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1 COVPOUNDS AND METHODS FOR TREATI NG AND PREVENTI NG

EXERCI SE- | NDUCED CARDI AC ARRHYTHM AS RELATED
WORRISIOGADE ONS [ 0001] This application is a PCT/US2004/032550

continuation-in-part of U SI Patent Application Seri al

No. 10/608, 723, filed on June 26, 2003, which is a

C AOMRGUNDS-ANDMETHODSFOR PREAMINSRANDCRR EYENIENGal

No. 10/ 288X 16REISH-INBUCED Nawanipe ARRIZPYOEMMME ch is a
continuation of U S. Patent Application Serial No.

09/ 568, 474, filed w U. S. Patent
6, 489, 125 Bl . issﬁggmg’gkg@g%@ﬁgooz the contents
[0001] of V\'hVFH"s @g(@cﬁtﬂﬁﬁbﬁ coRGRAIBOHAh- g@n BY UL freten a@phiedtRinSerial No.

STATE GOVERNMVENT | NTEREST [0002] Thi s invention
10/608v7@§ ﬁ?@d@nmleg@@@B gk l%mw@nuatmd@rpam@ &SaRetenigApplication

s L By 0, D, 0, SR B P

Applicdtidn $SMAEND GN569208]fi1Eeat Mdyaio, 2060, nswdJ.SeRstemgs, 4¢8y5¥5 Bl,
of nortality and norbidit wor | d W|de In the nor

issued Q%‘P@P@n‘éedéeéo% ﬂl‘f-’emenftsa?ﬁl‘ﬁlﬂléh PN@WWrIRCQIB%a{ed by reference

Association class IV), the 2-year nortality rate is

over 50% (Braunwal d, E.B., Heart D sease, 4th ed.

(Phi | adel phia: WB. Saunders Co., 1992)). Cardi ac

arr hyt hmi a S TAA TOVARNT OEdfr(DVERNMENéTrH\H’inESiP e, results

in m t he deaths ci at ed

000212, 1 fip el g EF PR EpBirtetiDpde Fadhr I8P Gppnl Ro. P

HL 6782801, Ak 583 thedinatddrRames aévdntalttiadcertdfinl Hyhio M @fs inSemkon.
ventricular arrhythmas 1n the heart are rapidly fatal
- a phenonenon referred to as "sudden cardi ac deat h"

(SCD). HoweveBAGKREROUNRQY FHEINVENRON N as may al so
[0003]08:: ur Héhrﬁ’ﬁﬂﬁ‘t%’ls Ridamy éﬁsm&lﬂéhty Bed Moghiadt f % f&[d%. In the

known to have structural heart” di sease. ,
more sme casesibfheaat faliyiel{New Y orktHartvissspcigbomolasscid)se @k year

moral B ERE Tt G ar GBI PR e YN ek &b Cr PR Mo e

SaunddrE¥I1 99§)|) aatditedriily@tnidl $65Hbn fdatir8 dF Méﬁt@hﬁre\/\&éstﬂlts in many
structurally-normal hearts. It is characterized f/
of the dgathssas$ast with the disease. In particular, approximately 50% of all patients with

herein.

heart disease die from fatal cardiac arthythmias. Some ventricular arrhythmias in the heart are
rapidly fatal — a phenomenon referred to as "sudden cardiac death”" (SCD). However, fatal
ventricular arrthythmias may also occur in young, otherwise-healthy individuals who are not
known to have structural heart disease. In fact, ventricular arrhythmia is the most common

cause of sudden death in otherwise-healthy individuals.

[0004] Catecholaminergic polymorphic ventricular tachycardia (CPVT) is an
inherited disorder in individuals with structurally-normal hearts. It is characterized by stress-
induced ventricular tachycardia — a lethal arrhythmia that may cause sudden cardiac death. In
subjects with CPVT, physical exertion and/or stress induce bidirectional and/or polymorphic
ventricular tachycardias that lead to SCD in the absence of detectable structural heart disease
(Laitinen et al., Mutations of the cardiac ryanodine receptor (RyR2) gene in familial
polymorphic ventricular tachycardia. Circulation, 103:485-90, 2001; Leenhardt et al.,
Catecholaminergic polymorphic ventricular tachycardia in children: a 7-year follow-up of 21

patients. Circulation, 91:1512-19, 1995; Priori et al., Clinical and molecular characterization
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ventricular tachycardia - a lethal arrhythma that my

cause sudden cardiac death. In subjects with CPVT,
wohywsiosalos exerti on and/ or stress induce bidi reeCrmsa004/032550
~.and/ or polynorphic ventricular tachycardi as that |ead

to SCD in the absence of detectable structural heart

di sease (Laitinen et al, Mutations of the cardi ac

ryanodi ne receptor RyRZ) gene in famlial polynorphic

of patie Sﬂ&fth Eggﬁﬁl&%ﬁ@%é‘f@ﬁdj&ﬁoﬁﬁ %ﬁkﬁéﬂlﬁﬁach&@grdﬁs i lation, 106:69-

echol am ner gi ¢ pol ynor hi ¢
74, 2002 Btioti enbaMu@tbyciars cariac cj'ﬂnbdme mecepto? ggesahiRyR2) underlie

catecho} St Pefg e &1 o S P Lacina o2 296 200, 2001

Swan ¢# Bﬁ r Agh AlisSdePmad edﬁ@bh@iﬁc%oﬂﬂetlhﬂ‘r@tlg chabamalighdit C
pol ynmo hic ventricular tachycardia. Circulation

polymarpliic ggntrizalar pobyoards itostrucgirally nomasl hearsnd 47 Gofb Cardiol,

G hRy.
a0 ISR B RIS o
IndividehlsGHtaCPYTT, hal® JedtBion a0 Brh R 0ids Vﬁ\l@ﬁsubjectaﬂ tq exercise, but do not

develop B ot ki SWOIeD AN PG HERRaY P eﬁv@iii?a mpations in
|

e SESE B RCEBL 040y B, O it .

Mutatiaus @fithosadiat rghmoilnantcepts (RpR2) dandiiv famuhhlq)qlwmmp@l@wrenmcular

T R T T TR S

receptdﬁl%ft%ht (it nﬁ@z:)%1@&11@E&te&ioﬁﬁﬁ&eﬁg@&b@%’oﬂﬂnd“@étﬁrlélﬂﬁﬁbéﬁyic@ﬂla

n the human RyR2 gene, on chronosone
Circulatépd2 102396-200,i 2001 v warnérs:/widrthyGPnT disosder inrppedto giromosome

ations_of the c
L2 sasen S PO A UanE T I S Ghgmal hearts
J. Am. @oyzcgbﬂ}lbprmzb(ﬁ@%ggg};, 2001; Priori et aI Mut ati ons

in the cardiac ryanod| ne receptor gene (hRyR2)

[0005] under | H&g@ﬂ&%ﬁ@&%&c@&ﬁ% %X&?M g@@i‘\l’ecde‘é%&’sé inGHé @bntractile
achycar Crculation 0 200, 2001; Swan et

functloanl af, camladmumn ovhikiisloadbep hryamﬁeﬂlsm ch leritipad Sogams) d4e cegaction

of hearg ausglleu% qt er grllq%%f mﬁgcg{: E§ {:mt\ja e affrlu}n@~I y‘s bt 1delle%sed1from
the sarg’éblg&iﬁé Térouluk? 888 ) infB0 shrrélgrlidg J}Q{bﬂl&ﬁh@ C§101um release channels

characterized by ‘a progressive decrease in the
on the SBainchuting eanedive reseptofs (RaRe). ats weasiesdelor grfieHop-capEadign (EC)

coupln?%gl%g%%}% irlfggorf glfaatcl ﬁet&% 198 gﬁﬂ%clezgﬁf S&H}arcﬁ&?# ofhef?é %fe three

ers

types d@h?ﬂm@,ﬂie&b dre;aan) oﬂvﬁhlﬁlﬁihﬁaﬁgﬂy-frél@mmé+ dﬁmﬂplmﬁm ®RyR2, and

reticul umqg into the surroundin (f E 31
RyR3.RYR1 igdorsd dnskeletd amselesRyR2 1s found in the heart, and RyR3 is located in

the brain. The type 2 ryanodine receptor (RyR?2) is the major Ca**-release channel required for

EC coupling and muscle contraction in cardiac striated muscle.

[0006] RyR2 channels are packed into dense arrays in specialized regions of the SR
that release intracellular stores of Ca**, and thereby trigger muscle contraction (Marx et al.,
Coupled gating between individual skeletal muscle Ca2+ release channels (ryanodine
receptors). Science, 281:818-21, 1998). During EC coupling, depolarization of the cardiac-
muscle cell membrane, in phase zero of the action potential, activates voltage-gated Ca**

channels. In turn, Ca*" influx through these channels initiates Ca** release from the SR via
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on the SR, including ryanodine receptors (RyRs), are

required for excitation-contraction (EC) coupling
woi205/037198upl i ng of an action potential to a nBETIUS2004/032550

cell's contraction). There are three types of

ryanodi ne receptors, all of3-which are highly-rel ated

Ca channels: RyR, RyR2, and RyR3. RyR is found in

skeletal muscle, RYR2 is found in the heart, and RyR3

RyR2, insa %‘%@@E ®AowA ad OF BRdicBd CI11QclbMBEF2bidty ANQ @]a[tﬁ’urhﬂﬁ@ﬂfe@ kelease
is the myjor Ca -rel ease channel required for

of calcm@ &omrihﬁ agrdasdarenplesmicaeieulent dion/.iRliysial d?‘bicc 5Glidal ¥%;

Nabauc;c{r ?gb??éyq%boéllcqﬁ%ﬁﬁléﬁ I Qagee %sf%a ecfbf ) ck@da c‘{uﬁ}aﬁt f%a%mg charge,

in cardiadtnfi@seslds Ubdén e Presut @3 198RN A he ReREbY cdiied g€ Mtiete Ca’
contraction ( Marx et al, Coupl ed gating between
releasejther atigaigs theiconistcille protsinsovioal arerr@ﬂpea%%le doraaFdipgmuscle
anodi ne receptors). Science, 281:818-21, 1998).
Con'tm‘%ﬁ)}{lng EC coupllng, depolarlzatlon of the

car di rane
0007151 oot e sfpvaeaeeyofe BRESEa Tt AR ¢«
polypebtidldd,in @dsociatibh mﬂﬂwwaﬂnﬁdm&m&ha&m&hmmg ptdteihe TaBPs),
rel ease fromtheSR via-3- RyR2, in rocess known as

specifigally. FinBRE2 6 Czoteies.c BKBPE pegtistrans Wptl ol AsqnpraeRes dhat are

widely e?(%neeg % %d %2]!/60% VH'H%SI oﬁlﬂ%i@k@%ﬁ%@j@ﬁﬁ Q/S?S(E%Eléagefunctlons of

immun@phidins. 1W@ghb|l RQrooB1¢lal t9A6N FEIBPASerotsingatestichbly bound to, and
cal ci.um, current ot gatl ng charg ' [

regula‘rﬁly]%@mggon f[%g etad pyengdia € prREetpd, Ill néﬁ:@ a%lteascet al., Stabilization
of calc eI R cﬁ&t‘m@} ggﬁlodiﬂ%q%%r?ﬁm"cﬁbﬁaﬁﬁ ?K@b@—‘%nﬁﬁﬁg ]%(I%Ee%' Cell,

e contract protei ns which are Tesponsible
77: 51362& dba4; Jaysainen eowlt, FE06 bnd i OPOTN RyRiaied veitipthetcelichim

N T R AR 7 -

ryanodiiEA@Beptb) RvRY (RE/KEENS, Eﬁé@tﬁ’%}’rap%ﬁ@‘éinfdrﬁ@hﬁdﬂﬁéﬁ%@éﬁo@Ca@ﬂ
HRee

protelns S are mstransggtld
releasel honmeln fem candinc musclod (ed y?eexfzs 8 @@a,, 19&:6& asr@}av@ igtracellular

e x4 Ehee P A7 ik Qs | HSS B B Bnagyffe esghis A

(Cameﬂcﬁ%)al FKBP12 bﬁ{d@tﬂ@d ﬂﬂﬁsr@ﬂ@ 4,5- Q{BEJthﬂh@ﬂél’iécdpmr adlellcine-proline
(1400- az&u ate the function of , t he el etal ryanaodi ne

9 g anclrysraleippyriy tarihis FRS0C ke dompin. Vi Bigli Grerps 272:27582-

s, 15801 G0, PR IRDIE BRSSO AT Rl

Mechaﬂﬁykﬁdsﬂl’r@ﬁbﬁh réteptoF KhdGtidn b FRBPIL 0ERIRD AJ$B8i6at %0 1 997)h

t he cal ci um

FKBP12.6 binds to the RyR2 channel (one molecule per RyR2 subunit), stabilizes RyR2-
channel function (Brillantes et al., Stabilization of calcium release channel (ryanodine

receptor) function by FK506-binding protein. Cell, 77:513-23, 1994), and facilitates coupled

gating between neighboring RyR2 channels (Marx et al., Coupled gating between individual
skeletal muscle Ca2+ release channels (ryanodine receptors). Science, 281:818-21, 1998),
thereby preventing aberrant activation of the channel during the resting phase of the cardiac

cycle.

[0008] Failing hearts (e.g., in patients with heart failure and in animal models of heart

failure) are characterized by a maladaptive response that includes chronic hyperadrenergic
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rel ease channel (ryanodine receptor). J. Biol. Chem,

261:9 A-1l, 1992); the cardi ac ryanodi ne receptor,
wephB/gKast an et al, Effects of rapanmycin on ryanms2eee/032550

receptor/ Ca(2+)- release channels from cardi ac nuscl e.

Crc. Res., 78:990-97, 1996); a related intracellular

Ca -rel ease channel, known as the type 1 inositol

1,4,5-tri phosphate receptor (IP3Rl) (Canmeron et al,

stimuldGisB @ﬁst@bv@%zl t D8erbites thtetholarding séiisitsRR SRRt Ladree Qit:Qéceptor
at | euci ne- prollngrél400 1401) and anchors cal ci neurin

densitytip failing hpxenbedrisky. Hegtad-dled, 3B H)5-ThdAB2). e mpitegenic

st gmﬁc?gfﬁ:%f)gt%?s)e s’élénﬁ %}otnl(]ﬁg%fﬁatl ete 1:51 %@?ﬂo%{e@b%&l&%éﬁ%i%s%ﬁl%&ﬁg t}ﬁt
decreastEFhdtRer R GERtubdtionriAd Daft entridyariEihzdialEMBOstdess, and potently
16: 3866- 76, 1997). FKBP12.6 binds to the RyR2 channel
reverse(\@ﬁsﬂ%ré@ap@ lﬁsr( REPRDC @ iomPTisemyes gl @ad Fgfipentricular
respon&@%%?ﬂ v tlér%@m %’e{/ ?Lgkfp% %t ifilpafients WiRREYdrg ﬂ%ér@ﬁulﬁfe a
cal cium re ease C anne anodi ne receptor) function
pnmarjbyblE Kb el nmahl uglopxﬂlng enderly(ied teyerdd rdm@iehBg. AB&4Ytjorgn04:670-

75, ZOQ:1h E,:Lﬁpé\tpglt e?q%hézlgs%g\y elg[pgl%gc}ﬂ% gﬁ&é@%ﬁg&%&%& gal@ll'opertles of the

chromdaﬂ?'fé(ﬂlﬁg'ﬁlea@ keh&l ala TWsCh&ntedito MRhe 28RS @Wc‘ztﬁ)n 94:2285-96,
yanodine receptors). Science, 281:818-21, 98),

1996). tlhécabfalbmwémm@aéﬂ@emgmﬂtmadmm |asmcmtedt\h]éh tisaqtiedtion of
f th di
pacrofelib s DT RS P VI (B ETE bRTERR Sy

adenylfANHclabe @ fiBteb bdse thrab@mﬂ&r Jﬁﬂl/ﬂ[’ltfoﬁéen@rraﬁon cAMP activates
characterized a _mal adaptive re S]|%gnse t hat includes

cAMP@npemue@t mpisin @@ﬂ@d@@)c‘&hlcbﬂi@ﬁmm Wn(simdgcowrar- al

ase echol am ne sensitivity and
phOSphbD?@?%ﬁoandre r'gi c-receptor density in failing human

Ty -

to deprbssedl %ﬁrdoﬁlesfdlﬁ@tﬂfﬂ A R yies 2R inthettt fALL e (Rrkshakl.,
decr ease adrener%| ¢ stinmulation and | eft ventricul ar
e}

Progrespjaycel ttig| failige is prateis &inagpa hpprrphasphoryéaliop$é the ryanodine
recepif Stk SR Gt g UsPRLET S a0t PRA ©

pho sph‘()eﬁhﬂicblﬁdibs’ﬂc1a@é‘s$l§BP m&frﬁﬁl tﬁbl bﬂ@i’utn teﬂbaﬁ@th&ﬁéls(ryunbbme
severe heart failure;

receptqik |d@&&r1ﬁ@rq&b}k@élpnw F@ghrrgehﬁ@rté W éﬁ?ﬁé 2(@09 cGP%%1$t61H with this
hypoth(]:%“’ ‘PRR h(‘{é%p]ﬂ la'%f &%@%}@?E}H i fxé ALOW. ha%géncc?éfmonﬁtrated in

ogi cal“properties o
vivo, bethrin lanmail Inyodiehsi alnd gy pd{tmtst w1t]i\hemt/\fadnﬁ: umietdoéng caediberent

of heart failuyr rcul n : 2
transplantation {Antos Iet ali %ﬂa‘%‘d cgrl'clhgr%/oopa’thy and suggen c?eath resulting from

constitutive activation of protein kinase A. Circ. Res., 89:997-1004, 2001; Marx et al., PKA

phosphorylation dissociates FKBP12.6 from the calcium release channel (ryanodine
receptor): defective regulation in failing hearts. Cell, 101:365-76, 2000; Ono et al., Altered
interaction of FKBP12.6 with ryanodine receptor as a cause of abnormal Ca'?" release in
heart failure. Cardiovasc. Res., 48:323-31, 2000; Reiken et al., Beta-adrenergic receptor
blockers restore cardiac calcium release channel (ryanodine receptor) structure and function
in heart failure. Circulation, 104:2843-48, 2001; Semsarian et al., The L-type calcium
channel inhibitor diltiazem prevents cardiomyopathy in a mouse model. J. Clin. Invest.,

109:1013-20, 2002; Yano et al., Altered stoichiometry of FKBP12.6 versus ryanodine
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1996). In heart failure, chronic b-adrenergic
stimulation is associated with the activation of
Wo-2emreTesgi ¢ receptors in the heart, which, tRCOWGE004/032550
coupling with G proteins, activate adenylyl cycl ase
and thereby increase intrazellular cAMP concentration.
CAWP activates cAMP-dependent protein kinase (PKA),
whi ch has been shown to induce hyperphosphoryl ation of
receptor¥RZoauldO0Bhorbheg Cayperpdkohpiughyyatodime redepRy R2 hbat fablaem
. proposed as a factor contributing to depressed
CirculagontlP3AP 186U on and arrhyt hmogenesi s in heart

failure (Marks et al., Progression of heart_ fajlure:

[0010] i s prit ilmgicads sheaipprrboprosPRdey PR YibA b F iy higduces the

. __.ryan i. Dt | e '
d1sso<31a§_1ég 0 I ?r%gl’glgf%%g@?ﬁr/g%é %gl{)&ﬂalffﬂaﬂﬁﬁ%e %ﬁ%% gﬁ%nrn% g\?%ﬁét LPMPKA
phoqﬂuﬁ&ﬁﬁ@ﬁggkﬁﬁmEKBEBP1ﬁ§ﬁﬁmmﬂkhﬁkmah@ﬂanmmhhaa#éymﬁ@hme
receptoxé'r afgcgi_vlegégqugfo%gi%% ng ggﬂesgté'lgé)e IOrlg%%lgfélggﬁQ)l whfﬁ?clzaltulﬁ?s arked
changeéf’]iglﬁﬁé Ql%ﬁh sicafgf%ﬁgﬁsfgg LR Madhd10Rueh cIRBEs 418 evidenced by

i'TTng ar een denonstrated in vivo, both in
increaseiidpealpromaits (RBo)ddueto patineedssd weitstivityde Ca% addpgnéent activation

Brilanss b AR DFAET ENToE SOt EATH PSRk Grp gAY

rcsos SR 4 195 S0 Ry g s o o

F)
ryanodiph oxppior/flaéH) oeleaieshawicls BemmrRiaoMBSAe. Grite: Res-c a3 29U

el ease .ch I di . ; LVe: :
1996): ST HAHOR Of e FA T g b STRRRbeking P REE: b Pimpgrsa
coupledRRin@lof o chAhhE, @kultfiigahaedctne BC doliBRigartd aardibc dysfunction
ryanodi ne receptor as a cause of abno nal_ re]easein
(Marx digar Cotpled gating tetwendudiziduakeksletal agisgled a3y relsggschannels
Rei ken et B . ' ;
yanodi RS A Reientl o BT STy LS GRER R WPl epRoryated RyR2 s

very seh@6RPIodbY-18Vdl @l Wiamantbrf, und thi omanifestseitself = an ISR €a”" leak
Circul ation, 104: 2843-48, 2001; Sensarian et al, The

through the jiyperghosphorilaehehagneli nhi bit or di | ti azem prevents

car di onyopat hﬁ in a nouse nmodel. . din. Invest.,
[0011] 109: 101 Sta@yralipgermatdertsta similappheaprgnen By B Fhersy

ot G5 el 15 B PPk SO 95 oo o
activatellf" &@?ie_n}%@ié t@ﬁ@to@iﬁ el tebitopctil@ior2df3ie Badrepofy) recioms lpads to
hyperpm:]@ghg];yépijiggg)f %?/gzsc’hartnllqe?s. hl%%?eroegr? 25’1@81{8&' s%tgéegps tﬁﬁt tfq%/ R2 by
hyperphosphorylation of RyR2 resulting from $-adrenergic-receptor activation renders
mutated RyR2 charmels more likely to open in the relaxation phase of the cardiac cycle,

increasing the likelihood of arrthythmias.

[0012] Cardiac arrhythmias are known to be associated with SR Ca®" leaks in
structurally-normal hearts. In these cases, the most common mechanism for induction and
maintenance of ventricular tachycardia is abnormal automaticity. One form of abnormal
automaticity, known as triggered arrhythmia, is associated with aberrant release of SR Ca*",
which initiates delayed after-depolarizations (DADs) (Fozzard, H.A., Afterdepolarizations and
triggered activity. Basic Res. Cardiol., 87:105-13, 1992; Wit and Rosen, Pathophysiologic
mechanisms of cardiac arrhythmias. Am. Heart J., 106:798-811, 1983). DADs, which can
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di ssoci ation of the regulatory FKBP12.6 subunit from
the RyR2 channel (Marx et al, PKA phosphoryl ation
wdizesosi@ses FKBP 12.6 fromthe cal ci um r el easecthammal32550
(ryanodi ne receptor): defective regulation in failing
hearts. Cell, 101:365-76, -®000). This causes narked
changes in the biophysical properties of the RyYR2
channel . Such changes are evidenced by increased open
trigger RtABRAEH Y 4P thnEMe atDalidrinat Hegsied z &8sl ihicdidiym{eeytes
Ca -dependent activation (Brillantes et al., )
that ocougtadist repelarizationne! aeardipe Astion) Rosendiak hBrmaplepplgnbastsifpethe

° . i ndli : N
abormat SREGECLglcal! Bt oAl DR loP el Bt dhueEblans are
known, hy&Boeh, febe BreRtd bl Spdndd)ne; pravadiag ehidened hatf R Y2 may play a

cardi ac nmuscle. Circ. Res,, 78:990-97, 1996): .
key roledp dheqpithqgeresinpl Bis abgaant fdn release Q&aiban ¢ ¢/ Jylechanisms of

. i i i s

oyt R UG EARGE oS A et IR R FE G AR D 10 BT
Invest., Tt tH5a82,d P8 6 Stz and BeMadixeldit AJIP, prGmofs edvejapmery of

between indivi dual skel etal ,.nuscle Ca2+ r as
aftordepRHATHETS 04 PSSO RSO} B Bbiies TRy (g o B 261 H2005-
11, 1994;5_998_) . Thus, PKA-hyperphosphoryl ated RyR2 is very

sensitive to lowlevel Ca stimulation, and this
[0013] [o% MBSy bl 86 flro @Rt iMofrtngt8Ks 1R AIBhbiEls arc associated
with a nehbaref patablogicaloitated — ndatlt diseasedshenitt and ivemealyreommakyearts.

