl opropyl* % qwér?llglqug’x' fgﬂah% bq‘r PR F gtgg H{#‘j’ﬁ&&?ﬂ"’m ne (nmz 321)
and met abol hetabplite wasFspignad ﬁﬁl chfqﬂ)rhtﬁﬁ&qsuglgeﬁ i 1ktHpytazole4-s formed

t hr oughy50xi chbdritiguaridife! ¥BmpaAHAF theH LERMAR n}ggei@@ &rtg%megésr%ﬁtegggabglzgt e

at mz 337 showed fr nt 1ons at

and 20& Thégé%?fgsmcﬁmegggr -6¥5IeRRPYH g auinsipnebyy-AHayrazaleste by sol i d
carbonyljguanidine hydrochloride, prepared as described in Example 5, confirmed
the structural assignment.



phase extraction. The sanple was concentrated to contain approxinmtely 5-10
g 35 of the netabolite. 50 L of this sanple was injected onto an LC/ NVR
instrument 27 October 2004 WD 01/ 83470 PCT/ I BOL/ 00277 -29Oeigben#fd with a
Zorbax Rx-C8 4.6 x 150 nm col umm, analyzed on a Bruker 500 MHz NWR
spectronmeter and nonitored by UV detector at 235 nm The anal yses were
performed using a nobile phase flow rate3lof 1 m/mnute, where the nobile
phase consisted of 15 mM deuterated aqueous formc acid adjusted to pH 3.3
with 5 deuterated amoni um hydroxide in D20 as solvent C and
acetonitrile-d3 as solvent D. A gradient included 5/95 to 20/80 of D/ C
over a 17 minute period after an initial hold for 3 mnutes. The desired
met abol'ite was captured in the NVR pr sing the stop flow technique on
the peak at. 13.6 m nutes: Proton NWR ra and COSY spectra of the human
met abol i'te dont aiAneunpoved Havlg thedofiule4 and 7. 41 10 ppn) which were coupl ed
to each other but not to any other peaks. The absence of the downfi-eld
peak at 8.92 ppmthat is present in [5-cyclopropyl-I-(quinolin-5-yl)- 1H
pyr azol e- 4- car bonyl ] guani di ne suggegted that the 2-position on the
quinoline ring was the site of oxi [ N t he -basis of. this data the
structure of the netabolite was as |gned s - , :
[ 5- cycl opropyl - 1- (2 qui nol on- 5-yl ol e-4 15 car bonyl ]'guani di ne.
Conparison of the 1H LC/ NWR Abolite to that of a
synthetic standard of [5-c f -1-(2-quinol on-5-yl)-1H pyrazol e-4-

car bonyl )guanl di ne hydrochiori de repared as described in Exanple 5,

I QOct ober 2004 -30 CLAI M5 A conpound

haV|ng t he Fornula | -a prod ryg ther “or a pharnaceutically acceptabl e
salt of -said conpound or of spid- prodnig w'th the proviso that

[ 5- cycl opropyl - 1- (qui nol i n- Ny r azol e- 4- carbonyl]guanldlne i's not
i ncl uded. 2. [5-Cycl opropy qui noldN- 5- yl)-1

H pyrazol e- 4- car bonyl ] gua i phar 153l |y acceptable salt
thereof. 3. Use of a ther [ Iy eff;strgg an%%gt of a compound of -

claim1; "a prodrug thereof “s&=a phag#atcetioi caIIy accept able salt of said
conmpound- or of said prodrug for the H . .

a prodrug thereof or a pharmaceutically acceptable salt of said compound or of said
prodrug with the proviso that [5-cyclopropyl-1-(quinolin-5-y1}-1H-pyrazole-4-
carbonyljguanidine is not included.

2. [5-Cyclopropyl-1-{2-quinolon-5-yI}1 H-pyrazole-4-carbonyllguanidine, or a
pharmaceutically acceptable salt thereof.

3. Use of a therapeutically effective amount of a compound of claim 1, a prodrug
thereof or a pharmaceutically acceptable salt of said compound or of said prodrug for the
manufacture of a medicament for reducing tissue damage resulting from ischemia or
hypoxia in a mammal in need of such treatment.

4. A use as recited in claim 3 wherein the tissue is cardiac, brain, liver,

kidney, lung, gut, skeletal muscle, spleen, pancreas, nerve, spinal cord, retina

tissue, the vasculature, or intestinal tissue.

5. A use as recited in claim 3 wherein the amount of the compound of

claim 1, a prodrug thereof or a pharmaceutically acceptable salt of said compound

or of said prodrug is about 0.01 mgfkg/day to about 50 mg/kg/day.

6. A use as recited in claim 5 wherein the mammal is a female or male

hurman.



manuf acture of a nmedi canent for reducing tissue damage resulting from
ischema or hypoxia in a manmal in need of such treatnent. 4. A use as
recited in claim3 wherein the tissue is cardiac, brain, #1@&feberZUney,

| ung, gut, skeletal nuscle, spleen, pancreas, nerve, spinal cord, retina

ti ssue, the vascul ature, or intestinal tf¥sue. 5. A use as recited in claim
3 wherein the anount of the conpound of claiml1l, a prodrug thereof or a
pharmaceutically acceptable salt of said conpound or of said prodrug is
about 0.01 rrg/kgl day to about 50 ng/kglday. 6. A use as recited in claimb5
wherein the rramwﬁ“sP§SEP°F%F§'”kﬁwrﬂﬁﬁ?‘%sa"I’1 is hoart isg¢esber 2004 -31 7. A use

as recited ign cl @l ugess ebRl®i dhih BivthefeinsldRistie idGBihtisdubssue. 8. A useas
recited in claim6 wherejn said tissue is brain tissue. 9. A use as

