WD 2009/ 042970 PCT/ US2008/ 078024
N- HYDROXYLSULFONAM DE DERI VATI VES AS NEW

wEkMSlQAo@E CALLY USEFUL NI TROXYL DONCRS PCT/US2008/078024
CRCSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] This
application clains priority to U S. Provisional Patent
AP DRSS LSUER AR MMIDE RERISANIN S A W SBEbcIcALLY
Derivatives as NeWSHFVLANDXROXYIyDONORS Nitroxyl
Donors," which is incorporated herein by reference in
its entire T FEDERALLY SPONSORED
RESEARCH M@%%ﬁ@ﬁ%ﬁﬁ ABREACAIIONSs nade
in part wth governnment support under G ant No.

CHE- Ofpb@#P6 This@! E&ﬁoﬁ%ﬁrﬂé"ﬁxﬁorgg 'tt@UCSE PEAHAGRH PAfint %E}?}iication

overnnment ma ave certain ri s 1n this 1nvent

Serigs Nk GROONO3 GHilad-BentenbarROCRO0 7Sumdrentitiedy fF NHEpdrox fsilfanamide
: tive.h |k CHF) ,is. ener al | )
De“%%%?é%g?@g&%:"@?ﬁ?@fé?‘f@ﬁ Hggx?/k@ﬁa?%i SFhishy S pcgpprated herein by

refeley@dcalidieatiregont ractility is depressed such that the

heart is unable to adequately punp the bl ood
returning to it, also referred to as deconpensati on.
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l eg swelling, and exercise intolerance. On physical
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bl.ockages in the coronary arteries that provide bl ood

in this|iByg0figns he heart nuscle. U timately, such bl ockages
may cause nyocardial infarction with subsequent

decline in heartB i %li#f‘%tl Rﬁ@rt failure.
O her causes of %ﬂg@?{nc: u%gﬁilgﬁvu ar hgart di sease,

hypertension, viral infections of the heart, alcohol
SummenynfHeoitdrailueend di abet es. Some cases of CHF occur
wi thout clear etiology and are called idiopathic. The

effec f F on syhj.ect eriencing the canditign )
can b@a?gt arnef s%q’fﬁggélgﬁié%lg Pet/EgRIaBs ProgEae, ife threatening
conditﬁﬁﬁﬂ}N}ﬂ'@ﬁh?o@f(ﬁalﬁﬁﬁﬁﬁcﬁiliéf KRIRBre§ed Shith thatBe h¥RES uahble to
are identified according to which phase of the

CHF
adequatelyipamngiherplond refyming todt, alse eefafrédiotasdec@ymmsition. Spaptoms
e 7oV rs.when .the heart s ability.to contrac .
el Bt e SRt Pt BE S ol s mERBiE Opptysica
exanfibeiongpatidufstvwiti IRsatt failRe bite®have! bt He@t bi€respiratory rates (an
. .circulation |eading to a reduced left ventricular
1nd1cg§1@bqﬁ fYHd in the lungs), edema, jugular venous distension, and enlarged hearts. The most
common cause of CHF is atherosclerosis, which causes blockages in the coronary arteries that
provide blood flow to the heart muscle. Ultimately, such blockages may cause myocardial
infarction with subsequent decline in heart function and resultant heart failure. Other causes of
CHF include valvular heart disease, hypertension, viral infections of the heart, alcohol
consumption, and diabetes. Some cases of CHF occur without clear etiology and are called

idiopathic. The effects of CHF on a subject experiencing the condition can be fatal.



fraction. Lung congestion is a typical synptom of
systolic heart failure. Diastolic heart failure
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vessel s), positive inotropes (drugs that increase the
hear t[0806]bi Althgugh CHbistgeaatlly thonght ofias b ehiodik, bﬂjgb@ﬁvé Gondition, it
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Acutp CE e HoRARU by RARE eivop el Sy (R el lier HRARLAA performance,
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diuretidd @rigd s kddubgfihidy. edditidafy) wetDHaRAd Rilistd F@%gﬁaﬁnﬁ%onize beta-

sudden death. Katz, HEART FAILURE: PAT oG
adrengrgicraopprrsphayeciggome standard agents for treating mild to moderate heart failure.

Lowes et al, Clin. Cardiol., 23:11111-6 (2000).



AND CLI NI CAL MANAGEMENT, Lippincott, WIllians &

Wl kins (1999). [0009] Beta-antagonists antagonize
whedoanadrener gi ¢ receptor function. Wile i nipdBUB3008/078024

contra-indicated in heart failure, they have been

found to provide a marked reduction in nortality and

nor bi ¢ [ 11 g frials. Bauzanondo et al.
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Cireqigior DE2A T Db PlooBlr & st il o gt ovide on the
effecti@ieaf. dobutariey of | schemia [0012] Ischemia is a

condition characterized by an interruption or

inadeﬂuate . .

[0011] As described in U.S. Patent No. 6,936,639, compounds that donate nitroxyl
(HNO) under physiological conditions have both positiVe inotropic and lusitropic effects and
offer significant advantages over existing treatments for failing hearts. Due to their concomitant

positive inotropic/lusotropic action and unloading effects, nitroxyl donors were reported as
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supply of blood to tissue, which causes oxygen

deprivation in the affected tissue. Myocardi a
WO sheman i S a condition caused by a bl ockage BET/US2008/078024

constriction of one or nore of the coronary arteries,

such as can occur with atherosclerotic plaque

3 ' . . kade ,or,. .consLriction

helpR B SR ol SR sl a8 B RER AT S i RSl B Bfpoor
contwtiletpecfarmawesia patticalie, nidetAdenatmg dobfoundidPéte reported as useful in
he {hE erfu? on w.th supsequent reoxygenation of the
the tygatnagpd o ajlyie, Wrivdimg heart failuge ingndivisigals gedevieg betirentagonist
therdpyyden demand of the tissue subsides, additiona

ihjury can be caused by oxidative stress. [0013]

I schem a/reperfusion injury refers to tissue damage
Sumparsefdsabymizsygen deprivation fol | owed by

reoxygenation. The effects of ischem a/reperfusion

i Nj uryakty a; subj.ect experiencing the condition can be
f aJ_t al ?ﬁ"%glr t Iusglﬂﬁ A2 W{@ﬁl a'iaﬁ}egﬁfh&%‘hwwﬁan or inadequate
supplyf ofiBl66d toAseR) whih@auRS ok PNenRBfilatldh iR G 2{} eclefl .Qi%éuel, Ir\]/Iyocardial
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. ihl.e. f ' cerdn's beneficial effects.
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caused by oxddativiedaeand i nvestigations into rel ated species
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i ncrease ischem a/reperfusion injury (See, Ma et al.

" Oppgeoif EAERedifg9f cdhiduhs ar@ﬂpgr@ogig‘ignﬂéaf?{cfi@g\%n a@?vsnﬁng or

Posti'schem ¢ Myocardi al” Injury, r
protegigng 28296 BehemidAeriusion GFary( @89 be usefplqhbimapetiticals. Compounds

s QTN 25550 Bk b s st e
prote@ﬁnh}dirfsi BRsdardifl isdHREfDRIpbARAoN BPRY LB Wil BsBEvek SCRE Th@ nitric oxide

and 5 minutes prior to pegerfus[on i ncr eased
moleqyle wvas srsapnsibie fsmittoglgsant benafivial nffoety. ThivdiTeivaty prampted interest
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14622 (1999), reporting that administration of Angeli's salt (a nitroxyl donor under physiological



been reported to prevent or reduce
i schem a/reperfusion injury. Summary of Nitroxyl
w®oon$29f®015] To date, the vast mpjority of sSPCTUS®®H78024
t he bi ol ogical effect of HNO have used the donor
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U.S. Patent No. 6,936,639 and U. S. Publication No.

2004/ 3894é descri be PA as a conpound that donates
Summarny,0f WiroxhHoREFe t hat ot her sul f ohydr oxami ¢ aci ds

and thel r derivatives are therefore also useful as

ni tr qugisjdoreddse, thfvaApPaRjorftPbt étﬁ‘dlgﬁ&ftthgﬁ al effect of HNO have

S|gn|f|cant anount s of nltroxy under yS|o 0gl ca
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ted N | f des h b
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hydrd@rbbm&ﬁesaifoﬁde@ (ag1ogs a0dt §16‘qu’() Rhs Me%'ug? Beerl shown to be a

Menabuoni, L.; Briganti., F;, MncCione, G ; Scozzafava,
nitroxyl-dogpiag high, pha>9) (Blonmz ¥rle; KohY binoig ﬁ'hemng, 18,2514-2519).

How ez %%%@Hsmif%g a? 802 af a;?A T %m%ug%{ig Hénor via dn ox&é&we pathway

(ZaIﬂeri]Rdf@zyélﬁkﬂA OB Bl 0 isoh! MY BBochemNEW995, 312, 333-339). Thus, the
physi ol ogi cal | useful nltroxyl donors are al so
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(I') described therein are not substituted with at

| east[00rd Aldidugh¥1.S. Ratdnbddioy 6,986,689 andiC ). RUbl1ion No.
roup and conpounds of the for

ul f I |
2004{5903?54” éegg@ggl’r@ Bed cmpReuar that dengey nitrawd apgd apfgudh%o&wr at
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not it fadabatet signi fleme hrnpuresn df wifroxdwntdérgphgpiokgidabéoriditéons (See Zamora,
éreatnent of di seases and conditions such as heart

SUPT®ai | ure and i schemia/reperfusion injury, there renains
a significant interest in and need for additional or

al t erjpgd7]Vv ESe@@r&Pﬁﬂb@ﬁ’t%tetdU@hydrb@ﬁbe&%né%ﬁ%ﬁﬂﬁldéﬂ?ave BB&Fleported as

or severity of these and rel ated di seases or
inhibeisif parbpric ankydsase: With namentipe pEHNEprodect@mn (see, (a) Mincione, F.;

Menabuoni, L.; Briganti., F; Mincione, G.; Scozzafava, A.; Supuran, C.T. J. Enzyme Inhibition
1998, 13, 267-284 and (b) Scozzafava, A.; Supuran, C.T., J. Med. Chem. 2000, 43, 3677-3687).

[0018] N-hydroxylsulfonamide derivatives as new physiologically useful nitroxyl
donors are also described in PCT application No. PCT/US2007/006710 filed March 16, 2007.



significant nedical need for alternative or additiona
therapies for the treatnent of diseases or conditions

WO bab/oaveo r esponsi ve to nitroxyl therapy. New BONDS2008/678024
that donate nitroxyl under physiol ogical conditions
and net hods of using conpounds that donate nitroxyl
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responsive to nitroxyl therapy, including "heart
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grou he therapeutic agents can inprove the quality of
ife and/or prolong the survival tinme for patients
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for treating and/or preventing the onset or
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b 111/ AR, %?fe@%@ﬁ%ﬁﬁ%&v&ﬁ%ﬁé&%ﬁ%@mws for the treatment
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derivatives that donate nitroxy
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the qdﬁity %ﬂhfe\/@dﬂfr prdténgidhe l’s@vﬁfal fife d6 pavights WethdROls@e or condition.
ni troxyl under physiol ogical conditions. In one

enbodi nent, 6 WO 2009/ 042970 PCT/ US2008/ 078024 the

i nvention enbr &RIEF SUMMARY QF THEINVENONr event i ng

the onset and/or devel opnent of a disease or

condi t DORS!
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onti OL{QQCS (glté rf| nd use in the invention described
P ere| LRy ee180npounds of the formula (1), (1l) or

(1)

[0021] In one embodiment, the present invention provides a method of
administering to a subject in need thereof, a therapeutically effective amount of a derivative of

PA wherein the derivative donates nitroxyl under physiological conditions. In one embodiment,



RERT\ oRL7rQ /Q @RL Il /[ QmV QQnll R5 S-N

| Bl A-1-SNIIl QR R~ @&W4 I\ R R4 R3 | ROL.
wWRBjooNaxor) (11) Q@ IO RL QL4 '*~TQLU] |1 | C rpadFES2008/078024
Q3 QL1 1 I ff \//Q2 OOR2 "R8]b (Il1l) [0024]

where RL is H R2 is H aral kyl or heterocyclyl; mand
. e j Nt CX b S Aan
e 6 LAYSOERELY of A BLEREch AN B dfe@ment o
disegse ovéatditiontthit istespdsBstto Qit®x9F therapyadhy method cBipHEing AdWinistering
IS an integer from R4, R5, R6 and R7 are

O’ b 1-4; RS’ 1) .
to an;idixisualia merd theepkar Achydrasrisulenamidn that doratestanegfeetive-gmount of
mtroggr@g]a@ﬁ 1;/)?(%@'1(%? ?ér(ﬂéi?tlcja}ll;sy P%(%C%%?eld zﬁ‘i’{%@{ﬁogy l)f treating heart failure or
ischepeia/nepecfabiko injurydlykadininistetiag td ati i@dividualindegd thereof an N-

al ky] sul fanyl , al kyl sul finyl, heteraocycloal kyl , ) -
hydrexysa ?ftamlé?jﬁﬁfs@%wegsﬁma}mum off ndtypxyrlupder physiological conditions.

cycl oal koxy, cycl oal kyl sul fanyl, aryl sul fanyl,

aryl s NNYE; M I Eeqq

sul fo[ggl)lizz}myﬂﬁgs, &g{lovi cée%le tE ﬁlzgl 6’%%6% Iarg:dg%oe%eﬁce 0 ’%Q],CH ) tionally
contf2 a se@nd therapeutis agent\cAGO 8/pO4if9F hoRGHic UBAPOSId) Haikmay be, e.g., a
bet _c(zrr bén%l car boxyl, ester, acylamno or sulfonylam no;

a-gACRCTRIC TRCERIGREEPUSt hependent |y sel ected from the
group consisting of hal o, alkylsulfonyl,

N- hy di0023]l sNbv¥ed Béxﬂh&ﬂds 1 i@ u§ainkhé invBntidnQlescrifel herein include
cyano, al koxy &e al oal koxy, al kyl, substituted
asd)

compgupfisefithe £ {Bhgn Al kyl sul finyl,
het erocycl oal kyl, substituted heterocycl oal kyl,
di al kygsam nogr NH2, OH, C(O OH, C(O) Cal kyl,
NHC( O &\ kyl X O OH, C(O NH2, NHC( O al kyl C( O al kyl,
ker OH, R' NHC( O) NH2,, 281N I
NHCL O) & iN- QM) NH2,  cycl oq@ y¥’ QF_%S_N
fanyl , arylsulfanqu6 ary(NsuIAfi yl
5 1)1d s\:l—f—anyl am no,\%go’w ggj/ hat : }dg_Rz
at | eagt one\ R8 is carbonyl am nq ér s% onyl am no when
t he coFfrpoundes of the fornula (IRI#) and (2) at |east
one of R8 an® R9 is carbonyl am no or sul fd %/I am no
when the conpound is of

Q? 0 1
i
e S BTN

~Q'? 0 O—R?
[Re].

yl, R
/

(Im

[0024] where R' is H; R? is H, aralkyl or heterocyclyl; m and n are independently
an integer from 0 to 2; x is an integer from 0 to 4 and y is an integer from 0 to 3, provided that at
least one of x and y is greater than 0; b is an integer from 1-4; R3, R* R5, R®and R are
independently selected from the group consisting of H, halo, alkylsulfonyl, N-
hydroxylsulfonamidyl, perhaloalkyl, nitro, aryl, cyano, alkoxy, perhaloalkoxy, alkyl, substituted
aryloxy, alkylsulfanyl, alkylsulfinyl, heterocycloalkyl, substituted heterocycloalkyl,
dialkylamino, cycloalkoxy, cycloalkylsulfanyl, arylsulfanyl, arylsulfinyl, carboxyl, carboxyl

ester, acylamino and sulfonylamino, provided that at least one of R3, R4, RS, Réand R’ is



the formula (11); Ais a cycloal kyl, heterocycl oal kyl,
aromati c or heteroaromatic ring containing ring
woiehimso QL, 2, B and 4, which are taken tpgERURENS/078024
with V.and Wto formring A, Bis a cycloalkyl,
heterocycloalkyl aromatic or heteroaromatic ring

oD R TR 25yt T 50 I3 WIS s

froleagnbup iconkiytian € hhlbyallaylsﬂﬁbnyl\'I‘Oh?'d‘ﬂ&lﬁsulfanamg%al ﬂﬁml(g@kyl nitro,
Q7and (B_are |ndependent y sel ected from t he

aryl, Q’V"Eﬂ?p al&«em.pgrha%@ keory-calloxd-gubstetpted qrylown elkybulfaey] silkadsulnyl,

hetex%lméﬁlﬁﬁa%?gﬁhfég )o@% g%&lﬁaggggmgmmgepe (](fifxﬂ(ﬁ@))@% C(0)Oalkyl,

NHCK@Daékﬂ@cD)‘ORb,rﬂ@)NHzgth?o?aabl?scgo);aml ?fH@O)ﬁlﬂBnletO)OH

e at at |east one

NHCE P @a@l«yﬁ%ﬁ@w AR ORIk B s cvalvalkri | &
cycldaikyMuith ﬁg)éhlf&i{yl SITEQBRLL, c%ﬁ@é}’mﬁﬁlﬁt én(aaélﬂtxnylflmmo provided that:

1,
acceptab¥ alts any o oregoi ng are a
(1) atllesst onb BY is dafti@dFlantino ansmlfoaylamincowhert the cmpmuri@l of the ®rmula (I11)

e .fornul d [l [1]) vvhere
and @51 at]pag, 8“‘?13%1% e?zfﬁdr}%éﬁ)é?{g@?élmma 9T S g}mfl? B‘WF"@ ﬂtecfoglposend is of
the fd)ﬁnﬂé‘(ll)nkelgﬁﬁ:yélf)ﬂﬁ%'lohéteroéycqwkﬁ ér% aff anlg@tgrggl{)nfaﬁg B contammg

to 3, prov) g at | east one o y I's great
ring mioiehie0Q 1% § and it wlyjeh afertalren tagether Rath Rand M6{o ﬂaﬁnmmgA Bisa

| f h
eve R B MR et A P o ot 0. 0
Q" ad g? hetitH 88 Ydken RbJeitde Qonlimdn/ 08 am(dwrm AP V hHEW Ne

roxyl sul f onam d yl er h_@l Qal 4( ;ubst I tuted
1nde119@glﬁg]y(ﬁb| & N onh& e Q) ng 69, Ror@’, QaJ Q and)Q laee independently selected

T s e Te—

contdi€ihS aing M dictiey QSQH)S Qlut Qtl% @'had @F fhat Kt@)iﬂdepéﬁ&éﬁﬂy selected from the
substituted al substit ut ed

Erou PR SSOE Ph Gy SN NB [0 iy bl %ttt on of @7, Q°, Q'

QY I:i%# m1£ ?\JSX#I&I;WQIS d! H'tleefllus?—ké (fX ualggr Cr)y}s&l fglg[lkgl?armaceutlcally

acceysthlsib kall’tsaiflaﬁjb of kfsﬁ:gdsmg eft doaddsiiitRdl no, cycl oal koxy,
substituted cycl oal koxy, cycl oal kyl sul fanyl,

= ubst P Eledin SHE yRSR R by cOMBUAR oF fieyprimh 93 TR ar GH) where R s
H; Rafsﬁjl SH Iafld Ryle m&%i %’élﬂc(jlg gn?ﬁtg%’é?at 6% 8« 15%@1@%%&26% 4 and y is

sul f'onyl am no T east’ ‘one
an inRger fREmArtd 3sz’rowsled Hha otxighst onaofmxt}d y sgrearter tBaV@ b is an integer from

9%9 %g g(;T/ U &FO %%Aegﬁg gégctp@ ﬁ';v) gq%&g gengjsting of H, halo,

alkylaﬁf F}I @ébsfuhﬁga SRR Aﬁﬁi?&b:;‘lblﬂﬂma&ﬁd 18l Bstitued N-

sul fonyl, substituted al kKylsulf
hydrwyﬂwl&ﬁonamidyh hﬁﬁlduahmikdy Isubs$1uttsd pdl‘haleaikys]-(where one or more halo may be

subsf? }é dr Oxﬁ%laf’ %{pf otﬁ?ﬁ?} g%/;r &F}& su lgt&ﬁ'@é afy&,t czlggét tol)'lityc.ipgﬁguted alkoxy,
perheﬁd)e{‘i@%h, s@dﬁﬁﬁédtﬁ&l%ﬂjoaﬁ&d&?xélky Fﬁ[ﬂgﬁdu%ﬂl Aﬂ%ﬂyaryl%ﬂ? Shibdtithed aryloxy,

per hal oal , St i tuted al
alkylsul@m suhséalt@da,lksdil}lfanal hwlesulfmh_\,substlstu@talkyleulﬁnyl heterocycloalkyl,
t ed

substﬂp{}& lhgﬁlf({c?f%?lkyﬁ %él%{)%%}ﬁt%g ?@gﬁwweﬁfcloalkoxy substituted

cycldaﬁdoﬁz Qs hkalskifhnyl obuaéthumaydl@alk st ekt 'di'y@ﬁllfanyl substituted
i al kyl am no, ( O Ca

mbmlwﬁglqmlm@@fmﬁnﬂm@)yélOlaghol&yl@ﬁwr,wylammo and
sulfo%@o%ﬁ)%ﬂ%d %a?llg_last lc\)“ﬁlcgp )RNJ_E“, R%d(%dcﬁQScc%}b%xyl, carboxyl ester,

8
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NHC( O) al kyl, C(=N-OH) NH2, cycl oal koxy, substituted
cycl oal koxy, cycl oal kyl sul fanyl, substituted
wa@eymboadky| sul f anyl, aryl sul fanyl, substitut edPCT/US2008/078024
aryl sul fanyl, arylsulfinyl, substituted arylsulfinyl
(where any listing of alkyl or alkenyl in the noieties
h B d, al kyl or .
acyl(g \S%r IS‘)rl]l ar %iﬁ’y grr?nkn%)l%alﬁ S%l ¢ enc%p%eﬁ%c? ¥laeegoup consisting

of hztlh,eﬂlkylﬁﬂ,ﬁonﬁl; sﬁt&ﬁﬁitedHIEyISLﬂﬁ)nyB NH&&?@XW&@%&%@E substituted N-
sul f onyl am no when the conpound 1s of the formul a
hydfmlﬁl}lfoalﬁﬂncb’i)peéhamaél@éx sub@iﬁéteémelrhaloalkorl R4, gryl, substituted aryl, cyano,

alkoﬁﬁe mﬁt@tpblﬂ?)f}p ;peﬁila{{&faﬁgﬁ %Q% V\'{i] Egrﬁlafgglkggﬁp aﬂ(yli] ut)ssﬁtuted alkyl,

cyel
aryldxt arbstiypeideaylisyy, mm@mylcmmh@m[ uﬁﬁﬂj’dl kylslinyl, substituted

ta ning ring noieties @ , Which are
alky ool PS‘&&CN%IPgwle pbtitited hetarecye Yﬂ,uda‘@k amizo; gubgtituted

|
SaIgIELRE L, oS X SURAIN OB LE O oy
NH@@)ahﬂcce)alkaﬁ(a)a&mW@)@Hgﬁﬂlmt))m{i rOdl@ CRO YOtk 1y
NHGEERIC DD, S ol Cabottiayeigalkpey, cyclodiky sulfinyl,
substlﬂl@eg_ﬂ.geﬁﬁlkﬂsﬁlfﬁﬁjl e&?l@ﬁif P @hl?&‘iﬁlt&{ ﬂ'gﬁu.g%g? oa?%l'sﬁlﬁn?llo Eubstituted

Cis omat

arylsplfngl (;w)lmrgany hﬂj1ng|oﬁ glklyrbmreﬂk@ryl he f@blkties Gldve 1Qe12ds unsubstltuted or

subs%geﬁﬁﬂggﬁg bagr?) @rfl 5 enm%gujfgwﬁael{q%%zperg@f é Hlag (1) at least one

R® lsnfaﬂibln?ﬁ%i%(h?ﬁs suﬁ?)niflﬁﬁﬁfo V%E% t8é C&B%%udgd% o%@ for,gu%} &II? and (2) at least
one %ﬁ/ andR"gytdrborpilamiph ar malf.cmwtamad) Maemdxce:pn@bmm saifthe fofmula (II);

f or egoi..n o _.descri hed.
Avs REYAB Re REFIRIRG. arBifii e TR B e Fortmineging moieties Q'
Q’, @ & Qfestichbedhaker gkt With ¥ HAWQE fétn HALAL BRYa cycloalkyl,
preventlng or del aying the onset or developnen ¥

hetergeycdeniley]l aromatimen hetesparomatic ring p@@@mmgurmg m@emst(a oQ/J Q" and Q°,

Whlch IE?J t@gﬁ%ﬁ togé)[\ﬁag \szllbﬁlg (}ﬁ%‘g& W t%t rrnll plﬁ% g?l dl VJ élfl%tgly C,CH,N
or NR?OC 0O, Qﬁ,r‘(d‘EQ ,DQ? Q'abdQf @1@|m&dp€ﬁdéhﬂ9 @éle@téd fr% the group consisting

harmaceutical |y acceptable salt thereof. 9

of CJolln 4 2 AR p@rﬁnﬂ;%@sév ohrgerparoniaio 2mE cppiainingoéng ieisties Q°, Q'

1 Qﬁmﬁgﬁh he inventio
Q i sc:d; suc eﬁél{&ﬂ a?eg%g% : ca% %rgﬁ%gons%stlg% 8PC CH,, CH,
N, NRHGD axdes @rmmalthattaoleagttdnaweq&gw; Q)'eot? Q.;ﬁan&@gsN NR'®, O or S

g a, conpound of the jnvention an
and 2SI AkTIoH1 PO gBel Ehemapy gl sroepictle Seif afany of the foregoing
are al35aCRBI4 ON OF THE DRAW NGS [0028] FIG 1 illustrates
the nitrous oxide evolved from Conpounds 1-5 as a
percent of Angeli's Salt and the nole percent of N20

gener[026] pdethods ef wsingstherpdrapduonds detaﬂqablnﬂndﬁ afle Aiso described,
HE. I NVENTI ON Defi nitions

o A T
condftidnltRaMi s PR tE itk PhEBHE I BmPRYIRg administering to an individual in

need thereof a compound of the invention that donates nitroxyl under physiological conditions or

a pharmaceutically acceptable salt thereof.



t he neani ngs indicated bel ow. [0030] Use of the terns
"a", "an" and the like refers to one or nore. [0031]

w0 200alokaplld refers to a residue in which an ar yPCTOBEBS078024
is attached to the parent structure via an al kyl
resi due. Exanpl es include benzyl (-CH2-Ph), phenet hyI

t heC._t%%‘i?l Ph]%}@?g?ceenﬁﬁi\; :ng?gélggléhﬁg{_}lppglg g,%gmpglglg l%tge Invention are

discl@sedUfieh a%@rﬂacaﬁ@@)@hﬁ%kmom Bhirs %@ﬁdb‘l%qgtrﬁ}eﬁéfﬁs’ injection. Kits
C(O)al kenyl, -C(Osubstituted al kenyl, -C(O al kynyl",

comprgs{ng) asemendund o6 the inyenfipy hnd ingir@tions leialIS¢<941€ also descrlbed
-C(O substituted cycloal kyl, -C(Oaryl,

-C(Oysubstitu F I
-C(Oysubstit u?ggEﬁgﬁesr%%IrPﬁ&I@ g@%‘ﬁ%@§ c, and
-C(O substituted heterocyclic wherein alkyl,
Subst[l)ﬂZB]edFIﬁ R yillustratek ewymitrosudsdd évolved fﬁinkeimﬂpounds 1-5asa
¥6§ gbstltﬁged al kynyl , cycl oal kyl, substituted
Perce@;t/e glis Sal e Qe et eaNa@)gpnerﬁféd Betgaplp|of sample for
8! {ut ed het er oar yl, heterocyclic and substituted

het erocyclic are as defined herein or otherw se known

in the art. [0033] "Heterocyclyl" or

" Het er ocycl A KAILED BESCRIPBICN OFcTIHBIIKYENTEONIue i n

whi ch one to four of the carbons is replaced by a
Deﬁrrégt eroat om such as oxygen, nitrogen or sulfur.

| es of heterocycl es whose radicals are

het er ocycl yl groups include tetrahydropyran,

nor pho029]e, Uil¥ss' Marlffiifidicated S@Etvelsd) ehe ﬁ)ﬂb@ﬁl@'t&lﬂis% used herein have

oxazol e, oxazoline, i soxazol e, di oxane, 10 VO
the megningymdiatsddElpMUS2008/ 078024  t et r ahydrof uran and t he

i ke. A specific exanple of a heterocyclyl residue is

t et ry «]70034], "

hetergbg@g ﬁﬁeadh&eteéh% E{Utagld aﬂgﬁ%ﬁgggf%%%sa knmegfers

to an heterocyclyl group having from1l to 5

subst[003K nt‘%ra]lﬁgwl” refesd @raaesidwe inettdcioay alyyinofgtyoispttached to the

substi tut ed to_ 5 groups_such as halo, nitro
parert supciure gig,an %n(% reﬂéﬂl@k Exgmples mpfude benzyl (-G zyﬁ‘fam)h?aethyl (-

HeafiR t hi ol ,

CHZ@H}PEZIPI?Q%M(’%%FOWCI PH)Vbhe ?%{YJ@ lﬁ}éé and the Iike

is a substituted al ky I A particul ar exarrpl e of a

subst[P03A]ed' Awer "epf@wﬂowé linojides ithe droupst1G(OpH p€i(@xlkd, -

S R e

alkyrgan@@@)o@u@amylat@(fomtﬁuamf@embyl 1Ct®)afy CT(OWUbALHORE aryl, -

ewer carbon atons are errbraced such

r ou
COhesperdat Shbstisuied heteropryi ﬁ@ﬂwrmllm@ngl G@hubﬁaﬂb@h

hete i ATE et S, ppRu R0 RGPS B R oy, subsivred
a.lkyr@'l efyelb ZM sbstifutdLeyeRiallgn a2f108FbsiebdiRy ChdierShs], @tﬂbgﬁuﬁed

carbon_ atons, For any use of the term'’ aIk
hetera%nyb bsterqeneliq apdisybstiveted Betororedlit aeas dafined hﬁrmreqm@@ﬁrwe known in
the aftMPrace all variations of alkyl

[0033] “Heterocyclyl” or “Heterocycloalkyl” refers to a cycloalkyl residue in
which one to four of the carbons is replaced by a heteroatom such as oxygen, nitrogen or sulfur.
Examples of heterocycles whose radicals are heterocyclyl groups include tetrahydropyran,

morpholine, pyrrolidine, piperidine, thiazolidine, oxazole, oxazoline, isoxazole, dioxane,

10



groups di scl osed herein, as neasured by the nunber of
carbon atons, the sane as if each and every al kyl
w@eaap42eas explicitly and individually |isted POT/USBO$078024
usage of the ternl For instance, when a group such as
R3 may be an "al kyl," intended is a Cl-C20 al kyl or a
tetr dr&&%n%axﬁ e, & éc f@%xeﬁﬁ ¥ bt @hetBroc Pl red Sfgh -2-
© - al kyl © ore a o Ilfj orea (g%reapéé/yis.t 2dropyran
yl. sane |s true for other groups listed herein, which
may i ncl ude groups under other definitions, where a
cert aj nuper.. of ~at ons | he de [,0n
Cor e B R bR RS Bers o an
heterb c%‘lrg?&lpt}ﬁvﬁl% fPorkt ¥ 3 9ALkuedsO Wy ﬁﬁ%n@@\é%e?er&g clyPgfodp
annul ar carbon atons, preferably 3 td %
Substetateddﬁﬂal t@rﬁsglahps t’fmh @s bale,fmtreamyyms oo, Bylaatkoky ralkyzh,rdoyﬂn

s AT 908, S SR U8 BRSSP o

alkyl[latﬂilﬁé liké is mbﬁtﬁﬂ@d alkgl.i Atpanidaris E)@arﬁ);ﬂe 8¢ SimRats@tieterocylcoalkyl
thus, for exanple, "butyl” is neant to |nclude

15N‘W¢ﬁl¥k¥ perazidgac- putyl, iso-butyl and t-butyl; "propyl"
i ncl udes n-propyl and i so- propyl. Exanpl es of alkyl

grou 5?35’]CI %ﬂﬁ}dnﬁt&ds ling cgr'bgﬁgg'?féture's hQ{lﬁgx l 2? carbon atoms,

t - but n- he oct y opent

prefeecabdy btle/J:a,rbdsmz[tme aid mowlpi‘efehfblﬂf 1 ke8 c&bén atoni3D Déﬂkyl groups of fewer
cal.bde%rees of unsaturatlon may occur_ in an al kyl group