.be at k. Specificall |1 is. known t rcise ...
Accordingly TastFalssordobe 1SS ek utd ot PEFRAGH B dsiaenilions
of patied¢lt i vate b-adrenergic receptors in the heart.

Activation of the b-adrenergic receptors leads to

o DYPerNESESRL P 00, PR OBl o g5

tetrahydRy R2-reagothiazeginé nonvlydackhéoradey bise kecepbok2@l)f a gatvatime of 1,4-

renders nut at ed R2 channel s re likely.to open.in +
benzothiaRepinc, 33 BFY &Pdﬁ%f&?ﬁmﬂ%%f% S-clfeidingrdereglshg Ca
levels intrﬁﬁodakci‘iﬂ! deh@,qq"\ng 1R516MoRIaRS thd R et @6 inward-rectifier

arrhythm as are known to be associated with SR Ca

K" currentakgrines g veaattionlat ¢ellsnandinhibiie thetdslaydredidice K asment in

. t he npst. ¢ n .nmechani s iznduction and .. .
guinee i, AL GG O TR ENE o e L] € it SPof Gsigprpigetive offect
against chtcBFRifd-tiducéd @ yd @k dThi0hi R AV Bt di ALULRAREA®ICEY myl iBMIar
as triggered arrhythm a, 1s associated wth_aberrant

overconfrggtivas endisclamigzeperfpion iy tih gkperiraentalysypfibrillar

overcon %c%tl%rn g@q?%?ff&lgfﬂ c%%ongtgﬁﬁ %re(ﬂ!é?%ﬁﬁ{o%rotgktﬁe’effects than

erdepo zati'ons an
propranolol, verapamil, and diltiazem. Experimental data also suggest that JTV-519

effectively prevents ventricular ischemia/reperfusion by reducing the level of intracellular

+ . .
Ca** overload in animal models.

SUMMARY OF THE INVENTION
[0015] The present invention is based upon the surprising discovery that RyR2 is a
target for preventing cardiac arrhythmias that cause exercise-induced sudden cardiac death
(SCD). As described herein, the inventors made mutant RyR2 channels with 7 different
CPVT mutations, and studied their functions. All 7 mutants had functional defects that

resulted in channels that became leaky (an SR calcium leak) when stimulated during exercise.
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triggered activity. Basic Res. Cardiol, 87:105-13,

1992; Wt and Rosen, Pathophysi ol ogi c nmechani sns of
woaowioativar r hyt hm as. Am Heart J., 106: 798- 81CTAS3BY/032550

DADs, which can-6- trigger fatal ventricular

arrhythm as, are abnormal dekpol arizations in

cardi onyocytes that occur after repolarization of a

cardi ac action potential. The nol ecul ar basis for the

The 1n‘§"4?1‘&9§ @ﬁi ﬁ&h@eﬁrﬁﬁb‘?@éﬁl %Q lcch@tdh B§ WHCHAPS R\@3cilklieak causes

been el uci dat ed ADs are known, however, to be
DADs. bRomhﬂtdeyytheykfmd imide nprtant IEAVIGCleninele nrdletiachaRy#e lavkylike the

leaky c@gm{eéq 18§§%h?ald§$cglgﬁt1%{t]se Wit t h t%ggﬁ %h;glfﬂgltfeh 3 dfangJer gha}racterized

by a high [HtydeABDILML G c@kﬁia@)ﬁ@%yﬂﬂda@ arieyefofd, eledapaiaisidembohtie herein
In ferret ventricular nuscle. J. din. Invest.

that thergeqhpgsnofpr they¥s;in €V iarle Bmeaasdh%mephamwbrp% tpkesst failure.
devel opment of afterdepol arizations and triggered
[0016]act i vithe inventers dlsadlwimc ymem tharthe drugPAWS 669 (k201), a member of

005 f. f i
the 1.4 ApRpRe BRIV 9 hiRsP Ry F ek i ko HPE L Fafih  fy he
inventdis Ebvah&e i) $TVOS1 oAb Aled BindRlg TR 2:6 t0PIRALFhosphorylated
di seased hearts and structural |l y-normal hearts.

RyR2, apd v miniagt RyRAethabetbervdsa qyareducedaffiait ot Ar fy Rot kindif
FKBP %@"ﬁﬁﬁ% jmﬁr@ a&fgﬁkﬁg Y4 RTLARe 1 T RURI DSt O o 9 8 rdtiac

arrhyt}(nﬁat{ @afdadodmamyylapd petittibuies to- hda)tnﬁlmaldlimfdncﬁoﬂifﬁi hextyfadurd. In
- tetrahydro-|, 4-benzot hi azep

addltwﬁoﬁhs W&fl@éﬁh%}ﬁ d&@eloa?%nﬂ%mﬁ%wf?w\f A 9gey Velhes & eadio-

1abeleclo\];eir§xon of e hi azepine, is a new nodul ator of
ciumion channels addition to regulating Ca | evels

[0017]I n myo ogddgélﬁ 1%' cln% asp;ﬁTy tl?l @n? %{Jl ;gro%sdeg h?ne[%ﬁ)d for

curren rec curr

limiting bgpl\e@éﬁtfnglwdl@feaeeiﬂ the leveDof Wbbmd FKBP12.6 in a subJ ect who is a
del ayed-rectifier K. current in guinea pig atria

candidgtg foreexexsiseainducod spediagay thpiag safrimms@erﬁgstoah%wbm@ an amount
f
of JTVCﬂr9déffégf19‘% RGrk Yt 8 dfe&%sse?xg I’f'ﬂaefléxtzel J%S%?R?n éﬁﬁh gksffl‘é%cﬁ‘ihe

nyocar injury, moca [-1n
subjectmyAdbo providedris ewer efofitV-4t3 inonunethnd forlohemgat pepenfingsa decrease

ex ' t al fibr |l ar ove traction
inthe lpgiay ?’WR? 54 & K F oSy oy %tsearcaeéﬁéreoﬁr ¥ aisg-jcduced
cardlaceirf}ﬁlﬁhﬁ qt han propranolol, verapam |, and diltiazem
Experinmental data al so suggest that JTV-519

[0018]€f f eCgh‘é%t%eﬁ]sg&[et”{h%lp‘f%s?ﬁtﬁ féﬁ'n%ﬁ Fc{j\{i%k%’g A6 B8 tHaliRE or

by reducing eve race
preventing exercise-induced cardiac arrhythmia in a subject, by administering JTV-519 to the

subject in an amount effective to treat or prevent the exercise-induced cardiac arrhythmia in
the subject. Also provided is a use of JTV-519 in a method for treating or preventing

exercise-induced cardiac arrhythmia in a subject.

[0019] In still another aspect, the present invention provides a method for preventing
exercise-induced sudden cardiac death in a subject, by administering to the subject JTV-519
in an amount effective to prevent exercise-induced sudden cardiac death in the subject. Also
provided is a use of JTV-519 in a method for preventing exercise-induced sudden cardiac

death in a subject.
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Ca overload in animal nodels. SUVMARY OF THE | NVENTI ON
[ 0015] The present invention is based upon the
weunEriszivng di scovery that RyR2 is a target foPCT/US2004/032550

preventing cardiac arrhythm as that cause

exerci se-i nduced sudden cargli ac death (SCD). As

descri bed herein, the inventors made nutant RyR2

channels with 7 different CPVT nmutations, and studi ed

their e
00201t 11 YIS aofll, e USRS fth BUOREL BBl pChining
an agen‘raﬂocusﬂm Ipexvientinghererstd-imduetdonidden ¢andjaedentl, tge (a)bbtaiﬂniag or

generalf¥ GRS pf e bplaih RvRanD) et belE f AARli G agent
() exﬁol@l@g@@d‘ &4k td Hnd SramprtRNEIHERMInENARNAESa MBS sy lation of RyR2

channels I ook |ike the | eaky channels in the hearts of
in cellyy gnd @)td@tevmtmn@ﬁdhm@épm@m a flegrpase én theele‘dfil 96 RYB2-bound

h of, _f | ac.
FKBP ?p??sﬁlh ?nglllsz eﬂ&e?tg %ana c81 éﬁF% {hse s%i)) n@? elémlnmg if the
agent Hmeraﬁ ieffe(tth)atantmmbaﬁteafbhcfloglcﬂ%@eﬁﬂn ke SRYT Allso prBeided are an
he nmechanismfor VT in heart fajluyre. [0016]

agent 1¢?Félﬁeﬁ\bé(ﬁ}cl%m§th§ﬂs%}ldo‘i Biefhed dorupwning Ragrcisprandiicg lsdﬁs'nsardlac
death 1%1 %?gp%ﬁt dgy %%t?gﬁ% %1@ %ﬁéntq’o %%@Egﬂ 1@%2%%1{63)%2{ %cltlyfﬁ gg prevent
exerciseriuduried ssddeh@ardi@r ddath inkid/sb]&tenhances bi ‘ndi n g of
FKBP 12. to PKA-phosphoryl ated RyR2, and to nutant
[00211Ry R2s Thhdaturtbérhepadt She passent ﬁle\dauﬁ@(ﬂpﬂfvfde@ latnyethéd for ddentifying an
not bind to, FKBP12 6. This action of JTV-5 fixes the
agent fpppge In RrovgRONg prerciss-ingyesdssuddensardias deatls tar ﬁ%)ﬁbﬁﬁkmag or
s SETHN RIS AR S80S o e i
exposihgterhona thaneorkmesd amedioas knweh tcsmnﬁehmpl&splmrylatlon of RyR2 in

as a.radi o |.abe d ver
cells; aaﬁ&@ dl@[f?féliﬁil o8 e A greyeasesPipd 5 Reniser %k?#el%p@ SUERYR2 in the
[ {
animal! 'T‘hg glﬁde}gﬂélretﬁiéﬁr?é{nﬂgﬁ;e zl%légs%ﬁ&‘j &y)g%tehg{lﬁ]rgg it ghéjegfﬁf ﬁelx\éﬁa!ﬁaéffégt on an
RyR2-gssbiieted bwhogica eaentan thadatimal oklsepevalederd auageatidentified by the
r thm a, by admnisteri to S ect .an

methof o8 p R iR bEsan drefi e i SubGE AR LES ryee by
adminfsREng ealgeftto Eﬂé:ﬁrbﬁ&ﬂ Qa4 EbE effedtiVeltd BreveR &CloiseAndfced

provided is a use of J - in a method for limting or

Suddelmﬁédl%d%ﬂglnalhdé%mé‘ése in the level of RyR2-bound
FKBP12.6 in a subject who is a candi date for
[0022]ex er cilsetill adothedaspect, the present invention provides methods for synthesizing

JTV-519 and 1,4-benzothiazepine intermediates and derivatives, including the following:

Mw\@j\/\o\/@

(2)
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cardiac arrhythm a. [0018] h another aspect, the
present invention provides a nmethod for treating or
wonres@ationg exer ci se-i nduced cardi ac arr hyt hm BCTAS2004/032550

subj ect, by adm nistering JTV-519 to the subject in an
amount effective to treat & prevent the
exerci se-i nduced cardiac arrhythma in the subject.
Al so provided is a use of JTV-519 in a nethod for

whereih RRAGRIGSION NRY, @S dr i X IR SLalk ARG br 44l Sfherein R can be at

_arrhythma in’'a subject. [0019] h”sti [l another

positioagpdcd, orbhe present invention provides a method for
preventing exerci se-induced sudden cardiac death in a
subject, by adm nistering to the subject JTV-519 in an
anmount effective to prevent exercise-induced sudden
cardiac death in the subject. Also provided is a use
of JTV-519 in a nethod for preventing exercise-induced
sudden card&g& death in a subject.-8- [0020] In yet
anot her asp eNgresent invention provides a
nmet hod for ide iNAg an agent for use in preventing
exerci se-i nduced sudden cardi ac death, by: (a)
ohtai ning or generating a culture of cells containing
RYR2; (b) contacting the cells with a candi date agent;
(c) exposiqg the gells to one or nore conditions known
to increase i"’ghovﬁlation of RyR2 in cells; and (d)
determi ning i% _#he dgent prevents a decrease in the
| gyl of RyR2- bouRd FKBP12.6 in the cells. The nethod
na%ﬁfurther conprise the step of: (e) determning if

wers B BAEISR R A1 oS0 A, BSRSFH LG iy v

positioA@eRt4,iodenti fied by the method, and a method for
preventing exercise-induced sudden cardiac death in a
subj ect, by adm nistering the agent to the subject in
an amount effective to prevent o exercise-induced
sudden cardi ac at-hnip the subject. [0021] In a
further asprety the preggnt i nvention provides a
nmet hod for ident¥Fiy an agent for use in preventing
exerci se-induced suddeRs cardi ac death, by: (a)
obt ai ni ng or generating an ani mal containing RyR2; (D)

aqg%nistering a candi date agent to the aninmal; (c)

exposi ng the aninmal to one or nore conditions known to

wherehll %? r=eﬁa-R/FeO? %%%E’O&)’A_gﬁ{'yf gn(? lfl =%: 3,28: or} 9; wherein R, = alkyl; and

wherein R3 = alkyl.

[0023] In a further aspect, the present invention provides a method for synthesizing
radio-labeled JTV-519.

[0024] Additional aspects of the present invention will be apparent in view of the

description which follows.

BRIEF DESCRIPTION OF THE FIGURES
[0025] FIG. 1 demonstrates that JTV-519 prevents exercise-induced ventricular
arrhythmias in FKBP12.6™ mice. (A) Representative ambulatory electrocardiograms of an
untreated FKBP12.6™ mouse, an FKBP12.6" mouse treated with JTV-5 19, and an
FKBP12.6” mouse treated with JTV-519. There were no significant differences in heart rate,
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cells; and (d) determining if the agent increases

bi ndi ng between FKBP12.6 and RyR2 in the animal. The
waoayosfoarmwher conprise the step of: (e) determ RCIAS2F04/032550

the agent has an effect on an RyR2-associ at ed

bi ol ogi cal event in the anigml. Al so provided are an

agent identified by the nethod, and a nethod for

preventing exercise-induced sudden cardiac death in a

orin a @tﬁghream?@ect %ﬁ&éﬂgg éﬁﬂgqp%gﬁaem almﬁgé bk Redinddn

anount e to exerc uce sudden
polymdaipliidivantridelat tachycatdie, Ismmi&tm an[0M22fd WI@BH 1216 anwukesubjected

aspect., the present d f
R T
cardio &P%rf Aeghas ?@tr@aﬁgd FRBPY26MVESusd fBH&\Hﬁ‘igriHe §dife S%Otoclgllﬁ no

| ow ng: ( - erein R =
arrhythahkyW@reojetdcpmdL dbettamdraagng_Eael‘@ysb 1nd;ucy41 Ver@mcm-]ar @plmycardla (VT)in

an FK]#}]ZZ\, @L ﬁlogse(z ch wg.fg{J ?Qsl\i:\lbl el&? ted Bpé F]egl‘rc?sg%ts Aﬁé %eco:nds of VT
that ar@hdhewaliy {he f%ureH 'PARdic¥BSl BiwiaR, GAthAE inlicapios bf siails Ziythm
3, 4, or 5;NJL$e) wherein = n-MeO,_ n- MeS, or

followmgallekmculaamhmcafdlg @) Ba graph g}omqgnﬁﬁgatmnayfwfidenaq@ad ac
death (E?tz,ssuﬁ{gunerc]lvvg r#&é r?r ‘ba[rcgggagcllag %1@ %{) t g{ ynt dgé%utzéﬁhrbed
ventrichRé t2hledeiae (3-I0 Worwial lﬁdﬁ&ZﬁkhtAﬁidFKB@maW aspeeKBP 1. 6" mice,
either tgggqgf c{r;e;?q‘tf g{%at:ﬁg \'v/vgq%tJ:ch/]nﬁ fjm%,lgespectlvepy a}[[[ Sl?otuld Qe Xcl)tgéliv thaft trtearl]tment
with JTV-519 completely prevented exercise- and epinephrine-induced arrhythmias in
FKBP12.6" mice treated with JTV-519 (n=9), as compared with untreated FKBP 12.6"
mice (n = 10) or JTV-519-treated FKBP12.6" mice (n = 5), suggesting that JTV-519
prevents arrhythmias and sudden death in FKBP12.6" mice by rebinding FKBP12.6 to

RyR2.

[0026] FIG. 2 shows that JTV-519 prevents exercise-induced sudden cardiac death
(SCD) by increasing the affinity of FKBP12.6 for RyR2 in FKBP12.6" mice. (A-B) Cardiac
ryanodine receptors (RyR2) were immunoprecipitated using RyR2-5029 antibody. Shown
are immunoblots (A) and bar graphs (B) representing the quantified amounts of RyR2, PKA-
phosphorylated RyR2 (RyR2—pSe:1r2809 antibody), and FKBP12.6 in wild-type (FKBP12.6+/+)
mice, FKBP12.6" mice, and FKBP12.6" under resting conditions, and following exercise,
either in the absence or presence of JTV-519, respectively. Under resting conditions, ~70%
of FKBP12.6 is associated with RyR2 in FKBP12.6"" mice. Following exercise testing, the
amount of FKBP12.6 associated with the RyR2 complex was dramatically decreased in
FKBP12.6™ mice, but this could be rescued by treatment with JTV-519. (C) RyR2 single
channels were isolated from hearts obtained following exercise testing and epinephrine
injection. Shown are channels from FKBP12.6"" mice, with and without pre-treatment with
JTV-519, and charmels from FKBP12.6™ mice following JTV-519 pre-treatment. It should
be noted that RyR2-channel function was normalized in the exercised FKBP 12.6"" mouse
treated with JTV-519. The representative single channel from an exercised FKBP12.6™
mouse after JTV-519 treatment shows that FKBP12.6 in the heart is required for the action of
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BRI EF DESCRI PTION OF THE FI GURES [0025] FIG 1
denonstrates that JTV-519 prevents exercise-induced
woenmsrsTiesar arrhythm as in FKBP12. 6 m ce. (A) PCT/US2004/032550

Representati ve anbul atory el ectrocardi ograns of an

untreated FKBP12.6 nouse, -ah- FKBP12. 6 nouse treated

with JTV-519, and an FKBP12.6 nouse treated with

JTV-519. There were no significant differences in
ITV-51%2f e &cﬁ{eﬁ lln%% ep?ésehtrln@d?ﬁf 106 C}l%e% K008 conductance’

par aneters 5 per tr C|n e of sustal ned
opemngs; Iaydarephdmammﬁ]ﬂém H. 6{1a1dht3ed MQac;hanmmr Teadinign onthe left

reat ed .FKBPI. . ect 0 exe testin
represcih ) O SLH DR R PR O RSN NEpRIFhe g dews, Po “open
probabﬂ{(%cl“ 2 avé‘a@@ bp& GRELITRY A2k cBosdd Mmed drdd@atREed state of the
.6 nolse followi ng the same protocol; no

channehr fIh)ySLhmmas' b@rgeapdil@hemr@ohvem@@ ppm proaehikies of single RyR2
rci.se- entrJ I ar card|

channef&hSuel, DNFSTo SEMACGN Ry B S HrBodp iy sl o RR from

FKBPIX6 @56 fellohin 3 dxGeisoneenodt difktdiftalalonit cofdensBOWE (50 nM).
the figure. P indicates a P-wave, which is indicative

[0027]0f si nre; Bfinﬁéﬁme‘sq*rlvom wﬂorﬁﬁﬂkéd R&!ﬂ{@fchﬁrﬁféhgﬁﬁ{gddﬁnc{eged
Bar graph show ng .quantification den cardi’ac

FKBP k?e@btmd(ngeaffﬁ;uty mJEKArm@dphpéﬂaﬁepl cRMR@r cllaamiy céﬁl cB)a@ar(mel@rdlac

SR me s (8 il 2emBREn PR RREERIRY KRS B e prsppisdas

descrﬂﬁﬂ @rﬁﬁﬁ@lﬁ(l@aﬁﬂn@ al. SR frovey oﬁrﬁﬁﬁﬁﬁﬂn of rit@ibdineeadeptbridafN-release
V-519, respecti veI It should be noted that

channqlsf emeertiacinuscle 1re i@s c OFiPP&EP B Wop} elfDrit eoding redeniors

(RyR2?‘5\]/g eﬁﬁ{gg@n&{}waﬁ yb;@fgﬁ?\dca@alg.;y gg}uggﬁd §§§‘F](f21}16§111%1(‘(?0 St.
Louis, g{}g{) ?gﬂ%q)r&}éﬁ&:l& seicef (e HéA@ambﬁ%rJ Mﬁ% Gntphegthesllation

, = , t t t -
buffer (3 By ROIS. a IR IHo RIRER: 1A CROBaBPlSs et
centnfﬁ’% ed & lﬂ?_@ @g@)g g E&bell%np ah@whMRE 1hile® gtgf@s i3 dazols B% 10 mM

19%prevent$ exerci se-i nduced sudden card |ac
1m1dazdkeapH ) SRy otyinanty-equbssgd FKBPAL i (ﬁnah/comﬁerﬁmﬁﬁfl% B0frdvl) was

added {g}e/tgz Bellrgp]gg ?%%S@T@%Z)r P](‘ﬁ%ﬁ%ﬁ%bf? : ?I%Eé:rp ngl;g 19@3 of JITV-519.
After a%(ﬂ%i@%%é%‘ £ es WERWBn1RTEyeld TUOROO®L 8 fdrAD BRd kPR ashed

graphs (B) representing the quantified anounts o

twice lmymzlazmﬁq@iﬁf@s phamylesaiwers IRgRA t¢ f§1R2 ap&eize ogtionat¢dendyg SDS-
PAGEaTrmnllzlﬁgﬁ%gtmg ofqhél\gi{ mlcyo@omést}&aBspl}ezrfo?m)ed as previously described