recited in & ai mPe'SGARFesHted B gl § yheseipsqidlissug s fiver fissge.  10. A use as
recited in gbai mAaszaef@nem u$§b:ﬁ1 6wr$e$é|@sa.§u§suéi.§ﬂmnéyt§§tée 11. A use as
recited in claim6 wherej aid tissye lung tissue. 12. A use as
recited in dfai mpé‘sﬁﬁéfe@t‘?ﬁj '%%J?'H‘ Q‘V'lf’é‘ﬂ'ésgf‘%t'séﬁﬁ IS{l{nggiﬁge 13. A use as recited
in _clt aijrry 6 wher e'/-\lg)ssﬁbﬁbcﬁécﬁﬁdﬁni@wl’iéﬁﬁrh Qémﬁikssﬂ&hﬁ@hﬁtsédessue 1514A A use as
recited in aim ere ssye i.s. spleen tissue use as
recited in g%al m ESRAR RSy ’%Q?'H‘t{‘fﬂ?’é’?}%sq' Sﬁ"%‘é?‘(@%?éa fusdgissue. 16 A use as

recited in aghai mAﬁszeereem usaa.d\ &wm:esau@uss@é:segeéntsw 17. A use as
recited in géalmG wher ej e of being adm nistered

bt ophyl acti QAT y A PR 8% el QB g R f b RS AR s (he. conpound | s
capabl e of bei ngAa.dmaareslt&i’ledlalnmwlmelfremealswsgefsyetmiﬁssué, use as recited in

claimé®6 vvher int abl e of bei tered prior to
cardiac sur ggry Ag%egg%gegj 'g%lg%e eé%"?'ﬁc%rf’%cfuﬂgg agl ﬁe'{‘%e conpound s
capabl e of kédninigteregigmaphiisdtiezligd dur| ng surgery. 21. A use as recited in

clai m 6 wheggin %e%ﬁ@%ﬁwdém%ﬁ* CT;?O%Qg V\ﬁqﬂe o%glﬁﬁét?mm[%%r |8n9

cardi ac surgeéery use as re Sdnd is
capabl e of mrmgSLHQWnl stered wthin tvventy four hours after surgery.

19. A use as recited in claim 6 wherein the compound is capable of being administered
prior fo cardiac surgery.

20. A use as recited in claim 6 wherein the compound is capable of being

administered during surgery.

21. A use as recited in claim 6 wherein the compound is capable of being

administered during cardiac surgery. -

22, A use as recited in claim 6 wherein the compound is capable of being administered
within twenty-four hours after surgery.

23. A use as recited in claim 6 wherein the compound is capable of being administered
within twenty-four hours after cardiac surgery.

24, A use as recited in claim 6 wherein the tissue damage resulting from

ischemia is ischemic damage and is incurred during organ fransplantation.

25, A use as recited in claim 6 wherein the compound is capable of being administered
to prevent perioperative myocardial ischemic injury.

26. A pharmaceutical composition which comprises an amount of the

compound of claim 1, a prodrug thereof or a phammaceutically acceptable salt of

said compound or of said prodrug and a pharmaceutically acceptable carrier,

vehicle or diluent.

27. A pharmaceutical composition for the reduction of tissue damage resuiting

from ischemia or hypoxia which comprises a therapeutically effective amount of the



23. A use as recited in claim®6 wherein the conpound is capabl e of being
adm nistered wthin twenty-four hours after cardiac surgery. 24. A use as
recited in claim6 wherein the tissue danage resulting f rehPciobendifida i s

i schem ¢ damage and is incurred during organ transplantation. 25. A use as
recited in claim®6 wherein the conpound is capabl e of being adm nistered
to prevent perioperative nmyocardial ischemc injury. 26. A pharmaceuti cal
conposition which conprises an anount of the conpound of claiml1, a
prodrug thereof or a pharnaceutically ac?ept able salt of said conpound or
of said prodrug and a pharmaceutically acceptable carrier, vehicle or
diluent. 27. A pharnmaceutical conposition for the reduction of tissue
damage resultin fromischem a or hypoxia which conprises a .

her apeut | c&PTROLBR PLEM. o8 BIRHTA (ersP! driehamaeei iRl Aoosbigls 3ot saifpound  of
claim1l, a poapsulg of dfesie pfodRig afd B PRdNMBCRNtHIE adckMalis eeidralhitle atifuesf sai d
conpound or _of said grod_ rug and a pharmaceutically acceptable carrier,
vehi cl e or €| uefituse asigeited inglaim Swheiei the.ermnoupd is capablephising adminidered npound
i s capabl e gioretnpgadankerstgegd prior to, during and after surgery. 29. A
use as recifted in claim6 wherein the conpound is capable of bein
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[ 5- cycl opr opiek toldiriiy iaR@bftaR carapt urderdyt pyr azol e- 4- car bonyl ] guani di ne for the

manuf acture_of a nmedi canent wherein t i cament is capabl e of being

St ot or et o A BRGHEE B W T BT by RE R Roie. yT) - 1

H-pyrazol F-mdnmaalnka@md d1@1it&ﬁiefi|ivﬂerein thég;edES&Jhaﬂ rsm_ta;ié@ldo;b@hg Qir{liﬁstér)éﬁ kecpr _OloyI Il

2l ol Ot bR LAl SRR L Bl SR o SboriR AR 1 cal 1Y
31. Substantially pure [5-cyclopropy-1 -(2-quinolon-5-yi}-1 H-pyrazole-4-

carbonyljguanidine, or a phammaceutically acceptable salt of said compound.