Qms ar¢ expbgsnedgiugh s sa-eabled nlywes alk vk grawss haxing 1dmémhon atoms.
“Alk{fle%!sglh?t%nds M@% br cyc'11§ ggrﬁ{)]ﬁ) cg\ﬂ?sg ﬁglvgl{g‘:% {r%bo n&&@olﬁpatoms,

or nore carbon ato suc
prefeaa;bdm% t(atﬂjcarbmmatemp amd moeda;bryfe?alﬂyo?» Go & aarbom ateirsNFoamty use of the

term gaﬁélg glfn?%?ﬁ lg%?ﬂ%{ g}ql %%&%r abl 1 2 Sillgegeﬂ?]d@giations of alkyl

il Qﬁ?&"&éﬁ&pﬁ@mﬁ%f -
e oulb SO 0'78024 CH2CH=CH Che cgﬁ,o}(v%(yny?{e@ ? égéfe“h and
everyt dkyll grgupywaggxplipitlyaed m@hﬂyallydwteﬂlgbf eaghmuBagef 1l term. For instance,

d ‘ b 6 carb
wher R AR A HEOL BB SN 2 b AR G R ora
C;g alRy1koY @X&wéﬁ'hﬂgfl f 210, Qn, aH(&‘P& £6;- Cﬂeallf?l’ '0?5 s '&aﬁ&l Ph&¥dme is true

is al so used herein to denote an kyl residue as
for ofhar grovps listedhegein, Whink may nmlu@rgm@samdemmher detinitivoes), whiege a certain

rnf Db RSHGRL e Sl WA Al BB may ao v
referre@thdBEYIdall efdippandhaveeS £ €8 té DO GhiuPARarbdh ch@ns PRE&8oly 3 to 12
the al kyl portion of the noiety may be any

annulgf grpon atamrs apd s\vreerefyablng tof a@x%ﬁmaéaogmtg;ns W%en an alkyl residue
R BRI iShELGaly, aFLSPACTERR 05 s o

carbdna hgpaihteati¢dothe recomgdssidie shuk fer éﬂmﬂﬂe'butyl" is meant to include n-butyl,
NHC(O)aIkIC(O)O—I whi ch. e,
sec-brjyb(igy-buty RofdH rrpA” Jéqc]{\%ps p-@er@Lg@.{go-prqub 3Bfamples of alkyl

f I r
s YR HOI A ol 5o A B4, 1
cycloprapyh cgcibbitiyl, ubfbdmiyll Itdl?d gheglilcau D)lns ot hlolﬁﬁddg&l:e@ of tihdatu@ation may occur
. C no, oxQ, ar 0OX ac acyl am no, am no
in an gl @ioyp. Thus BAU! oHp BlSR gmEtacht alkem and alka apvdues. “Alkenyl”
iy T
more'pgefosiblyt ZJtoeﬁ:icemﬂ)dtyatyﬂng andh®ing a ledsk e ayd preferadlk fm;ﬂ 1-2 sites of

alkerd] SRR WampleS of as SRSyl v iSélude - C=CHy, -CH,CH=CHCH; and —

11



[0037] As used herein the term"substituent” or
"substituted” neans that a hydrogen radical on a

W@ o0mouwddo or group (such as, for exanple, al kyPCT/US2008/078024
substituted al kyl, al kenyl, substituted al kenyl,
al kynyl, substituted al kynyl, aryl, substituted aryl,

cm@HabhytH—Cw bsh g %sl% ‘égéag%l[‘%%{)ﬁ{ ggfe#bly ﬁé&?ﬁ%ﬁ&fﬁ £6 10

het eroaryl, heteroara eteroar
carb@yatbma hk@IMOrasprb&tabﬂ)UB ewl6 cgrbbm atlokngland haﬂzlﬂg atclyasit dahéd pteferably from

bstituted het het
12 S ARG Jeng i moieboCRaR &ih isalgp wied bersin to denote
an alRYIGUAdIApaHQES mgér fHanaNsLap Luyd whelV &I SRl s %fk%ﬁ fgether with

the stability of The conpound.” I n one enbodi nent
otherpserns tedfom lsgethenfanctional goupoBer instimcehrefhyemetto a(a@t)ahdyymtends an

ffect the ac f.a co nd. .The t
estes TG iyl o iRy LM B he iy v B P el berou, and
prov(d%ty GrhyBrgx&fpl alyS t¥Eusdtiodhll Jrefie It (D)0 RS h—(f(@ﬂb?@H&@H% and the
dr ogen atom Exanples of substituénts 1nclude, but
11ke thegexumnpletod dn elkyl grabp gepart ¢f a latger Bryctwe indjydes the residue —

N0 U0 KT Tt B i LT B0 -

car bonyl ), thio, |n1no fornyl, carbam do, carbanyl,

car bg#93a] t‘lﬁubst[t&led @lkyl’ﬂeﬂz@y@%tdlkyl g fHagifigdeom 1 to S substituents.
.sul f onyl sulfon | ar. al kyl enyl , al koxy,
For ipstancg, cg;(cgpp §tituteg élraogpy}p suchca§ dplg) nitro, cyano, oxo, aryl,

I et W e

-OS(@l)daaikylt aridettie Vike Is aedulbylituted raudyl biktwiseAfsubstititad @me%;)r’ and
« rcapt cyano, nitro, oxo (=
Subﬁtﬁ?ts‘i ?ﬂ((ﬂl reférrtol eRyl qr2 bgrpupq havingleto Se?vbém%m s,

substltuents on any group (such as, for exanple,

al kyl bs I S,
al k)én[)g()ﬁ]a ééy%é;ﬁ?@reﬁ{ %lt%nélggyﬁsq%%e% (HC% gg%%fd/%%f)gﬁt 2
hydregebsadicaload catppnyd or groyp (sushuirs fortextualeaalicyl, subrstituked alkyl,

RN R T TR S,

substMfel QeI het&bR§t, 'sﬁ&tlﬁﬂecph/éiér@ i()l‘lk:ﬁer&?élﬁﬁoﬁﬂ')@dlﬁéldiﬁé{eroaralkyl
substi tuted heterocyc oal et erocycl

cycloglky tspbsiteted mwbdipqyc yﬂxesubsittutaﬁyetatosmlgﬂkylhh@terocyclyl

a atom of -t he pri mar ar.bon .
and sgth%#ﬁtecg ﬁ&gﬂ)gg(%gls rePlé cp \gﬂ& f/lfy @grsgu% rop gkhat ggey ot subs?antlally
advestlysifiet B stabillieatie @@ﬁ?{ﬁiﬁﬁ Ribne efibadinhdnytdRsired dapktituents are those
rou g or at any atom o wherein any group that can

whic éo 80 thselryékﬁfeetstb% Actiaty off @rcompamq d he &y isubsgifutediyrefers to one or
moreaslujﬁ RIYE% s ’ éh mf‘@‘;(‘ah‘%}é%m? 8§ {1/? %IE)EZ e:?ch rgl%}gcrlgga b ﬁy&gén atom.
Exanli}ﬂésadf(mbsﬁtwnis iaeladf) dut aphbolivaltedtos uﬂsgent(m €tl B¥ &) Omiroxyl,

or nore. substituents mhlch ggﬁ be the sane or

aming; glkydamine) arylageno, dialky a@mg 3rBNE gRIANRt B, TESTERRHP.%0 (i,
carbog{ypyﬁl&?& %g1ng)e n)lleltﬂ §lf | %r%y ny b%%:‘#g‘r ?artgé/gcyll’(r}g{o%ﬁl(,m’ tttggcylagato,

sulfohmtdbr mﬂﬁmbr})alkyl hatfenydayt |all@l lameny]aaﬂtbky|mercaptoalkoxy, aryl heteroaryl,
eroar |, .aryl het eroaryl, hal ogen, hal oa g
cycly, Fﬁgocyﬁ tl’r lerefp lgﬁgy%, alkgpy]i g;loxm,aayl@;g?;proaryl cycly] and heterocyclyl

are o &faﬁ? ¥ﬁl%|t1{ﬁf+d wit Qlkgf al"a'y'l,I Iketc?}@a{rgg HMIO% en, &3{1{393513,’ hmino, mercapto,

or ny al ky car ony ony
cyan@|nito oaa (B0 y]hlpxo &tSﬁydmanmmm atkyy). IaroyHeormbadibhents| substituents on

N S TS TN, 7 e,

di al kyl am no, alkylcarbonylan1no
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al kyl am nocar bonyl, or al koxycar bonyl am no;

al kyl am no, arylam no, diarylam no, alkylcarbonyl, or
w@eobamono- substituted aryl; arylal kyl am no, PCT/US2008/078024

ar al kyl am nocar bonyl, amido, al kyl am nosul fonyl,

aryl am nosul fonyl, dial kyl am nosul fonyl,

substituted ﬁMa/? %laglﬁﬁqmedaak)ylo i eB’P 'QMIL 9(9 arail%l lilxg‘feroaryl substituted

carbamd car oc an

hetemabﬂ,dmharda:ralkyls uhﬁsunyécbﬂld(gtbaraﬁcyl chyﬂayly lsubsﬁﬁlted cycloalkyl,
ui tabl e substituents on

d d |
heteffRgIpAk ypibanpled fergaagioalkel Peicrosyalvkgnd subeiteice mrocyclyl) can be
at anfyhh SRR £bhp (S¥R '21931:1 gglu"ooﬁ‘ X&)hﬁé of th%1 ?IIIIS%%C ca n | 6f a substituted

and heterocyclyl ogen,
alkyloptoupiopon ORibstiSRht, aliSady préfkht pn ARIHSRhRed a].kyl group) or at any atom of,

Cl- CZ erfl oal ky erfl uor oal
Whexi%r{ #18{( _S&Stltl([ﬂg?su }(asNﬁgn)examete gl'kenyl alkynyl, aryl,

al Riodr}2
ar, lg(ﬂ %12)%%1 }]l_elél%éﬁ %%&QN@%I&R%R' 3 %5%) ZKIR?.I%Ld R}ie er %yclyl) can be
optl@(a@ qr\wgh onmlj_r@(n@)spb_s;ltu@s( (Rlﬂc)}ﬂnam (hRE4h8 or dlfferent) each

T VNG E PG G

alkeylf dlABAL| cyclsU *@?&lb&lﬁ&leHet@éok?clﬂ%ﬁét@@%&ibalkﬁr ¥hikyl, heteroaralkyl, aryl

heterocyclyl, or heteroary
heteroptyb halngen, haiﬁ algdircygen nitey atk@xy:,wylow,l&yﬂroxa} Wlydroxylalkyl, oxo (i.e.,

cnn SRR oy MRy Rty i G
alkylearbbgjlexy beyc&lﬁhyl%eﬂoﬁryldx@d Hﬁ%@ﬁ‘lﬁ)&yﬁa@nﬁmlo mercapto,

cycl oal kyl, aryl, heterocycl {d het eroa
1

mercgpl@gtlky pryE oYl prerio, aminteatieyt, dialieylahing., @éylc:abonylammo,
kYR o BB, U Bl lESEIRBIY, g han,

alkylearb@ylabﬂ@vylmnoearbbuﬂaﬂeﬂ arﬁ;taryameylﬁﬂﬁo CaslkoRbnigtatoyyld 8mido,
substltut 13 WO 2009/ 042970 PCT/ US2008/ 078024 with

alkylgmings leyninosplfonyikydialkdpminosulfonyh| allestsplfoayiamino,
B e e e e

sulfdhglaﬂ«yl,rsu}femyladylj oAmiergpYalkoRs.. Add1ﬁ(ﬁﬁ$$u1taﬁle&ﬁb§tﬁﬁbnts on alkyl,
alkerl alhngh e AP e Shﬁfsq?@qgréﬁwﬁ CyHP kY RS aheserocycloalkyl, and
hete@t:}@ﬁhﬁéiu&é %hﬁbhtvlﬁnftﬁloms%lo%g YNG §, drre gy ?(b) OR“ ,NR'R?,

hout thé substituent grolps inclu

Cr- Cep@tﬂmrealkﬂ CEIC, perfluotqalko®l, 1,2 GRsthylehEBoxy, BHD), <=€$>OI+NR”

coRP e TR, W RO RO,

NR! ‘fd(NRM Nk,“mhls@@) N%”l@ﬁ@lm O®)Pr, c'(Gleﬁ eNR{l ﬁzl“ Si(R'")s, OSi(R!M)s,
ylsulfon " q%ers to groups -SRal k K
Si(OH Qs(lés RO, llf(@)i yIS(O)RtvI’;LI @ I‘S(‘DMBI udech RHds mdspedxlemly hydrogen,
Ci- C6 %%%P%{Riﬂoﬁ%h}k gubs%tag: btfsj%ckﬁ Biﬁ eﬂril ﬁeli}gr%lc}i_l(%ﬁzgq %ﬂ%’ryl Each R?is

1ndepeﬁ%ﬁlyh%tdgéh@3 el &penoallicy] VL Eeté‘ﬂokﬂydlyl Hé’c@r%%fy‘l Ut ed, alkyl or C;-Cs

nyl , substi tuted al kenyl

alkylssubgttiltp@m Gt Geyargl Oalkc’ie@hgallrl]dtgrbcm os wstqarxlt Bath R is
nde RYBAR s ABRE ) 9SS Shlirob b el e o

subsmtﬁteﬂl with @J €y tyclodlid@4a}1, hitefoapdipiadriiterodrl Bach ¢LCA8ycloalkyl, aryl,

al k){ group where each H of thﬁ throc%r bon is
heterocyclyl, heteroaryl and C;-C4 alkyl in each R and R™ can optionally be substituted
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replaced with F. Exanples of perhal o groups include

-CF3 and -CF2CF3. [0043] "Aryl" intends a nonocyclic,
whb@yohiogo or tricyclic aromatic ring. An aryl PQI/OBm0$/678024

preferably a 5- or 6-nenbered aromatic or

het eroaromatic ring containing 0-3 annul ar

: I fro N ; i cyclic 9-_or
i JEREERRAETE PRSI Ball, RO oD REKE! ia g c.
alkylaméag) ion @ 107 elidlkylgmbs tSebithaetOcaralsbheaRRetra-wath@ing groups.”

contai ning 0-3 annul ar heteroatons selected from O, %f

or S gr atricyclic 13- or 14;nenbered aromati c or .
het er YR8tk lectromyithdraviog eronpi seises to lgeoups tyt ssdueeelectron density

. : . t.ai ni 3 _annul a
o858 P SO TR T TR g8 04 o o
subsytuond.sSush gsmips astihwie] for axample, CIgBYUPEN, ACF AR08, -SH, -C(O)H, -

nze t hal , indane, tetralin, imdazole,
CORR R OB BT O DR S s D e hsandtee ke,
furan, benzim dazol e, benzoxazol e, benzthiazol e,
qui NOJoORS,  “HIAGLES, -0 : i ne,
pyraz!neg tetrazolggg%g&gggéggﬁégiFg%%ﬂ?xﬁ%gggtituted
aryl" refers to a group having from1l to 3
subst [004@nt ‘SAlkplsplfonylSredars t, granpsaSPhallylomd -SObsmibstituted dikyl,

. Wi .qr ou such..a | o ifro, .C 0,.,0XQ,
el % 8L 808, SU BRSOk bRl By, -
SO,sabitithted alkihyl, MhﬁtﬁﬁQS@BﬂH’éﬁmﬂ&’ﬂKﬁiﬂ|whe9@£ﬂ€fl),( ¥bstituted alkyl,

carboxyl al kyl, thiol, thioalkyl, heterocyclyl,
alkenythaubstituigd Rﬁqel,lylaﬂlsynyﬁﬁsubs;tmted slkynyluperloaligil eud aubptituted cycloalkyl

areagggﬁlr@dﬁéggh{foxy" refers to an al kyl group that is
connected to the parent structure through an oxygen
atom (-O al kyl ). When a cycl oal kyl group is connected

t o t hi@0#Hr efV-hydokylsilimamidin Otdiéts &-SUOYMRORL AikretRIB H or alkyl.
group may also be referred to as a cycloal koxy group.

Exanp I ngl ude net hoxy, ethoxy, propoxy, isopropoxy, )
cycl Jﬂﬁ%@y | %fiiwf Al oSy FuyalgHgroymehere gach 14 of the hydrocarbon is
replacBEWRAIFO ijgﬁl?ygs of B&rﬁglgzgr&rﬂ%% eo—%flg%d dpgyppattac hed

to the par structur rough an-oxygen, such as
the residue -0-CF3. [0046] "Aryloxy" refers to an aryl
gr oupl09#3t TAryEaonieeds @thonocychie higichinbr gicyclit aromatic ring. An aryl

through.an @x n atom.(-Oaryl), which by.way of .
sroug et B e e R Gl bR Ry ot it drojain i anmlr
heteroi@misisklected FRSO] N LSS adidklcBX Y- off Bf-REMmbéRd @romatic or heteroaromatic
substituted aryl group connected to the parent

ring sysytere(meaningtheuing sustemnbag 8ior 40 empylarGtencontainiegi0-3 annular

heterBjgtind sele i fbm O B Bovapf T S0 esBermerP imptle 2
heterdatofratic @hg Rysten®- (ﬂiééﬂihg tl.ﬂﬂ%g’ ShRhShdsq 3% AYRAnul S a%ﬂﬁ? containing 0-

and -S-substituted al whi ch i ncl udes the residues

3 annudardterepsgmy selecied. fsorp 61, N @t 8d Ezgmplsaokgioups Bhegekradigals are aryl

- S- it I L = nyl , . -.S-subst i.tut ed
sroufpSIP b KBl oo, L gt gt oot
thiopheties berizop@enori, Keavwle, fidhk beitimidazbi! bdndbedor| atizitiazole, quinoline,
. G %loalkyl nd substituted, cycl oal kyl are as defined
1S0quy &enqumwgﬂe,@mwh%mmﬂ@r tstipzqle andpyraealed to the

parent structure through an sulfur atom the group

[0044] “Substituted aryl” refers to a group having from 1 to 3 substituents. For

instance, an aryl group substituted with 1 to 3 groups such as halo, nitro, cyano, oxo, aryl,
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may al so be referred to as a cycl oal kyl sul fanyl group.
By way of exanple, alkylsulfanyl includes -S CH(CH3),

w0 Hoek2@GHB and the |ike. [0048] "Alkylsul finyl PCT/@bm0g078024
to an al kyl group that is connected to the parent
structure through a S(O noiety and refers to groups

- S( I d -S(Q substituted al kyl, i ch_include
kot 4 aE e B, B e S sty ol 16y,
hete€ycg 1R -08(0),afilyDaal e Mile is a silts@hasbsali. t ut ed al kenyl,

-S(O al kynyl, -S(O substituted al kynyl, where al kyl,

substituted al kyl, al kenyl, substituted al kenyl,

al kyny045k | 5AIkoxyT eflera tacgrnglkyl Ergen bat i ppnneated to the parent structure

i | kyl fi ned. herei
oS AL EEYCOORAY B 8oL D50 o
struct@euOEICHBYxy gen S{om), BriBgrouSiuay ajselbe pefiradit anctytivalkoxy group.

E like. ciocg49 "Arylsulfinyl" refers to an aryl group
XA TSRO HhPHY: (PRRPOF Ny IEPRIOPRYYs eiclQnrertiomb gyHohexyloxy and

the IeOA FRIRAIYalkd ?ﬂ;ﬁﬂﬁl’fé
e S(aO)(yF%ér%’I.’ o ShalS) 3Tl A48 850G sipypture
thropglos0gxyEbi, abélyasthe residue efe€B;.t 0 t he group - NR2 where
each Ris an al kyl group. Exanples of dialkylam no

R A S i N ——
thr . f ke
e B o B O e B
naphtigyxy) @cg‘qhy like.- (§ubpButedizsyloxyitreferatoyd substitge)l Grvalgkoripydonnected to the
- 0O bstituted alk I k I,
parei i e bt oo RYRIO-SubeiisRe Haey oar vl , - (0 O
substitued heteroaryl, -C(O O heterocyclic or

- C( O) pogmpstAlkyRdifiglereday € irCalkyI QPSR thati§ ¥br¥LfR@ to the parent
refers to the groug -CG(OQ) NRaRb where each R and Rb
struchyrg thyoughsa sulbvs glomyeftalky kandaefesstorarams t Healkyl @ng —S-substituted alkyl,

hi i st f rdy Al kYl ¢ substitut a kyl Qi
W cg]qﬁg{rlg ’tﬁ]%rlja 1&1&%’ lcﬁ %?%llﬁi’n)gl s’ubgcft}%t)c; ﬂ"flo%lggls?lﬁ %ﬁ%ﬁ:@f&, S-substituted
alkexaﬂlk—)‘ém}lkynyb,r-ﬁl-subﬁiﬂ‘uﬁd alkyngowherg lalkyllguBstd@ed hikyl, alkenyl, substituted
het er ocyclic, substituted

sybstitute hetésroaryl, > .
alkexp‘)at %{(}65’ (§P_ Hitye pjgy%dcypb)ag?yé substituted qyelioplkel are as dgﬁned herein.
Wheh%%&f&gﬂ(ﬁ’%r{bg% f®nhidid YR %@?giﬂ%ﬁ&rtg})?gﬁ%%gﬁlgﬁ%gﬁﬁﬁhe group

or Subst heterocyclic r
may atsp :ba méfagedro &stawyicloalkyﬂ;&kfanyﬁg@upo Byhodyi sfexamPR54lkylsulfanyl
. . "Su i nE" ers.to the groups - SO2NH2,
m"l‘l—d%“(ﬁi@?‘ﬁ%i :@CEEEER@%E&PB%‘@(H uted al kyl,
- SO2NR- al kenyl , - S2NR-substituted al kenyl,
- SO2NB0a8IK y Wiy 1sulBePNRe fefi B Sh al I
- s@m-ﬂar]yl , - g&NR— subs?t i tut edléi{'l;lg{/d)lu,ﬁ Y conncoted to the parent
struchgefimpughet S(Qangiety andoehiRto groups ((aklylhat eB@)subistituted alkyl,
- 1S - het er.qcyclki g, . and, -.S - substitute
which J03%s 0 iRl e Raelygy DRl gieg el g, -S(Opatkenyt, -
S(O)si¥sB Y al LeSimalky A, R(0yRURFuRE BIKyAREH gﬂi%}'
( )vvi th the %éih?r 0 ng) Ziti\%lm t(QB\Nhi ch t hg] gf ehgl?t a %,é%gb?g&ed allyl,
alkenybrsibsiitifed atkerylcalkynydrsubstituted alkyayl, el aalkyd yod substifutegl. cycloalkyl
are as defined herein. By way of example, alkylsulfinyl includes the residues —S(O)CH(CHb), -

S(O)CHj3, -S(O)cyclopentane and the like.

[0049] “Arylsulfinyl” refers to an aryl group that is connected to the parent
structure through a S(O) moiety, which by way of example includes the residue —S(O)Ph.
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[ 0055] "Carbonyl am no" refers to the groups - CONH2,
- CONR- al kyl, -CONR- substituted al kyl, -CONR-al kenyl,
wo gobiR4®obst i t ut ed al kenyl, - CONR-al kynyl , - CONRF/US2008/078024
substituted al kynyl, -CONR-aryl, -CONR-substituted
aryl - CONR- het er oaryl - CONR- substituted heteroaryl,

subst d het cycl
wher Sf‘ﬁgbﬁ QIEX@J oaélgﬁo orrefear © P %Qgher%aé’ ahkyl group.
Exarmples &f dialbypasmisd gohpé@talutl@gmmﬁgz,anqcmgmza}q@}gbzt gugg en
om.to which they are attached to forma heterocyclic

N(C%?)(gﬂb%%qlﬂﬂ%&)het erocyclic ring. [0056]
"Pharnmaceutically acceptable salt” refers to
phar gyt i I ts of a conpound
descﬁygegl h‘é“?*lé:”%x sucﬁggog G;(Oggﬁipound of Formula (1),
(1) or (11l1) or other nitroxyl donor of the
i nvenl®i082], Vibarbixys asters asmyedderele réfesdo ﬂrecgn@sva](()m)-)alkyl, -

COfty s B30I GRS DOrbsHIoN aTfie GOYOkERyL, ~C(0)0-

substifiéddUtieeny R Y- C{@)0-afkyBya0p} (?)dlmb\éutu&‘adap% L nﬁg@ﬁ %leééf@aroyl —C(0)0-

cal ci um “nagnesi um amohi'um tetraa
substityed hetrewaryheHO)Qehetarodyeic bE—@(@)Oasubstltaecbhaemcychc
functional i ty, salts of organic or inorganic acids,

such yd& I orige obr omi te,

nesyl @? s ace yAgrino| & f%rﬁ%/%ﬁle@ﬁ%pa&zog}tﬁ@ I{bﬁ’g’ef‘? gagh Ra and Ry group
is 1nddthtﬁ1ﬂ§l%¢1b!&e(§ﬁbﬁ1&hé Qﬁﬁuti QSnsﬂii‘rhk o@h?dlﬁgén alk'ﬂ tsﬁﬁ’sﬂtﬁt@d alkyl

sulfate, citrate, aceta lorid rom de,

alkenylsubstiuted) a&gnxlaﬂbyny@mbgﬁmeé alkyoyldanyh spstiaited aryl heteroaryl

v Ao, e AR DA S 5B e i

togetherCwiti &Ie&ntr(b'@h@t&in@ to e IRt@ocyc HEBF AlbStituftd WeRPGy8Blic ring. An
gl ucaronate, saccharate, formate, benzoate, gl utanate,

exanplestps 98 aey lpwingraoiewtindrdesiG(@apmholinenz enesul f onat e,
and p- toluenesul fonate salts. Accordingly, a salt nay
be pr ed [0} _ )
for rruligg%{ di sS:: i:é)}[s]}elgn‘%ﬂebr g?%%ﬁg\#{] ¥ g%lﬁg ?uﬁcp allﬁ% -SO:NR
subsgutedpikyd,uS0, NRsalleenyh - BOXRYR isabstititeld blkerofl,i -SOaNRgkyY], -SO,NR-

s T35 0L S RCSR A bR h B .

subsﬁ%%%te?&?ylofS@NI@héteﬁE§@ cSamMS 2ﬁ§ %@E’tﬁﬂgﬁ}i Iheteroc chchwhere Ris

potassi um” and 1ithi um hydr oxi ne e
hydregemair allqyt lor aSO2 R 5 Wlhmeath@itwca@ rgazups aye takyndngethetemd ofith the nitrogen
al m num and zi ng

stomp @Niﬂhﬁhc'%ﬁ'?fﬁéga&@ﬂﬁo el o faptisned eterodyié g

hydr oxy-substituted nono-, di-, or trialkylani nes;

di cy XWC%B)d?&larﬁlﬁb biatetd to B LRRps RYONE, n—@}OI‘ﬁ‘k-alkyl -CONR-
met hyl , N-e I\}/Iamne di ethylam fe; triethylamn

substfgied alkybi-CONRalkenyls- QQNwaummd alkemyy - capmalla/mvh eEPNR-
substit'd gﬂ(j}%gp rt?er bj S{ ?éﬁ{] seubstbt&gedwﬂ %ﬁ%% (z)jlarrnyln SCONR-

subsﬁttlteﬂ-héi&ydimz(-ﬂmﬁ R}He)eﬁ@ciyhﬁd: %ﬁﬁ BEONR-su¥stituthd-He@#&yclic where R is
al kyl hydr oxy | ower alkyl)-am nes, such as

hydrogegog ?llfé.fE - 195 FCRINR2- wiyete Bheywp IR Bpupmera dakep rcogether and with the nitrogen
atom'th Whichr tﬁé’}ﬂérg é&%ﬂf}%& kd ﬁ)@n%qieterl)\t}gﬁg By Lu“b@f lﬂ‘i%@r?c“glﬁhg r1gg

am no acids such as argini ne, “I'ysine,
salt may also be prepared from a corrpound of any one
of t H805ar niPharnadewtichlig acteprbleisalthadérs o ﬂlabtﬁ&te@tlcally acceptable

salts fgﬂg (c:(%honal ﬁiggcéﬁ)pq‘l @eiqléfn? s " agtcggpggng (l)anlgotrrln%ﬂla(I) ?[I) or (III) or other

nitroxyl donor of the invention, which salts may be derived from a variety of organic and

16



I norganic or organic acid. Suitable acids include
hydrogen sulfate, citric acid, acetic acid,
whyawoehori c acid (HC ), hydrogen broni de (HBPQT/US2008/078024
hydrogen iodide (H'), nitric acid, phosphoric acid,
| actic acid, salicylic acid, tartaric acid, ascorbic
inorgeﬁiiéjemﬁ%é‘f G iviel BGlotm iH%eec{l‘{:aIfélciPgudgJ %zwdycof .eg&hsle only, sodium,
umaric acid, gluconic acid, glucaronic-acid, Torme
potagstiy, cabmwm omegresiudy, agimetnaum deteeilld]lammehinar) esdit Gk Cwhen the

aci d t hanesul f oni ¢ acid, benzenesulfonic¢ acid, and
mde_;f.ulep‘i"& sﬂf}raﬁﬁrﬁ’l_&ctb?e?lbt.y’ 8 sg?r_gewp Q5 10843816 4yds, such as
hydroBitlbB a4, 8diobRKiNE, ShrtratedelyIsth VicBHa) maft 1e!58 attQ SEEUH? like.

intends a manmal, includi'ng but not [im
Hluskatie-salts oobgle. i are ot fimiteflf tecifste, @trateracitatentidndde, rophide, jodide,

nitre@BE oo D B0 o B, PRGIE ScKfelen i e Triay deate,
tannatk, @intotikamate, bilaftrii) 20684 ARRERaRGhANSR %&Q@ﬁgﬁaﬁﬂg,dgluconate,
e

toxicity, as well as based on the know edge of
glucgropate, sapehgrate demats, Senzonts, Eltanmte fesaneswdfonate, ethaieswfonate,

[ 0 i s _understood.in the art, an
bendsRABBEH i bolcenguloRald 1A, BB ipl, 5 355 Bk be pligay from a
compeund € dnysiiceoMthe fdri@bicMlose®@hereinHAdnig 9 acidic ﬁgctional group, such

approach for obtaining a beneficial or desire
as a garoeplic apiddpp@ional grpwmiaedp pharmacewicalty acosptableseargafic or organic

t &S L] icial. esired results inclyde .
basel SifuploBetiihtlac BELHL 06 BhiteClo ﬁ’édsr%ﬂg?so? @E?E‘;{P%%‘ﬁ SHg as sodium,
potagsien cand dithiame hydroxides/@fl alipiliee tartf matall B S @aléfum and magnesium;
condi ttj on that is responsive to nitroxyl therapy or
hydr P’é’gﬁ%‘? rf)éﬂetr eetalssheh ax dfugmug and 73 emseonds: apdarganic@mines, such as

I Bghsti 2r 4;8 .t .
Bl RS AR RS A ARBN Bk o peamis vy
amin'eﬂpyri;gm; NG nidtley] Nirethj taynios, dieit}fyémﬂiheiﬁieﬁlglhaﬁﬂféé; Qdidrf(bfg Hig-0A tris-(2-

t he i sease or condition, decreasjng.the dose_ of.
hydrgyYrdpwercli il SETEIL SHULRATRRRP- 5+ PRk (¢ e draehERarpine, 2-hydroxy-

] i oR . o not icat]
e S0 TS b5 S B 910K IRy o
alkylyathimasosush gs AgV-dimethylaV-(2hydnostyethyl) ammehenvtiin@-Hydeoxyethyl)amine;

' . dition. The disease. or. condition may be
N-mih B TuFuAE A haiheasics Shih SaRUTIFoRSIRARERNS T duiedmay also
be prepred $rof4 cdohpBub€ &f by oneCHRNRIuRP Afstidsdd IEErﬂéinthtavin% a basic

coronary artery disease (CAD), angina, heart attac
functignat gvogp ajuch pndmaminodunctiongreroim end p phamaceticabe aeaptable

. cardi onyopat hy cand.inf.arctjan, diastolic heart . C

inorgefc i BRRBRY SR BBk AEhy pBFt Sl S dric, acetic acid

hydréhléticcdid (HTDSyslrogéa lbysthide (HBRY hydtbs@asgide PRI £iiAcdd, phosphoric
di sease, circulatory congestive stafes, periphera

acid,émpida%icy@ggci@mg actl, gecqrhic agidaue¢iniglagid, maleic acid, besylic

. . rt.val ve di sease, .heart, fai.l ur.e, ..
ocid, RE KB WacoMEOHAq, Mot SRE i B i i lpppiacia
methateshlfasic acidf @haRNIRBId 4ed, hedichedudfohiér@idaRtt fedlhéhesulfonic acid.
deconpensated heart failure. Related synptons that
may b[ﬁ §I | evi at ed qk:),ly .the nethods herein include o
shor t11834 Jenigysedeanly indieatediathervans e mdrgab sasgrsed beggin intends a
mamf8'iudin® Bt 2 LARPEYS & Rum! Ot galn of | oss,
assocl ated with arorenentioned di seases or disorders.