(Jayaraman et al., FK506 binding protein associated with the calcium release channel
(ryanodine receptor). J. Biol. Chem., 267:9474-77, 1992), with anti-FKBP12.6 antibody
(1:1,000) and anti-RyR2-5029 antibody (1:3,000). The figure demonstrates that JTV-519
enables FKBP12.6 to bind to: (A) PKA-phosphorylated RyR2 (partial binding at 100 nM;
complete binding at 1000 nM) or (B) RyR2-S2809D mutant channels, which are
constitutively PKA-phosphorylated RyR2 channels. (C-E) Single-channel studies showing
increased open probability of RyR2 following PKA phosphorylation (D), as compared with
PKA phosphorylation in the presence of the specific PKA inhibitor, PKIs.o4 (C). Single-
channel function was normalized in PKA-phosphorylated RyR2 incubated with FKBP12.6 in
the presence of JTV-519 (E). Channel openings are upward, the dash indicates the level of

full openings (4 pA), and the letter 'c' indicates the closed state. Channels are shown at
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m ce, FKBP12.6 m ce, and FKBP12.6 under resting

conditions, and follow ng exercise, either in the
wahewsrnseiosr presence of JTV-519, respectivel y. PUNAS2004/032550

resting conditions, ~70% of FKBPl12.6 is associ ated

with RYR2 in FKBPI . mce.-1Eol | ow ng exercise testing,

t he anobunt of FKBP12.6 associated with the RyR2

conpl ex was dramatically decreased in FKBP12.6 mnice,

compré(%%%d (::5\);3'%% L&)?)E a&ﬁ ra‘iﬁ%&@ﬁd@& (300eRbre i MtaBing) %T%{mé%gales and

annel s were 1solafed fromRearts
recordixnga; aierag 6 nfi'G) Mmmplttgd@haehograms (tight) revgaled dneerisad pétiiityend

subcor S5 Ry PP B B o et
ITV-519 80 RKBP1266 (1? 96rmiQizb@ Rgnongf SpEXpRdibRItS ak b E@loMBALS cytbsolic

shoul d be not t hat channel function was

[Ca "I nbicrbationed HM@h@S}éﬂ}@@ﬂ@tB@BdRﬁMBﬂll@(BP b die therpsggeaer of ITV-519
aitedthd By T e S SRRTARLEH A0 B SHMEL o o

Ca**- dsﬁ&mﬂéndeMMnﬁlﬁﬁBhd@hﬁed ¢thabhels.heart is required for the
action of-11- JTV-519. The dotted |ines represent

opent hos, DAL DEPT i 8 ERESSMENEIANCr co ryro

[0028] channel $qisdis8&d Md%e %téch@lafrﬁ{efrglﬁ |Br ic YeRtrR8Gr tachycardia
whil e traci ngs on the right represent 500 nsec h the

(CPVD)iigar mhedsd disopdan ipmsliadidly with sthectusally-agemaldwarts.i I’fé%

Jc. =.avera | gsed .t.i eS, 42N y
charectgih Y S @B R Ty R e 3 Pl S e
sudderPda@diad iédit (SCDRf MuitAtiohe iy cthranele) 18cdtseen ﬁb@‘dﬁ:bplasmlc

JTV-519 dramatically reduces the open pr obabi lity of

reticulRpiBR), hgtie Prapriked oC8Y T olq dnipradnethemes §<é11%ré§@qhﬁ§15@t
underl% g?l{l Oila a(f 1‘3 a% _ ﬁsef?lt(f‘ T °[H§ 11%@@#&(116& W-ag !)&ated

- norrra I’zed nel” gating
mutanioyyRD 61&2@1@61@ (de. EKBRP22516 Ru4ndls N 181K, Ri4d497C)0
PKA- phosphoryl ated RyR2 channel s. (A, B) Canine

[0029]car di ag]1 BiRiRTRE XASSCEAT havdexcfs bt levdt daydiex fi@abaths. The
RyR2 channel s B wer e re(%aclred as descri bed

inventeyg @ydvirpslysho egerciprinqured ankythmias apd widden death (in patients

with CRYA] 9&5&@&&3?@%& s e P

have déﬁﬁﬂ@ia@efdsthéﬁ%kﬁﬂ:){se\lﬁfleatﬁhﬁﬁm as ¥yt df phdidph&f@atlon by adenosine
catal ytic subunit (40

3, S-asgPEosPhE <cwa>w@pm§@¥e@lrbkmws@m SR ieschanncls,
which 1&Jn{aT Ew?%ﬁﬂg% C}{bé(ggfg%ﬂ%ﬁkql gHDEFC&MEt{Gcﬁ%) WeMMre

sensitiBatopdcesatioar iy PK A phosphorylation — exhibiting increased activity (open
probability) and prolonged open states, as compared with wild-type channels. In addition,
PKA-phosphorylated mutant RyR2 channels were resistant to inhibition by Mg*', a
physiological inhibitor of the channel, and showed reduced binding to FKBP12.6 (which
stabilizes the channel in the closed state). These findings indicate that, during exercise, when
the RyR2 are PKA-phosphorylated, the mutant CPVT channels are more likely to open in the
relaxation phase of the cardiac cycle (diastole), increasing the likelihood of arrhythmias
triggered by SR Ca®" leak. Since heart failure is a leading cause of death world wide,
methods to repair the leak in RyR2 could prevent fatal arrhythmias in millions of patients

world-wide.



10

15

20

25

30

centrifuged at 100,000x g for mn, and washed three
times in imdazole buffer (10 MM im dazole; pH 7).
weeowrmd7eant | y- expressed FKBP12.6 (final conceRCTAS2@®M032550
= 250 nM was added to the sanples, in the absence or
presence of different concentrati ons of JTV-519. After
a 60-mn incubation, sanples were centrifuged at
gO](C)]c 000x g for 10 mn, and washed twi ce in imdazole
uf f er :ﬁ?,_;ga r
[0030] si ze- fTrhac [ okogt e%%u@ftﬁgp%%&%%%&r{ﬁ% Eg%t Jgt\{ |5 }199 aof t he
benzotlobkzepirer desivatiee, preseme rlétbalmedmCabr prreythoies| iy ndes betetvepgous for

the PGP TR OB NG AT B BL0E SRR Py SO n e TEEbRPBY )

FKBP. 6+Bgrgke thg‘@lgﬁl fol%)@szng &{dcidd b Jiﬁc%@ﬁsm E Bfﬁ‘iﬁi}ﬂ of HERER. 6 for

anti anti - anti bod
PKA-pbdsp&pf}G)ﬂyzd RT’R@ Maeeerddivohs? n@m@élZ@fhathE’rC\f @%‘é’f associated

mutant%@ %3?65 Bgl %rgf???ap]lggé@ %%bﬁﬁn g alffg‘mlepb oﬁ?egg 61 ﬁcﬁgate that

JTV-51468 fste&rfat(aB)feﬂ&i&aar%aﬁ@a&ﬁybﬁnicr@m@rrmsE1MR@maﬁmmg
constitutively PKA-phosphoryl ated RyR2 channels. (CE)
affinity§j ngl e- channel studi es show ng increased open

probability of RyR2 fol |l owi ng PKA phosphoryl ation (D),
Novel Metlodsoa Temtmerit|a fevishien
PKI 5-

. iphoryl ation in the presence
[0031] Slf ntg |h ge ﬁge C(Iéqulcg &H@Pg thrﬁgclg}lgfgp%qeﬁe}% (111lve%1t%n provides a method for
limitinPCAp RSSO d’éc%a@&n%%v’eﬁ@ﬂ»{bﬁlﬁﬁom&dt FKBKBPS 20 Gellsrbﬂah;abj ect.
presence of 9 (E). Channel enings are
s used ﬂveredaéEKBﬂ?dBé Airbndch Bvibespd KT 1) protsperpoeige PR TR
analo g&ch a n[%léiass ogkt} tr\%l 1ﬁdlcét?&jji%‘féll r[‘){éﬁl"cshgl% hftfeaatr?rotem Iplroteln

esse SecC,
domair rp@@}}p'aﬁltldea BﬂpqxﬁaﬁdﬁdanQQIfh@nmﬁemcrebﬁV\An "FKB®FI1 P @) anlalorgae" isa

d di
ﬁlnctl%lﬁb‘faé@rﬁa%ghf FRaIP S visk ba e SKAZd eloeifel getigig, that has
0% of HRERLIBLAREC 900 Moo BRI ER S b0 R e,
FKBP 5y pNoeina Ais fedhqulused h)érempﬁma temo BRI @b@éo gacdl apietitymefers to
e st e eBts P e e 6B MGty wion o
bind vﬁlﬂe%r%osgﬁﬁgﬁ%@ R Boih sPhdryMaAdd l@j?RZ Quarsisdiher

I'mg It simlar to thée Ca -dependence of

appromphbfswwﬁow at,exore pasieebly, ammmm Brstri Rboom g arkgound
bmdln% g?%, Hgga%\{lr: %mg,técﬁ 5 InllA@ﬂld[hg &l?'lrg &ﬁ%}ég ?glile assa% std%gé}ﬁ)eﬁ rﬂeﬁ:%{, %'ltﬁough

affinity may be different from that of FKBP12.6.

[0032] In addition, as used herein, "RyR2" includes both an "RyR2 protein" and an
"RyR2 analogue". An "RyR2 analogue" is a functional variant of the RyR2 protein, having
RyR2 biological activity, that has 60% or greater (preferably, 70% or greater) amino-acid-
sequence homology with the RyR2 protein. The RyR2 of the present invention may be
unphosphorylated, phosphorylated, or hyperphosphorylated. As further used herein, the term
"RyR2 biological activity" refers to the activity of a protein or peptide that demonstrates an
ability to associate physically with, or bind with, FKBP12.6 (i.e., binding of approximately
two fold, or, more preferably, approximately five fold, above the background binding of a
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(CPVT) is an inherited disorder in individuals with

structurally-normal hearts. It is characterized by
weoernwsas7ionduced ventricul ar tachycardia, a | et Rai/uS2004/032550

arrhythm a that nay cause sudden cardi ac death (SCD).

Mut ations in RyR2 channel s]41 ocated on the

sarcoplasmc reticulum (SR), have been linked to CPVT.

To determ ne the nol ecul ar nmechani sm underlying the

negatlJeactog 1o Wﬁle%ﬁﬁ BYHIND ARe hﬁaﬁp &F\{;y-Ech}Maene'réﬁ{ eaﬂfh?gg% affinity may

-assocl at ed nut an channel s
be dlffﬁaﬁﬂiﬁmntm4>YR$R2N4104K, R4497C). [0029] All
i ndi vidual s with CPVT have exercise-induced cardi ac
[0033]ar r hyt Agil@sribebhubol e\Rntadiac pyaviideséoepsinoReRD tibaprotein
exerci se-i nduced arrh hm_as and sudden . death (jin

complq¥eomatFtsEaforh> CRRPPy daliva R 4 prajfins m@a%?e@awaf“flmowl%%)oo-
datton FEBP13% pibR dtls%06 G Bh S protdits dF‘T@E?E%S Qfesczf‘ BYfis peptidyl- %)rolyl

denDnstrate t hat” exercise actl vates as a resul
1s0mera§es il spewidg lyadxipoassdaly amtissmosa marigy of c@lmlmzfpmjmph atEBP12.6

e ESBEPSeR RSkl AT A, MSARE R e

RyR2 &ia‘nﬁé’le{aﬁe ﬁh@ﬂ:‘éﬁle%ﬁﬁ&R@ oislinkit, OB izMER PR IS EASEéY Ond
frvation by PKA p osphoryl ation - exhibiting

facﬂlta[temoqogp}@é (ga‘am bthcgn m@gdxpnpgdty&ﬁ qhamggls éhqje‘t@r me@qgmg aberrant

te ared a
setvatlfi i e e R et nb s s M Redog o oo
herein,/t88 kA Ry KZOdeﬁhB IHKBP 106" A clYles, a BolRbYIS 08 k@ GKEBH12.6 protein that

|nh|b|tor of the channel, and showed reduced bi ndi ng
is bouncbtommétylﬁ&pl@teewb@ﬁltﬂ atgtrames o FRBPIRSrihal is imagspeiation with 2
tetram& & state). These findings indicate that, during

exerci se, when the RyRQ are PKA—phosphoryIated t he

mut ant. CPVT .chann en .l the, .
[0034]; o) ax 2 ASHOIANE S lgTélF %%f%etg%%eﬁ%lﬁéw(e&l Lt S:rease in the
Jevel off Rgzkgafduag FikEp 1hidial dehoefla aifbjeut FdRyds o dSteEtfabEQEbfedsdpy

Ca |l eak. Since heart failure is a | eading cause

dlmlmd@at pr gangtonin dee, levadof BaR 2thound BB 121iny C§H$<0f the Ryhazct Such

a decrepag% | Sgl ftg&/ (? %\te%e lm %glgshg€ %%%]%t gﬂﬂr?l/deen gsregifs hl‘é %ney way halted,

hlnderédi ﬁﬁlbededd Gmm@teﬁ;%ﬁdd&t&ﬂ ®iyrthé dhindkTution Of JBV-519 (as described
benzot hi azepi ne_derivatiyve reventegl‘s&%t hal

below), svghy thai tha fevsh oTRHnbeund 0 HeeRis s Poirkisebis higher than it
would o @%}%bgug ea’oseé'l%/o?i’?‘érﬁ uced the open probability

ate rom FKBP12. 6 mice that died

[0035]{:&|B|P(1)2 fgeq]fe%(le rf‘iiyﬁ b&%d'ﬁééﬁ%sé 1% &ﬂ?ec?fnfagl %'etd&eg{ed by standard

assays and techniques, including those readily determined from the known art (e.g.,
immunological techniques, hybridization analysis, immunoprecipitation, Western-blot
analysis, fluorescence imaging techniques, and/or radiation detection, etc.), as well as any
assays and detection methods disclosed herein. For example, protein may be isolated and
purified from cells of a subject using standard methods known in the art, including, without
limitation, extraction from the cells (e.g., with a detergent that solubilizes the protein) where
necessary, followed by affinity purification on a column, chromatography (e.g., FTLC and
HPLC), immunoprecipitation (with an antibody), and precipitation (e.g., with isopropanol
and a reagent such as Trizol). Isolation and purification of the protein may be followed by

electrophoresis (e.g., on an SDS-polyacrylamide gel). A decrease in the level of RyR2-bound
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PKA- phosphoryl ated RyR2. Moreover, JTV-5 9 nornalized
gating of CPVT-associated nmutant RyR2 channel s by
wonersgasiong FKBP12. 6 binding affinity. These daC®Uus2004/032550
indicate that JTV-519 nay prevent fatal ventricul ar
arrhythm as by increasi ng-FKBP12. 6- RyR2 bi ndi ng
affinity. Novel Methods of Treatnent and Prevention
[0031] In accordance with the foregoing, the present
FKBPlh% 9B af%ctpbpﬁl'e%ﬁ Hﬁﬁég&tfoafthérw frla ’@%e%te@mﬁiéamyl ng
deéredse’ in the R2- bound FKBP12 in
comparﬁ%i ths ambunt csﬂ]bﬂ?@cbounAsF KBRID. fhéc:tecptnd pﬂmFPllQa@mmStfatlon of

N e e e
tlmeafteP?cﬁBﬁﬁéﬂrah%ﬁ%HTVBQbUde a protein, protein domain,
ypeptide, or peptide, and any fragment t hereof. An

FKBP
o 557 e PSS 4B TS sy 4 o

FKBP1RI6aih ceAs o608bhgect gragé)b émm(qdroefpemnte;i, for e8eropleghyeimhidvtng

dissoci e G R 4 RER LGS LT ROIoEh & Py s g between

FKBP18! 24 R0 18 1Ak Wf e suBJ%Ete bSb¥ SabifieingGhé RyRY-FKBRL2.6 complex
protein or peptide that denonstrates an abilit

in cellsad s(subjacte Aohyssil batteiny the term "imhititipgidigsactation” mclu¥16s blocking,

decreaseri\f étaisl @%%%lﬂrﬁltéi%%f gr;:ggfegl%p%@fr 3/9%&#(9 %l %{181‘?0 %ratlon of an
FKBP 1R ehduah iom APRYRE nitiésle/infdelieof the dubja&tpa«&l lbeking, decreasing,

background bi nding of a negative control), under t
1nh1b1t1@gdumtm@ngr wevenhag ﬁseswgwalgaww@an REFDRIALOROf AB &Y

molecu?eo% o t n %?? SI%Jnﬁtq{l ehs J‘»tﬁé‘%ﬁﬂqéactt Qf ﬁ'l:llﬁ?ép ligecﬁherem the term

Fon. a3 “lised herer i ncl udes
"1ncreablﬁg fﬂmﬂﬁng"RylEiﬁdw @hendig, amdeasing, ayiﬁi’pravuag d)lgajaidihtymf

|
* hosphgrbeis Ay RREY Frg-RYTEIBICEIEHT BTG (45 DPHERE o Hagspetly

r I
two fol(ah?rg érﬁ)g% ?I&geér%lgh%ﬁﬁhﬂﬁa e o)pgl‘?/é\?\fotl(g a{%@%@!&y}: %cl;grr%%nedl br%ndln ofa

negatividydBatrol) it bellsprfelsesbjdch wed enlwmcingy ingeeasinghard piveryihaithe dtb1hty of

T T R

two fold€b€ntork 9retfé}§bl§ciﬁp‘1‘d»&ﬂ1a€éﬂy AvPTd, 8bBvOthe Fb@ﬂtgréitﬁld biading of a
enmdnstrates an ility to associate physicall

negativ@rcobirnl imicells, of[t]mbj_@t eAddlitienallyhiméemaet d of the %reselgtqnventlon
o e SEEE RS e Bl TN B SOy i st
prevenﬂ:fd B difectly decreasing the level of phosphorylated RyR2 in cells of the subject, or
by indirectly decreasing the level of phosphorylated RyR2 in the cells (e.g., by targeting an
enzyme (such as PKA) or another endogenous molecule that regulates or modulates the
functions or levels of phosphorylated RyR2 in the cells). Preferably, the level of
phosphorylated RyR2 in the cells is decreased by at least 10% in the method of the present
invention. More preferably, the level of phosphorylated RyR2 is decreased by at least 20%.

[0037] In accordance with the method of the present invention, a decrease in the level
of RyR2-bound FKBP12.6 is limited or prevented in a subject, particularly in cells of a
subject. The subject of the present invention may be any animal, including amphibians,

birds, fish, mammals, and marsupials, but is preferably a mammal (e.g., a human; a domestic
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negative control), under the conditions of the assays

descri bed herein, although affinity may be different
worashias of RyR2. [0033] As descri bed above, PCIAIS2004/032550

cardi ac ryanodi ne receptor, RyR2, is a protein conplex

conprising four 565, 000-dallfon RyR2 proteins in

association with four 12,000- dalton FKBP12.6

proteins. FK506 binding proteins (FKBPs) are cis-trans

animalp@iehiagyilcap dog thoilkeo oases: tabak aadbmnvdreiel 3hi@xpkegsat cow or
and serve a varlet¥ of cellular functions. FKBP12. 6

pig)- Affdbienally; hesplyaetiof thsaument BLventinn lﬁég@m&ti%ts frtfexercise-induced

card1a8; ne n}%ﬁ Xgrc?eéﬁ’% &y%g%ggc%acﬁar?i 13 6I§) Fi'z GS% 912'(%% el

ventricfilan (ﬁbnﬁmi;loraastdvehtrmular tta:hy&rmawmbmdugahwmgat Bexideeesudden cardiac

r| n channel reby preventing aberrant
acatt) 3¢ AN RBRY AT EhRL R Sdﬂﬁe@nﬁ Ravy @W@lsshgs &aggfidate
for exctdi§e- Hﬁﬁé’éda&r(ﬁx&a@hr_ytﬁﬁ&% g'sﬁlSj'eé’t’ wl?<§1s Y366 rﬂ@ﬁ@ | dpis ?Q{%ved to be,

term bound FKBP12. 6" i'ncl udes a nol ecul e o
or is susp@PPo e abiisk foh develepilgcardiat arrhyr[h@mulmgzﬁmfmrlphysical

s BT o B PRy it o
limitat®@CAT SamaPpdbdnkidie tﬂ%b@@at@cfho‘leﬂl@m@rr R K%Bl hE W dn@ioul s

"decrease” in the |evel of - boun 6 in
tachycardja (€PN T)qan @m]n@Hpers@r wispect Qaf hwine ERBT eanderoranisel/person who

is lmov&kgﬂ%; Hé%rbr?h 8%%,?&9% Qus'g 3%25' 8{ ll)cg]\é%ejlc%ﬁsk ?{g?r%‘é gg}%mig gardlac

arrhythlrmmdtlﬁﬂg/afterﬁj’f@’meﬂtﬁérchsi& ael deo f abautstaljxeeise\d %ﬂrrtaﬂit!?y
decrease is in_any way halted, hindered, inpede
exercisglgs OF ﬁ%&J@&F coawlqt@ﬁ@@évdseo yAs fiacusap #oxereRY B is oF foherited

d1sord&T¥£ﬁ%\qglé]%§EﬁE§&&§tﬁﬁﬂxl}§g@ hea ?IHCE, E\?a%a%%fzelh?fl% re%-mduced

Ventncuhatachycandml—(h lethlabmh}d;lﬂnmdhatnnam&ua@sﬂidem cmﬁm&'ﬂdaﬂi In subjects

I | af R2-, -KBP12, 6 | n a_subj
with ChY hyeiraf euefien oy o krdp A S il L e
Ventnchl&i; ta‘éﬂjrd&gdﬁm%e&c?@@hhaendﬁhﬁ ﬁm&ﬁiﬂ (ST h HRES B rAEfectable

g., immunol ogi cal techniques, hybrldlzatlon
structumh labeysdlsease nindrroguade phtGRV D havevmtrmuﬂarm}mai; whiEs subjected

cenc tech ue and/ or radi ation
to exer(&%? g’&fﬁ? de%OB %ﬂ&g P’ﬁqt any assays and detecti on
met hods di scl o herei n.. For rotein may
1003815 <o) B deRAMRY P?fhe@aew@mvw%t el %ff)focht aEsithg erably

striatedShaRIREL]s T HAGRA KARYR ié Hnful8le 3 WhidhMhd HYERhe WitstOHLomeres)

of the contractile myofibrils are arranged in registry throughout the cell, resulting in
transverse or oblique striations that may be observed at the level of a light microscope.
Examples of striated muscle cells include, without limitation, voluntary (skeletal) muscle
cells and cardiac muscle cells. In a preferred embodiment, the cell used in the method of the
present invention is a human cardiac muscle cell. As used herein, the term "cardiac muscle
cell" includes cardiac muscle fibers, such as those found in the myocardium of the heart,
Cardiac muscle fibers are composed of chains of contiguous heart-muscle cells, or
cardiomyocytes, joined end to end at intercalated disks. These disks possess two kinds of cell
junctions: expanded desmosomes extending along their transverse portions, and gap

junctions, the largest of which lie along their longitudinal portions.
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limtation, extraction fromthe cells (e.g., with a
detergent that solubilizes the protein) where
waeosdgsany, followed by affinity purificati on 8aTAS2004/032550

col um, chromat ography (e.g., FTLC and HPLC),

I mmunopreci pitation (wth -am anti body), and

precipitation (e.g., with isopropanol and a reagent

such as Trizol). Isolation and purification of the

pr ot ei f t ( .
100391 1 ol ST o i S A BT OLE T By v g BPR3j00und
FKBP IRy&RR- lhmmﬁor];ﬁevdﬁl@% Zelais ofie subgubpeedmindaterineel TV-31 9 ionife

ST T L e
(4-[3-(&-'3%1 &ﬁ&hrla%l')ﬁﬁ Byl? _‘Nhgtii@x;( Q@ ASGArHBIBET \Mﬂeﬁzothlazepme

descri he’ anount ~det ect ed
monohsdmotchlbhée)t, pise kapweps whh il a:,derraflatmsmfﬁ 4351510@(81!@26}{1@@36{[1 a

modula?ﬂre&]e ég:e tnqggn of .1 hlg O@ﬁg&(ﬁ@ nr\égu gtklgjgr:]gﬁﬁ lg\? gg’lalilg%ci-a?dl?.l cells,
JTV-5 mambauﬂatdmtﬁeeldamurﬁheaaﬁnhe chwr@redfRARI eurrbm ih hidkh bighg
di ssoci ation _of FKBP12.6 and RyR2 in cells of the

ventricylgp pells; endinhilitrtbadslagdberfiond FarraEh FkEPPIS Birigheslls.

reso e RuBTLG g8 AU Z5 ST S i

RyR2- FKBPHB 6 Bifding &t e8llsiof hlsbb]bcttﬂ@lcdﬂs asandidite dor' exierwddedicidsced cardiac
ckin

decreasin i nhibitin I|n1t|n
arrhyﬂhmév EKtSBﬁ@ n{l FRPApYYGHS & dld?%‘“cf dA-odFors gﬁafgfzatlr {srpoggible to
demgn%ﬁ g&g&% fr %%H%lfdsft | ng Tl g’@ia@&yﬂthés@ dr&sl ButAave the

| ect, i ng, |nh|b|t|ng,
opposite effectsng, or preventing the physical dissociation or
separation of an RyR2 nol ecule froman FKBP 12.6

[0040]S ubuniTh théimeetodof dle frbensinvpeidn, I'RS-S10rhielse adgidistered to a
herein, the term "increasing bindin FPY i nclade .
subjecihwA Phig therancrdasamRpsitinn., pomPYRHYT Y 19d 928 |aiP§l9ﬂ%%°euﬂ°aﬂy-

acceptzgﬁ%a%mgf y’h?%}?%é}ﬁﬁ%%& %ﬁlgﬁ%&%@?ﬁi&?%ﬁ%}’ tﬁ’ivl\l%?%é Vag%ﬁtéblgﬁgﬁlée sense
of ben:(grcefrqxaablewlt}aﬁmrodaﬁr mregtredignt§ dfhe fcomgpsitibim\aad nhedeleterious to the
of a ne

i R e D e oSt b S 28 o
variou$ &%aﬁ‘lle'olr '11{6%51{10 RSB tRatlaPe ARAQE IndHt & 101508 pRdlateiidah
phosphoryl a R2 (e.g., binding of approximtely

formultignst @mcblwhwh mavolvqammremt@tﬁs;analapm @gﬂnﬁ%foeffyrsf bipders,

ound bi ndi .
aisinteginfy Gy i QS FAPRENE RS Bl e SRERNYS srapiiges
suspendiig la%@nt@ftohféﬁ RESRE NMehiclbs SaHdi vastosidy- ﬁﬁ%a@ﬁlgfagbﬁtst Phecessary,

P evel Ry R2- b%und FKBP12.6 in cells of a subject may
pharm@;@utwahadé@vgsr, such as antioxidants, aromatics, colorants, ﬂavor -improving agents,
preservatives, and sweeteners, may also be added. Examples of acceptable pharmaceutical
carriers include carboxymethyl cellulose, crystalline cellulose, glycerin, gum arabic, lactose,

magnesium stearate, methyl cellulose, powders, saline, sodium alginate, sucrose, starch, talc,

and water, among others.