The di sease or condition nmay involve
[0058] The term “effective amount” intends such amount of a compound or a

pharmaceutically acceptable salt thereof, which in combination with its parameters of efficacy
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i schemi a/reperfusion injury. [0060] As used herein,
"preventing" refers to reducing the probability of

waleoeloaprmg a di sorder or condition in an i ndi RETUSL008/078024
who does not have, but is at risk of developing a
di sorder or condition " [0061] An individual "at risk"

and t%%\g,zo %? grﬁ H%X %eakng% ?? h}% \}ﬁiécz ﬁ%esggcfiaalist should be effective in

or nay

a glvﬁﬁﬁl&ﬁbé\ﬁic&bﬂh SA@&ﬂuﬂérstUmﬂdn thecunt, pn Bﬁ'ecttVG atdognt may be in one or more
treatment net hods descri bed herein. "At risk"” denotes

dosest hat an i ndi vi dual has one or nore so- called risk
factors, which are neasurabl e paraneters that

C Or r 3 9& nVAst &e@ﬁ Iﬁlno PHERfeR’ oft @éﬁﬁ@’sﬁ anQppfoadttfor loBRining a

An individual having one or
benemiﬁl&)rfdfesﬂdd&smlﬁ; nﬁ:kxding:dlmlcsd teaslts] Bovyrpae9 phHthiompention, beneficial

e e o il Bt
develtogﬁéﬁt (ff'a agf&tc%ﬁ&%}m tﬂa@ %qggponﬁ'vé fPMMbxyl R 8p oﬁ@dﬁdﬂ@ the

31 As used herein, a conpound is a
severityiof Ismh)dlsedsm(m'rdbndﬁlon,t sudlo asitedscing thecmlgnber ansdexrseverity of symptoms

phy condi t
assocd%} yvgtLéL? &FF@S‘F w{:{‘é)lr\?flitlgﬁslﬁﬁvaﬁl&% ﬁ)grqﬁgl{;tsr \?g ife %fttfl&eéyfséﬁfreré ne from the
dlseaﬁgoﬁ&ndﬁloﬁoﬁqé%égﬁg i dos% :E}Poﬂ'a@fm%iﬂﬁlons Pd‘q@ired abtraat tHeldisease or

donor i S capable of donating an effectjve
condamnuerthancﬁmgl thterefifegt ofianothexmedinetionzasn indiyiduak iy takang for the disease or

condy i A S A el W LRSS, Bt T s o

condittb%rrﬁ&ew 4 Car8blRehlar §R€s0br urditioal; Whidki 1h¢1u<i1ers bmes aotflimited to,
woul d "be able to determ ne the safety of

coromatpriobstgcensy gom?mVuaﬁawa}lsqgéﬁMH anging head atieck. myorardial

e of s
mfarm(g{, ﬁg&xsbéocg;?{ﬁs&% - ﬁlcéénalc Efn{dh&nxﬁpta%lg%d lﬁgﬁg\?g ecﬁugs:tclmncgﬁart failure,
uln%ﬁxg/"tﬁéhgéshoﬁ ?Owhﬁ&%'y EfiNoha, lamdwc fﬂiﬁm &lal@glac héart disease, pericardial

condi ti ons ounds are ea t est.ed
dlsea;;@,rfaltcumpwmgeﬁ%‘tﬂ states, Perphs, %{% aS‘ATet%h HS dgseﬁ?yvenmc“lar

hype&%ﬁéﬁégéaﬁa\;al\;eodlgéagg bdry fa'i'i'ﬁf”eS H{cﬁldlﬁge&ﬁ @bt FrnltEP¥Ydonbstive heart

severa ests are accepted for determ ning
failurd@ich as acute cunpestive haax tilmse aridt acuﬁeydecotﬁp@nsméhmféfaﬂmﬁeRelated

symgtgg]g-g];ljag %pag(f‘qgg{l] tg}?l;t%aﬁ?yc ik gtﬁggs @%ﬁp él?ct%fe lh%#t{)egp of {)reath fatigue,
svvolgléﬁc %n'kfés%m egs, riﬂgnfaofoséjb ?@t‘?ﬁ@' Wit baNASH lSésaaﬁSéiateé whEth

fom se nmnutes ' to several hours,
afor6gatpad éisgrss orsdisurdérsrEherdisase C&mtah@menimam 1@@&@ m ne

its c osi tion, such as by gas chronatography and/ or
ischerping B“gg’é’fqndgk‘:‘ﬁby. If the gas N20 is formed (which
occurs by HNO dinerization), the test is positive for

nitr Omda)ﬂ 0 rA%tdséH‘hé%élﬁ 46V aAPORSs iore@udihd the pydbablhty of
donor l'evel of nitroxyl donating ability

deveoging 8 disdrdes oncquditivarin ay indyfidual d@\‘?p’@@‘h gothave, H’é‘b’rsg F‘é‘éPf
d that donates a "significant |evel
dev ?plﬁg?:ﬁl&?aﬂo?g?@qgg a conpound that donates 40 % or
nore or 50 % or nore of its theoretical maxi num anount
of [0061] An individual “at risk” may or may not have a detectable disease or

condition, and may or may not have displayed a detectable disease or condition prior to the
treatment methods described herein. “At risk” denotes that an individual has one or more so-
called risk factors, which are measurable parameters that correlate with development of a disease

or condition and are known in the art. An individual having one or more of these risk factors has
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nitroxyl. In one variation, the conpounds for use
herein donate 60 % or nore of the theoretical maxi num
w@paani2ood nitroxyl. In another variation, thePCT/US2008/078024
conmpounds for use herein donate 70 % or nore of the
t heoretical maxi mum anmount of nitroxyl. In anot her
ei n at.e .80% o .

= ighBt bl IR R M ol o RO B R P By hop these isk
facta(spt her variation, the conpounds for use herein

donate 90% or nore of the theoretical maxi mum anount

of ni | ol N yet anot variation, the conpounds
f or u&)@gﬁérw’ﬁm&}%é‘i Sﬁ%f RIBHNO- 70% and about 90%
of the theoretical maxi mum anount of n|troxyl In yet

anot hpyeYRr Agtbderdif&: confidRAY e
donat Embz]?vveen aboelrjt1 5c % and gkg%‘d{l@% % (? Eﬁ{ﬁ]onatesmtroxyl

undey phptielpgicall condiginsruss mddnntelmfmnnwt donoirs ofi the ;m/bntlon may

e L I

anaef @Jiﬁtiﬁ SPeffective bMBut TR
; ca%l tr lc])lgg %:OI’T%OU ndes: t hatt dontg({ﬂgpﬁievégm%iﬁgﬁr? g‘g%ﬁ}%@k}fﬁr fie mdlcatmg

the Opma W%ldfoettcbielratedthyemnedwxﬂahl larthnmnomft nedebsany 1o achmve a

e ol G AR5 b RGP bR 0 o

adm®ibthnpipattiitld: B6RP&irds ahd AGTRBEN to Hve BUBEQXYORLBY KA it B drt may
in the nethods described, and may réquire higher

also defemge METEFL? eampad ds %mﬂpéylohwpobmd@luahag whethat @ releases HNO

i I b B, o MR b AR S Bt i

expenmtemsolthdigh if 1Mi)181))ract1é‘dl td dixeckly m@asirs whethdr MeroRy1 ik Gonated, several
+- NO conpl ex, which can be detected by

2
tests @Ff-a%%ge% fiﬁf@ﬂaml}ga‘vheéheéta/c\?n@pb%d@p@éwmyb Fopgxample, the
com}%u?lﬁtorfﬁﬂ redt %%H%g%@ d 151 nséﬁ%%lgﬂ 49 gxa(%xﬁﬁ o W%Qle 1M se?aleidNontamer After

as an center ar oun
sufﬁaﬁnta‘hmmfor Aisaddotintien hasi eltpsed rSucth fedrh e¢vekl Iﬁdnuté@ﬁﬁs‘eﬁeral hours, the
with My, 3+ to form an M 3+-NO lex that is EPR

headgpace ggs 1s A@@M&@dfnaweq ‘l‘?éiet?élﬁmed {COMPOHHORICTE asdst gas
I Y
chrofopably 314 bim s S EATDL Floe ERUPD S0l BRI Ry by 1N
dlmdrlesmon),sthp test isipositifofor nrtrdmybdgﬂatldma@d ihe rompewid i@ nitedxyl donor.
i t.raoxyl nat i.on erforne hyS|oIog|caIIy s
Th E&ﬂég é‘ﬁ_foxygﬁlimape% "?YY phe YRS H P“ébf‘é’tagSQ asegpound’s
theofRBER nthxifu@N 228 oubd ﬁ{at q6hRé&sS | Eﬁlﬁflﬂ%§8 of ﬁltroxyl” intends a
myocardi al contractile function. an agent
compavat] g doratésetOLoad meme PP &Y @angre «)f 1tslgxcme$lt;al n@aximum amount of
.. inhibitor of. hodi grase actiyvit
nitnol} 0 it aafhof B8 PP R doehaFi donb s03e 6F magonftag theoretica
maxin{ied st€BuntdFRIHDxOL NR raﬁ@thmml&? théj&ﬁhﬁ(ﬁlﬂﬂi‘ﬁ)r use herein donate 70 %
terbutaline, and isoproterenol. Anal ogs
or meferof vhettheasstiasd n@&mmnn empumtmf@ltmxerl aﬂngmothnt Ymdmdn, the compounds for

d bes
use tE TR 0% ot o e R S miR EHWRER Biraey In another

variafog, thé cahsbunas for Slké héreinfohite 9894 or M6re ol tHRah&REtRal Maximum amount
deternmine if a conpound i s capabl e of causing positive

of nitropstly Bpyet anethecvasiapen thegoseponnds for gmher@etdanag efivsen about 70%
and ag;B{HPéW‘ nd5y e Itl’?eoP&ch rﬁ%&llﬁl; e&}g&ﬂn B xyl. rin yet another variation, the

receptor agonis
compounds for use herein donate between about 85 % and about 95 % of the theoretical

maximum amount of nitroxyl. In yet another variation, the compounds for use herein donate
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sel ective for the beta-1 receptor. However, in other
enbodi nents the beta-agonist is selective for the
whedoan29recept or, or is not selective for any PCT/US2008/078024
particular receptor. [0065] Diseases or conditions
that are "responsive to nitroxyl therapy" intends any
b, o/] t

e ot har oy o & OB AT ahiinflt oy,
Compnuiads thdtylehatk begs tmh 40%natilessainm 30 Batf sheanitie@etigul ametitof nitroxyl

e. dIS se or tion, as .those terns, are defined
are Sﬁ‘ﬂ rnétr% ftﬂf% aﬁbim E%?Hd‘il 3}6@%@% disglpgedt hsgein 4 Accompound that
donasNNs 8RRETD Qlof Whd'tnBd el ambBR s %ﬂmé(? %@E LN iRt metglods
ni troxyl donor 1s a disease or condition responsive

described, @n@/may h@ruapyughei\ldmsmg lei¢ls agcomzngl tes:onipodm@&hz&elsnate a
e to nitroxyl ther

ons t hat res i v py
Slgnﬁ%‘rctﬁ @Fsﬁié{h’sl B%géo cEbboieiFsieddy empsing the'test
, LV
comBHOEAS i Aobi? g%'go B ﬁ%%??’ iy .a&%“‘f@ NG ecomplex,
Whlobrcés bedetected by elvingesiarthi olnnwlpmt/msﬁdm spectriuarag thy (Eﬁectron

g‘%ﬁéﬁﬁeéo heg‘fréEgI@aJ}.E‘f ]g@ lr(‘g%? 1@6%?13 { élg{]@é centered around a g-

valu@ibsmaez Nigid Gaddlioalthe sth&arse, areEdtJ Fith MPT Yo foPRIBMBYNO complex
states, peripher al edenm, ascites, Chagas' di sease,

that 15 ERR silent. drccomdingdy, ﬂﬁtbp hgndld?éfammwmd eeasttssmhsb’lb *Hedptm a complex

ncl i n t t e est hear t
dete%t%#\l: ﬁ#’ go%}&lcﬁ rrlflaes A S?C %solﬁté%vé?lg{/ s'ﬁgea‘?r ﬁHS positive for
nitroggldoBatileC QeRastet sittok@atohatici Ilnlé'i Be p&*d}ﬁfed at ﬁ)hysmloglcally relevant

cardi ovascul ar di seases or conditions are

pH. | nt ended, as are di seases or conditions that
i nplicate ischem a/reperfusion injury.
N- Hy dyp@g4is Uh T, f .
i 2 f0BE> b BOGHRF Fiob B A6 hef ] an A RARANI S Blerease in
myod:aedle] contmctile ﬁmchbﬂn)&]hlchmy lageuit irehaies d bstatdd&tnefgimﬁbq;tor agonist, an

itr under ph SIQ|O .condi tions. ferably,
inhitfog.0 ﬁ@ﬁlﬁﬁhﬂ%&? A% e AR §ﬁ I ¢jBmateasifizars- &9}4— PRRSEIC receptor
agonPYREIAHO Ghfb offeRd ibpRe, do%ﬁtalﬁhﬁhg tdrbh@hlinfe Mg@rﬂ%renol. Analogs

t hat donates both nitroxyl and nitric oxide un
and ¢ehny'atu‘ce|5@@ suchl componudstaroalso deraied.s Fonexampid, KbSqBat tNmd,663,351

desffy S oLl e S SPTRE T OBt Al the
wouldH@bleRb sl fhRg hf:@éonﬁ%hﬂﬂ id QBsble Npézius@& oSitith ﬁétrogf&%;fects and

conpounds for use herein donate signi ant |evel
also aﬂchfﬂ(mai/betaﬂag@nStwhmpmhdsglmlrtmﬂmdmhodmmnts[ ﬂﬁﬂ)’é}a-ﬂeneplmeagomst is
sl R B4 1 gl RS 43 1R PSP g RSt i Shost el elctiv for

the beta-2 receptor, or is not selective for any particular receptor.

[0065] Diseases or conditions that are “responsive to nitroxyl therapy” intends any
disease or condition in which administration of a compound that donates an effective amount of
nitroxyl under physiological conditions treats and/or prevents the disease or condition, as those
terms are defined herein. A disease or condition whose symptoms are suppressed or diminished
upon administration of nitroxyl donor is a disease or condition responsive to nitroxyl therapy.
Non-limiting examples of diseases or conditions that are responsive to nitroxyl therapy include

coronary obstructions, coronary artery disease (CAD), angina, heart attack, myocardial
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where Rl is H R2 is H aralkyl or heterocyclyl; R3,

R4, R5, R6 and Ware independently selected fromthe
w@eaap4mdonsi sting of H, halo, alkylsulfonyl, PCT/US2008/078024

N- hydr oxyl sul f onam dyl, perhal oal kyl, nitro, aryl,

cyano, al koxy, perhal oal koxy, al kyl, substituted

infal%{i ﬂ blfi%d?ﬁjﬁsc‘sjlﬁw %J:r{nc%&@%ﬁ%%a ocy éll‘lfgléﬁtng},l diastolic heart failure,

pulndmaiyl«y)lngmttﬁﬂ,, ptﬂ:rytﬁhﬂﬁ kdtemy, ,caﬁlyaé| fiRbdY vaufag Aydrt disease, pericardial
ary IsHlfan yl, arylsulfinyl, carboxyl car boxyl ester,

diseage, qingHiaigy EPRECsENT SViibas aﬁﬁlwr GreDR datites ehagagtdiseases ventricular

f
bypRRIS: hR Y s, R Pl R R i BBk hear
failuRCGTCh/S2 068 igedne hedd 6Rlurd mdaaaoteltbborﬁpéjﬂdbdlrﬁédrt fa:tlhﬁ Other
g is of the. fornul ere Rl is H R H,

card PRI ispasheisropyion e ae mbesdedgs 6 diseases or conditons that
impliAE GRS fek&ft'fémrhﬁ# al kyl'sul fonyl, N

hydroxy onam dyl, “perhal oal kyl, nitro, aryl,

ano, al koxy, perhaloalkoxy, al kyl, substituted

NH xJGuéfqnami&g/C@npéMyl , al kyl sul finyl,

het er ocycl oal kyl , substituted heterocycloalkyl

di al k n cl oal . ko cl.oal k sulfa
aryl sﬁ’ h?ﬁn y?h %‘%{W uls P5His, in eRfigy ke? g ‘Sdﬁ?/fnethé?gf described
hereiaGHid1add Nhy@fox§lshiferiytiass tH@t doﬁﬁte |ni9tﬁ§<tyl ahtRr ﬁflyéﬁﬁoﬁ@ﬁ Bditions.
is an_ el ectron mnthdramnng group or " a group t
4

Prefegaldy; the pompomds ereéomn@teén mmtmyletnyler mwewiqge@l corgditions,
meafb LSS boRBRu il Ron it o g AR s R Ao

condvtaJ’nls dbnalés maie nitas ttanaiteit oxidd. (PE‘efBZb]y&h@ RofpSeAdsd6r use herein do
raw ng group. In another variation, both R3 and

not dRi?ats ﬁ@néi%et levsls of mitriechide lﬁtgl yPlyisielogicah canditionsy Most preferably, the
I r hat
com; %Péf:dél yh&%lln r@g?% s%ﬁﬁi el§) {;f ﬂot&ﬁ uﬂd% p%g%g °§1°81 conditions.
(I). In one variation, at Ieast one of R3 or R7is a
br ancliééa7]al lydne gmbopgimentiche msentionredbrhaced b compoind of théformula (I):
anot her variation, both R3 and R are al kyl groups
provi ded that one of Epe al k groups is a branched
al kyl group, such as en bg h groups are isopropyl
or when one group i s ethy he gt her is sec-butyl.
In one variation, one X Rz’ls an el ectron
wi t hdr awi ng gr oup ' 3 RNt hat is not an
electron wthdraw ng gyot alJylgzgr oup, which
may be a branched alky gro p such as i sopropyl.
[ 0069] Al so enbraced Rs a cdttpound of the formula (1)
where RLis H R2 is H  bedxyl or
tetrahydropyran-2-yl; R3, R4, R5, R6 and R7 are

wherﬁ%l éf) I“—Q’InEQ3 Illyaééﬁl %%%tgﬁe&; | %&mﬁ %:Ug aq@ﬁ | S“H)élﬁngqn%enﬂy selected

from@h& ﬁ4 ons‘iﬁ'ﬁ@ of i ﬁ%klo Qkylblfffo M%Q}%‘]ﬁﬂfb‘n@ﬁﬁmﬂ perhaloalkyl,

pr opane-

mtropaprbjb gm.ogalggx)f, ipg];hploelgpg @%I/:\(mpgt)tuted@rym?m akgglsulfanyl, alkylsulfinyl,
heterde ﬁé@@}yﬁlb&ﬁﬁ% HaR OCECI@[(V a%ﬂ??1n ﬁg{qﬂﬁ(gﬁyﬁcgﬁkgﬁlkylsulfanyl

arylspHaiy,| ssyibdltinyl carb@t’yﬂ) Cvayﬁoxypﬁtdi Oacylan@ifid &id sudfeyyRmimg pedvided that
squonyg»a{nosprOV|dgd that at |east one of R3, R4
n

at legston RY > iRs 28 Ro ds §atboxskragehopy! estareacylamipg prshlivsylamino.
or sul fonylam no. [0070] For any of the variations
described for formula (I), included are variations
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of formula (I) where RlL is Hand R2 is H, benzyl or
tetrahydropyran-2-yl. In one variation, the conpound

WO 20000429h@ formula (1) where at |east two of RBCT/BE2008/078024
R5, R6 and RC are hal o, such as the conpound of
formula (1) where R5 is halo (such as F or Br) and one

of R3[(868] R irfotieRbMbbEiut, #e cofpoufd isIthOforMIR"(® where R!
both R3 and R7 or both R3 and Ra Tare halo (Souc (?WCmR is H;

R” isyHearalisst o7 hetesoayelydR b 8¢ nd Er are indspersieatly B, fﬂlloaalkiylsulﬁ)nyl N-

s R A RN A T

1 RyRAlfirs1 el shﬂffﬁ IHeréc
L e A %%%t%ﬁsts%g%g%m

d1allgy|1,2gmm,’ qygloa@@@,g:gpl@y]ky]s;ﬂf@ttyl sy laklémyb neyloifing, @erdRZIl icarboxyl

L S N WY

a grq]@rthzalsﬁaaﬂcklw hingét€ theasilfon¥] @&, }?1 Dvided tHat at¥BRR oﬁgoﬁﬁd R*, R, R®
In one variati on, e conpound is of the

and Ro FW%PXM )carbﬁﬁﬂreéteR@cylgm@%’ormutfowlams@s fin omevarfatlm at least one of

R} of‘ﬁdlsﬁ&e'l&trggw{hfﬂmd% :ﬁgl[ﬁpgl%ely\? A tlgrgr#ggh)%;al}@g ofre electron
thhﬂtmmﬂg)gmuﬂ)sa I |a)10ﬂ]ble\f£laﬁbn laeRait omeef RF oRR! isRAgrofthat @ﬂcally

Rr is an aryl group, such as when at |east one of .
hmdgg ligayl moigty of me@yu&_@ g onp vargatlorghgd%st ongofdheor R’ is a
[ I er t
bran&feégsaiﬂgyg %Fbugf Hen%e gg%ggoﬂ /ﬁ)é.\‘i’}tl fn!}&ﬁg'l%{‘ {é’( Beortl\g% d g are alkyl
groug$ popided thealh oasof/vhe alkst groepssik abranchéd zBByl drbupn 8 ldch% Wli?enéboth

eteroc cl or substitu teroc | co group
groups, atg 150D (mﬁ/ BIh%fi e VRIS y axbc{ glélo T oregnpytyl. In one varlatlon one
of Rbiuﬂﬁﬂ Hiaf @}ecﬂr&l wﬁﬁ@ra%ﬁ{g AbbPhd 1111? %%P K’&gﬂ? %gio% ﬁggle&gﬁn

formula (I) where at | east ‘one o

with@awing group seinadityk groppowhich ohayeiekytrandhtd alklyl groap suciLestisopropyl.
as when at | east one of R3, R5 and R7 is a

gzz: gﬁﬁﬁﬁyo C ¥ace ?nt%o q\i]hgrqﬁﬁle Qrm é?flglpgh%{n ! .orH_ R*is H,
benz§DoHOtAHY df(ﬁ)yﬁfn-l KIB Rf3 (RWS ARl Rhes ﬁd@ﬁenh&ﬁ@t seRERdFHom the group
R3, R4, RS, is an égésulfan

consighipg ef ks Chyil I @ro&@zcﬂsu SRMEIGH 3aNOaaﬂcnylonI OICH30CF;, 1-Bu, O-

i, £ oty LR, i WS CRACHY G Biobpiy iy
(S(OHOH(TH H,)( Mbrphbligd, U\dﬁiétlglg 91péa{zi@t dﬁ[b’ihylzﬁﬁm%%;ﬁlﬁbﬁcﬁn& lyclohexyloxy,
where at | east one of

cyclopgptydbslfpnyly phegplsuldanyh phawlatlﬁ@fh capapxyl, satharysier., acmmmo or

i g ATl o Kot KL e BB 1 e,

acylarhioo ohsdlfonglachilRi and R2 are H. For any of the
vari ations descri bed for formula (1), included are

Var | a@h‘?&G f dl.fn%-r? agl&gg élpfi(%b%é f(lf;fegxfsg%ﬂg E]S,chleucliaescf are variations
of foﬁﬁﬁl‘a ) ivitere RBisIEP and s lf%%lzoyzl‘ Bgteﬁﬂhyd?é%%2 an dfrﬁ?xﬁ?l\raﬁatmn the

In"a partlcul ar varlat
commnd ReofzthelfoRfubr @ whaedt mtamlom , & gR}R® hd Rhart helo, such as the

comﬁ/ ) a% o ’ula (Bdﬂlere % 0 E%lg}h gf) Rg Q?I%gﬁﬁmﬁif R’ is halo (such as

Br, o$ (ﬂl)f&RM{e?é‘b&H R Gnd R 62R%h RP uRd Ra]clﬂéyllalo (kl%ﬂeis \ﬁleﬁﬂoﬂp&e Cl or both

amno and the R6 or R7 that is not SRI'l, ary
are Frrtone is Chemd®ne ack), and @é@)lﬁmlhiﬁg subslliltliants;draas desgribed in the variations

abovg’ In onQ %Elrflalttﬁl)%r £ lcl(§1¥1|pbun o Ifk 1¥nula (I) where at least one of R>, R*, R°, R®
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amno is hydrogen. In another variation, R4 is

-COO-al kyl, one of R6 and R7 is -SR', aryl, - OR',
wazdmwo429eyano, aryl, -S(O) 2NHOH, sul fonyl am nopCT/US2008/078024

Cl- C2perfluoroal kyl, Iower alkyl or amno and the R6

or R7 that is not -SRl1, aryl, -OR', nitro, cyano,

2N sul fo fl
wnd B s RO D AR AR 5 S GRRA ghOByiton. e
compdand [s%ftﬁ%’ﬁhﬁﬂﬁfll) vitdie amyaso bnd SRRVRT it R 08 8 pedmhmlkygduch as

wher( is RoroEvaen Rt Rope (. RsonearineReD. (occiep i 1 f the ormula (1)

bst | kb 3.
whert RS CH & Kb of fy and )’ Rl R HAEA Rllen R (13 and R is
NO, baCD . Inlohe &afididni thelcam vaid 3 iof dre, fofdula §1) 2erdBit least one of R, R, R,

20079/ 042970 PCT/ USZOOS/ 07 024 &%— %Zt ituted al kyl th
R arptR 152D bBTORG, SURBSEEETRE 60 QL R Motk Lgrgu. such as

phenﬂ n@ Q%fnag{oat € coth g{)ﬁuﬁlt is BPed: E{Z @h@&rat iéﬁﬁt’ﬂrﬂe df R, R, RS, R®

are varlations o wher e at
and R7Q§Sheﬁftfeyd§fl grop, sbéh asRBhenRG Iaﬂ‘doﬂébf IIg R )NHQ a heterocyclyl group

A ons S O B i 2 .

one %ﬁ o ﬂ@corﬁ%uaﬁ%qbof@ﬁe MUB%I)I ﬁher@ﬁ@%aﬁ'gﬁﬂi‘f et RRRCand R is a

ydrogen "an . 'I'n one such vargatl ‘on R4

cyckbaﬁtkm@(o@):?%ylﬂﬂfanyl gaup suoﬂma et lemds ong of B’ [Rowed R isa

cycl%m{;p{lpgmcgplo t?lgf{y (ﬁ;{cla kﬁxy'l_ls%l?fn d R &@%gllt%uyany%ou% In one

Vané't‘%grtﬁg BSmpdRAdiiS of BWEErmAlA ) wh&% at B@st&iﬁe oR&3 & QR’HKiBﬂd R'isan
is halo and Rl and R2 are H. @tp%tlc
& t

arylsubfam;dtor ory]sRifiriy$ gepuppsuch agwvkgn at lwé D Ry pd Br ispphenylsulfanyl
I n anot her vari ati on, Rb is a branched
or pligyEH g -

i sopropyl or isobutyl. For any of
the vari ati ons descrl bed for formula (I), included

are vmovg]t i Pél’%.t@fofftlﬂzr%hﬁor(sl des@ﬁ&dtfoﬁﬁ)nhela&ﬂ) incladed are variations
R3, R4 5, R6 and RY7 ] - RaRb wher

IS
of f(mmhw (I) whese af least ene of B(y R ot ‘é)ge As %gailgp)q;gg Incone such variation, R

b & 45 3
is caﬁu&x%g ;ﬁgau%b% %& Haalﬁﬁslgq‘fkly(ﬁ% %%‘g%‘ aﬁéﬁ{)ﬁ R" is carboxyl, R’,
R’ ah #f @@9N, R'ROH ¢ hakud!R ' taut & apd Hqur ang of B VandtuRS dascmbed for
Fomit B el a?a?{éafi@u}aéls Shomy () Wit Sy R -3y R and R s —
CO(még{yP g\ﬁlrbne%)ﬁ I} %ﬂ Lg@(ﬁlﬂki%fﬂ and8, RRR3d RRGred¥ €inHd particular
an

fn’ still another
varistivnl BRE isorCOB4lkys, R“CR )RiRmER \ateelrlend?R and RowsrH. Wl qopther variation,

R i 0P Y one S0 and RO Tl 08T iR, oSy, S hfhion,

sulfﬁgrlélﬁme éluégfekﬁd&sﬂk;h%r ik Vdr iR Bnd 1he K§%€R7 that is not SR, aryl,
atron I's a | ower al ky substituted with

-ORMY ditmy yyanocauyh 6R¢0)NHH @umnmgycgemmumkyl lower alkyl or

exanple th ention. ound 4ah 8 }
IR R A T ean A ek L
ORlll %5 y%(g( ﬁkyls lﬁ?@%’NH@Hddeoh?laﬁ]‘iﬂU @fédzp&*ﬂuaio&myy lower alkyl or
"ower al kyl substlltuted with hy roxyl
ammcambbﬂly[[{ oaRn thcat ismott SR xyardr SUp, » TR0, ENRAEYIRS(Q) H,

d R7 furt
s, oo Yt DF0 B e fben 28 R0 o R
hydfdg}:n FoRGhy Qﬁ‘ﬁ'le EBatioRs idadcri®ed fop fornfuda (M) limclgded amvezrrfatlans of formula

O \ﬂ;?;;‘rdg%eb oger ef Rg, Rd,el?geﬁggm Rygn ’ R7—s{1§qqng(@£glglﬁi In one such variation,
R*is %b‘a-su% 111‘[uEe A(‘i a'll?yl, Ig’(, 9)5 NF@Eb 18651 Reisafd. Bea fdrficular variation, R*is
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i ndependently alkyl, R3, R5 and R6 are Hand R7 is

hal 0. In another variation, R4 is -C(O NRaRb where Ra
wanahoRmoar e i ndependently al kyl, R3 and R5 ar epdyusmge0rso24

and one of R6 and R7 is -SR11, aryl, -OR', nitro,

cyano, acyl, -S(0O 2NHOH, sul fonam no,

oLl D VSRR B
varidfion$ describdd) foNfdeula B AR ROvariGhorfs0Tehinh P QZ l@)g?ﬁél at least one of

; lower al k)ﬁl7_or amno is hydrogen. In a parti
R’ R/aRi.dt iapd R’ i -C(QNHa Byramai RIS thehwarietics desatibeth farfermula (1), included

are RS R ol Bl e af R SRel D 0’ ReB & i QIR where R,
is hy@fogdh bAERERalky?: th ond¥cR Dtidlon] R* RNEGNHRL WABIA S hydrogen, Ry

both nethyl .or ethyl. For _any of the variations

is a lgweralkeR . Rorand & wred H apd R’ is hald. lnje garticelay variatiph s 28(0)NR,R,

. 42970 .P Uk 50780 f_.f . I 2
o R AR S 4 Pl
In a pdrgcdarRariatich, Rpisar ©-Cl dk@ANsucAGe eh§T, prbgyl of BietyNiTh 2BSIBEr variation,

.to which they are attached to forma heterocyclic or
Ry isg fsanched dover alkal. grdodgenreryl of isgbutyh Tameny of thewariatianis described for

NS r re.taken tggejdhgs .
form{ith, (i ek MEVER MR A R a1 R o RO G TR R ma s
-C(On éﬂ?ﬁg ejheteiR, ionlkgl) b%lftlhﬂé(b&él({%% gng?gﬁﬂh arl Rﬂl’_\}g @@bséihg%d alkyl. In one

anat her _yari gtion is_ - _“where an _
such 3Age ik By -6 RN EFe R “INyisHbgHed BIcpordvdrases. Ry is
5 ® cli . A1 .
S RTa T & i ROMELPaER S ACH £pllio B RHAEN, &' is CONRIR,
wherh &Rads alkyl, subptitutedcalityd or ipdrogdni, Bp is fabstitsted GkS), MRaRband R® are H and
. re a Rb ar taken together_with the nitrogen .
R’ 15%16%?1‘1%? apﬁg arg 13 T sl Enother yamasiom %Wﬁepé‘PB\E%ﬂ&b vghegsyRa is lower
alkvIS stubddt i Is | 6
e 6 e Y AR Ry g ed TR B TR DR aBl R are Hland
R"isRalo. 3MberA Ry iaasubsiitead toyge tlky! groiip,Hin bhe varidtiondieins atlower alkyl

st R RS S oL LS LS i

embriaSes WRRRPherd R* & -PAOINIER, Hherdf@ Rl AtHyARbeeRamaRe. Byl |
are taken togeetrher W tmlz;thebni teﬁogte{eﬁ tggvvl’%ec’h thgl)’/ are oo

alkylzsubsiidied with hiydroxybor alletxarasows Ri és a lomgr slslybaibetitufed ovith hydroxyl,

iperazinyl,, azetidi golidin . piperidinyl, . .
carb@uP AR PHkaY Sl ARURY Aot s R shaliSin S variation k!
and Rredre HD R @he ofthe variatidnOuBIRaBEY for Porthullf(1), it are variations of

vari ation, and Rb _are taken fogether with the

Ra
formplar(Powete atdeaghpraofifieR .4 eRaandR hie dC(QNRaRawdhere R, and Ry, are

. . ) i Lt ed i > o eti
ndrSPEBRIEH By biecen PR R BP o by Sere A Ry,
indepmeaiierly allt RORY land REb@tH bt RUishalee Mn ahdtlidr vasii@ord Y is -C(O)NR,Ry,
al koxy. For,_exanple, in any variation herein where R4 1
wherg %‘a-ﬂ@s{ By piedrgsrendently ghiovt, ike iand R veerhyseogsn angane@fcR Rmd R is -SR ™,

ar gt Ak en it o _ .
o, 08" A e A L b er ot
amine ehé dtecRf o‘rerg itha jsGrot etsmllcé; 41yl, PORET sitrodeysho, alcyl, -SH(O)ZNHOH,

1. . " a 1. (ol .
sulfofl:@‘;:lﬁiggé ?—&{pegﬁlllggiraéggyl,gllo%%ﬁ’r aﬁkyﬁ(grlratpyg;gg izslal?y@’rog%n.) I%ta p%?t(i)cql?a’r variation, R*

is -C@)NK{RE %Eﬁ%al?g%{ IRy, Xf‘e ﬁgﬁieﬁh%&%ﬁ, 3 @¥land R® are H and R’ is halo and
R' andl ;

am nopi per | roxyprperidyl,
R)%aypHpGRai anltd Ry Imayberthe bemxeyqi diffedetty b.g., R, and Ry, in one variation are

4-(2-hyd t hyl ) pi iayl, 2-. ; . L.
both Fﬁﬁ% Y cihyl. T s e, e iiost deSeribe dorofoymulz 4D iaplygied are variations

2- 0X0- pi perazi n-4-yl and 1-nethyl -2-oxo-
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pi perazin-4-yl.For any of the variations described for

formula (I), included are variations of formula (1)
woh@pe4270 | east one of R3, R4, R5, R6 and R7 iBCT/US2008/078024

-S2NH2. For any of the variations described for

formula (1), included are variations of formula (I)

ot BTl IR B 5 4 B BN, e .
takety togethier with tibasivogdnad which they sféladtacheli o forficd hed@dcyriie or substituted

variations of formula (1), where at |east one of R3,
heteegycligingrbn onspuply variation d Ni-CHPINHRumbers Ba and Rylags taken together

" . _ S . I '
i Rt S o g Bt SRR A&y
ring e keanplter vanetioneR Var-CEDINRLR, RheiesR - HARY(drotaken wigkthky Rith the
._and R3 . R5, R6anﬁl 7 are hydrogen, V\,her_ethﬁlovver_ ) 3 5
nitrogen 1oy whigh they @ipaattashedelo fern ¢ feierogielicr substifwpe heterogygjic ring, R*, R
g‘qy ppE 1. - S; E_)] A (4 y t
and 1\?ﬁialr I at1ons lgqe%l? E E‘tb%%m? %url for r%@ék( g/g)c\@%b’g’%}i%%% Ry are
takeP©pEUSL BB HEA8Gagen(tb Whitnthby ake cittached va farat d leetsroofclic or substituted
R NI ME= DTG 00 SR
and RP&BHARN t¥¥ckier Wi thé hiRg& ol whidh e atdRMcRddo %ﬁl?& R&Erocyclic

. to forma ~heterocyclic or substituted heterocyclic
ringrsuplyas marphaking Uarany aefiatidndrereiRyvhers R'IOPQRDNRaRs1ie a phgicular

iR 5 B4 B8 L ERR TP b BB B RERR S o o
hetefodpdici ring! REbcRA RO FIpSa Ryl aRdididyl, nRtibR1, paferidinyD Ahiomorpholinyl

R3 is -SO2NR2, where the two R groups are taken o
and mggbokieyl. W any varistian bersiyevibere Ry €HOIMNRRoainen partieidaredriation, R,

and fr{{’) %Q%k%@%ﬁ{eg&\g&ﬁgé élgrgg rtOZ\?Lljhgla::’l_'jfl}e?’ tﬁleegatgéglﬁiedlrtg fﬁﬁ?} a ﬁeterocyclic ring

substifutddaditlo N or Rendigties AR omIBRELalkIScArb®XyResthi Gi¢PE halo€amino,
taken together with the nitrogen to which they are

hydrgxylagheiituted loweraliaylhetosmd @lkony c For example, i gityethriation herein where

4. [iC Lif R4 5 H
R i R HOUSR b , F2 R, FOTER Bl st Brogen o
whidR4heyRire affchad ¢b fofmiasubSitERiREctemfaslie irpeseldewd fRNGLGUPS

. are taken to?ether wi.ith the nitrogen to which they are,
dimeghylpipprag-4rd. FeoriopylniRsrd-bal drpgperaziyd-yhgtaneps, grt-butyl piperaz-4-

o1 SRR i 070 BTN Vo RRTRNE !
hydropympparidy$ 4-o:pgeridinyll dbhethdxyplidnidel, #-(2Rydrexyethy Bpiperdyl, 2-
@ip%@%ﬁ%g{%femg?%gg—ggdrg&—#qﬂjiqy ,{2-&%—5@#@2@3—4—w andI 1-methyl-2-oxo-
piperazin-4-yl.For any of the variations described for formula (I), included are variations of
formula (I) where at least one of R3, R4, RS, R®and R7is -SO,NH;. For any of the variations
described for formula (1), included are variations of formula (I) where at least one of R R* R’
R® and R7 is -SO,NR-alkyl where R is hydrogen. For any of the variations described for formula
(1), included are variations of formula (I) where at least one of R?, R*, R>, R® and R”is -SO,NR-
alkyl where R is alkyl. In a particular variation, R*is -SO,;NR-alkyl where R is alkyl and R?,

R’, R® and R are hydrogen. For example, in one variation, R* is -SO,N(lower alkyl), and R,
R3, R® and R’ are hydrogen, where the lower alkyl substituents may be the same or different,
e.g., R* may be -SO,N(Et), or -SO,N(Et)(Me). For any of the variations described for formula
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/Y O Conmpound 1 Conpound 2 Conpound 3 HO NH HO NH
HN,. OH 0=6=0 0=5=0 O=S=O\ Br O* | \ Br I I \ Br HO

wQ edok9fo N O O O Conpound 4 Conpound 5 Conpor@mUS2002678024
WD 2009/ 042970 PCT/ US2008/ 078024 ,()—I HN HO, NH O

0°SUOH 0=S=0 U=S=0 O Cl II,NC \ S,, NI OOON
D, 1nc1@ded@96mﬁiéﬁ6ns701qgmw@g @g&%ﬁg%éﬂ&e%f lﬁ'\%{ NSW‘ Qld R’ L _SO,NR,,

wheI@ thﬁ)ﬁ’m)d&l gcbup@ al@dalmmmgbﬂ]ﬁt withtho uitegd to \Ivhi'ch}lllebvil‘dré}ﬂtached to form a
heterlc_)lclz\gfc(l?él or substituted heterocyclic ring. In one such variation, R? is -SO,NR,, where the
two R groups are taken together with the nitrogen to which they are attached to form a
heterocyclic or substituted heterocyclic ring. In another variation, R> is -SO,NR,, where the two
R groups are taken together with the nitrogen to which they are attached to form a heterocyclic
or substituted heterocyclic ring and R*, R>, R® and R7are H. In a particular variation, R® is
-SO,NRy, where the two R groups are taken together with the nitrogen to which they are
attached to form a heterocyclic or substituted heterocyclic ring and R*, R, R® and R’ are H and
R! and R? are H. In one variation, at least one of R>, R*, R®>, R® and R’ is -SO,NR;, where the
two R groups are taken together with the nitrogen to which they are attached to form a

heterocyclic ring, such as a morpholino ring.

[0072] Representative compounds of the formula (I) include, but are not limited to,

the compounds listed in Table 1.

Table 1. Representative Compounds of Formula (I):

HO HO
Hn~ " \'TIH \rTlH
1oy o
~
° O HO
OH o
Compound 1 Compound 2 Compound 3
HO HO OH
0=S=0 0=8S=0 0=S=0
Br Br Br
7 |
HO k/N _N
o 0] O
Compound 4 Compound 5 Compound 6
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F O=S=0 0=S=0 G=S=O\ d H2N NI/ \ G HO ~\ d
0 0 O Conpound 13 Conpound 14 Col I! pound 15

I/

I/ N
, OH

wobbO@H HN (OH - OH O=S=0 0=S=0 O HN ClI O=S=Br'T/US10h8/078024

HO\ d NI/ NI/ ( N OO0 O Conpound 16 Conmpound 17
Conmpound 18 HN OH HN OH HN OH | O=S=0 0=5=0 0=3=0 O
G Od O _dNNT/TNT/ U 0 0 Compound 9 Conmpound—26
Conpound 27 WO 20090Q42970 PCT/ US2008/ 07gQ24H
HN' OH GNOH| 1 1 §Hs=0 $0 0| O=8%Q.0S \ C
HN G \N\| C N / N(D—S:Kbb/\gOOO%E‘rpo nd 22
ComToun ound 24 N
N O\/\N/\
I 5oL
Compound 7 Compound 8 Compound 9
~OH ,OH
HN O
0=S=0 o= s o)
\\ ol o=$=0
. O e Y(j
0}
Compound 10 Compound 11 Compound 12
/OH O _OH
Compound 13 Compound 14 Compound 15
O
OH _OH
0=8=0 0=$=0 f )
0=5=0
je¥es °'
N
0
Compound 16 Compound 17 Compound 18
O O _OH
) HN
0=8=0 o=$=0 0=$=0
cl o/\ cl
(o
o
Compound 19 Compound 20 Compound 21
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HN OH HN OH HN OH O O=S=O N 0=5=0 N 0=5=0 HO\ C \

a dad |/ HN/

0=S=0 Y\ C \ C

Cl HNI1 / HNI

0 0 Conpound 25 Conpound 26

wo Smapaendd 27 HN OH HN OH HN OH | 0=S=0 0=S=0rd¥rS2008/078024

[ NI

000

Compound 28 Conpound 29 Conpound 30 HN OH HN OH HN OH

P A A o A Fay e ol 1 M N1/ LINL N
| | U=0=0U 5 U=SFU U 0-0-0U \:IOH\A \ ™| I iN— OH
0 Conpoubd 31 Conpound 32 Conpiind 33 HN OH HN. OH HN
HN OH | b=§=0OH O—S—O ()—|<§) S— (5) S=0 |\ C 5\ Clg=i= 0
HO .. Cl / \of N | N I 0 @0 uorrpo 4
0 onpou nd 36N l—|N OH
0=Sc a
o}
Compound 22 Compound 23 Compound 24
_OH _OH _OH
g
~NT o=s=o 0=$=0
HOJH cl H ci
HN
o
Compound 25 Compound 26 Compound 27
~OH OH OH
" " "
0=5=0 0=8$=0 NH, 0=8=0
Y cl )\ cl Kl cl
HN HN _N
0] 0] o)
Compound 28 Compound 29 Compound 30
~OH ~OH _OH
" " "
0=8$=0 0 0=$=0 0 0=8=0
Cl ’) Cl H Cl
HN HN _N
0] 0 0
Compound 31 Compound 32 Compound 33
~OH OH an-CH
" ”’I“
OH 0=S8=0 OH 0=S$=0 0=$=0
H Cl H Cl
N ~_N 1/
0 0
Compound 34 Compound 35 Compound 36
,OH OH OH
”’P "
o= S_O 0=8=0 | 0=8=0 I
H S S
" ' '
o) N
0] o)
Compound 37 Compound 38 Compound 39
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NI/ OI/ NI/ 0O

0 Co

npound 37 Conpound 38 Conpound

39 28 WO 2009/ 042970 PCT/ US2008/ 078024 HN OH OH HN

wobbDI290-S=0 /| OS=0 / |

0=S=0 Ol / /NI

[ [ BCT/U820080078024

O Conpound 40 Conpound 41 Conpound 42 HN OH HN- CH

HNOH | | |

0=S=0 C=S=0 0=S=0 OF O F NI/ 0~ O I\

~F T IV oy 1 F O
Conpou¥ 45 HN COH
0=S=00=0 N |\

p—0—Conpoundy#
HN' OH HN ﬂlf-fl
N~ I\ ¢¥s=6

Compo pound 48 HN Qd HD
04Ss Il O1I\ | N
0
0 o]
Compound 40 Compound 41
_OH _OH
" ”'.“
0=S=0 0=S=0
| 0 o]
AN -0
o] o] o]
Compound 43 Compound 44 Compound 45
_OH _OH _OH
) )
0=8=0 0=8=0 I 0= S 0
N
' @
_0 _N
o 0] 0
Compound 46 Compound 47 Compound 48
~OH OH _OH
HN HN™ HN
0O=8= O:é_—_o I 0=8=0 I
YohOINvYeA Yo
_N : o _N
0 0 0
Compound 49 Compound 50 Compound 51
_OH _OH _OH
Hril HN
0=$=0 o= s— 0=$=0
0
0 /7 0
7 //S\ N \'(©\/l 7 CF,
o) o) 0
Compound 52 Compound 53 Compound 54
_OH _OH _OH
HN HN
0o=s= o= s o] 0=§=0
| l
AN CF, N NO,
o] o]
Compound 55 Compound 56 Compound 57
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Compound 49 Conpound 50 Conpound 51 HN OH 'OH I HN
HNOH | OSSO 0O=S=O0 0O=S=01-1 AS~O1I/ 0 ASII

WO 200b/0%290F3 O 0 O OO Conpound 52 Conpound 53PCDUPDOSICTS024
54 HNOHHNOH'"OH | | HN 0=S=0 | O=S=0 O=S=0 /N //

CF3 0/ NO2 /N/ NO2 O O O Conmpound 55 Conpound 56
Conpound—575;29W52609/-04297+0—PCH-US2008, 078024
HN OH HNHEFUHN OH | 1 | 0=S=gn0%6=0 0=SF0 0 / CNukH
CN /-0 =8 O O [onpo ound 59 Com oung_@Q,,
HN OH HN HN' OH I =0 0=5#0 O ~i O
)yOy NH O0poO1 npound| 61 Conpo
62 63
AR CN CN 0
o o) o)
Compound 58 Compound 59 Compound 60
HN’OH H'f‘/OH HT/OH
0=$=0 0=S=0 0=S=0
! ! 0 9
e //S\ ’/S\N/\
0 o) 0 o 0)
OH
Compound 61 Compound 62 Compound 63
_OH ~-OH OH
Hril HN HN”

e ]
0=8=0 0=8=0 0=8=0
HN/ﬁ cl HN cl \N/ﬁ Cl
I\/N )\/N K/N O

o) 0} 0

Compound 64 Compound 65 Compound 66

_OH
A 0=8=0 0 0=8=0 o O=é=0
c. PN ¢
N/\ N/\ O)\N/\& “

o 0 0
Compound 67 Compound 68 Compound 69
HN/OH /OH /OH
| H’il HI}I
Cl Cl Cl
E\N C\N \/I\\l O
0 0 0
Compound 70 Compound 71 Compound 72

[0073] In one embodiment, the nitroxyl donating compound is a compound of the

formula (I1a):
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HN OH HNNOH HN,.OH | | | 0=5=0 0=S=0 O=S=O HNI~ | \
Cl HNCI NC N/ 11J~-N/ 0 0 0 Conpound 64 Conpound

woé200eompound 66 HN OH HN OH HN_CH I | 0=S=0 PCcDES008/18024
0=5=0 Oy& C \ C O-NC | / NI 0 0 0 Conpound
67 Conpound 68 Conpound 69 HN OH HN O—I HN oH 11 1
OS-OOS-OOcS-QgCI Cq1 ON | /NY 000
Compound 70 Co %Qﬁd In one
enbodi nent , xy|l donat und is a
conmpound of the lla ( 009/ 042970

PCT/ USZOOS/O?SOQ& @ 71M ~fQ@in 11/
BA-I-s NQ@ a ‘d. &XO [F@TX‘R81Y

(l I a) [Rg]
(Ila)

where R' is H; R? is H, aralkyl or heterocyclyl; m and n are independently an integer from 0 to
1; x is an integer from 0 to 4 and y is an integer from 0 to 3, provided that at least one of x and y
is greater than 0; A is a cycloalkyl, heterocycloalkyl, aromatic or heteroaromatic ring containing
ring moieties Q', Q?, Q° and Q*, which are taken together with the carbons at positions a and a’
to form ring A; B is a cycloalkyl, heterocycloalkyl, aromatic or heteroaromatic ring containing
ring moieties Q°, Q°, Q” and Q®, which are taken together with the carbons at positions a and a’
to form ring B; Q', Q% Q°, Q% Q% Q°, Q’and Q¥ are independently selected from the group
consisting of C, CH,, CH, N, NR'®, O and S; each R® and R’ is independently selected from the
group consisting of halo, alkylsulfonyl, N-hydroxylsulfonamidyl, perhaloalkyl, nitro, aryl,
cyano, alkoxy, perhaloalkoxy, alkyl, substituted aryloxy, alkylsulfanyl, alkylsulfinyl,
heterocycloalkyl, substituted heterocycloalkyl, dialkylamino, NH,, OH, C(O)OH, C(0)Oalkyl,
NHC(O)alkylC(O)OH, C(O)NH,, NHC(O)alkylC(O)alkyl, NHC(O)alkenylC(O)OH,
NHC(O)NH,, OalkylC(0)Oalkyl, NHC(O)alkyl, C(=N-OH)NHS,, cycloalkoxy,
cycloalkylsulfanyl, arylsulfanyl, arylsulfinyl, carbonylamino and sulfonylamino, provided that at

least one R® is carbonylamino or sulfonylamino; and, R is H, alkyl, acyl, or sulfonyl.

[0074] In one variation, the compound is of the formula (IT) or (IIa) where each R®
and R’ is independently selected from the group consisting of Cl, F, I, Br, SO,CHs, SO,NHOH,
CF3, CHs, NO,, phenyl, CN, OCH3, OCF3, -Bu, O-iPr, 4-nitrophenyloxy (OPh4-NO,), propane-
2-thiyl (SCH(CHs),), propane-2-sulfinyl (S(O)CH(CHj3),), morpholino, N-methyl-piperazino,
dimethylamino, piperidino, cyclohexyloxy, cyclopentylsulfanyl, phenylsulfanyl, phenylsulfinyl,
carbonylamino and sulfonylamino, provided that at least one R® is carbonylamino or
sulfonylamino; and R" is H, alkyl, acyl or sulfonyl, provided that when rings A and B form

naphthalene, x is an integer from 1 to 3 or y is an integer from 2 to 4.

[0075] For any of the variations described for formula (II) or (IIa), included are
variations of formula (IT) or (IIa) where R’ is H and R? is H, benzyl or tetrahydropyran-2-yl. In
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where RL is H R2 is H aralkyl or heterocyclyl; mand
n are independently an integer from0O to 1; x is an
WO niegew7d rom 0 to 4 and y is an integer fromBCT/OSBNS/078024
provided that at |east one of x and y is greater than
0; Ais a cycloalkyl, heterocycloal kyl, aromatic or

one J@&ﬁ{no ?&@Wﬁ mﬁq‘inlf]d NSRBI e thibpitae | pr&kbﬁﬁld%le &EN-

are taken together with the carbons
alkylbénzpmdizlod:a’l(Sudl asdﬂ-na:‘thylbenzémndazolq) gr A-acBlbegzagmidazole (such as N-

C(O)ﬁg;!b“qgglg&%hﬁor %&y ﬁ‘é !flk% bﬁﬁ%oro?(g%)g rcrlﬁ‘l one vggat&‘l Achd B are other
than Igépﬂ%g (Binolidy. ﬁho&r \earitaﬁ&? ).\ B.&gBtafbeﬁaled_y‘l Br §llBol&R! 10 BAe variation,

sifions a and a' to formring

A andB, fo@6 o b@?mfda@slram Vanidéors p?dmwO@eat b%zeanqgrr dggm ?anaﬁon A
and R RSN RS 1R s ety £y B fob A bep Bt v is O and i

1. InWrRHAriSERS ASdndg fd?fn rhx?h’éhyl &ldsyis Dyl ionylin one Vanatlon ring A is phenyl
N- hydr oxyl sul fonami d per hal oal kyI nitro,

and m@fh t5,a hdtécosy] glp@pmpbas Wb@@rm%l Apnd Borm ﬂWﬂlt“é"oand ring B is the

ni trog, I o%‘;‘}ggl{}gg KPS <|=, In%Q t1 n é{%&ﬁéee{s ecpok)yurr a]c?(orfhng to any of the

Vanaﬁbﬁd 4 hﬁfﬁiu[lap(ll NH?LIa)QVhercql Q) 0. is Cahll @hé@yhalo alkyl or perhaloalkyl
OaIkyI C(O NH2, NHC(O a yIC([é)

grouijC(x qg(e@)lmaq:es cmpqq)\@)dmmcor g g P ggymnons for formula

NH2 | oal k
(D 06;@)0‘35? %é%%%dr;msq_baryl sulc%/gngla gxl sul finyl,

car bonyl am no and sul fonyl am no, provided that at
| east one R8 is carbonylam no or sul fonyl am no; and,
R10 i [@0%s] aFdtyiny ofithel variatiorsudesaibet for[tbﬂﬁull]l (ilnotdHe), included are

i e DS ERBSHES ol BRASSATHL B iRl gy oy or

Vm%&%_'ﬁb&f fof! ﬁ)rﬁﬁ[hs('llﬁm (I%)?'igﬁﬁhed fre Vbﬂatﬁi'ns oﬁg%ﬁdl’a% (II% Sr (ITa)

whef®-dt Rrast ohe oif iRr8 apth% @iﬂthh@@ 15@@&6&@@2 of Wie)ypnatwns

descHg%é [f(?r%%ﬂ @B uég Lin 1at(10sr% %ﬁ?%ﬁ)w (Ila) where at least

one Bf ReL]dRMQ »—C@@ﬂb&’fé’ EQ:&R 1sQMd‘dp@ﬂd%lﬁﬂy |a15klyl f lryparticular variation of
phenyl sul fanyl, phenyl g car bonyl am no and
fomﬂﬂﬂ @Oy I(Hm mas 0,prisv AT nShe@ MR mdgeere 8 Irgdppendently alkyl. In

oL RSG50 1FHAREEP, O | RO e i

1nde§8{dérhﬂ PR B E Réheroeach [@Werialkiy® g bd the ﬁan’le (eOg 3-©ON(Me)) or
n integer from2to 4. [0075] For anl)g 5 £
differenti &or msofdb@@ariayeas @%Frﬂ?%‘rfﬁﬁf‘)&m(‘]al (} 8f (I 3} i ‘Qj’luded are variations o

foqu%t Ddc&illi%sw]ﬁ:r {jle 8@ 8{_}@ %1‘1; sy l @dl\htz)wﬁére EddhR taken together

witH &€ b Pwhieh 1tds ;tﬂtachéchto f3im Wﬂe%ﬁﬁﬂ'h@ 42 QibBtituted heterocychc ring.
PCT/ US2008/ 078024 one vari at|j

For b@mﬁh@: vaipations fiesarbachios BB P % gioieiies Bredefpiqgs of formula
(D gr h%’_ gvagz Ol T Az 0l c?? RESHE ?s o (N)NR%P%E:&%@@IQR% frg@ently alkyl. For

“Benzol m dazole
any 6f Be R DEGIE Qe soribad @reprnoula (e arqilh), axdidedare variations of formula (II) or

e eSO e S 00 LA s
hyd?or (%%n Qiag%gly bm?z{n ot (RO Arf3Gond dbsOiNRdRF fo@&hﬁglléoﬁ(lﬁi) AnBuded are

nzo In one variation,
variagoisaff doramla (1D ai{da)shdra i loast one ofR Gar® R 96 S QNH,. F or any of the

Vmg‘g&;giegrg)ﬁﬁz orrg;lﬂ[a Zﬁgor\a/(% )%rtlclihgged a'?‘e 93'.}9 t10n£ & (hfula D or (11a)
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1. In one variation, A and B form naphthyl and x is O,

y is 1. In one variation, ring Ais phenyl and ring B
WO 200a/0kmdv@r oaryl group, such as when rings A apdi/Bs100s/mms024

quinoline and ring Bis the nitrogen containing ring.

The invention al so enbraces conpounds accordi ng to any

of the wvarjiati . f roul a (I or.. (.
wher? b % o AR S0 B B iy b ormut
or (9], HtPuded Afe VAMEOAS FToRhEE §mr(ﬁawh@1@ ApRufdsae aE ROuel RYis

to any of the variations for fornmula (1I) or

. (lla
-SO,WRealkylxwhere R wriydspger opalkylo °pe anyof the Mgrigtons ﬁ@scnbec; for formula (II)

L0 at | d i bed. f f | 8 9.
or R e L5 s Y R ol ana
_SO,NRE Whét HeaddiR Sfdapire RkeancheRRr had wiEbhid mirkydn atémrto which they
any of the varrations described for faornula (I1I.

. > . ) .or . .
are aftadhay fo fomwlaftatoeyclic prsubstitutsddetsroqysliaiipg ing parfigular variation of

Pl P E B S W 4 B e s

and WRK tHeQﬁﬁ‘@%eﬁ aldrh Yo Which ies)are ittehetiodonn @ herdcgtliorisg. ol another
formula (11) or (lla) where at_|eas

L é one_ of R8 ang R9
variatien oEtmBla iR 0B (BRCH 159, K3 | B Be oStz ety the fp & groups are

ticul ar varpiati | ; _
B L 3t A B g b it

groupndependently alkyl. In another variation of fornula
[1) or (Ila), yis 0, xis 1 and RO is -CONR2 where

each Ris independently_.lower alkyl., re each l.ower
al ky| Repgeseptative gorapopnds gf Ejle\?g“%@j\m?é )‘ﬁ@%r Butdry pasifed to, the
ariations described for fornmula (11)
comg%{i?pé)e(%}%%ﬁ% led are variations of fornmula (11) or
(I'la) where at |least one of R8 and RO is -CONR2 where

Table &c ReRresektativet ©ayapdvads ofifarmuld@layi t r ogen to which it
is attached to forma heterocylic or substituted

heterocyclic ring. Forl any of the xaniations
descpi bed for formula (jII') or (l1a), ifcluded are

gﬂmﬂa (1) or (lla erq at | east
3 Ni S CﬁLNRZ grev éh SN
5y 8l kgh. Far any “efjit heSvar]f ations

described for formula (JlI) or HPa), induded are
vart apbans 73 ormula (1) or  (dohhoundigse at | east

n

one s NRaISOZNR-al k) dMere Ra and| R
ftai n(?ependently hydriogen or Al K r/oany of the
iqr/iNag/ ons described for forrcrul}i\\ r//s(\l Jam)

i ncl yded 3 variations of [fo mwla(ll)ooH(IIa)
wher e at_Lkast_dhe of R8 an is -S2NH2. For apy of

the variationg>geStribed for formula (11) or (I1@),
included are vAritations! of formila (11} or (+a) B2 WO
2009/ Coa9pondTT/ US2008/ 078024  \iseRouat 7Peast onel of
R8 and R9 is -S2NH2. For any of the variations
described for formula (I11) or (lla), included are
vari affg@r ah afcthendnabodirhdntothe fitloayl dunetieg eampoamd ds ergnpound of
of R8 and RO is -SM2NR-al kyl, where R is hydrogen or
the farmpla (ESr  any of the variations described for fornula
(I'1)y or (lla), included are variations of fornula
(I'l) or (I'la) where at |east one of R8 and R9 is
-SO2NR2, where the two R groups are taken together and
with the nitrogen atomto which they are attached to
forma heterocyclic or substituted heterocyclic ring.
In a particular variation of
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formula (1) or (lla), yis O, x is | and R9

i s- SO2NR2, where the two R groups are taken together
w@nahoioho t he nitrogen atomto which they are ptt/asiveglo7s024

to forma heterocyclic ring. In another variation of

formula (Il) or (Ila), yis O, xis 1 and RO

i s- SO2NR2, where the t R g{)oups RAre t aken toget her

and with the nltrogedua V\/nl hthey are attached
to forma norpholi n0| ok 0 p_sBe_p\/gsent ative conpounds
of the fornula (I1a)gh ncl | ub are not limted to,
the conpounds |i st ed b TabLe 2. OFatife 2.
Represent ati ve Conpo I\Fls of Forrrula(lla) 000 ON
I \ ~ 11-H o-N OH HOO Conpound 73
Compound 74 o ,0 N/SO°/<S OH ON\ 11 NOOH
0 of ,S~" NOH O H Conpound 75 Conpound 76 [0077] In
wheraR3tihHy R2istihdiratkyltor hetweaychyh avig n tteger fiom & tonb duinan ingeger from1

to 4; [agd'p/a o ndylggtg:oébge c{%uﬁ”ﬁg%’féﬁ&étﬁ@ow ﬁ %#Dég%z\g Q14 that are
1ndeﬁ1§er%ﬂseﬂe@te@é’on@tk@ﬁup consisting of C, CHy, CH, N, NR' O and S, provided
that at least one of Q°, Q*°, Q' Q" Q"and Q14 is N, NR'® O or S; each R is independently
selected from the group consisting of halo, alkylsulfonyl, N-hydroxylsulfonamidyl, perhaloalkyl,
nitro, aryl, cyano, alkoxy, perhaloalkoxy, alkyl, substituted aryloxy, alkylsulfanyl, alkylsulfinyl,
heterocycloalkyl, substituted heterocycloalkyl, dialkylamino, NHy, OH, C(O)OH, C(O)Oalkyl,
NHC(0)alkylC(O)OH, C(O)NH,, NHC(O)alkylC(O)alkyl, NHC(O)alkenylC(O)OH,
NHC(O)NH,, OalkylC(0)Oalkyl, NHC(O)alkyl, C(=N-OH)NH,, cycloalkoxy,
cycloalkylsulfanyl, arylsulfanyl, arylsulfinyl, carbonylamino or sulfonylamino, provided that at

Jeast one R is carbonylamino or sulfonylamino; and R is H, alkyl, acyl or sulfonyl.

[0078] In one variation, the compound is of the formula (I1I) and each R® is
independently selected from the group consisting of Cl, F, L, Br, SO,CHj;, SO,NHOH, CF3, CH;,
NO,, phenyl, CN, OCH3, OCFj3, #-Bu, O-iPr, 4-nitrophenyloxy (OPh4-NO,), propane-2-thiyl
(SCH(CHj),), propane-2-sulfinyl (S(O)CH(CHz),), morpholino, N-methyl-piperazino,
dimethylamino, piperidino, cyclohexyloxy, cyclopentylsulfanyl, phenylsulfanyl, phenylsulfinyl,
carbonylamino or sulfonylamino, provided that at least one R® is carbonylamino or
sulfonylamino. In another variation, the compound is of the formula (III) and each R® is
independently selected from the group consisting of F, Br, Cl, CF3, phenyl, methyl, SO,.NHOH,
morpholino, piperidino, 4-methyl-piperazino, carbonylamino and sulfonylamino, provided that

at least one R® is carbonylamino or sulfonylamino.

[0079] For any of the variations described for formula (II), included are variations
of formula (IIT) where R! is H and R? is H, benzyl or tetrahydropyran-2-yl. In one variation, n is
0 and C is a thiophene or isoxazole or pyrazole or pyrrole or imidazole or furan or thiazole or
triazole or N-methylimidazole or thiadiazole. In one variation, C is other than thienyl. In another

variation, n is 0 and C is a thiophene or isoxazole or pyrazole or pyrrole or imidazole or furan or
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IR81b (I1l) where RLis H R2is H aralkyl or
heterocyclyl; n is an integer fromO to 1; b is an

wo pioegex7droml  to 4; Cis a heteroaromatiC riPQI/US2008/078024
containing ring noieties Q, QL0, Ql1, Ql2, Ql3and QL4
that are independently selected fromthe group

thlaz?l%nSI e ' {é%as -m(e; g%da@é %a&%&e 1) cﬁl@@al%h(ﬁf ﬁ\fé ﬂﬁﬁ’d Cisa

pyrlr?idldél%l %yra@m@ for ﬁyndiae hIrR&lelvananmie pend emd CyS a sgﬂlmuh@fdor pyrazine or
romthe group consistin alo, alk
Dyrip kR S PR HAIAR n 1 rH ¥4 5 Wﬁm fP}sfaZIXlF pf pyridine, bis 1,

and a?rfy o(;(nfaﬁslﬁg EMP frH@A&ﬁﬁ Ig%)ﬁl%eﬁid]i&w or ]ﬁiﬂéﬁiy'lﬁlﬂéri%i’no In one variation,

C is thidpheneyre] ‘tDBI 1k )lh ons unstion € @‘thhmh@neg byt@;l oad #tyeast one R®is halo. In
dlalkyla F NH2, OH C(OOH C(O) Qal kyl,
ne YauerieR& ¥ uepgieH. oo NH2, NHC(O) al kyl O( O al kyl |
NHC( O al kenyl C(O) OH, NHC(O) NH2, Qal kyl C(O) Qal kyl ,

NHC( REY | Foreny N‘f@'e')dﬂﬂ&mx@ﬂ'éh@ﬂieﬁ @¥formula (I11), included are variations
cyclo Ikylsulfanyl afylsul fanyl, arylsul finyl,

of foranladHy) widreat least on¢ Rd anQN Hp In ppovariatigns ¢4t 2 thiophene substituted

mthgig)sl\tﬂ—slg %?d (}%@?ﬂ}? %@gﬁ tugeldqgl]ltjl}n%o (%1‘[%‘0% ‘_/%5.\ ﬁc,rbgl ;anifd group. For any

of thé&diatdne ResckiBed £ THX@Mal(1T1Y, indluddieré osrations 6f fokhular(tll) where at
each R8 is independent| sel ect ed f romthe

1east<mnsR i fG@NHf-allg'l g cxpmplas conEaOs WheromR s -CERI Iy alkyl (e.&.