[0041] The pharmaceutical formulations of the present invention may be prepared by
methods well-known in the pharmaceutical arts. For example, the JTV-519 may be brought

into association with a carrier or diluent, as a suspension or solution. Optionally, one or more
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prevented by directly decreasing the |evel of

phosphorylated RyR2 in cells of the subject, or by
wonaisraTvsy decreasi ng the | evel of phosphoryl aCeaSRWRA32550

inthe cells (e.g., by targeting an enzyne (such as

PKA) or anot her endogenousi§wl ecul e that regul ates or

nmodul ates the functions or |evels of phosphoryl ated

RYR2 in the cells). Preferably, the |evel of

s RO P 0l aoedosronsnd b a g o

may bepidééde r'Bid ghoidehe chmice wib fdepdnd sphuo tlyel ratitsch{] Rylmms@atlon
decreased by at |east 20% [0037] In accordance with
[0042]t he mgTWosl ahay beadinsaeatd iowanjecohy cantdeiresasget callsi(hg.,

sty e S SR FOPL2, 5 edor o evem oL
with (e%u ki{lt?c%{'ucgé 1rf|_tr§)hc?e@§ gﬁ gfétsgl ?g@ﬁ‘ﬂfg?gm%%eaﬁn(?g& uﬁﬁké@for the
1ntroduﬁ'ﬁﬂsnsmm ai]nmushalhon of poteies; minlsic amdarmélotl(ee d@lgs @thp@ﬁ of

5 1 P98, B0ty oo
limitati8h, e@;‘s&?ptloﬁdéjécttﬂoﬁﬂﬁlltlbﬁa i@ sisk BhRetiom intidtRicASE IPdtome delivery,

invention is a candidate for exercise-induced cardiac
transfeetianh {repafision, Feelors, sied pihdudrae-delyary aghisles ayd methods s When the

et G5 S5 LS Bt neE B LRl P RE AR Oroduce
the J T\Mﬂ daie@By BitBE célRabinjédtiah odBy ebiop St}ﬂumea@s{ (afgt dfy 1atroducmg
j ect has under gone physical exercise, %andldat

the JTYérl b sie the Wleod AR GRATTHE). aF A {pretslls @aza g ﬁB‘jl"é‘EFg in heart
tissue osku assgél:e{:{é gﬂ%@a&%e%tec{%ﬁ 1h ﬁe%?*éos?c\! gf‘jthte%u et lﬁfstélﬁiard detection

( el ng, at evel opi ng “car di ac
methoc&rré%dilgfﬁ'&anl}ﬂmﬂdi fiagrh alid lefowhyrs ierahplex of whish. indudayplitoubf
candi dates for exer ci se-i nduced.cardi a
limitatioRe IERIOIRIEHSERNTIEGUTH {% %nu%(«j\“%?ﬁhﬁﬁv‘?%é{a%%g)kﬂ]lﬁ%ﬁs%ce

1mag111?qgﬁ§nﬁ§%§%ga (%%?J&é fechAlydxor phic ventricul ar

an anlnallperson suspect ed of

[0043]hav: ng (%?‘XT nal@nﬁle%%\/aglig]@ﬂl tﬁé’g{ez?él{ﬂ 1 gtlbI? n%g%%dhf?m%red toa -

uspect e ing, at
humanrdr%hmﬁaﬂ sulsjeseyagiona racdiuees, iacubinshwithowtlimitgionf owt

ysi cal exercise, and who is abou e [
adminiG N m PP G PERHHGE 0BT TR LG ORGSRy the

JTV-5 Félgdadﬁlg%ﬁg@% V@Pﬁl\f&aug%ygep c@en 1&1&9@@&1@# &ka%%gar in

str “hormal hearts. |
intracutdiRo @ ireratizeed], ntrastuseslsy, umnhodatjﬂ,uaml:renmnea}r intraspinal,

tachycardi a - | et hal
intraste ooy e al N GEFH o PR TR0 theesapaousy it UBiggea
inj ect1§ﬁ( %Ehf\; Qﬁ’ Sh@kted! HESTE dnfiibdaBedl] HE be&H iPNMBhindfED o the subject

by way of targeted dehvery to cardiac muscle cells via a catheter inserted into the subject's

heart.

[0044] For oral administration, a JTV-519 formulation may be presented as capsules,
tablets, powders, granules, or as a suspension. The formulation may have conventional
additives, such as lactose, mannitol, corn starch, or potato starch. The formulation also may
be presented with binders, such as crystalline cellulose, cellulose derivatives, acacia, corn
starch, or gelatins. Additionally, the formulation may be presented with disintegrators, such

as corn starch, potato starch, or sodium carboxymethylcellulose. The formulation also may
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ventricul ar tachycardias that | ead to sudden cardi ac
death (SCD) in the absence of detectable structural
woeeanstostiosease. | ndividuals with CPVT have venPCrTask@n/ 032550
-arrhythm as when subjected to exercise, but do not
devel op arrhythm as at resfi9-[0038] In the nmethod of
the present invention, the cells of a subject are
preferably striated nuscle cells. A striated nuscle is
be presRnt¥d $atE b NHIGHm IR spieReAthyBebul B E&difB LB e5hteO Finally,
the contractile nyofibrils are arranged in registry
the formhatiog mwtbetmesen@kilwﬂh britarith guehasitplg 9s weagsesion stearate.
oblique striations that may be observed at the | evel
[0045]of a IHay Iphrerr’temlcadnﬁnpietrat@na(nm edmipfstmtion by eyedtiondheugh a route

| ud t t
other 15357 alieyteioorte o1 PL° Y vespapined Rullbs Sodlgageons soluton
that is ?fe@ér%l& et GID Asth TRNblood Bﬁth%%hbj cbtS Sfkch B foheuARdhedy Bé prepared

resent invention is a hunman cardi ac nuscl e cell
by dlssal;vmgeelolhleacénvn ingredientan wates seatpimingphysiodogieally compatible

fib
w5 PR B, B PR R
compafibRPAY gﬁ\}@fol@éi@dl Renditiofs) B hQM)Cp#debe ahtaquess lselucioh) then

or cardi onyocytes, joined end to end at intercal ated
renderigie skid. solpieB tefiles Ehﬁpf@g@lé@éwl@ WY e peeserted dpypit or multi-dose

contalr#e%] %ﬁého& eal%é Q@?gﬁgs g4ed gﬁs PR Foi R IHQ){ ﬁée@«flgve}&ﬂw orP/ mode

verse ons gap j unctions argest
of injewong [‘ncllucbn@ vaoﬂxgut lmaltatwng Bpifisaii, nﬂiracppmﬂaroimraefhﬂ}al

In the nethod of the present invention,
intracuigep SR he S h BT EVEFUIGh et B akeneREPESl Biasbinal,
1ntrast<1:rg£'ﬂ, fedy e, QHl?Weﬁgué ?a&ﬁ&ﬂﬁla‘%‘éusas&%maﬁéﬁusb& sublingual, or by

mnistering J o the subject; this would also
wayommthﬂtamm:tomheambjebé:shmh cells of the subject and
JTV-519. JTV-519 (4-[3-(4-benzyl piperidin-I-yl)
[0046]r r Opi OFfutltfansdenmbhabyinidir3tieh, ITVed I9ahyybocdméinbe withtskinaz
epi ne nDnohydrochIorlde) al so_known

k
penetr gy SPHERTES é‘FC hyas propssst Hy el st Wéhylwﬁacﬁﬂamratwl fthanol,
oleic a6l &l rHEEhk@%’/r l1dg elcnﬁi thle nlkéd&glllltth %réa@e f}ﬁq}éhﬁédﬁ‘l@t %) I‘{%e skin to

evel s i nodul at es t
the JT¥f19emd pamohittthe ) TWﬁat)do pemtnata ﬂarough ther skemand mt@ﬂlerbé@dstream

The V1 1 BoHapih o tRn alip an; e oaib e vidh pgfomere
substau‘i(?eI Lu%oh KB RADbsE,aRa fb [ SRR Setﬁ}l‘léﬁe/ﬂﬁRzlab&aﬂéSﬁﬂyvmyl

desi gn ot her conpounds at stabilize
yrrohldpmd iang therlilecetd prowide éhesmr@@ttlowm@ gﬁlsfoanc\ahl@h méaefctwsolved in

o s G ARG BN A B8 e optiet

backing@s&tbrid] €0 p@vide a patch.

[0047] In accordance with the method of the present invention, JTV-519 may be
administered to the subject (and JTV-519 may be contacted with cells of the subject) in an
amount effective to limit or prevent a decrease in the level of RyR2-bound FKBP12.6 in the
subject, particularly in cells of the subject. This amount may be readily determined by the
skilled artisan, based upon known procedures, including analysis of titration curves
established in vivo, and methods and assays disclosed herein. A suitable amount of JITV-519
effective to limit or prevent a decrease in the level of RyR2-bound FKBP12.6 in the subject

may range from about 5 mg/kg/day to about 20 mg/kg/day, and/or may be an amount
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desi gn and/ or screen for conpounds that are
structurally related to these drugs, but have the
woppsastesef fects. [0040] In the nmethod of thePpTAS2WY/ 032550
i nvention, JTV-519 may be administered to a subject by
way of a therapeutic conpegition, conprising JTV-5 and
a pharmaceuti cal | yacceptable carrier. The
phar maceut i cal | y-acceptabl e carrier nust be
sufﬁc1en?ﬁacfoﬂ§e%gl faslalled faﬁ?ﬂg?ro‘?ﬁ alRfi BBO ﬁg/ﬁﬁ% 'ap(lnff 1006 Rg/nile
I ngre drents o osition, no
PreferatiB), éteemia@ms of BI V43é9 regepiremt auohbt(bmﬂg/kgmve/ to about 20 mg/kg/day.
pharmaceutical |l y-acceptabl e carrier enpl oyed herein is
[0048] sel ect[e@dné embodigtehpofsthe paaaitdnntibnahesutiject iad potiyat developed

that are used as_materi lsfor har nac i cal X ..
exercisp BRFASPA EREHS At R FeffSh g HAH 6F Bk geffective to limit
or prever @8plaSe ﬂxgtﬁP ﬁe??l @f{if}@i ﬁourﬁ EBP$2 664 ﬁie@hﬁﬁl’:ﬂﬁﬁ? be an amount

uents, |ers exci pi ents, extenders,
of I TVg:ﬂ llmﬂve wairenEnt execisg-irsinedsl dardiec mll}@hmgﬁemdhﬂ gubject. Cardiac
agents,. tonicit

s G AL bR KOS g B oy it s

abnornfiey FBEAHIrhe R hafdiiMES AsWWENh@8inasH drRdud @WU?V 519 "effective
aromatics, colorants, flavor-inproving agent

to prevpmtaseroietindessd cardincsadwtioniel éncludsy 2@ a@@uﬁ@fﬂ&’e@w effective to

preven R By Ttk A S L uROBETBE B hriBbmE B M Rrdifiintiifea

card1acgdrﬂf§ﬂhhﬁ, (e ?U | HaRpitahions, HidGigdSentri oEgnEsillaos] mtr&mﬁar
cel l'ul ose, powders, saline, sodium alginate

tachycagd@s @tybsudslpla p@ﬁlaCtdﬁatb) Bheempint of TRYorg ebiepiéyesto p[f@\(?ﬂ]
exer01se 15%1%tlgaon m%ﬁ%l&ﬁ’ln}léglg %ﬁ%&t%ﬁtvﬁ@ éf)%n FE ﬁﬁ@r‘i thelpartlcular
factors Maama@sa,t ineladlinghiestyp&of e)&xasmirﬁucddharcﬁa'd{ar‘ﬁliﬁhmmj theesubject's

weightglh SO b e SRS FEPGon it By of ettt L g TTV-
519. T%?sceﬁ'ﬁoc’ﬂft ¥n @Qh ferfndd by the biliRES artlfsétrﬁ%%édriﬂ)on known

agent s, ace tive agent s, and the ke) al'so may
procedbtes,alddhadmg'léﬂnﬁloahma@e aigf methord$ élsclmddl hed@pe frda Bmﬁﬁ‘r‘ﬂ] e

R R e s T S S L

arrhyﬂﬁﬁags an &AbEHIRE ] Wsﬂb%ffe@ﬁ{fest)o ﬁré‘ve\ﬁt ¥eréibe-ild@c&daeit cardiac
wth the JTV-519. JTV-5 é be contacted with (e.q.,

death inhe sdiesddln zmoid)er ppdelftrgeckﬁmb sifbihedt Vush %@e}@x@wermse-
1nduce§ &Pﬁ%ﬂe} HHR Ut]:% a|8 %ﬁ?rslt %Iuli(ﬂl%e& gﬁcf glq légrtd a%glsegt'ﬂqn dhe %uh 1]eect.

nucl er ¢ aci
ooso 8 TP, 1 NS5l RSB ST R4A piEn e
restoreMald#@¥&n the context of dynamic PKA phosphorylation and dephosphorylation of
RyR2, JTV-519 may also be useful in treating a subject who has already started to experience
clinical symptoms of exercise-induced cardiac arrhythmia. If the symptoms of arrhythmia
are observed in the subject early enough, JTV-519 might be effective in limiting or

preventing a further decrease in the level of RyR2-bound FKBP12.6 in the subject.

[0050] Accordingly, in still another embodiment of the present invention, the subject
has been exercising, or is currently exercising, and has developed exercise-induced cardiac
arrthythmia. In this case, the amount of JTV-519 effective to limit or prevent a decrease in

the level of RyR2-bound FKBP12.6 in the subject may be an amount of JTV-519 effective to
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limtation, absorption, electroporation, inmersion,
i njection, introduction, |iposone delivery,
wonrersgBeIosi on, transfusion, vectors, and ot her PCT/US2004/032550
drug-delivery vehicles and net hods. \Wen the target
cells are localized to a patticular portion of a
subject, it may be desirable to introduce the JTV-519
directly to the cells, by injection or by some other
treat engc?%ﬁggi cdd: carcgé(c érﬂiﬁlgﬁifé%_}_ R S?JB_%C’E] ;WS 2l Heﬂén‘i’ &%&h@@ﬂ] TV-
did). The tar
519 "eﬁfmmwaltmtrdatleneﬂafsaﬂnduceé surdiaofarth ﬁ"emcludamil amgulﬁ@f JTV-519

detegted in heart t f. th bj ect
offctivigp GHFYIBH FratROBS"s BRAT TS dEPAT T ¥ PBEr e RIS
induced@Edrdia®%AMpPiaSa 0. g WpAlsiations, fHﬂﬁng,Wehﬁﬁﬂlar'ﬂbmﬂbﬁéﬂ @@ntricular
i mmunol ogi cal techni ques (e.g., inmunohistochem cal

tachycasdiai amdgidder Fardiae deoas eThem@qw@ of EEYirdil§ géisctiverfg treat exercise-
I h
induce LGRS PR, Sl ST LY v S0 ep L LTl U s o

each cds6, iaclndif@ihetypa ot BS&irmsd:lbjd&edd daydﬁmamllnytnmwc éelmubfect's weight, the

|nclud|n W t hout I|mtat|on ral adm ni.strat
soverityf WA cEPIAR S ORFIOB Pk ho Rodg Abed Rpsauphal e 1TV-S1Y. This

T
amounglgsﬁ}r ﬁlé Zﬁ%ardﬂg 39%51?@88&? “d?c%)gkﬂleb yzlf‘gspalﬁf gegsglér anﬁ known procedures,
includihg thmicalpsinls pand methodmhmha)saﬂ heteit. r lacaprafeeed smbodiment, the JTV-
i ntrathecal, intramuscul.ar., .intraorbital,
519 treplexgigiseripdingd cardiagar ajn thesiplsck e naI
i ntravascul ar, _intravenous, parenchymato
[0051] s ubc utHisawessnt @we@mﬂ fpﬂbﬂaquYlﬁ?Se%mie d fefr tr?f\}ﬂ%@f&ﬁe -induced

cardlac aq} fa 1E a%ﬂﬁje (ﬁgﬁ’tx dlsctel‘ﬂ?"jlﬁ\l’ %tlﬁrfc?ﬁile subject

subj ect Way o fivery to cardiac
in an aﬂibaﬂﬂ a"fabﬁivd: B tvéad eﬁer(nads hEilueesd ¢andilec anfﬂythnmomt the subj ect A suitable

TR TN S
range f}'@}ﬁ laﬁ{nﬁ 5 ﬁ%}ﬁ%&fa&to AR Yb BPe/k S Haﬁ%n@/o? HBH SR Sh Athouhhufficient to

ornul atio have conventi onal additives, such as
achlevda platms ée,veismangmg froncadront 3¢Gmg/m] torboqudl 8GN tds The pRRent

g B SO b S0 RS R e B AT B 85

subject2Chfe iAeth6@ E&nﬁﬁéﬁs GBmif§teSed PLV339 td\d@istbjebitinlay, arrtdﬂlﬁt effective
formul ati on be presented with disintegrators, ch
to prevaat @@rmsesméu@qﬁly capbacaardlﬁhraladh thegyubissli fysiiitable amount ot JTV-519

.car box eII 9
oo LT SEMLRE oM B L LA s
5 mg/k%}’da§@§l labldiﬁt%&ﬁghg/@hy catek ﬁlaypéle raﬁlah)ount Mﬁél@ﬂﬁmlaahlbwplasma

be presented with |ubricants, such E %
levels mgwgﬁqjmagqlggpgtng/ml to about 1000 ng/ml. Add1t1ona ly, the present

invention provides a method for preventing exercise-induced sudden cardiac death in a
subject. The method comprises administering JTV-519 to the subject in an amount effective
to prevent exercise-induced sudden cardiac death in the subject. A suitable amount of JTV-
519 effective to prevent exercise-induced sudden cardiac death in the subject may range from
about 5 mg/kg/day to about 20 mg/kg/day, and/or may be an amount sufficient to achieve
plasma levels ranging from about 300 ng/ml to about 1000 ng/ml.

[0052] In various embodiments of the above-described methods, the exercise-induced

cardiac arrhythmia in the subject is associated with VT. In preferred embodiments, the VT is
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[ 0045] For parenteral adm nistration (z. .

adm nistration by injection through a route other than
woheosaB7vent ary canal ), JTV-519 nay be conbi nedCwiusSkooa/032550

steril e agqueous solution that is preferably isotonic

with the blood of the subj-22t. Such a fornul ati on may

be prepared by dissolving a solid active ingredient in

wat er contai ni ng physi ol ogi cal | y-conpati bl e

CPVT. SHP&B@I‘%dﬁH&Q oR eSO EMBUS Ml OFubfRt isG déﬁtlialﬁte f@Pé*xetrél@e—
e, and having a buffered pH conpatible

mduceqb hgadwolw@v&mﬁmmalddmg@nsdld@@s s emcm@@ﬂ}@@d alnidaq gardips death.
solution, then rendering said solution sterile. The
[0053]f or mulTatviam ofrthy faegping seathiceld, the prasent ioventioh talsogosades use of
such. as seal ed anpoul es.