1sop1;9pp{ )ta]P %ﬁéw?sg)&F (%ﬁ/ zf’f %@ah?l?ﬂgﬁgiﬂfﬁrf%r fanula (1II), included are
varidteklodmdla, (IID)’\QH@@ gt 13ass bhd Rﬁjsl C@(I@bﬁﬂrﬂ(ﬂﬁi’f&) &kyl. In a particular

mor phol i no,

Varlz;jlope(l.lsjt}mhe@g,& @n%}il;, Mt‘ﬁé;%g@ﬁ@g%t%%x WH substituted alkyl.
For rlfydﬁ@ DAL RX acsBRERA P o (i), A3 BH Al i formula (D)

m no, provi ast one R8 iIs
whef@étb@@t/d)r&mxhg (O@NRsa.lkfflovl}drammwlkyl Homanyt dfdhe vaxratians dascribed for

th d h
forrh S ROHG S OB BT RN D ish AGHE PSR Ry -GONR: where
eac}ﬁi is ﬂde g'htlarpir}gﬁ Yduch TBLEGN(VESR WridparticRF Pziiﬁitlloﬁoc is a thiophene, b

peri - pi perazi no, carbonyl am no _and
is2 Sdmlefo(ﬁ R}’? hﬁF@G)NRz whemn edeliR i independentiszalkyldpuchrs (CON(Me),) and the

otne; B P3G s Bt Poraiet (f gy O e Fluing iBrbed for

forrix_\ﬁﬁ LI‘?{? dded®re VM of fo'rﬁﬁxla%’[?f&hé% af 18adrlone”’® BZ—G(SNRZ where

or tetrahydropyran-2 . In one variatiqgn, n
each Ri is mdamdam;sa substifutedradeyd such as&ﬂfdﬂz@caﬁs Prraay ef thegpariations

I
des@ibenordoRyy th BeipgeGirevifidlind og e Bherg ot LA TRE R is-
COﬁRz %vh@fe*k%&h RAgentthéeRibt with! the Biefo whiak itd$ hterheditol forf a
I's a thiophene or isoxazole or pyrazole. or

hetqmwyﬂm loe S\mstlt\mddEZQIb@Cbﬁ ringr Hre partigaanyariation (isibipphene, R and R*
CT/ US2 O 780 [

B

whibF itks é’t&@h& foSofn awfetdﬂyﬁd: Bﬁswﬁtltmeﬂamten&:yohc myg,lsdchm morphohno

In on t
In ot vsiation, Gy thisiphenca R a8 Rgare boiFLonis LAt 8 e onR’ is—

CO@; th%Pedeagh k%a@enﬂ&étﬁ%r%ﬁﬁh@ hitREeR RRicR’t iR¥fAed & fobm a

heterocylic ring selected from piperidinyl and morpholinyl and when b is 2, the R® that is other
than is —CONR; is selected from halo, nitro and —OR!", such as —Oalkyl (e.g., methoxy). Ina
another variation, C is thiophene, R! and R? are both H, b is 1 or 2, at least one R® is -CONR,
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and at |east one R8 is chloro or norpholino or

pi peridino or N-nethylpiperizino. In one variation, C
W0 so0vidphene and b is 1. In one variation, C PGI/US2008/078024

t hi ophene, b is 1 and at |l east one R3 is halo. In one

variation, Cis thiophene. [00801 For any of the

I [, d
oA B0 RGBS ARG Lol oot o
substib@biHithl ll’br(ﬂlﬁoi‘éﬁésl sldcted, fr(ﬁ‘l lowed afkiyl, Qﬁﬁb@ﬁﬁeﬁéib a&y11 1 & Amino,
and opt| onal |y substituted wth an

hyd‘éfa‘éf r FP‘bﬁﬁ‘H}te‘H@W% alkKL g%0 apd gk § ?rcﬁmmpha in @ryyvarl@flon hezein where
8:va h ed are
S S B R U g o o
substm@lﬁ-lhablloyjmhcﬁmg sebeatep [f®m tmml@dqﬁtsermayﬁ I4nﬂ1Rﬁop1§er1dy1 and 4-
CO\IH—I al k¥zl .%e. g., | soElr opyl) ar
SBReROLcpriany Varigriony o pnahea L 2t ophene sdsfifmite R® is —CONR;, C
mayf QﬁdTP;H dubtithded ’MWIBHQ%ﬁse?JC?ed f¥éth %%t\)ﬁ_@ﬂﬁlg oﬁyd&&{)}%ll?oxy, nitro and

where at | east oOne is - st t
cyany. F(qu any ohthg Vpaamcmsuﬂlemnbe& ﬁm fatnnda (III(; inslutiéd @rp hergtionRdS formula
ar | eas
s raBhEordkes {Wherpgne fleneﬁiervlaraﬂlatl.m@ny of the
variftesis deReded Rfr f&‘i’rﬁﬂy 1), (ﬂlélllaed dr8 Qwﬁ)ﬁ &(ﬁa \9]5% t least one
of formula ( efe at | east one |s - F

R? i OIRESELNR- adi{ylkthereFIbarand tﬂ/are findependently hydrogm atediofl Ifhﬁ:dny of the

van%t?({nrs )d];gé} %ﬁ’égf rrng.gés {Ihg, p{ge%] agé 3 yar a ?xgulg&gi)?wlprq: at least one
R® i rBiBPERJEG dny EldkNariaB e HelSr ibe@EK ﬁ‘?r}lgla (HD ﬁxcludgd are rYarlatlons of

particular variation, Cis. a thiophene,
formgta @) vhereabigast e ds sHLNHR Fer mdﬁp@_qmmlbgs delséayted for formula
(III)( ﬁlgﬁlae%%rte g%j%\!r 3 )o%g)rrﬁl_u% gﬁﬁvpe a%l%}le i 8%8 ﬁﬁl—alﬁl\(/yl where R is

hydmgén aitdlloyls Fdessr (bﬂtﬁéivzfrihlhon:f QdsBtibed fot formhulal (MG), HERHled 2R variations
vari ations of fornula IﬁLwhere at least one R8 is

of forpajerthllphere at keagtionRR; ss SRubBeritesne the teo Rugrotips are éaken together and
f th ti
it Mg Slntt3 s e iR Rt PG By e

hetegicyélarniag. a (111) where at | east one R8 is - CONR2

mhere each R taken together with the nitrogen to mhich
het erocylic or _substitute

i]ac ed to forma
h et e r epresfgtativg cqmpennds of; therforpayla 4 anelude, b%t af ¢ not limited
to,tﬁé‘e QR& lidtd :@angpRE. are both H and at | east one R8
[ da\’?%\l \klherle each R taken together with the
nltro en to which it is attached to forma
Tablg &t é%eme,smt@m@rcmmds of Beiniuést @Hpcyclic ring, such as

nor pholino. 1In a another variation, Cis thiophene,

Rl and R2 ar thiH bis 1 or 2, at T¢ast one R8 1S
- CONR2 wher(e %ch R taken together with the nitrogen
to which it ached tg,forma terocylic ring H

sel ected from |per|di nyl awdynor phol ijnyl and when Y7 ©H

is 2g.the R8 that | Hgtt‘% n I8~ CONR2 is selegt &
fromhglo, ni ro and (,RS“ swgh &s -QGal kyl (6.9 / o
rret% \In &H andthe variatiom Cis|thi opP@ne,S

th H |[bis 1 or 2, at least one R is _N_
2009/ 42970 PCT/ US2008/ 078024 where each
H@ta en toge?her wWilth the nitrogen to which it is
at t angsbuhd 97 or m a |het er @ongdoud P8NY  SUDSTT t i@ Rshothd 77
1 or 2 noieties selected fromTlower alKyl,
car boxyl ester, acyl, halo, am no,
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hydr oxyl, substituted |ower alkyl, oxo and al koxy. For

exanple, in any variation herein where R8 is - CONR2
wob@vwesmach R taken together with the nitrogenpdDUSEWE 78024

it is attached to forma substituted heterocyclic

ring selected from 1-nmethyl -pi peraz-4-yl,
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varitftien, e.g., when S i ophene substit ut,_ﬁ\ﬁ
R8|§/SC(]\IR2, C may @N substituted with a |ety
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| ndepenpaimd 8 al kyl| For @swp&indt#ee varjiati ONSompound 80
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of fua a (I11) where at~l e
NRaSOZR: al kyl wherfe R an

hydr@_ge r akkyl. [For of

t one R8lis -\ 2
are indepgndenth
e yaridti ong J

O OH

d orNfernmula (111), Hirle vari at Sy
0 rmuba (WI1) where at |east oeH R8|is - S2NHR. & H
For"any of tRe varijations described for |[formula (I111),

i nclGatepbumd@1vari atj ons ofompamdigda (111]) wher@ompound 83

| east one R8 1s - S2NH2. Bar any of thejvartations

descrilfed for formula (—|NII , included are variati 8“5’

of f la (111) where 2)1;,319 ast one R8 i|s Osg/

- S&ZNR- mtkyl , . wherel R i ?n’\e allkyl . For_any

of the at] s desc |Nbdf\or I\raﬁlslla(lllg / \ O
i hcl uded® ar§ Yari atfi on (rep V\,here at

| east one is -S2NR2, wheredhe two R groups areO

+ 1 pu| N 4- m-it n
:S\lit"clo’p b_\l&ﬁl igng alluf nWI;l”..Q c ||| Q.B Ucn al ot —t0 dofhﬁ'dﬁnd86

cehod or
Ty 4arTTartacTmCcu oot ||\.,L A=)

substiputed heterocyclic riqg. [00811 Repr esent at | veN—oH

co ds of the fornmu [ Y1) onclude, |but are noto\s’\
liqte \to, t he conpounds I'hvsedoin Table 3. Tabl .
Repres 'g)\?eoﬁlorrpoun of gaﬂ(l 1y: oH s
ON~N~sIIN}|BrHO\O\\I\U*D§E§),pOO s0 \

iSS HVSS HOO 0 Conpound 97 Conpound 98 Co

71 Cinphdnd 8997 V42970 PTIE dasdii’s8 78U 24 T O Ui ompound 89

AN
Br N 0 Br
N/w Br N

Q 0 NN Y N0
(3-goor | A LS oo P~
5 d H LA 0 oH

Compound 90 Compound 91 Compound 92

HO
D Br FD Br

N / \. .0 on N / N\ .0 o Y )/d\s’fo OH

s TN s TN I

0 oH 0 o H o

Compound 93 Compound 94 Compound 95

0O

H2N
Das

l
HNT s U H

Compound 96
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HN~-OOHNCN™ O 0OO0OOCHO O iSSA N_ 0SSN

/ N\ 1O HOS O Conpound 78 Conpound 79 Conpound 80

WOERHBI29 O IS NN O- NN_j N_ SO0 ,OHs CCHUSHS078024

O1l1 HS o H, O Conpound 81 Conpound 82 Compound 83

O—IOHNHO ~p\NH NO~S~S\ ri ~\ 0S0,0H1
f,02N SN S0O

N.O S - Conpound 84
ComgaRan (iR a7 E%rf‘gcf&?féf% H-0H -0H ON_ NONO O
0S-0 SO0 ,0H\ S11 H B
[0082] The methods described employ compounds of the invention that donate an

effective amount of nitroxyl under physiological conditions. Any of the methods may employ
an N-hydroxylsulfonamide compound described above under “N-Hydroxysulfonamide

Compoun,

[0083] For any of the compounds of the invention, such as the compounds of
formula (I), (II) or (III) or other compounds for use in the methods described herein, recitation or
depiction of the parent compound intends and includes all salts, solvates, hydrates, polymorphs,
or prodrugs thereof, where applicable. As such, all salts, such as pharmaceutically acceptable
salts, solvates, hydrates, polymorphs and prodrugs of a compound are embraced by the invention
and described herein the same as if each and every salts, solvate, hydrate, polymorph, or prodrug
were specifically and individually listed.

[0084] For all compounds disclosed herein, where applicable due to the presence
of a stereocenter, the compound is intended to embrace all possible stereoisomers of the
compound depicted or described. Compositions comprising a compound with at least one
stereocenter are also embraced by the invention, and includes racemic mixtures or mixtures
containing an enantiomeric excess of one enantiomer or single diastereomers or diastereomeric
mixtures. All such isomeric forms of these compounds are expressly included herein the same as
if each and every isomeric form were specifically and individually listed. The compounds herein
may also contain linkages (e.g., carbon-carbon bonds) wherein bond rotation is restricted about
that particular linkage, e.g. restriction resulting from the presence of a ring or double bond.
Accordingly, all cis/trans and E/Z isomers are also expressly included in the present invention.
The compounds herein may also be represented in multiple tautomeric forms, in such instances,
the invention expressly includes all tautomeric forms of the compounds described herein, even
though only a single tautomeric form may be represented. Also embraced are compositions of
substantially pure compound. A composition of substantially pure compound means that the
composition contains no more than 25%, or no more than 15%, or no more than 10%, or no
more than 5%, or no more than 3% impurity, or no more than 1% impurity, such as a different
biologically active compound, which may include a different stereochemical form of the

compound if the composition contains a substantially pure single 1somer.
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-NSS SpHSO11\ OHy6Z O Conmpound 87 Conpound

88 Conmpound 89 Br ""NBr Br , 0\ , 0 0--ON CH S110
werho@4700 S 0 11 NH S S\H 0 SO0 HO 0 Conporms209€9078024

Compound 91 Conpound 92 HOF Br Br Br ~~_/ NI ON

\' ~O\/N,OCH 6\ SS,0HS ~~\ S11 N OHj S11 OH,

d .93 d 94 -Co nd 95
0 1 2 10831 o e o BrRERRBI ipF R B i deascqng t the general
metREBYWeLARd th ShbmdSAIDY BY §RGtduled RROMIEShE 8. YBStild materials for the
the Methods [00821 The nethods descri bed enpl oy

reacligpise siker spmmescialhy availpla or may bd erepats tyrknosinf rroteadures or obvious

2 [t I der physi o] ogi cal, candition n
modiiiRhs Berdll 8 ot gl SL e R Datp P e et foth
comtiialusngplites uch e §igpomedrioRd €therNnddy Be Prapartdl3RBded res or obvious

ounds. "
mod%crg‘gions thereof described in standard reference texts such as March’s Advanced Organic
Chemistry, (John Wiley and Sons) and Larock’s Comprehensive Organic Transformations (VCH

Publishers Inc.).

Scheme A. General Synthesis of N-Hydroxysulfonamides (Method 1).

O O
NH,OH - HCI
R——8§——CI — R——8——NHOH
K,CO;
O 0]
Al A2

[0086] In Scheme A, a solution of hydroxylamine hydrochloride in water is chilled
to 0°C. A solution of potassium carbonate in water is added dropwise, maintaining an internal
reaction temperature between about 5°C and about 15°C. The reaction mixture is stirred for
about 15 minutes, whereupon tetrahydrofuran (THF) and methanol (MeOH) are added.
Compound A1 (where R is an alkyl, aryl or heterocyclyl group) is added portionwise
maintaining a temperature below about 15°C and the reaction mixture is stirred at ambient
temperature until complete consumption of the sulfonyl chloride is observed by thin layer
chromatography (TLC). The resulting suspension is concentrated to remove any volatiles and
the aqueous suspension is extracted with diethyl ether. The organic portion is dried over
magnesium sulfate, filtered and concentrated in vacuo to yield the crude N-hydroxy
sulphonamide A2. Purification may be achieved by conventional methods, such as

chromatography, filtration, crystallization and the like.

Scheme B. General Synthesis of N-Hydroxysulfonamides (Method 2).
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[ 00831 For any of the conmpounds of the invention, such

as the conmpounds of formula (1), (Il) or (1I1l) or
wotdensmdonmpounds for use in the nmethods describenus2008/078024

herein, recitation or depiction of the parent

compound intends and includes all salts, solvates,

hydr ates, pohynorphs, or prodrugs thereof, .where

. 0]
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singl e diastereonmers or diastereonmeric ™ mXxtures
layes ehypmatography ¢TEG). mEheoksultimsispanspalis dsncanteatekiprremste/any volatiles

e RSP 00 5 R g S S Sonronis i v
maghéshire ulfalé) &l eestnd REBcNGhRH B vATRY t@%rﬁﬁi B hAkL gf-h}adroxy
on

i nkages (e.g., .carbon-carbon bonds) wherein

I
sulphepagidoA2; Ruriication mek e agiened byisanvensional audtbods) suchage,
t 4G J] i the presence of a ring
Chroglra%%%qb%?’eﬁfgg{ﬁl&mr}; gazltllngra%‘f)ﬁg é/{hggikf’ cis/trans and E/ Z
i soners are al so expressly included in the present
i nven$dheme C.TGenecalrfyathesis oNBit@madiatyN-Behyl0Lysulfonamides.
represented in multiple tautoneric forns, in such
i nstances, the invention exp&fssly i ncl udes al
taut oiferi c for nproR e ta uRds descpi bed herein,
even |hhough 0 $i ngl e” t al@neri c |orn1nay be
rePresent@d. Allso epiiraced are conpesiti of
substdntial |y pore“fonpoud. A conposi‘ion?ﬁb
subst &nt i al | y purecompound TEane-t hat ot he
conposi ti on contai ns xeopore than 25% or no_pore
15% or no nore than 10% or no nore than 5% or no
nore than 3% inpurity, or no nore than 1%i npurity,
such pRss] dMB&EFRkysuoRAREeS e cHerich] MErhOMRRY Bt arg used as

which may include a different stereochemcal formo
proteckpsl N-bpdosysufonamidasefor dreplogther roedificatioaiafishesR moiety of compound B2.

ubstantial | y. pu single.isqgnmer. .3 2009/ Q42970
In S G 8 D stihen B 0- s are ke bin s Slpe Blda methanol and water
is addew @ dhilfedosdlutidf ofpeissiah @aBbide trPwhiBe n8MinBlg an internal reaction
met hods described i n Schenes A-D or by procedures
temperptiia belewt aheuitd’C. Thereretinn mixtuse isstisrefl dor abowt ¥ mumittésomhereupon
i I8 vai |l ab or are.by . .
THERRE A% (ot S TR " o R e el o 80 U R BfeRtioR mivcure i
stirrddoat ambienplemperstury ufil dogplt adrisun@tiombethe 3hiFordl €hloride was observed
b g&aigable,fron1 commerci al suppliers such as )
y Th{Cqhe eelfipg puspensigiy is cagpniaied freyspe & 19jaye sek Helptilss,gind the
; ' Pt . i . ' _
B AL NP TAE IR S e s
sulfate, filtered and concentrated in vacuo to yield the crude target compound B2. Purification

may be achieved by conventional methods, such as chromatography, filtration, crystallization
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Chem stry, (John Wley and Sons) and Larock's

Conpr ehensi ve Organi c Transformati ons (VCH Publishers
wo pamop4298chene A Ceneral Synthesis of PCT/US2008/078024

N- Hydr oxysul f onam des (Method 1). 0 0O R C 11 NH20H

HOJ R 11 NHOH K2CO3 1 1 O Al A2 [0086] In Schenme A,

Ut . r ' drochl.oride i.n ter is
and LBl UABAOH LD 5 RUEREN 8Ll Ml S, For
instavet e susgensiddied 1dvOoptadiam diBdhatddalinhgbeiddedt®h Bdpension of B2 in
eai:t on tenperature between about 5C and about 15C.
methenol s dpachiAn FAIISHS Socnder @ Bydragen aimosphencataimbinng esmperature

and %@sﬁ%ﬁ%&r&s@%ﬁ%}éﬂ% t. I?e?re (;eHrE)'g)n&ﬁlpuge %ﬁ{lge?%t:l-‘{o(ugﬁg}i%r(?ﬁbre glass

papéreThy eylthy filtgitois ppnientrawd etlvaab | dndriké &eidudBififid By diventional
enpe ure bel ow about. 15C and the reaction m xture
meﬂ?@%&?ﬂ‘%&i‘e serresppnding N-hydppseisigpamidat i | conpl et e
consunption of the sulfonyl chloride is observed by
. _ ' : -
e O B el B (ARG EBsh 2 lpgysulfopamides.
the aqueous suspension is extracted with diethyl
ether. The organic portjeh™hs dried over nagnhesium
sul fage, filtered and qoncentjrated in vacuo to yield
the cjjude N-hydroxy sul phongm de A2. Purfication y
bg-_achi eved by E¥nyeptioqal 4fet hods, such|asy
chr onfat ogr aphy, filPratiof, crystalliRatt Rd t
like.jScheme B. General Syfthesis of 0
N- Hydr oxysul f onam des (Method 2). 39 WOQ009/ 042970
PCT/ WU32008/ 078024 11 0¥ NH2OHagq R-S-Cl R-S-NHOQH 1111
THF: H20 1111 Al A2 [0087] In Scheme B, a sol uf?on of
aqueous hydroxylamne in water and THE is chilled to

- 5C. (098P UNted¥ah{ Yo SFyRarR lyfox§isufibiathidePdr¥ kh@hical intermediates that

het er ocycl yl group) i s added “portionw se nmaintaining
are ygeq é‘i@fé%/eﬁtedﬂ‘é yhpaxsukbeamideior thedurther mashification ofithetRimeiety of

comboc‘un?ltéi. ' gcﬁet[ne C, to a solution of C1 in water at 0°C is added a solution of potassium

o)

carbonate in water dropwise, maintaining an internal reaction temperature below about 10°C.
After about 15 minutes, methanol and THF are added dropwise, followed by A1 portionwise.
The reaction mixture is stirred at ambient temperature until complete consumption of the
sulfonyl chloride is observed by TLC. The resulting suspension was concentrated to remove any
volatiles and the aqueous suspension was extracted with diethyl ether. The organic portion is
dried over sodium sulfate, filtered and concentrated in vacuo to yield the crude target compound
C2. Purification may be achieved by conventional methods, such as chromatography, filtration,
crystallization and the like. Deprotection of C2 to yield the corresponding N-

hydroxylsulfonamide may be carried out according to methods known in the art.

Methods of Using the Compounds and Compositions
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stirred for about 5 m nutes, whereupon THE and Al
(wher p0B2] s OaB elblsfimentpiplides a RRAURIQTYEIdvlatidf PiaBlude8ncreasing)
. added. The reaction mxture is stirred at anbient ~
in vipe pitox ¥k Igyeds A indivisieal 1ameed tisesofnths wathed comarising admipistering to
e e Ay T 8 Mo M AL A8k naiops or
phanmatattichibgaccaptdble Balt therpof oA isdigidesids timesd of Aiiokglchedhlation if they
with di ethC# ther. The or ani'lc_l ayer was, dried over .
havelgs i, HsPesick oftheVing or pisy sk AL dRR Sher EloBMEiardiseaga & copdition that
isreéﬁo%ki%hhﬁtr%ﬁ%i%er& ‘get conpound B2. Purification my
be achi eved by coriventi onal methods, such as
chromat ography, filtration, crystallization 40 WO
2009/ 9987 0P aGTulaSPea8¢ 00 aditiosnomraeed iykibe mEH®ds of the invention

e RS B 2R B Y b e s
impliatd FGhayMnRlicsE chORla/APARRHNAARBH ThesBmSUSRERS 1OriBEd in more
B2 in nethanol. The reaction m xXture is stirred under

detail bplpwr ogen at nosphere at anbi ent tenperature and
at nospheric pressure overnight. The reaction m xture

is fi d r mcrofibre.gla aper. The . .

resul tﬂltogﬁ flcf){lp g%iggrfsscc’%l heertra %’gﬁ%ﬁngg%lfgfnpg%d ?%tge mnvention
are ein€tFhddd y[hy invergibnbowevet etht inpitalds deRtiBedmal sd/mbletthiléne nitroxyl

correspondi ng N hydroxyl sul fonam de. Schene D. Gener al

donagygtcﬁlégplgad@foqemi@pwe@p anethods may employ Angeli's salt and an N-
hydr&ﬁ'ﬁﬁf)ﬁaﬁﬁ}[ig bf ﬂl@%&é%@ﬁt%ﬁwn@éx )oic" HJJ(I gxnrﬁglieq\?-ﬁydroxysulfonamides of the

present invention, which may be administered together or sequentially.
Cardiovascular Diseases

[0095] Provided herein are methods of treating cardiovascular diseases such as
heart failure by administering an effective amount of at least one nitroxyl donating compound to
an individual in need thereof. Also provided are methods of administering a therapeutically

effective dose of at least one nitroxyl donating compound in combination with at least one other
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Usi ngl@04 acedriy tBoimyentioni ip asnethbl] of@eating congestive heart
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effeétﬂze %ﬁlck@ﬂd&*ﬁk B:Lc{gtlu é‘ﬁ %JA@?Q g?' V' d :é@llélb{élﬁg ot f‘%fan gffectwe

amoumxrqf atledsttone pr}mdpmsan& 1ﬂﬁ$0pi<eﬁgeﬁf fo@@ltmdllvﬂﬁﬁl infi¢edthefof, which
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e sulbjective . opi ni on
and :@tdeagt onm(aherrmbitlee mompic%bntajbmpdﬂsw;ml@ﬁhﬂsténﬁg tﬂmﬂﬂroxyl donor either

di t d thod of nodul ating
sequpRYAL TG DHREF BASSNTRIMDI-GRIC 059Pb RNISKMBRIG| (e sgeiment withfne agent
first hﬁ@ih%h tHeadecddy ApefRd o{ﬁﬁﬁlﬁﬂ JEermg h'%%ﬁ'@ dy &i?) {t %ytlge same time,

adm ni stering to e 1 ndivi conmpoun
whergomthereds an ovasbaplin perfhemigdhthe iadindrd$teatiion CWikiistdu@ntialekdmanistration, an

individual is exposed to the agents at different times, so long as some amount of the first agent,

which is sufficient to be therapeutically effective in combination with the second agent, remains
in the subject when the other agent is administered. Treatment with both agents at the same time
can involve administration of the agents in the same dose, such as a physically mixed dose, or in

separate doses administered at the same time.

[0097] In particular an embodiment, a nitroxyl donor is administered to an
individual experiencing heart failure that is receiving beta-antagonist therapy. A beta-antagonist
(also known as a beta-blocker) includes any compound that effectively acts as an antagonist at a

subject's beta-adrenergic receptors, and provides desired therapeutic or pharmaceutical results,
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donating capgpound, i upRsin lspmgma@@n with apetheraepsitiyk inotropic agent, such as
. L.0j ' ut | |y .effective amunt of at .
sonfAL 31 4 B L DELANRY . S SRS Ty ol i wea o

treatwhry stage keed failng, the dascadadgiortdl is 1dvas ditn tBachs¥® tidat acute heart
., experiencing heart failure. Mthods are provided
failuggs I pther gpbogdiments theadoraily thesassasds ussd te kreatiaguierhears failure.

conmbi nation with beta-adrenergic agonists to treat

Isch%ﬁzﬁmegﬁﬁ%ib%g%%&u_‘m agoni sts include dopam ne,

obut ani ne, i soproterenol, and anal ogs and
derivatives of such conpounds. Al so provided are
met hol#99%k Thamiventinemibngeen intettmdy of theatmgor peeventing or protecting

s SRS S SERLY A0, CRLIERL WAL Pl B SHL20On 2100, o

indivadl ¥l isR lfor AANScHeARY &R, Thus, PréileT herdlR iWPASHBE Bf preventing or
provi ded herein for treating specific cIaSS|f|catFons

reduging thedniury adspeiated withdschamiateperfusion byhashministesing aneffectivg amount

cute heart .failure. [0096] Als raced t.he
ottt G RO By amPORne Py Eo BECTP% PHAL eythe onsetof
ischdndia) W @nigotifd of he GhvedtiBOmas BE 8dRRNAESY 1o/ RBRIdual after ischemia but
failure, by adm nistering an effective amount at

beforeggparfusira. i eqmanapnd @6 thetinyantion mpowtng teqdamnistartidaifidual

ot ner | L ndi vi-dual be er.i enci
L A
provideff idymathod i shizhithgindividual is demonstrated to be at risk for an ischemic event.
Also disclosed is a method of administering a nitroxyl donating compound to an organ that is to

be transplanted in an amount effective to reduce ischemia/reperfusion injury to the tissues of the

organ upon reperfusion in the recipient of the transplanted organ.
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effective anount of at |east one nitroxyl donating
conpound in conbination wwth an effective anount of
Ww@boobmadro one ot her positive inotropic agent tBCHIS2008/078024

i ndi vidual in need thereof, which individual may be

experiencing heart failure. In one variation, the

ot her |t j hS: - ' i st .

cuch 00 NEAEAAPEr 8 ifhenE Fa P S BF W g ARG o preventing
or redii¢ing injlrychesueiatedawith Afture ésbitmbiepatildesn. (Fos eknvsle, administration of a

[ t conpr.ises_adm nistering the nitroxyl

. inptropi ¢ age ) . ) ) ) )
mtro&féfﬁéﬂmEPPWég "s‘é‘&ﬁ‘e‘?ﬁlf‘%ﬁFW RAY FPdPPF‘eU%P‘h@?CT@%WM sige of infarct) in at-

ik GEGLL 98} 5L o SR Soph b SHRROLild e amount ot
nitroxgihdamatingcomgpund ttd am ipeliviuad pristuoshavise 8ol iychefea. 3@ BRzans to be
time, ~wWherein there is an overlap in performng the
e G T BRP IR Y SBEAS G ORI PEPFHrionghpror o
repetfiélon bfkBlordad iR HRARBEILR rEdificAD @Bfnﬁ)oﬁpoﬁg dofafifr& e more than one
~times, so long as sonme anmouht of the first dagen
nitroxfil-donatisg seripounidetso cooldde wshd inathe uteilwab dyscebéd dor examipte, Angeli's

G R b M L
hydrék@alfoRdhidd éfhd pleberR URRhGoATHE lﬁﬁro?@ﬂ&oﬁa‘tiﬂg cgﬁaiﬁg‘lméi also can be

i.nvol ve adm nistration of the agent$ in th ose,
usedgp ¢pmbinatiomwitk othet Fisses sttiedpeuic agents that seplsighal wosimmize

. m.ni stered at the. sanme t.ine 0097]. I n particul ar an
isch R N s P SR U SPehRARIoH < PP Elekfhecepy or other
intervértiows €t ProtetRRItheMGbedidReInindiMidusls ith@korady artery disease.
recei vi ng beta-antagoni st therapy. A beta-ant'agoni st
(al so_known as a beta-bl ocker) includes any conpound

that KaPHct Ppempthediod agminisierite sk sldoaer fa livesbbjeets insludes
- skre . .
i 8 CBESAS LSRN oo P B8RS s s oty
to the 0@t 6ARBH InsPETE LISREKER S 18DRuldHiet Predludé pedferirsneslof the method

scul ar tone and/or heart rate. A subg]gct who is

Withrvsa £ty Whg haws badpriox isshemaic evemlarigpythg methag alsqispatemplates
. . t i 1 Ni 5 in. .
O B o oa B SR VR B S nbic cvencin

the pastt agoni st at the subject's beta-adrenergic receptors.
In particular enbodi nents a determ nati on of whether

a subj is .receiving beta-blocking therapy is _made . )
b e e eSS B SR st
even® H@mpRIDREITEALISi dubE vt RS Hy?ercﬁ&l%&%féﬁli{a,%KéQﬁanges associated

__presence of beta-bl ocking agents by chem cal” tests,
withgigk lof tschamigisedpdany liféstde.cingographiztaygteaphyf mastial eemnatyettery

TS et A RGN B B
for adGfued drPdRRARAKMNRS &RAT (fod &afpld MmybSRdaNBEHetIc Wdnh stch as a
positive inotropic agent, or to a subject receiving

myogradial infarettpar(VR, ar lageoyascular isgbermiatsuch aseger¢hsayascular accident

fiaj | f Lfications. .Jdn particul
CVAY st fouf cRuhplEs BERS MR Pyl REL Gy camens who are a
risk &ff fafiire Balidnyia SHAShoHAVONS Preb@elidemiel dfiRheBiaqBuchaasC ass

Il heart failure. In other enbodinments a nitroxyl

electipsauiogigphiorhsagespssesiatedwith ischermisi(Fatexemplgi paaked or inverted T-

it Lo ' - such as_isoprotereno 0
wav RS EPneR GRS o PR o R PR PR PhER COBlerh elevated
CKMBedlinial &identd bf isdhienia Si@hat cghiag Rp-siechal ShddSbn barm pain,

conbi nation wth another positive inotropic agent,
shortagssiof heeath and/or diaphoresis). The nitroxyl-donating compound also could be
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I soproterenol to treat acute heart failure. In sone
enbodi nents, when a nitroxyl donor is used to treat
weanbpsdr@ge heart failure, the dose adm ni st ep€DUSB08/078024
| ower than that used to treat acute heart failure. In
ot her enbodi nents the dose is the sane as is used to
. : r ' r m a/ Reper.f usi o
w8 B 6 e A o P LB AR Sk o cxampte an

angivplesty iongurgery [(sietantico®nary 4tedf Bakdgraft3@eAS! Also embraced is a
erfusion injury. In particular, conpounds

I schem al.re ) ut ar .
methol ol gEmiTigieie RIE-GRBHERS corapongto 8 gkl af demaqnstrated risk for
bk f .y . ‘ ovi S e g
an i ne?ctﬁlg 59% t ’g}rlée%gé%fﬁp}ll’l gf %&r/ fflﬁ%véd ng’b?% S?{‘nhea/ %:t%tj%lg Fé\ﬁ& Bt Bedtormtdd by a
varigtg obuiethiods] soint lof whivheine adted peovk LBoreRatpleagiirindivédil Wi one of more
£ ad eff%gél%%e amount of at |east aone nitroxyl donating )
0 alz;%waaa nohassACES B actiys isehemi nylop histry pbmypeardial infarction,
levR88 §druffchol h@, hi i h
o R s O DO i B Y, PR
individiiad ceuld dpseltctsd by physicbtestingol abicitinigehd potential eubjeaY medical history
tod | so be %gm i stbgr ed after  ischem.alreperfusion, but
0 R VReSIRT SHOGE 3RS 3 1pdisations of Hyfafor ap 1chemigevent. If risk is
dembrtitrdfed badddssh th® frRdales di ' %@h {8 i
.emi ndi vi dSaI IS dermr?st r adthi%ll§ %eg%%g%gt&??s ?%?algﬁtlons that one skilled
in the gdtvenwld appyeniate, they the indiividhal yenild be eonsidetedcit démonstrated risk for an
. m nistering a nitroxyl donating conpound to an organ
ISCh?%%lgtev?%‘ to be transplanted in an anmount effective to
reduce ischem a/reperfusion injury to the tissues of
the [1g3n mpmmia@wﬁ%hmgl daniab€ ti5shed BiheFthathobd6F the
transpl anted organ. 44 WO 2009/ 042970 '
myogardinpiche ovgeion enplyace methads of yeatingrspsevehtingieich damage. In one
' . b d i t h . ent. |
Varldrtlgg,lejtglé %r%%l}orﬁwurlrd;s/ Iﬁgez in ggﬁlliaé?n%dmi/ﬂ?}’ ﬁ%mﬁ%gfré&%\él%g in 1 tBSue of the
brair, $ivtre gutakidag bousl, enin drgrotier &Rl ThERBThBH S hrc Bl ifVb a2
nitroxyl donor prior to the onset of ischema nmay
admingsitratien of anifrexyeloppriogn indiuidyales rigk farspel imjuryi Selacting a person at
N L] .- i ieet ' o
risk K S REHER jo Rk B BRSOl of B ingigprogpog to ssess
risk forr hrryoxaridiatl tsokdo in gHoweges,ibkertfactanl maydhdicgtealrisRfoor t o
. . the ongf%t. of ischem a._In organs to be transpl anted
ischqnppgeneEiusion inhpipessieshloratale: syrgeny mationtyalicniperignee surgery
relatéd LER¥HA. ﬂﬁl@,QBdiQfdqus_sEﬁédufego%xr Jlﬁ’?érf Bolll bk 6Pt ik for an
~the transplant recipient. nposttions conprising nore
ischemia ave.€lherfollowing|riskl daradrs figr stroke Gurradubdes of thesd rikkifactors) would
used in the, methods descrjpbed, for exanple, Angeli's .
dem%fﬁﬁ?teé‘_r?&%&ﬁt Sr&lﬂﬁf&ﬁ% isshraip Pfa 41 48U hypeienpioB sdgaTette smoking, carotid
artery SéR6Nd, PRyRéal indetiBify Hﬁ'b@t_eé\lfnemfﬁs', gﬁéﬁ#iﬁ&ﬁﬁ%%engiscbaﬁic attack,
_present invention. “The nitroxyl-donating céonpound al SO
atrialfabrillsgion,poeeharynartaryriseast i comgestivh hedrhfailure, past enyocdrdial infarction,

BT e RO
ischediiaBincHe: @&@&Kﬁ?%oa@l@ﬁ to pHRAr9la8Y sdddRAAD PreentMin¥ePostgrad Med,,

i nterventions r protecting the ocardiumin
107(6)ait-90 CA9A0) Further, eamplivatignsadiupirgatet] indentious dionhed in@eelderly can
incluggg}}gg gfall,%% ug:lggetbreogvén arar é']{r{%l 1‘g{t{ajsgiﬁlaloigcci{(l,ﬁ)réa.tS(i)o’tlzvliﬁ/e(;"-Nie & Brandt,
“InfedtibusQlidrrhed O eHel ddiris ONBLHENtBIOL ATl V. URE JUHB250635 (2001).

ischem a. This refers onlc?/
Alternatively, individuals could be selected based on risk factors for ischemic bowel, kidney or

liver disease. For example, treatment would be initiated in elderly subjects at risk of hypotensive
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to the onset of each instance of ischem a and woul d
not preclude performance of the nmethod wth subjects
wobalaoeo had prior ischemc events, i.e., ther@BPURDAS/078024
al so contenplates adm nistration of nitroxyl-donating
compounds to a subject who has had an ischem c event
episddes (HRhR& gic%xlq;lg%i lols{)SjTlesd H%i&ts&ﬁ@iegﬁn it %h&ldanv\ﬁgitcation would
are at risk”of a first or subsequent Isthem c event.
be césatepddes risk fdradsdheniiovévduial Alswvkeinbrasedisra method of administering a
. h rchol esterol eni a,, EKG changes. associated wth
mtr‘?‘%} E(EOH&FH% SRR ,O?E*@dé}‘ﬂn&f)? t9 a1t mdiwidual whe hasgrygaeics more of the
cond@ériRER HfeiP A A di SRR Okt Odhditi
ne(':h.ocar di oger1 aphi c e\}i&%ence o?lg%g%)épgl?%@'dg%{gg&dg}om that may
resuld ityischemsia seohi aj earcbrad hrteriavieadus mhaiformafion woealdde considered to
additio i schem.c event (for exanple a nyocardi al
dem?gsgrﬁ rﬁsjjﬁjgvgh ‘,thegﬂ%ﬁveé’% a myocardial infarction (M),
or a neurovascul ar ischema such as a ce(ebrovascul ar
accid [111'04{ CYR9 methdd R hdh midtéing@iROB) €5 0:2hnd 3®eMRhAs Red includes
individuals are selected for treatnent who are at
adminisiration of gitroxd pirioe eteimeyalmfithewrgam from the dpmazstontxample through the

.d f ma (such .as el rocar di ogr.aphi c
pert i GRE Rl B RS RloneS: 7 r SERaiaoRd S Dk ggror or
exangﬂe b Ridey @6nok; the@itRskyDdondf cHEBRIMinkteRMPoItRSre@h donor as described
(ipr ession in_an appropriate clinical context),
I

abovg|faxasubject g fonan ischenie gyengn @ghee eases theithanyl domrchn be

s Bk B0 L8 2 WY TEH 3 BOR b ofRtlng e HRRE WShor. For example, the
nitrowy I domsy Canderiatludgl wahpeigasl peb&oattodothtion, soh WOUniversity of
. 200_9/“%}?7970 PCT/ US2008/ 078024 admi nj st er ed gri or to |
Wiseongige §LY e solption,mihick isp selution somprisinehydsoxsihyd stateh subsigntially free
' 0 a y

of R T A0, AR B MERRE ot BLE PN 478308

nmet hod of admi nistering a nitroxyl-donating conpound
Pharmecentidah Gompdsitidn, Losdgnborstsiaati dleatinght Regimeaaz i schemi ¢

event. The selection of an individual with such a

t at ld. b f db ) i et f th , . .
sore. D08k 8153 dpdidrsrtplastieiedly aeeafptle ORpostons comprising a
compURI\Of teahveMibh of ﬁl‘farﬁlfacéﬂ%ﬁly fleefB018 RNPHERL Wf the methods

associated with active 1schema, prior history o
may gppboyrtie edmpaerinds of the ipventidreawd plthrmecanticayodcegitableo bomposition. A

etc... would at risk.for i schem ¢ event. Thus
pharfpSonic fekeplihE sambetintingBouu s Sioreg! B yempaiids of he
invehit@si tofdh@rwie 4 fhdrnBeeutibAlyPRicethbla bartieR] B phariERuE & compositions

history ~to determ ne whether the subject has any
of the wyieatign wakide those switablerfoneral, sedidlnasale topinal (ingluding ku¢os! and

.af.e indication I SC ed above

subl{EHE SRS paRG RO IR ARl B T SRS FpOGi s and
intradentlat) adpphiseithe, then the individual woul d be

consi dered at denonstrated risk for an ischemc

event . hOlOSl | schem_ al/ reperfusion nay damage tissues
ot her (0P8l Thpeunpaungdser compesitions way ke arepaed iap gnavaglable dosage

formg a@{ég&é(gﬁgé%hﬁggﬁ o ih{eﬁ@édi, %cgrirﬁ%{lﬁe\égﬂs [ Rusitcdr thencompound or

n one vari ation, I nds use |
compasitioni sagh asgapsyled, saheisoh eablad eaehevhitaBiinga predétbienihédabéunt of the
of the . L .
compound; as a powder or granules; as a solution or a suspension in an aqueous liquid or a non-
aqueous liquid; or as an oil-in-water liquid emulsion or a water-in-oil liquid emulsion, or packed

in liposomes and as a bolus, etc.
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brain, liver, gut, kidney, bowel, or in any other

ti ssue. The nethods preferably involve admnistration
wo@booa/omote oxyl donor to an individual at risk POT/US200$078024

injury. Selecting a person at risk for non-nyocardi al

i schem a could include a determ nation of the

i ndic ' r i

| ocho S7F 5Bl Cort SRR he Cnbuhdbr EAGRA ihay be ipde by
compassion ot mehling, oppenraly svitnoreror aidre acdebsdsyiprediedits. Compressed tablets

xanpl e, . surger atients qften experience surgery )
may{ b TibRaied R sbREcsing g suitphly paghing hegetuameadionbm a free-flowing
forn$ WicH Q6 ¥ poRMECorRRarRMISh ixdd Wi HRERCILS i
° event . ‘Fﬁe folrltggwi ng’ rlﬁg’?gg}ég{l%{dsﬁl&é BiéltCI ?lgll(ué)lr 1?%?[’ {gﬂeﬁ diluent,
presgiyBtes, serfacetastive o1 dipersng ages). Maldéditabesmasby abée By molding in a
. bject.'s ri.sk f i schemia of brain. tissue: . o
Sultars?y%%‘?fchéﬂ%‘i‘ g}ﬂﬁuna oggl?eequgﬁeg | W}m@ moistengd vgpht agyigert liquid diluent.
The $41219 5 htfonaM Minly BB lcohtB@6f dcbddYand Bh tt%ﬁnggieh 5§ Y10 provide slow or
hyggrllplden1a,_tran3|gnt Ischem ¢ attack, atrra
contfqligdireleageiod the astivoingrogicut therein.dVisthadseof fommgetirig sueh slow or
rrt failure, .past ocardial .infarction, |ef )
°°“t'€‘_’§% Foled T S P Sl as those herein and
othefitérhpdundt RAGSH i thé BAArE knowih BMBE bt BEd dERAB& M InGeSdrat&red US
current approaches to primary and secondary

Pateptsespann ¢fgvhich mgidg,taxy areog limited ¢y (&) P@ent3¥os( £2,069) 74 and 4,842,866,
. tcat] f.untreated. i nfectious . .
ond FHCEARE BRI A 80 LR BT S B8 ot metin
(seeseegall.S caateaiy Now 26,638,584, 51007, 770 £1Ld, 568 4 375 &diBre¥eRences cited therein). A
) S‘%lot_vm ner-Nie & Brandt, "Infectious diarrhea in the
skillgd grdisqn,will regaarizseittep afiditiop faablits, ather doegespriee sudsormulated to
oV SRR oM BT RAE LY e et e, SO o RSBl butare
not limitet togdtapealss granalationsund gl-chseat ment woul d be
initiated in elderly subjects at risk of hypotensive
46 V\DE)ﬁBQQ/ g4297Q,PCT/ US2008/ 078024 _epi sodes (such as
sur gi EaPh) beaPPYEQys suitble fordopipal adminpteationincedadpranges
compiidifls AR ihdHEAieAt iPH ﬂW{a}ﬂbasﬁ?gﬁﬁﬁ? Elg&{)é%%gtac{diff’ K t]i'a%raca%]h; and
Ilschem c event. Al'so enbraced Is”a nethod o
pastifldseomprising thg aetiveringredieyt in do frseri tagiscocipaugetatiof andipdycerin, or
sucri nve(rilti on to an individual who has any one or nore of
RSB W ti ons 1isted herein, such as diabetes
mel litus or hypertension. Qther conditions that may
resul [0109] | €6RBOIiArEUGRARS fdr ParBicRdl aBHiS5hRNRHYSde aqueous and
mal formati on woul d be considered to denonstrate ri K
non-fagpeqys stesitehiaivcioresadwtions Wi gumayrpentain mhidexikants, buffers, bacteriostats

LN st er | Ltroxyl.tao qrgans.t ransplanted . .
and SRRl R Tk o ROHF MG Bipt P B Peeiapiens and
aqueofis drdenodr gQkohs QBRI REspRAGSts whiek mivy 3ahd subpeRHHE abBfs and
erfusi on _cannul as_used in the organ renoval process.

. Pel . i A .
thickeping ggenss. A feramyationg may|bewnsesgotiod in uiiprdosestmpltiedase containers, for
' Nt ohor . can.be adni ni st.er.e .
cxanfERE1e S80S0 L iy 0REa G008 B BBRLED condrion
requiringroiniykthe addition bSthb ewtite lgeditarribr) f@tehanplasds fhbPRjections,
) g&,t roxyl donor can be adm nistered by storing the
mmegiglely ATIPT 40 Ut ut i on conpri sing the nitroxyl donor. For
exanple, the nitroxyl donor can be included in the
Or ganoRy G ek Y| il i AT
iy 22O S B in, AHERE B BMEL R b prer rom
sterile popdersj grgnilycandxdylededay| starch substantially free

48



of ethylene glycol, ethylene chlorohydrin and acetone
(see U.S. Pat. No. 4,798,824). Pharnaceutica

wW@E0m0s$i9v0 on, Dosage Forns and Treat ment Regi NBEEUS2008/078024
[0105] Also included are pharnmaceutically acceptable
conpositions conprising a conpound of the invention

i.cal | t abl It th f
e MBITT el S Kb Smoht o AEhR ke Bl o
1nv019§ g@teﬁh@é TR Ridor SRy B4 166E 8lthANtRLHER @&Sai WHEBL a ébmpound or

rmaceutti cal ly acCceptabl e conp03|t|on i ncl udes one
composmn‘m issto b atliménistonep atithd site pf intesest.Xastoup &ﬁ‘fh’mﬁg@t%@rbe used for

har maceut i cal ce T
provife B EERSAR el STEPLRAE AL ELTR sy g catetn.
PR o o e i
Pr0V1|dasr foninteradl actase Wb?lﬁgmmmféﬁ@&}% accepihlg Berausq ofremoval from the
patler}ih tg“ucg Ooﬁg%(% élggu(.je m%yo nerp %agl%{ :{gklm@ﬁ%‘% Qgﬁ%{ne at?g su g:]fgg%/lposmons the

subje@Y @ nhplltns aRg®e paﬁlwdmntdlhletorgimsoagﬁajf be agpliad én ayswnvenient way.
i nt ended, which includes discrete u%\sts of

The e uatdhoMVeRE AR TITR S QLA (RS Drfarcuesy o be

ach n m
T
fromSoAS RIIGIde4] fomnraBplagiiamusother mdd\/ldual malydm-ba‘doqw gpaymedium containing

liquid;, or as an oil-in-water |i mélsmnora
or othgriise qxaoasmtoap@mp@mérﬁmcgmaﬁsﬁl%?a ?5 BeFFRi posones
and as a bolus, etc. 47 WO 2009/ 042970
PCT/ L@;gﬂ& PSR Fpouhs Oihe ﬁiv%ﬂ%r?gu&l%tﬂ@dse loPEhetfbfnulae herein, may
conpound "or conposition may conpressi on or
be adfbinttergy] incanyisoitaklle gosage tmamé thhrmaaf lmi@@g?éﬁgﬁ levels of about

0.0()Qbﬁapﬁ}e g Ig%?x#zaqc?]p S(srgtg}l 1pffacgﬁf:sn%errr%% ?fd%@ %E)SGCQ) f&}( adults. Thus,

in ceirtgglré?xﬁﬂo%ﬂﬁeﬂté"opthfsrlﬁ&‘enftlloﬁVH hpoudd AbRHCB ad@indsieides deage of any
granul es, optionally m xed with a binder, |ubricant,

dosaga exmie ifi Whighthe lopresdef thetiavgs, is suy prmewnthetwaga Ogh mg/day and 400
rsin Mol ded t abl et s

oo B S R AL G Py B ooomatr o
5 m%@%‘yjﬁ{del@()%r’%@%“ NY0 B ElyQRE 30WMrigidag Thdeet elnbadiirdnts, a compound
e

fabl et’s optional 'y nay be coated 8
hereﬁ[; melmlma@radmy aldesa‘gg pﬁamad@@g@s@na@, irg whigh ghei lgw ead gfithsrange is any

amowétt Lrol] gf {n%%,l%ﬁ(f ay,and gb rr]ne&/ﬁgg&%% %d'oﬂr}g @%‘rr] t@{l‘& ﬂﬂ@ k£gB is any amount
bemre%h %?kg/agspaﬁl 1320 f/kplday (eag;eous ineglk ¢/t yaatd z/mg/kg/day,

ents, such as those her

gar/}f(?andﬂOtmg/kgAdgy) T he desieg interya %ﬁ@]u%%aﬁggﬁlgg) ﬁ?ﬁﬁe needs of the

in dl% lﬁ-{‘fﬁe &l lﬁl!(lﬁer ?rﬁ&%?l é{??dlﬁﬁlﬁj%‘ggat eezfé'ﬂ&l\ebds)felég’glés(ggﬂe?%ﬂogﬁﬂatlons can be

usedd B20368 can B8 Gommkasueate esthdntradnouseadeiimstraivat iFoginstraee, the
be used for dellvery of conpounds t.0 the in

compu cas, by admigEIedreh At TNDRTTAEHC S0P ST P gmgnable t
e
ug/laBY ordesR@a aboitnss agkg/ien toabouk 85 ed/kgminpr betwgen gbay. 1 pg/keg/min
to agé;g ;é gfgh%:lrggldqrr&g%g% %];}t t({;pgl% C/E’I{IX ?o out g(sj g/mlr‘? 'of Between about
10.0 pg/kg/min to about 70 pg/kg/min or between about 20 ng/kg/min to about 60 pg/kg/min or
between about 30 pg/kg/min to about 50 pg/kg/min or between about .01 pg/kg/min to about 1.0

ug/kg/min or between about .01 pg/kg/min to about 10 pg/kg/min or between about 0.1
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not limted to, capsules, granul ations and gel caps.
[0108] Conpositions suitable for topica

wa@oomonidte ati on i ncl ude | ozenges conpri si ng tPeT/US2008/078024
ingredients in a flavored basis, usually sucrose and
acaci a or tragacanth and pastilles conprising the

ug/kg/%xﬁ%{ogz}%ygp f{) Re grmm or g?tgvsel A eﬁ(alt gala}tgsilég/ t htf)oagﬂogte ¢ Etgig/ﬂg/min or

betwedabpAS] .0 LOME/1Siith abdu sfwkmfmt&ﬁ%enaesﬁtmosagﬂag/mﬂmo about 100
i ncl ude aqueous and non- aqueous sterile injection

ne/kg/man o hebtveenhioahdhig/ke/srn t #bosh?@ neke/nt & onsufatigtien, the
compopif KfanfEARI Ao AR AR AHEL B BEPARL 0T copprsjigp thatis

amenable@o pit@Rtrious radmuﬁawﬁon Sinah @mdant ofaf leastibost .01 ug,&g/mm or at least
suspensi ons whi i ncl ude suspendi ng agents and

about Pﬁmgﬂ@ﬁpwgﬂa@l@ﬁ%t@bowwel RYKEAMBOT #rlsashabous 8- éw@é@ﬁmgbor at least
about O.QS P%%/mlﬁ%? Gt [@hst gb‘&ft o7 ﬁgﬁ%gﬂﬁ] Blaﬁtqu{s‘?abofu?ﬁ 0. p%?‘l%%ﬂ 1For at least

anpul es an al’s stored

about T 6 eAe/mini e dt lchytapbut! 5. pgkg/eran dr hﬂ led};t alsca U0.0i uggkg(bmhyor at least
the addition of the sterile |iquid carrier

about 20 Hylke/miR 8 At Ieasit abat SO0 i/ miy arat deasit ahoyt ‘bQ § ye/kgignin or at least
about 55§ Bé/{k | og]or B 9(51@ %9 @@éﬁ%}hﬁ?&ﬂ aﬁnea§92+l§6h{ SAKe) gg/glg/mm or at least

sus ns nmay e prepar rom sterile powd

about §r.@nglkeAlniarnd at lakdt abasut 908) Mg'lﬁﬁﬁ)ém 2&é0about 100.0 ug/kg/min or more.
PCT/USZOOS 078024 [.01 nlstr tjon of .the

In anobghiBIFHAY BF CeuBRYBYiit FuieL i Wit Fuchery 18 ApBFRgceutical

compo§if§>h Rt §s SARRABINS iRFavEEOs BEMIRGRIioA! Cﬁﬁ‘aﬂ'aﬁfo‘iﬁ@ 4Q8ss tRHCbout
when a compound or conposition Is to be

100.0 ;agfhg/mls pelestthan abdwue 98.0tpe/kgmimaerdessshan aant U pg/kg/min or less than

about §EHELTIFE oE W5s o abHt 0 pe RiRLD BLES bHEHPAL6EP pemin or less
than a‘t')(ﬁ‘it g@b'p%ﬂeg/rﬁﬁfor%ss‘ﬂ@én%b@ﬂ"ﬁ) 0 pg/kgﬁaﬁﬁ Dr 1B Baf %dnlt@@ 0 pg/kg/min
pluronic gel, stems, sustained drug rel ease pol yners

or lesschanceboat 2@ wie/minioc kess thao wbelgd Oflarg/kgimén orlessatbarealout 5.0
Wier e an, or gan I ti.s sue | se of

ek ORI DL ARAGS el i o eR Rt h £ HEMRUE R fasp tip about

0.5 pghathiRhrids ﬁmﬂ%@bﬁtm CDd/RE/RiiA Or LeBEthed BhRED.15 pg/kg/min or less than
conposi tions, ect conpositions nmay be painted

ub
about @ m/lqgﬁémdrr@%sﬁ th?@rabmafyd Preuglbgimingr less thay aqu Pt ereg/min.

The met hods of the invention enbrace

a[tﬂiigi]r afﬁ qgvé}{t B%I%P gﬁogrllj& 2 X itk Qorﬂﬁrlﬁﬁ%@f{buérlc}g&% compounds as

(su 10 prev em a
descrlbd’dlj Herein.. TRERI ﬁayn ghployanygafithe ichapoanids dns&lmvéﬂereﬁlranmmstructlons
one i ndi vi dual transpl ant into, anot he |nd|V|dua
for usgygpe B@nafamﬁléaaw ialaicdrin aBhaceepipblg fomr- Sheeispaebe used for any

e oAbl ORI RGP ASHEDES s oy o

or mofeludge stdfted ties {og. (Mitamghad/er preverting dnd/oadelaping tler @det and/or the
any sujtabl e dosage anount,_ which nmay include dosage

developgiggi of hprt £l or chsaya/repstiusion YRR once per day (or

mul ti pl e doses per day in divided doses) for adults.

Thuswll‘gn Kft %@k&n%%&%g@mﬁbﬁf aEltHgﬁldg an%rl&ﬂs%hy @mprise one or
conpound hereln i s adm ni stered at osage of any

more containers comprising any compound described herein. Each component (if there is more
than one component) can be packaged in separate containers or some components can be

combined in one container where cross-reactivity and shelf life permit.
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dosage range in which the | ow end of the range is any

anount between 0.1 ng/day and 400 ny/day and the
waopmens®nad of the range is any anount between BCTOSTas/078024

and 4000 ng/day (e.g., 5 ng/day and 100 ng/day, 150

ng/ day and 500 ng/day). In other enbodi nents, a

oo ALY R oy, BB ERALR S B PR GasBral yiteen
instruc@oBy) Althdighwer tofic Storapekiid diafe. @ndagitivdisketelsroptios disg

upper end of the range is any anpunt between 1

contajxﬁgg k)gyrgqunam a.lsog@cqmdjlﬁgﬂ@‘gmgjth usegef, c/o;kylp/gnm@kgf ‘rﬁg}nethods of
. . Q .
the profl e AR .6 oot S SSRGS B BBectopment

of hearo tistdde or isobkriviadesdrfusfolinjub g @he ifdtraétionk sncddlided with the kit generally
adm ni stration, extended rel ease or depot fornulations

includg ipforgration aste, thypempenentsgnd theinadnypisiaiion to #p dndiyidpal.
i ntravenous adm ni stration. For instance, the
co c , : .
phanied R g AL S pr Wi @Raft varigus embodiments of
the invienti ora wadarg siotiohidnded tor lamit dhe, inventian imamuntned. bet ween
about .01 gg/kg/mn to about 100 gg/kg/m n or between
about .05 gg/kg/mn to 3§§§?P Sg/kg/m'n or between
about .1 gg/kg/mn to gg/ kg/ m n or between
about 1.0 gg/kg/mn to about 80 gg/kg/m n or between
aboyp117}0. Al BPU@aRisR W caRidiout Qsih%é KICP AL TS autosampler
_ between about 20 g/kg/mn to about 60 gg/kg/mn or
with a patere 248 7atyaletec80 pgurted/byian AgileabGlid 1230 bigayykunng. The following

et n about. 0l .ag/kag/mn.to about. 1.0 '
method GdiEEm BB 128 1Ry RubR of 8ol e TR PGP R e 0
: 0.2% PR OREN2 3heiutorfidnt AR5 Weh RORD2 (5ha 76T 4CERHA8! S0A8A24um.
gg/ kg/mn to about 1.0 gg/kg/mn or between about 0.1

g9/ kg/ m n to about 10 gg/kg/m n or _between about 1.0
0o/ HETHIn Al NMIR trercsregefiirg phv Bruker YV ANER AOMIHZ, o Bruker 500

. . ¢ _

et SR 3 RO 4R ABLASL L0l PELNESRRAIH 0B homica

shifts aro rportediin arta ot milkidwe (ppth)tad leawer ifrequaric uelhtivestu adtramsethydsilane
conpasjtion that is nabl

(TMS)?H@Q%%@E%@%W%W& Hghquh (w%ﬁ%bﬁg%&adéfna&ega%ﬂoublﬂ; dd
doubleF3PUbI 35 L FHERU U G 0B) fieEm oG- Al KON e

reportegigh Kpttai(Hzpr at | east about 0.25 gg/ kg/ m n or at

| east about 0.5 gg/kg/mn or at |east about 1.0
g/ m Ieas(t1 fa oEt 1.5 /kg/ in at_ | east
. Tepa ompounds of.the Invention Accarding to\General Synihe

Schem@fA. at | east about 20.0 gg/kg/mn or at |east about
T .0 gg/kg/mn or at |east about 40.0 gg/kg/mn or at
| east about 50.0 gg/kg/mn or at |east about 60.0
2-Hydrpgysufirmon-lwnzaic avidaeatvdlesien (Coonoug@lkg/ min or at | east

about 80.0 gg/kg/mn or at |east about 90.0 gg/kg/mn
Qr at | east about 100.0 gg/kg/mn or nore. |n another
ki ation, the conpound is admnistered to an
di vi dual, such as in a pharnaceutical conposition
i<Qagenabl e to intravenous administration, in an

it of |less than about 100.0 gg/kg/mn or |ess
O=sHF@ Gabout 90.0 gg/kg/ mn or | ess than about 80.0
/kg/min or less than about 80.0 gg/kg/m n or |ess
Ho~ than about 70.0 gg/kg/min or less than about 60.0
gg/ kg/ mn or |ess
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t han about 50.0 gg/kg/mn or |less than about 40.0
gg/ kg/mn or |ess than about 30.0 gg/kg/mn or |ess

wo ban/oadout 20. 0 gg/ kg/ min or | ess than about BROT1/0S2008/078024
gg/ kg/ mn or less than about 5.0 gg/kg/mn or |ess
than about 2.5 gg/kg/mn or |ess than about 1.0
09/ K@119] N LolhEsiSofifdRddsiaRdakbondteT3 39/cK 95 B thrRd]) e&Ster (3.6 ml)
t han about 0.05 gg/kg/mn or |less than about 0.15

was addeg dgpwise top solutien efladroxyibamine bydrogigotidy (76 £2515¢98mol) in water

h b .Q. 05 gg/ kg/ mi n. I t b 0..01,
@4 miygPibeRRitainiag Sa Henel iR iomRet R ROP SRy b Bed S THF (12
m]) an€ S1¥Hahél BGn19 %r@éddg&rfﬁllwm@-@ﬁloﬁ%ulfﬁ%ﬂgehﬂﬁg ahi§ grfeitﬁyl ester (3

The kits may enpl oy any of t'he conmpounds di scl ose
g, 12.78 enreol) partignivize tmajntaingrgsa tefperatige beldhvel SCGrpd thredreadipn meixture was

stirred fagéﬂ 1}5%}12131%}2@%11@ ggﬁg&%b@s@gét%@ﬁg&@y@or?d% was observed
by tlc. T8E RsQiting ggspeﬁsq&%gé &gicxmmtgqel%@é &gﬂ VOGRS aduRbus

any one r nmore of the stated uses (€.g., treating
suspensiod Mas eptratehvitindiethytltther @ed H}0mly Theergangeportomivas dtidveover

. _devel o nt of heart failure or i.schem al/reperfusio .
sodium ?ﬂ\fw %?tf@ﬁ! fﬂﬁl C‘K?Clegtr@ts g}%cyg, tngﬁ%slrtﬁg grude, QXY suli]fonam1de.
PurificR@GKRSH RBievEd By KhiomalTaYaph§ BRISIRE LN Qufe witR h€ptane:ethyl acetate

contai ners conprising any conpound descri bed herein.
(8:2 v:Epolgiveathp parent copiffoutd ey @ white salide(1.3 fddYoyieldg;aiH(@6@ MHz, DMSO)

ackag i n arate_contajne or.
987 (55 fpdbt 9 Bt ot 3 33R07 AR bl Sobh BDnLhe cd24H m), 3.83
(3H, s)STRS$4BRAEL I Vity and shelf |ife permt. 50 WO
772009/ 042970 PCT/ US2008/ 078024 [0115] The kits may
optionally include a set of instructions, generally
Examplg P tRreparitrontof ipeusds efl thémyghticn Acdording to Gemaraldiynthesis of
Sch dia (e.g., magnetic diskette or optical disk)
—95§£§¥taining instructions are al so acceptable, relating
to the use of conponent(s) of the methods of the
3-Hyd@&]§§4@ﬁmoym%ib @E‘id((@’oﬂpouﬁd?atl ng, preventing and/ or
del ayi ng the onset and/or the devel opnent of heart
di sease or ischem a/reperfusion injury). The
i nstttions included with the kit generally include
inforkation as to the conponents and their
yrnixpration to an individual. [0116] The fol |l ow ng
anpl es are provided to illustrate various
abodi nents of the invention, and are not intended to
imt the invention in any manner. EXAVPLES [0117]
O =D HPLC anal ysis was carried out using a CTC PAL HTS
tosanpler with a waters 2487 uv detector powered by
HO Agi | ent G1312A binary punp. The follow ng nethod
and col um were used for determ nation of retention
time (TR) 0-100% B [ MeCN: H2O :0.2% HCO2H], 2.5 min
gr adpgs). A soﬁuffbﬁ‘oﬂ"éﬂtéjss ubl&fBBnafd doantd, 8. 18GhRoB id witer (1.2 ml)
5 [0118] Al N

Omm 5m ﬁh were recorded on a Bruker _
was addet\IOE WiSOoHzsolwionRif ik érox SleMrineshyweeahiorisicd. 20 ge B A0 inrgol) in water

t I ent .probe.tenperature usin inte I o
08 gt D7 i Biog 20 HER LRt P PO rCbs A 1 Rerie S TUF (4 mD
and m?g%rlrogtrr{e%lp;‘f}g? Iagg%i, BlioWewey LY fohyl-B@bic\Rid @.34 g, 1.55 mmol)

portion wise maintaining a temperature below 15°C and the reaction mixture was stirred at
ambient temperature until complete consumption of the sulfonyl chloride was observed by

LCMS. The resulting suspension was concentrated to remove any volatiles and the aqueous
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(TM5). Standard abbreviations are used throughout (s
singlet; br. s broad singlet; d doublet; dd doubl et

wobodoudlets; t triplet; g quartet; quin qui ntBCT/UR2008/078024
mul tiplet). Coupling constants are reported in Hertz
(Hz). Exanple 1. Preparation of Conpounds of the

. i [y er nthesis of .Sche A
suspentO S bOONATRENE Pl Ay X Rlop AR Bubined T wer
discardéd. The@quédns FoyeOwab adilifiellth P N0 ad@A38/2Q6R%6H of hydrochloric acid

PCT/ US2008/ 078024  [0119] A solution of potassium )
(2N) dropvem thea exgaded with slietiay} eien(2 x 1 f0mBt Ere qrgarge pprfiopaegs dried

. ¢ i -
overs A IHAD RRARGRORRED: Sl TLIRY, ,
hydroxgéul fonamide! Rianiellgwablid .ng%,rymg SHT4ACCENREL, BIMSE®) 13.52 (1H,
bet ween 5C and 15C. THE (12 bﬁand nmet hanol (3 n)
br. s.), R H@EH m)i $BB 6Udd. boHz), 8RBdHsddd; Gy Il 3p&AHE). 8- Al ddd,
t A3 mpl ) portionw se
78, Z'dr‘rrgijrﬁ/é’l ﬁﬁu@%@éﬂ%@f iﬁurﬁeio’nc]ar ow 15C and the reaction
m xture was stirred at anbient tenperature until
Exampbo3uPreiaeation s Gopipooindsadf thdbventi dnomadordihg @ GélRrav@ynthesis of
observed by tic. The resulting suspension was
SchemeBacentrated to renove any vol atiles and the aqueous
suspensi on was extracted with diethyl ether (2 x
' j Flalr ey sodi um
B0 o D e B B AN, oy el
the crude N-hydroxy sulfonam de. Purification was
achj,ev@d by chronmatography on silica gel eluting with
hep? ne: ethyl acetate (8:2 v:v) to give the parent
cHPITERd as a white solid (1.3 g, 44%yield); 6H(400
MHz, \DMBE) 9.87 (1H, d, 3.4Hz), 9.39 (1H, d, 3.2Hz),
, m, 7.77 (2H, m, 7.68 - 7.72 (1H, m, 3.83
; TR=1.43m n. Exanple 2. Preparation of
npounds of the Invention According to Genera
ynt hesis of Schene A. 3-Hydroxysul f anoyl - benzoi c
acid (Conmpound 2) OHOf= | HONH

[0121] A solution of aqueous hydroxylamine (0.5m! of a 50% aqueous solution,
7.6mmol,) in water (Iml) and THF (5ml) was cooled to -5°C. 2-Bromo-5-(dimethyl-4-
carbonyl)benzene sulfonyl chloride was added portionwise maintaining a temperature below
about 10°C and the reaction mixture was stirred at this temperature until complete consumption
of the sulfonyl chloride is observed by thin layer chromatography (TLC). The resulting
suspension is concentrated to remove any volatiles and resulting solid was washed with diethyl
ether to yield the title compound as a cream solid (0.36g, 36%). 6H (500 MHz, DMSO-d6) 10.00
(1H, br. s), 9.88 (1H, s), 7.95 (1H, d, 1.8Hz), 7.93 (1H, d, 8.1Hz), 7.61 (1H, dd, 8.3, 2.0Hz), 3.00
(3H, s), 2.91 (3H, s), TR= 1.19min.