V- B o S S e oS b tiv e RIRE bppag

FKBPIZ”@HJ&%JB%C‘[ WHbhOH taddidd B leR&tciseRhREE tAliac arrhythmia. The
| ntracapsu ar, intracranial, intracutaneous,

present invemtionedssl provides wsagdiVar19 in ratm@tbmbfqrélreatmg or preventing

.intraperitoneal nt r.aspi.nal [ast er.
axercise ip B cefiat AT B AStae EPEhERTEr Rgaresent invention
provid§siRe B JNe0US, in QrmEHE FoR@eventi edeycivandatedcatibet eirdiac death in
~into the subject's heart. [0046] For transder nal

asubjegdmi ni stration, JTV-5 may be conbined with skin
penetration enhancers such as propyl ene glycol,

[0054] pol yethydienssesl ahook and pmpmb@;hlmsem e aventors' (glla‘@l showdhat Jprotein

nase A R S BR 2 d ST BE B7 S s
actwatésh@xe MRl Qy FQeRRBi}ahE BKE0S ’Bi’n@ﬁ@'prbﬂéﬁl $RIBP12MWE TnThiding Mearts
bl oodstream The JTV-519/ enhancer q£05|t|on al so may

(includbeg lmumrhleqart@@néuan@wlqunls@f b@@ryf@ﬂrea VIR3 isfied:- such

L I N e e

FKBP13. K,emdtt@v@fmyeadai §dﬁ§1t1myrmld1umnndmcegenbtrmrom Thieinetresult of
be dissolved in a solvent, such as nethyl ene

these cBIgss ividal B RyBaheandlpare hleale's | Thege ¢haapplkletls caggepult in a
deplet%ﬁgglf?ﬁ?éﬂtﬁg sttgr ?@P&il&gmnfgg i e x%éhé FBHaQYﬁeQ&s%%Bgé? enough

R accordance Wi th t e met t he present
calcmm nnv dretsamopladmhic &tlnmi)an‘k(SRattb‘lplminEelrsﬁ@ng etlmhhlsimbqnesrﬂe

T T o T R
the chagl‘igf RAKERVR 2 RGPV Rl cald ca@i& -ReHPthe ﬂéﬁ?ﬂgzpha's@ of ﬁ‘l@ heart cycle

subject, particularly in cells of 'the subject. This
knownaam dmstof@y Tis redeask dfcatienre duiing dlabtplet ¢re tgggfrrl tb@:lfatal arthythmias

of the g S g 33 vst?t g]lmr‘ %{;ﬂ%qif?gg%m FR‘fg n%nculfarefsdnl aﬁon) tﬁjl 'Quse sudden
cardiac death (SCD).

[0055] The inventors have also shown that treatment of heart failure with a
mechanical pumping device, referred to as a left ventricular assist device (LVAD), which
puts the heart at rest and restores normalized function, is associated with a reduction in the
PKA hyperphosphorylation of RyR2, and normalized function of the channel. Furthermore,
the inventors have shown that treatment of dogs (who have pacing-induced heart failure) with
beta-adrenergic blockers (beta blockers) reverses the PKA hyperphosphorylation of RyR2.
Beta blockers inhibit the pathway that activates PKA. The conclusion which may be drawn
from the results of the inventors' work is that PKA phosphorylation of RyR2 increases the
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established in vivo, and net hods and assays di scl osed

herein. A suitable anmount of JTV-5 9 effective to
wOi2mi5t030195 pr event a decrease in the | evel of RpRRAisSzemd32550
—FI CBP12. 6i n the subject may range from about 5

ng/ kg/ day to about 20 ng/kgLday, and/or may be an
anount - 20- sufficient to achieve plasma | evel s rangi ng
from about 300 ng/m to about 1000 ng/m . Preferably,

act1v1ty 0 ‘ﬁleaﬂiglgrpet n,gl%éulylxg%ug’tﬁ? 6%@%% SPmbrOMaRRULtME kel ek gﬁ@en

out I n one enbodi ment of the
tnggx@m&@amgofﬂm&mmm&m t he subj ect has not yet devel oped
exerci se-induced cardiac arrhythma. In this case, the
[0056] AmOUNs @itk isolbedhdreisy ihedntentdrs nte estabjislesdethst exercise-
decrease in the |evel of R2- bound . FKBP1 Q%-
inducedsyflerceardiay derh Avpsaprivird Wob a3 RETEES inPhes g?%"“i%‘ of RyR2
protem?@b%ﬁﬂtar T S€sde ‘f’eﬁﬂ@ﬂ{f Aufin@prodifd) bl A Rcicisd Mhe level of

rdiac arr ma is a disturbance of the
RyR2- ha)hm@ FKiBP4D.6adt 1S\poE§lb]@fto ukaethtsemcthamhmtto n%laﬁgﬂ @éﬁe@n@sﬁ@gﬁ for

v St RS B4 . PSRN gl o

limit orj:?f@xreﬁt 2 ﬁ?dr&ge Gie theQ el bAR YR WRVANFKBP 12 BGhak] @S a@bnsequence of
unt of JTV-519 effective to prevent the devel opnent

this limating dreprc:\tantwc: mtlwmhawermmffegtrors@nﬂbyl@%rgssgpla{:qqlénologwal event,
exer ci.se-i nduced, ca ar.r-hyt . 0.,

thereby DIPYAPHIAE FETHES FIEES ﬁ‘ﬁﬁ% SRR {0 11 ati on,

ons 3o el Sk Car el . 20, SRR SR Bk Plaenitying

an agerﬁ )f&r b gfe@@'rtﬁ%%x%ﬁﬁé@-ﬁ&u@ﬁ lsh¥ddArBasiiad\deatts Ublhéilﬁteth‘vw lebmprises
y dependi ng upon the particular factors of each

the steptsaﬁfe(,a) pltainin orggenbrating peulbire of eellsi containing RyB2¢ gy gpafacting the

cells wg’ﬂ B{® ér&c[]g]%te &%t ne gf%o%]g]fg&ﬁ? %@'f %g rée él?l%g rﬁ\{)ﬁxﬁslto%s ?Ixmxnl??o
1ncreas%3 Eﬁosf)-ﬁyfylaﬁfb% ofﬂ}ll@ RAeNs tandey) deeerm@ddy L fthelagea tintid dr pyevents

e Skil'led artisan, basedeﬁon known procedur es, "
a decrepseoih it leyeloIfiRyRZabound i EERP 1 2:n i the epllsd A i S Ngkedry an "agent

. h [
o 8 L BHEIPE SRR s e,
antlbod?yaFﬂb ﬁrﬁgrﬁfﬁth}}'@ab\)i ﬁagrﬁergnnaignnlegcgﬂfpoﬁf[&/ dnli®icgicf dmgj and any
prevent exercis d
combinsHenG Rt Ap@gawfwhﬁmﬁ‘és?@fpi?”w%”aecfp%%ea%%&h@e PRk RyR2-
bound l}iﬁﬁ%% Iﬁﬁf?f@&h%r QXGEH 0P &) egh Cabfbasn Qﬁe‘n‘@ Yéa@ﬁif@wﬂh (e,

exerci’se-induced sudden cardi ac death Tn
an agelstubatemﬁ aff{lﬁl@éf&], bBels aoyse indirdctes! agbinkst) WM@(QX@KBE@ 6. As

R2- bound P12.6, and,maint estore hal a
furtheriifed HEoBonEtk COHIBIRRNNE. POV THASTHAPY! SERORCARUEcaD in
which R§RBOSRIRENEAT dhdfologue thereof, is naturally expressed or naturally occurs.
Conditions known to increase phosphorylation of RyR2 in cells include, without limitation,

PKA.

[0058] In the method of the present invention, cells may be contacted with a
candidate agent by any of the standard methods of effecting contact between drugs/agents
and cells, including any modes of introduction and administration described herein. The
level of RyR2-bound FKBP12.6 in the cell may be measured or detected by known

procedures, including any of the methods, molecular procedures, and assays known to one of
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RyR2, JTV-519 may al so be useful in treating a subject

who has already started to experience clinica
wepnstoan®s of exer ci se-i nduced cardi ac arr hyt hnPar/us£004/032550

the synptons of arrhythm a are observed in the subject

early enough, JTV-519 m ght4-be effective in limting

or preventing a further decrease in the |evel of

RyR2-bound FKBP12.6 in the subject. [0050]

11 in A5591 S Artbegrcit i 1 | t
sl n O . o e O bt i agen
limits or prevetis anlicbigagxiaitied leielgf RyRE-ramd dF&SBR I@fenh the cells.

exerci se-induced cardiac arrhythma. In this case, the
[0059] amountAsQfisclob¥d BdRirg RiyRQtHay Bedroinlplidhted d a pu@beandf tdological
decrease in the |l evel of RyR2-bound FK P12.§%in th
events i abjiated mysgle Bellsa ko feaimARleof hasTeen saoveh ek Ryl channsis play an
. ) el Se i . e -
mpor 1 181 PSR AGRE hPErBAt PUELAL. (o, s o
that prevefithecdrigeddsigntd ealiméxe pedvent 4 datueeel ircthe dévat of RyR2-bound
arrhythm a".ipcl udes an anou of JTV-519 effectjve t
FKBPIZ|q @it oapicune %ﬁ%& Buttiec ti R B “F%&Pﬁ&%’fﬁgu%ﬁon ora
numbersyf%cmssg&_aﬁeﬁ §iRSGEAl eI AHOREine F AR IiAE hRY EodttRtility. Thus,
(e.g., palpitations, fainting, ventricular
once tht ichmdifidtatgam of thepreserinzentioadiay beandiczgenehding higsibeen determined
cardi ac .death). The amount of JTV-519 eff [
to haveys Bl LA ER EE Bt RSUIGLE Setirth SO e IR ERbh.
FKBP194, it &y Ve SRmains g ity BEbct bRE@addpliagaad coaedcalisy i@feells,
each case, including the type of exercjse-induced

par’fiCUb?IWdiaaﬁaOamum ¢eisa It 16 REpestad; theittheprgsengive agemof bgpiesany
. .of t i ' iti .
v B B B SR e ARG Rl gy,

readi l y determ ned t skilled artisan, -h d
100601 o A BRREAITES e, AP eI AR o dy SHARE B e

. EM%& ghs eleanadideagbm witita Bilefebf edisephatineRyR21 did
Smpsog% -_515 t%egts exerg?se-inducedrpardLgc arrﬁ?%hzia in(D
determintieg ¥illg agent hasgosfiectumeamRER 2essoristadrhiplggicplsventin the cells. As

rovid net hod .f I LG : ise-hnde Ly
us 58P B o B LA FAREE MBS SEHGE G posiloica
procesSEINV LS RER2 NGy okT0f-ofidity DavteltRes ithpliwited. M adisclogedriterein,
effective to treat exercise-induced _cardiac. ar %}gt hm.a

examplep of RyR3wpjasiared Mologicpheyeatsineiudt. vathoyiymgagon, cqipliae and

. e . -i.n . i | i . .
L T T
candidamg aket daay, beaovdfaotedash e @amenealit (psefbfably, eadiaconuscle cells) in

) achi eve pl as | evel s_rangi.ng from.ahqut 300 ng/m t.o.

vitro. Egisempling ShgHIOL therfely PRy ASHEACT e BicREep P Genaing the
candidgtFar {:/I?cﬁﬁhgeiﬁl}]d?&aﬁé’ Spdnt'0 BFfEet Oh Gh FERNELEA 8 BIdMb@6al event then
may be assessed by any biological assays or methods known in the art, including

immunoblotting, single-channel recordings and any others disclosed herein.

[0061] The present invention is further directed to an agent identified by the above-
described identification method, as well as a pharmaceutical composition comprising the
agent and a pharmaceutically-acceptable carrier. The agent may be useful for preventing
exercise-induced sudden cardiac death in a subject, and for treating or preventing other
RyR2-associated conditions. As used herein, an "RyR2-associated condition” is a condition,

disease, or disorder in which RyR2 level or activity has been implicated, and includes an
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subj ect. The nethod conprises adm nistering JTV-519 to
the subject in an anount effective to prevent
wexersgdzsi nduced cardiac arrhythma in the sSuBCemiS2004032550

sui tabl e ambunt of JTV-519 effective to prevent

exerci se-induced cardi ac aeghythma in the subject nmay

range from about 5 ny/kg/day to about 20 ng/ kg/ day,

and/ or may be an anpbunt sufficient to achieve plasm
RyR2- Asge/%téd 08 oL 4R mrﬁ@ngzSaQQOcﬁgqémoﬁdmn% b4 B8fcd or

|ona ly, present 1nvention provides a

preventeéuﬂndnt sﬁlbyecpmeathmsmgmgm thei sslb}achduamclurs od tlerngentr effegtive to

rat o5 ab gy BB e o FBA s SOBY LARB AT ) B 0y
detemﬁfeﬁ%@%e eXled hﬁ&e'aﬁd 46 8flc EMBEEMCER l’tl@B Iﬁ‘ésdﬁEfﬁV@nﬁcﬁh proeides a
subj éct. A suitable anount of J TV- 519 effective to

methodpfos peaveniingererase-inducrdeyddeneradiae deah Hra gbagds hyrpdnyaistering
the ageﬂ,gﬁtgf 54 ))ec}{ él}]%‘? &ﬁt%?% @t*?\peut% ?ev[g%t ﬁ)%/ g 1s',é %@pc%h' tsud?tf%n cardiac

€ an anoun
death iR €Y ®Bfechl asna Ievel s ranging from about 300 ng/m to
about 1000 ng/m . [0052] In various enbodi nents of the

[0062]2bOV e-TiRSGEdRER v ERIAURD, proVide X B0/ REmEMAE §8AdeRiffingGn agent
arrhythma in the seglject I's associated with VT.
&

n
for usepn pfeyenidnl exvbuet-imdnees sudéen oardipg domph. ‘Tm/methiod comipaipes the steps

i ments o i .
of (o) FRGTHET PR ind A7 Aol KBt AB) EbiplRfle 0 candidar
agent tb g AGhinRlY (OaRrPbdiad & ahbralex ene bﬁ@otdb@ﬂdﬁ@nskﬂcﬂeﬂﬂto increase
cardi ac death, [0053] In view of the foregm ng

phospheeylpérisof RYR | m Céélé,rﬁndmﬁ)/@ﬁ?méﬁmgu%e BREY ks Qgeeispts a
decreaS] T}{ tf?elﬁvélrb f@{]?ﬂ’f[_%;w (@9 aﬂ r EUE Rl fay further

ecrease i n oun KBP12 6 in a
compriSé! teatdps\wifiq(e) sdrmncs&mﬂgdhds egchoto axetimas@ntaiting ®YR2; and (f)
cardiac arr h thmﬁ%@cThe

determyingiidas sgse hironpesaibad RYRS fetsohed plogkaneyitghe animal
Also pgjvgd’e%rlg hﬁ‘%% E(fee‘ﬁhﬁgd b@ﬁﬁ&ﬁ@th%af Q?ﬁ&nﬁ&éﬁ%&lm&xﬁ)dsﬂloﬁ

I nor e, t he presen I nventi on prOV|des
comprisBe this agdnt; Eﬁldga mgthad rfmtprovzbnftmg epereisermduegd sudden cardlac death in

rci.se-.i nduced d d deat h
o Subl G AR TS S SFTE0DE UHE O B8 BROBH P Bl o St he
exerméeﬂﬁ@l!iﬂe@rsﬁddéﬁ%ﬁhﬁ@é&'tﬁ iaahe AGsl N ki nase A (PKA)
phosphoryl ation of the cardiac ryanodine receptor,

[0063]R>’R2 B ﬁ@%ﬂé&g K‘%‘%%%@ EhYAkRRed g &B@aﬁﬁas Wich block PKA

rel easing t ng protein,
activatfcai would baeapdcsed(ib medugel Ithagachuaﬂmn tfghe RyR2 mhalamil n‘a?"ultlng in less

release&%%%lpgtg]gf gg%{j%]l]; a(lg)ltnﬁ{fe ds f}\:y ﬁ)zlnd%o the RyR2 channel at the FKBP12.6
binding site, but do not come off the channel when the channel is phosphorylated by PKA,
would also be expected to decrease the activity of the channel in response to PKA activation
or other triggers that activate the RyR2 channel. Such compounds would also result in less
calcium release into the cell. In view of these findings, the present invention further provides
additional assays for identifying agents that may be useful in preventing exercise-induced

sudden cardiac death, in that they block or inhibit activation of RyR2.

[0064] By way of example, the diagnostic assays of the present invention may screen
for the release of calcium into cells via the RyR2 channel, using calcium-sensitive fluorescent

dyes (e.g., Fluo-3, Fura-2, and the like). Cells may be loaded with the fluorescent dye of
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resulting in defective channels that have decreased

amounts of bound FKBP12. , and have increased
weemsisTMsty to cal ci uminduced activati on. TheCmais2004/032550

result of these changes is that the RyR2 channels are

"l eaky". These channel |eaks can result in a depletion

of intracellular stores of calciumto such an extent

that there is no | onger enough calciumin the

choice, %l?e[n ?@tugact 15 1&%#@0&‘1%&1%@) deRrBIRY KRG o%'hBPé’lﬁnpounds added

contraction. This results in weak
to the celb piduae thmlmﬂmkdep&ﬁdentﬁ@racemlaak Erilteohtasan g b otebitization of

of _t he channel aks e cal
calclunalﬁhaﬁ@clt%elrw eﬁ??gg%%m& 3 ReRks 8@@@%8&%#] Lt
77:513-281 ?@9*40 tilo ezTJZ' @a[&‘ﬁlﬁ A88y Alrigainaldd deeicnbatitingstlene
cah trigger thé fatal arrhythm as of the hearts

erythroloahmmamq:llarBlpmSW&@B&Za1%9&1 Jyysmamarcel ads Repwlpiion @éﬁh@ mosﬂol
ause s cardi eat S T
L SR RS I L0 CHBIRH R Do S 0F RGBT 1999
Calmmﬁﬂiebéﬂd%nﬂlﬁ&es’teﬁﬁﬁ%tﬁw 1Bay b opltegdeat @photbmﬁhipﬂleﬂtuba and
as a left ventricu assi st device LVAD% P
analyzqdh@ﬂh apnropmate sefbvarg s redewedessEberiBrilates ¢h 6% j %ﬁbl 1zagion of

a
e B P SOy Rty o o
77:5 13@{? 11%?4 «Z}itﬂﬂ @Bdtzl C]E:al]xgmhehtrpmﬁanﬁg hﬁlucasd/ﬁrﬁﬁemlmaﬂmvm 1sinommn
reat nen 0]
Sy T B TR T sﬂﬁé‘ﬁéasﬁol
1,4,5-isPAGIoHGR &%‘%tﬁ%t oeﬁfegmeﬁ?%xﬁ&{ ise,&f 2Ry 292 5@1@96) This

ers i that activates PKA.
assay cam aasilydicontoshitehtormyeehdarge aunbérs oficerhpounsls ubing rmﬂthh]é dishes.
inventors' work is that PKA phosphoryl ati on of RyR2
[0065] 1 NCr eAzEigetithfy-cdthpoatdsi thattiyhibit thd K Ahdepamdent ac&sfatlom ngRyRZ-
in the release of nmore cal ciumint ﬁvgﬁge cel |

mediated ipéracql iy gelcipmetipapst By 3sSHrmERETE %Fxprff@t%af rjgombinant
RyR2 Jhﬂ{nﬁ%? %heﬁ&lo o}t%q Qgﬁ;rgésﬂm ;/Qt@m' BYENU: &S, HIBN 893, or CHO cells

. ¢l sei nducéd sudden cardi ac death
(Brillantss &s8.0Stabiledtioh bhcaeivnneleesesmanme] Ghespdioe sdcaptonrfurdtion by

rcsos ERAE b oA P T SENE R e By vt b

adrene% HR THKBRodid pRrmit hsseSsnR@® ST e @ffedr dF28ripBindds on RyR2
cha smto design effective drugs for preventing

actlvatmmemmﬂmlm@@tﬂ-%hmﬂ gie refsaton agmigiandi dat e

agent having the-ability to limt or prevent a
[0066]decr el level ol @I(lﬁeplmsphxfry]ijdm obByRA wHHBPcalemwith thesdegree
of heal'? fa(il%?es r%%? %{éo ebe assayed, and then used to determine the efficacy of compounds
designed to block the PKA phosphorylation of the RyR2 channel. Such an assay may be
based on the use of antibodies that are specific for the RyR2 protein. For example, the RyR2-
channel protein may be immunoprecipitated, and then back-phosphorylated with PKA and
[yBZP]-ATP. The amount of radioactive [**P] label that is transferred to the RyR2 protein may
be then measured using a phosphorimager (Marx et al., PKA phosphorylation dissociates
FKBP12.6 from the calcium release channel (ryanodine receptor): defective regulation in

failing hearts. Cell, 101:365-76, 2000).

[0067] Another assay of the present invention involves use of a phosphoepitope-

specific antibody that detects RyR2 that is PKA phosphorylated on Ser 2809.
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this limting or preventive activity, have an effect
on an RyR2-associ ated bi ol ogi cal event, thereby
wonres@ationg exer ci se-i nduced sudden cardi ac deRCHUS2004/032550
[ 0057] Accordingly, the present invention further
provi des a nethod for idenkffying an agent for use in
preventing exercise-induced sudden cardi ac death. The
nmet hod conprises the steps of: (a) obtaining or
hnm“@%%%% \kaﬁgst X C&*ﬂfb@d%&arﬁ@aﬁsgg ?}cgftgggétsg'ﬂ;&ggﬁ?ﬁ er§ﬂ§1)for heart
failure amb omidiag atrthgthoehd. sAdditiomelypRyR® IS8 8¢9 dndl RoR& 28090 khock-in

e gg AR SHEC RbET Y AT oo e pe PSR aoy bayes
Such nhiBe ﬁff'ﬁﬁeff ﬁfb@ide@wd@)ﬁ&th*ﬁ@l)m y{ﬁ&%ﬁgs&otﬁaﬁcﬁﬁoﬂﬁmﬁs ahs

used herei n, agent" shal'l include a protein,

contribgtihg fastariinl é.earp Q@hlrfd@d ma@amhmwS(bmommélam RoiR2
82809&511%8’%am ﬁ%lgﬁrﬁ L;’.luge;]a mgl(ag,?a&g%hat t Oﬁgﬁeﬁﬁ $52809D mutation

worsers 0t Fefur® i Sarriyem ey . An agent that limts or
prevents a decrease in the | evel of RyR2- bound

Novel PABRAZ: & CRmib® Sl natural or synthetic, and may
be an agent reactive with (i.e., an agent that has

[0068]af f i nil4-bEugothiniapeis deplvaidresiage lmHo@@meluubigw lvigclys iRyiRY

prepara%bo&nogr zhl FggBllga é&%w%sngcfﬂg&%%? rncr\%lué% WA € Tg I Vegtogls have

develoﬁ’étﬁ&i hévet ptdcksd for }bﬂﬂp@ﬁngﬁy Bdhengdthiazéhifid Medriné@ia@ compounds, such
ue thereo is naturally expressed or naturally

as 7-rneizb@zsnf-§z Aeieirahydres LArhenrothigzamies: eblsdnprsshupsasaptibees readily-

eSS, POl L BMAEID

benzothayepige B0drin@diaed. Wi th a candldate agent by any of the
standard met hods of effecting contact between

[0069]d" UgS/TAGRNES1RIIH0S S drfeko @l (108 PBteAiNy4 1E06S WO 92/12148;
i ntroducti on and adm ni strati on descri bed herein. The

JP423(P€E$\1éﬂIS©lpSWUSB{rﬁél9 FrepDe peppyediyacacding Tnmgthpsy-2,3,4,5-

re e iLpel udi .
tetrah}}aF b ?&ﬁgﬁnaqgé%ﬁg g fj4bn?éec t @@epgr; olge gxﬂrgczlétze) m agggg)é S?hlonde,
and théimbmnig(lh@ f&ulﬁﬁlg%éodtﬁzkwﬁth divent¥ieiperidims. descri bed

herein. I n one enbodi nent of the present invention,
[0070]t he agpRb pldclises f&rth@%l%)éﬁﬁﬁ&l & TarKIRAse, 3,2 Sttlaﬁalh@f@il 4-
RyR2- bound FKBP12 In the cells. [00 59 As
benzothiag@m@@mi sienilaf wmm}mls hais bser nreivmﬂslycrgp@@pd i the higratere. The
I r I

first prgcess 1sc(fgSe§% eeﬁt aslhg? & l%eﬁérﬁ%ﬁ g%adéﬁ 1{1\201\6%%1%/ syg‘ﬁhetlc
route of six steps that started with 2,5-dihydroxybenzoic acid. In this process, 2,5-

dihydroxybenzoic acid was selectively methylated with dimethyl sulfate. The resulting
compound was then reacted with dimethylthiocarbamoyl chloride for 20 h, and then
subjected to high temperature (270°C) for 9 h. The product of this step was refluxed with
sodium methoxide in methanol for 20 h. The product of the reflux step was then reacted with
2-chloroethylamine, under basic conditions and at a high temperature, to produce a cyclized
amide. The cyclized amide was reduced with LiAlH, to yield 7-methoxy-2,3,4,5-tetrahydro-

1,4-benzothiazepine (a 1,4-benzothiazepine intermediate).