[0122] Using the experimental conditions reported above and detailed in General
Synthesis Scheme A and B (Methods 1 and 2) and the appropriate starting materials, which were
either commercially available or synthesised using standard literature conditions, the following

derivatives were prepared:
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[0120] A solution of potassium carbonate (0.43 g,

nmol )

in water

(1.2 )

was added drop wise to a

3.10

wa odoaiodm of hydr oxyl am ne hydrochl ori de (0. 21pgr/uS202€078024

nmol )

in water

(0.8 M) at OC nmmintaining an interna

reaction tenperature bet ween 5C and 15C. THE (4 M)

and

Compeund,|
No. por ti

t he 1

et IIdIIUI

Svsematigny | -

tenpgrature unti

chl or
Suspé

1

Aand

ha agyeous
A

Nhpyd S€ nai n
eacti on m xt

i de was obse
'NSi ON was Cco

VW © dUUBU
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rved by
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conpl ete consunptionj|of tf
LCVS. The resul tif

i ent
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VNEGdAOS
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ny volatiles
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Yield

[Z LAY ]

100m|),

ke

suspe

TTC

discargm% 9§$ﬁﬁio
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W se,
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filte
N hy
yield);

=|4s(ilhinrw\&s ex

glhery@lqncncbn
t hen extrac
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SH (400 MHz, DMSO) 13.52 (1H

g?t 9RTNE (4
ous ra er Was ac

HPHny $r&c Mikbrd,c2.90kd
t €50 \A(Slfkh dl %.ﬁléf%)é

on_was drie

arige, &isHa). yel | ow sol i

t&}aCLt(E)MHi t EMﬂ(b)t ll13/ b2 et 2dr
g{> wer ¢
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e hg!
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ound 6) HN
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3_?3 (1H t 1. 6Hz),
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1
npoung ? ?ﬁggﬁnvé
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0121]
a 50%

1y|benzanide

A

and THE

33%

0 56—2—81"01‘70—5 (di
S 1 G)1 MR oSO

{131, o 3@tim,d7.6 (1Hj dd, |
2Tﬁ§g/ rfﬁ“ ki N9t
an

enove
Wid-h di et hyl

a creamsolid (O 369,

alm(mgna benrpeuBoucie], bel ow

ot 2o Bttt ToR'

ether ta

thyt
éﬁZd
t hi g
of f
ayer
puspeng
and res
yi el

369%) .

=
A

about 10C

he

ion is
ulting
d the
SH (

500

6%

VIFZ;
(1H,
8. 3,

oyl)-N,N-
dimethylbenza

mide

F O T
B ysufafl0

G O} Mg Y05

9.97 (1H, s), 9.87 (1H, d,
2.1Hz), 7.95 (1H, d, 0.8Hz),
7.69 - 7.82 (2H, m), 3.00 (3H,
br. s), 2.91 (3H, br. s).

éﬁl’?"( 1

Sy

H d&

7- 95

79%

N-Hydroxy-2-
(morpholin-4-
ylsulfonyl)benz
ene sulfonamide

51 (400 MHz, DMSO-d6)
10.03 (1H, d, 3.4Hz), 9.18
(1H, d, 3.4Hz), 8.17 - 8.23

1.05

26%
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(3H, s), 2.91 (3H, s), TR= 1.19m n. [0122] Using the
experinmental conditions reported above and detailed in
w@E20e08970 Synt hesi s Schene A and B (Met hods 1 pemUR3008/078024
and the appropriate starting naterials, which were
ei ther commercially available or synthesised using

standard Ti1terat uTr@epg[pdgbvorkswlgg TT oW mg

deri tatives were 704297
PCT/ UlS2008/ 078024 7.90rphATd2By st)erdedd ¢ | 1- H NMR TR

Met hod of Yield , N- Hydroxy Sullf onam de

Synthesis 3 4-01:\2%('%{'9%3( oML @Hols0 13.62 1.24

A 25% hydr oxysul fa,g&z(lH br. s.), 10.03 (1H, d,

yl - benzoic acid 2 9.88 (1H, d, 2|/9Hz),| 8.50

(1H |d, 2.2Hz), 816 (1H dd, 8.3, 2 2Hz), |7.82 (1H
Ry 2

A OI_I-;\ Paua =y O A6 1 Q AN
u, U. J1 Il_} "I‘ "I‘ | =] \v) I U\J I DO OO = My O 7\
9  33% oul {0 @50 %hif M?O 3. 086(1 H ®, |23%
y! -be @§ fa 9 ﬁﬁos( 1, .slj Sk arf S0 (1h d.
1. 7I—b - 8. H™ m. Br ofmp- N SH (400 MHz,
DVBO! & bbor%327 A 6%) 859@1&@@) 851711HO£121 1H, br. s.),
9. 89 | (hydroxysukbaphlo g%ne}%‘ﬁ_l ?a{(f{_l d, 9.3Hz),
7. 96 | oybbdymngte) - |( 2, o18Y, Wb (11 da,
benzenesul fona m d334ﬁ 4.44 Ul t 536 3.71 (8H m.
7 4-Chl oro-3- 8H Z)Z %)ws) ﬂ%) 18 B T9%
(hydroxysul fam 9. 93751E ;[4H;|t éﬂHZDQgX)@H H, d,
t, 5.7Hz), 2.43 - 2.49 (4H, m).
97 oH (500 MHz, DMSO-d6) | o 75 B 25%
4-Bromo-5-
Glydroxysulfam 10.05 (1H, br. S.), 9.95 (lH,
oyl)-N-[2- s), 8.82 (1H, t, 5.6Hz), 7.89
(morpholin-4-
y1)ethy1]th10phe (1H, S), 3.56 (4H, t, 4.5HZ),
ne-2- 3.39 — 3.37 (2H, m), 2.46
carboxamide
(2H, t, 6.6Hz), 2.41 (4H, br.
S.).
98 oH (500 MHz, DMSO-d6) | 1 24 B 43%
3-Bromo-N-
hydroxy-5- 10.06 (1H, br. s.), 9.97 (1H,
(morpholin-4- | 5), 7.61 (1H, s), 3.63-3.60
ylcarbonyl)thio
phene-2- (8H, m).
sulfonamide

Synthesis of starting sulfonyl chlorides

[0123] The sulfonyl chlorides were synthesised from commercially available
starting materials following the methods described in J. Med. Chem, 40, 2017; Bioorg. Med.
Chem, 2002, 639-656; Journal of Pharmacy and Pharmacology, 1963, 202-211 and in
Australian Journal of Chemistry, 2000, 1-6. For example, certain sulfonyl chlorides can be

synthesized according to the following schemes:
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oyl )-N, N 2.1Hz), 7.95 (1H, d, 0.8Hz), dinethyl benza

7.69 - 7.82 (2H, m, 3.00 (3H, mde br. s), 2.91 (3H,
w®r0098)297@ N- Hydr oxy-2 SH (400 MHz, DMSO d6) 1pOBUR0BG068024

(mor pholin-4- 10.03 (1H, d, 3.4Hz), 9.18

yl sul fonyl)benz (1H, d, 3.4Hz), 8.17 - 8.23 ene

sul f onami de 54 WO ZP09/ 042970 PCT/&IS2008/ 078024 ( 1Hg

oot K4 A5 Ll Gt et et

& B23% 4 et hyT— 4-730. 0
H, chl oro- 8 , 850(1 )

% 7. 87 (]OH dBarz) N as (2H t. 5 6Hz)
4H, t, 49%H), 270(2H°t, 5.7Hz), 2.43 P 2.49
(4H ). o7 st (500 MHz, DMSO-d6) 0.75 B 26%

4- Br onp- 5 (hydroxysulfam 10.05 (1H, br. 5959 95 (1H,
oyl )-N-[2- s), 8.82 (1H, t, 5.6Hz), 7.89 m)r)Pholln4
yl )ethyl]thiophe (1H,_s), 3.56 (4H, t, 4 A ne- 2-

3.89 - 3.37 (2H m, 02 46 car boxam 8e (% , 6.6Hz),
2.81 (4H, br. s. )O—S o) ROH

1. CISO4H X 0

—

2.s0cl, ¢
0 0 T~

X
1. CISOzH

————

2. S0Cl,

o
X = SO,Me, CF5, NO,, CN, COMe, SO,NHOH

HO

S0
o« /@\'(OH Acid chloride /O\“/ CISOaH O f )\(
/\g S o OR coupling /\?

The scheme for thiophene derivatives can be adapted to synthesize similar pyrrole derivatives.
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98 SH (500 Mz, DMSO-d6) 1.24 B 43% 3-Bronop-N
hydr oxy-5- 10.06 (1H, br. s.), 9.97 (1H,

W@ pawpholo n-4- s), 7.61 (1H, s), 3.63-3.60 PCT/US2008/078024
yl carbonyl )thi o phene-2- (8H, n). sul fonam de
Synthesis of starting sulfonyl chlorides [0123] The
f : i [ ., rom conmer ci al |
2 Bmﬁgi(@gﬁhgﬁms? g?&i%ﬁ}él%%gﬁ%(ﬂ@ﬁ?o@ﬁgﬁfehg t he net hods Y
descri bed in J. ; Bioorg. Med. o
0 Chem 2002, 6§|- b~Journal of Pharpecy and R.
Phar macol dgy, 9632-21f-§nd0|i n Strali%an Joufnal
HO em stry, 2000 it ai n sul f Bnyl N~
kdes can be synphesized accorglifiyto the 0=5=0
foll owi ng schenes: g WO 2009/ 042970 ©CT/ US2008/ 078024 ¢,
G d d X CSGBH 0=5=0 SOC12 0=5=0 NH. HC1 0=S=0 /
1: CISGGH 2:50R X toluel®, ¥ BIGRABH.HCI, [@idtobe@izevie X= C, Br 0 0 O |
0=S=0 X d X O=S=0 ROH O YJI: -.01 X 1. CISGBH 0 C
2. SOC12 |
Step 1.
4-Bromo-3-chlorosulfonyl-benzoic acid

[0124] 4-Bromobenzoic acid (10 g, 49.75 mmol) was added protion wise to
chlorosulfonic acid (25 ml, 373.13 mmol) at 0°C. The mixture was heated to 130°C for 10 hours,
until complete consumption of the starting material was observed by LCMS. The reaction
mixture was allowed to cool down to ambient temperature, then added drop wise to an ice/water
mixture (500 ml). The precipitate was filtered and washed with cold water (2 x 100ml). The
solid recovered was dissolved in diethyl ether, the solution then dried over sodium sulphate,
filtered and concentrated in vacuo to afford the expected product as a beige solid (11.85 g, 79%
yield); 8H(400 MHz, DMSO) 8.45 (1H, d, 1.7Hz), 7.72 (1H, d, 2.2Hz), 7.71 (1H, s);
TR=2.08min.

Step 2.
4-Bromo-3-chlorosulfonyl-benzoyl chloride

[0125] 4-Bromo-3-chlorosulfonyl-benzoic acid (2 g, 6.68 mmol) was suspended in
toluene (20 ml). Thionyl chloride (0.97 ml, 13.36 mmol) was added drop wise, and the mixture
was heated to reflux for 14 hours under nitrogen until complete consumption of the carboxylic
acid was observed by LCMS. The reaction mixture was concentrated under vacuum to dryness
to afford the expected acid chloride as a solid (2.12 g, 95% yield). The compound was used for
next step without any further purification or analysis; TR=2.38.

Step 3.
2-Bromo-5-(morpholine-4-carbonyl)-benzenesulfonyl chloride

[0126] Morpholine hydrochloride (0.87 g, 7.01 mmol) was added to a solution of
4-bromo-3-chlorosulfonyl-benzoyl chloride (2.12 g, 6.68 mmol) in chlorobenzene (8 ml). The
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0-S=0 HOO0O ORZNH X R I X = SMe, Ph, Owe, OCF3, M,

OPh, NMe2 R X S02C1 1. CISO3H 2 R2NH 2. SOC12 O NCR
woid/008r0 X = S02Me, CF3, NO2, CN, COWVe, SO2NHE:T/SR%/078024

O OH Acid chloride 0O NCSGBHO ""o, 11 OR coupling

/1T SROO0OO0OOORINR The schene for thiophene

reactiogs){a:s Xl?atécle% ofrle@%? f({??shao%géﬁ tog‘t;%%«? %&%ﬁ#@gog Ioptlhle %{arting material
was obB&sVéd ISR DORIY) 8@ 2hction mixture was concentrated to dryness under vacuum. The
2- Br ono- 5- (nor g}l'ﬁol I ne-4-carbonyl ) -benzenesul f onyl

residuecwasdiekeeup i diethy! ether (20Hol)panddhe preciRitateri@sdilieredandy@phed with

. =h= =570 0=5= Cl. . 1; SOBH, 2 0
dle’fhﬂ%&@ Zxi |“8‘§% AR ﬁﬂjﬁ?f;%&*‘%@?ﬁ%@ggze %%e]e;ge (254 2, 95%
ield); CUOHE; DMSOYPE 10\, 22603 .64 @F, . 717.25 (1H, dd, 8.1,
ye )4% onobbenzoi ¢ gﬁi dt(lo g, 4%. 75 (?rm)I) vvagﬁadde(d
2.2Hz)p3 364361 ®Hsm)t BR=2Almimosul fonic acid (25 nl, 373.13

mmol) at 0C. The m xture was heated to 130C for 10

hour t.i | conpl et.e consunption of the starting
3'Chlaﬁ%gﬁg§?y2£1£%%r Oobfgr%glg@%cds‘by LCMS. The reaction mxture

was allowed to cool down to anmbient tenperature, then
addqoi12i oB-Bhlseosulforyi-4-adtdrodieftoic #3id Was BrepaieQ i conlfercially
. .precipitate was filtered and washed with cold water (2
available gtarting ynaterjpds following Step 1 of the above detailed method. &y (400 MHz,
DMSO-dg) 14.03 (1H, br. 5), 8.43 (1H, d, 2.2Hz), 7.84 (1H, dd, 8.1, 2.2Hz), 7.50 (1H, d, 8.1Hz);

TR =1.81min.
3-Chlorosulfonyl-4-bromo benzoic acid:

[0128] 3-Chlorosulfonyl-4-bromo benzoic acid was prepared from commercially
available starting materials following Step 1 of the above detailed method. dH(400 MHz,
DMSO) 8.45 (1H, d, 1.7Hz), 7.72 (1H, d, 2.2Hz), 7.71 (1H, s); TR=2.08min.

2-Bromo-5-(dimethyl-4-carbonyl)benzenesulfonyl chloride:

[0129] 2-Bromo-5-(dimethyl-4-carbonyl)benzenesulfonyl chloride was prepared
from commercially available starting materials following Steps 1 — 3 of the above detailed
method using dimethylamine HCI instead of morpholine HC1 in Step 3. (4.35g, 80%). 6H (500
MHz, DMSO-d6) 7.89 (1H, d, 2.0Hz), 7.63 (1H, d, 8.1Hz), 7.25 (1H, dd, 8.1, 2.2Hz), 2.96 (3H,
br. s), 2.88 (3H, br. 5); TR=1.78min.

2-Chloro-5-(dimethyl-4-carbonyl)benzenesulfonyl chloride:

[0130]  2-Chloro-5-(dimethyl-4-carbonyl)benzenesulfonyl chloride was prepared
from commercially available starting materials following Steps 1 — 3 of the above detailed
method using dimethylamine HC] instead of morpholine HCl in Step 3. (4.37g, 79%). 6H (500
MHz, DMSO-d6) 7.86 (1H, d, 2.0Hz), 7.43 (1H, d, 8.1Hz), 7.34 (1H, dd, 8.1, 2.2Hz), 2.97 (3H,
br. s), 2.90 (3H, br. s); TR=1.20min.
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solid recovered was dissolved in diethyl ether, the
solution then dried over sodium sul phate, filtered

wanahoecentrated in vacuo to afford the expecPe@mus2008/078024
product as a beige solid (11.85 g, 79% vyield); 8H(400
MHz, DMSO 8.45 (1H, d, 1.7Hz), 7.72 (1H, d, 2.2Hz),

7,71 (1K, s):  TR=2. 08min. Step 2.
2-(Morg g SR bttt F‘%lgﬁ{?nw? G “ohi or i de [0125]

4- Br onp- 3- chl or osul f onyl - benzoic acid (2 g, 6.68 mmuol)
was suspended in toluene (20 m). Thionyl chloride
(0.97 m, 13.3 ) was a drop wi se, and

m xg4ige was heatdd to reflux flor 14 hours unde

nit dg%p unt i | cfpnpl ete consthption of the car bo>§¢y| iC
a S _obserees=dy LGMS. o‘EIrBe=deact m X8.Ur ®=15as

c ntrated under eacuum t o ldr ysess o afford
expected aci d r| de as a d (2.12 g, 95%
The conpound ised for t step without an

further purification or anal ysi s; TR=2.38. Step 3.

2+ Bsrdbibe, by, PCWD r2pisbi, D@sel 3:.cay, banyl ) - benzenesul f onyl

chl oride [0126] Morpholine hydrochloride (0.87 g, 7.01
Step I'mol ) was added to a solution of

nyl - benzoyl chloride (2.12 g,
Z(Morghgfy nﬁoﬁuzfg Chﬁqrore(’)i ee»r%zene (8 mM). The 57 WD
2009/ 042970 PCT/ US2008/ 078024 reaction was heated to
reflux for hours, until_ conplete consunﬁﬁl on of t

st al®13g rraT@ausglnutwwa%a SisBlorabsazeng suids] chinede gldgt %fimmol) in

oo (ol B EBaFE SSRLBBLE 8 v M A o
71.1mop drgpvisd. Stimerg Wasl doatimebdafod 1 wadingeh afiet Whichitmbduyd sulfonyl

ctor GG B ks e RS B AN il o

with ﬂ%&p%@ (gg_fl\ggd J(ﬂeg gget%oaﬂ%) sul@tgeﬁ ﬁlt(:%g"an&l ng&eﬁ@fgtld in vacuo to

yield tHeRiR: c’.dmpolund YitBhitareed fdrfaddiyiondl-puhifioatipnb €rZ2y, ¢0686). GH (400 MHz,

DMLt Ao ohhiRe 4517t et o Uik dgfofyl 57, 1811, 3.57 -

r S af of the above detail ed
3‘64(ﬁ:‘@bg'ﬁhsﬁ'lﬂogy%@%@%%nde) 14.03 (1H, br. s), 8.43

(1H, d, 2.2Hz), 7.84 (1H, dd, 8.1, 2.2Hz), 7.50 (1H,
Step 2d, 8. 1Hz) TR = 1.81 min. 3-Chlorosul fonyl -4-brono

d | fonyl - 4-b b i
Benzyla%? C%@Eﬁbg@’%ﬁ%?f’%ﬁ’fmégiral IO;y avai Irgg})e eneote

starting materials following Step 1 of the above
detail ed net hod. 5H(400 Mz, DWMSO 8.45 (1H d,
1. 7THN32l7. Phepylimethanethiolid omlz4373mmep), W@)addqdadtzpwmt%a 25%

solution of NaOMe/MeOH (14.1g, 65.2mmol) in MeOH (25ml). The resulting thiolate was

isolated by concentration in vacuo. The sodium thiolate salt was dissolved in DMSO (65ml), and
2-(morpholin-4-ylsulfonyl)chlorobenzene (11.1g, 43.5mmol) added portionwise. The reaction
mixture was stirred at ambient temperature for 72h after which time no starting material was
evident. The reaction mixture was poured into a 2N HCI solution (200 mL) and extracted into
DCM (3 x 200 ml). The organic portion was dried over sodium sulfate, filtered and concentrated
in vaccuo. The crude material was purified by column chromatography eluting with heptane:

ethyl acetate (8:2 v:v). (13.7g, 90%), TR=1.00min.
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2- Brono- 5- (di net hyl - 4- car bonyl ) benzenesul f onyl
chloride: [0129]
wQ28008m76- ( di met hyl - 4- car bonyl ) benzenesul f onyPCT/US2008/078024

chl oride was prepared fromcomercially available

starting materials following Steps 1 - 3 of the above
Ste 3det ailed nethod using dinethylam ne HO instead of

mor pholine HO in Step 3. (4.35g, 80%. 6H (500 MHz,
2-(MoriPhBitr-89)sulford9) bedddne sulfodyDdilgrider . 63 (1H, d, 8. 1Hz),

7.25 (1H, dd, 8.1, 2.2Hz), 2.96 (3H, br. s), 2.88

(3H, br. s); TR=1.78m n.

2 0288 Syl b Y BRI A BSHGEROE A RMon of benzy-2-

(morpholithl-gswlfdmy()bérrend 1yl fide (G&Tgb onyimdipizeoneitiated ¥ C1 (70ml)
chl ori de was prepared rqm commerci al |y avail abl e .
maintaiging 3 lﬁ&%feémeaqtgrefbsl%m frgngd epaplete consymptioneot fisoijarting

matenérjrg&rag'ogfegv de Hé"'@ nfﬁgté% ‘gft (49@%{&%3(%éqe%dﬁﬂ?5%ggg%?s bubbled

into thiB@icBixTurs or(15Hhindies 2o Rhye ady d&efsléhlomihe dhd thizdeaction was
H. dd, 8.1, 2.2Hz

warme% 'ggémﬁll%nt tgx}lper{ltﬁrq[ Thg ﬁ?éﬁtl?)lg gll)ﬁ%?%\%%g)o&p%imos ?c’e arzld ‘?h% yellow solid
formedpvgy Mﬁd@&gg&m@ 1<(e'\@£t9p Q‘hé E‘olfd \Y’L.SSﬁllltliaQéWlp ﬁ&ﬁ@rﬁe filtered and

fonyl chlorid
washecbﬁﬁl; betaneQur@=dtied undh@a@nim 801iejd th6 @Iude sulfdnyl clﬂonde as a pale

yellow B8 NGt oRIHARY 46 eI i PO SBBIAS [ 0131] To

a solution of a 2- chlorobenzene sul fonyl chloride
(109, 47.4mol) in DCM (100 m) cooled to OC was
2- (1\’[01@11@1@;&41Y§')6ﬂldl ﬁ@h](o@-?ﬂhlormuliqnyb)bym@a@ mor phol i ne
(6.2n, 71.Imol) dropwi se. Stirring was continued
for 15 mnutes after which tinme no sulfonyl <chloride
was evi dent by, LC-MS. The reagti on was que d by the
addi tj on of 2N ] th further Ka/"PnS of
L driéf o sodj_’um sf fa fi LtPered

HO centrated in wgug to yieldNH#egitle conpound "
o W thout need fop_gdditional purd_f Lgation. (11.2g, o=s=0
10099 . 6H (400 Mz, DMSO d6) 7 97 (1H dd, 7.8, B
1.5Hz), 7.66 - 7.77 (2H, 7.58 (1H, ddd, 8.1, 6.7, ©
1:CIST§ SQ_E%CI tguew 3: hglrog&thyzrgﬂ;qhohrﬁ) DCNB 11 - 3.18 ( 4H, IT)

TR—lcl?ig' ( The's gms_ o 4 hlo &cqlgrgsulfonxlgbesnéfnfciagled and 2-chloro-5-

Benz nDrp enze
(dimet[l)ﬂélélgairb(ﬁiyﬂbyﬂlzemlfamﬁtchlomide Mkreﬁpﬁbparéd% irbthrsdge wasnacd detailed in

dropwi se to a_25% .
the synthe51s of 2-bromo-5 %mogpholme 4-carbonyl)-benzenesulfonyl chloride

Step 3
2-(Morpholin-4-yl)ethyl 4-chloro-3-(chlorosulfonyl)benzoate

[0135] To a solution of 4-chloro-3-(chlorosulfonyl)benzoyl chloride (1.0g,
3.6mmol) in DCM (10ml) was added a solution of hydroxy ethyl morpholine ( 443pl, 3.6mmol)
in DCM (1ml). The reaction mixture was stirred for 12h after which time no sulfonyl chloride
was observed by LC-MS. Upon concentration of the crude reaction mixture a solid was isolated,

which was trituated with ether to afford the desired compound as a brown solid. (1.54g, 100%)
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solution of NaOwe/ MeOH (14.1 g, 65.2mmol) in MeCH
(25mL). The resulting thiolate was isol ated by
W@ ooemsr@t i on i n vacuo. The sodi umt hiol at e sSedT/USESS/078024
di ssol ved in DVSO (65nl), and
2- (nor phol i n- 4-yl sul fonyl ) chl or obenzene (11. 1g,

R e AR, 95K 08 AR IR DA, g, 1, 7

(1H, dd,i 12 neHzt A156i(hH, dEs. EHz)aH 3\8&55 0G(iHian}, 3.88het.0R€IL,im)) 3.76 - 3.83

pour, in jion (200 nL) and
@hH, m@%ﬂ‘éc?éﬁ% %%Nﬁ( #% g%ﬁé&ér‘&ém c portion
was dried over sodium suI fate filtered and
concentrated in vaccuo. The crude material was
3-Brongs6 +{{ 2-gdophokim# yyhethyhlrcartmimogyt Jdplhphenk t2- sulipnyl dhitoride
heptane: ethyl acetate (8:2 v:v). (13.7g, 90%,
TR=1.00m n. 59 WD 2009/ 042970 PCT/ US2008/ 078024 Step
3: 2-(Morphedin-4-ylsul fonyl)fenzene sul fonyl cldroride
[0133] \rinegasvwﬁbu edlgtoacoole/\C)O
sus of benaylr2N, [V T, 7
( nor pHiol |§1 4-yl sul fonyl Jber&ene sul fide (7/0g’ I
1.1mml) in concentrated HO (70ml) i ntaining an
internal tenperature below 15C until conplete
cons it BREAPCN ReP'¥rting mmterial was observed (c.
Step 1.2 45 m nutes). After conpletion of the reaction,
cp ni trogen was bubbled into the reaction mxture for 15
4-Bronip letze(%wh%dh% jll?etﬁﬂ}’th)%?ﬁé‘n%sz-g&ﬂb%dnﬁﬁe and the reaction
warmed to anbi‘ent tenperature. The reaction
mxture was poured onto ice and the yellow solid

so 1 BIABE° a4 bl A PR RGEdmEPhoher FBol Bloed PEopetss mmob

in DMt f(lblﬁl)t ﬂi@)@le@n%drof’@d Md%ﬁdé@CD!FEAO (Y BShH W@mﬁ[)u%d 4-(2-
sul fonyl” chloride as a pale vyellow soI id whi ch
ammoq&h)éhn@ph@lmel y(Giéml Hebrampab) hdrepwises Stringowasl cgntlnued untll complete

consurgp ol Pt LI P AP 0 Ry S IS The g quegphed by the

add1t1031 of H@te? whith Jras WastedGitChurter oriibra«P BFHED PredoVer s@lhum sulfate,
1: C SOBH 2: SOC12, toluene, A 3: hydr oXy eth

ﬁlteredn@mb lsengepateddm yagaB 49 y‘ﬁ{@ the mipﬁ&l, eompound without neeg for further

prc i L S SO 2 PSSP 2, g v 737

1.1Hz)¢ Bl7ar 880 \@HEm)S 853I(RH, N5 6He),ShH® (2R &S(0HS, QJGBalle@lm H, m),
in the synthesis of

TR=0.8migk onp- 5- (nmor phol i ne- 4-car bonyl ) - benzenesul f onyl
chloride Step 3 2-(Mrpholin-4 yl)ethyl
4-chl oro-3-(chl orosul fonyl ) benzoat e

Step 2

3-Bromo-5-{[2-(morpholin-4-yl)ethyl ] carbamoyl}thiophene-2-sulfonyl chloride

[0137] To a flask containing 4-bromo-N-[2-(morpholin-4-yl)ethyl]thiophene-2-
carboxamide (1.6g, 5.1mmol) was added chlorosulfonic acid (10ml, 30 equiv). The reaction was
heated to 95°C for 90 minutes before careful addition to ice. The resulting solid was filtered and
dried in vacuo. The crude material was trituated with heptane:ethyl acetate to afford the title
compound without need for further purification (0.62g, 29%). 6H (500 MHz, DMS0O-d6) 9.01
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[0135] To a solution of

4- chl oro-3-(chl orosul fonyl ) benzoyl chloride (1.0g,
wE2@anedoyo i n DCM (1 Orl) was added a sol uti on obPChysr00%§78024

et hyl norpholine ( 4431, 3.6mol) in DCM (I ). The

reaction m xture was stlrred for 12h after which tine

.« SRR S E CTUSBE P U LD R oo 25

(2H, d,VRRSHAS. 29 1, q, svhH@h 3ve3s- 3.17 IR eI TREL m@mmer to
afford the desired compound as a brown solid. (1.54q,
10099 60 WD 2009/ 042970 PCT/ US2008/ 078024 IR (neat)

-Brom(oq%)f{nggph%h %}Car%&éi)’rh é‘}i‘l%ge g dgdliéggo DNB7O gg) (§H49
d, 8.2Hz), 38-500(2Hn)388-407(2H,n),

376- 3.83 (2H, m, 3.56 - 3.62 (2H, m), 3.36 - 3.54
Stepl(2H, nm), 3.14 - 3.28 (2H, n). 3-Brono-5-f

ol O P e

RN\ 2. RN? r/ d ~/ SSSSC OO0OO0O0 1
RNH2

BB s «Dq‘%mtmaﬁi»ramy%@fqémcmbaaﬂeq@r@eéspgasémmol)
in DCI\?(g@nll)f%QJ@@%” ophenec %D@I‘E& 0.85ml, 4. 8mml) agd mi)r%hohne ()O Ag,

onyl chloride (1
4.6mmbl) APVl (Suhing:waml thunda@tﬂmnpld@emn@lrﬂmn(om ﬂ%ﬂmmg material

s o ) Bl k2 AR LA RCLL 0 S i s

washecP@*ﬁH lngier B&%%ﬁy HPIN PIt1OdriddNR e S §citiinh BOLEAR tRIekedl and@Bncentrated in
observed The’ reacti on was quenched by the

vacuo wddéld nhmde@ﬁed/\am@pdundm&lhumd\fmsﬂuﬁhemwﬁcmm@eﬁg, 100%). 8H (500

v, OB DR R S5 R0 S8R5 9 somin

desi red conpound without need for further
purification (1.6g, 98% . 8H (500 MHz, CHLOROFORM d)
Step2.7.38 (1H, d, 1.3Hz), 7.37 (1H, d, 1.1Hz), 3.72 - 3.80

4, .53 (2 5. 6Hz 5 H,t, 6.0Hz),
sy PGSR e Gt 070
3- Brono-5-{[ 2- (nor pholin-4

yl) et hyl Jcar ba @Sil }thi ophene-2-sul fonyl chloride
[ 013001390 aofd B cematramwﬁg)mo-N-(morp olin-4-y)thiophene-2-

carboxglél}c[?gi%%gd{ gttl&lngr‘gég dflgd ﬁ}l?ljo%\llglgcl?%é d%fté% hg(?g LéY)f The reactlon was

heated 36 DSP(( HO DD miv@eEbpforé)careTiladdion to izo. W&Sresﬂ&@ ﬁﬂpémlcﬁﬁﬁhs
for 90 m nutes before careful addition to.ice.

extracted i DIGA (33/100mbesd fhq qombirpdaraanieiphases fried e g aulphate,
filtereF 4% Qa{ng{edq o ttﬁ f&fﬁhgﬂﬂ%&{]p&ﬁﬂtvﬁ%u?h&w for further

acet a
purification (0.54g, 32%). SH (500 MHz, CHLOROFORM-d) 7.30 (1 H, 5) 3.69 - 3.81 (8 H, m),

TR=1.86min.