[0071] The second process for the preparation of 7-methoxy-2,3,4,5-tetrahydro-1,4-
benzothiazepine was disclosed by Hitoshi in a Japanese patent (JP 10045706). This process
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important role in EC coupling and contractility in
cardiac nuscle cells. Therefore, it is clear that
wonres@atiose drags designed to limt or prevent PAT/US2004/032550

decrease in the level of RyR2-bound FKBP12.6 in cells,
particularly cardi ac nusclz-cells, may be useful in
the regul ati on of a nunber of RyR2-associ ated
bi ol ogi cal events, including EC coupling and

started Qv?tﬂtZr R5hio4 %tho&?lﬁ%nza@ b encavadiigadss ﬁﬂﬁﬁfut&f with&aSMe,

resent 1 nventio has n 'screened, and has been
and thede:tlmmg predudt aval a:mhzaedsmth etiibend, [fcvﬂctwaqlg)mﬂpx aventer, e yleld

s 8o TR oL o S RY AR aEE W e bt
producP\QF'ﬁt feéﬁée‘dl Wity a tdAubiaklagentP@ich a6 MaBH, Y T8 F&buRfgBé8iolnd was
I's expected that the preventive agent of the

cyclizeptegignf/ -mebhexu -2 3, Suitdtrahgdrouk ébenzotlipzepiney ent i ng
exerci se-i nduced sudden cardi ac death. [0060]
[0072] Accor dhinglly, thé ineemotshadmpied th @repasstba tl,4-perenthizmepmay

I TR AN
describBY Bove? 'Hjo\&écv)er GRdyefotha tH&gtHefﬁrEtllﬁo&@§ Resdibed 8K IednkRE bt al. (U.S.

on an RyR2-associ'ated biological event in the cells,
Patent We. 514 e@06@y mwnlveénymwmstmaﬁ bighttempwatnr@ gid langagashipn time.

... i ncl esablohemc r SIO|0
Addiiqe b En e G s dut of Vo WRU8 R iR BcIEEe iffermggiae
was eaﬁl}s&h&’&&ﬂbiﬂ 8k € A diserriRbepofid, RaRZres ﬁﬁpds@iﬂ)wto synthes1ze the
bi'ol ogi cal” events include, without limtation,

subsequanti gy¢lirgd artiugbritreaioy et plsordeteaniied dhatifacpracess |d|e€z,Crlbed by

T

the firs€ BltérmeliKkes bparahbin the aushiiatiomes bteenide lith)NaSMe, Haddo bEased.
exanple, a culture of the cells may be incubated with

[0073]2 PT PR Sk @e tf@ﬂe?dnﬂg pEdteere fiE idaéRodgenélopddenovel process
candi date agent's effect on an RyR2-associ at ed

for malgm1g|7agctbgky— sdehi-tetrediidieals4 henzpdliazepine fgg,mé?p}dﬂy—avaﬂable and

mexpepﬁxc? %gﬁtlﬁg lnila%% ﬁ% g}“ﬁ){ n nlét!&%gﬁ?ro!:(%Q éﬁiﬁé F's%}ag'fé%r unﬁcatlon

steps, @dtaaBY usdderpserhrs carined 41’Bcfr&bfh1az£e@1(ﬁ€ ifterhineliqpies ﬂﬁ:rhlldmg 7-
invention is further directed to an agent entif]j

methowy 2 BHe>-sbiabsdresled Prw i aespinerand gihes AoRBe Yl hagae { feneral

structu?essc}m% ﬁr%ﬁytl cal conposition conprising the agent
and a armaceutical l y-acceptabl e carrier. The agent

may be useful for prev I Nng exercise-induced sudden
cardi ac death ing {;ngggiR and for treating or
preventing ot her 8 ociated conditions. As used
herein, an "RyR2-associ atBg condition" is a condition,

R1= n-MeO, n-MeS, n-alkyl, n=6,7,8,9
R2=alkyl
R3:== alkyl

This process may also be used to prepare JTV-519.

[0074] Accordingly, in view of the foregoing, the present invention provides a

method for the synthesis of a compound of a compound having formula:

o
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15

di sease, or disorder in which RYR2 level or activity
has been inplicated, and includes an-25-
wephE/azwsci at ed bi ol ogi cal event. The RyR2- aspotivatmd/ 032550
condition may be treated or prevented in the subject
by adm ni stering to the subpect an anount of the agent
effective to treat or prevent the RyR2-associ ated
condition in the subject. This anount nay be readily
whereifl RU-LOR 580, WK, QI§1, D hhli ®RhrddR ENALAr drv1, 0P FORRA wherein R can be at
_. enbodi ment, the present invention provides a et hod
positiof @y 3,k ev érsaidigeibré compdsing thectepssiidden car di ac deat h
i.n_a subject adm.ni stering the agent to the
@) Qﬁﬁﬁggﬁiﬁﬁmgﬁné@%ﬁﬁﬁ %Pteéetive to prevent the
exer ci se-igduced,sydden cardiac death in the subject.
[ 0062] The pfesent” i nvention also provides an in vivo
met hod for idefitid,yi ng an agent for use in preventing
exerci se-induced sudden cardi ac death. The nethod
conprises the steps of: (a) obtaining or generating an

. 2B LI NG . i.ni ' i d
e ERLTE SRR 0% ) BO SELA By SEOSAA B,

to formrroreenmamd htviapfordkndan t o i ncrease phosphoryl ati on of
RYR2 in cells; and (d) determining if the agent limts
or prevent Ra.ecpgase in the [ evel of RyR2-bound
FKBP12.6 in tihg|lanimal. The nmethod may further
conprise the StTepbh of: (e) adm nistering the agent to
an animal containing RyR2; and (f) determining if the

whmeh?ﬁ%@%s&%ﬁeﬁ%bg&;eCt on an RyR2-associ ated bi ol ogi ca
~event In € an’mal. Al so provided is an agent

(b)  idatirig the embyurtdiosme®ine (ad withay diBfRidingG@kbnt and a disulfide, to
conposition conprising.this agent; and a method for
form 2 gerapmdhayingierRilae- i nduced sudden cardiac death in a
subj ect, by,adm pistering this agent to the subject in
an anount é? f1 Ve to prevent the exercise-induced
sudden cardi.,‘ogath in the subject. [0063] The
i nventors' wokk.fas denonstrated that conpounds which
bl ock PKA actliyation would be expected to reduce the
activation of th&RyR2 channel, resulting in |ess
rel ease of calciuminto the cell. Conpounds that bind
.to . the channel at the FKBP12.6 binding site, but
‘Wh@ﬁnﬂgjﬁﬁﬁd%%gﬁag?wﬂthe channel when the channel is
. 0 . t .
& S i e A SR R 5 ek Bty lgmine, o
form a Gipamtlimaingdormorla:ot her triggers that activate the
RyR2 channel . S%ch conmpounds woul d also result in |ess

SN N
B
R&gnmﬁi

wherein R is as defined above;

(d treating the compound formed in step (c) with a reducing agent and a base, in the

presence of tetrahydrolate, to form a compound having formula:
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calciumrelease into the cell. In view of these
findings, the present invention further provides
wadadistosoral assays for identifying agents that POBSR®4/032550
useful in preventing exercise-induced sudden cardi ac
death, in that they block-3 inhibit activation of
RyR2. [0064] By way of exanple, the diagnostic assays
of the present invention nay screen for the rel ease of
calciuminto cells via the RyR2 channel, using
cal cium sensitiYe fluorescent dyes (e.g., Fluo-3,
Fura- 2, anait‘w fke). Cells may be | oaded with the
fluorescent ‘dye..0f-26- choice, then stimulated wth
RyR2 activators to determ ne whether or not conpounds
added to the cell reduce the cal ci um dependent
whereid RUOsLE&TRIRE aBb@Nahd (Brillantes et al, Stabilization of
cal ciumrel ease channel (ryanodi ne receptor) function
(©  Byatmesbe compendfopRet i sieb (@ pith axpduping seent, fo dorm gprppound
ﬁﬁnﬁﬁw Calciumentry during induced differentiation in
murine erythrol eukema cells. Blood, 81:783-92, 1993;
Jayaraman ¢t al, Reqgulation of the inositol
1,4,5-trisp a'sz.ir? eceptor by tyrosine
I

having

phosphoryl at ifgpA, Scfence, 272:1492-94, 1996).

Cal ci um dependentST| uorescent signals may be nonitored

with a photomultiplier tube, and anal yzed with
whereiraB s apdéfined abofa war e, as previ ously descri bed

(Brillantes,et al ] e) ' :
00751 B SE b s LB e LSRRy spont
step (2)Rh&§ B¢ Hy. Babitiond(Ty, SHeddiddbtizi}MentGhlstep (B) mal be SN viand the

entry during induced differentiatiqn jn nmuyine
disulfidgrip slep APLERB kP Nt [Fyrthesmpse, thgehlorde %tepl@b gay be SOCl. The

. . ; . ! _ _
recuciif BT Tl By P BRLA B! P1gE AL he base instep (&)
triethylpihdaghbr ydositdr embo&aieat)ties redd@ng 49ax dsterd 6969 LiAlhiss

assay can easily be automated to screen | arge nunbers
[0076] Of coMPRYAEEnLiS)AFioRAitthaverdvidéssh@sthofl BRGhE sydhesis of a

identify conmpounds that inhibit the PKA-dependent
compowiet ¢fkgvingnfosfulRy R2- nedi at ed i ntracel lul ar cal ci um

rel ease, an assay may involve the expression of

reconmbi nant RyR2 cha 18 er ol ogous expr essi on

system such_as. Sk D cells (Brillantes

et al., Stabwlia [ Cal.eiireel ease channe

(ryanodi ne re~21'§L? function by FK506- bi ndi ng

protein. Cell, 77:513-23, 1994). RyR2 could al so be

co-expressed with betaadrenergic receptors. This would
whereiR R F0R' SSIPENRTAMy], & hahi@ afd Ret alkfl, eoMre t)dad ovheRYIRR can be at

activation, in response to addition of beta-adrenergic
position 8¢ 3pt, o Sagpahmsthod comprising the step of:

(a) treating a compound having formula:

M

5

wherein R is as defined above, with 3-bromopropionic chloride and a compound having

R~

formula:



[0066] The | evel of PICA phosphorylation of RyR2 which
correlates with the degree of heart failure may al so
woeo@dgsaywed, and then used to determ ne the efPCTasy08032550
conpounds designed to block the Pl CA phosphoryl ation
of the RyR2 channel. Such -k assay may be based on the
use of antibodies that are specific for the RyYR2
protein.. For exanple, the RyR2- channel protein nmay be
tofbnﬂ5mgﬁﬁ%uﬂaqbph&g%ﬁgmaand t hen back- phosphorylated with
PKA and [g P]-ATP. The anount of radioactive [ P]
& RYR2 protein may be
fager (Marx et al, PKA
2 PE2°6 fromthe cal cium
rel ease channed#fgyainodi ne ceptor): defective
regulation in failing hearts. Cell, 101:365-76, 2000).
[ 0067] Another assay of the present invention involves
whereid Reis@f dafipdiosiaheepi t opespeci fic anti body that detects
RyR2 that is PKA phosphoryl ated on Ser 2809. -27-
[0077]] nmund®y Wey of rpoerlers eoueuad haieg Bsdpreald: be used to
assess efficacy of therapy for heart failure and
cardi ac arrhythnias.QAdditionaIkj RyR2 S2809A and
RyR2 S2809Dgk nQg Kk i Coyt ¢ uged to assess
ef fi cacy of t} eart I Ure and cardi ac
arrhyt hm as. Su# fce further provide evidence that
PKA hyper phosphoryl ation of RyR2 is a contributing
factor in heart failure and cardiac arrhythm as, by
whereifi [ROMIORY, $IRANR,NERYIR%a BdSARFR rIaIRY1, @Fy1] dHH, Rintl SvHedh R can be at
~failure and arrhythm as, and that the RyR2 S2809D
positiom2s 31 4o Swaes ba syrbesizedfag fellaves: and ar r hyt hni as. Novel
Pat hways of Chemi cal Synthesis [0068]
1, 4- benzot hi azepi ne derivatives & fpor t ant bui | di ng

A

bl ocks ir & prreparatlen @f. ol ally- active
mol ecul e 'poﬁ%ﬁfng M- 5t8—TFhe favent or s have
devel oped,a novel proeess for pr Farg

1, 4- benzot hi azepi ne i nternedi ate ce@nmpounds, such as
7-met hoxy- 2, 3, 4, -1 et ahydro-1, 4-benzot hi azepi ne. The

i nventors’ proc 't 1 i pes_readil yavail abl e and
i nexpens¥ides st artihg mat &k al s, ° rovi des hi gh
yi el ds "of key L thenzot hi azepi +Nt er medi at es.

[0069] the early»1990s, Kaneko et & . (US Patent
5,416, 066; W92/12148; ,

L e o
'SRe Rm}’%\’w

JTV518 {R=0CHy)

R=0R, SR, NR', alkyl, halides; R'=alkyl, aryl H
R can be al positions 2,3, 4,0r 5

[0078] The method of the present invention further provides a method for the

synthesis of a compound having formula:
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JP4230681) disclosed that JTV-519 coul d be prepared by
reacting 7-nmethoxy-2, 3,4, 5-
woOetrsalys o- | , 4- benzot hi azepi ne (a 1, 4- benzot hpazTaSR008/032550
internediate) with acryloyl chloride, and then
reacting the resulting proghict with 4-benzyl
pi peridine. [0070] Two processes for the preparation
of 7-nmethoxy-2,3,4,5-tetrahydro- ,4- benzot hi azepi ne
and simlar conpounds have been previously reported in
the |iteratMePe ~JHeNfirst process, disclosed by Kaneko
et al. (U S . 5,416, 066), involved a
synthetic route ofSsix steps that started with
2, 5-di hydroxybenzoic acid, h this process, 2,5-
di hydr oxybenzoi c acid was selectively nethylated with
said medhodedomyrising thatteps he resul ti ng conpound was then
react ed MAthIg]neth%lthHocarbanDyl chl oride for 20 h,
(@)  SReMERrPRRBe RS &h tenperature (270 ©) for 9
h. The product of this step was refluxed wth sodi um
met hoxi de i nyAEthan@yfor 20 h. The product of the
reflux step wa en *reacted with 2- chl or oet hyl am ne,
under basic con h@ps and at a high tenperature, to
produce a cyclized anmi de. The cyclized am de was
reduced mﬁth Li AlBUto yield
7- met hoxy- 2 4, 5-t et rahydr o- 4- benzot hi aze ne@% .
with a reducipg ﬁg@tthnéfz%meﬁféwﬁ af & %tﬂnak %a)ta lystolgAem “Pr?@ B @avmg
formulgrocess for the preparation of
nmet hoxy- 2, 3, 4, 5-tetrahydro-1, 4- benzot hi azepi ne was
di scl osed Qy,Hi QﬂjHln a Japanese patent (JP
10045706) . Thocess 28- started with
2- br ono- 5- net hex&~gnzal dehyde. The brom de was
substituted with NaSMe, and the resulting product was
oxi dized with chlorine, followed by reflux in water,

iel.d disulfi di.al ... Th dlaldeh
0)  RatretiesPrRosn TBRSE Hor th e Snd P Jel it Rguice. to
fonnaEBIQI y,g;ﬂd Masnd RFMERd W th a reduci ng agent, such as
The Tesulting conmpound was cyclized to give
7 nethoxy 2 eket rahydr o-1, 4- benzot hi azepi ne.
[0072] Initial t he inventors attenpted to prepare
the 1, 4- benzot hi agepi ne i nternedi at e,
7- met hoxy- 2, 3,{4,b-t et rahydro- |, 4- benzot hi azepi ne,
usi ng t he mebhodscaescri bed above. However, they found
that the first process, described by Kaneko et al.
(U.S. Patent No. 5,416,066), involved synthetic steps
() Qfealhghe RARRLAL Wrehcd il ste (1) WiBlRE thiOfide ii@®a chloroethylamine, to
Additionally, the inventors discovered that the thio
form agomppuncthhavireg fosmude: t hi ol at ed i nt er medi at e

o]

Meo‘(iLﬁwcn

S

(d) treating the compound formed in step (c) with a reducing agent and a base, in the

presence of tetrahydrolate, to form a compound having formula:
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was easily oxidized by air to a disulfide conpound,
meking it inpossible to synthesize the subsequent
woyalsioaeids pr oduct . The inventors al so det er mi nedTisat04/032550
the process described by Hitoshi (JP 10045706)
i nvol ved and that another padtented nethod for the
preparation of the first internediate, apart fromthe
substitution of brom de with NaSMe, had to be used.
[0073] To overcone the,foregoing problens, the
i nventors develoggﬁﬁiﬂfaMgl process for making
7- met hoxy-2, 3,4, 5-t hwdr o- | , 4- benzot hi azepi ne from
readi |l y-avail able a xpensive starting materials.
The inventors' process sinplifies isolation and
purification steps, and can be used to prepare various
(e)  Ireatingheconipapepiorme in sepédivdttearedupink agemigtoform a compound
Xy-2,3,4,5- t et rahydro-1, 4- benzot hi azepi ne and
ot hier bonpounds having t he general structure shown in
for mul a: N"#ﬂ% = n- I\/EO n- MeS, p-al kyl, n=6,7,8,9 R2=
al kyl = process may al so be used to
prepare JTV— ygjjfm 4] Accordingly, in view of the
foregoing, the pre ent invention provides a nethod for
t he synthe3|s of a compound of a compound havi ng
formul a: -29- wherej.n
(00791 ha i ge Thsprepent inveplign 5S%P§ﬂwd65ra wthgﬁ@rmygr%spoéaﬁompmd
hawngq%mghap05|tlon 2, 3, 4, or 5, said nmethod conpri sing
the steps of: (a) treatlng a conmpound havi ng fornul a:
wherein Ris as defingd above, with a reducing agent,
in the presence of anjoptigral cgtalyst, to forma
conpound hatf | 3 id Rlis as defined
above; (b) tre ormed in step (a)
Wi th a diazotizing®agent and a disulfide, to forma

said m&BOPOMASHHAY 1RGPl a:

(a) treating a compound having formula:
M@g«-m{
</

with 3-bromopropionic chloride and a compound having formula:

to form a compound having formula:

Mwmjw

[0080] By way of example, and as shown in Example 7 and Scheme 1 below, 7-

having

methoxy-2,3,4,5-tetrahydro-1,4-benzothiazepine may be prepared from 2-nitro-5-
methoxybenzoic acid as follows. The nitro group of 2-nitro-5-methoxybenzoic acid is

reduced, using H, with Pd/C as a catalyst, to give 2-amino-5-methoxybenzoic acid. 2-amino-
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wherein Ris as defined above; (c) treating the

conpound fornmed in step (b) with a chloride and a
wohbwroeedhyl am ne, to form a conmpound havi ng f aCcmmiS2004/5632550

wherein Ris as defined above; (d) treating the

compound fornmed in step (cB4with a reduci ng agent and

a base, in the presence of tetrahydrolate, to forma

compound havi ng fonnul a: -30- wherein Ris as defined

5- meth@ka e@zm@@eld(rﬁ%y be @i@&dtﬁgdmﬁ 40 WRd tHeprrBaekdl Wits NESS,, to
a reducing a to forma conpound havin

provide @»s'iableahqu\ﬁ@ @impaRnils ﬁl@éﬁrﬁ@ﬂpmon{t@@mplemwl ide

compo ﬁ& R g%ng%ﬁt\gdtgvggl n%tﬁcf“% |'(110[ge efét%@g/xp@qezs%géroeﬁav aglltnlpg r}h the

present ¢ EtiNzt0tolivd di0andigenThé ﬁm&te&f@n@@hndfmay bl@en%@nve@éﬂjto a
. the disulfide in step (b) ma be Furthernore, the

cyclizedigogpraed vig aangof Byocaeyress gty Arpdicingdigasend (wgk as
vimca S 6B R TEL N 200 G W i B o

to a solulien Dﬁt’necalrrnge agﬂp‘dunldnn ﬁ'ffﬁb(tétei}lyﬂ&fcblhté@ Elhe fe0fl7i6} rébotion

mixtorE D i 2 R E 5 Srhedp SR 66 GG PYRRRHSS O R =
trlphen%hmé@egvé\sﬁl@ dﬁ{lfﬁ\ﬂle (S Cg) th &b hidGoagady- S)‘ v&f}ﬁé‘ﬁ’ |m szﬁ[ Ylhdergoes

H, wherein R can’be at position
intramela¢wlamneychoationonpr the |Chbpr1tdh o sltekba qfdlzeécaamtdleeahﬁ ngclazed amide

may g8 R SRee Rtk EOA TR i o Bl oo AR roitse Tanethony-
2,3,4 5&@@}{3@5 QB thidkepihe. FOVH1Q neRREHEHREMLA GrohPT MbtiRsxy-

rein Ris as defined above.
2,34 S—tetrahydro 1,4-benzothiazepine by reacting the 7-methoxy-2,3,4,5-tetrahydro-1,4-
benzothiazepine with 3-bromopropionic chloride, and then reacting the resulting compound

with 4-benzyl piperidine.

[0081] By way of example, and as shown in Example 8 and Scheme 2 below, radio-
labeled JTV-519 may be prepared as follows. JTV-519 may be demethylated at the phenyl
ring using BBr3. The resulting phenol compound may then be re-methylated with a radio-
labeled methylating agent (such as *H-dimethyl sulfate) in the presence of a base (such as
NaH) to provide *H-labeled JTV-519.

[0082] The present invention further provides a composition, comprising radio-
labeled JTV-519. Labeling of JTV-519 may be accomplished using one of a variety of
different radioactive labels known in the art. The radioactive label of the present invention
may be, for example, a radioisotope. The radioisotope may be any isotope that emits
detectable radiation, including, without limitation, 333, 3p, 1251 *Y, or *C. Radioactivity
emitted by the radioisotope can be detected by techniques well known in the art. For
example, gamma emission from the radioisotope may be detected using gamma imaging

techniques, particularly scintigraphic imaging.

[0083] The present invention is described in the following Examples, which are set
forth to aid in the understanding of the invention, and should not be construed to limit in any

way the scope of the invention as defined in the claims which follow thereafter.
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[0077] By way of exanple, a conpound having the

formula: Qwherein R=OR, SR, NR, alkyl, or halide
wanasR37wsal kyl, aryl, or H, and wherei n R canPO®U&2004/032550

position 2, 3, 4, or 5 may be synthesized as foll ows:

OQ HHP(VC NaNO HOZH I MpOH, t Na S 1) SOCl , PMs

re B fl N ux, THF, LiAIH "Br 2 JTV-519 (R=OH )

R=OR', SR*. NR, alkyl, halides; R =alkyl, aryl ,HR

can be a positions 2 3m@BfApph®R78] The method of the

present invention furthér provides a nethod for the

synihesi s obxAnFRIRIUNRY] AT R 531 ¢
[0084] FKBP12.6-deficient mice were generated, as previously described (Wehrens et
al., FKBP12.6 deficiency and defective calcium release channel (ryanodine receptor)
function linked to exercise-induced sudden cardiac death. Cell, 113:829-40, 2003). Briefly,
mouse genomic A-phage clones for the murine orthologue of the human FK506 binding
protein 12.6 (FKBP12.6) were isolated from a DBA/1lac]J library, using a full-length murine
cDNA probe. The targeting vector was designed to delete exons 3 and 4, which contain the
entire coding sequences for murine FKBP12.6 (Bennett et al., Identification and
characterization of the murine FK506 binding protein (FKBP) 12.6 gene. Mamm. Genome,
9:1069-71, 1998), by replacing 3.5 kb of murine genomic DNA with a PGK-neo selectable
marker. A 5.0-kb 5' fragment and a 1.9-kb 3' fragment were cloned into pJNS2, a backbone
vector with PGK-neo and PGK-TK cassettes. The DBA/lac] embryonic stem (ES) cells were
grown and transfected, using established protocols. Targeted ES cells were first screened by
Southern analysis, and 5 positive ES cell lines were analyzed by PCR to confirm homologous
recombination. Male chimeras were bred to DBA/1lac] females, and germline offspring
identified by brown coat color. Germline offspring were genotyped using 5' Southern
analysis. Positive FKBP12.6" males and females were intercrossed, and offspring resulted in

FKBP12.6" mice at approximately 25% frequency. FKBP12.6™ mice were fertile.

[0085] All studies performed with FKBP12.6” mice used age- and sex-matched
FKBP12.6™" mice as controls. No differences were observed between FKBP12.6” mice
raised on the following backgrounds: DBA/C57BL6 mixed, pure DBA, and pure C57BL6.

EXAMPLE 2 — TELEMETRY RECORDING AND EXERCISE TESTING IN MICE
[0086] FKBP12.6"* and FKBP12.6” mice were maintained and studied according to

protocols approved by the Institutional Animal Care and Use Committee of Columbia
University. Mice were anaesthetized using 2.5% isoflurane inhalation anesthesia. ECG
radiotelemetry recordings of ambulatory animals were obtained >7 days after intraperitoneal
implantation (Data Sciences International, St. Paul, MN) (Wehrens et al., FKBP12.6
deficiency and defective calcium release channel (ryanodine receptor) function linked to
exercise-induced sudden cardiac death. Cell, 113:829-40, 2003). For stress tests, mice were

exercised on an inclined treadmill until exhaustion, and then intraperitoneally injected with
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(a) treating a conmpound having formula: MO , CO H NO,
wWith a reducing agent, in the presence of an optional
woab@lopzs to forma conpound having formul a: eOY/US2004/032550
treating the conpound formed in step (a) with a
di azoti zing agent and a di-3¢{ fide, to forma conpound
having formula: (c) treating the conpound forned in
step (b) with a chloride and a chl oroethylanine, to
i r ca
eP e T B ey g
release ahimm:b (ryamvdmﬂeremp@@ré ﬁm@tlolﬁ linked talpxdrcieandyced @utﬂiﬂnmaailac

. A R g A0 g

over 4 form a conpound having fornula: [0079] The present
invention also provides a method for the synthesis of
a co o%nd haV| ng forrrula sald met hod _co r|S| ng |.-

.u.'n :§ A:}_‘.’ VAR .-..»“a L] rois) TS

[0087]WI t h %\Hﬁltra éH% Q)@'tﬁ%rPI@AQQJ%Qtr did&n mmﬁ%%yds%rformed

orm a conpound having formnul a:
as prev[di@@(k}esﬁybadﬁ(w ﬂﬂ‘eIES)eaHbJ K BRII6 &isﬁshtmmmdrdeﬁcaﬁp t@cipm release

nd Sch
channef, By pyiex easbior F St P BRbe i ausm sardiag A5t Cell

113.82914@F§(§63ﬁ HEXD93-dRi1s HRreXo Hﬁis%&‘éﬂh@ﬂﬂﬂ 20 figae R§RASwild-type (WT)
follows.” The nitro group of 2-nitro-5- hoxybenzai c

or mutz icBNA, and dwithelug @§ FK@RMWDMA@%I@ @a%E@haaip}@te pregpitation.
Veswle% contammgkyRZ channe o rg %?ezp%ire% as prev1ousl§@e&%ﬂb§é (Wehrens et al.,
FKBP12.6 deficiency and defective calcium release channel (ryanodine receptor) function

linked to exercise-induced sudden cardiac death. Cell, 113:829-40, 2003).

EXAMPLE 4 — RyR2 PKA PHOSPHORYLATION AND FKBP12.6 BINDING

[0088] Cardiac SR membranes were prepared, as previously described (Marx ef al.,

PKA phosphorylation dissociates FKBP12.6 from the calcium release channel (ryanodine
receptor): defective regulation in failing hearts. Cell, 101:365-76, 2000; Kaftan ef al., Effects
of rapamycin on ryanodine receptor/ Ca®)_release channels from cardiac muscle. Circ. Res.,
78:990-97, 1996). *>S-labelled FKBP12.6 was generated using the TNT™ Quick Coupled
Transcription/Translation system from Promega (Madison, WI). [’H] ryanodine binding was
used to quantify RyR2 levels. 100 pg of microsomes were diluted in 100 pl of 10-mM
imidazole buffer (pH 6.8), incubated with 250-nM (final concentration) [*>S]-FKBP12.6 at
37°C for 60 min, then quenched with 500 ul of ice-cold imidazole buffer. Samples were
centrifuged at 100,000 g for 10 min, and washed three times in imidazole buffer. The amount
of bound [*>S]-FKBP12.6 was determined by liquid scintillation counting of the pellet.

EXAMPLE 5 — IMMUNOBLOTS
[0089] Immunoblotting of microsomes (50 pg) was performed as described, with
anti-FKBP12/12.6 (1:1,000), anti-RyR (5029; 1:3,000) (Jayaraman et al., FK506 binding

protein associated with the calcium release channel (ryanodine receptor). J. Biol. Chem.,

267:9474-77, 1992), or anti-phosphoRyR2 (P2809; 1:5,000) for 1 h at room temperature
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5- met hoxybenzoi ¢ acid nmay be diazotized with and then

treated with to provide a stable disulfide conpound.
woosmatiofurt her purification, the stable di suPCTas2004/032550

conmpound may be treated with SOCI 2, and then reacted

wi th 2-chl oroet hyl am ne, 47t he presence of to' give

an am de. The am de conpound may then be converted to

a cyclized conpound via a one-pot procedure, as

(Relkeﬁ 0} 410WButa-BloCREIN Bdsifte EABRIRMNe]da8éHhnAS] function and improve cardiac
tri met hyl phosphi ne or tri phenyl phosphine) and a base

muscle(m;@nnametmlh@may haari feel)irmﬁyrcuézt@ddw 2459866 3P0 )i Irhedt2809-

H t et at , he.,.
phospHp St e PR TR AR b bR S PP B PR o oty
antibody;, cﬂ_ﬁ@mfrﬁﬁjcl&b}lwyrﬁﬁenﬁbdr&tbhmﬁ |Pﬁiiﬁ$dabl 08) Qilng the peptide,

triphen hi neg cl eaves the disulfide (S-S 2§)9
CRTRBHABSGPY PBevhicbponmoass o fis] PTGA DivaEigiaied & Ser™. After

mcubaﬁgﬁ W}i—;}gﬁd lﬂb%{egga&ﬁ:lrhlélﬁg {g@? Z. xhlglo%h II?E[ﬂsﬁl?crt]l{ogeI}fa'bS}agories,

Lexmgjt(ﬁd mé)d thel Hlbits vefd Edsjeldped kil (Eﬁm@rﬁeléhm Rhatniriciy Ppicaaway,
i nternedi ate, 7-nethoxy-

ND). 2,3,4,5-tetrahydro-1, 4-benzot hi azepi ne. JTV-519 may
then be prepared from 7-net hoxy-

2, 3, 4, 5- tgknamyde 8- srciancet ANREERBEORDINERCT | ng the

7-met hoxy-2, 3,4, 5-tetrahydro-T, 4- benzothiazepine with

[0090]3- br orEpeleshemict resRrdRgsHE nadyRIRYRE AOnEBIeESeiRFaftheoT recombinant
RyR2, R&%%é’lu%duﬂ%d %ﬁﬁ%ﬂg%e"‘%ﬁﬁg%o%ﬂ%%i aégiarﬁglﬁ gsd@’%grggh%%%é@g@ (Marx

etal, mwosmylmlém&eéoethtekmmﬁbﬁl the eﬂaiuﬁdreﬂ?éasé ohanaels .
may be denethyl ated at. the hen r|n usi n The
(ryanodige, mqep'wg) Srisridre r@swﬁtsw ﬁawgtlwerﬁs Gty Ll 5 ate

Symm{%(ﬁj:a%@u Sulf@g@ S‘%&’el w03 99;%;0 ap‘ab%libné‘s HEPES, 250

resence o ase such as
mmol/msa(om)z,pﬁomnmmmm suived @@eﬂﬂi‘dmﬁ B@(om)@&&z]repma iy €S OTD),);

o1 7 35N SR TULLEST \BEAKL 985 8 COMRRS! LLan, SOmpi) SEp 1 0

mmol/ECé%er@i(tﬁ hesl nﬁﬁdlﬂg pene39f Uﬂle‘é@Bﬂh@lthls@fndeafeﬁieﬁﬁQlE channels
radi oactive | abel's known in the art The radlgactlve

recordMggmerwﬁatﬂmm the p@eﬁmcz |0ﬁi/éle\/bECa‘rei)anEé 0-fdd [Mbga i the cis
compafifienC §urgBiss? atvh §rs HedRa o el itnon G Pl orh Bl im0ty of

all chainhdlé t Bhta@fore Snal¥hed ¥ dighlize@cufFentRactir@iagt L1ythg Fe@Rdrd §thvare
y the radi oi sotope can be detected by techniques wel |

(Axon Mﬁ@vmlqnﬁ; UngongGity, Gdoy All data are expressed as mean + SE. The unpaired

Student's 7-test was used for statistical comparison of mean values between experiments. A

value of p<0.05 was considered statistically significant.

[0091] The effects of JTV-519 on RyR2 channels are set forth in FIGs. 1-3 and Table
1 (below). As demonstrated in FIG. 3, the single-channel studies showed increased open
probability of RyR2 following PKA phosphorylation (D), as compared to PKA
phosphorylation in the presence of the specific PKA inhibitor, PKIs.;4 (C). Single-channel
function was normalized in PKA-phosphorylated RyR2 incubated with FKBP12.6 in the
presence of JTV-519 (E). Amplitude histograms (right) revealed increased activity and
subconductance openings in PKA-phosphorylated RyR2, but not following treatment with
JTV-519 and FKBP12.6. FIG. 3F shows that incubation of PKA-phosphorylated RyR2 with
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exanpl e, gamme enission fromthe radioi sotope may be

detected using gamma i magi ng techni ques, particularly
wecehisBgwaphi ¢ i magi ng. [0083] The present i nveariuszous325s0

described in the follow ng Exanples, which are set

forth to aid in the undersgandi ng of the invention,

and shoul d not be construed to limt in any way the

scope of the invention as defined in the clains which

e Rl SRER B e TONIT BaPtE et By ety

towarde/tiieeriglenanlaing di simdario el Oaf 4dy:pﬂ£d$nasa d)i’adlp(lb’hgihms}ﬂsteéthannels
ah, FKBP12.6 deficiency and defective cal ciumrel ease
channel (ryanodi ne receptor) function Iinked to
exercj se-i nduced suddfn car di ac deat h. Ct;e

Table }, Ambajaiyy %@33“*‘ Befors, dpringexercise, Apgifallowigg exercise and

injectign githsepinephmiee. nur i ne or t hol ogue of the human FK506

' bi nding protein 12.6 (FKBP12.6) were isol ated froma

DBA T Tac) 1 Drs%iy(msusﬂ{ﬂ R! Gl PR AT gj—"\"‘b’rc (ms)

exons 3 and 4, which contain the entire coding

paenees foré[ﬂgi' ne 59%%1239 (jBeny i €380 29106
1Epi

Ba 11
FKB ’tlrﬁi;% befﬂé’o’ ert t0|660 %E”i“f‘e 32419
FKB 1; rrurl :r'?el 3genom %:1

M vvlthaPGK-neo selectable marker A50kb 5'
a’” and %i 9- kb fra ;gogtlo EJ% _ljnt°33i16
vec t
iizﬁfgé@;; et m;f@ A e S
0 d %a ted using establls d pro ocols '
Tar get edhrES ceI I's were first screened by Sout hern

Post-ex %fxeép e
; @B 9 dfﬁ pos't ‘éiﬁs g5l '24'&?30‘&9"%3%;5! yzjﬁfiig

..spr der} fg‘ed‘:b o3a§ efosa%eirr?rméé?”

Posj ti ve FKBP s and +fema es Xver JF %frogsed _
Summagy,of aélf ryﬁ G KBP13:6 F tg n = 8) or control (n =
6), and FKRFAZ 6rrafticn %IWE 36 e S e
ms f'et"f”} de 0P 06’8?}]3 p%l@wé %%fsfor W VoKL Mg R BT 126

BY Letidedigisnt S8 sex- mat ched FKBP12.6 nice as control s.
No di fferences were observed between FKBP12.6 ni ce

EXAMPLE 7 — SYNTHESIS OF 1.4-BENZOTHIAZEPINE
INTERMEDIATE AND JTV-519

[0092] For the in vivo experiments, the inventors required a gram quantity of JTV-

519. However, initial attempts to prepare this compound via the reported 1,4-
benzothiazepine intermediate, 7-methoxy-2,3,4,5-tetrahydro-1,4-benzothiazepine (compound
6 in Scheme 1, below), were unsuccessful. The thio group of this intermediate is easily
oxidized by air to a disulfide compound, which makes the synthesis of cyclized product (5)
impossible. To overcome this problem, the inventors developed a novel process that starts
with the readily-available and inexpensive 2-nitro-5-methoxybenzoic acid (1). This process

is depicted in Scheme 1 below.
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rai sed on the foll ow ng backgrounds: DBA/ C57BL6 m xed,
pure DBA, and pure C57BL6. EXAMPLE 2 - TELEMETRY
WEERUBRBIMS AND EXERCI SE TESTI NG I N M CE [ 0086] PEKBR14632550
and FKBP12.6 m ce were maintai ned and studied
according to protocol s appBgved by the Institutiona
Animal Care and Use Committee of Col unbia University.
M ce were anaesthetized using 2.5% i sofl urane
i nhal : j ' I i
0093 B B e ot G (LB G AL S By/CR o
catalyst, rghva%mm@-ﬁaabthbmyﬂeamiaadid 2)(iDapantBefienyield. Compound (2) was

oSNk St 5L o TS0 e Ay FAERAR o

(3) with RENAGIAN eV RS R Bl @let phkfcdioaNthk kRKRAi§Afide ?3) was treated with
exer cl se-i nduced sudden cardi ac death. Cel

SOClL,13d 8k #acted 041B)2-clionocdylagyse, tiegtespresenoeo i, to give an amide

(4 in SERE SRS ComPo BBl Fam SRR Dhliaed GirnporGE 15436 b Be-pot
proced@fé‘ | yyeRhk Reth(tBinftiRAshosptikgind MERrig YIEHPEITHH cychi¥Fanlide (5) was
deficiency and defective cal ciumrel ease channel

then re@ugpgn@m thIngé@ et J-nfothnest oh 41T ieialy drer 1 ,4-benzothiazepine (6).
exerci se-induced sudden cardi ac death. Cell,
113:829-40, 2003). Resting heart rates of anbul atory
ani mal s were averaged over 4 h. EXAMPLE 3 - EXPRESSI ON
OF WLD TYPE AND RvR2- S2809D MUTANTS ,L.008/]
Mut agenesi s of themﬂﬁ%ﬁtm’cg h 4@, 100
Schemb RYR2- S2809D) was perforigd previtogyfy descri bed
(Wehrens et al., FKBP12.6 deffciency and “bef ecti ve
cal ciumrel ease channel (ryanodine receptor) function
| i nked to exerci se-jengL wsudden. cardige death. Cel |,
13: 829-40, 2003). HEK293 || sk8te C F ansf ect ed
with 20 ng of RyR2 wi | (WI) or mutant cDNA, and
with 5 ng of FKBP12.6 cDNA’ using a phosphate
precipitation. Vesicl ea@amt aj_ni ng&h Lhannel s were
prepared, as preV| rens et al,
FKBP12. 6 defi ci ency and def ecti ve cai ciumrel ease
channel (ryanodi ne wtor) fl n l'inked to
exer ci se-induced su car @i . Cell,
113: 829-40, 2003). EXAMPLE 4 - W“RZ PKA _
PHOSPHORYLATI ON AND FKBP12. 6 BI NDI NG [ 0088] Cardi ac SR ’
menbr anes were prepared, as previously described (Marx
[0094]et al ,JTRKALPkas prepeneld dlyireactidp sempoaide®) FKBRALRronfapospionic

fhe cal cium.rel ease channel (ryapodine . . ..
chloride, and %en reacting the result?ng proguct qu% Aﬂgenzy?plpendme. The structure of
JTV-519 was established by "H NMR.

EXAMPLE 8 — SYNTHESIS OF RADIO-LABELED JTV-519
[0095] The inventors' novel process for synthesizing radio-labeled JTV-519 is
depicted in Scheme 2 below. To prepare radio-labeled JTV-519, JTV-519 was demethylated

at the phenyl ring using BBr3, to give phenol compound (21). The phenol compound (21)
was re-methylated with a radio-labeled methylating agent (*H-dimethyl sulfate) in the
presence of a base (NaH) to provide *H-labeled JTV-519 (Scheme 2).



receptor): defective regulation in failing hearts.

Cell, 101:365-76, 2000; Kaftan et al, Effects of
woap@EmgTion on ryanodi ne receptor/ Ca™-rel ease chanusk@4/032550

fromcardiac nuscle. CGrc. Res., 78:990-97, 1996).

S-l abel | ed FKBP12. 6 was geme¥ated using the

TNT(t m) Qui ck Coupl ed Transcription/ Transl ati on system

from Pronega (Madison, W). [ H ryanodi ne bindi ng was

used to quantify RyR2 I evels. 100 ng of m crosones

were diluted in 100 m of 10esM i m dazol e buffer (pH

6.8), incubated with 258}nﬁWTT*QgL concgntration) |
S] - FKBR 4&%@ mn, th pshed~w t h 500
m of %@? buf fer. ﬁg W@’\@
centrlfuged at 100 OOO g oraHm A, and washed t hree
times Fn inmi d47H e buf f er 5, Jhg,sgmount ¥ bound [
Schemg? FkBP12. 6 was determined by 1iquid scintillation
counting of the pellet. EXAVMPLE 5 - | MMUNOBLOTS [ 0089]
| mmunobl otting of mcrosones (50 ng) was perfornmed as
descri bed, with anti-FKBP12/12.6 (1:1,000), anti-RyR
[0096]( 5029 Whilé ﬂ%ﬁg@ﬂ@ﬁﬁ%ﬁﬁ%ﬁ héd b@én' de@ﬁ&ﬁ iRsolk ﬁgtaﬂ f?r purposes
tei n associ ated the cal ci um rel ease channe
of clar(ty wahmmﬂm&iamhng pttwsﬂl)be app&cuited Ighem skilk@l7in Qde7 a1, Bgm a reading of

the disf g e: BRLwr Bk FERSSE b g Gaal gim b gade b i deprtily from

theﬂué&ﬁk@b@ﬂ&ﬁhﬁaﬂﬂhﬁﬁHﬁﬁ@ﬁmﬁﬁ@%ﬁ%&sfUnCt'On and inprove
cardi ac nuscl e performance in human heart failure.

Crcul ation, 107:2459-66, 2003). The P2809-
phosphoepitope-specific anti-RyR2 anti body is an
affinity-purified polyclonal rabbit antibody,

custom made by Zyned Laboratories (San Franci sco, CA)
usi ng the peptide, CRTRRI-(pS)-QIrsSQ which corresponds
to RyR2 PKA-phosphoryl ated at Ser2809. After

i ncubation with HRP-| abel ed anti-rabbit 1gG ( :5, 000
di [ ution; Transduction Laboratories, Lexington, KY),
the blots were devel oped using ECL (Amersham

Phar maci a, Piscataway, NJ). EXAMPLE 6 - SI NGLE- CHANNEL
RECORDI NGS [ 0090] Si ngl e-channel recordings of native
RyR2 from nouse hearts, or reconbinant RyR2, were
acqui red under voltage-clanp conditions at 0 nV, as
previ ously described (Marx et al, PICA phosphoryl ation
di ssoci ates FKBP 12. fromthe cal ciumrel ease channe
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(ryanodi ne receptor): defective regulation in failing
hearts. Cell, 101:365-76, 2000). Symretric sol utions
wagewd/Bows channel recordi ngs were: trans conpaPCmEIS2004/032550
HEPES, 250 mmol/L; Ba(OH) 2, 53 mmol /L (in sone
experinments, Ba(OH)2 was r-@pl aced by Ca(OHh); pH 7. 35;
and cis conpartnent - HEPES, 250 mmol/L; Tris-base,
125 mmol /L; EGTA, 1.0 nnDI/L and 0.5 mmol /L; pH 7. 35.
Unl ess otherw se indicatg Pﬁsngle channel s recordi ngs
were made in the presence of 150-nM[Ca ] and 1.0-mM
[Mpy] inthe cis conpartnent. Ryanodine (5 mV) was
What isplplmailist o the cis conpartnent to confirmidentity of
all channels. Data were analyzed fromdigitized
current recordi ngs using Fetchan software (Axon
NSt r Yrefbitod toTiRRide dr¥prevef¥ing @'dk:crg@sreqn BB evet BE ﬁ?ﬁ?doound
as nean SE. The unpaired Student's Mest was use
FKBP I2i¢aini assuibgest who npacarsimtmfor peenisy-aidresd betise arrhythmla
ment s
comprigi R Rating B5E i an e opiaoai Vr LS BRYERELS fmiterpreyenta
decreaseiin ByRvEARIRSH @ PRSP 1h0 ffthé Budjédes. 1-3 and Tabl e
1 (below). As denonstrated in FIG 3 t he
si ngl e-channel studi es showed increased open

grsog g?g}éairl}é%/}h?({ % Losp or y a&lflcéeﬁl Qg%st?‘h | pr % %%%S%ﬁd

FKBP 12hteisdjpeicddf drgpréteted ih thel subject iRK&reding@he level of phosphorylated
Si ngl e-channel function was normalized in
RYRZI@@K”H% $Shhoryl at ed RyR2 i ncubated with FKBP 12.6 in
the presence of JTV-519 (E). Anplitude histogramns
(right) reveal ed increased activity and subconductance
Gpeni Ate meth&KSE Pinos phvdreydiatiedsuBydeRis aduimamot f ol | owi ng
treatment with JTV-519 and FKBP12.6. FI G 3F shows
that i ncubation of PKA-phosphorylated RyR2 w t h- 38-

BKBP12r@ mdthod HEIRRES SNEeReiR thelsh¥jcedfas cscttycfuglgﬁmﬁel?gw

- dependence of RyR2 activation towards the right
polymarpliie vgniiriculsi taichgoardia (§RETCa - dependence of

unphosphoryl at ed channels. Table 1. Anbul atory ECG

data before, during exercise, and follow ng exercise

and | l'l]h%@ﬁétﬁkm o ciliinﬁplvﬂﬁﬁéiﬁ kEEam ek of BV -SHIR effepiRe tB%mlt or
Basel i ne FKBP12.6 10

preventgg@ecr@ge thhg 1ng£ éRyI%Z hmg@l E_KéP 526 upthe subject is an amount of JTV-

519 effective to treat or prevent exercise-induced cardiac arrhythmia in the subject.