Example 3. Kinetics of HNO Release.

[0140] The decomposition rates of the compounds may be determined by UV-Vis

spectroscopy.
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conpound wi t hout need for further purification (0.62g,
29% . 8H (500 MHz, DMBSO-d6) 9.01 61 WO 2009/ 042970
wEOWAERO8/ 078024 (1H, t, 5.5Hz), 7.76 (1H, BQT/US2008/078024
(2H, d, 10.4Hz), 3.78 (2H, t, 11.5Hz), 3.63 (2H, q,
6.0Hz), 3.51 (2H, d, 12.3Hz), 3.29 (2H, q, 5.7Hz),

3.0 ( :
Bﬁglrr%ﬁ;l?ir?odr%g%m?a e ﬁ%gﬁ%%lx?ay beor|€)1 I(lelrroée bsuI thSyr
spectrctsbémrrlnd)el M BRS buffer at pH 7.4 and 37 °C. Bonner, F.T.; Ko., Y. Inorg. Chem.
4- Br -N- (nmor phol i n- 4-y)t hi ophene- 2-car boxam de
1992’%10%%[8%&53 sol ution of 4-brono-2-thi ophenecarbonyl
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Bonner, F.T. . Inorg. Chem 1992, 31,
Table Q5Nm02®1@0nm@blbtymf ReRESSERtatiNecComPowids N20

Quantification

Compound Nitrous oxide evolved as % of | % moles N,O/moles
Angelis salt of sample

Angeli’s Salt 100 70.5

1 43 30.5

2 27 19

3 116 81.5
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prevent and/or delay the onset

invention to

treat, prevent and/or delay the onset and/or the development of a disease or condition responsive

to nitroxyl therapy.

a. Cardiovascular diseases or conditions.

[0145] In vitro models of cardiovascular disease can also be used to determine the

ability of any of the compounds described herein to treat, prevent and/or delay the onset and/or

the development of a cardiovascular disease or condition in an individual. An exemplary in vitro

model of heart disease is described below.

[0146] In-vitro models could be utilized to look at vasorelaxation properties of the

compounds. Isometric tension in isolated rat thoracic aortic ring segment can be measured as
described previously by Crawford, J.H., Huang, J, Isbell, T.S., Shiva, S., Chacko, B.K.,
Schechter, A., Darley-Usmar, V.M., Kerby, J.D., Lang, J.D., Krauss, D., Ho, C., Gladwin , M.T.,
Patel, R.P., Blood 2006, 107, 566-575. Upon sacrifice aortic ring segments are excised and

cleansed of fat and adhering tissue. Vessels are then cut into individual ring segments (2-3 mm

in width) and suspended from a force-displacement transducer in a tissue bath. Ring segments
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to nitroxyl therapy. a. Cardi ovascul ar di seases or

conditions. [0145] In vitro nodels of cardiovascul ar
walc@easm7can al so be used to determ ne the abPdT/U§2008/078024

any of the conpounds described herein to treat,

prevent and/ or delay the onset and/or the devel opnent

v R S R Bl SR G ARSI ol gr e v

compdhitERAEAM): Nad® 3 ¢8; €04 balisNC O} 0146k HL POV DI MIgBOYe2S CaCl, 1.75;

could be utilized to | ook at vasoreflaxation prsé/pertl es

NaEIRFA OH8; anchglpensadd.] and peeuedconténunusly with 219610a(586 COat74% Ny. A

passwé li] ard%?‘% egdg g{)éhe% (;[u SP gln% %Q%EQI%}& %t?c{]dm taﬁle%S 3 l‘g%lgvgl Jthroughout the
experlhﬁ:htsl At the bsglnniﬁglo‘f aach%xgelﬁi&ﬁkﬁdoﬁeﬂﬁacln-t@@ﬁﬂ GipQE gméhts are
| ey- Usnar Ker Lang, J.D Krauss,
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v/
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107 My BN e, i Hla 8 47 ibibiveNOS gubensogsnons production.
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ter BESRED 1 VORGS0 BT BB Q1R s
cumulkiveth toHb e sedseli Hath( dadHffestlonttemsionahotiteeed. ol | owi ng

conpositi on (mMM: NaC 118; KCl14.6; NaHCO3 27.2;

. 2; Cl. . 75;. Na2EDTA. 0. 03; . and .
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ring segnments and maintained at this | evel througho
force andentrmchelar craénum capbe nteasuredjinmat mgpeoihlae ﬁom rexpal mn’cbma$ed (ie.

donet hagi ate ts..are de
rats wifl EERERRVe O AT OF B EORR Lo GRS HER PR O BOHIa T L dtar D,
Backx8H hib¥in Ef ctrh ReY 1998176 1o&n@a8)aketst(bﬁﬂagwa§>a€v¢ey, 250- 300g) are
extenswely and al lowed to equilibrate. For subsequent

used i ﬂqsee ¢xperiments. Vhesrats| age meethsummﬂnmntqbacbmd (06treglk g9 dntra-

abdon&t&al 1nj %t{oes onsarklﬁi\é\ﬁmtsg g)?t%a%‘st%l yg 6$pé§g éClF%dl :«imﬁfﬁl%cefi mna
dissecE B sRMTheedea daratslaiyDand aurhit @Brﬁlse&fr&tﬁd dgri@(&l ®®HM/min) with
devel opnent reaches a pl ateau, nitrox

dissectrRahicenaslelt Cddoo EaPaRa PRI O OB CBatThe

5 AR AL S o D g 815 g 1.2

glucos@i 107 0x¢1, 00 aad 2,3 butmedions iddoximied@IS 20,pHl 9.\36l704159ﬁ room
force and intracellular calciumin heart nuscles.
tempesite (Sl C)f brabecudasdrom ﬂreare@t venteiele o4 the; h@ﬁart@émdlsﬁ@cted and
t trabeculae fromn rmal

d
mount?& %gtl\'lzvreg? gtf%rce/\f de&‘ﬂ ggci # [nv)éor arm 4o fsgPerfﬂsgd S?t normg K-H solution

(KCL, Byiey bt Ofakyof ~a49 rellRa i dndeemnl8ed A0S Mz (Haeen¥ibns 6 té nldscles are
Backx PH, Marban E. Circ Res. 1995;76:1036-1048). Rats

measugfgpwlé]g asaliugiianretiodpinstho gyular of the,disgection migrgscope (x40, resolution
~10 perinments. The rats are anesthetized with
pent obarbital (100 ng/kg) via intra-

[0148] Force is measured using a force transducer system and is expressed in milli
newtons per square millimeter of cross-sectional area. Sarcomere length is measured by laser

diffraction. Resting sarcomere length is set at 2.20-2.30 pm throughout the experiments.
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abdom nal injection, the heart exposed by
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2009/ 042970 PCT/ US2008/ 078024 °[0149] Intra
are indua¢d:li>rinﬂyi (s4+8sasands)byustinmgatirigethé mesclacatd Oflz ahvafied exteac2llular

et 0 SRR e e e gy AE ).
potassiumsalt is mcroinjected iontophoretically into

b. Dis®BEs drLohdipbHs MPILNE shenRbSefriflpRuUIhOUL  the whol e

o nuscl e (vli a gap j unctli oﬁs). %’gglt{)p of the el ectrode

(-0.2 min dianeter) is filled with fora-2 salt (1
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diseasd VRN ARbA ithBlidding Weh@Ma/refriRiohQniify ininRAGSRMal.

continuously for -15 mn. Fura-2 epifluorescence is
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; of i pivp apd/eriexayivasmodelsric ingnthe ability of ¢omrpounds of the

leterminening 3:!;" y
L 561 88.809;

U U cU. C R

conditidh eaynsteafotidelyl watdpyn. After 15 min of exposure to
ryanodi ne, different levels of tetanizations are
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a. Cardiqeascer disedsss pLcondifiphsi ed extracel lular  cal ci um
(0.5-20 mM). Al experinments are performed at room
t enme14 U vihdQnddess of Ardidda3GAsfscRle GARMKOHeQREd to determine the
i npli cating 1 schem a/reperfusion. [0150] In vitro

ability b et of theporapamdb desgsibell hayeidao eeati preverttendlbr délaythefonset and/or

a of the conmpounds. described.herein t.o. treat, )
the dey§Taapiat EieorcioVERGH ) isHBE GhEBEM iRt GR ATEidbly Bh spthaplery snimal
model Of hért JbASR e Qribe@Belbl. On 11plicating

i schem a/reperfusion injury in an individual. Exanple

6. Use of in vivo and/or ex vivo nodels to determ ne
t he [A32]i tlp vivo candiprasaalsr effectstabtaingshwith b oitroxyl deneacompound

may btgés%%/ls%gci @Zagcgc!él é}, &%%Xl) Eig ge.‘ ’Pﬁess%dyaig %r?c{uc%eg%n 91&1}/1? &2% H(?g? ﬂltongrel
(male) dogs chronically instrumented for conscious hemodynamic analysis and blood sampling,
as previously described (Katori, T.; Hoover, D. B.; Ardell, J. L.; Helm, R. H.; Belardi, D. F;
Tocchetti, C. G.; Forfia, P. R.; Kass, D. A.; Paolocci, N. Circ. Res. 96(2): 2004).
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condition responsive to nitrox. lip . a.
Car di ovascul ar di seases or conditions. [0151] In vivo
wonaels290d car di ovascul ar di sease can al so be PSPUS1008/078024
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congestive heart failure studies. [0155] The val ues
for [0854] domyeumddelaptisolirnsn/menriasivecan Sserbnused to determine the

ability o? Qrtlylf otu tgg goﬂap(\)/unds described herein to treat, prevent and/or delay the onset and/or

the development of a disease or condition implicating ischemia/reperfusion injury in an

individual. An exemplary ex vivo model of ischemia/reperfusion injury is described below.
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immed &0y pHorab@s@nal yzed of f-1ine with

Dat a@Q | nst r unent s/ CODAS
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software, which allow quantification of the maximum
rate of increase of LVP during systole (dP/dtm).
wQ 0s®)2oHearts are perfused with Krebs- Hensel eP¢T/US2008/078024
sol ution gassed with 95% 02 and 5% CO2 of the
foll ow ng conmposition: 17.7 nmM sodi um bi carbonate, 127

i Dbt e enli Broudol PR ing ke, 30 A, and

baselife(iabdhetérs [amneﬁm'dé(thyﬁ’&ﬁnp,wbdﬁuaryTﬂkﬁv iy ddjwskad wﬁl@ﬁ@lﬁeﬁ:‘:ﬁr@f B0 min
diluted | n buffer | mediatel prior to use.

and kephepastgntigon therqon.ddisn 8) o eiphiliz m@ya@mmmsmgned to one
r

ofth B 86k o SHLLELS GAUFHFHA) AN SRR P00 50 i

of reparfismndI/R) fBaomglcff tieechjeasts scstopiped antht begifming bf e isdhemiceiiod and

g(f%%ﬁcon nt. fromthereon. After 30 mn

restart rlﬂ? anutﬁé’ FaPSTIUHeN.r andom y assi gned to one of
the treatment groups, and subjected to 30 min global,
no- flopgt|i SEERRIRa cf)ﬂ’&dl%&‘ﬁﬁg R péifustl WltthuffePRﬁ%ldaéhﬁHnal 29 min
(1/ acing of the hearts |s st opped

after S@b@izaimrh d resteditiearts sreleaposed pea hivxphdbnor éi@g a]r tthtﬁm‘l temcentration

foraboué fmgprf% &?BH.} raeﬁ{plgmelg‘gﬁfu&}?_ﬂ I)EEFP_‘ngl]fI(;krea‘;tns in a

additional 29 mn after stabilization. Treated hearts

ar e [0x¢2]s €@ alitheart$tpcindxiy kuspendtud o ehedbnsetbf Mchérialand restarted 3

concentration for about 20 mn followed by a 10 nmin
minutqs fpResyinggensriysion piy iselgied hFGIl prEpatations madetpieratsayenigme

o HEERIE 0P AR PR AT R B

minime@Ra¢ffdctsqsdutey byl etystdlleidaieefueiétlonthe i perféniRin€elahd consistently
after 2-2.5 hrs perfusion), the re-flow duration is

with ofiepdepaiS-t o 30 nin in order to mnimze the effects
produced by crystalloid perfusion on heart
Per 19§ §7NCLsse ARnE ORI t
[ Olblgf@ssesésg m=:ntn of ver?t":"zdrl‘;r Iﬁ}gfcg}% fil})n@%@g thélﬁ a§ g?vr? loped LVP,
the votutre afehd imtrh-velatviehlapeadlool/ By adjmdtmi toahnwmd-didstalio ELVP of 10 mm Hg
duﬁngé.ﬂt ¢ %? ﬁgq?]]égl:pgll‘{lg Irgs g%)lolitgg H‘l‘i) aloce Eﬁ]it)rsrd L aT6 et al. , “Pertussis toxin-
sensm% @qirl)ﬂeﬁ@tlﬁiﬁﬁn@eeﬁﬂtrﬁdom@ésyﬁﬁ&% f1eaktivity 38@ bRAGH 1ev3 14k Rat hearts,”
Hare et al. Pertussis toxin- séensitive G
J. Cltrqofm’em, h81:il #24- Blbﬁl(9§8)1 |Qhang£somdd\@l®¢dﬂh/é& dP/dtax @ret the endrdiastolic

r ot Ievel rat hearts, din. | nyest.,
value el P EeR P78 but R fhitared T diffisen iR Ryr the end-
diastoRAVP REDEND) ‘Béi%?é ﬂ?ile efd of/ﬁE ll’s%hérﬁii%ﬁGd Qﬂd 8 f%Iérgischemic
rotocol are continuousl Yy nmoni t ored er ence
conditipes isased ahan isdex ofthe sxtentof cgmcp@dmom@efxm%axml maovery of

oo 0 AR B A A SRR -

valuescont ract ure devel opnent. Maxi mal recovery of
devel oped LVP and dP/dtmduring reperfusion is

co npar ed with reSJ[oect ive ({)re ischem c val ues.
[0164] Assessment of myocardial injury. Enzyme release is a measure of severe

myocardial injury that has yet to progress to irreversible cell injury. Samples of coronary
effluent (2 mL) are withdrawn with a catheter inserted into the right ventricle via the pulmonary
artery. Samples are taken immediately before ischemia and at 3, 6, 10, 20 and 30 min of

reperfusion. LDH release is measured as previously described by Bergmeyer & Bernt, “Methods
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[0164] Assessnent of nyocardial injury. Enzyne rel ease
is a measure of severe nyocardial injury that has yet
WO o00pneyress to irreversible cell injury. SanpPe@susfoos/ 078024
coronary effluent (2 nL) are withdrawmn with a
cat het er inserted into the right ventricle via the

ot e BRIl 1 P77 ot 550 AFEES Bpifve vaves for e
entire T€EY petsddon. LDH rel ease is neasured as previously

descri bed by Bergneyer & Bernt, "Methods 69 WO

2009/ 042970 PCT/ US2008/ 078024, of Enzynatlc Anal ysi s

Ver | B 68hehp sorrabpraty therdatarelgtive somyecadial Wlﬂ%ﬂrmnedé)y LDH

d

st S50 8 i SELLL gL SO RSSO OAEP: P s 00 mi
reperfdsibr), pachdwaitys tapidly reelosead fpmi thé ﬁéﬁﬁsuﬁf&;@ﬁraﬁfsﬁar&i the) LV dissected
. d I At th d of t
into 2 RORRCIEP IR ek LSOV 5 i eHoRGRAon o T dpiyi% solution of
itr Elﬁé%&@?olﬁﬁrpfi@ §d«
T T -
oxide od hibmbm]gnﬂ;ﬁ)stri;dhemic myoazbdibl injurat’ P3ac. atli Acddl $66, 96:14617-14622

ni.tro, bl ue tgtraz [Tumin, hosphat

olutio
(1999, GpHeined acrgRiC bRl FeRTNga Somnine stamsd Jiie Giout (e seagof viabe
and né¥rdtld tfssueoa&b Qﬁreﬁﬂﬂf s@be{rﬁt@)fﬁ!fl and 'i}l(féﬁé{deﬁ&;ﬁgﬂv@r IO S A bhre of the
i njury, Proc. . Sci., 96:14617-14622
origin(of tigRearts ﬁ[&teammgu orﬁ dmrrmmo(uc tand sumnecsoscepsasnest ie thefhhrdetermined and

th tained viable tis eas .of viable and

the nefbfe it et eert e o ol UBh TP pymaRg
i ndependent observer who is not aware of the origin
of t [t6bEaDht mayiee idjcgted 1oktatiftRan@ethedd fucRAS ANOVA followed by
non-necrotic tissues 1s then determned and the

the Bonderrasd cetrerdion fenmmsehorddesss a percentage of total |eft
ventricular mass. [0166] Data nay be subjected to

i %’%ng atlgn ﬁlerames of the

LR M ) BEIOX¥ AP he onset and/ or the developnent
of a dlsease or condition responsive to nitrox.

t her K7 [ ﬁe Gled Bn}d@PtFlg gﬁggﬁ{ﬁgg Qésgh eﬁEﬁBQ:HH 9480 be tested in

desc bed reln cdan unans
hmnamiiabeilewrmmettllfealnlnﬂquf the wingoned txDﬁnqm,lmdvehbaItch‘aielay the onset and/or
event he onset ndlor e de
the deB¢iGH G o AL e R SR B P oE s e P bifap o SR Hthods can
be usetdrf@f B clﬂ@[‘ﬁlﬁlsd IHBhE @%in;ﬁ@r@ méRod) %ﬁlS] e(ft?’(wthréﬁ&?a disease or

clinical trials. I'n one exenplary hod, subjects
conditigr, buchuasivongasiivebeaet faillurecae dnnoiloahm astwd;dnalahtycmcomtlcs and
t failure,. ar nrolled i.n t ol er abj
pharm{3E oo ot SR o2 eres ot B b BO TRl ot Ineimugntig in standard

protocdis. AHeA A AR H‘Sdo‘ﬁgletBTﬁd‘%&mbﬁﬁiBascoﬁfroHé@mamé %@Hbﬁﬁbd t0 determine
standard protocols. Then a phase ||, double-b

the efficass ofthesdmponndsalsingdtandard protocgler f ormed to det er m ne
t he efflcacy of the compounds usi ng standard

pr Ot ﬁr IAE) (;rQ o hm‘i/hr‘iatbonch g%Qe'nn&scn 1 isgnnle H@cﬁil by way

been
of illustration and example for purposes of clarity of understandlng, it is apparent to those skilled

in the art that certain minor changes and modifications will be practiced. Therefore, the

description and examples should not be construed as limiting the scope of the invention.
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of illustration and exanple for purposes of clarity of
understanding, it is apparent to those skilled in the
w@eaoobkmto certai n m nor changes and nodi fi cat i PEEUS200$/078024
be practiced. Therefore, the description and exanpl es
shoul d not be construed as Iimting the scope of the
! nvﬁﬁk?gnAH?rgerch% 26124490 pREh IRA YR A5 4tionk Qo Rbed
Al'l Yreferences, pubfications, patents, and patent
herein &8 BklebRiricofralédby réadndedn dieir entiecticer eby i ncor por at ed
by reference in their entireties. 71 WO 2009/042970
PCT/ US2008/ 078024 CLAIMS Caim 1. A conpound of the
formula (1), (1l) or (Ill): R6E R7T ORL a\~//Q- R1 11
~] Om@Inl) ~ RS/ \ SNBI A-1-SSN 6\ (I &8
11 0O0R 8-+ /A OO0OR2 R4 R3 [R9L,, [RBLY (I)
(1) @ ORL Q14 ~ QL0141 / I C-1-S-N Q3 QL1 1 1
\' QA f zOOR "R8 b (Ill) whereini RLis H R2
is H aral kyl or heterocyclyl; mand n are
i ndependently an integer fromO to 2; x is an integer
fromO to 4 and y is an integer fromO to 3, provided
that at |east one of x
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and y is greater than O; b is an integer from1-4; R3,

R4, R5, R6 and R7 are independently selected fromthe
w@eaap4monsi sting of H halo, alkylsulfonyl, PCT/US2008/078024

N- hydr oxyl sul f onami dyl , perhal oal kyl, nitro, aryl,

cyano, al koxy, perhal oal koxy, alkyl, substituted

aryl oxy, al kyl sul fanyl, qtﬁé_ finyl,

het er ocycl oal kyl, substit et erocycl oal kyl ,

di al kyl am no, cycl oal koxy, cycl oal kyl sul fanyl,

aClpimal f anyA compyluslofftherformulaq®y; AOxytl(IIDcar boxyl ester,

acyl am no and sul fonyl am no, provided that at |east

one of R3 R4, R5 R6 and R7 is carboxyl, carboxyl

ester, ac Ian1 5 or sul fonyl am no; 72 MD 2009/042970

PCT/ US2008)078024 9SeachrR8 and R9 %€r4 ﬁdﬁ ﬁ‘%

sel ected f r oug conS|st|nd fa haWo &

al kyl i | yIsquonant pérh &l o

nitro, ary .anoJ al kgxy g per hal k \.abk9 \b__ﬂz
substituted ar onf, al kyl sul fanyl , é 4 |nyI

het er ocydi*oal kyR® substituted het erls ycIJBTkyI

di al kyl ami no, NB2, OH C(O CH, C(O) Cal kyl, )

NHC( O) al kyl C( O) OH, C(O)NH2 NHC( O) al kyl C( O al kyl ,
NHC(O)aIkenyIC(O)(]—| NHC( Q H2 Cal kyl C(O) CQal kyl ,

NEC( O al kyl , =N- OH) N “P I kox
cycloalkylsulfanyl ary su f yIsqulnyI

car bonyl am no and sulfo ylant p vided that: (1) at
| east one R8 is carbony 1ﬂb o su oyl am no when

t he conpound is of the nula III) and (2) at |east
one of R8 and R9 is nylaqﬁﬂo or sul fonyl am no
when the conpound is of the fo la (Il); Ais a

cycl oal kyl, heterocycl oal kyl, aromatic or
Whmeﬂ@teroaronatic ring containing ring noieties QL Q2,
@B and 4, which are taken together with V and Wto
formring A; Bis a cycloalkyl, heterocycloalkyl,
aRoWdli ¢ or heteroaromatic ring containing ring
nmoi eties @, Q, Q7 and B, which are taken together
1 rmring B; V and Ware
rﬁdgééﬁﬁ%g¥ﬁgﬂ8¥h%ffgﬁ or NR1O; Ql, @@, @B, &, b,
@, Qrand B are independently selected fromthe group
corepd st dre gpdependEntlyGiinte@ef, frotn ONRLO, O and S; Cis a
het eroaromatic ring containing ring noieties @, QlL0,

¥} B e Odo Fand bithp Biter RGPS PRyideqify 3Fl3 one ofx
andy%;gqea%rtml ded that at |east one of @, Ql, Ql1,
CﬁSand Ql4 is N, NR1IO, O or S, and R1I0 is H

al kyl, acyl or sulfonyl or a pharmaceutically
ab@émﬂa@ggﬁﬁanﬂ‘bhereof Claim2. The conpound of
claiml1l, wherein R2 is H Caim3. The conpound of

Ci{%ilin, 1%5, R\M&g{i ﬁh Qre)ﬁn@é'f)gné,enﬁ'& %elga&li] frg)m the group consisting of H, halo,

alkylsulfonyl, N-hydroxylsulfonamidyl, perhaloalkyl, nitro, aryl, cyano, alkoxy, perhaloalkoxy,
alkyl, substituted aryloxy, alkylsulfanyl, alkylsulfinyl, heterocycloalkyl, substituted
heterocycloalkyl, dialkylamino, cycloalkoxy, cycloalkylsulfanyl, arylsulfanyl, arylsulfinyl,
carboxyl, carboxyl ester, acylamino and sulfonylamino, provided that at least one of R3, R4, RS,

Réand R’ is carboxyl, carboxyl ester, acylamino or sulfonylamino;
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G aim4. The conmpound of claim1, wherein the conpound

is of the formula (I). daim5. The conpound of claim
wd2wbesmdrn t he conpound is of the forrmula (1) PEODUSBENS/078024

| east one of R3 and R7 is other than H 73 WO

2009/042970 PCT/ US2008/ 078024 Claim 6. The conpound

ang;igth‘ﬁﬁ eﬁé& eﬁgﬁsefeg{gggﬂfmg rgr&%p éc{ﬁgls{n?é %ﬁo (ahgylsulfonyl

N—hydxrokjrlslmlﬁmm@dg,rpwlmlodnkﬁj rﬁ’tr?b’ arSFlh eyahoEIRoxd perthalvhkiory,4lkyl,
wherein the conmpound i s fornul a and at
substigt s, Sy ooy allugg mfwycloglkaérsmwed heterocycloalkyl,

kPR EA oxp IO bk NI RS o o,

NHC@)aﬂiylm(@ﬂ?ﬂehm@(wlkmylctl(ﬁDOH W)Ngﬁiﬁf\?ﬁlkm(??:@alwl
e e ogen to whic ey are
N ERshEENSRR R & W@%@%m SR B arsiGay!, sbisulfingt,
carboﬁ?ltaﬁ'irﬁ)céiﬁl s'quoﬁ lﬂﬁmo é@ﬁ'é@ that: %gﬁ'?\ea@} Eﬁ/ﬁ! R¥Y ggu %lhﬁnno or

drogen, - wher e IS a
sulfowignmot\ﬁ@ntthmcdﬁl;gmod ;msofah@fdrmhhr(lﬁ)}gﬂt(ﬂ)aat ludst bnd GFR® and R is

carbofiblapeg ob Mo dandith B GumhePa soctbr R @D: o af m

8. The conpound of claim1l, wherein the conmpound is of
t D’@lsfa‘lfy@]éhﬁ(yf, ﬂlkﬁerocy@oﬁlkm grom-gﬁ% of ﬁ@i@ﬂﬁﬂﬁ'ne@i‘c rﬁlgadoﬁlaimng ring
V\,herel E npound is”of the fornula (I111).
moietiey Q' AQfd (bt wiristuaratak ergtoghiber with Vva;ndrthto doeyrd rmgAeI S
|n an individual in need thereof t he net hod

r|S| n I St I vidual. an T
SO TR, P o5 RSPl Bl gy i
mmet&.@ Q’f pQ&@@nﬂ&DS@ Whidheﬁé?ﬁken Jgather vith thd VWeAd'Wtoorm ring B;
treating, preventing or delaying the onset or
devel opment of a disease or congdition that is

r oY ae mdspendenthy ¢t CHRBANR 5 conpri si ng

adn1n|ster|ng to an individual |n need thereof a

Q{TQ@“’@S o, (§1 ”Q)Zland‘@f afe ﬁlﬁgﬁ SeHRe éefé@*ehfrcﬁl? ﬁfé%r@l.gJ Sonsisting of

t’hef eof | a m12. A tical conposi
C,CHzoﬁﬁ'NsN&j ,& awh$ound of cI aiml and a
pharmaceutical |y acceptable carrier. Caim13. A kit

ri.s ound af. the claim 1 cang i n§t 3Gtk ons
£ SR Bt eSS R it oe Sl B 0%, QIS KB A% hat are
indepEx'ilﬁ:htly SclE@SPRBRI tNE glofp Rbidieiny lof e8Py , ﬁleRIO, O and S, provided
that at least one ong, Qlo, Q“, le, QBand Q14 isN,NR'®, Oor S, and

R is H, alkyl, acyl or sulfonyl

or a pharmaceutically acceptable salt thereof.

Claim 2. The compound of claim 1, wherein R? is H.

Claim 3. The compound of claim 1, wherein x and y are both 1.

Claim 4. The compound of claim 1, wherein the compound is of the formula (I).
Claim 5. The compound of claim 4 wherein the compound is of the formula (I) and

at least one of R® and R’ is other than H.
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Claim 6. The compound of claim 4, wherein the compound is of the formula (I) and

at least one of R* and R is an electron withdrawing group.

Claim 7. The compound of claim 4, wherein the compound is of the formula (I) and
at least one of R>, R*, R®>, R®and R’ is carboxyl, -COOQ-alkyl, -C(O)NH,, -C(O) NR Ry, where R,
is hydrogen and Ry is alkyl, -C(O)NR,R;, where R, and Ry, are independently alkyl, -C(O)NR.Rs,
where R, and Ry, are taken together with the nitrogen to which they are attached to form a
heterocyclic or substituted heterocyclic ring, -SO,NH,, -SO,NR-alkyl where R is hydrogen,
-SO,NR-alkyl where R is alkyl, -SO.NR,, where the two R groups are taken together with the

nitrogen to which they are attached to form a heterocyclic or substituted heterocyclic ring.

Claim 8. The compound of claim 1, wherein the compound is of the formula (II).
Claim 9. The compound of claim 1, wherein the compound is of the formula (III).
Claim 10. A method of modulating the in vivo nitroxyl levels in an

individual in need thereof, the method comprising administering to the individual
an N-hydroxysulfonamide of claim 1 or a pharmaceutically acceptable salt
thereof.

Claim 11. A method of treating, preventing or delaying the onset or
development of a disease or condition that is responsive to nitroxyl therapy,
comprising administering to an individual in need thereof a compound of claim 1

or a pharmaceutically acceptable salt thereof.

Claim 12. A pharmaceutical composition comprising a compound of claim 1 and a

pharmaceutically acceptable carrier.

Claim 13. A kit comprising a compound of the claim 1 and instructions for use in the

treatment of a disease or condition that is responsive to nitroxyl therapy.
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