6. The method of claim 5, wherein the JTV-519 treats or prevents exercise-

induced cardiac arrhythmia in the subject.

7. The method of claim 1, wherein the amount of JTV-519 effective to limit or
prevent a decrease in the level of RyR2-bound FKBP12.6 in the subject is an amount of JTV-

519 effective to prevent exercise-induced sudden cardiac death in the subject.

8. The method of claim 7, wherein the JTV-519 prevents exercise-induced

sudden cardiac death in the subject.
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99 5 608 32 33 0.6 9.3 0.3 32 2.7 32 1.9 TKBP12.6
+ JTV-519 116 9 527 43 33 0.4 10.0 : .3 33 1.3 30
wa 2005MBXI95 UM exer ci se FKBP12.6+/~ 80 2 752 18CPA&SB004/032550

8.7 0.4 30 1.7 33 1.6 FKBP12.6 + JTV-519 90 7 676 49

29 1.8 9.6 0.4 34 2.0 364D-9 + JTV-519 83 3 729 22

29 2 9.3 0.3 30 1.2 33 0.9 Post-exercise

epi nephrine FKBP12.6 94 4 645 28 35 2.6 9.3 0.4 33

D.8 34rit-RethsBildaith 1 wWikYein Wi dfdurft 0P PRV EY 03 rechvdt qg@it or

0.6 32 2.3 32 1.7 FKBP12.6 + JTV-519 103 4 585 20
prevenia decyqasg in thedevggofi RyR 2§ounBFIEBRARGYN tfe subfrat iatfomy aEOGS

ke/A8% & dduFERR ice treated with JTV-519 (n = 8) or
e gcg%t r%b{&u’(:n :%ésg?da nd FKBP12. mice treated with JTV-5

(n =5). SCL = sinus cycle length; HR = heart rate; ns
= mllLi seq%gi]g; tzg)pm = beats per. m nute; FKBP12.6 .
PRep13/% rUzygguecthedior limifpa or peventiugpidecgsase in the level

f RyRIGSouf b i ' isei -
o Gr T AP TN A S srippobppaiee
arthythmae. the in vivo experinments, the inventors required a

gram quantity of JTV- 519. However, initial attenpts
to prepare this conmpound via the reported 1, 4-

benzothinaaRpifeierdaithe bPBRyalie: ise-induced cardi ia i
T methoxy- o 3,4 SoTaCT By o e induqed cardiac arhythmia in a
subjecty s tifERdEninistesnE Y -319 théhowibjechir @ ameurt e&sstie to treat or

L. fthis inter late i s easily oxidized
mfvaﬁgggg%gh'%ggﬁgg%%v¢%%@x 8hﬁ§£eﬁmv%ﬁ'nakes t he
synthesis of cyclized product (5) inpossible. To

this problem the inventors devel oped a novel

3 gggggg fsiodatglaim 1 wheteitethe sardidoardydinniabs assagidted with
: . St § ; e s
catechol BN SperMic HR IR BERANEEPS 0710 (T hoog)

Reduction of the nitro group of compound (1), using
i th /| C as a catalyst., gave 2-am no-5-net hoxybenzoic
i d Eg‘j it lo&ﬁﬁfquf‘alt i YacsITeihg sulgesiis e Arndidate f@sxercise-

induced sudden cardiac death.

14. The method of claim 11, wherein the amount of JTV-519 effective to treat or
prevent the exercise-induced cardiac arrhythmia in the subject is from about 5 mg/kg/day to

about 20 mg/kg/day.

15. Use of JTV-519 in a method for treating or preventing exercise-induced

cardiac arrhythmia in a subject.

16. A method for preventing exercise-induced sudden cardiac death in a subject,
comprising administering to the subject JTV-519 in an amount effective to prevent exercise-

induced sudden cardiac death in the subject.

17. The method of claim 16, wherein the exercise-induced sudden cardiac death is

associated with catecholaminergic polymorphic ventricular tachycardia (CPVT).
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di azotized with and then treated wth to provide the

stabl e disulfide conmpound (3) with 80%yield. Wthout
woéuaodshariopuri ficati on, the stable disulfide (3PCWaS2004/032550

treated with SOCI 2, and then reacted wth

2-chl oroet hyl am ne, in thed4presence of to give an

amde (4) in 90%yvyield. Conpound (4) was converted to

cyclized conmpound (5) via a one-pot procedure by

ref | uxpyd ' ' ' A .
& TPg hbihbd b?@%ﬂﬂmgg,hﬁég%h?fged%ggg{t 5g J16.5 lﬁl@fectnée to prevent

cyclized am de with LIATL ¢
the exegreie¢-thdneerbsuddry e didc deBh tie theahdrtos ot Heuz 6 tnkg/bg/day toeabout
20 5:{6) Scherme 1 [0094] JTV-5 was prepared by reacting
mg/kgi¥und (6) with 3-bronopropionic chloride, and then
reacting the resulting product with 4-benzyl
pi peridine. The structure of JTV-5 was established by

HNVR. A Byt for glenti SvingraiEsgest Or usAD e Y9RBEE EReTgFe-induged

0 The inventors' novel process for synthesizing
Sudder{rcaag‘?%% fl%laglglcé)glpgﬁ?\l}-%éﬁfgﬂf’%s %épi cted in Schene 2 bel ow.
T@) pr egrasiging a4 igondratied 2elilthifd/obeells ddvtaminERyR2;

denet hyl at ed at the phenyl ring using to give phenol

Bhpoivatacting thepsls B Rglandidalsdg: (21) was

rey met ' 1.0= : 3! ent

et o E el ol SHEURG LA B bR, o'
phosplpryviicieofRyRD & @dlsJaid- 519 ( Schenme 2).-40- BBr Schene 2

CH SO [ 00 VWi |.e .t he foregoing invention h
Jabe Phesmba b0k aghe G OF PreRE g et gre B ek ayR2-
bound #RBUAILMTHEBIsNg, 1t will be appreci ated by one
skilled in the art, froma reading of the disclosure,

that various changes in formand detail can be nade

| 1 ho departi fr true sco of the invention
¢ hethepBRat P e 1T Ao etrRERifefier 851 almed 1 o
.ﬁsﬁ ”Edd%iﬂlilﬁiﬁ%i/ﬂ th&hidndBaDin FFRY 6R bh RIRA- MK R@EBioldgical event
, the | evel of R2- bound FKBP12.6 in a subject who is a
in the ¢ellsdi dat e for exercise-induced cardi ac arrhyt hni a,

21.  An agent identified by the method of claim 19.

22. A method for preventing exercise-induced sudden cardiac death in a subject,
comprising administering to the subject the agent of claim 21, in an amount effective to

prevent exercise-induced sudden cardiac death in the subject.

23. A method for identifying an agent for use in preventing exercise-induced
sudden cardiac death, comprising the steps of:

(a) obtaining or generating an animal containing RyR2;

(b) administering a candidate agent to the animal,

(c) exposing the animal to one or more conditions known to increase
phosphorylation of RyR2 in cells; and

(d) determining if the agent limits or prevents a decrease in the level of RyR2-
bound FKBP12.6 in the animal.
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conprising admnistering to the subject an anount of

JTV-519 effective to limt or prevent a decrease in
woheoslevies of RyR2-bound FKBP12.6 in the subj eeCT/UR2004/032550

The nethod of claim 1, wherein the decrease in the

| evel of RyR2-bound FKBP124%. is limted or prevented

in the subject by decreasing the I evel of

phosphoryl ated RyR2 in the subject. 3. The method of

l.ai m.1, [ e he [ Toxdp e S a [V 14soYe! . The et hod
%ﬁ'clgﬁﬁfﬁg 9 %Q%%ﬁl%%gﬂé%%fggin%gg catg%ﬁ%laninergic
) Y "lefintiv@iftihd sgehthast acdiiecasanR {RPMIJocided Hihpgical event
. met hod of claim 1, wherein the anount of J - effective
inthe angmpli i t or prevent a decrease in the |evel of
RyR2- bound FKBP12.6 in the subject is an anount of
JTV- 519 effective to treat or prevent
eser ciseagandidesatifiebbyiteonethohyf daie23.n t he subj ect. 6.
The nmethod of claim5, wherein the JTV-519 treats or
prevents exerciseinduced cardiac arrhythma in the
Sigh] €A method BEIHERLARE9bF £ E@dhpauhd HebRpEbAntlle amount
of JTV-519 effective to limt or prevent a decrease in
the level of -_'Qnd FKBP12. in the subject is an
amount of JTYW ™349 drfective to prevent
exerci se-i ndukgghsudden cardi ac death in the subject.
8. The method of € aim7, wherein the JTV-5 prevents
exercise-i nduced sudden car

ac death in the .
whereig hbT&JY', SBPNRY allgsheorigtifie an Al 1) Qg vhepin R can be at
s n f B ' ispt or prevent a

positiofy 2 474 £, %aT%/ﬁgﬁfag\efng&o;iféinéglﬁeézlgg%éudr?d FKBP 12.6 in the

Siapj ecireatiag hrcompatmolavingipitogladay t o about 20

ng/ kg/ day. 10. Use of JTV-519 in a nmethod for limting

or preventi Rg .a, d8&kease in the |evel of RyR2-bound

FKBP12.6 in aj sybject who is a candi date for

exerci se-i nduceéd Mardi ac arrhythma. 11. A nmethod for

treating or preventing exercise-induced cardi ac

o A PSP R R SIPAREL  8 spppoon

havingOformula:
' R‘@:C;%H

wﬂz:[aﬁﬁ

wherein R is as defined above;

(b) treating the compound formed in step (a) with a chloride and a

chloroethylamine, to form a compound having formula:

g
P iﬂ
ﬁﬁga‘v’“ﬁ;

wherein R is as defined above;
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prevent the exercise-induced cardiac arrhythma in the
subject. 12. The nethod of claim, wherein the cardi ac
wanroisshiysa i s associ ated with cat echol am ner gPCT/US2004/032550
pol ynor phic ventricul ar tachycardia (CPVT). 13. The
met hod of claim 11, wherei-A5t he subject is a candidate
for exerciseinduced sudden cardi ac death. 14. The
nmet hod of claim, wherein the amount of J - effective
t(e) t r andatifg tHer@updlnd RENRYE & &b &b)ivAtUS Aliu6RE Glod® and a base, in
arrhythma in the subject is from about 5 ng/Eg/day to
the preganse of tetrahyirrlgtes i/ form a gpapeung having fgrmyda:hod f or
treating or preventing exercise-induced cardi ac
arrhythma in a subject. 16. A nethod for preventing
exer ci se-i nduceg, sudden cardi ac death in a subject,
conprising;@duglﬁ,gering to the subject JTV-519 in an
anmount effecﬁlﬁe tY prevent exerciseinduced sudden
cardi ac deat ™ Msthe subject. 17. The nethod of claim
16, wherein the exercise-induced sudden cardi ac death
is associated with catechol am nergi c pol ynor phic
whereig 8qs af definad aba¥siycar di a (CPVT).-43- . The nethod of
im - rei nat  of V-5 eff.ective to
JUE, erifeat O Zolhob U AR e 1 5 Sl b o fyrm
compotultbhsig foeiulas from about 5 ng/ kg/ day to about 20
ng/ kg/ day. 19. A nmethod for identifying an agent for
use in prevugnting-exercise-induced sudden cardiac

deat h, conprgﬁnﬁy the steps of: (a) obtaining or
*uré of cells containing RyR2; (b)

generating a “epfhl
contacting the cells with a candi date agent; (c)

“&wﬁﬁgﬁgpsiggﬁgﬁe cells to one or nore conditions known to
1ot 8 Se RGBSy ation of RYR2 in cells; and (d)

determning if the agent |imts or prevents a decrease

in the level of RyR2- bound FKBP12.6 in the cells.
27.  The method of claim 26, wherein the diazotizing agent in step (a) is NaNOs.

28.  The method of claim 26, wherein the disulfide in step (a) is Na,S;.
29.  The method of claim 26, wherein the chloride in step (b) is SOCl,.

30.  The method of claim 26, wherein the reducing agent in step (c) is

trimethylphosphine (PMes).
31.  The method of claim 26, wherein the base in step (c) is triethyl amine.
32.  The method of claim 26, wherein the reducing agent in step (d) is LiAIH,.

33. The method of claim 26, wherein the compound in step (a) having formula:

Rjijj:m%H
NHy



20. The nethod of claim 19, further conprising the
step of: (e) determning if the agent has an effect on
wanoRypR21associ at ed bi ol ogi cal event in the cebPCEUS2D4/032550
- -An agent identified by the nethod of claim. 22. A
met hod for preventing exerdbse-i nduced sudden cardi ac
death in a subject, conprising adm nistering to the
subj ect the agent of claim2l, in an anmount effective
: DI ' &r.§}S s, ud ' i:
here o RS SR S PRUG AR R TR, B0 AR ST can be a
positionge 3j 41 opiSeisemhthagzaker € nethod rdupading tlddsep cfr di ac

deat h, caonprising t steps of: (a) obtaining or
JEher aEAG R oAl EDHE SIS o, (b)
adm ni sterispg a %Q}QPI date agent to the animal; (c)
exposi ng the v T to one or nore conditions known to
i ncrease phosp#ogul ation of RyR2 in cells; and (d)
determining if the agent limts or prevents a decrease
in the | evel of RyR2- bound FKBP12.6 in the
and mal. .~ 44- T f _clai r [
5 wherelf K% deitisq e, U TP pel, Al Srised o B bpions catalye
to fornhasompowidlesingoformulaRy R2- associ at ed bi ol ogi cal event
in the animal. 2 . An agent identified by the nethod
of claim2 g 28 .dpethod for the synthesis of a
conpound havilhgjfornula: 'UH wherein R = OR, SR,
NR , al kyl, or*hafhde and R = alkyl, aryl, or H and
wherein R can be at position 2, 3, 4, or 5, said
mej hod ¢ i,Sing the steps of: (a) treating a
where@%{';&?aﬁlaﬁ%q%ef ormul a: wherein Ris as defined
above, with a diazotizing agent and a disulfide, to

forma conpound havi ng fornul a: . ) .
10 34.  The method of claim 33, wherein the reducing agent in step (e) is Ha.

35. A method for the synthesis of a compound of having formula:
O
oCTOL
$

15 wherein R = OR', SR', NR', alkyl, or halide and R' = alkyl, aryl, or H, and wherein R can be at
position 2, 3, 4, or 5, said method comprising the steps of:

(a) treating a compound having formula:
Rﬁmﬁ
NH;
wherein R is as defined above, with a diazotizing agent and a disulfide, to form a compound

20  having formula:
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wherein Ris as defined above; (b) treating the
conpound fornmed in step (a) with a chloride and a
wohbwroeedhyl am ne, to form a conmpound havi ng f acmmiS20046B2550
H wherein R is as defined above;-45- (c) treating the
compound fornmed in step (hyywith a reduci ng agent and
a base, in the presence of tetrahydrolate, to forma
conpound having fornmul a: wherein Ris as defined
.above; reating the conpound fornmed in step (c)
Whmﬁ%ﬁ&ﬁ%agdggﬁﬁgﬁﬁﬁeagent, to forma conpound havi ng
f(ey muligsatink eetiomduns fameded stog (a)atidyechldride didea met hod
of claim 26, wherein the diazotizing agent in step (a)
chlorogtBylagaiges to fogm argpanpanA 5aViBe [UMan 26, wherein the
disulfide in step (a) is 29. The method of claim 26,
wherein thegschlokidec n step (b) is SOCb. 30. The

nmet hod of cl 2B, “Wherein the reduci ng agent in step
(c) is trimeth I@hosphine 31. The nethod of claim 26,
wherein the hn step (c) is triethyl am ne. 32.
The nmethod & I'TH 26, wherein the reduci ng agent in

step (d) is LiAffIL 33. The nethod of claim 26,
wherein the conpound in step (a) having fornul a: - 46-
whereihR iedsdafined @ove; SR | NR, alkyl, or halide and R =

gl,cj(zl, ’tge?ﬁié% 'tllwg og&!)%uﬂﬂ Gorth rngsklf%g%r%g\?lﬁ% Cedilci Lbhi £ a2base, in

nthesi ze conprising the

the presérep offetrahgdrolatgas foren @canpmuad hdving\fomgulbor mul a: " MQ
wherein Ris as defined above, with a reducing agent,
in the presence of an optional catalyst, to forma

conmpound havi ng fornmu a:
R oo, 7 NH
@

wherein R is as defined above;
(d) treating the compound formed in step (c) with a reducing agent, to form a

compound having formula:

wherein R is as defined above;

(e) treating the compound formed in step (d) with 3-bromopropionic chloride and

{0

to form a compound having formula:
o O
A/

wherein R is as defined above.

a compound having formula:
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wherein Ris as defined above. 34. The nethod of claim
33, wherein the reducing agent in step (e) is H. 35.
wé 2ostonoidsf or t he synthesis of a conmpound of haeTmg2004/032550

formula: wherein R=OR, SR, NR, alkyl, or halide

and R = alkyl, aryl, or H48nd wherein R can be at

position 2, 3, 4, or 5, said nethod conprising the

steps of: (a) treating a conmpound having formul a:

wherein Ris as defined above, with a diazotizing

agent and a disulfide, to forma conpound havi ng

36 mul Bhe mthodhEeleinn3 R wisras thkeéanyguind hovtep (4)dlaving formula:

treating the conpound formed in step (a) with a

chl ori de an8., Hicgit oet hyl am ne, to forma conpound

havi ng fornqu;jﬁpwlwherein R is as defined above; (c)

treating the conpétund formed in step (b) with a

reduci ng agent and a base, in the presence of

5 I vd vl f [ ﬁpﬁvp_o | f .
Wherel\%\l/l?er gjlyn’ %Qf gﬁ%salﬁ e’fqrglggaé;%ove; %‘g ?1’ ? %’a({}%fga%? @e?em R can be at
positica@ppodired 5t Brsyrifiesizedsiyepmethbd woinprising ekkbistepof: agent , to

faorm a,  conmpound having fornmul a: wherein Ris as

dgfineHeﬁHEVEPnﬁﬁyn@PEQPgﬁ@n% . compound formed in

step (d) with 3

,égpnpropionic chloride and a conpound
havi ng f or miny To"form a conpound havi ng fornul a:
wherein R is%assgefi ned above. -48- 36. The met hod of
claim 35, wherein the conpound in step (a) having
formula: wherein R=OR, SR, NR, alkyl, or halide

whereift I?éjis %s dgﬁgéé( é’blo’ve,av{li)(lll a re%%cigg a%gﬁjt, %/r\ihtﬁg s{rers]en%e %300 k3pte1onaafl catalyst,

to form a compound having formula:
Qﬁ(}mﬁ
NH,
wherein R is as defined above.

37. A method for the synthesis of a compound having formula:
Meog“NH
)

said method comprising the steps of:

(a) treating a compound having formula:
N,

with a diazotizing agent and a disulfide, to form a compound having formula:



position 2, 3, 4, or 5, is synthesized by a nethod

conprising the step of: (f) treating a conpound havi ng
woéaompBaswherein R is as defined above, w th aCT/US2004/032550

reduci ng agent, in the presence of an optiona

catalyst, to forma conpoudf- having formula: ,COH "' HH

wherein Ris as defined above. 37. A nethod for the

synt hesi s of a conpound having fornula: said nethod

conprising jhe st of: (a) treating a conpound
havi ng fornu E?( .,COH"NHwWth a diazoti zing

agent and a di ide, to forma conpound havi ng
formul a: -49- . (b) treating the conmpound forned in
step (a) w ride and a chl oroet hylam ne, to

forma conpound having fornula: JCf (c) treating the
conpound fornmed in step (b) with a reduci ng agent and

as [.n the presence of .tetrahydrolate, . to forma
i T N e B R LR Ay
chlorodt@ylamehel b BHAR doflpothd Haﬁn%fdi’ﬁﬂld?g agent, to forma
conpound having fornula: 38. The nethod of claim 37,
wherein the,go pofund ign step (a) having fornula: is

synt hesi zed b Nt od conprising the step of: (e)
treating a conp® gld having formul a:-50- ,CO H

H
M Nt

5 (c) treating the compound formed in step (b) with a reducing agent and a base, in

the presence of tetrahydrolate, to form a compound having formula:

Meo(ﬁj

(d) treating the compound formed in step (c) with a reducing agent, to form a

10 compound having formula:
MeQ, NH
Io@),
38.  The method of claim 37, wherein the compound in step (a) having formula:
MeQ. COnH
L,

is synthesized by a method comprising the step of:

15 (e) treating a compound having formula:



with a reducing agent, in the presence of an optional
catal yst, to forma conpound having formula: NH 39. A
worbisad7™d6r t he synthesis of a conmpound havi ngpPEomseioan32550
0 said nmethod conprising the steps of: (a) treating a
conpound having fornmula: "B02 with a diazotizing agent
and a disulfide, to forma conpound havi ng fornul a:
ACOH CO H (b) treating the compound forned in step (a)
with a chloride and a chloroethylamne, to forma
conpound havipg forgalla: . CS -51- (c) treating the
conpound forne step (b) with a reducing agent and
a base, in the rce of tetrahydrolate, to forma
conmpound having formila: (d) treating the conmpound
formed in step (¢c) with a reducing agent, to forma
. conpound having formula: Me(X . H (e) treating the

with a gesivpingagettomrthel presense @ a1 dptiovial patalykly tniopm@piooniognd having

ghloride and a conpound having fornula: to forma

compound having formula: 40. The method of claim 39,

wherein th onpo in step (a) having fornula: is
synt hesi zecef‘n%lﬁod conprising the step of:
NH,

formul

39. A method for the synthesis of a compound having formula:

0
)
said method comprising the steps of:

(a) treating a compound having formula:
NH,
with a diazotizing agent and a disulfide, to form a compound having formula:
Mm\@COgH
MQQEOZH

(b) treating the compound formed in step (a) with a chloride and a

chloroethylamine, to form a compound having formula:
o

Meo\C(‘LN/\,CE
H
S

$



(f) treating a conmpound having fornula:-52- with a
reduci ng agent, in the presence of an optional
woab@lopzs to forma conpound having formul a: ReEOUSEDOHI032550
NH
-51-

() treating the compound formed in step (b) with a reducing agent and a base, in

the presence of tetrahydrolate, to form a compound having formula:

MeoCbﬁ

5 (d treating the compound formed in step (c) with a reducing agent, to form a

compound having formula:
M@O\©\/‘NH
v

(e) treating the compound formed in step (d) with 3-bromopropionic chloride and

a compound having formula:

10 HN: j (j

to form a compound having formula:

15 40.  The method of claim 39, wherein the compound in step (a) having formula:
MGO\(:(COQH
NH,

is synthesized by a method comprising the step of:

® treating a compound having formula:



WO 2005/037195 PCT/US2004/032550

-52-

Mw\@COQH
NO,
with a reducing agent, in the presence of an optional catalyst, to form a compound having

NH,

formula:



