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Continuation-in-Part Patent 5 Application Serial No. 10/809,089, filed on
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Pat ent Appl i calOVEL SNTI-aRRNY.THMIC7A3D #FART RAAUURE DRUGSITHAZ ZLARGETHE whi ch
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cal ci um handlheneby lncprngtmb)duetemntertbmqoatl ents 25 with end-stage heart
failure. Grc. Res,, 61:70-76, 1987). In healthy heart nuscle, and in other
striated nuscle, calciumrgf Eﬁ*ﬁ@i’f hﬁ“Iﬁ ERRRTasm ¢ ret|]E:uI um
(SR), includin ryanodi ne rece tors aC| i tatg ColﬂpClil n% oPOiam
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(Ca2+) is released fromthe SRinto t surroundi ng ¢ asm In heart

failure, contractile 30 abnornalities result, in part from alterations in
the signaling cascade that aBASKCRQIENRQF I’EFCINVE TION
[0003] Despite advances in treatment, congestive heart failure remains an important

cause of mortality in Western countries. Heart failure affects 5 million individuals in the

20  United States alone, and is characterized by a 5-year mortality rate of ~50% (Levy et al.,
Long-term trends in the incidence of and survival with heart failure. N. Engl. J. Med.,
347:1397-402, 2002).

[0004] An important hallmark of heart failure is reduced myocardial contractility
(Gwathmey et al., Abnormal intracellular calcium handling in myocardium from patients

25  with end-stage heart failure. Circ. Res., 61:70-76, 1987). In healthy heart muscle, and in
other striated muscle, calcium-release channels on the sarcoplasmic reticulum (SR), including
ryanodine receptors (RyRs), facilitate coupling of an action potential to a muscle cell's
contraction (i.e., excitation-contraction (EC) coupling). Contraction is initiated when calcium
(Ca¥) is released from the SR into the surrounding cytoplasm. In heart failure, contractile

30  abnormalities result, in part, from alterations in the signaling cascade that allows the cardiac

action potential (AP) to trigger contraction. In particular, in failing hearts, the amplitude of



action potential (AP) to trigger contraction. In particular, in failing
hearts, the anplitude of 2 the whole-cell Cat  transient is decreased

(Beuckel mann et al., Intracellular calciumhandling in isolated ventricular
nyocytes frompatients with termnal heary failure. Crc., 85:1046-55,
1992; CGomez et al., Defective excitation-contraction coupling in

experinmental gRhoRGell QYPeBAGEGP R edOEed BBIckelfrdhd 4148, InSSdeRilStalciitianilip 06,
1997), and the duration is prolonged 5 (Beuckel mann et at, |ntracellular

cal ci um hand! figelsted YeaBicaleemyaratse From pptispts Wb dgrmanel heag failuea Cirend S 101655
term nal hearf9draghméLer ol ﬂié?ecﬂv@é«:éeglﬂﬁ'céﬁractijo%%&)plm& X drithetial cagiar r hyt hm a,

a common feature of heart failure, associated with SR Ca 2+

| eaks in str uémﬁ@lph)yafﬁ‘d}e%faﬂhféaﬁegce ﬂﬁ &Oﬁé)éew%)s%“h% fraatipgds prelgngsdn

mechani sm or g eidghind 2 é"ln%ﬁl@élﬂh?&@d"ﬁﬁhzi?ufihanqmébla?er@ﬁtnElﬁ&rthy%@}‘té’s' feont S
abnor mal aut OITB.tI ci t%; form of abnormal automaticity, known as

triggered arr Ratiehigiwat tqr@"’&b@é@l‘f ueedCirg- £ 83: 104061 A4 r el ease of SR Cat', which
initiates del %ed after-depol ari zati ons, or DADs (Fozzard
Aft er depol ar i 1885lons afdrdiaciaghahmig, aeommpntipturgaldiesrt fad gren@kﬁwwbe 87: 105- 13,

1992; Wit ang's @ﬁm aPoR hWﬁBéﬁé lelsmu@au%smmhem m&hegeacragbsatﬁe Abst BorkdigH as.

Am Heart.!, 106:798-811, 83). are abnormal depol arizations in
car di orryocyt e§icghgpipm &@muctmae# malsterpaemf sentricylar Behyedrdia isehnrogmal @utgmpticsh

potential 1oThgnmhﬁsf:ub%mtamtémtherty,tmsw@m:lgg@éda%lﬁ fria, is dsedcBaRISvilEhat

results in DADS has not been el uci dat ed. However DADs are known to

be bl ocked byatreyélﬁ@maﬁ@fsﬁr%hHhﬁé“’é\?teéléﬂ@éd efiezdlemmiarizations; opPADs doratd. r ol e i n
the pathogengsq SARer%pGlaﬁzﬁQEJ Jn@%‘igg%@%a“cn‘b@ RS RENVBERAN, €1 1313, Meshgii sms  of

arr hyt hnogeni c and early rdepol ari zations in ferret ventricul ar
muscle. J. C pnl RqsmBstbophysmloa.lg_sscl@msrgszof 011936 arrndbmyiag den. Beprad.dl (9e198i81 1L, ATP

pronot es deve tivity in
cardi ac wocyé%yémb%reqhﬁm of‘m’l"%?& 05 11 19g&§ﬂ&%§86§&me npst

conmon cardi atspelerizayierthefiagraidine Actinamatential. aThelrmleCfliabbauslls ffoa thechnqrgl)SR G’
represents a &rha‘%?e‘élﬁl% IP%AEQER'nQi%X %P:TdBt@h f-{?éwéngLiSHD Ere%own to

Epi demi ol ogy a nat ur a I stor atr IbrillTation: | ni cal
i nplications. b@blmed@mlrjfanodjaﬁ,dir@lldmg @1degehal 8yR20@ 1 plag B kPatole infheH, , Atri al

fibrillati Onh%z;\ilo\gg@gls of tins a%gam CaaAérerQ@arZQTAeﬁgﬁ%gch%%quftaﬁh rgogcélu' ni cal

i nportance, treatnment options een Timt due, in
part, to the édayed andeatly aﬁtequpnldezahynsngfermﬂ veottbdar musclaah Céngnaste 7§1d>b‘85I-y

under st 00? [ 99 93816 5‘81% aﬁ%?nﬂd?neﬁl, g 5Fevgg)tpliagrnto§a er%}eyg%nza%ns%‘ng ease die

fromfatal cardiac’ R as rac art nras are often
ventri cul ar i migpa¢dacavityl in czsrdraemaczyms,AnaJ Physiol., 267:H2005-11, 1994).
[0006] The most common cardiac arrhythmia in humans is atrial fibrillation (AF). It
represents a major cause of morbidity and mortality (Chugh ez al., Epidemiology and natural
history of atrial fibrillation: clinical implications. J. Am. Coll. Cardiol., 37:371-78, 2001;
25  Falk, RH,, Atrial fibrillation. N. Engl. J. Med., 344:1067-78, 2001). Despite its clinical
importance, however, treatment options for AF have been limited — due, in part, to the fact

that its underlying molecular mechanisms are poorly understood.

[0007] Approximately 50% of all patients with heart disease die from fatal cardiac
arthythmias. Such fatal cardiac arrhythmias are often ventricular in nature. In some cases, a

30  ventricular arrhythmia in the heart may be rapidly fatal ~ a phenomenon referred to as "sudden
cardiac death” (SCD). Fatal ventricular arthythmias (and SCD) may also occur in young,

otherwise-healthy individuals who are not known to have structural heart disease. In fact,



30 ventricular arrhythma in the heart may be rapidly fatal - a phenonenon
referred to as "sudden cardi ac death" (SCD). Fatal ventricular arrhythm as
(and SCD) may al so occur in young, otherw se-healthy individuals who are
not known to have structural heart diseasg. In fact, 3 ventricular
arrhythma is the nost conmon cause of sudden death in otherw se-healthy

i ndi vidual s. [Gf@Rar Jﬂﬁmlsammmmnommémsa&ﬁeﬁ da@iinlothepistchehlgghy car di a
(CPVT) is an _inherite sorder in individuals with structurally-nornal

hearts. It ism4iualsierized by stress- 5 induced ventricular tachycardia - a
| ethal arrhythm a that may cause SCD. |n subj ec hysi cal
exertion and/ &t008k r ess an?(‘]%fg"émB‘?r%I‘F PelxmPighig Ve %Fa%FVW()(&NFglsﬁgnt ricul ar
tachycardi as tfatitel 8@6tdérGn REWiduils WitE stARBRING Dofhal HEHS.Clt ddYharatibrized by streks- hear t

di sease (Laitinen et at, Mitations of the cardiac r an ne receptor (RyR2)
gene in fari Il“?ijluce&d’lemliiﬁ?cbyca%"nﬁ‘egﬂ]l agthyth {0 [ %Eb %\’g R it

103:485-90, 2@eir, ﬂ@gw@mﬁom&m@i suess%mgkﬁmnnmn%sp&ﬁn&pmlym&rnmat:
ventri cul ar tachycardl a in chil patients

Tl St o e Vgt leatlsg SCDh (g psonse of geecteblBy el baert deshssLtigen er

charact er i zat izp"M@htiond 8f the Brdiad¥yhlddmd tREHI (R ewlﬁfmhwﬂseryﬁlh icventricul ar
tachycardi a. g:l r cul aq[I on, 106: dé\'é/ gﬂw( M% ri et at, Mt a{p?ons in the

cardi ac ryanodPrﬁ’écullaééaébfcéﬁd‘aggﬁ@‘lf’{?w]@é)“sﬁ%épq“l éee“!?%ffib"é%’l Gtschelprgingraic

pol ynmor phig V%ﬁ,ﬁlb@mcaen&@EM&ﬁycdwﬁ in Ghildedal @tJywafoula%pJ&% 2A2a8001; 15 Swan
et al., Arrhythm c disorder to chronmosone |1g42-q43 causes mallgnant

pol ynor phi ¢ vE&fe¥péam & l%léclﬁy]é’ﬁgd) rigrijefyals Chpjgal ﬂ?da‘PPlﬁc%rch"d?Ct%gfoPé’ J. Am
Col | . Cordi al pat1en§$1t%@§t§cl@%mn§'e9g9@ﬂolyrﬂ&ﬂ@@aenga il ﬂa@\y@d’t@ﬂ%&%‘bh Voé:p51e4,i t ed

in an autosomal -dom nant fashion. Individuals wth VT have ventricul ar
arrhyt hm as wA%H: Biigsj ¢t Sutetiens jnethe pasdiac mgnodige repeptor gzme GRYRY) ypdeglis hyt hiri as

at rest. Linkaggnshiilon® MhAbCRhrREBINGLAT RANSIGHHE N[ detbomuoal [ ons 1n

t he human RyR2 gene, hrionosone 192q€;, |n|n|V|duasvv|t

(Lai tinen lét §tvan etwb{éltflay@mwéﬁor@%m@a?ddpa omgsem§dAed43<aesss BRlgNAYIR2) gene in
fam lial pol yww&bﬁlcw&ﬁﬁ&na@wcﬁ{cardﬁaﬁEﬁiﬁﬁmyaomgl ﬁ&HL@tmrtoul@érdf’o% 90,

2001; Priori ., Mutations 1 n the cardi ac ryanodi ne receptor gene
(hRyR2) under M %03c§af’t2eb9}98] am nergi ¢ pol ynorphic ventricul ar tachycardia. 25
Circulation, 103:196-200, 2001; Swan et at, Arrhythm c disorder napped to
chromosonme  1§999q43 c&RY&ds pradarypaatly mbesitgdia ap tesopehdomipant Sshiemchycar di a i n

structural 'y pVidalsRERCHE/T hate MrickRk erh)@f?ﬁlgs‘ Wen sub}ékte%qg’é(eﬁ%e, b8 hot

20  develop arthythmias at rest. Linkage studies and direct sequencing have identified mutations in
the human RyR2 gene, on chromosome 1q42-q43, in individuals with CPVT (Laitinen et al.,
Mutations of the cardiac ryanodine receptor (RyR2) gene in familial polymorphic ventricular
tachycardia. Circulation, 103:485-90, 2001; Priori ef al., Mutations in the cardiac ryanodine
receptor gene (hRyR2) underlie catecholaminergic polymorphic ventricular tachycardia.

25 Circulation, 103:196-200, 2001; Swan et al., Arrthythmic disorder mapped to chromosome
1q42-q43 causes malignant polymorphic ventricular tachycardia in structurally normal hearts.
J. Am. Coll. Cardiol., 34:2035-42, 1999).

[0010] There are three types of ryanodine receptors, all of which are highly-related
Ca?* channels. RyR1 is found in skeletal muscle, RyR2 is found in the heart, and RyR3 is
30  located in the brain. The type 2 ryanodine receptor (RyR2) is the major Ca*-release channel

required for EC coupling and muscle contraction in cardiac striated muscle.
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FK506 bi nd Wpiﬁtyteé;rgsslag §e£$ea‘teéc¥am pf qehléarcfwceprtfmswé Re &slulanfupgtians of
(ryanodi ne reggptfhRilins) PE}‘SQ'I Res:hﬁr@}l-@ 6169@‘%@?72 ?rgg%)are tighey lﬁﬁﬁ&j{oa&hd

ryanodi ne receptor, tan et at, Effects of rapanycin on ryanodi ne
r ecept or / Ca( 2wpulatede @él%hfa?hﬁékeiet@f] n@m%@rreneaf@r RyBE& (Brillagiep e al Ftabilization

78:990-97, 199@)&1016% lreﬁehétcﬁﬁnblr(hf @&lﬁle r&k@&%e ; 0'5 H; @I@@&%mﬁ H)‘?\J,m déﬂo""“ as

the type | inositol 1, rreron et al.
FKBP12 bi nds 7?1%13r3$oé9?9€ola}’¥amaﬂ:?lt1 ,lFsKé%blpﬁag nrotewéwp@redatlt Itk gelciven pr ol i ne 25

1400- 140 a Fo06mh i Bi ol .
g:hem 27%b 27{5%321&%%%13(3% ﬂé&ﬁﬁﬁﬁbb 5 gé/otl rtthmt’ ransf lér7|r1ne1rci’g®£:1qr?1 g\?\%rﬁrl? actor (3

( TGF( 3) r ecepwglpod(rrp(r@m_tyr RzR2 (Kagtan attal fects of rapamycin on ryanodine receptor/Ca(2+)-
release channels from cardiac muscle. Circ. Res., 78:990-97, 1996); a related intracellular

Ca’*-release channel, known as the type 1 inositol 1,4,5-triphosphate receptor (IP3R1)
(Cameron et al., FKBP12 binds the inositol 1,4,5-trisphosphate receptor at leucine-proline

25  (1400-1401) and anchors calcineurin to this FK506-like domain. J. Biol. Chem., 272:27582-
88, 1997); and the type I transforming growth factor B (TGFB) receptor (TBRI) (Chen et al.,
Mechanism of TGFbeta receptor inhibition by FKBP12. EMBO J., 16:3866-76, 1997).
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

30 receptor) function by FK506-binding protein. Cell, 77:513-23, 1994), and facilitates coupled
gating between neighboring RyR2 channels (Marx ef al., Coupled gating between individual

skeletal muscle Ca®* release channels (ryanodine receptors). Science, 281:818-21, 1998),
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[00151 The prawprerrrpleinterapamilang ditisgernpbpetimental datp havsialsg sugesuies Bty TV hat

RYR2 is a taSl@G‘eTffecftﬂ'Elytp’ie@@ﬂté %trfbﬁﬁr @JlﬁMﬁﬂEﬂeﬂgm&?@f&dJcﬁi |l Bverpel cardi ac
arrhythmas, including,atrial ibrillations, ventricul ar arrhythm as, and

exer ci se-i nduisBerelulsr aacovaﬂ%dy@wégnodﬂg described herein, the inventors
made nmutant RyR2 channels with 7 different CPVT nutations, and studied

their functions. Al 7 nutantssiaMMARYGHE THRINVE{HONs that resulted in

channel s 5(5] at [0015] The present invention is based upon the surprising discovery that RyR2 is a
target for treating and preventing heart failure and cardiac arrhythmias, including atrial
fibrillations, ventricular arrhythmias, and exercise-induced cardiac arrhythmias. 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

25  became leaky (a calcium leak) when stimulated during exercise. The inventors' study is the

first to identify a mechanism by which the SR calcium leak causes DADs. Remarkably, the
defect in the mutant CPVT channels made the channels look like the leaky channels in the
hearts of patients with end-stage heart failure — a disorder characterized by a high incidence
of fatal cardiac arrthythmias. Therefore, the inventors have shown that the mechanism for the

30 VTin CPVT is the same as the mechanism for VT in heart failure.
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patients with end-stage heart failure - a disorder characterized by a high

i nci dence of |doggjal carn:leme@drgmamgsl&sheréfha{aefwm(kim Jr WRChIgkS 1603ve Shown
that the nechanlsn1for the 30 VT.in CPVT is the sane as the mechani smfor

VT in heart f&ndqihegnoysl] i@m@f)lweu dey AtV esy SpaiT %lealf @cﬁy&éhﬂ@rﬂéu s thaat
JTV-519 (k201iRéntdsRavedhsw TV and rélfted %bﬁfve@@l‘ﬁ@ﬁce |bmdﬂ1gl6?F‘KBPf2| @epi ne

derivatives, repair the | eak in RyR2 channel s. i nventors, have shown,

JTV-519 and r BKAtRbesphem|atedRyRésind fapfent Rtxﬁ%ﬁ‘?lﬁg)ﬂtswm@mze weed gtfinity for, or

PKA- phospher yh@ﬁ&@m&ﬁmnﬁiet @hlm&@ﬁlhxé‘g’m@a&khmymtvhﬁﬁ WMgB6rs Ay Barbiggluced
affinity for, or do not bind to KBP12. 6. This action Tixes the leak in

RyR2 whi ch tralgymasr@tdépn paEde death (%GD)hwdtﬁWtaéute%teGH@HV@grcaiaaf&braléa% (SCD))

and contri but g1 He@rt- %gdla&}lsmm(ﬁlughgaarfa,fuyebr| | ati ons and heart-mnuscle
dysfunction in heart failure. [0017] Accordingly, in one aspect, the present

i nvention proyjoggs a r%lsmain%lwm oxllda@i)efci ﬂﬁp%ex@nﬁurﬂiahbfw]des sdpethedfe i n the
| evel of RyR2-bound FKBP 12 in a subject is.a candidate

for, atrial flBHNgPERIFYSALNGA degrpsedn be &V‘r‘lr?(f;RV%z Pw@dEEf@)Pé%é lwuaﬁffumo has

JTV- 519 efib echi iv 8 cdr@idale Torl ath4l fﬁﬁﬂ%@ﬂtbyﬁdﬂﬁﬁiﬁﬂgﬁth@s% Jneambnt@hw&?g bound
FKBP12.6 in the subject, wherein t he RYR2 is atria provided is

a use of JTV- efestivefo imiear pEsyent a deqrgasg lprth?deveb?f lﬁﬂ‘éxbewtq Pal Z&éEFhéé%kéeCF n the
| evel of RyRZwQ&HH%eEi%&El@atﬁal'R}R@ &ue?ﬁmdeMQumnvrsw%@metﬁ@dﬂfét Gadigg f or,

atrial fibrillation 100181 I n anot her aspect, the present |nvent|on
provi des a nefHBere adeergase iythelevel gf Bxfé?nlequngFﬁBPlZaqlnfauswpqtlwaﬁhehoq iha g

subj ect, by aghyuiahe kR4 fbRndiag subj ect an amount of JTV- 519 effective to
limt or prevent a decrease in the |level of RyR2-bound FKBP 12.6 in the

subj ect, ther goys)t r eat if\GoMer BpRY Helpredcht fvEdtiBh pfovidtd 4 methdPRr réhtihf6r Subj ect .
I n one enbodlnent t he amount of JTV-519 effective to limt or prevent a

decrease in t Peventingatngfibpllaton o svbiestobyrdmpristering tg e sybiecsagneaent 4fdT%n  anount

of JTV-519 ef imtffemett@mﬁ 8Areveht AeE¥RRin @ feb@lof RIRRbdUnH RkiBPM & I thdre
subj ect . [001ﬁ$ In still another aspect, the present invention provides a
_te

net hod for Fintiershy trffﬁles/@rrnr?vlq@fma aaékﬁlg&lé@oq ip thersabjpes. by ong empgdimersound

FKBP12.6 in amsbhb&ebf JT‘WSI@Q%&Hv@E&E&nF& p?eveﬁlt a‘h’e&@d&@ Qltthé @%&Bfﬁﬁ{f‘&{u'né{ ative to
t he SUbj ect, in_an anount effective to l'imt pr event
20 FKBPI12.6 in the subject is an amount of JTV-519 effectlve to treat or prevent atrial

fibrillation in the subject.

[0019] In still another aspect, the present invention provides a method for limiting or
preventing a decrease in the level of RyR2-bound FKBP12.6 in a subject, by administering a
1,4-benzothiazepine derivative to the subject, in an amount effective to limit or prevent a

25  decrease in the level of RyR2-bound FKBP12.6 in the subject, wherein the 1,4-

benzothiazepine derivative is selected from the group consisting of:

Q

W

S-R

(a) S

wherein R = aryl, alkenyl, alkyl, -(CH;),NR';, or -(CH;),SR',and n=0, 1,2, or 3, and R' =
alkyl or cycloalkyl,



25 decrease in the | evel of RyR2-bound FKBP12.6 in the subject, wherein the
1, 4- benzothi azepine derivative is selected fromthe group consisting of: O
0 MOSR (a) S wherein R= aryl, alkenyl, alkyl, -(CH2),NR 2, or -(CHZ)"

SR, and n =0, 1, 2, or 3, and R _ alkyl or cycloalkyl; 7 MO N3 NR
(b) \' I s~ o wherein R=aryl, alkyl, -(CH2)" NR 2, or -(CH2)nSR, and n =
0, 1, 2, or 3, and R = al kyl or cycloal kyl; R MO NJ1 (c) (On5 wherei

=]

R = CO(CHZ) nXR 2, SQ2(CH2) nXR 268 E)RnXR' 2, and X = Nor S, and n =
1, 2, or 3, andR‘-aIkyI or cyclo rinherelnm-lor 2, o,
NEO)-C—X—R 5 (d) V\,hereln R = aryls -(CH2)NNR 2, -(CH2)nSR , and n =
0, 1, 2, or 3, and R = d or 10 cyc oaI kyI and wherein X = NH or 0; ~NH
R, ~-R3 (e) R2 wherei yl, qar hald 03|t|on 2
3, 4, or 5 onWlfq‘i"é“Bh 1F1F>il’néf%?éﬁ@2’ (CH%W lé ?/q 2, 5F I4‘" lEﬁ
al kyl , or arydydomayi wher ei n = H, alkyl, or aryI
R
MBOKE(N
./
©) (Ojm

5 wherein R = CO(CH,),XR';, SO,(CH,),XR";, or SO,NH(CH;),XR';, and X=Nor §S,and n =
1,2, or 3, and R' = alkyl or cycloalkyl; and whereinm = 1 or 2;

Q
.C~XR

0
(d)

wherein R = aryl], alkyl, -(CH;),NR", -(CH;),SR', and n=0, 1, 2, or 3, and R' = alkyl or
10 cycloalkyl; and wherein X = NH or O;

©) R2
wherein R; = OR/, SR', NR', alkyl, or halide, at position 2, 3, 4, or 5 on the phenyl ring, and
= alkyl, aryl, or H; wherein R; = H, alkyl, or aryl; and wherein R; = H, alkyl, or aryl;

@)n

15 6]

wherein R1 = H, OR', SR', NR, alkyl, or halide, at position 2, 3, 4, or 5 on the pheny] ring,
and R' = alkyl, aryl, or acyl; wherein R2 = H, alkyl, alkenyl, or aryl; wherein R3 = H, alkyl,

alkenyl, or aryl; whereinm =0, I, or 2; and whereinn=0or I;



(0O) nNH R R I/ RB 15 (f) wherein R = H OR, SR, NR, alkyl, or

hal i de, at position 2, 3, 4, or 5 on the phenyl ring, and R = alkyl, aryl,
or acyl; wherein R2 = H, alkyl, alkenyl, or aryl; wherein R3 = H, alkyl,

al kenyl, or aryl; wherein m= 0, 1, or 2;gand wherein n =0 or 1; 8 0 NRa
R-R ISR IOM (g) wherein R = H OR, SR, NR, alkyl, or halide, at
position 2, 3, 4, or 5 on the phenyl ringg and R = aI kyl , aryl or acyl;
wherein R2 = H, al kyI al kenyl, or aryl ,UQ/nerel n R3 = H, al kyl , 5 al kenyl ,

or aryl; wherein R4 = H, hali de f" Ear boxylic acid, or an alkyl
containing O, S, or N, and V\,hePé' R21, or 2; and (h) any oxidi zed
formthereof. Also provided are uses ese 1,4- benzothi azepi ne

derivatives in nmethods for limting aempreventing a decrease in the |evel of
RyR2- bound FKBP12.6 in a subject. 10 [00201 In yet another aspect, the
present invention providéy a nethod for treating or preventing a cardiac
arrhythm a, heart failure, and/or exercise-induced sudden cardiac death in
a subj ect, cowhnréisngfad)R JHRS IR iatigyl, ar lialide, epreitivi?.c éysir denderphemd five to the

subject, in a i i t e eRse jhe level
of RyR2- bound” nl‘—jl@rna%%f %8' OF?CM W%g%g 1{ezctnh V\‘ﬁéragﬁﬁ){’tﬂtary? ‘&‘%‘g(ﬁannlg%t az%bl ne
derivati vesi salkaykot aryl, Wheem Rie }grh@lqu alongl, sarbaglicfcid, Ordveﬁkyl cantainin O,5% (a) S

or N; and whereinm =0, 1, or 2; and

(h) any oxidized form thereof. Also provided are uses of these 1,4-
benzothiazepine derivatives in methods for limiting or preventing a decrease in the level of
RyR2-bound FKBP12.6 in a subject.

10 [0020] In yet another aspect, the present invention provides a method for treating or
preventing a cardiac arrhythmia, heart failure, and/or exercise-induced sudden cardiac death
in a subject, comprising administering a 1,4-benzothiazepine derivative to the subject, in an
amount effective to limit or prevent a decrease in the level of RyR2-bound FKBP12.6 in the

subject, wherein the 1,4-benzothiazepine derivative is selected from the group consisting of:

15 (@)

wherein R = aryl, alkenyl, alkyl, -(CH3),NR';, or -(CH;),.SR',andn=0,1,2,0r3,andR'=

alkyl or cycloalkyl;
Q
MeO. : \/\)N’S(\) N-R
(®) S

wherein R = aryl, alkyl, -(CH;),NR'", or -(CH;),SR', and n =0, 1, 2, or 3, and R' = alkyl or
20 cycloalkyl;



wherein R = aryl, alkenyl, alkyl, -(CH2),NR 2, or -(CH2)" SR, and n =0, 1,
2, or 3, and R al kyl or cycloalkyl; 0 , -NR MO S N ;I (b) 1 wherein

R =aryl, alkyl, -(CH2)" NR 2, or -(CH2)OSR, and n =0, 1, 2, or 3, and R
= alkyl or 20 cycloalkyl; 9 R MO N I (c) (O)mwherein R= CO(CH2), XR 2,
S2(CH2)" XR 2, or S2NH(CH2)" XR 2, and XR: Nor S, and n = 1, 2, or 3,
and R = al kyl or cycloal kyl; amé eiaNm =1 or 2; a, MO-%R 5 5 (d)
wherein R = aryl, alkyl, -(CH2),NR ( )R , and n = 0, 1, 2, or 3, and
R = al kyl or cycloal kyl; and wherel sNHor O / NH R -EIR3 (e) R2
wherein R, = OR, SR, NR, alkyl, or [gyhide, at position 2, 3, 4, or 5 on
the phenyl ring, and 10 = alkyl, aryl, or H wherein R2 = H, alkyl, or

aryl; and wheg gl R Colbu iR sORCHARR:, o SINR(CHNHR,, a1 NE S, and n =

1, 2, or 3, and R' = alkyl or cycloalkyl; and wherein m = 1 or 2;

5 ()

wherein R = aryl, alkyl, -(CH;),NR';, (CH;),SR',and n=0, 1, 2, or 3, and R' = alkyl or
cycloalkyl; and wherein X = NH or O;

(€) Re

wherein R; = OR', SR', NR', alkyl, or halide, at position 2, 3, 4, or 5 on the pheny! ring, and
10 R'=alkyl, aryl, or H; wherein R; = H, alkyl, or aryl; and wherein R; = H, alkyl, or aryl;

(@)n

®
wherein R1 = H, OR', SR, NR, alkyl, or halide, at position 2, 3, 4, or 5 on the phenyl ring,
and R' = alkyl, aryl, or acyl; wherein R2 = H, alkyl, alkenyl, or aryl; wherein R3 = H, alkyl,

15 alkenyl, or aryl; wherein m =0, 1, or 2; and whereinn =0 or 1;

X
NN R
T~ S Ry
I R
(O

(®)



R3 lob (0O wherein RR = H OR, SR, NR, alkyl, or halide, at position 2,
3, 4, or 5 on the phenyl ring, and R = alkyl, aryl, or acyl; wherein R2 =
H, al kyl, al kenyl, or aryl; wherein R3 = H, alkyl, 15 al kenyl, or aryl;
wherein m= 0, 1, or2 andwherelnn—o 1;, 0 NkRM R R R3 (0),

(g) 10 wherein R = SR, NR kyl or halide, at position 2, 3
4, or 5 on th | _ 1 A8 = Y| 5 Qr X\:Eﬁl’l

al kyl, al keny%hg%%r%lr yf{ G%thZIlQH g@'l’:orﬁ%llﬂaél 1<t§/) ,ltYJnazl’ g’e‘lr’lgf édm th ?‘rn‘\%lner ein
R4 = H, halidepd Rl =kadky,| aryl caebydxwhierein B2+ 8, algyl, alkengl, kwrylcwmranmﬁd{ elkys, or
N, and wher ei a 0211
In a further Qlk e}gtogm?'ﬁ’Whgf gg%lntﬁ;j}ha\?lg%{a ?ke %?rgﬁ@géag ofrrnga‘ﬁ %Qﬁgf?‘giﬁq?g[agi ng or
preventing a oaNdana(whalrenhyFWni,@erart failure, and/or exercise-induced
sudden cardiac death in a subject, conprising admnistering a

1, 4- benzot Bi azepi ne deri vépianpoxidizedfermsthbjeelct, in an anount effective to
treat or prevent the cardiac arrhythma, heart failure, and/or exercise 10

i nduced suddef0023r di ac leiebutheraspect the preisgné ventiai progides ahethad for xatipgerhi azepi ne

derivative is he a S
wherein R = apre%&ltﬁg &g%g%g Q'Fﬂy i an?fgjé?qui@rtéx&glsQEn&%e)d%%eﬂ ?J}Mc]defﬁh ( )
2, or 3, and Rl a S“éiektworrmﬂsmg edrmaismmg a D4-beytzothinzepineldRivative to the subject, in an

amount effective to treat or prevent the cardiac arrhythmia, heart failure, and/or exercise-

10 induced sudden cardiac death in the subject, wherein the 1,4-benzothiazepine derivative is

selected from the group consisting of:

() S

wherein R = aryl, alkenyl, alkyl, -(CH;).NR", or (CH;),SR’,and n=0, 1,2, 0r 3,and R'=

alkyl or cycloalkyl;
Q
MeO N SNR
T°
15 (b) S

wherein R = aryl, alkyl, -(CH;),NR',, or -(CH,),SR', and n =0, 1, 2, or 3, and R' = alkyl or

cycloalkyl;
Meom

S
©) (O)m

R

wherein R = CO(CH2),XR'3, SO,(CH2)sXR", or SO;NH(CH;),XR';, and X=Nor S, and n =
20 1,2, 0r3,and R'=alkyl or cycloalkyl; and wherein m = 1 or 2;

o\\
.C-X-R

MeO, N
© )



15 (b) S wherein R = aryl, alkyl, -(CH2),NR 2, or -(CH2),SR, and n = 0, 1,
2, or 3, and R = alkyl or <cycloalkyl; MO\ J R 1 ~7 S (c) (01lm
wherein R = COCH2)" XR 2, S02(CH2)" XR 2, or SO2NH(CH2) nXR 2, and X =
S, and n = 20 1, 2, or 3, and R = al kyljjor cycloal kyl; and wherein m
or 2, 0 MO )OXR (d) s 11 wherein R = aryl, alkyl, -(CH2),NR 2,
-(CH2), SR, a@ﬂerélnﬁﬁa llalk)a; l(_gJ}'Iz)&Rza-gdHBSR’E afd K0, DR, orGy elda =il orand
wherein X = ﬁh R2 wherein R = OR, SR, NR,

al kyl, or hal ¢y@@alkalgar}§d’ghefqub}§ﬁ\ngrO,4 or 5 on the phenyl ring, and 5 R =

al kyl, aryl, or H wherein R2 = H, alkyl  or aryl; and wherein R3 = H,
al kyl, or aryl; (On N\H R ', zz;lgfjgbR (06 (f) wherein R = H OR

Iz

or
I

SR, NR, alkyl, or halide, at 4, or 5 on the phenyl ring,

wherein R; = OR', SR', NR!, alkyl, or halide, at position 2, 3, 4, or 5 on the phenyl ring, and
5 R'=alkyl, aryl, or H; wherein R, = H, alkyl, or aryl; and wherein R; = H, alkyl, or aryl;

®
wherein R1 = H, OR', SR, NR', alkyl, or halide, at position 2, 3, 4, or 5 on the phenyl ring,
and R' = alkyl, aryl, or acyl; wherein R2 = H, alkyl, alkenyl, or aryl; wherein R3 = H, alkyl,

10  alkenyl, or aryl, whereinm =0, 1, or 2; and whereinn =0 or 1;

i
"N R,
Ry . ] R,
I Rs
(Om

(8

wherein R1 = H, OR', SR', NR', alkyl, or halide, at position 2, 3, 4, or 5 on the phenyl ring,
and R' = alkyl, aryl, or acyl; wherein R2 = H, alkyl, alkenyl, or aryl; wherein R3 = H, alkyl,
15 alkenyl, or aryl; wherein R4 = H, halide, alkenyl, carboxylic acid, or an alkyl containing O, S,

or N; and whereinm = 0, 1, or 2; and

(h) any oxidized form thereof. Also provided are uses of these 1,4-
benzothiazepine derivatives in methods for treating or preventing a cardiac arrthythmia, heart

failure, and/or exercise-induced sudden cardiac death in a subject.

20 [0022] In still another aspect, the present invention provides a method for identifying
an agent for use in treating or preventing atrial fibrillation or heart failure, by: (a) obtaining or

generating a culture of cells containing RyR2; (b) contacting the cells with a candidate agent;



and R = alkyl, aryl, or acyl; wherein R2 = H, al kyl, alkenyl, or aryl;
wherein R3 = H, alkyl, 10 alkenyl, or aryl; wherein m= 0, 1, or 2; and
whereinn =0or 1; 0 NfI,RA R R2ZR3 (06 (g wherein RL = H OR, SR,
NR , alkyl, or halide, at position 2, 3, ¥4 or 5 on the phenyl ring, and R
= al kyl, aryl, or acyl; wherein R2 = H, alkyl, alkenyl, or aryl; wherein R3
= H, alkyl, 1fk) adpkﬁﬁg/tlhc célls tdsriglor meRtebfditionRiincwnHo irdsdasetthosphbryiariy of Ry&R2boOXY! i €

acid, or an alk a nin N. and and
) e ontarinihls SR SRRt P geeRl sy g A peasgn il of RirZ

benzot hi azepi eind EKBPEYL6 iake dells. M lohoetbollinent, maﬁd étha ﬂmhqg bﬁﬂ]ﬁﬂbsdthgstaa afar ﬂi ac
arrhythma, h fall Xer cil se-i.nduce en, car.di ath in
a su%J ect . g?%"f?‘i““fgﬂ g’Pla¥qnt€?ﬁ8’Pﬁ et %f‘s"ﬁ‘jzcylm at*??é'aﬁfji‘é’g ca} qYgRR gﬁﬁqgrovi des
a lr)lret |h|0d f§>r AQBEiolvfdyd ?l’galil agneigaitied B thid R thod, ahd € aiel df the@iperd irovehdds ngl atri alf
fibrillation or heart failure, aining or generating a culture o
cel I's cont ai nF??Q"WICV("H ng il %ﬂawaﬁﬁg "E‘efni"g ‘Wi th a candidate agent; 12

c) exposin cells . tions

o sonbret ad; 907 ©ry a5 frofher ootk pRa nyeSton T s bR SR Gving 1 1 o
or prevents aarigentdasse inﬂrehtlmg dr pieedntiag atwmnlldmundhdai(ﬂmm& 6y:i(®) obh&lmge)lrl s. In

T e agent  BEIELTE REA CosiFiTE (R PABUHE R ETRRF ROREG REst! SR he
cells. 5 AbsSoexpbsng tﬁeﬁhlﬁﬁleoatfbdigﬁ,i’dcoh@lﬁdiﬁslkfw\ﬂ_dtobﬁbréabb shosgofytion aff RiyR2 lmse of
hoar £ F a1 ur o gno 6 dremyts B aaey tali oo st o et e RELIPRA Dr vt des
? lr)ret Ihf)d f or b(ﬁllﬁdilFKBYl?][‘@m t}ﬁhn&@gntn cfn@émbtli;iﬁnénﬂ this Mathbdfurthér compnisenthe mgp at r: al

ibrillation o art . fai e : (a). obtali . ner at an_.ani ma
ont i neng Ry S G if e Sienf s 2 Sleeh i DR s Siote STl e w8 ™o
e>r<]p03|h ng Ith? @haTR A lsb @ravitRd are afRgent idebitied b)Otlhfs nkemmnﬂa ube:c’l&‘:tlﬁﬁfgent mt —
phosphory i on o | e agen imts
or prevent BtB%‘Isé’Eé%a“f‘%a’l"t?é"ﬁ%%l““@?“éﬁﬂ})ﬁﬂo flﬁ‘l’é%?’lz 6 in the ani mal .
In one enbOdl wﬁﬂfl thi idc&m (tmra]l gspgc?srotf r‘l)e present nrvclanS 1%% wtilli1€e appargnt in view of the

description which follows.

BRIEF DESCRIPTION OF THE FIGURES
(0025] FIG. 1 demonstrates that JTV-519 prevents exercise-induced ventricular
20  arthythmias in FKBP12.6"" mice. (A) Representative ambulatory electrocardiograms of an
untreated FKBP12.6" mouse, an FKBP12.6" mouse treated with JTV-519, and an
FKBP12.6” mouse treated with JTV-519. There were no significant differences in heart rate,
or in any of the measured ECG parameters. (B) upper tracing: Example of sustained
polymorphic ventricular tachycardia, recorded in an untreated FKBP12.6" mouse subjected
25  toexercise testing and injection with 1.0 mg/kg epinephrine. middle tracing: Electro-
cardiogram of a JTV-519-treated FKBP12.6™ mouse following the same protocol; no
arthythmias were detected. bottom tracing: Exercise-induced ventricular tachycardia (VT) in
an FKBP12.6” mouse treated with JTV-519. The dotted line represents 16.31 seconds of VT
that are not shown in the figure. 'P' indicates a P-wave, which is indicative of sinus rhythm
30  following ventricular tachycardia. (C) Bar graph showing quantification of sudden cardiac
death (left), sustained ventricular tachycardias (>10 beats, middle), and non-sustained

ventricular tachycardias (3-10 abnormal beats, right) in FKBP12.6"" and FKBP12.6" mice,



of: (e) determining if the agent has an effect on an RyR2-associ at ed

bi ol ogi cal event in the animal. Al so provided are an agent identified by
this method, and a use of the agent in 15 nethods of treating and preventing
atrial fibrillation and heart failure. 103241 Additional aspects of the
present invention will be apparent in view of the description which

fol | ows. BRI EEoRSaRYRThéMesEd Wil TR S1gRES e @RRS 1t bk bé nsledMATiestdiers t hat
JTV-519 prevents exercise-induced ventricular 20 arrhythm as |n FKBP12. 6+1"

mce. (A) RepribER{-ai papigriprayesed exreiter Arleringpis e Apfuceskarithmigs it eat ed

FKBP12. 6" 1- nprse:?. @ﬂmFaé%E’ttzd @mitrrwmgs(ﬁ -tgr) a8 t&eparddivithihfeddFKBIMd. 68N FKBP
12.6'"'" npbuse treated with were no Ssi nlflcant g ferences in

heart rate, Bcei(H=aAR\er TVt5H%“ﬁ9é%9st$%’d2éC@'?fe(Par?étsé¥ stinggghat J b¥2t? ¢ 1 aci ng:

Exanpl e OfSSUEE%n&eagrhytﬁﬁiaXmﬂm& AR KB 26 triisd bic@bidding FRBEERd i n an
untreat ed FKBP12. 6~/ - nouse subjected 25 to exercise testl ng and injection

with 1.0 ng/ k§YRdi nephrlne m ddl e tracing: EI ectro- cardi ogram of a

JTV-519-treated FKBPI 2.6'/" nouse follow ng mgcgrot ocol
arrhyt hmi as wi0%ldet ecF Edz shots Y TY ak? Pf@"e“Efé?rﬁ‘F%@ Yaqd Seddep ?l’édd‘tcrqe&tﬂl ar

tachycardia ( M@D:B'b? incPeasiig BB 4finfey of FRIBIS 2.6 f6re8Re Gh FKBPI1 26TVmick 9 (A-By€adiat t ed
line represents 16.31 seconds of VI that are naot shown in tqt{t)&,f' ure.

Vi ndi cates a PA0RNAS reqRAPEHRYR2) W Imaruporzeciitated nijRg RyRA-HiTP gpt "Ag
ventricul ay tae hma«td@lo@s (Af §ad tﬁ@éraﬂfs%@he&@&%ﬂ@gh&ﬂﬁﬁﬁﬁeﬁ|aﬁr1@t\ﬁt§)6f rofR2serlgen

cardiac death (left), sustained vgntricul ar ta

d >
m ddl e), and PhsRRhopdated Ry m\?/%‘??"trcula&ﬁ'bofi@cw E'{ %ﬁ‘ib’g’ééﬁiﬁ%ﬁgkﬁﬁeat s,

right) in FKBRi®,; IKBP128"tnkcKBRLBKBP12'6 ’mrﬁ@nreslﬁﬁc&idttmﬁg ahd RAbWiElg OxerdiR]
treated with JTV-519, respectively, |t should

not ed that treatne W th
JTV-519 conpl 8ither i theabsans Faressase of HY-519ngsneefivalp Kndstaesting eRadtions r-ILR)t’ hmi as

in  FKBP 12, 66’f1FKEPlQ%1§Js§‘&§a?éa tht R TVFRESI 2(6Y" micd) FolfSvifpQXbrais@dstiMe! e
untreated FKBP12.6+'" %] or JTV-519-treated FKBP12.6"" mce (n =

5), sugged?i n@‘"‘t‘!‘i&?f Fmiéﬁgsss%%vé the RyR? poremes was dsampticaly dlesreaseshinn i n
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channel. (D) Summary bar graph showing average open probabilities of single RyR2
channels (see above). JTV-519 dramatically reduces the open probability of RyR2 from

FKBP12.6"" mice following exercise testing at diastolic calcium concentrations (150 nM).

30 [0027] FIG. 3 illustrates that JTV-519 normalizes RyR2-channel gating by increasing
FKBP12.6 binding affinity to PKA-phosphorylated RyR2 channels. (A, B) Canine cardiac

SR membranes (A) and recombinantly-expressed RyR2 channels (B) were prepared as



(FKBP12. 6+i +) mce, FKBPl12.6+/' mce, and FKBP12.6-'- under resting
conditions, and followi ng exercise, either in the absence or presence of
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PKI'5. 24, in phospeebpdndhduabilify 0t RERPE following WK Mhbsbhor/RtieAMIBEEAompdiel With M
Tri s/ Pl PES; pl—kgé)gg , . Sanpl es were cet%r I f uﬁ&g at, 100, q)ggx pg_ﬁ:f r 10 mn, and
washed three t ROy gt E&eé’“lﬁﬁﬁ’cf 81t g Kﬁﬁ’i‘lﬂ%{?bl 520 )7()%.“1g e
Reconbi nanb | yclexpy amsesh wASBEhaIiged(ih Pmlphss@n&?meaa RO thcabatddQvith K BFA 3.6 imdded
to the sanpl e, 1o t he absence or presence of difrerent concentrations of
JTV-519. 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

compressed (5 sec, upper tracing) and expanded (500 msec, lower tracing) time scales, and

recordings are at 0 mV, Amplitude histograms (right) revealed increased activity and

25  subconductance openings in PKA-phosphorylated RyR2, but not following treatment with

JTV-519 and FKBP12.6. (F) Normalized plot of open probability as a function of cytosolic

[Ca®]. Incubation of PKA-phosphorylated RyR2 with FKBP12.6 in the presence of JTV-519

shifted the Ca®*-dependence of RyR2 activation towards the right, making it similar to the

Ca”-dependence of unphosphorylated channels.

30 [0028] FIG. 4 shows that JTV-519 improves cardiac contractility in a rat model of
heart failure. (A) Myocardial diastolic cross-sectional area was determined at mid-papillary

levels using echocardiography, before and after a 4-week treatment with JTV-519 or vehicle



After a 60-mn incubation, sanples were centrifuged at 100,000x g for 10
mn, and washed 10 twice in imdazole buffer. Sanples were heated to 95C,
and si ze-fractionated using SDS- PAGE. | nmunobl otting of the SR m crosones
was perfornmed, as previously described (dayaraman et al., FK506 bi nding
protein associ ated with the calciumrel ease channel (ryanodi ne receptor).

J. Biol. n(ﬁbonn% 71@%&&\767111&&%931)&215\@11&% salithion B3 inbiRd 8nITVawy (B 1: 1, 000)
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that JTV-519 i roves cardiac contractility in a rat nodel of. heart

failure. (A) M3%ar di aiIGgs Blastetes shat D& 0neanglBestyReranigheatigg indpiitthed at
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upward, the dash indicates the full level of channel opening (4 pA), and 'c' indicates the
closed state of the channels. Amplitude histograms (right) revealed increased Po and

subconductance openings in RyR2 channels from failing hearts.

[0031] FIG. 7 demonstrates that JTV-519 normalizes RyR2 channel gating by

25  increasing FKBP12.6 (calstabin2) binding to RyR2 channels. (A) Wild-type RyR2 (RyR2-
WT) channels were PKA phosphorylated in the absence or presence of the specific PKA
inhibitor PKIs.,4, then incubated with calstabin2 (FKBP12.6) in the presence of JTV-519 at
the indicated concentrations. The RyR2 immunoblot shows equal amounts of RyR2 in the
samples; the calstabin2 immunoblot shows that JTV-519 enabled partial (100 nM) or

30  complete (1000 nM) rebinding of calstabin2 to PKA-phosphorylated RyR2. (B) RyR2-
$2809D, which mimics constitutively-PKA-phosphorylated RyR2, was incubated with
calstabin2 in the presence of the indicated concentrations of JTV-519. The RyR2



anount of PKA phosphoryl ation of RyR2 at Ser2809 (B, left) and the anount of
cal stabin2 (FKBP12.6) (B, right) bound to RyR2 in the different
experinmental groups. In heartfailure, RyR2 is significantly

hyper phosphoryl ated by PKA (B, left), whigh | eads to dissociation of 10

cal stabi n2 (FKBP12.6) fromthe channel conplex (B, right). Treatnent with
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25 [0033] FIG. 9 shows PKA-hyperphosphorylation of RyR2 in atrial fibrillation (AF).
(A) Immunoprecipitated (IP) RyR2 from control animals (Control; n = 6) and dogs with atrial
fibrillation (A Fib; n = 6) was phosphorylated with PKA. For back-phosphorylation
experiments, immunoblotting for RyR2 was performed in parallel, in order to determine the
amount of RyR2 protein that was immunoprecipitated in each sample. The bar graph on the

30 left represents a quantification of the back-phosphorylation studies. Values represent the
relative degrees of PKA phosphorylation of RyR2, adjusted for the amount of

immunoprecipitated protein. Dogs with AF showed a 130% increase in PKA



5 channels, to a | evel conparable to non-phosphorylated RyR2-WI. (D-F)
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co-i rmunorf-toeci“tﬁ right 9fdle traces are the corresponding current amplitude histograms. (B) Bar graplis

show quantification of open probability (Po) and frequency of opening (Fo) for control dogs
(Cont.) and dogs with chronic atrial fibrillation (A Fib). 17 channels from 5 A Fib dogs, and
11 channels from S control dogs, were studied. Channels from the control dogs did not
demonstrate increased activity. In contrast, 15 of 17 channels (88%) from A Fib dogs

25  showed significantly increased open probability (AF: 0.39 £+ 0.07; control: 0.009 + 0.002; P <
0.001) and gating frequency (AF: 21.9 4.6 s; control: 1.6 £ 0.6 s™'; P < 0.002).

[0035]) FIG. 11 demonstrates that treatment with JTV-519 restores normal RyR2
function in AF. (A) Representative traces of single RyR2 channels from dog hearts, at a
cytosolic Ca?* concentration of 150 nM (as occurs during diastole) and in the presence of
30 0.25 mM calstabin2 (FKBP12.6), demonstrate significantly increased open probability (Po)
and gating frequency after PKA phosphorylation {(control: Po = 0.3 + 0.2 %, n = 6; PKA: Po

=148+3.2%,n=7, P<0.001). Asseen ata higher time resolution in the lower trace, and



experinments, an immunoblot for RyR2 was perfornmed in parallel, in order to
determ ne the anmpunt of RyR2 protein that was i mrunoprecipitated from each
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[0038] FIG. 14 demonstrates that JTV-519 improves cardiac contractility in a rat

model of heart failure.

25 [0039] FIG. 15 shows the structures of the derivatives.

DETAILED DESCRIPTION OF THE INVENTION
[0040] Phosphorylation of cardiac RyR2 by protein kinase (PKA) is an important part
of the "fight or flight" response; it increases cardiac EC-coupling gain by augmenting the
amount of Ca?* released for a given trigger (Marks, A.R., Cardiac intracellular calcium
30 release channels: role in heart failure. Circ. Res., 87:8-11, 2000). This signaling pathway

provides a mechanism by which activation of the sympathetic nervous system, in response to
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primary role of mechanical unloading underlying reverse remodeling. Circulation, 104:670-
75, 2001; Eichhorn and Bristow, Medical therapy can improve the biological properties of the
chronically failing heart. A new era in the treatment of heart failure, Circulation, 94:2285-96,
1996). In heart failure, chronic beta-adrenergic stimulation is associated with the activation
25  of beta-adrenergic receptors in the heart, which, through coupling with G-proteins, activate
adenylyl cyclase and thereby increase intracellular cAMP concentration. cAMP activates
cAMP-dependent PKA, which has been shown to induce hyperphosphorylation of RyR2.
Thus, chronic heart failure is a chronic hyperadrenergic state (Chidsey et al., Augmentation
of plasma norepinephrine response to exercise in patients with congestive heart failure. N.
30 Engl J. Med., 267:650, 1962) that results in several pathologic consequences, including PKA

hyperphosphorylation of RyR2 (Marx et al., PKA phosphorylation dissociates FKBP12.6
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[0043] In failing hearts, the hyperphosphorylation of RyR2 by PKA induces the
dissociation of the regulatory FKBP12.6 subunit from the RyR2 channel (Marx et al., PKA

25  phosphorylation dissociates FKBP12.6 from the calcium release channel (ryanodine
receptor): defective regulation in failing hearts. Cell, 101:365-76, 2000). This causes marked
changes in the biophysical properties of the RyR2 channel. Such changes are evidenced by
increased open probability (Po), due to an increased sensitivity to Ca’*-dependent activation
(Brillantes er al., Stabilization of calcium release channel (ryanodine receptor) function by

30  FK506-binding protein. Cell, 77:513-23, 1994; Kaftan er al., Effects of rapamycin on
ryanodine receptor / Ca®*-release channels from cardiac muscle. Circ. Res., 78:990-97, 1996);

destabilization of the channel, resulting in subconductance states; and impaired coupled



hyper phosphoryl ati on of RyR2 (Marx et al., PKA phosphorylation dissociates
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defective regulation in failing hearts. |1, 101:365-76, 2000). [00421 The
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during the resting phase of the cardiac cycle, diastole. This results in depolarizations of
the cardiomyocyte membrane known as delayed after-depolarizations (DADs), which are
known to trigger fatal ventricular cardiac arrhythmias (Wehrens ef al., FKBP12.6 deficiency
and defective calcium release channel (ryanodine receptor) function linked to exercise-

25  induced sudden cardiac death. Cell, 113:829-40, 2003).

[0046] In structurally-normal hearts, a similar phenomenon may be at work.
Specifically, it is known that exercise and stress induce the release of catecholamines that
activate beta-adrenergic receptors in the heart. Activation of the beta-adrenergic receptors
leads to hyperphosphorylation of RyR2 channels. Evidence also suggests that the

30  hyperphosphorylation of RyR2, resulting from beta-adrenergic-receptor activation, renders
mutated RyR2 channels more likely to open in the relaxation phase of the cardiac cycle,

increasing the likelihood of arrhythmias.
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have demonstrated that exercise activates RyR2 as a result of phosphorylation by adenosine-

3', 5'-monophosphate-dependent protein kinase (PKA).

[0050] To determine the molecular mechanisms underlying the fatal cardiac
arrhythmias in CPVT, the inventors studied CPV T-associated mutant RyR2 channels (e.g.,

25  S2246L, R2474S, N4104K, R4497C). Mutant RyR2 channels, which had normal function in
planar lipid bilayers under basal conditions, were more sensitive to activation by PKA
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 RyR2 channels,

30 and showed reduced binding to FKBP12.6 (which stabilizes the channel in the closed state).
These findings indicate that, during exercise, when the RyR2 channels are PKA-

phosphorylated, the mutant CPVT channels are more likely to open in the relaxation phase of
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20 2003). While 88% of the FKBP12.6"" mice (7 of 8) displayed ventricular tachyarrhythmias

(VT) or syncopal events during the protocol, none of the FKBP12.6"" mice (0 of 6) pretreated

with JTV-519 developed arthythmias or syncopal events (FIG. 1). Furthermore, 90% of
FKBP12.6"" mice (9 of 10) died during or following exercise, whereas none of the JTV-519-
treated FKBP12.6"" mice (0 of 9) died (Fig. 1C). In contrast to pretreated FKBP12.6" mice

25 100% of the FKBP12.6" mice (5 of 5) treated with JTV-519 developed VT during the stress
protocol and died, despite JTV-519 treatment (FIG. 1C). Taken together, these data suggest
that FKBP12.6 is required for the anti-arrhythmic actions of JTV-519.

[0053] In order to characterize further the anti-arthythmic properties of JTV-519, the
inventors subjected FKBP12.6™, FKBP12.6", and FKBP12.6™ mice to programmed

30 electrical stimulation protocols. VTs were induced by rapid overdrive pacing in 71% of
FKBP12.6™ mice (5 of 7), but not in wild-type FKBP12.6"* mice (P < 0.05, n = 5),
following injection of 0.5 mg/kg isoproterenol. FKBP12.6" mice pretreated with JTV-5]19
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devel oped ar :T&X((Lé m,93< syncopal events (FIG 1). Furthernore, 90% of
FKBP12. 6+i " 51009 ) died during or follow ng exercise, whereas none

of the JTv- 51{6056] The open probabilities (Po) of RyR2 channels from FKBP12.6" mice
subjected to exercise were significantly increased, as compared with channels from exercised
FKBP12.6" mice (+/—: 0.47 £ 0.12,n=11; +/+: 0.04 £ 0.01, n = 13; P <0.05). Treatment
25  of exercised FKBP12.6"" mice with JTV-519 (0.5 mg/kg/h) significantly reduced the channel
Po (0.02 £ 0.01, n = 13), as compared with non-treated exercised mice (FIG. 2). This
observation is consistent with increased amounts of FKBP12.6 in the RyR2 complex (FIG.

2). In contrast, JTV-519 treatment of exercised FKBP12.6™ mice did not result in channels

with a low Po.

30 [0057] RyR2 single channels were examined with low cis (cytosolic) [Ca®*] of 150
nM, using Ca** as the charge carrier. These conditions simulate those in the heart during

diastole, when the RyR2 channels should have a low open probability in order to prevent the
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FKBP12. 6+i. mce, 25 100% of the FKBP12.6"1- mce (5 of 5) treated with
JTV-519 devel oped VT during the stress protocol and died, despite JTV-519
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ryanodi ne 15 Rl Cel |,
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21 Pt i ALEERARS bR Y TR AR R gk |
binding were: 2123 + 104 nM for RyR2-52809D; and 428 + 39 nM for RyR2-S2809D +
20 JTV-519. PKA phosphorylation of RyR2 activated the channel (Po=0.01 + 0.002 (PKA +
PKI; n=11) vs. Po=0.40 £ 0.02 (PKA; n=12; P <0.05). Addition of FKBP12.6 (250 nM)
to the PKA-phosphorylated RyR2-WT channels did not lower the Po. However, addition of 1
UM JTV-519 plus FKBP12.6 reduced the Po to levels comparable to the non-PKA-
phosphorylated channels (Po = 0.002 + 0.001; n = 13; P < 0.05).

25 [0060] Taken together, the inventors' results show that depletion of FKBP12.6 from
the RyR2 macromolecular complex — which is associated with increased RyR2 open
probability, ventricular tachycardias, and sudden cardiac death in FKBP12.6*" mice — is
reversed by treatment with the 1,4-benzodiazepine derivative, JTV-519. Therefore, the
inventors have identified a novel molecular mechanism for treating ventricular arrhythmias:

30  increases in the affinity of RyR2 for FKBP12.6 prevent diastolic SR calcium leaks that
trigger arthythmias. Since FKBP12.6 deficiency in the RyR2 macromolecular complex is a
common feature in heart failure (Marx et al., PKA phosphorylation dissociates FKBP12.6
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207 410, 1988). Th]S remodeling is likely important in the development, maintenance, and

progression of atrial fibrillation. It has also been suggested that calcium handling may play a
role in electrical remodeling in atrial fibrillation (Sun et al., Cellular mechanisms of atrial
contractile dysfunction caused by sustained atrial tachycardia. Circulation, 98:719-27, 1998;
Goette et al., Electrical remodeling in atrial fibrillation: time course and mechanisms.

25 Circulation, 94:2968-74, 1996; Daoud et al., Effect of verapamil and procainamide on atrial
fibrillation-induced electrical remodeling in humans. Circulation, 96:1542-50, 1997; Yu et
al., Tachycardia-induced change of atrial refractory period in humans: rate dependency and
effects of antiarrhythmic drugs. Circulation, 97:2331-37, 1998; Leistad et al., Atrial
contractile dysfunction after short-term atrial fibrillation is reduced by verapamil but

30  increased by BAY K8644. Circulation, 93:1747-54, 1996; Tieleman et al., Verapamil
reduces tachycardia-induced electrical remodeling of the atria. Circulation, 95:1945-53,
1997),
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Am. J. Physiol. Heart Circ. Physiol., 279:H1767-85, 2000; Kneller et al., Remodeling of
Ca**-handling by atrial tachycardia: evidence for a role in loss of rate-adaptation. Cardiovasc.
25  Res., 54:416-26, 2002). Studies have also shown that tachycardia-induced changes in
intracellular calcium handling also contribute significantly to loss of rate adaptation, which is
believed to be critical to the pathogenesis of AF (Sun et al., Cellular mechanisms of atrial
contractile dysfunction caused by sustained atrial tachycardia. Circulation, 98:719-27, 1998;
Kneller ef al., Remodeling of Ca®*-handling by atrial tachycardia: evidence for a role in loss
30 ofrate-adaptation. Cardiovasc. Res., 54:416-26, 2002; Hara et al., Steady-state and
nonsteady-state action potentials in fibrillating canine atrium: abnormal rate adaptation and

its possible mechanisms. Cardiovasc. Res., 42:455-69, 1999).
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Res., 81:512-gggessl FAH abeﬁk&ﬁly%&@&&ﬁ@azdéﬁfﬁ@fe%Hz{\@tbbé?lrhs&t:la{e@avlth defredsédkel y to
expl a|n at least (in part, shortening of AERP a | oss of rate-rel ated

adapt at i on of shopeninenfisglated aial myqsyten mskcatipg CélF’émHBMlWﬁFk@“‘é}Festt%@e

el ect ri cals r esR4d @bdtRst 1D BRAMS Sont A mpaRBSLAP &th €54/ CellufdtSneBhanBins of QCH&]C
renodel i ng under | y| ng action potential changes in a canine nodel of atrial

fibrillation.coafsele drgfynctiopgauserohy sustainaggtrial taghycasgipelriraniaionl98dA-#al1 999 nodel s
of rapid atrial pacing, and in clinical studies of humans wth AF, verapam |

has been shofif%4 o |nh4\§)‘i"§°1‘§F<EEﬂc’?‘i‘ dhg inyegiopgetdisiprovids sprigel ‘ﬁfd@’é@qelﬂﬁ’@ t hat Ca

2+ overl oad i giciudYRinYeR6lasig Whl irfort@dt role ﬁftﬁ@éléchﬁfal aYn@'&@xRﬁ@ﬂll: reéddde iz ARl nam de
on atrial fibrillatjon-induced electrical renpdel |n%g E humans.
OrTtoF

Gircul ati on, 3580MRsAiss sygtaingdainal achycardigpnd AFg Releagerof SR by iRyB2 stands

dysfunction adstg i’nte%m) Esr%}so%m%wca}dmﬁ chr h&héﬁst‘a@f‘ TR rég%ﬁus@slf BRMEE GRam | but
i ncreased by BAY Circul ation, 47-54,
well characterized in ventricular tissue of canmes and humans and RyRZ has been implicated

in diseases of the ventricular myocardium, including heart failure and sudden cardiac death
(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; Wehrens
25  etal,FKBP12.6 deficiency and defective calcium release channel (ryanodine receptor)
function linked to exercise-induced sudden cardiac death. Cell, 113:829-40, 2003; Reiken et
al., Beta-blockers restore calcium release channel function and improve cardiac muscle
performance in human heart failure. Circulation, 107:2459-66, 2003). Despite the evidence
that Ca** handling plays a role in atrial arthythmias, the regulation and function of the atrial
30 ryanodine receptor has not been well characterized in this setting. In particular, prior to the

present invention, the role of this channel in AF was not known.



[ 00631 While sarcolemmal ion channels clearly play an inportant role in the
renodel i ng that acconpanies atrial tachycardia and AF, the contribution of
intracellular Ca 2+ handling has not been thoroughly explored. Evidence
exists, however, to suggest that aberrarf® intracel lular Ca2+ handling does

play a role in the renodel i ng process. Previous 20 studies h&
denonst r at ed, [6H exanBheinvantpss confiashesgin gk as 1B ey eRFFs RRAHEEMRETElY| | v

expl ai ned bymatéeﬁtnedcaﬁﬁm%%mtmbe@xletas FRAbRole Sl RodSlexes ATheXBShIts oOhe
(Ramrez et a! Mat hemati cal  anal ysis of canine atrial actiqgn potent| al s:

rate, regi onainveéniasy' 6e-ENMmENeEreaiPUAIOR PRSI RinBAISHE thgt atrigd RyR3 Is ghagieally|  Heart
Grc. Physiol sgoc%?e% %%ﬁe?mﬁér reéﬁzgg'y stbagd | c@l@taﬁBZ @KBPre. ﬁ?d@h'tmﬂ)h@iphatases,

Ca2+- handl i ng al tachycardi a: evidence for a role in |oss of

r at e- adapt &t | BIH an@&?%m?é%th tipgeguiatory amlpatalygc sibunisspf BRA. Sphgraereqfiige al so
shown that taghyeal ﬂ'&v@déxﬂ&iﬂﬁﬁ@h tﬁtt%n&%&mwpm BidcARAly phoshos Bk RYR hadwadli ng

al so contribute significantly to | oss of rate adaptation, whic bel i eved

to be criti casarqoplasrhie reige Hmgissibiyiedn & fepktion of palsiping (FKREIZ(6) indhe ﬁ’é’é‘ﬁénl sns of

atrial contr € Tlys3 drabidnah tleAGRMCRLMILE-
Circul ation, &gﬁﬂ%éfgjggé flilgiﬁéd Q%%%g%ug%{onyﬁ&ﬁﬁgﬁmdel [ rltlg of Ca2+-handling

by atrial tachgddatediby: PR phisphoslation obatrial ReR2.rin p ganer similak to thet ehsamyefinat i on.
Cardi ovasgg R§s ventrfiaf h§oaRiiur %)ra}antlé?re?al e§taﬁtnzat1§ﬁ s0d¥iudt RleBse@Rshnel

nonst eady- state action potentirals in fib | ati ng cani ne atrium abnormal
rate adapt at i @yrnedige reperp@r)dbscétobbeFIﬁé@%hlndlsmroteea haVasEI2Re¥4). 42: 455- 69,
1999), 28 100641 In previous studies, atria froma_cani ne nodel

of
paci ng- i nducel0gt  dendnibe sumienistudy. thesigvestorsgbsevadabat BKArhypaphaseliprdstiosaf and

al tered AP chRymllalbstiats withhkgiftion ep&tsttbm (mmrz%% Q¥int AE aRf2C SRMGRY Of
ryanodi ne. These observations suggest that the changes result, at Ieast in

part, from anthf ivendere pbsgrvad PICAIypemlpenherytation mith assscipteg deplesion atcalsepeady state

5 and nonss eagkppl AbLindiakdl attupesrﬁmtrhﬁts%wmﬁlh ttte sbitifig b idarf ANLRETRE ri um
abnormal rate adapt ation its possib mechani sns. Cardi ovasc. Res.

42: 455- 69, 19@99tlonqiamsnetemroéthls abntmelmh@erpbospbewtah@sofmm vagacEpsedd
paci ng- 'nduce&beﬁbfo‘o?dlhtgrme&ﬁfrg't}ﬂtt snhtnﬁﬁ%ldst%lc% atemgart@&aa&osmdem Qfh n Ca

2+ transients Sun et ul ar anisns of atrial ‘contractile
dysfuncti on c@a@eaalbynongelﬁteatrne@r@tqnstafl of theapsie tiptdiae been deplatesaf gaistatae? 719- 27,

1998). 10 100 r + entry
oot i gger o ASEPESTARL S SOl eSS LB s

resul ts o0 prisostiondy EKcidp binding grptein, Celhdli7:51352% A 9%4).oRkis fhpormal channel
i ntracel | ul argeal gtk r}%(ﬂ}s'tété?xgwﬁﬁgﬁm% dk?@erﬁcﬁtgtpé(ﬁgﬁgtﬂ j0R04cedBiggrodel i ng

process. Such aberrant ecr ease transi ents have een assoclated with
depr essed (FKBP12.6) from RyR2, in the setting of PKA hyperphosphorylation, results in "leaky

channels" which are predisposed to a diastolic Ca>* leak that is secondary to an increased
sensitivity to Ca®*-induced Ca** release (Brillantes et al., Stabilization of calcium release

25  channel (ryanodine receptor) function by FK506-binding protein. Cell, 77:513-23, 1994;
Kaftan et al., Effects of rapamycin on ryanodine receptor/Ca®*-release channels from cardiac
muscle. Circ. Res., 78:990-97, 1996). In the absence of calstabin2 (FKBP12.6), channels are
also known to open and close (gate) stochastically, rather than in unison (coupled gating)
(Marx et al., Coupled gating between individual skeletal muscle Ca®* release channels

30  (ryanodine receptors). Science, 281:818-21, 1998).

[0069] Evidence suggests that AF is typically initiated by premature atrial

extrasystoles (Bennett and Pentecost, The pattern of onset and spontaneous cessation of atrial



shortening of isolated atrial nyocytes, indicating that cal cium handling
contributes to the 15 atrial contractile dysfunction acconpanying AF (Sun et
at, Cellular nmechanisns of atrial cont r836t| | e dysfunction caused by

sustai ned atri al tachycardl a Crculation,” 98:719-27, 1998). [0066] As

di scl osed her .the inv QVii. incin i ce that
cal ci um honeo? rglg g "E)Imﬁns ’5"}‘{ ﬁtl%g?iggﬂ%gﬁo évf Cq'[ e el‘\{vgé lfelslg”? "llg&rp
contractile rcmpmldxezlanmg (ChaeﬁelcaBrFanaon mmensals,taﬁérpedltatsrarﬂlarrhy:tblhywﬁvdl a and

AF. Rel ease o r S\ 0 n_ 1t onent of

nyocar di al kﬂﬁ%ﬁe tl g}g?sﬁe'ﬁlﬁélofé% Yargdl %as@%@h%}g%aégk%bmgﬁ%p

char act er i zedtetntination bf the arktgrhntia, shssjlmembbseraed (Tesmemundes rhIsymediag rétyiR@tidnas been

i nplicated thev I y heart

failure and s?r}rc?%g?ﬁgﬁﬁﬁ?"a@“o "’R/&W'i%(i da{lbrg%? 15%& gh‘ggfo%l(l)ercé f'%ri

gi fsso;:i ates FSKBEtLE ﬁ99f8rw;a11etnlbet¢dahmoumer ahmmt%?dwmb fo7r(tlreyaamdmmé atr?ebept grS ):
efective reg nn failid rens

et al., FKBPl@’@l {ﬁ@f Fgf é‘f‘fco)'} %82%52”3? %?q)vaggk‘%ﬁbffns 7 fa“ glgkec&%edrlg?/\% ryanodl ne

receptor) f Luupblmﬁmndmsmkadshhrkoexxﬁirmm&vitmuaﬁ@hcsmdd‘ematﬁbmilaacn weaddhtelyCel | ,

113: 829-40, 2003; Reike Bet a kers .restor.e a Ci mrel ease

channel functt ﬁfeg?faatloﬂ'ﬁftg‘vgrr%él}%f‘aé"%ée % ?tep%qﬂ? Ot PN @ erld?Po (R heart

failure. @ rcinbwatd mllggerad)altlﬁ%G‘fraﬁqtzozonﬁ)zssm PO E)hfasyfswlﬁemmmctxllaﬂy Ca 2+

handl i ng pl ay. role.in 2\% athr h(}/tl HWZ lirf n and fwmt on of

the atral somend it Aran s AR asio e frpt S Ry POty (A% P o

setting. In péilzzt|Kagioail,ancpfunafonalcfadtdiedetmeﬁgnﬁdubmﬂmmtenhm ofmrhﬂ of this

channel in AF was.. nat kno ent onf.i.rm herei.n that,

as in the ventIl atigndp d?ﬁ?d{ygr]d% %’rﬂo} aztg?-iéftg_?gﬂ??%’csgw?ﬂ%a&‘atc@?ﬂaﬁf‘ﬂ"? Pa['&hse

channel s exi sdtriAslettedl edeliigl ar conpl exes. The results of the inventors'
co-i mmunopreci pitation experinents indicate that atrial RyR2 is physically
associ at ets wi [0o70§ he nazj\odlsduﬁsgmhmvanberesiebﬂddnbe thEtathdbalbéﬂnﬂlaétEiKHE%iZcﬁ)Se Wwith

t he phosphat ases, PP2A: an i r.equl.at.o at alytic
subunits of I?]SF&P l?‘% ﬁ%‘? eéph°fW8W%1t 67S§ ggl%(fgr?’h %P@ ?'ﬁat
endogenous PKBAﬂs)amfﬁmmtoItﬁggahmﬂﬁh@htynbﬂhxasrhﬁyﬂ%s (Welstbrisi ekl , FEBPCDP| asm c
reticulum dSH$t' n of . cal st abi n2 he channel

KBP12. 6) i
ot oy etk Snd S @RS Bl RaSlongfe T ARG D con kb ot o | s
t he atri um c autbrdisd duded duddad aﬁdlhydeEHWqNHDBmmw,lmm)omti@Beliaberdtﬁdt RyR2, in a

manner | a gg rve?‘ in 10 tae ventricu myocar di um
(B ant s, Hpheond RyBEETEUR Renfing Pl i miieis AT AR Moty aF6i ne
receptor) furabhérmal dhymﬁl@aﬁcﬁﬁn bbsetledby the Oivexitdts mGZyebdnmbYNe tb i3patAdgendsRHf) .
00681 In the urren i nvent ors rv

Lyp er phosph or/y‘c %ﬁﬁ %‘ﬂ 8$ a sou ce otf B%Ds necessary for tnggeremg glg in agc}mon to contributing to

the dysfunctional calcium handling that is integral to the remodeling process associated with

the arrhythmia. Given the evidence presented herein that atrial myocardium from humans

25  with AF, in the setting of heart failure, is PKA-hyperphosphorylated and depleted of
calstabin2 (FKBP12.6), dysfunctional RyR2 function may explain, in part, the frequency of

atrial arrhythmias in AF patients.

[0071) JTV-519's ability to repair a specific molecular-level defect in RyR2 calcium
handling makes it an intriguing candidate for a novel therapeutic agent. JTV-519's potential
30  isunderscored by the growing number of important cardiac diseases, including heart failure

and fatal ventricular arrhythmias, that involve dysfunctional regulation of RyR2 (i.e., PKA



RyR2 was associated wth depletion of cal stabin2 (FKBP12.6) in canine AF
atria. Simlarly, the inventors observed PKA hyperphosphorylation, wth
associ ated depl etion of cal stabin 15 (FKEIi')lZ. 6), in atrial tissue from
humans with AF in the setting of heart failure. The functional consequence

or obabi | | Ly APEBIPLTIREm PRt (ke oy drort e e ERSE: R osol i

Ca2+). Such impbgdnk conéribusbso ihitlphthogesess).e characteristic of channel s that
have been depl eted of cal stabin2 (FKBP12.6) (Brillantes, et al.,
St abi | i zat i onfo@f2] cal ci Initial sﬁd@a%]ﬁ\hamﬁatusé&gteits@dﬁ-ﬁﬁehmléceqopﬂﬁés (P@sdnainct i on by

FK-506 bi ndi L eh%rf &qaé??t Mozef?ﬁéel SR ever ??6%519 I %er%m?';: Bhnghannel

function in APTBUE LPons em)ns rating that the
| oss of cal stladmcﬁéh of(AEMBI?l:é‘mﬁe)stdrﬂ@mng&ﬂs mpdel bﬁmﬂﬁbmmamgn (KunFagA et al.,

hyper phOSphO(%é%%béglplc ﬁsc'#s f?T g l eaké car Qgrﬁ L6t dru 5r?£}n§1rf%nﬁ{t109/5posgd to

a diastolic 'ncre sensitlvit
Ca2+-i nduced fGate?ih arcahmlle( ﬁtmcdrﬂlammed;el ot Catliov@St.aiiedtrioplatsiobnl 4cRB0-84) 2@Di)m

rel ease 25 ¢ dlne re e func |on b |nd|n rotein.
Cel |, 77: 513h]§§s %ﬂ& ot 81”?"5?! ne f' %ﬁ‘%‘é ?W)r{'gtggfr\ypgllér)\mgn r@tggodl ne
receptor/ CaZﬁndltelb(ﬂ&ﬁmd]hﬁﬂ&&h& dfadm car di ac rruscl e. Crc. Res., 78:990-97,

1996). In the absence of cal stabin2 (FKBPI2.6), channels are al so known to
open and td os[@03yat e) Astdm‘masta'tedabfeiyn, the aivérgors hdvaldetbmniwdit@mee(maumnbd gati ng)

(Marx et al d ween i e e

rel ease chanrferlgoﬁgé? V@a@%w 5‘8’35?@?%5‘2/ F%ﬁ’i%@kt b ?Q%% 5‘13}"‘%5@
100691 Evi fierwﬁzamgasies:] isdﬂaéd ﬁ&nhSmfay@hmaHyycatdimﬁ b?xtue&il ,bgsocpat?imf ure atri al
extrasystol es t of onset and spont aneous
cessation of é&?g‘é‘?%@ﬁg%b tﬁ’gg'pg?f”’f‘ y%ﬁ??@lﬁ‘f’%‘icﬂfnw' el g8 1970)

\Xni ch are knchhﬁlnlrklé R]?-‘ésbbilatfdh(bﬂta@éctibﬂﬂ-(FﬂBpnl?wnﬁ&ﬂelcﬁﬂfﬁé(cﬁﬁ@l&ﬁids&lrdi 4;’ 215 2
ction potentia af.ter enti a as. rc.

ey Rl ol syl AR Phoapheagip L palt QLS. oSt Pa I BBl e
term nation Gindibemay playahﬂa if the @B mVoDe &7 iMeBit the indoEbieisd &ainddnance

| medi ate reinitiation of atri.al flbrlllatlo f ol own&mte nal atri al

defibrillati JaSOééﬁf‘éﬁ Sy Kymagaierals r‘\awgihm'ce fecty 05 DID/-51), a ey§8: Wl | ens et

at, Atriover toequopadﬁecw@dra@babdr@] fleMhER /me&ertimecahrne@eﬂerpen&fdn&tmddai J
fibrillation. C| rcul ation, 1998), and has been specifically

| i nked to earQ‘V ‘St‘f"t‘%rEleCHé‘ﬁf’éﬁ’%lr’ 1&§§Q§ goq%urashnl kov and Antzel evitch,
Rei nduct i gn rlaldl‘lbr g&atlon | t el fter termnat| of the
nrrhytnm s 008l ot ety oo ineomis sbprvi didrebp T SATRIRHO | nduced
triggered actpathogenesish likdly tbe aiultifddotiak Jterr®il mydEd@)1. CaPtandlfg St o ar e
particularly . . . . .
contribute significantly to the disease process. The inventors' studies suggest that abnormal
intracellular-Ca®*-release channel function, which results from PKA hyperphosphorylation of
RyR2, may contribute to the remodeling process in AF, and could potentially serve as a

25  trigger for arrhythmia.

Novel Methods of Treatment and Prevention Using JTV-519

[0075] In accordance with the foregoing, the present invention provides a method for
limiting or preventing a decrease in the level of RyR2-bound FKBP12.6 in a subject. As used
herein, "FKBP12.6" includes both an "FKBP12.6 protein" and an "FKBP12.6 analogue".

30 Unless otherwise indicated herein, "protein" shall include a protein, protein domain,

polypeptide, or peptide, and any fragment thereof. An "FKBP12.6 analogue" is a functional



likely to give rise to AF in the setting of a shortened atrial effective
refractory period (Wang et al., Regional and functional factors determ ning
i nducti on and nmai ntenance of atrial fi br'&l | ation in dogs. Am J Physiol.,
271: H148-58, 1996), simlar to that whi ch acconpanies atrial electrical

renmodel i ng. 15.100701 l scussed ab here is evidepnce t t he

aberr ant gi as‘?ﬂ‘l"]%z&F @P&ef%rgt&é” garvwémé%ﬁg“’ﬁ’ﬂ%ﬂﬁﬁ%% E‘ﬂ@?ﬁﬁg}? Vi ated RYR2
results in degre%yaﬁdmﬁlﬁiaeiﬂﬁﬁﬁlﬁﬂde&bhalﬁw WitiSthe FKIFPHM ﬁrufefn'.zmgen%he]'f asetl hérgiger .

| et hal ventricul ar, m as ens. et ... FKBP12, efj.ciency an

def ecti ve caltﬁ‘? i Fg‘%’gﬁ bb%%%hcﬁg‘;g(‘ yé‘%‘ﬁfﬁf" € §olabG 3 Protep ﬂ&‘fﬁphﬁet "Fnked to
exer ci se- i nduksdnssdslanabiiay i alamcide@h%iclaﬁgekdth, ﬁimg(li QEQ-uﬁﬁhosﬁﬂflﬁaated drtnon-S
bel i eved that, 20 dysfunctj .RyR2.cal ci um.handl in al so serve to
Chitrate Ab bR R e AT et PeR Bl er ved by
t he i nvent or sippyimariyi fivelfold abbe thé’ll&ckg%dﬂﬂgﬁhﬂ'ﬁgbﬁaa gﬁ‘gativ%thxyolpnmi tﬂt ng a
source of DADs pecessary for trjaggering AF, i .additi to gcontributing to
Che. dysf unct ICGPTOrS 2] CF KPR SAT Pgetiattoueh sikuimay b Jriere: FERAtet ng
process assodkBreglewith the arrhythnma. Gven the evidence presented herein

that atrial nyocardiumfromhumans 25 with AF, in the setting of heart
failure, is R8F6hyper dhadditior yd \édietrent) R YR lireludes with anc ®RlyRD ahitad? (6. 5KBP12. 6) ,

dysfuncti gnal unction e in, .in par, he freguen f atrial
arrhyt hmi as iait{x%ﬁg%%é?rpgmog M e%ﬂ?%??fpgﬂa%doagbwﬁ grajoguy e%ﬁ‘i Wﬁf specific
nol g_cgl ?r - :c e\aghloglef e;atfuﬂr::ﬁoﬁyﬂ&‘i::ﬁtaifdiemymt bﬁ)'fl"?/{’ hdi\g:}gm}msbt ibl?giaanadtigtty,iﬂgwi ng
candi date for_a_pove erapeut.i c agent. - entia i s

under scor ed BYS $4{&°F %ﬂt}ﬁrﬁﬁ" mgfq“S?ce?%Ség%ﬁ‘?h @5?&%@0&%6,‘%55‘@%&6{%’& udi ng
heart fail ur ehetesh TRyRalanaleguet included RyR1 FIhetskeltalsmustle adofann\ofRyR2 dysf unct i onal
regul ati on of gélR%h('. PKA 31 . hyper hshr%at'gﬁr& ndlozai of

cal'st abi n2 (PP 3R &l e imARAR miay op Prsrosagory i, pliospieblated (e
ocused on 1 Le ant ol e e arabery | 6a (Pereopal oo iieotro a2
More recent| yyP 8W,?atediT‘¢s§'gr§‘eE‘é5§‘s l?f‘é%?r(tgﬁrff)%'q?tyéuibf‘oﬂi‘?%‘iap AVt BE % in of AF
in a canine sheadktiVi§y ofe piofeid 6H deptide Nt @dmddktratds bh ability itdissddiad prgsicliswimgai et

al ., Antiarrhythm fects af . JTV-519, a novel cardi oprofective drug, on
atrial fibril tW‘ES‘nIglfﬁlglrzrﬂH'f-e‘?‘n‘i‘?ﬁ of aBaipf e s A1 Op&Har HPlTBDs model 9

Car di ovasc. kpgoetimeplfit @ld, abdve §eackpfound Biadhg of alitipsive towhol)dirdetad , however,

gg{ In,? Znta e”gg#d%{gngg? tLeh gsg)al,)llg ges\g{i]l;e% rlller‘gix,\{a-lt g'tlgghla%l?tg trnea():} b;[e Hi?ferelntn f?o% Ith%tI c!f 'ty and
RyR2.

[0077] As described above, the cardiac ryanodine receptor, RyR2, is a protein
complex comprising four 565,000-dalton RyR2 proteins in association with four 12,000-
dalton FKBP12.6 proteins. FK506 binding proteins (FKBPs) are cis-trans peptidyl-prolyl
25  isomerases that are widely expressed, and serve a variety of cellular functions. FKBP12.6
protein is tightly bound to, and regulates the function of, RyR2. FKBP12.6 binds to the
RyR2 channel, one molecule per RyR2 subunit, stabilizes RyR2-channel function, and
facilitates coupled gating between neighboring RyR2 channels, thereby preventing aberrant
activation of the channel during the resting phase of the cardiac cycle. Accordingly, as used
30 herein, the term "RyR2-bound FKBP12.6" includes a molecule of an FKBP12.6 protein that
is bound to an RyR2 protein subunit or a tetramer of FKBP12.6 that is in association with a

tetramer of RyR2. The term "RyR2-bound FKBP12.6" also includes an RyR2 protein subunit



10 100731 As denonstrated herein, the inventors have determ ned that
treatnent wwth JTV-519 (1 M allows reconbi nant cal stabin2 (FKBPI2.6) to
bind to PKA-phosphorylated RyR2 that has_been isol ated from normal canine
nyocardiumin vitro. Association of cals#hbin2 (FKBPI2.6) with

PKA- phosphoryl at ed RyR2 did not occur with untreated hann
Re- associ at i ofthapis bewidde apiojeoule planpKBPAT-6 Rrotein, PR EEHEFH 9 f{y%ﬁ‘ﬂ P80 restores 15

grm mal hf u nCIt i q}g@&&hd’%ﬁm%&%@hm@mly leatrgel, ﬁhﬁ&g@lb $n thd h.?laj)f {1/52151-@5@& i on hOL
channe uncti on may role in the abj to inhibit
t he i nduci bi | |Fﬂ(§3pé?ﬂ€|“haaﬁuhlﬁg %‘%"S aglecragse infhe %@@?V@%ﬁﬁﬁsﬁ Wﬁ‘bﬁgﬁ%zg@ta al .

(Anti arrhyt hmgg,.&t 884 SecRhasedil Wre dh8l ofa FRBYED 6-RGR? EbrANEOhAGHYj&e drug, on
atrial fibrillation / flutter in a canine sterile pericarditis nodel. J.

Car di ovas:: 5 Elf iﬁﬂhr ophth ﬁk!clcmdarileé W?@QTegﬂathoaQ)@&} predéht ih@éhlma, aA'Hédrabe"fm teil |l ation
is a conplex el ectrophysiol ogi ca ess; its nol ecul ar th ene5|5|s
likely to be AfYFkf ME@%P?"QIFI&&B%PF‘QH“ Ie5taeEr dg afeleel gﬂde?fﬁﬁgaq‘ téﬁ.’i‘p‘érars to
contribute si gojufddnantnk yevmfkbﬁz dbﬁamm OGRS subjEbe ShﬂVeBdHcQﬁ@ is lrhiedioes
suggest that abnormal intracellular-Car'-rel ease ch nnel functi on, which

resul ts from PRASHSAIBHSHBREM NG QE fesrragsrs ingpiryay badgd et diPedeto t he

renmodel i ng pr%ﬁﬁ@tea r&r éﬁuceaeﬂtm@a&mxsﬁﬂmr&nw by (sedeéalba&baoaﬁsachmgmé for
arrhyt hm a. Nove ds of Treatnent and Preventi on Ump%msTV- 9 100751

I n accor dafice IW’M Ptyﬁé bP‘B‘rdJé@Pﬁy i the sybjestsis ighsr thaB My Wi ¢ gBsin et hod

for Timting a9§en&ro$‘fﬁ\?‘-t5l9"9ﬂﬁ "ReAr mllﬁuﬁmmv@m  bubiReRRfeR0 fid oFésBP12. 6
in a subject. used herein, "FKBP12.6" includes both an_ "FKBP1

.6
protein" and A?Ye}"FRBP‘?JZCCG inghigingghgctevel sbRxE%rl@ggd%‘f%%‘M@éhelWé%mé“%rei n,

"protein” shalnksuwg,l.&@ﬁs@gpl&% hgmor%aa\%mtﬂ@ﬁajea, Bymwp@amp@emem pept i de,
and any fragnent thereo " 6 anal o functl onal

i s
vari ant of t héquNMZheH’VBWaBﬂeéP]rPfRﬁ%bﬁ‘@dIﬂ@ﬂ%6‘ the iﬂblfﬁfi A3y beE¢omp} ‘f'&‘id t hat

has 60% or|5 ghealiedreaddTinBR 1% 66 18RAURNEEFKINTR6Q8 he Widol, ik E'QSSEKBE@& iR cqllsot ei n.
As further used herein, the term"FKBP12.6 biol ogical activity" refers to

the activity 6fthasyiest ei n or pept| de that denpnstrates an ability to
associ ate physically w_t or bind with hosphor Iat d, or

5
hyper phosphor y§4Pkd Ryl@e%q"e]é’fRy%? H%H"HSKBF } SPrRoRPIRE M2 fi?/ﬁt%(c)hndtanwd nor e
preferably,  appysRi BBhfRquLs, ﬁxxcuﬂmfqudder@&@\&temﬁemmemm%@ ng of a

negative control), under the conditions of the assays descri ed her ei n,
al t hough affi rlfpwn%%yab@cmtqf'wePi&ﬁl@lzwoaﬁmlm IrgRUTOpIREptefipn W estern-blot

20  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

25 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
FKBPI12.6 in a subject, or the limiting or prevention thereof, may be determined by
comparing the amount of RyR2-bound FKBP12.6 detected prior to the administration of a

30  therapeutic/preventive agent (e.g., JTV-519 or another 1,4-benzothiazepine derivative, in
accordance with methods described below) with the amount detected a suitable time after

administration of the therapeutic/preventive agent.



[0076] In addition, as used herein, "RyR2" includes both an "RyR2 protein”
(e.g., 10 atrial RyR2 protein or ventricular RyR2 protein) and an "RyR2
anal ogue". An "RyR2 anal ogue" is a func honal vari ant of the RyR2 protein,
havi ng RyR2 bi ol ogi cal act|V|ty, t hat h s 60% or greater

am no-aci d-s ce h | o t he Br at he
term"RyR2 aﬁ%@g OI% &f} prescf"ll‘u Petd§+rear§ﬁ?§ gﬁ?ésjlor ﬁiﬁ Q%lmi?y

and RyR3. TI"RKEWRB irof subjeet (pgeaemﬂs ofnheesnbjeﬂhmrm;e livgited opprewgteds fpt examle,
phosphor yl at r e . PKA) ;
preferably, t%’fé'gl’%)g&g dls’smm% 53 °ﬁ§’}31’§t6ed‘m# ﬁEhn tﬁp?u%%%gégi%gm% a?ggd 4 di further
used herein, tebeset EKBPI.’ZI%/&B R‘yRDhrotye mjecaotby\s_tabyizingeﬁediW'chKBftlhé camplexi ty of
\?‘M F LOt glr N or dgﬁ'\ﬁ:s{lq(ieei‘:t tF,&ﬁf_;at igﬁ%‘él?, ertg‘ltmeﬁ?}}%]}ina%dl%?myno%?gl)%l?l?regfb'le%%}(ﬁ% phySI Cal | gr
nore prefer abieyreasa@pnhmbitmg,tlﬁhyng onvjeeventing theqihgmenl thlmciaamkcgrswmﬂoﬂoofmh ng of a

negative cont der .t he co di.tions ssays,.descri bed herein,
al t hough afflgﬂﬁ%’zﬁﬁé}’uﬂéﬁaﬁaﬁ Ao ef‘blf‘nl t a?ug St a’ﬁyb?ﬁi‘“ﬁtfﬁg‘?%‘“&s descri bed
above, the cadnldbidag, mmmgdcbrrpeevmmg|ﬂte<phys1daympcwtmna>r Repatagomof ag RyR2 ex
conprising four 5 000- ot el SS0&! L.on th four

12, 000- dal t SRR %?'36] lggﬁquﬁﬂg%%s'@le dfhsg“ prot ngiﬁés '(]Ftll%%k"? are

Ci s-t r anslpepincebydingtsindind" 1ﬂﬁldbsmmgﬁﬂcredmg @irepravidg thy ab:kp'r@ssed and serve
a variety of cellul u i ons. BR1 |s t| boun and
regul at es th@%?ﬁh%qﬁkﬂ&gﬁgawwlateﬁﬁ ﬁ’éwgh Ef(ﬁg?? d xérﬁ?\eel "one
nol ecul e per tRyRﬁd,S)tlbxwﬂé prefe&ba{badproxemtdiyﬁ&bfbldazmeé thé umgnommblmhtg ofa
facilitates cou Ied t ween nei ghbori ng RyYR2 chan r eby

by ovent i ng agBHPrortan 1 P pisht 61 AscaR TR Brna HGOCHETE BUH AE phase of

t he cardi ac @xaEPa2. 6Ac£s@dcwtmnbycallawu$mp8&ymed RiR2 (etghmddefgmfaﬁycﬁmnmynd
FKBP12. 6", i ncl u a nol ec oteln t S _bound to an
RyR2 prot&in t‘é’ﬂﬁ‘ﬁ‘ilof e %fegfé@glryawpxﬁtfat ldBabf’He'{h P?Qgrﬂu‘}flbé é’lga‘)?iaon with a
tetramer of Rygdfive ddnerol) & the SuBjeR2- bound FKBPI 2.6" also includes an RyR2
protein subunit 33 that is bound to a nolecule of an FKBP 12.6 protein, or
a tetramer of[0BYR2 t hatdditnally, inalsesethaitaf die pvdséduirﬂeﬁt‘&hraadmreas@fm REKBRAD 6.

Thus, "a decr 4&%2 f % FKBR12. u
el udes & ddoregoum e ICh ablesfbcReR SLastiy Ry THEAS BHERES:  and a
decrease in tbpdirbatly decrassing tHeH&#IloT phosRydidated RPREix thd’lsuBJe&uh]bQ(iﬁdJre&ly[ 0078] In
accordanc with the th f the vention, "decrease" in the
| evel %ny Nelejviat: ﬂgﬁgﬁ%%pgﬁp orélagﬂ]g}yg%{n t" E’F%t (g Q'tﬂregf%’@taaﬁpﬁ'”ﬁecr ease,
di m nut I on, @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 subject 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%.

25  [0082] 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 (e.g., 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 animal,
such as a cat, dog, monkey, mouse, or rat; or a commercial animal, such as a cow or pig). In
30  certain embodiments of the present invention, the subject has, or is a candidate for, a cardiac
condition. Examples of a "cardiac condition" include, without limitation, cardiac arrhythmias

(e.g., tachycardia, atrial arrhythmia, including atrial tachyarrhythmia and atrial fibrillation



reduction in the |l evel of RyR2-bound FKBP12.6 in the subject. Such a
decrease is limted or prevented in the subj ect when the decrease is in any
way hal ted, hindered, inpeded, obstruct eaq reduced by the admnistration
of JTV-519 (as described bel ow) such that the 10 I'evel of RyR2-bound

FKBP12.6 in t 8th SPS l?z!me]%t.ana ?o %ﬁm%%t ha Fg\'@yth.rguaotngﬁd %gnut?c%la'r ?bﬁlﬂﬁ .absence

of JTV-5109. eve I'h a su j ect &rs t6 the
overal | | evedndierertikeeinguchd emdhac arﬂgthunh)ri@axt hdudeeanélex&nﬁsd?ynﬂ@edbmdddt RidBR12.6 in
t he bl ood (ci h'nl ation), tissues, and cells (e.g., cytoplasmor nucl eus) of
t he subj ect. %y way of exanple, then, a decrease in the overall |evel of

RyR2- bound F 6 in gqlgggl ase in

t he | evel K@@ﬁ boung&%ﬁ%@% 1Sryadlillnp%ln iR %géﬁg% &?agfthl n cells
of the subi ecmam{eslﬁ)é'@]n abhemhlgy @l heart rmemmFKBmQar@a (ag. trabhjrstienahmy be
detected by s ard. . i gue i ncl.udi r HRY

dot orm ned 1 SREDn el BAEp AR SR RS 1o BN Pkl S kAU

hybri di zat i onrapiday ipsh@qctibrmﬁﬂm‘pammbqﬁbulatyi watren thbésm@rate-ibhlmve 2Q) menafing i s,

fl uorescence | ing t.ec ues dlatl ion as well
as any assaytg‘gﬁgndhyg"e I%E:Sta’lq%cﬁycr?g{% dw‘ 38 é" g%ﬁ' m“ﬂ hg’h%?))t fim. protein
may be i sol at E;drmdndupwqafdladrrhytmmaoed lhezanodindaxoswg ea:VenUEuhgﬁlstlhmdmrd met hods

known i n tI(Ee vaéé cularntg gatrﬂg mc\M 1{%8 thaél adts oastuldc%ntczér%%r%nf \?a‘u Itlst)at dgve]%n; the cells

(e.qg., er e 15t so ¥ 268 nece ssary,
foll owed by addrmgt(ntttqrapubjccthasamdangoncph)mcelwbcermm chr omat ogr aphy (e.g., FTLC
and 25 HPLC), imrunoprecipitation (wth an antibody), and precipitation
(e.g., wth i6§ opanohtriabfiighllationdagresxemple oftactyarfinitnah.) Motesspbafidatiy) atriatl

f
Du 162t 101 Ak, 00l (ks 0L U Bt ABRBEARY bR 00 2
a subj ect, orel¢chreal sngmlls langentrratmcshv@mli)ahrougtrenebé yppemchainbers| @t griagiofithed by
conpari ng, i ehe%qoég'mrggf ?)%%st o??t@ngl f% ilb% mclu%gt“%ﬁ\ tqtn[])l{atlg r, p%l%\;ng_ﬁisg(an

adm ni stration of "a rapeuti c/ reventlvea
anot her 1, 4- bammftottalzlezmrmssdﬁthe\hem’svreptd aml 1rragutanbcba)n0°enallnﬂbhllamb banciiso

descri bed bel de et uitabl.e tine

adm ni strati or(tgtw?)tfl \A‘Flhg'd (tl%gtrhg{%d pr Ve ﬁt?? @%ggl natusm%ﬂmkioggbef FHE"9E et hod
of the presemnf atrral/ﬁnﬂltammma)mbecmmalsﬁnsknfabtos édaumbtranbn bByRalidadomsdo sloiKBie12. 6 i n
a subject (e. ubj ect revent ed, for
exanpl e, by }%nrttnr |atng}(3)rc rg B eapﬁ%rﬁé %ﬁ%ﬁ’lafggreéﬁrglowgﬁmipﬁ {08° subj ect; by
i ncreasi nZ) biasciagd whlbtbtmedamloﬁKgPl 2.6 and RyR2 in the subject; or by

stabilizing the RyR2- FKBPI 2. 6 conpl ex
[0085] Heart failure is a condition manifested by decreased contractile function

(contractility) of the heart. Symptoms of heart failure include shortness of breath, decreased

exercise tolerance, and early muscle fatigue.

[0086] A "candidate" for a cardiac condition (e.g., cardiac arrhythmia or heart failure)
25 isa subject who is known to be, or is believed to be, or is suspected of being, at risk for
developing a cardiac condition. Examples of candidates for a cardiac condition include,
without limitation, an animal/person suspected of having cardiac arrhythmia (e.g.,
tachycardia; atrial arrhythmia, including atrial tachyarrhythmia and atrial fibrillation (both
sustained and non-sustained); ventricular arrhythmia, including ventricular fibrillation; and
30 exercise-induced cardiac arrhythmia) and/or heart failure; and an animal/person who is
known to be, or is believed to be, or is suspected of being, at risk for developing cardiac

arrhythmia (e.g., tachycardia; atrial arrhythmia, including atrial tachyarrhythmia and atrial



5 in the subject. As used herein, the term"inhibiting dissociation"

i ncl udes bl ocking, decreasing, inhibiting, limting, or preventing the
physi cal dissociation or separation of an FKBPI2.6 subunit froman RyR2
nol ecul e in the subject, and bl ocking, dé%reasing, inhibiting, limting, or

preventing the physical dissociation or separation of an RyR2 lecul e from
an FKBP 12. 6 Semlaton (bpth styrined 3pd WS.Uétﬂgedﬁ;qieﬁtﬁé‘rlafﬁB&Lﬂ&r g’m?"‘% ﬁ%‘%céﬁfn 10
"increasing bipdiaAgn: ahdGlesie ndBEARAQIaB Brrhyiisih S AGIHTEIur) bnd/ SrRE&ViEiQdIcEE
ability of phosphorylated RyR2 to associate physically with FKBP12.6 (e.g.,
bi ndi ng of appdesaardissidgatht wo fol d, or, nore preferably, approximately five
fold, above the background binding of a negative contral) in the subject,
and enhanci ngl9%Hcr easPngendipte| f?bg’if\rﬁlsﬁ@“dc“ﬁ@ céﬁli'qciafrﬁyt a 'T:%@:g‘ei% %o

associ at e phygidudltd Ye, Ot &sBelReribeoy isatpectédydtBeing afrisk fbF deslé1Bgn@dardiac
approximately 15 two fold, or, nore preferably agﬁrox#nateh%.f ve fold,
above the backgpduHadwmaaiterphivicahexerisgaExamples gheandidgtes 19 pages -eftfiu . 10081]
Addi tional |y, cdrflad ihyiNRliDRCuES withft hRSRAan hMwRNERA kndwitetaRase i n the

| evel of RyR2-bound FKBP12.6 in a subject (e in cells of a su%%ect) may

be linited orcaschaninggio P@Vmwﬂ\@c‘ﬁvvcwé@é&éﬁﬁg@%ﬁla&e@malélfefi‘?ﬂ6%“5 %y| at ed

RYRZ in the syif.¢mbk CPOT; £ ah RElinhBftbY wROis ARG ERDE NG i Hrfeve@ Ybe, &fis
phosphoryl at ed Ry in the subject (e.qg. y targeting an enzyne (such as

.. b 4
PKA) or an®t hiispested ofeainguat risk fas deieloping sardive gthythnaa dygmEiaHen Ahygicd exefrise,

functions or ,|s@mlisale BRAFAROEYhdnAH eXRYdRing, b Hab fisCRirpRied ckér@ferabl y, the
| evel of phosphorylateddgxﬁg in the subject is decreased by at least 10%in
& N

the method of digyesepplay aminhesiied diggrdsr indndividyalysyith stupfuraflgpermathearts.

phosphoryl at efl ;RyR2ctbred 6¢ £tf%§s5ﬁahc@dv@1§richﬁaé&h&,@§8@ ~29etfd? Q\gﬁ)]thrﬁiﬂ dRcmey dance

with the nethod of the present invention, a decrease in the |level of

RyR2- bound Fkemseispddenicardiar dgathe dn sibjegts st (PN, physiga! sxaslineand/pestigss induge ce| | s of

a subj ect)s ThgireHMaPAd/PhollRGpRE Sfitulal QM BIrHi thiTHAd REsuBAM cAdiabBéath
i ncl udi ng anphi bi ans, birds, fish, nmamuals, and marsupials, but is

: . rsupi al
preferably a (Pkiin the ehsepioe obdeteaigblp strustuged hessidisgasaningiyiduals B °PYJ hveat , dog,
monkey,  MOUSeyenQloufahrhyfmid mmﬁ{i&ieélto ABLRBbut BUEHeddoParhOimdks ated) - 10 30

certain enbodi nents of “the present 1 nvention, the subject has, or Is a

candi date foryoggjcar di fGhe MO dfitRpresErt AVRAER, BE cdlls of PduljeBGrERB@iablyon”
include, without limtation, cardiac arrhythm as e.g., tachycardia; atrial

arrhyt hni a, i Hostedanpsglegelis A striatediyusele iy misrlg impbictthe reppating gpits) (FasOMSFEs35

(both susb@i ngGhadd AR H6HbAk B Drangb® BlrEdifH! tRbu LN Nl RsulddgGh udi ng
ventricular fibrillation;” and exercise-induced cardiac arrhythm a), heart

failure, and E3reYeEeoeobligeEHiogy Bfarrydapbered 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
25  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
Jjunctions: expanded desmosomes extending along their transverse portions, and gap

junctions, the largest of which lie along their longitudinal portions.

30 [0089] In the method of the present invention, a decrease in the level of RyR2-bound
FKBP12.6 is limited or prevented in a subject (e.g., in cells of a subject) by administering
JTV-519 to the subject; this would then permit contact between cells of the subject and JTV-



death. [0083] Cardiac arrhythm a is a disturbance of the electrical activity
of the heart that 5 manifests as an abnormality in heart rate or heart
rhythm Tachycardia (e.g., atrial, junctignal (nodal), ventricular, and
paroxysnal tachycardi a) is a condl tion asYociated with exceSS| ve rapi dity
in the action of the heart, particularly V\/nenélihe hear t % IS dabf{e 100
per min. A t &YEY Y (i @-beazylpinesiding cHipeapipn gd’&‘?ﬂéﬁ"é A bEgul arity

I n the nor mal yQeahihzdpihY fdRbhydR¥EIbAdeS Alsh REWHAE keaU, i aeriadtivbyt T a is a heart
condition (e. a ventricular fibrillation or q%OIPﬁ ricular tac@ayﬁardl a,

i ncl udi ng anyg‘tnﬁ‘%fflla¥eé5.‘8’sa"f16 modatenctcalemsien chang tiqpde meplpine

during/after RygyhimfctarB@fcel§FEVSPNRRIMIS thellia* RURE hiithe [nOQARKEctifier Kal

fibrillation is an exanple of .tachyarrhythm a. EXD g ?fg cifically, atrial
fibrillatién fFureatipgnasaniprenicsBErels.and hibHs Gn deltyedrsrliiicrdn FUFFH SLEINP hear t

rhythm wher ep arfal &B8.1 V6 aﬁd ﬂﬂﬁhﬁlrﬁarr@drﬂ@riﬁeftﬂia?de Gd%d@ide@i%hbﬂﬁertdaﬁ@ugala@ut t he

upper chanbers, or atria, of Conmmon sy
fibrillation facstabilise ﬂw&yﬁ%@@m%’pf’%{’f‘m%“ ths spbjeat af%a%se@éwve*\}ﬂ%o‘{#@h abl e

awar eness of erera;k}lﬂ@E% bothdRRbSht SRR P 1N 6SEIM RYRD QB hosstdle tb @ksidnl Md/bd detkh ON can
also result in blood clots that travel fromthe heart to the brain, causing

stroke. Curr effr componndphat aregiruciyrplivaplated g these dppn Rug hr"}v?ﬂhﬁégp"é‘éfrﬁ fegls- of ri sk
factors, admi nistration of nedications to slow the rt rate and/ or

convert tHEB hi4PAl t o nbrthamethad ehihs Pressef "ﬂ)‘icétéf@n{%ﬁwo‘?‘ayc MRS hRE 20
associ ated W ffh;dol 13ashyJr @ kHetapbutic cORRRItohRBMpridid JTWL S 9iafid @ pEaemiabet ticaly-

mani f ested by decreased contractile function (contractili té%} of the heart.
Synpt ons of ha&sertablegarmss eWW@H‘é"*%‘F&W@H@g@%FarBF‘éﬁ‘lshbe detePRYE Jlf hesgnse ¢ se

tol erance, angrRaglc¥mpaible Attt btBdirarddRABRL thé\coripdafion A€ notfdeletedoutas the ac
condition (e.g cardiac arrhythma or heart failure) 25 is a sug{iect who

is known to b@CIPtS’Pt theyeqfo TheRhagmaceutisally-asrepfablesamiseeririoyed iemgidiingglects femsk £ or

devel opi ngsa ¢afof Ggarf O FhdrgAR mdwrRRRALHre Qlcd aaMAeHAL RS phmacufidr di ac
condition include, without Iimtation, an ani naUperson suspect ed of having

cardiac ar r hyfasmplatiqe agd which men{e meeparatedasianalgesicragerys, Ruéfess, bindetb.udi ng atri al

tachyarrhyt hnalemé @ {dilbés, &hmlﬁkrls %&h@@m& feﬂtexmerss%sdtaﬁh REMLRAL, Baktisst ai ned) ;
ventricular arr yhma i n¢l uding ventricul ar fi | ation; and 30

exer ci se- i ndutSRENEing dgeats. WRie iy ALaRH. AFhielpi sk vVissesly ingregsing P@ntSa#d*e%ﬁﬁsary,

ani mal / per Sonﬁﬂmgac'eﬁlcaﬂ‘a'ag‘ﬁ%st QcPs an96x1da§tsba%ﬂmﬁﬁé?@ol%ﬁngeﬂavgf 1rdp$ov§ié%@§§st ed of
being, at risk for devel oping cardiac arrhythma (e.g., tac hycardra; atrial

arrhyt hni 30 i preserativry. and svvegtengrsciigyaalsothy eddefl aExampleg of acgeptapde 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.

[0091] The pharmaceutical formulations of the present invention may be prepared by
25  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

accessory ingredients (e.g., buffers, flavoring agents, surface active agents, and the like) also

may be added. The choice of carrier will depend upon the route of administration.

[0092] JTV-519 may be administered to a subject by contacting target cells (e.g.,
30  cardiac muscle cells) in vivo in the subject with the JTV-519. JTV-519 may be contacted
with (e.g., introduced into) cells of the subject using known techniques utilized for the

introduction and administration of proteins, nucleic acids, and other drugs. Examples of



fibrillation (both sustained and non-sustained); ventricular arrhythm a,
including ventricular fibrillation; and exercise-induced cardi ac
arrhythm a), heart failure, and/or exercige-induced sudden cardi ac death.
[ 00871 A "candi date" for exercise-inducedcardiac arrhythma is a subject

who | 5 known , t bel.i e) to he 0 at

ri gkl fS or devel“(?}.})‘f)&fg118r d&P'&f%% crel‘l%&v{ﬁhﬂf aTHRUPS W@fﬂ#f"’éﬁwg&g 913?‘“%3(\5?%0“&

E_xaLrpI esI _of_ Camdatd)aizabsorbtﬁlm embporst(’mi ifaheesich, infeatich, Hnrodxrcnhyﬂnbmome ldemflemyde,
thout limt n erson cate i

Dol yoror phi o v BitsRris Bt et 28 ot Aot YR B PRBRRL Iy o

havi ng CPVT; arfgdt&ils ma|1msalhzle@ermmcmaopdrﬁonl@fewbjéco ity berdesimbload ingadace t 0 be,

or is 10 suspec J risk.f vel opi cardi ac,arrhyt hm a
during/ af t gr pg’ﬁﬁ?éﬁ d‘é%?@’f g’tge cells zS’PﬁH’J%ﬁ?)“ 9" yé%g?tg‘fqg’e&s (:9& by InTOQUCE 1 ot | y
exerci si ng, OtheIB8-5jl Uiito mempd)daﬁradotﬁef@b@y mﬁd) ARe taﬁbesaellsﬁneyilfalwmple <BE’VT is an
i nherited disorder individ ugt ur Qr ma earts IS
characteri zedCW"?fir"g@?” tlﬁsd‘% “@'@ﬁtﬂg é? S‘Tt%fé%ﬁ:g?ﬁ% tigsue of t é‘f%%ffb
arrhythm a t hatnda®ydeteCiidneettodslftedilyGaicthiadd fehathB kndwh awbgamples ov\whnbh CPVT,
physi cal exertion ang/ or. stress induce 15 hidirect.i onal /or %(%Br phi c

ventricul ar t ZeHge Xitheut imitption, immygological leshripues & &y ‘5‘81“8%‘3%‘ e'pgeicﬁjal t he

absence oflo dehiggésodilceintdging Gdchifiighes1aa ilicrébcsp®ehniduesli vi dual s wi th CPVT have
ventricul ar arrhythm as when subjected to exercise, but do not devel op

arrhyt hm as afoopyst . Ae&xa&iauy nhe IT& -39l the pRfent imeermbeﬁﬁylbe adimvnisteicOf a t he
stri at ed scece s. A striated muscle

cells of a supject ar.e pr

is a nuscle iﬁdW%ﬁ“'?’ﬁ “ %&g\“ﬁﬁ’ﬂﬁ?ﬁefhges( g‘&l Bereyifhgyt ]'?UMB?"’PW contractile
nmyofibrils ar ednaﬁlsrmgeq>ateﬂte1raeginﬁﬁ1manbmraw@mb@dehgilhemﬁxghhuonr @saéh lrﬁblﬂl@d ][1
transverse or ue striations t my observed. at the | evel of a

li ght nicr OSCB%Q 3 ﬁE%H?I‘ﬁ‘IS@EedBFTe’étFrFF%ﬁ’é8"%?%"’34 iptracgpsplar ifrapragal,  wi t hout
limtations viatrabdtaaéons,(isde@leedlahtranildatdrSntroedital inkagbritohesl] dgaspiaaicl € cells. In
a preferred errbodl nt, the cell used in the met hod of the resent

invention is R IRIEAVRRCUIRE, [T Yenaus Rarqnchymiatays, SpboKiaReaus or syblingual m » car di ac

nuscl e 25 cel injectiod¢ortyamy GhEaels. MHLLHE bidbddidkd, She aBbiE s Amilit@sLoftibsiedtn t he
nyocar di um of t\?&ﬂl}eart Cardj ac nuscle fibers are conposed of chains of

cont i guous he®F éaé%edc,déi“regy togprdiag gyl foﬁ%ewéaghetﬁrwﬁ%@ igRdhersubiesty at
i ntercal at ed gHagks, These di sks possess two kinds of cell junctions:
expanded desnobsones extending along their transverse portions, and gap

juncti ons20 t h@od4dr gest F@foraMdrkibiskdtidn,al JTVSE 15 Betinkilatio by b@ré‘s@ﬁted)&rc’é?sm% 30
[ 00891 In thF‘R%H hod of the present inventjon, a decrease in the evel of

RyR2- bound PePogdsry grﬁnhlr:% BERSGrsuspPRNRZn hg forrulation pgydere qoaveptional n cel |'s of
a subj ect) byadamivesNéush & ladigke, mannitol, corn starch, or potato starch. The formulation also may

be presented with binders, such as crystalline cellulose, cellulose derivatives, acacia, con

starch, or gelatins. Additionally, the formulation may be presented with disintegrators, such
25 as com starch, potato starch, or sodium carboxymethylcellulose. The formulation also may

be presented with dibasic calcium phosphate anhydrous or sodium starch glycolate. Finally,

the formulation may be presented with lubricants, such as talc or magnesium stearate.

[0095] For parenteral administration (i.e., administration by injection through a route
other than the alimentary canal), JTV-519 may be combined with a sterile aqueous solution

30 that is preferably isotonic with the blood of the subject. Such a formulation may be prepared
by dissolving a solid active ingredient in water containing physiologically-compatible

substances, such as sodium chloride, glycine, and the like, and having a buffered pH



JTV-519 to the subject; this would then permt contact between cells of the
subject and JTV 37 519. JTV-519

(4-[3-(4-benzyl pi peridin-1-yl)propionyl]- Z) nmet hoxy- 2, 3, 4, 5-t et rahydro-1, 4-
benzot hi azepi ne nonohydrochl ori de), al so 3known as 1Q01, is a derivative of
1, 4- benzot hi azepj.ne, ..and a, modul at.or of calciumion channels.,.|ln addition
to regul ati ngcofﬂ‘ﬂ%ﬁe fvét\ﬁ;lg yss'olloﬁlc?rll;c(g'é%& af EENE CORRFIBPY ??tl)u l?fl’at ¥ the Na°
current and tfreddringsaidlsoleon stetiler TkGobnutation eiay bé preguied Gruritiog muiadase cul ar

cells, and inhibits the del.ayed-rectifier.KC current in i ne i trial
cel | 5. Frs06 St iely i o oo Ermab B e TP le ey Ry B o
conpounds t haftinjsdtiab; ihdlzding, véthddy RaitdtiéBRpiTastial; onpptapsularnintréveansalibj ect of t he
present inyentjon, FK506 .and .rapa in both dissociate FKBP12.6 from RyR2.
It is posst bl @&?C(gtaﬂﬁoélf’dﬁmg}?&ﬂ ’O'Ptrag"%urs euiaﬁ’ mYaSFb'tégH%&eﬁléo c?th Fasglrné’ structurally
rel ated to thessstahialdstravisdtlad)mtevenhis, mpgclgintaeus fshleataseoud, @r fubGRNhI, birbyt he

nmet hod of the present i.nvention,, JTV-519 may be adm nistered to a subject
by way of a tﬁ%r‘ggé‘ﬁ?‘frdm(?gtﬁﬁ&@ﬁtf%ef?,“' conprising JTV-519 and a

phar maceuti cal,hy- acceptable c [... Th I ' | y-ac able carrier
nmust be " acce{())b %%I e" iﬁorﬁﬁgﬁgrén%g&"gfmgg?’ﬁgégg@rr%gﬁ%%gb\}\% fj ' %@Bot her

i ngredi ents ofenttration entpn®ist suoinas Eopylenoglychd|petyethylenssglycol, isopropanet; ethareht

t her eof . e phar utical |l y-acceptabl.e carrier ennloved .herein i.s. sel ected
from 15 (ri O0E dBAEMaTBfuBRe TR AS, SR hG et IR R IE P R kel o7

f or phar maceuthe CBV-5f 9 amdpeahit tadTV-aneltowenadateniergughehd skincemp antathe tloadstrammal gesi ¢

agents, buffefhs i Sint.egr.a ers, excipients,

oY S d nt s i l.uents,.. enulsifi
extenders, gli (fajrrgtgl éﬂggwaﬁﬁrﬁ’"ﬁ%’rﬂs‘? %@%‘BM‘?%J%?}?,Y Co@d%e ewﬁé&iar?@lyé“ﬁg?‘lt s, tonicity
agent s, vehi cldubsiancendchvas sthglseliujose, hgdregptapgl calidodesethyllénefvenysaae,\polyvinyl
pharmaceutical additiv uch as  aptioxidants, omat.i.cs, col.orants
Pl avor i mor ovPFNSae. S e 5850 BB O: rBas Bl i el RBT iy i g e
added. Exahpleslweht, ackephebylenephlatidneaporaedlo thedesirdédeissodigcinddenapglizdroy net hyl
cel lul ose, cryst.alline gel | ul.ose, .gl ycerin, gum arabic, |actose, nagnesium

stearate, metRYFPEBAETRAMOVHRARANS " saline, sodium al gi nate, sucrose,

starch, talc, d water, anong .ot hers 911 The ar MpGE i cal
f or nul ati ons [8?997? he pr@sﬁ" gcﬁfgggﬁ\%ﬁitfc%‘ﬁeth%@oqgg Pﬁ?sé‘gé?‘%‘ Zgltgrfﬁy%ds
wel | - known i mdinirestgrbdonicssbipdt¢ald JAVE5$9 mepbe @xiatpd @;th tdlk of thy'sibjedt) ireah be
brought into _association.with a carrier or, dilye a iQn or
sol ution. Opti"SRA ﬁ%&'v(%(rgogl gl Or REFYENt aad(;f‘%rg%sg i 16‘(163 ngj,ﬁoémf EHBBFP@‘&? %rs,
f | avor i ng2tagembijsst, muichiade insells ofeheagledt.s Thiaumbounhmay bdeddilgldserminaiybyhiee added.
The choi ce of rrier will depend upon the route of. adm nistration. [0092]
JTV-519 nay bS}éﬁ%%?ﬁ"nﬁ"slfaé?de"(? 0 gnoé{mspﬁ%f e 189“@%?’5@?‘? ﬂgt'tfaéff’%%‘lméel s (e.qg.,
established in vivo, and methods and assays disclosed herein. A suitable amount of JTV-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
25  sufficient to achieve plasma levels ranging from about 300 ng/ml to about 1000 ng/ml.

Preferably, the amount of JTV-519 ranges from about 10 mg/kg/day to about 20 mg/kg/day.

[0098] In one embodiment of the present invention, the subject has not yet developed
a cardiac condition, such as a cardiac arthythmia (e.g., tachycardia; atrial arthythmia,
including atrial tachyarrhythmia and atrial fibrillation (both sustained and non-sustained);

30  ventricular arrhythmia, including ventricular fibrillation; and exercise-induced cardiac
arthythmia), heart failure, or exercise-induced sudden cardiac death. In this case, the amount

of JTV-519 effective to limit or prevent a decrease in the level of RyR2-bound FKBP12.6 in



30 cardiac nuscle cells) in vivo in the subject with the JTV-519. JTV-519
may be contacted wth (e.g., introduced into) cells of the subject using
known techni ques utilized for the int roducti on and adm ni stration of
proteins, nucleic acids, and other drugs. 0Exarrpl es of 38 rret hods for
contactlngthe cells with (i.e., treating the cellsarﬁ?écbgb) V-519|nclude
without Ti i hasybisst m%?ﬂ%ed‘l“ﬁf“%‘ﬁ of HiVee toredisdivatq Rypveny G t"?“n(]e(‘e’etl on,

i ntroduction, cakdiROSAPBmAEChdaShilire, of dxBRE-RAlde@Budded @ﬂ(ﬁi&&bﬁhﬁm theubjedts and
ot her drug-delivery vehicles and nethods. When the target cells are

| ocal i zed to ﬁ@%rtl C UA @fise@ Bértin O aftfourd osu@du (etg JTV-3TRY " difectile % ﬁr&bh& to
i ntroduce 5 the

TV-5.19 di ectlytothe ce ct.ion or
ot her neans (@rdge cowth%fwh’d&ﬁ"ﬁ@ww%t S‘T}ngﬂ@ pﬁyawy ecﬂY%‘Bc?reEf?mﬁWot her
body fl uidj. aébao;sraéngeftth&ainhosl mmmé@br s?iﬁﬁt@ms ©f thb €ardie@EInaitio: dFdr Bxdngte; t
tissue of a supject, and may gtg{ed In heartﬂ“_lﬁpyerfg t he subject by
standard det etherote FginpeRed '8%18@“? llation the gmeynd RN VB PR npl es
of which i ncifl@ibrildtioh fidy bé Addntoahi DTV ISMIRRLRGb eelvertteabmqnmdx()feblgod
i mrunohi st ochem cal staining), 10 fluorescence.i rra%vng& hn({%ues and

mi croscopi ¢ t @A bwbieck (569‘ 11y, AHRfre thotradiacrondifion iy Wigr esent

i nvention ”B-Yarh?thﬂﬁunt}{%'aﬁio@rﬁt%‘flJT\ﬂSﬁ) efRLVR o BevenidxeRise sniat RChrdRY alkRANHia
pr ocedur es uding, without limtation, oral adm%ﬁgl sfratio par ent er al

adni ni st r &% i omay berfa smeuk oHEF Yl effart veitaRIpvept S¥ercispindpesd paipationg dintigy 519 i s

adm ni st er ed RARRMLEAEIhNon, BhtrRBiaf A8 LAdIa, andbldasAREdMcAIeath ithé abfeani al , 15
i ntracut aneous, intrathecal i ntramuscul ar, intraorbital intra er| toneal

i nt raspi nal , Afdiiqnally. pdipre thecardiag sendifios is heprt failurg othe graounhof JTN=H e

subcut aneous, preVenHiehtt EMGFay be Bh BBEINOEE JTOLS 10 ¥iTvaYe efpraeﬁtne&%ss o|f Breﬁlﬂe
enbodi nment , the agent iis admnistered to the su l%lect y way of targeted

delivery to ceFERsEe exarise)telerapde) and garly musels fatigncin t en%‘@F‘Eted into the subj ect's

heart. 20 00941 For oraI adm ni stration, a JTE\j/3I 519 fornul ation rrﬁ
present edlas O&HOLI es, Theagoupiiod a drg g 1 V-0 RsfiRchie to grevent a gardiggonm P’bn The

formul ati on o\ sﬁlﬂé&?wﬂ%%bﬂﬂ%'upoxﬁﬁgbidlm facw edh claecm%@ing R Rt bol |
corn starch, or potato starch fornmul ati on al so be presented vmth

bi nders, suc wa&gacc,cpgs@e%w fhe sebiccty Yeighsdhe seyaaity ‘?ﬂ%‘é’bld%‘rs|°9%€‘t‘ti°\?e§’d theampde &f corn

starch, or geldafitifiatiodstdhd drp@lg,YTVIshe. fxﬁfsmbmhgpbéwdllaeaemﬁmmw th
di sintegrators, such 25 as corn starch, potato starch, or so

car boxynet hyl skilled attiganebasadgpop kRay) Pa?qe@meSamgladlﬁwmq&bmﬁke@é ﬂte@ﬂd%ﬂ‘%ﬁ?s?ﬁ basi c

cal ci um phpSPRANLE 13BRYEIRM AT of IRrdsBAt SriveditfoR, té ¥A&UnRS&: driig (e@l, Iyv-s19)he
formul ati on may be presented with |ubricants, such as talc or magnesium
st ear at e. effective to prevent exercise-induced cardiac arrhythmia is an amount of a drug (e.g., JTV-

519) effective to prevent exercise-induced sudden cardiac death in the subject. In another
embodiment, the drug (e.g., JTV-519) prevents at least one cardiac condition (e.g., a cardiac
arthythmia (e.g., tachycardia; atrial arrhythmia, including atrial tachyarrhythmia and atrial
25  fibrillation (both sustained and non-sustained); ventricular arrhythmia, including ventricular
fibrillation; and exercise-induced cardiac arrhythmia), heart failure, or exercise-induced

sudden cardiac death) in the subject.

[00101] Because of its ability to stabilize RyR2-bound FKBP12.6, and maintain and
restore balance in the context of dynamic PKA phosphorylation and dephosphorylation of
30 RyR2,JTV-519 may also be useful in treating a subject who has already started to experience

clinical symptoms of a cardiac condition. If the symptoms of the cardiac condition are



[ 00951 For parenteral admnistration (i.e., admnistration by injection
through a route other than the alinentary canal), JTV-519 nay be conbi ned
with a sterile aqueous solution 30 that is preferably isotonic with the
bl ood of the subject. Such a fornulation 4y be prepared by dissolving a
solid active ingredient in water containing };])hysi ol ogi cal | y-conpat | bl e
subst ances, soRsErVegsinghsubigst eaRnP b, JTH-510 might bs gffeqtipe in limkiling I REEVEYREAG a

buf fered pH 3R h&GRRadst M Be 18id Bf RIRSBRhPEKBAI2 CiaMdishbjers, so as to produce
an aqueous solution, then rendering said solution sterile. The fornul ation

may be presenfoaghzin unitcoddingly it dmotHeS&@nbodiithAdf IR feseR iplantas, the albpdt lagpoul es
or vials. The fornmul ati on may. be_del i vered bgjﬁany node of inj.ection,
i ncl udi ng, wi 88Y8'gped 3 Gaidiagiopriiitiong Bprexampley the subjest hasHFER PXEFCIsing, OLIS eYEeRilhy) | 5

i Nt racut angoUgxerdisgl Aldhae ddvelopdatekabesSmthoad cardild dr@ihliid. ah sudhntcakp@e i t oneal ,
intraspinal, intrasternal, intravascular, intravenous, péelr enchynat ous,
subcut aneous, 2BunsQfHITY iy d &ffectiyg todimit orpyevent 2 degrerss iathe IRyeh of IR2shoupdct * s

heart, [0096] rkop12ld inRedesjbR maf 8k Mnsduh@dfiroN.s19 difbcEdo Ryt akerdae ohidird Wi th
skin penetration enhancers,, such as pr,o%{a%e | ycol et hyl ene gl ycol,

f . pol
i sopropanol , &tgharrandiac ahythaniafes: daghycardig; pINchdme 2ghd t he | i ke,

whi ch i ncr easgchyBfhyRghidBAPdtdl t¥rildtioh MR thSkikinddunkl Rén-shit¥ined)Pvendltdiaper m t the
JTV-519 to penetrate through the skin and into the bl oodstream The

JTV- 519/ ehhantdythatsnstiding ypntasulas fivellation andipterrase-indioed rEteasmrh@iayen yeri ¢

substance, sugdr@siuRY theaibjebd ose, hydroxypropyl cel |l ul ose,
et hyl ene/ vi nyl acetate, polyvinyl pyrrolidone, and the |ike, to provide the

conposi tion ipogal for AL udel h&bin/@msndent AF $ 8k s, JTV-U9) effealveifeat sUCh as
met hyl ene chl oride, evaporated to the desired viscosit and then applied to

backi ng nat er faxfiacendjHesy inflides anamoHnt of & awys fe g rf TS} %ﬁff%ﬁ\? Q2HeY 39 et hod of

the present iweibiateQRe clﬂfiEM'iﬁ%ﬁrtﬁ@Noﬂ?mpt@ﬁﬁ%fﬁ@_Ea@diﬁ‘djco‘h@itibrheFo‘i@@nﬁ%t, (and

JTV-519 nmay be contacted with cells of the sub t) in an _ anpunt effective

I's_of j ec .
to limt pV TR e cardigeeanditienisiafiiat filiptape the amoyns ROITY 5 P RREBPIOUBt i n t he 20

subj ect, par titgdlifidfillitioh haf 8¢ ArSan@unt JTETBLS 6L tive D bSevRiDiiReidtite bE readi 'y
determ ned by the, skilled artisan, based upon known procedures,  including

anal ysi s of tPHRRHSAnderblqed clogdp thesyhigsh SSimpary; Where His gardise ﬁ?iﬂé“_oa_rifd assays
di scl osed her&keRiseMdastaicallag aiyanmh, t8f ambit-o? 3Pv-589 éf?&%&é’@ tef} ekdrfftd Or

bt
prevent a decrease in the |level” of RyR2-bound FKBP12.6 in the subject may

range from ab8ticedeangjsqaghuthinia mayisgnemomt piyTiVgT 1§ sffectiya ¢y Bleviagyr yeeligrteanount
igog UL‘;}; (;1.203 NtexbRis@FALRM PalphARHR i RME intiand aden iR Bnd ReHicuBI G Rdarila sh0 about
the subject. Additionally, where the cardiac condition is heart failure, the amount of JTV-519
effective to treat heart failure may be an amount of JTV-519 effective to alleviate or
ameliorate shortness of breath, decreased exercise tolerance, and early muscle fatigue in the

subject.

25 [00104] The amount of a drug (e.g., JTV-519) effective to treat a cardiac condition in a
subject will vary depending upon the particular factors of each case, including the type of
cardiac condition, the subject's weight, the severity of the subject's condition, and the mode of
administration of the drug (e.g., JTV-519). This amount may be readily determined by the
skilled artisan, based upon known procedures, including clinical trials, and methods disclosed

30  herein. In a preferred embodiment, the drug (e.g., JTV-519) treats at least one cardiac

condition in the subject.



Preferably, the amount of JTV-519 ranges from about 10 ny/kg/day to about 20
ng/ kg/ day. [00981 In one enbodi nent of the present invention, the subject
has not yet devel oped a cardiac condition, such as a cardiac arrhythm a
(e.g., tachycardia; atrial arrhythm a, i #7cl udi ng atrial tachyarrhythm a and
atrial fibril I@t‘i&gn (bot h sustained and non- susta'hgdegi' 30 velntri cul ar
arrhyt hmi a, i HOIi ng VBhPREseRUREnten fyther providgip mef EeatingaleasAited car di ac
arrhythnia), bedhd cohditibhi(eq , a@brdR¥ efrigjtifela {4} Ushdcasdisdldeial aaythinds; idRading. | n
this case, the anount f _JTV—51E effective to.li rri% or prevent a decrease
in the |evel 8fligarparyiie aeppebifiaton goth systained ap ‘&‘{“'Sr‘l%?‘" VSRS HBunt  of
JTV-519 ef f echiehnti®, iRdh@MRVen@ica briB&iof ind kkdre18e-in@ucd cardiSedrthy@miabf hyt hmi a,
heart failure, or exercise-induced sidden_ cardj ac _de%}\g_) in the ,sub’j{/ect.
[00991 As tisebeapdrilre) in e5pbisfin Fhe mgtodcampgses admigisterag {578 ot wliggtin e ¢ o
prevent a capdhd€effRiil tb kel at le3CoERiad BorAMRH M thObubjede Al5uigblé Bmelint oI TV- 519)
effective to fErevent the 5 devel gpnent .of the cljnical, inpai rn%ir;,t é)r'
synptons of t hkY ¢kt ffesiivedo Hent ¢ cafiac qagdition (e, gp @ &ardiag arhythnpip fe.g ofp ®ondi ti on
is atrial fi bgtikilaghjtBRia, nbRdiAFRHA acBfarhVtmPaldhd @frfaPEBrilMEod @R s@WRRY andt I'i al
fibrillation may be an amount of JTV-519 effective _to prevent pal pitations
and/ or bl ood "¥FYstaingd); eRRicularArByhmiagingluding peptncijas fiknljafien; @ag¢ eetiser ondi t i on
i's exercigg-i Rdueddar8iaé sishmiAror RaHTMR) if DRbRIMN radk biMVibadkS fkLmlyi ve to

prevent exercise-induced cardiac arrhythma 10 m an amount of JTV-519

may be
effective to [rabowdP mekelday.cad/priprychedn papt suffisient & achisyswlesig levels&ingiecul ar

fibrillation, s4gAbdut 660 &/miwBekiE 808 hgmiand sudden cardiac death in the
subject. Additionally, where the cardiac condition is heart failure, the

anount of JTVjoaids] ef f eThd peschidnveRfi@\a®dtprdvaids & mbbd for Brev@yind & 1ét cagount  of
JTV-519 effectiye to ,ﬁérgvent shortﬁrgqess .Of bregth, , _de,C{eas d.exercise
tol erance, antfrEaIYdiRREIse 2radiag eEYHINIR (£ dapBy@Edia; atrigl g neding rpunt  of

a drug (ei§., addlYachjdhhy@hfiLatiatRl fiRilRERVBHE siRtafidl hPfonGeasthdd),GBntribulard
subject wll v r\é@dependl ng upon the Q,artl cul ar factors of each case,

i ncl udi ng t he¥ B bincludinggratculas figritatgn, and rerdissrpdired @rdigs ghythmishddbveri ty
of the subj echilsre R BHditcONducBNdidharife Qedd) in K6Bjc0l. SIthE Aettod c@iprise drug
(e.qg., JTV—51§} ._ﬁéhl s anount may be readily determ ned by the skilled

R

artisan, base fringdWnd 18 tdthe eibicskin ap prapunieligtiva tp Rrexent atlpastens cardidggl net hods

di scl osed 20 &ma@ibMin thdkubfes. ARSI Rt 1TV 1 PERIBN 1o pRVETI ki 1843 oehe anmount
of a drug_(e.g., JTV-519 effective to prevent exerciSe-induced cardiac

arrhyt hm &0 i sCextiacplifen (6% & cerdiagarthytignia (egpiachyeanya; atriplasthythmia, Biclydiag ent

exer ci se-i nduggd (RHAGBRhSA Ml aFiaORAIRion I Qis@BE SfdnonlsBst AR, Rftricular
enbodi nent, the drug (e.g., JTV-519) prevents at |east one cardiac condition
(e.g., a car gdrehythmia, including ventricular fibrillation; and exercise-induced cardiac arrhythmia), heart

failure, or exercise-induced sudden cardiac death) in a subject may range from about §
mg/kg/day to about 20 mg/kg/day, and/or may be an amount sufficient to achieve plasma
25  levels ranging from about 300 ng/ml to about 1000 ng/ml.

[00107] In various embodiments of the above-described methods, the exercise-induced
cardiac arrthythmia in the subject is associated with VT. In preferred embodiments, the VT is
CPVT. In other embodiments of these methods, the subject is a candidate for exercise-

induced cardiac arrhythmia, including a candidate for exercise-induced sudden cardiac death.

30 [00108] Additionally, in view of the foregoing methods, the present invention also
provides use of JTV-519 in a method for limiting or preventing a decrease in the level of

RyR2-bound FKBP12.6 in a subject who has, or is a candidate for, at least one cardiac



arrhythma (e.g., tachycardia; atrial arrhythma, including atri al
tachyarrhythma and atrial 25 fibrillation (both sustained and

non- sust ai ned); ventricular arrhythma, including ventricular fibrillation;
and exerci se-induced cardiac arrhyt hm a) Hheart failure, or exercise-induced
sudden cardiac death) in the subject. [001011 Because of its ability to
stabi | i ze RyRMBYQR - goesprincgrny i (e ripehyerdisi el BRvaru faguiesah e
context of dypayakhytiiiia RROARL GbMilaioh WatAnsaidehe sehaisuint);, thlaB0 RyR2,

JTV-519 may al so be useful in treatipng a subject who has _already.started to
experience cHTHER | dﬁ?“ﬁﬂar%%ﬁﬁagﬁp;éegmet‘%ﬁ? Gardigaperhy OfE of the
cardi ac condi fail@8, egerdde-in@Re€sudesh cardiak Qeat U TheFibsefBinVentieNastdiovidbs VWse5 19
m ght be effecftive in Iim't%P? or, greventing a further deqcir,e se in the
| evel of RYR2WEYMISEKEBIBEHOGIOT FealingordpcRiing 2t keasharsSardic <87 ‘i"ﬁgf'?;ai n anot her

enbodi ment  of cAdIR dhOGAM (elg VRRYchiaR; atfid] ArryilhRCihclidifg atdA\RhRR@Gthiaad di ac

condi tion. For .exa the subject has been exercjsing, ar .is currently 5
y&}ﬂmy’eqﬁwf%.

pl e,
exer ci si ng, aﬁaalﬁ&gﬁﬁ@vétroﬁp%lata@%ar"éing%rwﬁaﬁ@wnwp f In such a

case, the amoudtricafr Aonttabd aff dx8kist-#Rude@ cArlit ArrfhnRi)ENQR iR 6Cx8@RE I N the
| evel of RyR2-bound FKBP12.6 in the subject may be an ampunt of JTV-519

effective to bpuad suddengapdiasdeptbliap 64986t (e. g., a cardiac arrhythma (e.g.,
tachycardia; atrial arr h)ét hm a, including atrial tachyarrhythm a and atri al
fibrillati®n € i ¥¢nd non-sustained); ventricular 10 arrhythnia,

i ncl udi ng ven{oni@pl ar Ak BisdusdedbbdyB andpibheRUEHRiS Bhel ivHARRS dAAEHIvaRat Blofelty t hi )
or heart failure) in the subject. t510010,3] As used herein, an ampunt of a
drug (e.g., JhitaseadPKagphosphorglatiop gf § eadiacyyanoding reseptefo Ry 0B senf A% des an

anount of a dfck@atés@hedohannd i relb&ing@hd BICI0b BRAING pAtdi FKBPE2 6! In RS hdftat € t he
clinical inpairnment or s%/rrgtoms of the cardiac_conditijon. For exanple, 15
qg S

where the car@cdingdumpy g agimal mpdels of heart fallyre) RYRAis PRAvunt of JTV-519

effective|do kyp&Bhosp@irflh@d, résulfij Inl RELOR cHBYeld thaBiRvaIRHAedAfodntyorbbond
effective to alleviate or aneliorate palpitations and/or blood clots in the

subj ect. Si mi FEBYN.0, giiddiree inpreasediscasittity dosrdpiym-idused activation | Benptieyl@fl car di ac

arrhythm a, tifiese3nREdtis Bht Ryl Raflels el e8! Thdst BRI 1@k EdaA Fesult RAUCEd
cardiac arrhythm a nmay be an anount of JTV-519 effective to alleviate or

anel i orat e 209epledonefdwtrar et sarepaf pictuam tp b an xiprithan Bierejern lonastengpgh
fibrillation,cgngh WaRY datcepthdic Feﬂ&hﬁ&ﬁ@?@!&f‘prbﬂde 4 {ifong Hh A6 for ﬁgsg_l\e/t ional ly,

where the_cardi ac condition is heart failure, the amount of JTV-519
ef fecti ve2t o qopEagtiom Bt results iuvaak penjragtion shhearissle. ohs gspeemironseqyenetafve t o

al l eviate Or the channel leaks, RyR2 channels release calcium during the resting phase of the heart cycle
known as "diastole". This release of calcium during diastole can trigger the fatal arrhythmias
of the hearts (e.g., ventricular tachycardia and ventricular fibrillation) that cause sudden
cardiac death (SCD).

25  [00110] 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

30  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



anel i orate shortness of breath, decreased exercise tolerance, and early
nmuscle fatigue in the subject. 25 [00104] The anount of a drug (e.g.,
JTV-519) effective to treat a cardiac condition in a subject wll vary
dependi ng upon the particular factors of #ach case, including the type of
cardiac condition, the subject's weight, the severity of the subject's

condi ti on, andctiviti oftbelehannel, resuhing insthe wlepssrof moretoalsivan i theced] for aB9D510) . Thi s
anount nmay betﬁ@@&hé%aﬂﬁ%@&@‘cfﬁﬁelby the skilled artisan, based upon known

procedures, inc ng cllinical trials, and nmethods disclosed 30 herein. In a

preferred embogyfgnt, tA@?ur@fePQsc(l&etherenJ T invkBiorsHabRdstbdhed B@sdardiee car di ac
condition in the subject. 42 05] The present invention further provides

a nethod for eendifionhig gate criding errbmma €e dachizcagdi @iria] asthythanigy including airigl ac
arrhythm as(eqgy arl']xﬁﬁmﬂ}’a%ii oy ﬁb?lqlﬁﬂoﬂl(bcﬁﬂ §u@¥ﬁ@@llﬁ1noh@&k$@dpgenﬂuﬁdral

tachyarrhythm a a atrial fibrillation (both sustai ned and non-sustai ned);
ventricul ar  amhytiyniannedudingenuignlpfibyiliation] andleygreisd-ingpced gardigharthytgnia), heart

exer ci se- i ndugggl,C %‘r Hbfe-MHahdly Em&)ard?{c d‘éathﬁﬂé ﬁss%?a'tédl’w&l)an'lﬁbr@aseglﬂ bj ect. The

met hod conprises admnistering JIV-519 to the ject _in an anount
effective to ph@ahorﬁ@thn@égv%wetem(mrtézeladbﬁBYT1a§mcmtﬂd RiR2 myptaeeteingdaad;i t abl e

amount of deécl&s@&ftﬁequevsf ﬁmtuo&ﬁgx@ﬁarsdmﬁf&gm@t& ﬁs@rtmé Riedhanisf 1o AT di ac

arrhythma (e.g., tachycardia;” atri arrhyth including atrial
t achyar r hy@ hnidesigareffeetive idaigs for bypating andi meqtmtsvphwsi!aalcwwwaﬁdf\ canddaty@agendi ned) ;

ventricul ar aH%t ﬂ% %‘t%lvgr' &rex‘(t% £rlea|%'lnat§.e le{rJ?HMI@zt bd FREFI £ GhF1 se 10

i nduced cardi ac eart ure) 1n a subject may range from
about 5 ng/ kgﬁﬁaagonselqeeraboﬁ}hls Haniting okpreckative aatidfyohaveray effest enandinif3rassosafeli ci ent

oo e Pt BB ek SRt o T ARoUA A8 oho about 1000 nofnt

[ 00106] The pre I nvent rovi des a net pr event| ng at | east

one cardiac E@@ﬁ jtion IAQ@qr&ingly qh&ﬁ}ésgﬁ&fveﬁtfcfnw&ﬂ} RBviliés agmeth at At aF)qﬁ

atrial arrhyt i nc 15 atrial tachyarrhythma an
fibrillatildn gbegeht fgussﬁmtrﬁeulnm@remmmws)@aaﬁqmedgrdlaveqm@rﬂpc(ﬁma cardnahyt hm a,

oyt ay - By hiRfe d okl o oA EOUAE A BOMGOHEALL Mg
subj ect . The fremliagien @thﬁrlst@e@ ang peri-yytained); Wgtrlgmv arhgthmep, indkiding bfrmlar n an
amount ef f ect Hfl’ﬂlahg?,QH@%@%@%@{;&%§&1Q% i even{t fgi?f?(? o“: %Q s'e nndgge% SUbJ. ect.

A suitabl e anpunt ' ective t eas one cardi ac
condition (e. gdddera:acbaccﬁegb) dhe hrymhdwcanp(neesghe steps ofh (a} abtdinag oageneratinga r hyt hni a,

i ncl udi ng,gat Ed]ﬁ (;f %Elfl%?ﬂt&mék lﬁw (@)Q:gnt%t{nb me c«felllstu'llhl al c%%c'h&ﬂe ggtggtt &) §)H>%£l§é ned

and non- sustalne ven
the cells 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 cells.

[00113] As used herein, an "agent" shall include a protein, polypeptide, peptide,

25 nucleic acid (including DNA or RNA), antibody, Fab fragment, F(ab'), fragment, molecule,
compound, antibiotic, drug, and any combination(s) thereof. An agent that limits or prevents
a decrease in the level of RyR2-bound FKBP12.6 may be either natural or synthetic, and may
be an agent reactive with (i.e., an agent that has affinity for, binds to, or is directed against)
RyR2 and/or FKBP12.6. As further used herein, a cell "containing RyR2" is a cell

30 (preferably, a cardiac muscle cell) in which RyR2, or a derivative or homologue thereof, is
naturally expressed or naturally occurs. Conditions known to increase phosphorylation of

RyR2 in cells include, without limitation, PKA.



arrhythm a, including ventricular fibrillation; and exercise-induced cardiac
arrhythma), heart failure, or exercise-induced sudden cardiac death) in a
subj ect may range from about 5 ny/kg/day to about 20 ny/kg/day, and/or may
be an anount sufficient to achieve plasmd525 |evels ranging from about 300
ng/mM to about 1000 ng/m . [00107] In various enbodi nents of the

above- descr i Hel1let hods thetreshadsod theipeseent iniention celdsmayi bgcortpsedViid a in t he
subj ect is assogi.al he dahaRl FleBDESH oAERAE bIFRRI Botwich @rilTadefis OPVT. | 0
ot her enbodi rrecﬁaa?ea% \r%tsa@érr%t%ét@g e& eect igs a candid a{uga-?gor Sexer ci se-
i nduced car diaad¢ ccahs,rm«,lmdm any modey Qfentwguoaor@ cidainisiratiosy desogibed hesein. Fifuced
sudden car di . HEEM8] bl BRAde Neasdrdl 3 dBied by BRWHOT €90i ng

met hods, thquvregseﬁjéulbﬁ\gnec{ntl on§a6 @glgc %ﬁl&e’g‘”ﬂée of JTV-519 r,n a nmet hod for
limting dr mrmd;mss mgluamgiw@dyenqthvdﬁ h@ldC@vrer@ﬁureRymswah@“lﬂKBm 6in a
subj ect who Nagi, Bf. , h% ﬁesa@daghéi%enme eme&d..géﬁsfm@ seifinrfin, & ag&ifndli 1 O
(e.g., a cardiac arr { tachycardi a; at tal arrhythm &, including
atrial tachyamtSIwypdemnss agleckease fr the lef/qlbeYRthuDﬁF\‘-BBkM skt @llhed and
non-sustained); ventricular arrhythma, includi nq% ventricular fibrillation;
and exer ci se-[PHdBked oy discinseddtiereiy RpiRE h‘)SbeWelmPtlcat & p pyraber gf biological

exer ci se-i ndy RS RRELCSERh tHaP KRS LHainedl provi des
use 5 of JTV- gﬁg lﬁlgglq{%ﬁnﬁﬁagée?grﬂ?r@;éﬁp?en-g{ %rbg r%lvent |ang§@ eaestp?ag’r?e cardi ac
condi t i onl(( e.igportaat roteain BCacupding hnd dontrastilite i lrgcar acamusyle aellsi dherpfore i s clear
arrhythm a, | ’a‘ﬁﬁ%é t.r iPEd leb@bFon (both
sust ai ned an&pagohlr%ggél}glf?%ljeg%m& ?%%%\XB szﬁtrﬂg)?% cfta deléljﬁz(l:sgudotlhéné3 vgntrl cul ar
fibrillation;RyR3eboendKBRIE-6in dellscuirtisalady @cdlaaprmmltehcﬂiSal)lay breuseful inghel ure, or
exerci se- gﬁg | 36 ' Noy&l; Jrods of
Scr eeni ng [Ogél%%ﬁ isb'fia gg?éfgi ag%@éﬁtg%gblﬁgxggégﬂsd rélfhégE ﬁl‘“w‘ entors'

dat a show t havntpctlitei BHhuskineathe cand(@l{Axenpbfdb@mgqeyﬂ invention lgh bcdllécre%nedilaaé

di | .
Do a0 i i e der e © BB R BRe St kR S I GLRING LB of S
hearts and arllyﬁtalrbonmbl@(&m@ﬁ heay be valuated By jts $feR00n EC fgplingand contractility in
hyper phosphor ¥1|lsat er%lg&l_qleyﬁyrg % s %ceﬂ§ fl? ﬁteg(ﬁégte&\ %‘ﬂﬂee h§rtaF&%%/ygeé/n?véj?g%ﬁt%?S ed

anounts of bdtnd® ave 1 ncrease
cal ciumi ndualmaobreasemn1mahtlcomlll‘6heseﬁéforrrreesmgbr mfventuiga@ehamamgWS,l iscledrsgt t he

RyR2 channel s cangresult kn a .depletion of
i ntracel | ul ar tald agfl %}ﬁr?lx%(glgct ?Wcta S?r}gq anhﬁ@tﬁ{%gﬁ uglﬂ%g%?lh%crh éari% no aDal gnger
enough cdl cmlml fibriltatien ®athcogdigedmimd nanssustaidd)iveqtBe)lartacrhpthmia, theludingt r ong

stinmulus for vn;%{%gdlzg fibrillation; and exercise-induced cardiac arrhythmia), heart failure, and exercise-

induced sudden cardiac death.

[00116] Accordingly, the method of the present invention may further comprise the
steps of: (€) contacting the candidate agent with a culture of cells containing RyR2; and (f)

25  determining if the agent has an effect on an RyR2-associated biological event in the cells. As
used herein, an "RyR2-associated biological event" includes a biochemical or physiological
process in which RyR2 levels or activity have been implicated. As disclosed herein,
examples of RyR2-associated biological events include, without limitation, EC coupling and
contractility in cardiac muscle cells. According to this method of the present invention, a

30 candidate agent may be contacted with one or more cells (preferably, cardiac muscle cells) in
vitro. For example, a culture of the cells may be incubated with a preparation containing the

candidate agent. The candidate agent's effect on an RyR2-associated biological event then



20 contraction. This results in weak contraction of heart nuscle. As a
second consequence of the channel |eaks, RyR2 channel S rel ease cal ci um
during the resting phase of the heart cycl e known as "diastole". This

rel ease of cal ciumduring diastole can t r46 gger the fatal arrhythm as of the
hearts (e.g., ventricul chycardi a and ventri cul fibrjllation) that
cause sudden m@é\’etﬂsé?éseegéf"i‘?' wa] assays opmethers kppyn 1"6% b“dﬁ‘ﬁve al so shown

that treat menfmmfnobeding, singielHirieMWedoRdigs an® iy diefsdisclosdtitiengh. devi ce, referred
to as a left ventricular assist device (LVAD), which puts the heart at rest

and restores OIITRI i zeThd ptesehtiidrentionSs fudtha diradt@ico wh ddenaidemidied by uhaabome-t he PKA

h h h It d nor.nal i dfunc on of the chan
Fr Chormor oSG HoBHIEBE AR S ¢ R ETPoSFoRsTe T ONBE have

paci ng-i ndslcesgehmahpﬁaamhmm:)auyvactcbptaﬂe heiod- Ttk gae gl de biefid k@ peevéhiag a
bl ockers) reverses .t

e PKA hype! ph atio | ockers
inhibit the p%ﬁ%ﬁ)}“‘{‘}ﬁ?ﬁtsu PF%‘E‘E@“M ‘}ﬁ’ffét » BT tﬁesaf%orv&ﬁ?véﬂn '°be dr awn
fromthe reﬁUkyRsz -&bocidie cbﬁﬂdﬁt]icﬁsoAsuseﬂﬁér&n:dﬁ"Rbm ?Qb&a%dﬂwslﬁwnyé ainaman,?f RyR2
i ncreases the 44 activjt t anpne tin e r ase of nore
cal ci um i nto $iff@see el disordsr ‘“a“ab?l\)gﬁuﬁ‘fvﬂ ‘b’ﬁ&?“‘?’;éﬁ%ee%l‘%ﬁl‘f“ﬁé a‘E‘H@gE AfAhel .
1001111 As fURmeasswlﬁéalmxﬂ@gicaharemaﬂd atdi@iad ﬂ?ﬁ@ﬂﬂb@(eSg h&malaeafraﬁhmisro@g t hat
cardi ac conditions a cardia¢ arr hé‘tf hm a ardia; atrial

ar r hyt hmi &9 .ﬁewaﬂfhﬁgatraaﬁ’ PF‘?M“"“‘S ipchidingATAh ersyf%mla%aci ?t}@ it bflflmomﬂr%h. on

(bot h sust ai naghaMBdlandGon-Sbktirt)) @€hkrculae ArkHytienA, Qxicl@idgh')éﬁthﬂﬂlﬂ,ﬁﬂnﬂﬂ{oﬂddnﬂg
ventricular fibrillation; and exercise-induced cardiac ar r&%t hm a), heart

failure, or eR&rispindueed sardiag auhydmin). heartfoiliee. grexergisc-iducedsudden s7diaC wi t h an

increase in ghggphoryl ation of RyR2 proteins (particularly CPVT-associated
RyR2 nutant prot e| ns) and a decrease in the |level of RyR2-bound FKBP12.6.

It is possibl @t use ﬂkHI@yHI%&b@ﬁtca %ﬂdﬁmﬂx%aﬂ%tréH?ein‘rBféOédtéﬂeind{cléﬁlﬁecftBi
treating and preventing such cardiac conditions. A candi date agent_ having

the ability t¥mRFeEnede thsseRjeshen amoyiaf theagent pifsofve tPér\fi@wralfevmrbz RyBImd FKBP

12.6 may, aSascROASEMIINGE thekubjdt. STHid AMduhitEhyde raaw@daédnv&d@%ﬁevslknmd iphave an
effect on an RyR2-associ ated biological event, t ereb(i// treating or

preventing s UBRATE oln @neemRaditeant ihsipeesent gyention Py ides aimeifpdfor F??é‘“%)?res ent

invention furgbentify 01k drdiRiORSIdQE gl ﬂ@ﬂdlwaﬂhwmmlé gareacﬁﬁ:@falia fiih) use in
| east one cardi ac con cardi ac

treating or ting at
arrhyt hni a (eaféyt%meaaeﬁblémml tachyprrhyfhmig ?Wf?ﬁhf@“afl?qubﬂﬁlShﬁalﬁﬁdraf"él‘on'

tachyarr hyg hngugaiaét, Rhtrit@hr anhifiia InslbiggvdnaRblr fotalaabh 8tk SRR isEMIusdst ai ned) ;

ventricul ar arrhyt t hni a, . i ncl udi ng ventricul ar
cardiac arrhythmia), heart failure, or exercise-induced sudden cardiac death) in a subject, by

administering the agent to the subject in an amount effective to treat or prevent at least one

cardiac condition in the subject.

[00119] The present invention also provides an in vivo method for identifying an agent
25 foruse in treating or preventing a cardiac condition (e.g., a cardiac arthythmia (e.g.,
tachycardia; atrial arthythmia, including atrial tachyarrhythmia and atrial fibrillation (both
sustained and non-sustained); ventricular arthythmia, including ventricular fibrillation; and
exercise-induced cardiac arrthythmia), heart failure, or exercise-induced sudden cardiac
death). The method comprises the steps of: (a) obtaining or generating an animal containing
30 RyRZ; (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.



fibrillation; and exercise-induced cardiac arrhythma), heart failure, or
exerci se-i nduced sudden cardiac death). The nethod conprises the steps of:
(a) obtaining or generating a 20 culture of cells containing RyR2; (b)
contacting the cells with a candi date age“ﬂ t; (c) exposi ng the cells to one
or nore conditions known to increase phosphoryl ation of R2 in, c«?l | s; and

(d) det erni ni B Methadieayfyrther comptise te siepsof deladmansierpig thecageit 19 30 A8l | evel of
RyR2- bound FK&RtaidngRyR2; Hme(t)ccieiehﬁmmgmﬂelagémﬁss A%eEctde R RPR2-aRociAgeNt " shal |

i nclude a protein, pol pt| de, . 25 nucl d_(including DNA or
RNA) - ant 1 bodylops ek bnnimit BB0 vk § e pert HGEd Lt Tidcing,

antibiotic, dpHafnaciidaldom mimlcaapms@@(tﬁ} adehe hrRiof metholl @g@@tmg Mevhmtfﬁgfaﬁ or
prevents a decrease in tﬁe | evel RyR2- bound FKBPI be ejther

natural or sylﬁ%Sh@tei cardiag senditipn (e.§ 2 %?Fpléfgaé‘m"h?‘@afég p @@hwrﬁﬁ ‘(tFalé”hyﬁé‘H'aagent

that has af fifbibding Stfial t&'h?éjﬁlyfhﬁma @a ahﬁl @Bnm@t«rdnqsotﬂg@tamahnd r&sl%astaM?or
FKBP12. 6. As further used herein, "cont ai ni ng "is a cell

(preferably, ¥nBigplas aa@maevr@ll@@gwmwl%ﬁbréhﬂmmde’isfmsa ‘EPé‘P?d\Fé’Edi“\?e or

honol ogue t hegfiQthmid)Sheaf BilFeddd e)(er@x%f@fn&ii:‘é@ﬁhd@én dartidé’ddhth)in @G@8#6cE by Condi ti ons
known to i ncr ease phosg‘gor ylation of RyR2 in cells include, without

linitation, PHministeringthioagentto the subject ipanapqueseifeqtive [orteeabatPraveR@hiessbone cel | s

may be cong actaedfacWohditiéh in@RNGHjEAt € agent by any of the standard nethods of
effecting contact between drugs/agents and cells, including any nodes of

i ntroduction gogkopdm nrl&tlﬁ%towﬂw&%ssrdebﬂdsnla@awamomﬂa@dsmmlbldaf( PRUR2- bound
FKBP12.6 in the cell %{’ be measured or detected nown 5 procedures,
R

i ncl udi ng anyaCB’f’a“PﬁéVOH]ﬂ gRectedigiredues te acé‘?"ﬁt?é6ﬁ?hé§yR%ﬁ}i‘P“&§sr5§P§mﬁt'fb\iﬁ to one

of skill in fkResecartal@im 4RSHhE tdIP THPO@IS that BindD SheSRQEhARBL at 0k FK'B?IPG esent
invention, the agent |limts or prevents a decrease_ in the |evel

RyR2- bound FKBWIEE $e; byt daypot geme off thy glpanel wherstheichaaned isllompprtlaed bR;‘?ﬁé has been

i npl i cat egs i nwandwmrexpécteblt@a&&h&aﬁe ac@M@Wfﬂue'cﬁhxﬁ&lﬁh @Eﬁdﬂsmmeac%km For
exanple, it has been shown th R2 channels play an 10 inportant role in

EC coupl i ng a‘?ﬁ@“@b‘i’i‘ﬁgeé%@“i’tlaﬁ"gﬁtei the RefZgihannelm$yeh eompepnds woyldalserespleinlgss j s

clear that thalaReklehds ifb t}@rc@wefmtvse\aeof@l{emdmg§ ltw&eﬁ@m}ehﬁentfumer plogMant a
decrease in the level of RyR2-bound FKBP12 in cells, particularly cardiac

nuscl e cel | s,2ddifignahassgsdoridentifyingrpgents thajmax e viefubin treating@j@revesting cardiac

RyR2- associ at&ﬂdlpélﬁl(égﬁ' &@Irdlﬁva%mpﬁml (le HeHyBAaE QoA URh i ARdudiseRtdact i T ty.
Thus, once the candi date agent of tBresent inventi‘on has been screened,

and 15 ha¥0 beadhyaEytme ﬁ@dmabﬁmvema(bg isessaied and rAntsuptainesd); yeptwiowan i ve ef f ect
on decr easi NGh@MftaSin@fuding ventricular fibrillation; and exercise-induced cardiac arthythmia), heart

failure, or exercise-induced sudden cardiac death), in that they block or inhibit activation of
RyR2.

[00121] By way of example, the diagnostic assays of the present invention may screen

25  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
choice, then stimulated with RyR2 activators to determine whether or not compounds added
to the cell reduce the calcium-dependent fluorescent signal (Brillantes et al., Stabilization of
calcium release channel (ryanodine receptor) function by FK506-binding protein. Cell,

30 77:513-23, 1994; Gillo et al., Calcium entry during induced differentiation in murine
erythroleukemia cells. Blood, 81:783-92, 1993; Jayaraman et al., Regulation of the inositol
1,4,5-trisphosphate receptor by tyrosine phosphorylation. Science, 272:1492-94, 1996).



RyR2- bound FKBPI 2.6, it may be evaluated for its effect on EC coupling and
contractility in cells, particularly cardiac nmuscle cells, It is expected
that the therapeutic/preventive agent of . _the present invention will be
useful for treating or preventing card|a48conditions i ncl udi ng cardiac

arrhythm as ( tachycardia; atri al thm a | udi a

e ot i oS S0eE Rl Geon: St mas Yo rapisiros, it PGBy Pl b, 3nd

non- sust ai nedgnalyy@nkitt @yﬂoﬁxﬁataidﬂb)ﬁehﬁlpaawduﬂy lesdiitieg (Blantes ecal, Sabifizdoon bff at i on;
and exerci se- |nduce cardi ac. arr hyt maﬁ hear t 1{;{35'0{5 g'%}?gand .e I‘CI se-

i nduced suddef?Icun Eieate CHaRE HIyanesie TeePPRD Aoy PIEHNS#% he present
i nvention may7£BtRErg9samns ks, Chisumehepsuria indieRy di‘f&fﬁnﬁﬁtdnﬁ@mhﬁﬁ candi dat e

e s Ehblh s ! A B S inetel Repd ot B e L 0
used herein, nafs- trﬁ)ﬁ%pl@a’ﬁ@r@é‘dp@? BltyRisik BRIsElRryl @168 NYcientd) 2Y240193-9a, m@pham cal or
physi ol ogi caI pr oces,; ﬁfﬂ

evel s or CtIVIt have
i nplicated. ASsaficanfas % %@F@fﬁﬂ t°R5y°ée>%a edumpgrs ?&%@ %"é&'eﬂtlwlg‘# 85? cal
events includ i t ho l.im.tation c ont tili
cardi ac nuscl @0]331 | s. ut‘b‘éf)’}tﬁ’( ?‘f’d"pt"BﬁqSﬁ? nﬁ:ﬁfﬂg%&pﬁ@c%a@égﬁ{mp fl on, a
30 gandi date xa.gméldl iARaceiN@arcolBiumatlede \bh'fai%a}ollﬂ@ iavol vaxh€expedstion 6fﬁé®hﬂbfnla||&| Y, ]
cardi ac c ce vitro. For exa cells may be
i ncubat ed Ra?“ﬁ?‘g%]ér"ai hetgrolagnus sprissign § ﬁtém %g}h%l%%xmgn‘lr% ‘é?l&andl dat e
agent'’ sdeL f ec@Bnﬂﬁht@:}t ByB&;oaﬁamnoa&aadmmewa&gmmhl (mmndrb&ptoﬁ&uncﬁambg_
assesse y i.ol.ogical a s Qr ods e art, inc i ng
i munobl ot ti ?Fgg”g oM P&ﬁ"dﬁr@?’%@dgﬂai 1;-?3‘5 Egaﬂ@g]ﬂf‘}%rcé’ ed?@???‘?)‘é’@ﬂ{’el‘?ér ei n.
[001171 The pidesesic réceeidt m@vdosldfpaﬁﬂlmgesﬂeﬁﬁﬁmctffea oBlford@ands on@gRL i fied by

t he above- descgribed identificati on (god as well as a pharnaceuti cal
conposi ti on %W‘P%l'%ﬁsﬁoﬂé" tsa‘gfg a e'}ﬁFiv’é"rrﬁ&“tP@&f‘$°€é§Fsry accept abl e

carrier. The for ven r ci se in ed sudden
cardi ac d&at Wﬁgﬁ sub i"tvels%’jr? PthB'é{ ‘?’h%‘llg'?{zﬁ&éée?ﬁfrf’ A'gS Bf}hé‘f’ gegree

RyR2- ass gm atdedzomilliré m@yslso be?%say@ié‘%dhﬁd’n%;lﬁ, to aaemR)eRRe éfﬁ&e@? bfdorfpotan di L ion"
is aconditio ease, Of sorder.in ich or activity has
been inpli cat tigne r‘u?jblf"ﬁ%thﬁ%ép gsphaRylpsion 9F the RyR¢ é'?fnb‘?loﬁ'ﬂf&laeéfs%vé%]?e and a

cardi ac COﬂleakdaQ)n (1R e of antikuAled 'tlﬁCaraMeElﬁ& fortiR RyR2 roteid OFdr 3gdmpled bidiRgr2at r i al
arrhythm a, cI ud| nglpatrl al tach%éarr thma and atri aI fibrillation (both

sust ai ned an ?ﬂ?ﬁ RIQIEIR Ziay bejjmmynoRer dapndthenibackphosphopyiated it i< A et r i cul ar

fibrillatioon;[gsmiea’reaarre lmeamMUsﬁddlsa@ﬁw (0] 1abdl Mgt ib rhisYorred @thé RYRD | Ure, or
exer ci se-i nduced sudg n car di ag .deat hg
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).

[00124] Another assay of the present invention involves use of a phosphoepitope-

25  specific antibody that detects RyR2 that is PKA phosphorylated on Ser 2809.
Immunoblotting with such an antibody can be used to assess efficacy of therapy for heart
failure and cardiac arrhythmias. Additionally, RyR2 S2809A and RyR2 $2809D knock-in
mice may be used to assess efficacy of therapy for heart failure and cardiac arrhythmias.
Such mice further provide evidence that PKA hyperphosphorylation of RyR2 is a

30 contributing factor in heart failure and cardiac arthythmias, by showing that the RyR2
S2809A mutation inhibits heart failure and arrhythmias, and that the RyR2 S2809D mutation

worsens heart failure and arthythmias.



[ 001181 The RyR2-associated condition may be treated or prevented in the
subject by 15 admnistering to the subject an anount of the agent effective
to treat or prevent the RyR2- associated condition in the subject. This
anount may be readily determ ned by one Killed in the art. In one

enbodi nment , the oresent anentlon orOV|des a ghod for treatlng or

preventi ng at Now ZoL AV ;52 Carrhythnmia (e.g.

tachycardi a; mbrzs I ar nlwﬁzbm meru@hwﬁwsgpa@ﬁdulaay 2t3a¢meaarryhisbthm a and atrial
fibrillation (bot sust ai ned crnon 20, sust ventrlculfg}%arr }/thma

i ncl udi ng venbsnzathipzgping F‘HP"?“‘[eévtaFeo‘ﬁ‘po’g’ﬁ‘H ‘EB@E‘SS"’%S %HH[PE@G’”%? ica

arrhythm a), Qhex ﬁlo[feéii]ésulh@udlﬁ)gJW?I@C'Tﬁ@m'vé'Iﬂ&@Eﬁ'eSbkddiped £advdi ;acce@befait h) in a
subject, b admnlsterln he agent to the suybject al}r%)agg ef fective
to treat ot pPreRAERg L4 emzeggaze%%mewm%emew b YRS i ﬁ"ef &Y-édfiect . [ 00119]

The present i @¥aHlilo0Ns-BdnSQhigfePink JEEe iveniors' Mrbdess ﬁtﬂﬁz@h&@adﬁ]?-ravdlﬂﬁﬂhmcf yi ng an
agent 25 for use in treating or preventing a cardi ac concL|t| on (e.g a
cardiac arr hy‘f‘?ﬁi’ie‘é?‘v(eéta&‘“g maf%‘élr’iya(f‘ﬁﬂ’ﬂi"%iies high yiglds %frthgl’f‘f'i’ﬁ?zQ 13ZRRiPudi ng atrial
tachyarr hyt hmpamdsshia@trial fibrillation (both sustained and non-sustai ned);
ventricular arrhythma, including ventricular fibrillation; and

exg(rjci se-i gdumeﬂzﬁparﬂi Han_}_e'ié’aHK]Wer;)m;jI@hekd’teaﬁ’(US‘I&itdnUS ,816,066; wwzzi)zsesi nduced
sudden car di ac t had coppri ses e ste tai ning or
generat i ng® anmé?ﬂorép‘%*@\‘?fegt nﬁ V30 By P(eﬁﬁre‘ilﬂ’fﬁeﬁ‘it‘é‘ "ég i date agent
to the ani mal tetrdl§droDYPBSz SN BiatepRRe &, naénzétmaiupfne aftennemme) ﬁﬂﬂﬁkﬁld}ﬂﬂlﬂoﬁmpvm to

i ncrease phosg‘goryl ation cells; and . determning if the agent

linmits or pre r%fcﬂ‘&tp%gﬁwqgﬁrqq‘l&tvf‘w stengft P neoound FKBP12.6 in the

animal . 47 T t hod further conpri.se adm ni stering
the agent o WHZR el TVE BRESHS A GRS CTS AeCel A P ohe. agent
has an eff ectbeﬁzbtlﬂﬁueﬁyi%:d&ﬁﬁmc@ﬁ;ﬁﬂndsbm e sravio®Yesporied i thelinatuidl The Al so

Composi t1 b CBRIPErnt P b Sed g 8 TRt o SUEBPICETFG AW v ent i ng

at 5 | east oneutear gk aspsam@khz&édaﬂth(zes @hydréxybénzéit asid. arnrthhybmasa, 2(5e g.,

tachycardia; atrjal. arrhyt i ncl udi at.ri arr a and atri al
fibrillation %&%ygﬁé?‘%\g%‘gﬁasa“ﬁlﬁmhv(w '%%Q’?ag‘?d dametb’gﬁ{‘]]}( Tu rresé gyt hni a,

i ncl udi ng veruomps.mdavasfmeb&dal:tle@tvnpanmemmu&mmbﬁthoﬁalmemb Eah&ithaﬁ;
arrhythm a), heart fﬁl lure, or xer i.se-i nﬂuced suergen cardi eat h) in a

subj ect, by SyPIRstefl©Q éﬂhltﬂ@’eﬁﬁ‘ir% lfort & t'he Podyst althisistsp #as § tW‘@f fective

to treat gy m&uﬁ%etml&w&mmeform CPHe kGt &P e irdfluR Btep Wat then hdddegith

1001201 The invent orﬁ wor k has dempnstrated that conmpounds which bl ock PKA
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).

[00128] The second process for the preparation of 7-methoxy-2,3,4,5-tetrahydro-1,4-
25  benzothiazepine was disclosed by Hitoshi in a Japanese patent (JP 10045706). This process
started with 2-bromo-5-methoxy benzaldehyde. The bromide was substituted with NaSMe,
and the resulting product was oxidized with chlorine, followed by reflux in water, to yield
disulfide dialdehyde. The dialdehyde was treated with 2-chloroethylamine, and the resulting
product was reduced with a reducing agent, such as NaBH,. The resulting compound was

30 cyclized to give 7-methoxy-2,3,4,5-tetrahydro-1,4-benzothiazepine.

[00129] Initially, the inventors attempted to prepare the 1,4-benzothiazepine
intermediate, 7-methoxy-2,3,4,5-tetrahydro-1,4-benzothiazepine, using the methods



activation would be expected to reduce the activation of the RyR2 channel,
resulting in less release of calciuminto the cell. Conpounds that bind to
the RyR2 channel at the FKBP12.6 binding site, but do not cone off the
channel when the channel is phosphorylated by PKA, 15 would al so be expected
to decrease the activity of the channel in response to PKA actlvatl on or

ot her tri ggerdseivsd aboys. | Hosyeyes fey Rypdthatibefirel procisctpserisp By Kaekog - dUa s

result in lesxsaten@ﬁbcsmmos@l ﬂ@&ﬁ‘ed's?ﬁtﬁetic@@pﬁﬁ"higb térﬁbethtQWa:Qfloﬁé’h@&@ioxﬁ timeli ngs
t he present invention fuyrther provid ditional assays for identifying

agents that nadditipmalls Q?dll‘vel’tﬁ’stdﬂsé%‘tefeﬁ (jhabihe ﬂ?“é&’@‘l‘ﬁ inthy thizd Giolated iptsmFtRIEONS

(e.g., a car diRGadlyoRiizBdbPaif @ -aGlisulfidd 6dhyodhd idkin ttnmadss@rert& fhediz thd ncl udi ng
atrial 20 tachgarrg thm a yge;ld atrial fibrillati o% gbot sus%égl ned and

non- sust ai hedproseausnt ¢vclizs Rroducty The/intamoss alsorsdsterpipgdhardhs Rrocess deseribeddyi | | at i on;

and exerci se- Hl’ﬂQHQﬁdIOOaS'fﬂ)Bﬁi‘ﬁv&Uerdm{} B Rat ,anaﬁe%stemé@métm&for s preparatlon of
exerci se-i nduced sudden cardiac death), in at the I nhi bit

activation ofth eﬁ&ﬁ?teml‘@mezi@”ﬁ?%ﬁ/swtlﬂéﬂﬁﬁp@m‘q@%%ﬁﬁwgﬂt%b%@é‘éys of the
pr esent |nvenh| Qn Ny screen ﬁ‘% for the rel ease of c%l Ci um i nto cells via

the RyR2 charfB¥130] ysi nfp 4reeme thedrgqing Ryeblansy the aweriprs deyglnped ¢ povgl progepso- 3,
Fura-2, and tfbiem!;uulrgej-me@@iﬂ 33,08)ethbydr& adarn othiBepintefrdh HAdIBSHRIMbINE Of

choi ce, then stinulated Wit h RYR2 activators to determ ne whether or not
conmpounds ' GddBgrenstye siaging gpferiple g theanyeptorscripees v piEise isakhen e purietient si gnal
(Brillantes efepatand @n%@'ukdd&@g pdie %ousclaéi-ﬁénﬂml'é%%%ﬁerﬁ@@l@teﬁ|1nc(urd}rf1§'70d' ne
receptor) functjon by FK506-bi nding protein 30 77:513-23, 1994; Gllo
et at, Cal ci URStRaFYT %Pefrh*gdr%bﬂré@tiogiamp@ﬁém otheriCOMPIURIHRAVIng dhe general
erythroleukeqham@@ghﬁwnghggdh 81:783-92, 1993; Jayaranan et at, Regul ation
of the inositol 1,4,5 trlsphosphate receptor by tyrosine phosphorylatlon
Sci ence, 272:1492-94, 1996). i dependent fl uorescent signals may
be nonitored with a photonultlpR Ju Rzand anal yzed with appropriate
software, as previously described Bﬁ antes et at, Stabilization of

cal ciumrel ease channel (ryanodine regqﬂ 0 % function by FK506- bi ndi ng
protein. Cell, 77:513-23, 1994g-um [TE6™€{™4t, Calciumentry during i nduced
differentiation in nurine 5 ery hﬂoleukenla cell's. Bl ood, 81:783-92, 1993;

Jayar anman £t @} 1,4,5-tri sphosphate receptor
by tyrosi nsg ;ﬁsg%%%??sgﬁg E:ilt(}e‘%gpék 1?492 94, 1996). This assay can

easily be autigyie 81 Ind%Se ggglq I tiwell
di shes. [00£22] ]T entl fgi}cgnpouonf?g}?ﬁéﬁn hﬁ(b It #ﬁ%ﬁhﬁgjpﬁdent
activation ofmeprdor thﬁeﬂhﬁh?%Pflammmﬂ hayingrforowlaci um r el ease, an assay nmay
i nvol ve the expression of reconbi nant

L=¢;
S
wherein R = OR', SR', NR', alkyl, or halide and R' = alkyl, aryl, or H, and wherein R can be at

20  position 2, 3, 4, or 5, said method comprising the steps of:

(a) treating a compound having formula:
RUCOQH
NO,

wherein R is as defined above, with a reducing agent, in the presence of an optional catalyst,

to form a compound having formula:



10 RyR2 channels in a heterol ogous expression system such as Sf9, HEK293,
or CHOcells (Brillantes et al., Stabilization of calciumrel ease channel
(ryanodi ne receptor) function by FK506-b%ﬂding protein. Cell, 77:513-23,
1994). RyR2 could al so be co-expressed w beta- adrenergic receptors. This
woul d permt assessnment of the effect of compounds on RyR2 activation, in
response to addition of bet&® A#r gi ¢ receptor agoni sts. 15 [00123] The

| evel of PKA phosphoryl ation R&RZ which correlates with the degree of
heart failure may al so be assayed™ and then used to deternine the efficacy
of conpounds designed to bl ock the PKA phosphorylation of the RyR2 channel .
Such an assay wheyinIeis abasimed sbové;he use of anti bodies that are specific for

the RyR2 protein. For. exanpl e e RyR2- anpel.. pr.otein b

i munopr eci pi ?Qt edTealipgthe E&P%&%&"ﬁ%g b‘ﬁ%&%ﬁ?%&‘a teyge %p%ﬁc? %lf[d&at?nm
32P] - ATP. The famimimpeindhadhfehily.e [ 32P] | abel that is transferred to the
RyR2 protein may be then neasured using a phosphorinmager (Marx et at, PKA
phosphoryl ati on dissociate§W§§E5¥ﬁ.6 fromthe cal ciumrel ease channel
(ryanodi ne receptor): defecti regulation in failing hearts. Cell,

101: 365-76, 2000). [00124] An r assay of the present invention involves
use of a phosphoepitope- 25§£§ji%Ac anti body that detects RyR2 that is PKA
phosphoryl ated on Ser 2809. " I murioblotting with such an anti body can be
used to assess efficacy of therapy for heart failure and cardiac

arrhythm as. %ﬁ@%?ﬁ@@%&h&hw&%ﬂg%r52809A and RyR2 S2809D knock-in mice nmay be
used to assess efficacy of therapy for heart failure and cardiac

arrhyt hm as. (Guchtrestiegthe compound formanadin steetb) Witharactivaiing Paeat and

hyper phosphor yiatoL @Maf RemlaSofnaiad B %QH%§ng factor in heart failure
and cardi ac arrhythg$a§? y sﬁo&ﬁﬁg tﬁats{he R2 S2809A nutation inhibits

heart failure and arrhythm as, d that the RyR2 52809D nutation worsens

heart failure and arrhythm & vel 1.4-Benzothi azepi ne Derivatives and

Met hods of Synthesizing Sane 1251 1, 4- benzot hi azepi ne derivatives,

particularly 2,3,4,5-tetrahy , 4- benzot hi azepi ne derivatives, are

i nportant building bl ocks i preparati on of biologically- active

nol ecul es, including JTV-519. TKRe inventors have devel oped a novel process

for 5 preparing 1,4-benzothiazepine internedi ate conmpounds, such as

7- met hoxy-18, 3whergin R ig py defipefk ahove; 4- benzot hi azepi ne. The inventors' process

utilizes read ¥d)>é- &l»b%ﬁr%ﬁbé Sonfpdfhd foRRXREAS ¥PwiRtl Aelilcity 8t 8hd Abale, téMafn RT OVi des
ey 1,4-

high yields o - benzot hi azepi ne
compound having formula:

"oy
wherein R is as defined above; and

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

cJ

wherein R is as defined above.

having formula:



internedi ates. [001261 In the early 1990s, Kaneko el al. (US Patent

5,416, 066; WD 92/12148; 10 JP4230681) disclosed that JTV-519 coul d be
prepared by reacting 7-nmethoxy-2, 3,4, 5- trahydro-1, 4- benzot hi azepi ne (a

1, 4- benzot hi azepine internediate) with aé?yl oyl chloride, and then reacting

the resultin r,oduct with 4-ben i peridine. [00127 WO pr.ocesses for
the preparat %8@1381? 7- nRERSISS ‘?%!’%’Bftg?({‘gﬂﬂfd’fe&?'{t ,l'}f'-e'%b‘%‘h%felqp)%%aﬁlclﬁén and
simlar conpotepds) niugy\be Haeaddifioraily,ahesdiazotinpougti@t Gh step (bjiday bd aNQUam.theThe 15

first process, disclosed by Kaneko.el. al. (U. Pat ent . 0 ,
ol ved o oyl iR IR Eisingm e ondf Lipk Plnay e S0 9
2, 5- di hydr oxybdoingiagenaimistp (d)mndylbe srinetigdphssphing (FMe;0liwiyld tiedopsedn ziep @) &ci d was

| ectivel thylated with dinethyl sulfate. T tir d
Then.r eact b TR o Rl LR SRRPRH.JF AT 08 9568 1 BP0 S0 B (hen
bj ected to high t ture. (270C 9.h  Th t of .this st
et uxed wi ¢ HOB0SLoa A RSB EMARS R ke mtich o PoB T Bl elner of the

refl ux step waspbunénf haagtfethwe: t h  2- chl or oet hyl am ne, under basic
conditions and at a high tenperature, to produce a cyclized am de. The
cyclized am de was reduced with Li A
7-met hoxy- 2, 3, 4, 5-t et r ahydrmQ- .l , APt
internediate). [001281 The s e preparation of

7- met hoxy- 2, 3, 4, 5-t et rahydr 0-"¥, 25 benzot hi azepi ne was di scl osed by

Hitoshi in a Japanese patent (JP 10045706). This process started with

2- br ono- 5- met hoxy benzal dehyde. The brom de was substituted with NaSMe, and
t he resul % ng"hsreduic ORwR OB dllyb gr halidhandtR' 52lkple aryh o1 Hotnd avbspin Reoganipg af

wat er, to Vi hgltior 35U, bi §18aid niRtHde byRiGising AR s#p3kdehyde was treated with
2-chl oroet hyl am ne, and the resulting product was reduced with a reducing
agent, such 4% NaBtang yenpogadpayingdormsldpound was 30 cyclized to give

7- met hoxy- 2, 3, 4, 5-t et rahydro- 1, 4- benzot hi azepi ne. [001291 Initially, the
inventors attenpted to prepare fQexl/2Nbenzot hi azepi ne i nternediate,

7- met hoxy- 2, 3, 4, 5-t et r ahydr o- | ,4 hi azepi ne, using the nethods 50
descri bed above. However, they fouhdSthat the first process, described by
Kaneko et al. (U S,  Patent No. 5,416, 066), involved synthetic steps of high
t enper at ure Aarendhiy 2f defbied gheve i 3-dratrprapigisahlogide anded Gompernddryngli scover ed
that the tshi gorgiuRup in the third thiolated internediate was easily oxidized
by air to a disulfide conmpound, making it inpossible to synthesize the 5

subsequent cyclized product. The 4 rs also deternmined that the process
described by Hm

e (a 1, 4-benzot hi azepi ne

to form a compound having formula:
ReGRACES
W

20  wherein R is as defined above.

(00134] By way of example, a compound having the formula:



H toshi (JP 10045706) involved Cl12, and that another patented nethod for the
preparation of the first internediate, apart fromthe substitution of

brom de with NaSMe, had to be used. [001301 To overcone the foregoing

probl ens, the inventors devel oped a novel33process for making

7- met hoxy 2,3,4,5-tetrahydro- 4-benzot hi azepi ne fromreadily-available and

10 i nexpensi vehatinRe O, t@bdk)sl orfipfide japd, Rt A anpy s de ard g??ﬁ‘iﬂ’ Recprle at
i solation an o?h‘nrbh§'3C§tdr(3nmdy$6e%9§thes?z@@as°f8fbv@e used to prepare various
1, 4- benzot hi azepi ne ' nt er medi at s, 1 ncl udi ng 7-

rret hoxy- 2, 3, 4, 5- tetrahydro | , 4- benzot hi azepi nes
t he general structure sh Hp,,,,cf ok MU lcéh ,M-plam,R~
n- MeS, nalkyl, n.1.7,8,9 ﬁﬁ is process may al so be
used to prepare JTV-5109. [,001311 Accer d| ngly, wew of the foregoing, the
present invention provides a nethod for the synthesis of a conpound havi ng
formula: R wherein R = OR S R_» al kyl, or halide and R = alkyl, aryl,
or H and wherein R can,feg osi tigqp 2 3,94, or 5, said nethod
conprising the steps of 1™ ) tr, zt,,l ng a‘"_“'coﬁpouﬁ%ﬁavi ng formula: ROzH NC?
wherein R is as defined above, reduci ng agent, in the presence of an
optional catalyst, to forma conpound having formula: 51 RO=H NH2 wherein

R is as defined above; (b) tgeatlng%ﬁe conpound.forned in step (a) with a
di azoti zing agent and a musul ,

JTV-519 (R=OCH,)

wt her conpounds havi ng
-RR SR3 R, nMQ

R=0R’, SR', NR'. aikyl, haliges; R'=alkyi, ary! H
R can be at positions 2,3,4,0r 5

[00135] By way of example, and as shown in Example 9 and Scheme 1 below, 7-

5 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-
5-methoxybenzoic acid may be diazotized with NaNO,, and then treated with Na,S,, to
provide a stable disulfide compound. Without further purification, the stable disulfide

10 compound may be treated with SOCl,, and then reacted with 2-chloroethylamine, in the
presence of Et;N, to give an amide. The amide compound may then be converted to a
cyclized compound via a one-pot procedure, as follows. A reducing reagent (such as
trimethylphosphine or triphenylphosphine) and a base (such as triethylamine) may be added
to a solution of the amide compound in THF (tetrahydrofuran). The resulting reaction

15 mixture may then be refluxed for 3 h. The reducing agent (trimethylphosphine or
triphenylphine) cleaves the disulfide (S-S) to its monosulfide (-S), which, in situ, undergoes
intramolecular cyclization with the chloride to yield a cyclized amide. The cyclized amide
may then be reduced with LiAIH, to yield the 1,4-benzothiazepine intermediate, 7-methoxy-
2,3,4,5-tetrahydro-1,4-benzothiazepine. JTV-519 may then be prepared from 7-methoxy-

20 2,3,4,5-tetrahydro-1,4-benzothiazepine by reacting the 7-methoxy-2,3,4,5-tetrahydro-1,4-



forma conmpound having forrmula: R CO2H WGC-02" 5 wherein Ris as defined
above; (c) treating the conpound forned in step (b) with an activating agent
and chloroethylamne, to forma corrpound having formula: R~-~1 10 wherein R
is as defined above; (d) treatlng t he conspound formed in step (c) with a
reduci ng agen avin

wherei n R s buRoefadd San o dibidie GREARLpPRE-Iie aRifa e il 1
step (d) w t hwih#séenwyl pigerdigent, to forma conpound having formula: R C/
Ni { SJ\ wherein Ris as defined above. 52 [00132[ In accordance with the
met hod of thel00i¥gent Thepmsenonventidnfurtieed povides aqepbsifion, can@pingaddicray be H2.

Addi tionally, 1a§aé]ed Jdr'vaszﬁt IL%%enlgRlag@tﬂE o3 pE Bechibbi Ry e (NN Evari B | DO

disulfide in s Y e fror ori de step (c¢)
may be SOCh2. dl‘ﬂhent ra@chsmvﬂgbeasgenwn lmhsare@"h@d@dlqmtyveb@etqf thregtréspht pinestpdni ne
(PMe3), while ta

embodi ment | { payt l?a%Qamgpq %tradﬁ)ow(og))pe ! f’he%‘?c}]?lso ipe%axl%gaﬂﬁlfﬁé%é%? gr%lhe or esent
i nvention fur ddtmabprrmdxambesmdudm Wwithout Gmitstive, éSgr‘&slh &los *6f Radioatimipormitiecof

having 1 ornul gy the radloﬁotoge (cja\,\% ggtecr%ecﬁ% gril\yq%eg we l’known in tﬁ%l ll’(liyfbr a hlal | de_and

R = al kyl, ar rein p05|t|o or 5 said
met hod conpri ganm_m dnhissicsit feqm the rad{odsptope may bertgteatect omtgjgmnhahmagmgteﬂonqmé a:

10 particularly scintigraphic imaging.

[00137] By way of example, and as shown in Example 10 and Scheme 2 below, radio-
labeled JTV-519 may be prepared as follows. JTV-519 may be demethylated at the phenyl
ring using BBr;. The resulting phenol compound may then be re-methylated with a radio-
labeled methylating agent (such as 3H-dimethyl sulfate) in the presence of a base (such as

15 NaH) to provide *H-labeled JTV-519.

[00138] The present invention further provides novel 1,4-benzothiazepine
intermediates and derivatives, including 2,3,4,5-tetrahydro-1,4-benzothiazepenes that are
similar to JTV-519. By way of example, the present invention provides compounds having

the following formulas:

20
wherein R = aryl, alkenyl, alkyl, -(CH;),NR';, or -(CH3),SR', and n =0, 1,2, or 3, and R' =
alky! or cycloalkyl;

25 wherein R = aryl, alkyl, -(CH;),NR",, or -(CH;),SR', and n=0, 1, 2, or 3, and R' = alkyl or
cycloatkyl;



N)H J wherein Ris as defined above, with 3-bronopropionic chloride and a
compound having 15 formula: HM to forma conpound having formula: Rte, 20
wherein R is as defined above. [00134[ Bé?may of exanple, a conpound havi ng
the formula: 53 wherein R = : al kyl, or halide and R = al kyl,
aryl, or H, and wherein R can be t p05|t|on 2, 3, 4, or 5, may be

synt hesi zed as fol | owsme "CYN HFWR COSH ""}HM p NC4 Ntb 02" Qo
b,. 1)500 XN NIF. R NH } an X,Cl ~rpya p~K~i /) to R-~/"gX R L’

WH, 71 1) C ar 1 ~ RJ +OCH,) ROR SR, NR, alkyl, halides;
R =al kyl, aryl H R Can be atdh95|t|ons 2, 3.4. or 5 [ 001351 By way of
exanpl e, and as shown in e 9 and Schene

7- .5
met hoxy- 2, 3, 4wl5rec"eRr&%@ﬂ@n@nﬁﬁb@%}nﬁi‘ai’éEP#‘E*Q%IQ)n%V'L&PQB‘a?’&E?f Pt =

2-nitro-5- met B UbRAZROL GIGLIrdydsailydlah®Whereid BE= Nbi2;@n@r oup of
2-nitro-5-net hoxybenzoic acid is

9
MeO. N'C-x R
oW,

wherein R = ary), alkyl, -(CH;),NR';, (CH2),SR', and n=10, 1, 2, or 3, and R' = alkyl or
cycloalkyl; and wherein X = NH or O. Also provided are additional 2, 3, 4, 5-tetrahydro-1,4-
benzothiazepine compounds having the following formulas:

~ NH

10  wherein R; = OR', SR', NR', alkyl, or halide, at position 2, 3, 4, or 5 on the phenyl ring, and
R' = alkyl, aryl, or H; wherein R; = H, alkyl, or aryl; and wherein R3 = H, alkyl, or aryl;

(Q)n

Il Rs
Ohm

wherein R1 = H, OR', SR', NR/, alkyl, or halide, at position 2, 3, 4, or 5 on the phenyl ring,
and R' = alkyl, aryl, or acyl; wherein R2 = H, alkyl, alkenyl, or aryl; wherein R3 = H, alkyl,
15  alkenyl, or aryl, wherein m = 0, 1, or 2; and wherein n=0 or 1; and
O

K

"N R,

R1—+ 2 /2\R2
S

i Rs
(O

wherein R1 = H, OR', SR, NR/, alkyl, or halide, at position 2, 3, 4, or 5 on the phenyl ring,
and R' = alkyl, ary], or acyl; wherein R2 = H, alkyl, alkenyl, or aryl; wherein R3 = H, alkyl,
alkenyl, or aryl; wherein R4 = H, halide, alkenyl, carboxylic acid, or an alkyl containing O, S,

20 orN; and wherein m =0, 1, or 2.



reduced, using H2 with Pd/C as a catal yst, to give 2-am no-5-mnmethoxybenzoic
acid. 2-am no- 5-nethoxybenzoic acid may be diazotized with NaNO2, and then
treated with Na2S2, to provide a stabl en%i sul fide conpound. W thout further
purification, the stable disulfide 10 conpound nay be treated with SOC12,

and then reac ith 2-chloroethyl am ne, .in.the. .presence of, Et to give
an am de. Theh@ﬂpg‘e coéﬁaénlfr]]e °(r2r§]§ l%ﬁlgtﬂrsﬂlgv%(g%\'))éﬁoéh % %n%com&?‘érl'dlsinecdlu%orrpound
Vi a a one- pot willian¢ Btlisation, $¥5S20) 9-2648-27 Aand A6 CProfgrablyatye cdm{oand is SA6

my be dded SEBAEsaRi Ut P B A RGOS ok e 8Pty dr of ur an) -

The resul ti ngapgptieation.OThedbandiany othe nowy cdniyinds@f the ptesone thvérmion thabe The reduci ng

agent (tripethyl phosphi ne or riphen hi ne) cl eaves, the disulfide (S-S) to
e honosul 1 TR g asc oA DS R sk & SRR Te S HEPd1 | sat) on
wi th the chl optiagigack@ticyliceingositionycl i zed am de. The cyclized amide may then be
reduced with LiAIH4 to yield the 1, 4-benzot hi azepi ne internedi at e,

7- met hoxy- 2, @OM05- t et Thdprebent-ihvedtidndintiet priogidespnatiends lSynthdszimgayie tdvenl , be
prepared from 7-nethaoxy 20 2. 3, -tetrahydro- 1. 4- benzot hi azepi ne .

eact ng t he traRRARHY srpoindt eBiddibi ¥4 Gadn GERERNIDASER AR Rhe

3- br onopr opi omethodfol the kyhghesianth dompnunddading fogmtllte resul ti ng conpound wth

4- benzyl piperidine. [00136] The present invention further provides a
conposi tion, conprising radi@- |abeled JTV-519. Labeling of JTV-519 may be
acconpl i shed usi ngweane Qf anvdiR ety of 5 different radioactive |abels known
inthe art. The rad 8bel of the present invention may be, for
exanpl e, a_ radi oi sot ops~~Ehe radi oi sotope may be any isotope that emts
detect abl & radi ation, including, without linitation, 355 1251, 3H, or 14C.
Radi oactivity emtted by the radioisotope can be detected by techni ques

Ik inthe art F | , i ssi.pn fromt di qj, sot
mmy be dot cct BT Rk Ytrad! Al oS G SR B e dress gk 2 °F

sci nti gr aphi calkyregiyo@alk}l0éhpribingthe ¥@ys c¥f exanpl e, and as shown in Exanple 10
and Schene 2 bel ow, radi g- | abel ed JTV—?ﬂlg may be prepared as foll ows.

JTV-519 may be deffBt hyFiRg? Sampeyd lgragiarmulzi ng " using BBr3. The resul ting
phenol conpound nmay t hef -nmethylated with a radi o- |abel ed nethylating
agent (sugﬂ as 3H-di net h@ fate) in the presence of a base (such as 15
NaH) to provide 3H-| abel ed JTV-519. [00138] The present invention further
provi des nove¥itha splfpe slderideLompound (including any sulfonyl chloride derivative) and a base, to

form a compound having the formula:

[e]
MeO. NSNF
10@L
S

(b)  optionally, treating the compound formed in step (a) with a primary or
20 secondary amine, to form a compound having formula:
0]

)

MGOKI\N’ \C\) R
o
wherein R is as defined above. In one embodiment, the sulfonyl chloride compound in step
(a) is selected from the group consisting of alkylsulfonyl chloride and arylsulfonyl chloride.
In another embodiment, the base in step (a) is Et3N. In still another embodiment, the primary

25  or secondary amine in step (b) is 4-benzylpiperidine.



I ntermedi ates and derivatives, including
2,3,4,5-tetrahydro-1, 4- benzot hi azepenesthat are simlar to JTV-519. By way
of exanple the present invention provid§§ conpounds having the follow ng
formulas: 0, MO\ OR 201 S mherein aryl, al kenyl, alkyl, -(CH2)"

2 s BT o B ey e e pER s Sl W O

n =0, 1, 2,<mﬁ18mmaﬂdn5&mmMalkyl or cycloalkyl 55 MeO\ 2R ( wherein R
= CQ(CH2) OXR 2, S2(CH2), XR 2, or SO2NH(CH2) nXR 2, and X = N or S and n =

1, 2, or 3, and R = al kyl or cy@l oal kyl; and wherein m= 1 or 2; and Mo
NC-X-R 5 3) wherein Rweoar , (CHZ)" NR 2, -(CH2)" SR, and n = 0,
1, 2, or 3, and R = al kyI oaI kyl; and wherein X = NH or O Also
provided are additi onal , 5- tetrahydro 1, 4- benzot hi azepi ne conpounds

havi ng the foll ow ng fornulas "NH Ri S~R3 R2 10 wherein R = OR, SR,
NR , al kyl, O\K'heh’éilrh R dearyl AdlkepgiSalkyl OOCHR) NRY, o - ((IHz)nSRbandtrtreOFihé,rwB andlﬁg- and R

;I E‘leyl or aéy lky? ox(@ylowgﬁmltﬁn (ﬁidlllrtlg agentktx lfdnn a comeun’d havmg Wn%\ﬂ]el n =H
O\
( (’)’S)m m=1or 2

wherein R is as defined above, and whereinm = 1 or 2. In one embodiment of the present
invention, the oxidizing agent is hydrogen peroxide.
[00142] By way of example, and as shown in Example 11 and Scheme 3, the inventors

10  have developed a method of synthesizing compounds having the general structure:

wherein R = aryl, alkenyl, alkyl, -(CH2)nNR', or -(CH3),SR’,andn=0, 1,2, or 3,and R' =
alkyl or cycloalkyl. Novel compounds of this general structure may be prepared by reacting
7-methoxy-2,3,4,5-tetrahydro-1,4-benzothiazepine with alkylsulfonyl chloride or arylsulfonyl
15 chloride, in the presence of a base such as Et;N. Additional reactions (e.g., addition of 4-
benzyl piperidine) may follow, to extend the side chain as desired. As Scheme 3
demonstrates, 2-chloroethanesulfonyl chloride (e.g., 180 mg; 1.1 mM) and Et;N (e.g., 140
mg; 1.1 mM) may be added to 7-methoxy-2,3,4,5-tetrahydro-1,4-benzothiazepine (1) (e.g.,
194 mg; 1 mM) in CH,Cl; (e.g., 20 ml), at 0°C. The mixture may then be stirred (e.g., at 0°C
20  for 2 h), and washed (e.g., with H,0 and saturated NaHCO; solution). Removal of the
solvent will yield a crude product, which may be purified by chromatography on silica gel.
The structure may be confirmed by NMR. Scheme 3 further shows that the resulting
compound's side chain may be extended by reacting the compound (e.g., 28 mg; 0.1 mM)

with 4-benzy! piperidine (e.g., 21 mg; 0.13 mM) in CH,Cl,. After the reaction goes to



R3 wherein R = H OR SR, NR, alkyl, or halide, at position 2, 3, 4, or 5
on the phenyl ring, and R = alkyl, aryl, or acyl; wherein R2 = H, alkyl,
al kenyl, or aryl; wherein R3 = H, alkyl, 815 al kenyl, or aryl; wherein m=
0, 1, or 2 andwhereinn Oorl and(fRz R3(ot" wherein R = H OR,

SR, NR, aIk or allde at tion | ring,
and R = al ky °mp<1;ﬁ“9’F ecﬁxceéﬁwme eeﬁe?i‘%é bxaﬁaseéfqgerrger %lgkél;lkg1sgccglr1&/aryl
wherein R3 = dnhy@ld)ptopylfiick@ialized sitica ge,)0.5 g)wher ei n R4 = H, halide, al kenyl ,
car boxylic aci d, or an alkyl containing O, S, 20 or N, and wherein m= 0,
1, or 2. 56 [(001);3391 EXisaypésest imkntidnalsb prositbos metholofeethe Synthelie nfaotomipaedpi ne
conpounds i ncl w thout Iimtation, S7, S-20, S-25, S-27, and S36.
Preferably, t a&‘%{%‘ﬂﬂﬁ is S36. Structures for S7, S-20, 5-25, 5-27, and
S36 may be found in FIG 15 tg the present application. These and any ot her

novel conpounds of theywdr S-Mhvention may be 5 associated with a
phar maceuti cal | y-accept a ?PI’I er, as described above, so as to forma
phar maceutf cal conposition. 100140] The present invention further provides

net hods of sywkdiés RA dig, 4168, -(CHLBINRY, &(cbﬁnsm&ﬂdauz:e@llnm ot 3o Rh<lslkylios cl osed
herein. For exanple, the sent jnvention ides.a nethod for the
synthesis of KClOBWHotARPT %?ﬁdtePB#tFﬁﬂF%ga‘@mp \“RI‘”WO“P“I% 10 wherein R =
aryl, al kenyl, alkyl, wmg N NR 2, or -(CH2),SR, and n = 0, 1, 2, or 3,
and R _ o al kyI or cyclo YU, corrprisi ng the steps of: (a) treating a
conpound havi n%]for mula: MeO ry) 15 I~ sJ

a sulfuryl chloride and a primary or secondary amine, in the presence of a base, to form

10 a compound having the formula:

- S N-R
wherein R is as defined above. In one embodiment of the present invention, the base is Et;N.
In another embodiment, the primary or secondary amine is 1-piperonylpiperazine.
[00144] The method of the present invention may further comprise the step of

15 oxidizing the compound having formula:

SNR

@l

wherein R = aryl, alkyl, -(CH;),NR", or -(CH),SR', and n =0, 1, 2, or 3, and R' = alkyl or

cycloalkyl, to form a compound having formula:

@)

(O)m

SNR

m=10r2

20  wherein R is as defined above, and wherein m =1 or 2. In one embodiment, the oxidizing
agent is hydrogen peroxide.
[00145] By way of example, and as shown in Example 11 and Scheme 4, the inventors

have developed a method of synthesizing compounds having the general structure:



with a sul fonyl chloride conmpound (including any sul fonyl chloride
derivative) and a base, to forma conpound having the fornmula: 0 MO O (b)
optionally, treating the conpound fornmed in step (a) with a primary or 20
secondary am ne, to forma conpound havi ﬁ& formula: 0O MO N SOR S
wherein Ris as defined above. In one enbodi nent, the sulfonyl chloride

compound in step (a) is selected frommghe,group consisting of alkyl sul fonyl
chloride and aryl sul fonyl chMeRd ge N’\(\)anot her enbodi ment, the base in step
(a) is Et3N. In still another et, the primary 25 or secondary ani ne
in step (b) is 4-benzyl pi peridine” 3~ [001411 The nethod of the invention

may further conprise the step of oxidizing the conmpound having formula: O
l\/l(s‘((J:H \2) g O R\glﬁreirv\kgraﬁ)il,rhll?l,:-(@{zéNR'z, Crik(QM,.SR',adnlliiﬂ-—-,O,'1,(2,:b’21),'|'amﬁ\llﬁ'k€e|;lkﬁbr ]

- R, and n = 1, 2, or, 3, .and R= 5 a or c oal kyl , wi,th an
oxi di zi ng agedtloalky) NayskramRoyRsail Hts sasrel Tgute FraY Ee. PIEPARAJYS ape ot RN S el
or 2 (O m whgahdthdRy23, 85 tellsHyddes-BdaestEiazepine wivh 8ilRiry1 cHlofidd, ifdthe greschée one
enbodi ment_of the present _invention, the oxidizing agent is hydrogen

per oxi de. L0 #535efg 8 whiNlo follgR ey APrmEREOr 48008 PR £53GHpPe411 and Scheme
3, the i nvent@emsnstriids, RAfiRyIdanAIORE] 180 MRt h1od M) sadite s &, 289 n® (RO MYS
havi ng the general structure: 00 O\ 0 R .

may be added to 7-methoxy-2,3,4,5-tetrahydro-1,4-benzothiazepine (e.g., 19.4 mg; 0.1 mM)

in CH,Cl; (e.g., 20 ml), at 0°C. After stirring the mixture (e.g., for 2 h at 0°C), 1-

piperonylpiperazine (e.g., 27 mg; 0.12 mM) may be added. The mixture may be stirred for

10 another 2 h, and then washed (e.g., with H>O and a saturated NaHCOj; solution). The excess
amine may be removed by addition of a base scavenger (e.g., 3-(2-succinic anhydride)

propylfunctionalized silica gel, 0.2 g).

[00146] The present invention further provides a method for the synthesis of a

compound of having formula:

15 (©lm

m=1or2

wherein R = CO(CHz)nXR'z, SOz(CHz)nXR'z, or SOzNH(CHz)nXR'z, and X=Nor S, andn=
1,2, or 3, and R' = alkyl or cycloalkyl; and wherein m = 1 or 2, comprising the step of

treating a compound having formula:

ne)
o )

wherein R is as defined above, with an oxidizing agent, to form a compound having formula:

R
MeO N
L

(O)m

m=1qr2

wherein R and m are as defined above. In one embodiment, the oxidizing agent is hydrogen
peroxide. This method may also be used to oxidize JTV-519.
25 [00147] The present invention further provides a method for the synthesis of a

compound of having formula:



S wherein R = aryl, alkenyl, alkyl, -(CH2)NR 2, or -(CH2)SR, and n = 0, 1,
2, or 3, and R _ alkyl or cycloal kyl. Novel conpounds of this general
structure may be prepared by reacting 0

7- met hoxy- 2, 3, 4, 5-tetrahydr o- 1, 4- benzot hi gzepi ne with al kyl sul fonyl chloride
or arylsulfonyl 15 chloride, iR the presence of a base such as Et3N.

Addi ti onal reactions (é‘.‘”@@ﬁ dition of 4- benzyl piperidine) may follow, to
extend the side chain as Lred,.+As Scheme 3 denonstrates,

2- chl or oet hanesul fonyl chl orinde (e.g., 180 ng; 1.1 mM and Et3N (e.g., 140
ng; 1.1 mMM nmay be added to 7-nmet hoxy-2, 3,4,5-tetrahydro-1, 4- benzot hi azepi ne
(1) (e.g., 1SvhemwipR $COFHDXRIHICACH X2 or SNH(FH)gkR'@nd XN i et &= may

t hen be stirred at A W d ; istel 020 and
saturated NaH @%%&?."onilgﬁﬁg%ﬁiﬂkyg?wﬁﬁ soﬁﬁt@’\cmi I Irggl/llgg}@lcftgogr ude
product, whi chreating alsempenng hinde; foynuddir omat ogr aphy on silica gel. The
structure may be confirnmed by NVR Schene 3 further shows that the resulting

conpound' s side chain ngy he-ex e eacting the compound (e.g., 28 ny;
0.1 MM with 4-benzy] pigelidite (/9. 221 ny; 0.13 m\) in CH2CI 2. After
the reaction goes to 58 conpletion, the excess anine may be renoved by a

base scavengelwif@nxidizigagens,us infila Componhy Revirgdomiutpy | f uncti onal i zed silica
gel, 0.5 g). [00143] The presept invention also provides a nethod for the

synthesi s of a compound+eo ving formula: o, MO\ y b NRJ~ 5 s
wherein R = aryl, alkyl, eNR 2 or -(CH2),SR, and n =0, 1, 2, or 3,
and R = al kyl or cycl oal kym, conprising the step of treating a conpound

having formula, Mag N.s w Ea ul fuyryl chloride.and..a.primt
secondary ani ﬁ”é‘,erelrﬁ{ Piign br,;:@%ée gd %ﬁov%qgégeee,m Ogmfgtﬁlﬁe%m%é&(?égn%ghwg{o Vi ng
the fornuli@ @erohMd& Thi$ fethbdRnay also be used to oxidize JTV-519.

[00148] By way of example, and as shown in Example 11 and Scheme 5, the inventors

have developed a method of synthesizing compounds having the general structure:

R

MeO\@\N'
./

(©)m

wherein R = CO(CH;),XR';, SO2(CH,).XR";, or SO,NH(CH;),XR";, and X=Nor S, andn=

15 1,2, 0r3, and R' = alkyl or cycloalkyl; and wherein m = 1 or 2, Novel compounds of this
general structure may be prepared by oxidation of JTV-519, or one of the novel 1,4-
benzothiazepine derivatives disclosed herein, with hydrogen peroxide. As Scheme 5 shows,
the 1,4-benzothiazepine compound of interest (e.g., 21 mg; 0.05 mM) in MeOH (e.g., 5 ml)
may be added to H,O; (e.g., 0.1 ml, excess). The mixture may be stirred (e.g., for 2 days),

20  and the resulting product may be purified by chromatography on silica gel (e.g.,
CH,Cl;:MeOH = 10:1)

[00149] Additionally, the present invention provides a method for the synthesis of a

compound having formula:



s wherein Ris as defined above. In one enbodi nent of the present invention,
the base is Et3N. I n another enbodi nent, the primary or secondary anmne is
1- pi peronyl pi perazi ne. [00144] The nethod of the present invention may
further conprise the step of 15 oxidi zi?i’g t he conpound having fornmula: o
Ivao N,, NNRi o wherein R—arl\é aIk (CHZ) NR'2 or é %/(SR‘ and n
=0, 1, 2, omhgreinggolyalivl, 4GHy) Bl or 9%‘[1)0%3 Kt 1 =0 L% P> and ha' havi ng

formula: Maocycidhl Bna wiRreil 1= RH2r O Ednipridiflg W §lef brdAtinga @ﬁnp@@ﬁd Haeiglg above,

and wherein |n = 2. In one enbodinent, the oxidizing agent |s hydr ogen
per oxi de. [0@%@53 By way of exanple, and as shown in Exanple 11 and Schene
4, the inventors havee wped a nmet hod of synthesi zi ng conpounds havi ng

the general structure: 5 (ylveo NONRSI\ wherein R= aryl, alkyl,
-(CH2)NR 2, or -(CH2)SR, and n 0, 1, 2, or 3, and R = al kyl or

cycl oal kyB. N@helcarbmwmlbCemmuﬁii:sn@em@swhe eftarbage; adevithed/irengsy epar ed by a
one- pot reactigy fe §Fh BRYY61 Ao R BohiFund A Andoinfipnzot i azepi ne wi th
sul furyl chi OI’CI car}p{n}ll e(ﬂ‘e% presoen%e @ 19 I%ugase e.g., Et3N), followed by a
primary or secondary am ne. Afg_xScherre 4 denonstrates, sul furyl chloride
(e.g., 15.0 ny; O. 111" nd Et3N (e.g., 28.0 ny; 0.22 mv) may be added to
7- met hoxy-2, 3,4, 5-tetrah “l , 4-benzot hi azepine (e.g., 19.4 ng; 0.1 MM in
CH2C12 (e.g. St hat
00, 1 piper Bvlllljg/rlglf)]lrﬁpgenrdg?%rﬁ Qscﬂ(eﬁ'ﬁg&a%{) Illl {)Je eggﬁﬁlm%éwﬁﬁg &l dtg'lda C(E ougc%n Xt ur e
may be stirr @dnnﬁlwsgend,OInan@thehemedlms:ntahdbatsmxs Bt 0a $inged afasheg embedimént, O and a

sat ur at eq NaH%rys%e%ddO%)a 1;}}94 glpen Igél ne may be renoved by addition of
a base scavenger () e. g sucm ydrl de)
{00150} By way of example, and as shown in Example 11 and Scheme 6, the inventors

have developed a method of synthesizing compounds having the general structure:

o
MeO. N-CXR
)

wherein R = aryl, alkyl, -(CH;),NR';, -(CH),SR’, and n=0, 1, 2, or 3, and R' = alkyl or

15 cycloalkyl; and wherein X = NH or O. Novel compounds of this general structure may be
prepared by reacting 7-methoxy-2,3,4,5-tetrahydro-1,4-benzothiazepine with triphosgene, in
the presence of a base (e.g., Et;N), followed by addition of a primary or secondary amine or

an alcohol.

[00151] The present invention further provides a method for the synthesis of 2, 3, 4, 5-

20 tetrahydro-1,4-benzothiazepine compounds having formula:

y NH
Rt | /2""3
S
Ra

wherein R; = OR', SR, NR', alkyl, or halide, at position 2, 3, 4, or 5 on the pheny1 ring, and
R'=alkyl, aryl, or H; wherein R; = H, alkyl, or aryl; and wherein R3 = H, alkyl, or aryl,
comprising the steps of:

25 (a) treating a compound having formula:



propyl functionalized silica gel, 0.2 g). [00146] The present invention
further provides a nethod for the synthesis of a conpound of having
formula: R MOO N .S~ nmrl '2 15 (Omwherein R = CO(CH2) XR 2, SQ2(CH2)"
XR 2, or S2NH(CH2)XR 2, and X = Nor S, @&d n = 1, 2, or 3, and R = al kyl
or cycloal kyl ; and wherein in =1 or 2, conprising t he step of treating a
conmpound having fornula: ¢ A§20D (~ s~ 20 wherein Ris as defined above,

wi th an oxidi zi ng agentR1—19 forma conmpound having formula: R MO\ | S) nrl
or 2 (O mwherein R and in % as defined above. In one embodi ment, the

oxi di zi ng age@gerblg sta'(’:s)? i4dal E%ih@%duﬂﬂ%% e L@e &?e)‘nc@ét‘%ﬁ opt?onh'lsc‘?iglygto

oxi di ze JTV-51 e present nt| on urther provi des a net hod
for the synt h@sf‘p@lmorwouwmﬁmgmfa having formula: 60 R Meo NI 10 0 nel

or 2 (0)mwherein R = CH?d %R‘Z S02( CH2) %XR 2, or SO02NH(CH2), XR 2, and
X=Nor S and n = and R = al kyl or cycloal kyl; and wherein in
= |

or 2, conprising thé i,pf 5 treating a conpound having formula: O

5  wherein R is as defined above;
(b) treating the compound formed in step (a) with a diazotizing agent and a
disulfide, to form a compound having formula:

_~-COM
Rig_ |
S

|
1 = S
R P
COH

wherein R, is as defined above;
10 (© treating the compound formed in step (b) with an activating agent and

chloroethylamine, to form a compound having formula:

(IU\ J\(u

R1—+ AN I§
Cl

O R,
wherein Ry, Ry, and R; are as defined above;

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

15 form a compound having formula:

wherein R}, Ry, and R; are as defined above; and

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

compound having formula:



Mol JOAMN~1 5 wth an oxidizing agent, to forma conpound havi ng
formula: R Mao s) M1 or 2 (O mwherein R and in are as defined above, In
one enbodi nent, the oxidizing agent is hygrogen 10 peroxide. This nethod
may al so be used to oxidize JTV-519. [001481 By way of exanple, and as shown
in Exanple 11 and Scherre 5 t |nventors have devel oped a net hod of

synt hesi zi ng conpounds t e eneral structure: Meo :DCNR 1 ,SJ\ (Om
wherein R = CQ(CH2) , XRR2 ?gXR' 2, or SO2NH(CH2)eXR 2, and X = N or S,
and n = 15 1, 2, or 3, and =grgl kyl or cycloal kyl; and wherein in =1 or
2. Novel corrpounds of this general structure may be prepared by oxidation of
JTV-519, or owhergh Ry, Re, and\Rekrens definpdipput hi azepi ne derivatives di scl osed
herein, with hydrogen perOX| de As Scherre 5 shovvs the 1,4- benzoth| azepi ne
corrpound of i Miethpdsxaf Treatment argPreygnti oyelil 4-Rang f _eDe YeES  may be
added to HZOZQ()?? Ol 1mentcﬁ§(ﬁ@/%§94-b&rﬁ&h1@¥éﬁ¥dé%@rn dﬁfﬂa&tﬁhrfcfi&ﬁl (e.g., for
2 days), he resul ting product may gourl chromat o hy on
silica gel 5(eshgractedyseeith FEGSI % Fppexamp] eOU‘fA@Y Aﬁéﬁ‘t"?bf‘i%ﬁ)’l GPmPPHI S ?g’g‘éﬁ

i nvention proy t acfI® EREYeLinaR Wi 10ginfeer Mul a:
0 Mo \IsJ'\ ?%?e@%%g%magﬂe?@“ﬂmfgﬁ|§,3g§%T:a;r/myl?e ¢ Z R oy Op), SR,
and n = 0, 1, mBre potenBhangfTey-F¥9 inreghliting ceiﬁlum@pmnelaldagﬁl not ﬂﬁ&nw{&ﬂ'éﬂ{f Y. NH or

0, co rrpr | Si NGy NGerS e Mvefiods o % bOFpRAnds QAR B m%inggctlvﬁ@ ofkeeGs. MON - 3J)

[00153] The rapid delayed rectifier (I(Kr)) channel — a potassium channel — is

10 important for repolarization of the cardiac action potential. hERG is the pore-forming
subunit of the I(Kr) channel. Suppression of I(Kr) function — as a result of adverse drug
effects and/or genetic defects in hERG - can lead to long-QT (LQT) syndrome, which carries
increased risk of life-threatening arrhythmias. hERGs, then, are potassium-channel subunits

that, when blocked, can cause cardiac arthythmias and sudden cardiac death.

15 [{00154] The inventors' compounds have significantly reduced blocking of hERG
(I(Kr)) channels, when compared with JTV-519. As shown in FIGs. 4-7, for example, one of
the inventors' compounds, S36, has hERG blocking activity that is approximately 5- to 10-
fold lower than the hERG blocking activity of JTV-519. Because the inventors' compounds
have weak hERG blocking activity, they are expected to be less toxic than JTV-519.

20  [00155] Based upon the foregoing, the inventors' novel 1,4-benzothiazepine
compounds are more potent than JTV-519, and have reduced toxicity. Thus, it is believed
that the inventors' novel compounds will be particularly useful in any of the above-described
methods for limiting or preventing a decrease in the level of RyR2-bound FKBP12.6 in a
subject, including a subject who has, or is a candidate for, at least one cardiac condition,

25  including, without limitation, a cardiac arrhythmia (e.g., tachycardia; atrial arrhythmia,
including atrial tachyarrhythmia and atrial fibrillation (both sustained and non-sustained);
ventricular arrthythmia, including ventricular fibrillation; and exercise-induced cardiac
arrhythmia), heart failure, and exercise-induced sudden cardiac death. It is also believed that
the inventors' compounds will be particularly useful in methods for treating or preventing

30  such cardiac conditions in a subject.



5 wth a carbonyl chloride conmpound, in the presence of a base, and with a
primary or secondary am ne or an alcohol, to forma conpound havi ng the
formula: 0 MO- 3ry"CG%R J) wherein R and X are as defined above. In one
enbodi nent, the carbonyl chloride conpourtd is triphosgene. In another
enbodi ment, the base is Et3N. In yet another enbodi ment, the 10 primary or
secondary am [98156% 4- bér:mydilpﬂlpeheimsm inve@Dh FifheByovides aghetimddfopimgtingerd as
shown in Exa od of
Synt hesi zi ng Boepdlh ARG IRE he o R BYRETRED) 2 RS R REM GRS
wherei n R = asgeht to thieleytjsct, irf m—moumfﬁqtlve(tﬂml) Or pBiRent agiecrease in me leyglof, or 3,
and R = al ky | d L ojrpounds
of this gener% Igoru?}% Fﬁﬁﬂfﬂniﬁ%ﬁz S’llb_]%& Txpaéan LB he gregw{}l}_‘lr?ggnt&))n n{}p\églmycl,t{m

7- met hoxy- 2, Bbwzﬁhxawpmahgrdntwel mdlucﬂ)eglmctfdnowmgpl ne with triphosgene, in the
presence of a base (e.g., Et3N), followed by addition of a primary or
secondary amine or an al cohol, [®0151] The present invention further

provi des a nethod for tMee S t&r%%f 2, 3, 4, 5- 20

tetrahydro-1, 4- benzot hi aze conpounds having formula: NH R IR3 S R2
wherein R = SR, NR s

) , or halide, at position 2, 3, 4, or 5 on
the phenyl rin and R = aI kyl, aryl, or H wherein R2 = H, alkyl, or

| and whey, K ¥ keing Lhe st for . 25
L R i SO 0 il 5
alkyl or cycloalky

(b)

10 wherein R = aryl, alkyl, -(CH;),NR", or -(CH;),SR', and n =0, 1, 2, or 3, and R' = alkyl or
cycloalkyl;

© (©fm

wherein R = CO(CH_),XR';, SO2(CH;),XR';, or SO;NH(CH;),XR";, and X=NorS,andn=
1,2, or 3, and R' = alky! or cycloalkyl; and whereinm = 1 or 2;

MeO. N’
s )

(d)

wherein R = aryl, alkyl, -(CH,;),NR", -(CH;),SR',andn=0, 1,2, 0or 3,and R' = alkyl or
cycloalkyl; and wherein X = NH or O;

y NH

(e Rz



N2 wherein R is as defined above, with a reducing agent, in the presence
of an optional catalyst, to forma conpound having fornula: CO2H R NH2 5
wherein R is as defined above; (b) treatﬁisng t he conpound formed in step (a)
with a diazotizing agent and a disulfide;” to forma conpound havi ng

{Teati g Che HbEBIME SR d Triel SET alpriSad et VAR RN Tind e,

chl or oet hyl anknealkfiarf1061H; vhe@ I, allkgy ongyl edntiesein By RE, alkyl, ddaR2 CI  \ ~ T
Sz i Rz R ~NO OR3 wherein R, R2, and R3 are as defined above; (d)
treating the conpound fornmedQln step (c) with a reducing agent and a base to

15 form a conpound havin Q Ha: O NH R ~R3
R1—:/ IRz
S

I Rs
(Okn

®
S wherein Rl = H, OR, SR', NR/, alkyl, or halide, at position 2, 3, 4, or § on the pheny! ring,
and R' = alkyl, aryl, or acyl; wherein R2 = H, alkyl, alkenyl, or aryl; wherein R3 = H, alkyl,

alkenyl, or aryl, whereinm =0, 1, or 2; and whereinn= 0 or 1;

X
X N™ "Ry
R1 | / . R2
I Rs
(Ol

(8
10  wherein R1 =H, OR/, SR', NR|, alkyl, or halide, at position 2, 3, 4, or 5 on the phenyl ring,
and R' = alkyl, aryl, or acyl; wherein R2 = H, alkyl, alkenyl, or aryl; wherein R3 = H, alkyl,
alkenyl, or aryl; wherein R4 = H, halide, alkenyl, carboxylic acid, or an alkyl containing O, S,

or N; and wherein m =0, 1, or 2; and

(h) any oxidized form of compounds (a)-(g) above. Also provided are uses of
15  these agents in methods for limiting or preventing a decrease in the level of RyR2-bound
FKBP12.6 in a subject. In one embodiment of the present invention, the agent is selected
from the group consisting of S4, S7, S-20, S-24, S-25, S-26, S-27, and S36. Structures for
these agents may be found in FIG. 15. Preferably, the agent is S36.

[00157] As described above, the subject may be any animal, but is preferably a human.
20 In one embodiment, the subject has catecholaminergic polymorphic ventricular tachycardia

(CPVT). In another embodiment, the subject has, or is a candidate for, at least one cardiac

condition, including, without limitation, a cardiac arrhythmia (e.g., tachycardia; atrial

arrhythmia, including atrial tachyarrhythmia and atrial fibrillation (both sustained and non-



I~tl CS R2 wherein R, R2, and R3 are as defined above; and (e) treating
the conmpound formed in step (d) with a reducing agent, to forma conpound
having formula: 63 HR - R3 R2 wherein RlL, R2, and R3 are as defined

above. Methods of Treatnent and Preventi 88 Using Novel 1 4-Benzot hi azepi ne

Derivatives 1001521 The inventors' novel 1,4-benzothi azepi ne ¢conpounds
share functi onaring)) cRAFisHpEThhmias ingludiRg Yepticgipofibritiations padhexersiseindpeed Ty 519

(Mt = 423), GRRRAHAFKRRS hedailure, :R@dRerdisSGhthiaddtaddetlcalidbighannel s. | ndeed,
S36 (a carboxylic acid) is approximately 10 tines nore potent than JTV-519

in regul ati ngoe@BFi UM @i aehdl df €Ripeesi® inveriionsy) 1.4 wmtkﬁzeﬂvﬂémtwe hgwever ,
the inventors' novel conpounds show weak bl ocki ng é}l vity of hERGs. 1001531

The rapi d de|b§>ﬂeaw%rmtpeévbﬂ(cr a5t pf & Rerprytic cor%?OﬂHPIa §H°19WPE??éHﬁé‘F“"a“Y°s 10

i mpor t ant .‘fOranﬂQgﬂc{rﬁﬁdeﬁﬁﬁallﬁ-@ccﬁﬁmﬁlé"@n@@ra‘dU@s@nlﬁe@tab&@ Te¢ @vhdleor NERG is the
por e-form ng unit of the gichannel ression of |(Kr), function -

as a result JheuRpeRtisd c@ff‘l’ﬁj‘“o&f‘\“é admypisfprgd tod%%‘f’le@ by ey of & terhRiEKES - can

| ead to | ong-iQ¥wh kA arb VA QliBose¥RéiR. carries increased risk of _
life-threatening arrhythm as. hERGs, then, are potassium channel subunits

that, when bljogisod. can a%@ﬁc&ﬂﬂdh@ﬁetﬁdd&mmﬁsaﬁ lmﬁloﬁudd%e&am&@fmdeat h.
15 1001541 The |nvento mér nds Eave Si gm\;%ef ﬁ re uced bl ocki ng of
hERG (1 (Kr)) degtpsiirBpRbe 5#{%5@ echilnd Ty IREEPLR BRI Y RS,

for exarrpioﬁ, denectef with &vﬂs bNUEALRES in aﬁ@ﬂiﬁ@?Bfli&:xllvest%&mlhﬁ%rd@m@dﬁ&é%&gp@a .
activity that r.oxi 0 ower e ocki n
acti vi tg of jW?%fa ‘gﬁé@g%ﬁé I H\‘?é\]‘h"df §m‘&‘8?f‘b'dﬂﬁﬂg B’%a@‘%ERG °
bl ocki ng act |a‘{do'ili{t,matyhﬁ)‘eaaﬂﬁd&éfﬂﬂﬁ& Bltht ekilds akiRe® ba@auﬁontmawngﬁve&aes 20
1001551 Based gQi ng, the inventors' novel 1,4-benzo h| zepi ne

conpounds ar é"#%ﬂ“@ *{S‘gg @%gfrttt‘f‘}’a\?i’ Syigs esfablishad i guandresiipds apdiasseyedisqesedrnys, it
i's believed Hehal A 8ablo¥EaIn06Rhe NPYEzoBRIIDME ABSvad éffe@@veﬁ@ﬁﬁﬁt%ﬂbr@%lny usef ul
'n any of 15t h% d%ct:)rgg/sgindtﬁg l(e::(/élt?)f quR2 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 sufficient to achieve plasma

levels ranging from about 300 ng/ml to about 1000 ng/ml. Preferably, the amount of the 1,4-

benzothiazepine derivative ranges from about 10 mg/kg/day to about 20 mg/kg/day.

[00160] In accordance with the method of the present invention, a decrease in the level
20  of RyR2-bound FKBPI2.6 may be limited or prevented in the subject by decreasing the level
of phosphorylated RyR2 in the subject. In one embodiment of the present invention, the
subject has not yet developed a cardiac condition, such as a cardiac arrhythmia (e.g.,
tachycardia; atrial arrhythmia, including atrial tachyarrhythmia and atrial fibrillation (both
sustained and non-sustained); ventricular arrhythmia, including ventricular fibrillation; and
25  exercise-induced cardiac arrhythmia), heart failure, or exercise-induced sudden cardiac death.
In this case, the amount of the 1,4-benzothiazepine derivative effective to limit or prevent a
decrease in the level of RyR2-bound FKBP12.6 in the subject may be an amount of the 1,4-
benzothiazepine derivative effective to prevent a cardiac condition (e.g., cardiac arrhythmia,
heart failure, or exercise-induced sudden cardiac death) in the subject. In one embodiment,
30 the 1,4-benzothiazepine derivative prevents at least one cardiac condition (e.g., a cardiac
arthythmia (e.g., tachycardia; atrial arrhythmia, including atrial tachyarrhythmia and atrial

fibrillation (both sustained and non-sustained); ventricular arrhythmia, including ventricular



met hods for limting or preventing a decrease in the |evel of RyR2-bound
FKBPI 2.6 in a subject, including a subject who has, or is a candidate for,
at | east one cardiac condition, 25 incl u%’hng, without limtation, a cardiac
arrhythma (e.g., tachycardia; atrial arrhythm a i ncI udi ng atri al

ey B0 50 S b B PR, RIS BBt o ne
exer ci se- i ndusnddencardihc death)dn theyttjert.a) , heart fal I ure and exerci se-i nduced
sudden cardiac death. It is also believed that the inventors' conpounds

will be parti®01@ily ubehothers ambagithuaé the presant maeritiog thy supjeehenalieady 30 such
cardi ac condi é Ve Qged altafdi %%Qﬁdetg:oﬁ'lt |[|n6tﬁls TcngQﬂES uﬁ‘f:ocf%e Iépgén)éothlta%lﬁiﬁlg "dgﬁg{?&e

i nvention fur provi des a reven decr ease
in the | evel dfecﬁ%;th’QlntnﬁunplreFdﬁBPtlleeSsel1mthaleydmeuR2-b@yld£dem2 Stirethe supjean  agent

to the Subl ech ée”ana” hoRRY l%fée%% zsplaqbdem{nvg ?ﬁ&n% R4, cq{dﬂa%%mﬁ in the

| evel of bodfd resent
i nvention may(el@e aasargiad arthyfhnie (ezgot thohpcaetid, nmahbelrhythama,ve]udlng@ttmljl ng the

f ?lCZ:-l(Z)\)MO rl\llgR' 2Q tchyalzla’txg'r)ua a@F?(mgl fi })a]%tl\(l)\pﬁ)B%I s_uLstauie_cl aR4 X%ﬂ-su@{aég&y e’ntr%l Illé{yl or

CyCI oal kyl ; Qarrhiyth@id)\linctudidgRent(idlar Sbﬂl]htmﬂnendaemrcﬁeanchmgd c,ar(hdclaythythm(aDHZ) 0 NF\" 2

o - (G5 D) BB B My o pRIELSBIE ) 20,
= Nor S andcardlac codditiéh indte s@hjecand R = al kyl or cycl oal kyl ; and V\,her ein m=
I or 2, R [00162] The present invention further provides a method for treating or preventing a
cardiac condition (e.g., a cardiac arrhythmia (e.g., tachycardia; atrial arrhythmia, including
atrial tachyarrhythmia and atrial fibrillation (both sustained and non-sustained); ventricular
15 arrhythmia, including ventricular fibrillation; and exercise-induced cardiac arrhythmia), heart

failure, or exercise-induced sudden cardiac death) in a subject, comprising administering an

agent to the subject, in an amount effective to limit or prevent a decrease in the level of

RyR2-bound FKBP12.6 in the subject. The agent of the present invention may be any 1,4-

benzothiazepine derivative, including the following:

20 (a) S

wherein R = ary], alkeny], alkyl, -(CH;),NR';, or -(CH,).SR',andn=0, 1,2,0or3,andR' =
alkyl or cycloalkyl,

(b)

wherein R = aryl, alkyl, -(CH;),NR", or -(CH;),SR',and n=0, 1,2, 0r 3, and R' = alkyl or
25  cycloalkyl;



MbO N.-XJ2 15/ 3J (d) wherein R = aryl, alkyl, -(CH2),NR 2, -(CH2), SR

and n =0, 1, 2, or 3, and R = alkyl or cycloalkyl; and wherein X = NH or
O NH RR3 S (e) Rz 65 wherein R = OR, SR, NR, alkyl, or halide, at
position 2, 3, 4, or 5 on the phenyl ring and R = alkyl, aryl, or H
wherein R2 = H, alkyl, or aryl; and wherein R3 = H, alkyl, or aryl; (0) n NH
RR / RZ R3 lob" (O SM&gerein R=H OR, SR, NR, alkyl, or halide, at
position 2, 3, 4, or 50n phenyl ring, and R = alkyl, aryl, or acyl;
wherein R2 = H, al kyl, al r aryl; wherein R3 = H, al kyl, alkenyl, or
myh\maenlmzo,l,orZ;%M\maanr1:00rl;0 ~Ry N'U R R
IS R3 toy" (g)(c)10 wherein P H OR, SR, NR, alkyl, or halide, at

position 2, 3, 4, or 5 on the'phe&yl ring, and R = alkyl, aryl, or acyl;
wherein R2 = Whereit Ryl COGHRERG R, SOaCHIhIR?, aROE(THRXR 244nd & Fjor S, and n =

1,2, 0r 3, and R' = alkyl or cycloalkyl; and whereinm = 1 or 2;

5 (@
wherein R = aryl, alkyl, (CH3)oNR';, (CH3),SR', and n=0, 1, 2, or 3, and R' = alkyl or
cycloalkyl; and wherein X = NH or O;
y NH
R1"'\ ' J’Rs
S
() Re
wherein Ry = QR’, SR', NR, alkyl, or halide, at position 2, 3, 4, or 5 on the phenyl ring, and
10 R'=alkyl, aryl, or H; wherein R; = H, alkyl, or aryl; and wherein R3 = H, alkyl, or aryl;

(®
wherein R1 = H, OR/, SR/, NR', alkyl, or halide, at position 2, 3, 4, or 5 on the phenyl ring,
and R' = alkyl, aryl, or acyl; wherein R2 = H, alkyl, alkenyl, or aryl; wherein R3 = H, alkyl,

15 alkenyl, or aryl; wherein m =0, 1, or 2; and whereinn=0 or 1,

hit
AR N™ "Ry
AT — S R2
I Rs
(Ol

(8)



al kenyl, or aryl; wherein R4 = H, halide, alkenyl, carboxylic acid, or an
al kyl containing 0, S, or N, and wherein m= 0, 1, or 2; and (h) any

oxi di zed form of conpounds (a)-(g) above. 9AI so provided are uses of 15

t hese agents in methods for limting or Fevent i ng a decrease in the |evel

f R2-b d . FKBP12. h
|Onv<;Rynt i onou?hé" hergiady! 5 Ig @gi ts@}g *ﬁ]fy ooﬁH]'r‘? SP%?EF) 2:)%??(%&5?0@9&%& @%ﬂ% S- 20,
S-24, 5-25, Sarsz —5111%7, ,ary@,mﬂ a&B6vhefsi R+ HY £yl zﬂl{’eny]tdsrelssé wlipeein B3 rrety albgl, f Olﬁlnd
in FIG 15. Prefera 00157 C ,ethe
subj ect may béi h&w%erewﬂﬁ% né }Bf%e? %?%{Hilfiar O’W!]WQ% o?%b *yn%gmég&g%@bsdi nent ,

t he subj ect h@ﬁNC@H%B@inaﬁrhmel' @r 2; apédl ynor phic ventricul ar tachycardi a
(CPVT). In anot her embodi ment, the subj ect has, or is a candidate for, at
| east one Gardi ag) condh)tdmzedifmi Qfdbmgqundu' (B)A@uabobé.i t ati on, a cardi ac
arrhythma (e tachycardi a

arr t hmi A { al
tachyarrhyt hiil @I%d at %Prefeflblf'ﬁn ?ﬂ 'ilugherﬂ? des gmng %4 gh&glhggtr{ga%“é‘g
sust ai ned) ; ve#sitlia¢ €dnbidion gt h;cﬁhlﬁma@ytlnmh@gr@hymdw iatrial arhytlinia,ivhdlwdirigon; and
exer ci se-i nduced arr hyt t failur n Xer duced
sudden car di aé™gHat a‘ﬂtygtﬂ%g]d %??Fhé 3t (ﬁath sgyaied %‘}mé‘?seg?ﬂu ﬁv‘%ﬁ?ﬁull&p
1, 4- benzot hi azepjtiigia,dadhidigy vedeicularyfibritiatioadand ekatisriaduced cadisubrhythmigor part  of
atherape ic.co si.tion. that ri.ses the derivati
phar naceut cthT’ rrtgg RCRELL ecEeP‘Fn’%B’Od SRS A né’%(%ég be%o%% EI vative or
phar maceut i caherﬁ@ﬁms tHelsotﬂedﬁByanbemoaJdmfféunsé ®rteat a adt bee codijexonditign mehe of any
techni ques kngwn | n accordance

i art an |sc osed he
with the net h&WPIGH ‘{] ﬂéta P AWEHY © f] Lﬁ%F'&ﬂ h‘aéepinetije‘aveartll %?fkecg tﬁkﬁatacﬁfelralc vative
lr)my bg adm ni géiitRd (4.8, a?cl;a&ﬂhjaﬁﬁi'thﬁ&r(dgt iaaay&ardmmmmnmmlepnmm@malatu ?/e may
e 10 contacte ith ce sypject). i n anount ctive to limt
or prevent a &égﬁ\é&ggmlaﬁng pigal f&\?‘ﬂf""(’i 4%??2‘23518‘{}?{@ "ﬁkﬁf—# egf Vﬁ'ﬁf‘%é Tsubj ect,
parti cul anky hﬂhﬁlﬁhhin@&dmmn&umﬁmma%i &d eﬂﬁamhd\rmg/c&macr aﬂtjﬂinya)det erm ned

ltration cur Jeet BLEAN ¢ Sheg TH ansconA e dhapohCOek e Rty ©

herein. A sui habbearadﬁmmﬁtsuﬁfcmhte a&hlé/eb&&ﬁokmlmﬁgingﬁﬁordebduvmo ngfmlad ﬁlﬁmtl ve to
limt or prevzﬁ 2 decrease in the level of RyR2-bound FKBP12.6 in the
subject may r Qj)é‘ Mlom about 5 ng/ kg/ day to about 20 ny/kg/day, and/or may
be an anount goefié4]Ci entrné presalin@BodI@i@vides evRihed foapgvéaging aeasadeut 300

ng/ m to ahout 000 Pref erab the ampunt .o 1.4- .
benzot hi azzgpl fdipgang P‘i‘ (Feg PEAYES a'r%rﬂ“a&o&mtg%caﬁdg? waﬂ/agawm%‘&?&td%

g/ kg/ day. atrial tachyarrhythmia and atrial fibrillation (both sustained and non-sustained); ventricular
arthythmia, including ventricular fibrillation; and exercise-induced cardiac arrhythmia), heart
failure, or exercise-induced sudden cardiac death) in a subject. The method comprises
administering a 1,4-benzothiazepine derivative to the subject in an amount effective to

25  prevent at least one cardiac condition in the subject. A suitable amount of the 1,4-
benzothiazepine derivative effective to prevent at least one cardiac condition (e.g., a cardiac
arthythmia (e.g., tachycardia; atrial arrhythmia, including atrial tachyarrhythmia and atrial
fibrillation (both sustained and non-sustained); ventricular arrhythmia, including ventricular
fibrillation; and exercise-induced cardiac arrthythmia), heart failure, or exercise-induced

30  sudden cardiac death) in a subject may range from about S 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.



[00160] In accordance with the nethod of the present invention, a decrease
in the level 20 of RyR2-bound FKBP12.6 nay be limted or prevented in the
subj ect by decreasing the |evel of phosg@orylated RYR2 in the subject. In
one enbodi nent of the present invention, the subject has not yet devel oped
a cardiac con n, ch.as a ¢ ardi a;

atrial arrhyt h’fdzf? i nc*j f foﬁganzci r?ﬁa L ésQ l%?lat e%%?gﬂagzp{lﬁsio?g:ﬂﬁ brillation
(both sustaimﬁdnamdpmedmsuswahmmﬂ)wﬂueﬂﬁmb@mhar arrhythm a, including
ventricular fibrillation; and 25 exercise-induced cardiac arrhythm a), heart
failure, or exercise- i nduced sudd%n cardiac death. 1In this case, the anount
of the 1, 4-benzot hi azepne +AtTVE effective to linmit or prevent a
decrease in the |l evel of bou 9 FKBP12.6 in the subject nmay be an anount
of the 1, 4- beQ%othiazepin d-vative effective to prevent a cardiac

condi ti on (e. 9.ty cardiac arrhythma, heart failure, or exercise-induced
sudden cardi ag, daath) , r‘almsl §mgr, f{éf{;) NRY, Qﬂ?cﬁ{}%@d'aﬁ@ﬁ'L 0, 89, &MCand R' =

1, 4- benzothlazeplne deri vat revents at | east one cardiac condition (e.g"
a cardi ac Saralkyltohepickoalkel;g. , tachycardia; atrial arrhythmia, including
atrial tachyarrhythm a and atrral fibrillation (both sustained and
non-sust ai ned); ventricular arrh \hgkf i ncluding ventricular 67
fibrillation; and exer ¢iesg- g diac arrhythm a), heart failure, or
exerci se-induced sudden w Rat h) in the subject. [001611 I n anot her
enbodi nent of t@g present on, the subject has already developed a
cardiac conditi In this case, the anount of the 1, 4-benzothi azepine
derivative 5 td | J i aecL gase. dr gnlaek'Lg | or Of

RyRe- bound FRAETSTE 1 57 HE (G, B RANERSAUAETBATE, orp, dra -Gk

1, 4- benzot hi agsjpelkel deri vative effective to treat a cardrac condi tion

(e g., a cardiac arrhythma (e.qg. tachycardra atrial arrhythm a, including

atri al tachyarrhythwrwe@nd;atLL fibrillation (both sustained and

non- sust ai ned); ventricul a rrhythm a, including ventricular fibrillation;
and exerci se-i nduced cardi ythnla) or 10 heart failure) in the
subject. In a preferred enboq? the JTV-519 treats at | east one cardiac
condition in thé’subject 00 gg[ The present invention further provides a

met hod for _treating o [ a cardrac
arrhyt hm a°% (e¥ erem%fc{:\?@rdﬁb%g 4(?]—(114) @zrﬂﬁaﬁﬁﬁ@ﬁsﬁ u"&%ﬁg NS

t achyar r hyt hm,a, esj ad R'i=adikyll otuytlbdliglj M0 whbeinhin sust 2j ned and non- sust ai ned) ;
ventricular 15 arrhythm a, including ventricular fibrillation; and

exerci se-induced cardiac arrh@ hma), heart failure, or exercise-induced

sudden cardi ac deat h) Wﬁﬁf:ft?ject conprising adm ni stering an

(d)

wherein R = aryl, alkyl, -(CH;3)sNR';, -(CH;),SR',and n=0, 1, 2, or 3, and R' = alkyl or
15  cycloalkyl; and wherein X = NH or O;

= NH

(e) Re

wherein R; = OR/, SR', NR|, alkyl, or halide, at position 2, 3, 4, or 5 on the pheny! ring, and
R' = alkyl, aryl, or H; wherein R; = H, alkyl, or aryl; and wherein R; = H, alkyl, or aryl;



agent to the subject, in an amobunt effective to limt or prevent a decrease
in the level of RyR2-bound FKBPI2.6 in the subject. The agent of the
present invention nay be any 1, 4- benzothlazeplne derivative, including the
following: 0% / S R 20 (a) \ | S~ whefkin R = aryl, al kenyl, alkyl,
-(CH2)ONR 2, or -(CH2)" SR, and n o, 1, 2, or 3, and R _ alkyl or
cycloal kyl ; ON-R (b) MeO (°>n|) O wherein R = aryl, alkyl, -(CH)" NR 2, or
-(CH2)~SR', and n = 0, 3, and R = alkyl or 25 cycloalkyl; 68 R
MO N (c) (O)mwherelﬁr-R )NXR 2, SA2(CH2)nXR 2, or SOzNH(CH2) OXR 2,
and X = Nor S, and n = é)éR 3, and R = al kyl or cycloal kyl; and
wherein m=1 or 2; 0 I\/DO C- 5 (d) wherein R = aryl, alkyl,

-(CH2) nNR' 2, -(CHZ) nSR , and n = 0, 1, 2, or 3, and R = alkyl or

cycl oal kyl ; and whereinX—NH or O M\HRs (e) Rz wherein R = OR, SR,
NR , al kyl, Qalide at position 2, 3, 4, or 5 on the phenyl ring, and 10

"“’l ol al kyl, f%lfh)!x'em o= H oﬂhﬂz'eNR" B@yl—orlﬂaluﬁldﬁébmndarz a4y br 5 @ndle pagieing, R3 = H,
a , Or ar
Y >z/and R'—alkyl aryl or acyl wheremR2 H, alkyl, alkenyl, or aryl; wherein R3 = H, alkyl,

S alkenyl, or aryl; whereinm =0, 1, or 2; and whereinn=0Q or [;

(8)

wherein R1 = H, OR’, SR’, NR', alkyl, or halide, at position 2, 3, 4, or 5 on the phenyl ring,
and R' = alkyl, aryl, or acyl; wherein R2 = H, alkyl, alkenyl, or aryl; wherein R3 = H, alkyl,
10 alkenyl, or aryl; wherein R4 = H, halide, alkenyl, carboxylic acid, or an alkyl containing O, S,

or N; and whereinm =0, 1, or 2; and

(h) any oxidized form of compounds (a)-(g) above. In one embodiment of the
present invention, the 1,4-benzothiazepine derivative is selected from the group consisting of
S4, S7, S-20, S-24, S-25, S-26, S-27, and S36. Preferably, the 1,4-benzothiazepine derivative
15 is 836. The present invention also provides uses of these 1,4-benzothiazepine derivatives in
methods for treating or preventing at least one cardiac condition (e.g., a cardiac arrhythmia
(e.g., tachycardia; atrial arrhythmia, including atrial tachyarrhythmia and atrial fibrillation
(both sustained and non-sustained); ventricular arthythmia, including ventricular fibrillation;
and exercise-induced cardiac arrhythmia), heart failure, or exercise-induced sudden cardiac

20  death) in a subject.

[00166] The present invention also provides novel assays for regular or high-through-
put screening of other biologically-active small molecules that enhance binding of FKBP12.6
and RyR2. In particular, the present invention provides a method for identifying an agent

that enhances binding of RyR2 and FKBP12.6, comprising the steps of: (a) obtaining or



R3 (1) wherein R = H OR, SR, NR, alkyl, or halide, at position 2, 3,
4, or 5 on the phenyl ring, and R al kyl, aryl, or acyl; wherein R2 = H,
al kyl, al kenyl, or aryl; wherein R3 H, al kyl, 15 al kenyl, or aryl;
wherein m= 0, 1, or 2; and wherein n = 020r 1; O Ry R i Rz R3 toy" (9)
69 wherein R = H OR, SR, NR, alkyl, or halide, at position 2, 3, 4, or
5 on the phengénefa'hﬁlga souRtB df RYR2: () lekpyoksing e \RyR2 FIGERIIIZ'6 mmmiemﬁz)fz H al kyI

| kenyl , wh R4 = H
ﬁal iegg , af) rk e nﬁ%d‘d&tﬁtag%‘gﬂ“? gg)gé‘?rﬁﬁn"&'kéﬁ h%eI“EVF gsntP al Hdln% X%Ry’%ﬂ% glr " N, and
V\Iger ei n[ 681639KB$‘|-12 ®rindhe ﬁﬂd)dﬁneﬁ'lh_)healmf Mﬂ-ph!ﬂplf@y’htﬁ@ﬂn@mtw mm?gdm?w)t ( ?)
above. r i nvent i or treatin
at | east one g}’é’}ﬂ'&z g?cﬁ%b H%ﬂemh%’ %ﬁgd e %{’PH’ \%aorgr hhw%é(a?gs g., )

tachycardi g, afphosphodlatdyt hm a, including atrial tachyar rhythma and atri al
fibrillation (both sustained and non-sustained); ventricular arrhythm a,
i ncl udi ng venl(milcul ar fin the inethad dfahe premult imeeﬁ@i,ﬁxekiyﬂaisdmmcbﬁiz@ tae selidr hyt hni a)

or 10 heart f ure ﬁ}?f{i .ing a

1, 4- benzot hi a? ?ﬁ‘éghaagpﬁfé)tr %/gst O%ﬂgtag@ ée%]cof‘%lpn anﬁlggrr% { IH(W% ive to
treat at | easFKBRE. &ﬁaydbmdlodubdleﬂ (e, with fS)eFurﬂmbmoecwnhaAc@thntdathOéRam)unt of
the 1, 4-benzot hj rivatiyve. eff opdi tion
(e.g., a cardl""édcﬁgﬁh&%% dftgct%d usmtgéléﬁ%g}r/‘% Bmdm %%B T 8&hq'#tﬁﬁmeﬁt ?‘gcl udi ng
atrial tao hyaKBhylé‘rBihamgmgéna's an aiti FKBF]QJ6Iaambodyl ”(’}bqirésemumteamqmaitoarwldes
non-sustained ven rrhyth udi vept hicu

fibrillation; ?’ﬁ?"té eé‘]“ﬁ?‘JstQ' tl“ﬁ{ﬂ?@@?f gg’?@fls e clr}?}ﬂil?gﬁaﬁqa g‘Pds tﬁelz‘a's‘ttm% dilure) in
a subj ect naypfeadigeﬁd@maa-kmuteléizerlaj/szgldanmthmbm&nn 2€ibjet; kgﬁdhqu faand/ or

may be an anount. sufficient

t evels.r out 300
ng/m to aboufatiiBBPTHEIRE hef'gf?i%rﬁ’la%ﬁaﬁggwfig’é SF R ﬁ?&S%i cﬁﬁj%ac? WP 1(ﬂes a
met hod for pr avesnbjestgandtin methsds f@ipeeventing exercise-induced sudden cardiac death in a

15 subject.

[00168) Additionally, the present invention provides a method for identifying an agent
for enhancing the binding of RyR2 and FKBP12.6, comprising the steps of: (a) obtaining or
generating a source of FKBP12.6; (b) exposing the FKBP12.6 to RyR2, in the presence of a
candidate agent; and (c) determining if the agent enhances the binding of RyR2 and

20 FKBP12.6. In one embodiment, the RyR2 is PKA-phosphorylated. In another embodiment,
the RyR2 is PKA-hyperphosphorylated. In yet another embodiment, the RyR2 is
unphosphorylated.

[00169] In the method of the present invention, the FKBP12.6 is immobilized to a
solid phase, such as a plate or beads. To facilitate detection of RyR2-FKBP12.6 binding, the

25 RyR2 may be radio-labeled (e.g., with *2P). Furthermore, enhanced binding of RyR2 and
FKBP12.6 may be detected using an RyR2-binding agent. In one embodiment, the RyR2-
binding agent is an anti-RyR2 antibody. The present invention also provides an agent
identified by this method, as well as uses of this agent in methods for limiting or preventing a
decrease in the level of RyR2-bound FKBP12.6 in a subject; in methods for treating or

30  preventing heart failure, atrial fibrillation, or exercise-induced cardiac arrhythmia in a

subject; and in methods for preventing exercise-induced sudden cardiac death in a subject.



20 cardiac condition (e.g., a cardiac arrhythma (e.g., tachycardia; atrial
arrhythma, including atrial tachyarrhythma and atrial fibrillation (both
sust ai ned and non-sustained); ventricular arrhythma, including ventricular
fibrillation; and exercise-induced cardi & arrhythma), heart failure, or
exerci se- |nduced sudden cardi ac death) In a subject. The nethod_conprises
admi ni st eri nd®®878) 4- b Bt s5EH %éﬂ%?érsh%m@éa%e Fhbelayy, gjhighly-gtficiem anpunt

effective 10 ,4qy mr%}gﬁnﬁro hpﬁt%a%&m rmndm&u@pmyﬁd RRelbptabhemmbbiifed - A
sui t abl e anount " of 1,4- benzothiazepine derivative effective to revent

at | east one F&BPAP-Aée.&oMi-BPORKRRI2P or afusionrmemtere sughyas(ATHAKIEP126) gnto a 9

tachycardi a; alimiad codfeli With Eﬁﬂa?moﬂer\ﬁin‘é@aﬁ'&r@ﬁrf)ée@ﬁré FUWBRds &ﬁﬁﬂe@- and atri al
fibrillation (both sustained non-sust ai ned‘%; ventricu ar hyt hm a,

i ncl udi ng Sveriyanp&ng weepior pe m(R:e&%)aﬁy beleaded patod mma&@@a«eem, g

arrhythm a), iReeditd Ll Jmev ?1%951@&?5&%%: | w%%ﬁha?zs})em(mn@@mhﬁ&sdeat h) in
a subj ect may range from about to about (ﬁg day, and/or

may be an anwoRfenEypRs (¢9-40f “beoa%%m@vg'h?ﬁ%ﬁﬂ‘elp&?@l“@’ beatiashesgio femnye $8out 300
ng/m to abQyfouh@RORNYhdMhen &Quba{eQQrthﬁ§ﬂn-k 95@5{9% fobB6 thid)Nehe plate

above-descri bed nethods, exanples of th 4- benzot hi azepi ne derivative
i ncl ude, wi t meayibe Washed againia emaye unbwdmtl-lﬁym(aaybogymé thep fregtedwith y| | al kenyl ,

al kyl , 2) gh@, , 1 ! 5 al kyI
or CyCI Oall(éH ﬂore'%ntzl’abé?éd sedd ant%g{iy ﬁv\ﬁq eafbenlmyQ)e réladé)rg ;n Q[t%rﬁzll(ti;: 1 gregg(e]tlltz)

-(CH2) " SRlateramrf?fbmd)ngiCtWQy or 3, and R = alkyl or cycloal kyl; IVEO \
V1S (c) (0)m 10 wherein R = 0O(CH2) XR 2, S02(THp) XR 2, Or
SO02NH( CH2) " XRdUTland HAltermatively, RYR3 Agy be B BKA-phosphorylated ini the presence of **P-ATP.

Radioactive PKA-phosphorylated RyR2 may be loaded onto an FKBP12.6-coated, 96-well
plate, in the presence of JTV-519 analogues and other 1,4-benzothiazepene derivatives at
15  various concentrations (10-100 nM) for 30 min. The plate may be washed to remove the
unbound radiolabeled RyR2, and then read by an automatic plate reader. PKA-
phosphorylated RyR2 also may be coated to the plate, and incubated with *2S-labeled

FKBPI12.6 in the presence of the analogues and derivatives.

[00172] The present invention is described in the following Examples, which are set
20  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.

EXAMPLES

EXAMPLE 1| - FKBP12.6-DEFICIENT MICE

[00173] FKBP12.6-deficient mice were generated, as previously described (Wehrens et
25  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] library, using a full-length murine

cDNA probe. The targeting vector was designed to delete exons 3 and 4, which contain the
30  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,



1, 2, or 3, and R = al kyl or cycloal kyl; and wherein m=1 or 2; 0 Mo
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analysis. Positive FKBP12.6" " males and females were intercrossed, and offspring resulted in

FKBP12.6™ mice at approximately 25% frequency. F KBP12.6” mice were fertile.

[00174] All studies performed with FKBP1 2.6™ 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/CS7BL6 mixed, pure DBA, and pure C57BL6.

EXAMPLE 2 - TELEMETRY RECORDING AND EXERCISE TESTING IN MICE
[00175] 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
epinephrine (0.5-2.0 mg/kg) (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). Resting heart rates of ambulatory animals were averaged

over 4 h.

EXAMPLE 3 - EXPRESSION OF WILD-TYPE AND RyR2-52809D MUTANTS
[00176] Mutagenesis of the PKA target site on RyR2 (RyR2-S2809D) was performed,

as previously described (Wehrens er al., FKBP12.6 deficiency and defective calcium release
channel (ryanodine receptor) function linked to exercise-induced sudden cardiac death. Cell,
113:829-40, 2003). HEK293 cells were co-transfected with 20 ug of RyR2 wild-type (WT)
or mutant cDNA, and with 5 pg of FKBP12.6 cDNA, using Ca?* phosphate precipitation.



or N, and whereinin =0, 1, or 2; and (h) any oxidized form of conpounds
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20 267:9474-77, 1992), or anti-phosphoRyR2-P2809 (1:5,000) for 1 h at room temperature
(Reiken et al., Beta-blockers restore calcium release channel function and improve cardiac
muscle performance in human heart failure. Circulation, 107:2459-66, 2003). The P2809-

phosphoepitope-specific anti-RyR2 antibody is an affinity-purified polyclonal rabbit

antibody, custom-made by Zymed Laboratories (San Francisco, CA) using the peptide,

25 CRTRRI-(pS)-QTSQ, which corresponds to RyR2 PKA-phosphorylated at Ser”®®, After
incubation with HRP-labeled anti-rabbit IgG (1:5,000 dilution; Transduction Laboratories,
Lexington, KY), the blots were developed using ECL (Amersham Pharmacia, Piscataway,
NJ). The antibodies may also be used in the following ratios: 1:4,000 (anti-rabbit IgG); and
1:5,000 (anti-RyR2-5029 and anti-FKBP12.6).

30



for enhancing the binding of RyR2 and FKBPI 2. 6, conprising the steps of: (a)
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fluorescent {;o@{g%) r R8§on! t&?edt?ﬁﬁ‘@i BOhdGidle a%h%é(nel 5&9%@«%&! dBc?rEa'é‘é’cfd ¥y, RyR2

may be PKA-phosphorylated in the presence I oact |
PKA- phos phor yirahabditFfiRY Radyllowéing Refdpwsphnndation (IBksrompeed diled, 96- wel |

Geri vat i ves o PEogar oy B e b B S PR AR e 31, SRR PO
may be waghedfungion saonemelized 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
FKBP12.6, in the presence of JTV-519, shifted the Ca?*-dependence of RyR2 activation

25  towards the right, making it similar to the Ca**-dependence of unphosphorylated channels.

Table 1. Ambulatory ECG data before, during exercise, and following exercise and injection
with epinephrine.

30 SCL (ms) HR (bpm) PR (ms) QRS (ms) QT (ms) QTc (ms)

Baseline
FKBP12.6*" 104+ 6 586+36 32+£15 99+04 3010 2906
FKBP12.6™ + JTV-519 995 608+32 33+0.6 93x 03 32+£27 32+19
35 FKBP12.6" +JTV-519 1169 527+43 33+04 100+03 3313 30+1.1



unbound radi ol abel ed RyR2, and then read by an automatic plate reader. PKA-
phosphoryl ated RyR2 al so nay be coated to the plate, and incubated with
12S-1 abel ed FKBP 12.6 in the presence of the anal ogues and derivati ves.
[ 001721 The present invention is describédd in the followi ng Exanpl es, which
are set 20 forth to aid in the understandi ng of the invention, and should
not be construed to limt in any way the scope of the invention as defined

in the clai neM#FTEREFEGEIT ow t her eaf t LE 1 - FKBR
12. 6- DEFI CI ENTEAAICEC] 001731 Fﬁ 2. 3@*5% ; -§'n§-%§ggr§jg;é@er§t%l;, as
previ ousl y, des '@.??#’E@nsgﬁg 2 2§‘f22 329: +gef i gency gnd.oef ective
cal ci um re? ease channel (ryanodi ne receptor function linked to

exer ci se-i ndugedguddsnefasedi ac death. Cell, 113:829-40, 2003). Briefly,
mouse genom C pgppihgge cl onesysfsor thwas e i ne+ okt ivkoguessafl.g hashurpan FK506
bi ndi ng pr ot erkBpPI266 +(FKBR12108 } 4nerse2 + 30| at edsf 9.0808 DBA/13 | 82X 17 brary,
using a fubl-| BErIbeurTNIELY cIOBA4pr dise+ 20ThEs £ aBgéel i 1QyS visctldr vwas Idesi gned to
del ete exons 3 and 4, which contain the 30 entire coding sequences for

muri ne FKBP12.6 (Bennett el al., ldentification and characterization of the
nuri ne FK506 $inmeiyngamiruistasy BECG daaPFKALL2.6™ géo &reateNwit) T\GEIdRE 8) of ontrg- (1 ©69- 71,
1998), by repfail RKBRI2E" kise geateghyrith hw’gg{%ﬁ@ S%swsml%#wﬁﬂéaﬁgt% 1 abl e
mar ker . Al%. omgpmiftiseqopd; gpratibeasner mnue; BKREI2 8" =F KB eteiRareRusngnEP ! go
pINS2, a backBBMEPI2ZGLEfBR Wit h PGK- neo and PGK- TK cassettes. The DBA/ | acJ
enbryonic stem (ES) cells were grown and transfected, using established
protocols. Targeted ES cells were first screened by 5 Southern analysis, and
5 positive ES cell |ines BEABPABEI\RATMODHPF HEARGHFAILHREoND| ogous

reconbi nation e chinhgras r : rmine

of fspring i d@ﬂ*\gﬁ#i ed %{I?%? S (”:V%g?%?gﬁog%). @%ﬁgféc% @pﬁ%ﬁ%‘e&gr@?genot yped
using 5 Sout themeotorayyad yredwe mposidial wefarBtikBPaspRevidusly descased{ Atvafee pdlebatewer e

intercrossed, and of fspring. resul t ' -KBP: +Mj t : OX ely 25%
e boney > Sy @aiatRitich FRtikd: S eedoBoro G o aa0fs Wi B raORRACHYGORLE Y

wi t h FKBP12. 6J. /Mol fieeCandald 324 E69- 202008k Brivly.chte overelRKEBREHze@with amis@read
controls. No di.fferences . wer hserv bet,we FKB .6-/-.m rai sed on
the foll ow ngpﬁge{ncikggrlgﬁarﬁﬁgt:onﬁgﬁa&mr@qrsnm%k&ﬁ%mr‘]’e(m%éﬁ; ﬁﬁ%’i’g atggd]ﬁgaSCWBLG.
EXAMPLE 2 - TﬁhiElh’E&'WithE‘/IﬂRB_tiN&séiBt[deEb@Ea_l%laS_EndBE&'ﬁbd‘ll@bleI‘6B Ml gE 60(5&@1@_35&
FKBP12. 6 28 ndmﬁlifBRﬁca]f%ﬁe%faé:lefmhgrgco\{\c?t{yeangaplerllnctar iurﬁ?gpe%f?lg, e féﬁ'm%gn c%?o%ggy(%hgg to

was occluded with a 7-0 silk suture at the most proximal point below the left atria appendage.

Sham-operated rats (n = 5) were treated in the same manner, but without coronary artery

ligation.

[00182] Six weeks after myocardial infarction, heart failure was confirmed using

30  echocardiography. JTV-519 or vehicle (DMSO) was continuously infused (0.5 mg/kg/h) by
means of an implantable osmotic infusion pump (Alzet mini-osmotic pump; Durect
Corporation, Cupertino, CA). After 4 weeks of continuous treatment, echocardiography and
hemodynamic measurements were performed. Animals were sacrificed, and tissue samples

were harvested.

35  [00183] In accordance with the above techniques, heart failure was induced in rats by
ligation of the left anterior descending coronary artery. This resulted in myocardial infarction
that developed into dilated cardiomyopathy, with reduced cardiac function, within 4 weeks.

Three groups of animals were studied, with 25 in each group: sham-operated (control), heart



15 protocols approved by the Institutional Aninmal Care and Use Committee of
Col unbia University. Mce were anaesthetized using 2.5% i sofl urane

i nhal ati on anesthesia. ECG radi ot el enet ry, recordi ngs of anbul atory aninals
wer e obtained >7 days after intraperitone @ i npl antation (Data Sciences
International, St. Pau ens t at, FKBP12 def |enc and

def ective cal &l t@?‘é%‘/s(é’r\éﬁéér aé'phfﬂfé B HRout therapy B’FS“CIFLn‘tf MERT nked to 20
exer ci se- i ndUﬁ@&n&HdﬁkﬂUW@W%@ﬁﬁéﬁﬂﬂy l‘bduo@eliilastolilcla’ﬁd%&&héﬂysfﬁQG&) as For stress
tests, mce were _exercised on IE;C d treadm| thgﬁg]%f)(h UStﬂI on, and
then i ntr aper PetgRuREA DY ethorudiogap (F 4}5&‘?‘%&% @Y ("5 RS vehr ens
at at, FKBP12ifjy %ﬁ'c%ﬁ@%cﬁdﬂn@%‘d@&ﬂ théProppdssibridnhedrbfatias én tib eannelel of yanodi ne
receptor) function linked to exercise-induced sudden cardiac death. Cell,

113: 829- 407 2oehpmic-pdugef heprfaill'e: 1 at es of anbul atory ani mals were aver aged

1001761 Wit agBHls or g PR Bt 0t St kB O O INRH T s

per f or med, a§hdgﬁlﬁy‘{y]ﬁbk$RYRﬁﬂﬁﬁﬁelsbﬁd'a{dé&lﬁhmEtSthettJT&fl-SIQIIEl@BEéIkZ}leﬁifﬂiﬁﬂyIOdfl ency and

eer of se. i nau AP ERE Rk FRERTEO, . oBreeab FieReobin e e ideiaos

cell's were cOFKBRIES RWiIRIto Metnhutadclgng, tikdydBz rel\neailﬁlgtayxﬁbeha(n\éﬂby waitichaTVasi9 ¢ DNA,

Vesi ol o5 dlnt BTG eRy Rbien AmABIeE BT Vor e et o ok st et

(Wehrens et abffaumEKaBlZFIG @efFuﬁlleﬁﬂ@ry, Jan 1 d efseedd brelinpadf CKBIM 2.6 lewge  channel

(ryanodine re t ctlo nked t e i nduced sudde rdi ac
deatn. ol 1 TER-Bopagiaics sk angRaen by T S3HES BTSSRI RITRA. AND
FKBP12. 6 Bl NDbNGplﬁrilﬂgdLiyR]z farddieadep&identaiatiea (KIS, T)Er € prepared, as previously
described (Marx et al. PKA phosphor yI at| on d| ssocr at es FKBP12.6 fromthe
cal cium rel ease channely, (¥ ) >Nt OF). ation in
failing hearts. Cell, 013t of rapanycin
on ryanodilﬁe a)ecem«_rdmﬂﬁﬁt_gtel ease channel S from car d| ac nuscle. CGrc. Res.,

78: 990- 97, gﬁls 355 habgl k&d é:rgﬁlgpﬁ%ne% i Rtha E‘aﬂﬁ{ @%@gggﬁg{w@ﬁ NI Qui ck

Coupl ed 10 Transcri ption/ Trans Varti system rom _ a( son, . [3H
ryanodi ne bi ndiingprovaenslycdsedivedtechumagued (’D}m RydR2Chrenie pisial fitgdlagpngioesiiot fusthermes

were diluted ) ubated W th
250-nM (11 nal “eencont vl bkl RoeiRel 869, 9 b Sk, L PR 0T
quenched wi t h2&0K)135B-841 2008)e Agwhals were duestbétizedwith thiopeSalrspdien (Weme’kg, Lv. ),

20  and ventilated with isoflurane (1.5-2%) and O; (2 Vmin). Active fixation leads were

implanted in the right atrial appendage and right atrial free wall, tunneled subcutaneously,
and connected to an Itrel pulse generator and Thera 8962 pacemaker, respectively
(Medtronics, Minneapolis, MN). 40% formaldehyde (0.1-0.3 ml) was injected into the His
bundle, to achieve complete AV block. The ventricular pacemaker was programmed at a rate
25  of 60 bpm, and held at this rate throughout the pacing protocol. Following recovery, atrial
pacing was instituted at a rate of 600-900 bpm, and maintained for 46+3 days, or until the

animal was in chronic AF (defined as > 5 days of AF in the absence of continued pacing).

[00186] Animals were then anesthetized with pentobarbital (30 mg/kg), and their
hearts were removed. Atrial tissue was dissected, immediately flash-frozen in liquid
30  nitrogen, and stored at -80°C.



centrifuged at 100,000 g for 10 mn, and washed three tinmes in imdazole
buffer. The anount 15 of bound [ 35S]-FKBP12.6 was determ ned by liquid
scintillation counting of the pellet. MPLE 5- | MMUNOBLOTS [ 00178)

| mmunobl otting of m crosones (50 g) was performed as described, with

ant i - FKBPI 2/ Jbg él égoool anti-RyR- 5029 (1:3,000) (Jayaraman et all, FK506
bi ndi ng prot d with the calciumrel ease channel (ryanodi ne
receptor). J [O(BB‘qI Ctirman d2@ pREehted ATthis By ¥8@Zprived froant humpndisasis SRPR2- P2809
(1:5,000) for, k. Oal, a?r?”ﬁ)r?lﬁpgﬁ ﬁttﬁg gttm 5@1@ ﬁlfall'ure%flﬁrlp  SEHoRpR restore
cal ci um r el eZ8E"Chdnne unctron rove di'ac performance in
human heart fhairt temeplar@undsud piolooel, apmmﬁ@&%lmmhzm3)3“3‘71'@@311528@91‘1”
phosphoeplto e i i AT Y thifeh &dm 3

pol ycl onal® rabOB ?reS% epglbﬁ%&)hal gﬁr#?'t}féjgtg%re O%g %é orte?tm F'sres ek‘ n

Franci sco, Chprmasheags nd;teunpé]wtfpui@mp%ta@m' RRIthe(tp@Of@mlanmp%hewme@sponds to
RyR2 PKA-phos hor e TREiabe! ed

anti -rabbit éﬁ%&lb%bua@ (T%U!t;)ﬁ)g%?ce? fr@gr k?:l!te ﬁ%ﬁgﬁgdg%?g}t@téﬁ?%s XIJLeX| ngt on,
KY), the bl ots vvere devel oped u5| ng ECL (Amersham Phar maci a, Pi scat awnay,
NJ). The ant ichodi brmunepregipidationand Baskphosphogdationlof BYRhg ratios: 1: 4, 000
(anti-rabbit gy and,d 5“199&:& b {7’{) 2022 nPRE 2l i KRR 42. 6) . 30 76
EXAMPLE 6 - é‘%@lE CI—&I(]HI\IEEI‘_c RECC%?D?QI 3 %?Lp% 91 mglg ch anEeI ?ecordl ngs of
nati ve RylR2 fpreyiouslpdesatibed fMaseerof., Bigh Phoseheniasion DigsotistesdiiB A stiromte, wer e

d d bed
(Mirx ot ol Caighfll KGR EhARR (RGNS RASHEY Iy ARGty Helt> o O°
rel ease 5 chdieHel0l36§31HaANM0R werssepensicd in AfehbeftRIDA buley(FbmMokrisiBHCE BH | ng
hearts. Cell 74 ¥edRacBasAq0Mbh1000% mp&g&gg@%&qmbxm%ﬁ?{ e SRR

recordi ngs we ans conpartne 'L B mol / L
(in sone exp@ﬂﬂhnérbttsptl-BaBth'omemmbt B8l Mygtei@ay @b@)se bqulp{w?reggdedaq‘qu cis
conpar t ngnt m b [HJQ% |/ L;
and CadC 21r3 Oagﬁ@?ﬁfnl_@é% 3@—1 Ijgtsxi"}sf“@§ gsrv\%\ngrge I'n gt gﬂ- S“Im:lnﬂ kmqﬁggmnel S

10 recor di ngduffe(& rnM:IBler\CL 56 np‘demenwee-ﬁfN bﬁ@mmnps@lfgm} acidicl8 mM)MaM [ My2+]
o confirm i Aar Ty A LY ERGARE Bet Rafinatih (BRRHAR bl (G ey T
current r ecomdimgs\mtlsl?lﬁg (Fetits)h 200 mmmweand(wmmr (NEN Life StisncedBogon)Ci t y,
CA). Al dat at v?érs glloevg(e%rtg ﬁl%l‘i:“oateafsr éﬁﬂa min at ro§t§ terr];)r&l.?atul'rlg emé was then stopped with 5 ul of
20  6x loading buffer (4% SDS and 0.25 M DTT). Samples were heated to 95°C, and then size-

fractionated on 6% SDS-PAGE. RyR2 radioactivity was quantified using a Molecular

Dynamics Phosphoimager, and Imagequant software (Amersham Pharmacia Biotech,

Pescataway, NJ). Values were divided by the amount of immunoprecipitated RyR2

(determined by immunoblotting and densitometry), and expressed as the inverse of the

25  [y?P]ATP signal.

d) Calstabin2 (FKBP12.6) Rebinding with JTV-519
[00189] RyR2 was immunoprecipitated from atrial SR (100 ng), and washed with 1x

kinase buffer, as described above. The immunoprecipitated RyR2 was phosphorylated with

PKA (5 units) and 100 uM MgATP at room temperature, and the reaction was terminated
30  after 8 min by washing with ice-cold RIPA buffer. Recombinant calstabin2 (FKBP12.6; 200

nM) was subsequently incubated with the phosphorylated RyR2 at room temperature, in the



Student's 1-test was used for statistical conparison of nean val ues between
experinents. A 15 val ue of p<0.05 was considered statistically significant.
1001801 The effects of JTV-519 on RyR2 channels are set forth in FIGs. 1-3
and Table 1 (below). As deronstrated in81G 3, the single-channel studies
showed i ncreased open probability of RyR2 foll ow ng PKA phosphoryl ation

(D), as corrpammme@r Bisence phibs piddendothiazeping derivative, JT¥SBACerM). Ahes vaplies fi ¢ PKA

i nhi bitor, I Q

PIA. phosphor TS ieEq <y KEt R e ARRE s B il Bl 100 SBEPASE  . 510
(E). Anpl it udemhingbloitpdderescalsiabigh(BKBPdY.€h| ed i ncreased activity and
subconduct ance openi ngs i n PKA-phosphoryl ated RyR2, but not follow ng

treatment witgo1o8y V- 51§hn%ﬂﬂaz5d<£’e?&2ar@ restlls@btaEd S @WRvENSH i ddekRadd it of
PKA- phosphor yl at ed RYR2 wth FKBP12.6, in the presence of JTV-519, shifted

t he Ca2+- depetheierpesmertts Fxemple8i vati on 25 towards the right, making it
simlar to the Ca2+-dependence of unphosphoryl ated channels. Table 1.
Anbul at ory EQzedRtion drefesi®yRdur i ng exerci se, and foll ow ng exercise and

gre () BashPfE Rpsl e ke Sifihetie 1R o Byt fRhyatR gy &7 ()

FKBP12. 6' + Jab¥vétdéhnRfdes. PKAO$hosphdryBifion 6F afriaDRPR2 2ded the aﬁwﬁnt%ﬂdal&blrﬁS

FKBP12. 6" "' +JT 16 3 330. 4 00.3 331.3 30,1.1 77 WMaxi mum
exer ci se FKBF: ¥§ggf2é})‘%g‘ %ﬁf}lwcro%le?‘éﬂ cgmplex as/(jfet?fmlf‘egéy Y733 1.6
FKBP12. 6" 1¢+J TVmﬁthpt&Qﬁtaﬁ&ﬁﬂ"% 22) 1Tk d%idd QyH2 mdetordoleld cnplx comprised

FKBP12. 6" ' +JTV- 22 2 1.2 33 exerci se
epi nephri ne F‘RE?%‘Z‘?‘%’%(B 6‘2550’2@])'@82“8“‘90%8(_% '11?8’@ Efg‘glatergsugumt( 5

FKBPI 2. 6" +J Tx\mmﬁpllex?d mm922m 81), aprbvihisBQerforté@for Yentricdl RYR2 (Marx ef al.,
FKBP12. 64' +JT\;: 519 ZLﬁ585

anbul atory E Bhosp IQBIQTQOCB“"S%FP&Z ¢ %@Ht}}lﬁd’ W“P’rfeéw °§3f§e‘gfwa“°%§f

control (n = re€proryadededivdBRNIZiondn fiilmg hedreaterdl MIch-74 Doo®H19 (n =
sinus cycle length; HR =heart rate; 15 ns = mllisecond; bpm beats per

m nut & FFSBP]]%(A? vaemhosphon&a%on oth tﬁ ya%é’ ggﬁecep%r mn Atnalfﬁllg%ﬁatlon

[00192) PKA phosphorylation of immunoprecipitated RyR2 was increased by 130% in

ry of

atrial tissue from dogs with sustained atrial fibrillation (AF), as compared with controls (n = 6

for AF, n = 6 for control, P < 0.001; FIG. 9A). Calstabin2 (FKBP12.6) binding to RyR2 was

decreased by 72% in atrial tissue from dogs with sustained AF, relative to controls (n = 7 for
20 AF, n =6 for control, P < 0.0005; FIG. 9A).

[00193] Similarly, PKA phosphorylation of immunoprecipitated RyR2 was increased
by 112% in atrial tissue from humans with chronic atrial fibrillation, in the setting of heart
failure, as compared with controls (n = 5 for AF, n = 3 for control, P = 0.002; FIG. SB).
Calstabin2 (FKBP12.6) binding to RyR2 was decreased by 70% (n = 5 for AF, n=3 for

25  control, P < 0.0001; FIG. 9B).

[00194] For all back-phosphorylation and co-immunoprecipitation experiments, the
total amount of RyR2 loaded was confirmed by a parallel immunoblot of immunoprecipitated
RyR2 with an anti-RyR2-5029 antibody (FIGs. 9A and 9B).



= FKBP12. 6 deficient mce EXAMPLE 7 - RAT MODEL OF HEART FAILURE [00181] 25
Sprague- Dawl ey (300-400 g) underwent |eft coronary ligation, via left 20

t horacotony, to produce nyocardial infarction, as previously described
(Alvarez et al., Late post-nyocardial inflarction induces a
tetrodotoxin-resistant Nat current in rat cardionyocytes. J. Ml . Cel

Cardiol ., 32: @g@gcﬁgamag@@)ecefgfce;nwFuﬁ@;bﬁ were anesthetized with a nm xture
of 150 ng/ kg i nfraperitaonea m ne and / nazi ne.
Respi ration wi¥1%%ai nt dP H%‘G”‘W’etﬁ &W‘@W?‘F IS%'#WEQF%EM%gWﬁd an

endot racheal pri3Shoratith tit vad obb&veitih gkasgspgymzﬁngn thanneffricasureiedis aRrel ef t

t hor acot ony and peri cardi um openi.n the 0, Cor onary arter

occl uded wit htaéenﬂ'@e’s‘iq%esclﬁ“mc@"‘iﬁ' s‘f’ p?)’l"%jlpﬁiatf'gf%f WS n%/(f‘?b | ef t
atria appesdagfic coli@dhs ORGaBR AL gixaguéct{aimerrEbem wRrd sheliddenl 17 chahiets fean®
manner, but w thout coronary

igat S ks af
nyocar di al i nfEAess: awmﬁggnafmq?g%c% é°‘lﬁlélg‘ﬁ’t§|§)gﬁr‘]??*{%§%fjfi@ i }"fe s after

echocar di ogr ap&¥onsdated inck&ased ac@ly, Ghéreds DVEO)7 dh@ﬂixeté%ﬂ%)rﬁ@u&?y}ogs&ﬁmd (0.5
ng/ kg/ h) by neans of an inplantable osmotic infusion punp

m ni -osnoti c pErifeantly netepsed cpnpELabiliyAPe; &lpR4# 12 H07; epptrol: quoé*“ozpoaé’eﬁs of

continuous tr HEPEYo 209, cRRADIYBAD &; PRafp TERlipAver o
per f or med. Anlﬁ%p‘m(\ﬁf\éatﬁg%@@ﬁ&(g‘gd and tlgscsoueaganp les were hg!??ested 35
]00183] IrlacemkidBhce with the above techni gues, heart failure was induced
inrats by ligation of the left anterior descending coronary artery. This

resulted in megg@kid) ﬁﬂxﬁm.@méﬂimmsb@gen&eafetomd into dilated
cardi onyopat hy, w th reduced cardi ac function, \/\geks Three groups
‘éfﬁgai}’é

of ani mals vvei/q? 1% udi edreaipephwiisI TV I04E mMyy @Wsd?ﬁ Fas X control ),

heart 78 fai ptmﬁnt 6} RirRIRY meaéia%lateamqm@ﬁmadfbaéd is01RedMrdrh Adknal ARMADPY
(vehicle). A four-week treatnment wifh JTV-519 si gnl ficantly reduced

di astol i ¢ and™ygeerdivm cIndlessbsense I Y-HE cala@?'ezfﬁ 2 vecHeblatesisiphy (FI G
4). Thus, 1§hew§th@r<ﬁpaﬁoyyhb®1a€ewyﬁé%ﬁw@kﬁehﬁ@m&tr-m jimproved cardiac function

and reduced the progressi on of "heart failure in the rat nodel of 5

| schem o1 ndugediear { rhapidoReic kL. Ui bABhy AR SIAQAPIChaNNe)
that mimcs constitutively % E osphoryl at ed channel s, it

wWas
det er ni ned t hat? ‘ﬂaF@e'B&‘@“P‘ﬁ%PEé Htalfechami ﬁFwe@FmS P&B’Pilzl‘%d bilgyers.nia ey R
channel (FI G pRlencedte&binbfmatlc¥stalii 2@KBONL.6)Mdnb, isblatedhinrRRaBM B trated

markedly-abnormal behavior, with increased open probability (Po) and the presence of

20  subconductance states. These abnormalities in channel function were not seen when a
specific PKA inhibitor (PKI) was added, indicating that the observed abnormalities in
channel function were specific to RyR2 phosphorylation by PKA. When PKA-
phosphorylated channels were treated with JTV-519, in the presence of recombinant
calstabin2 (FKBP12.6), single-channel measurements were similar to those observed in the

25  presence of PKI (FIG. 11A).

EXAMPLE 9 — SYNTHESIS OF 1.4-BENZOTHIAZEPINE
INTERMEDIATE AND JTV-519

[00198] 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-
30 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



FKBP12.6 to bind to the nutant channel, thereby revealing a nechani sm by

whi ch JTV-519 10 prevents heart failure. Treatnment with JTV-519 al so
prevented the leak in the RyR2 channel s Bgf failing hearts (FIG 6).
Furthernore, JTV-519 restored binding of FKBP 12.6 to both

PKA- phosphory Wﬁ%

constitutivel JJ%%& bwlﬁ%)s gurl{-} :ctog?g&@ﬁi %]éggggﬁéﬁ JQ@B&QcH}egghodgcrt (5()FI G 7).
EXAMPLE 8 - OANIONEJWGDEIYGW;AWIMN@LBRIIIL\{EWIS@&NCIQPM a)lowhpmeﬂss hatstagg ol s
1001851 Pacenpiies rdiyRavalf¥i Gly o i{ IR, st dxy BRRSE §lia A IEnEoeY NY

24- 26 kg, u5|{r§1ﬁ pféé@.’gté‘f'm ESCI’IX ecszl‘ t echni queis\ (Dun et ‘ Fix(? C‘:hg\?xlgnl c atrial
fibrillation @Idasctmn Sthamehdrelowdecr ease outward currents. i ncreases them
Am J Physiol. Heart Grc. Physiol., 285:111378-84, 2003). ,Ani mal s were

anest heti z&d WP19] t hi oRedvetign oS dwinifra graup ofggrrpund (1Y uping Hagrith RGasat i | at ed
with i sof | urang sl gaed%miade. anlof(%eﬁzloma@Dd (dﬁﬁhﬁa\ﬁﬁtafl{/ex)ﬂélh 0@0&1&%9@?2‘5‘@5@

inplanted in the right atrial appendage an at ri al tunnel ed
subcut aneous| diazotizadavithid ¥t and thep tragie ‘Vlﬁ}‘ewazﬁuﬂosjéovg@rﬁ@r sigblerdisuHifle TorapaIN@ 962
pacemaker, T egpehh hwgwm (\Ma@ufeme? undxlnfuaempgmémsme (3ﬂ9{§ée9{e§f@hﬁehyde
(0.1-0.3 m)) was 1njeCted into e, to achieve conple

bl ock. The ve¥?¢lh.c@nd ten ﬁa@mwe% cmgetwlwnamgpmenep ofditaN, fegiesf angridepm  and
held at thes GaReokfVil9BGHlouhd'@) RACIARE R 9E%kd oo foy&ry. atrial
paci ng was |n(g?ﬁlt utle% at (ghléoélt e@())f 66)0- % c9 e CCYQA Z?‘ﬁg‘é ‘?o(fi 463 days,
or until the Pregsidyraby wdlyx Wﬁh@mqﬂmlr&w&nﬁmed@ﬂitﬂ‘émﬁﬁ >Th§ cmdgzsd ohid\@) was t he
absence of cagt aueds RRELIGI, to ylRPABEHoA, TRE e do-i he ed with
pent obarbital (30 ngy kS? anﬁtoyﬁgcﬁl ﬁ%’?ﬁts V\e?t}gﬁir;e?r%ve n&%&%g‘ﬁé{ 'ssue was
di ssected, immediately flash-frozen in liquid 30 nitrogen, and stored at
-80C. 79 b) Heart Harvest (001871 Human data presented in this study were
derived frpm5 human hearts from patients with atrial, fibrillation in the

setting of end-stage heart failur, %sgt;p.mt Ic heart transpl ant
under a prot of@imapproved by the | -P'G’t I Revi Board of the New 5
York Presbyterian Hospital. In addi t| on, data were al°§"o obtai ned from
sanples taken from3 nornmal hearts not guitable for transplantation. At the
time of transplantation, hearts W @serﬁ@d cold (40,
hypocal cem ¢, hyperkal em ¢ car di opieqi ol utTon xplant. c)
| mmunopr eci nitati on and Back- phosohor{lafi"é6n of RyR2
20
= oA g™

SO0 ‘*@("LOVO

JIV-510

[00200] JTV-519 was prepared by reacting compound (6) with 3-bromopropionic
25  chloride, and then reacting the resulting product with 4-benzyl piperidine. The structure of
JTV-519 was established by 'H NMR.

EXAMPLE 10 - SYNTHESIS OF RADIO-LABELED JTV-519
[00201] 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

30 at the phenyl ring using BBr;, to give phenol compound (21). The phenol compound (21)



[ 001881 Cardi ac nenbranes (100 g), prepared fromleft atrial (LA) tissue as
10 previously described (Marx, et al., PICA Phosphorylation D ssociates FKBP
12.6 fromthe Calcium Rel ease Channel (Ryanodine Receptor): Defective

Regul ation in Failing Hearts, Cell, 101:%865-376, 2000) were suspended in
0.5 mM of RIPA buffer (50 M Tris HCL [ pH C7.4], 0. 9%NaCl, 0.25% Triton
100x, 5 mV Nawas remsthylatrderithe rp@?ﬂﬂb?%m%tgylatwﬁagﬁnﬁéﬁ -Jimethyshléate) e h 1 abbi t
anti-RyR2 ant i 3 frRme2e beads were added,

and 15 all O\Ae%fpét%g%lOggﬁé)%tcgg@t@gw%&e ﬁmg@ﬁﬁ%ﬁﬁ A best wer e subsequent |y
washed with | x kinase buffer (50 mM Tris-HCL, 50 niM

pi perazine-N, N -bi s[ 2- et hanesul fonic acidfs 8 MM MgC, and 10 nM EGTA [ pH

6.8]), and then resuspended i 1 5x ki fer. The reaction was
initiated with PKA (5 ulafpg: ATP and° N Life
Sci ences, Boston); it 1 H oved tt’ u}g mn at~foom

tenperature, and was then stapped with f 20 61@ | oadi ng buffer (4% SDS
and 0.25 M DT3ghemSanpl es were heated to "985%nd then size- fracti onat ed on
6% SDS- PAGE. RyR2 radioactivity was quantified using a Ml ecular Dynamcs
Phosphoi mager, and | magequant software (Amersham Pharnaci a Bi ot ech,

Pescat away, NJ). Val ues were divided by t he am)unt of i nmunopr eci pitat ed
RyR2 (det&rm ned by i nmurEXAME b fldp * ke expressed as the
inverse of the 25 [732 B0 VHESIS Rebi nding with

JTV-519 [0018 | ?amm ‘ R nd

washed with I@% @nase er ?H{ é}%@h&g {iﬁ ggﬂ;@ﬁ:hh@ ’?eﬁﬁ%‘ggﬁuﬁf fb at ed
RYR2 was phospMng/dlrdtpe@eWﬂghardPKml(ﬁmmm ths partigydpr, KO KankggRaTPduged r oom

t t d 30 aft 8 b hi ith
enper at ur ePA&Er&’P J‘Ehgﬁ‘g@’hﬁ. nang ggrgfaqtg%{uee after mn by washing w

ice-cold R In2 (FKBP12,6; 200 nM was
subsequently incubated with the phosp‘h | ated RyR2 at roomtenperature, in

the 80 presence or absencewdd e N4n nzot hi azepi ne derivative, JTV-519
(1 M. After washing the reac R RIPA buffer, the proteins were
si ze-fractponated by 15% SDS PASE, i mmunobl otted for cal stabin2

(FKBP12.6). 1001901 Sunmari zed beI ow are results obtained by the inventors
in connecti onWha'reith%awlhdk@wbelki/ln’éﬁﬂsnbﬁ{z,Exéﬁml)réRSand?iegQJ hRigd; ofd Atri al

RYRZ [ 00191 {4 lidk KR ofBtidaliGr VO BABEMEAS Gfls bdrlefdt seftOhure Wdle AESRIAANCE

with the
by reacting 7-methoxy-2,3,4,5-tetrahydro-1,4-benzothiazepine with alkylsulfony! chloride or

arylsulfonyl chloride, in the presence of a base such as Et;N. Additional reactions (e.g.,
15  addition of 4-benzyl piperidine) may follow, to extend the side chain as desired. A

representative synthesis of this general process is depicted in Scheme 3 below.

[00203] As Scheme 3 demonstrates, 2-chloroethanesulfonyl chloride (180 mg; 1.1
mM) and Et;N (140 mg; 1.1 mM) were added to 7-methoxy-2,3,4,5-tetrahydro-1,4-
benzothiazepine (1) (194 mg; 1 mM) in CH,;Cl; (20 ml), at 0°C. The mixture was stirred at

20 0°C for 2 h, and washed with H,O and saturated NaHCO; solution. Removal of the solvent
gave crude product (Ia), which was purified by chromatography on silica gel (petroleum ether
: ethyl acetate = 3:1). The yield from this synthesis was 280 mg, or 95%. The structure was
confirmed by NMR,

{00204] Scheme 3 further shows that the side chain of compound (Ia) was extended by
25  reacting compound (Ia) (28 mg; 0.1 mM) with 4-benzyl piperidine (21 mg; 0.13 mM) in



above techni ques. PKA phosphorylation of atrial RyR2 reduced the anmount of
cal stabin2 (FKBP12.6) in the RyR2 macronol ecul ar conpl ex, as determ ned by
co 10 imunoprecipitation (FIG 8C). Thegatrial RyR2 macronol ecul ar conpl ex
conprised cal stabi n2 (FKBPI 2.6), the catalytic subunit of PKA, the PKA

regul atory s it P
reported for L@gﬁzr |A tlhz re@tﬁg%matg &téqlél?)ﬂ W&gﬁggss%@m Vgaﬁlrégl?]&g? ?sjégm at es
FKBP12.6 fr orbatchaea\eﬂgec (:uai}sne:hmaaéxydrhh)pn@lfvérrcyamb@hdrséwa g@dbi)g)orf)INMi‘e@éct ive

regul ation i Ny | i N9 Lt 2000). 15 PKA

Hyper phosphorx}IL%[ i N &lgt?%eﬁﬂyaqﬁ ddldne(e%égg%tgé% in Atrial Fibrillation

[ 001921 PKA phosphoryl ation of immnoprecipitated RyRZ, was increased by 130%
in atrial tissue from do&;s vvlth susgal ned atrjal fi brg\l/l ation (AF), as
conpared with controls (n —E@for Nt P<0001 FI G
9A). Cal stabin2 (FKBP12. 6) ng te RyR2 was ased by 72%in atrial
ti ssue fromdogs wth sustai néd AF, r&elative to co'ﬂtrols (n =7 for 20 AF,
n =6 for control, P < 0.000 FI 9A). 1001931 Simlarly, PKA

phosphoryl ati on of i Munopr e vdeo WFS’\ d by 112%in atri al
ti ssue fromhumans wth chrcrm—c—at-rlal tion, 1n the setting of heart
failure, as conpared with controls (n 5for AF n =3 for control, P =
0,002; FI o¢eByme3 cal st abin2 (FKBP 12. 6) b| ndi ng to RyR2 was decreased by
70%(n 5 for control < 0.000 00194] For
all back- phos[Bﬁlﬁﬂyl at |’B%ma‘ﬁ€flycg’e "?ﬁ‘?ffﬁréﬁfogﬂ‘ieﬂlc?rﬁ?‘?% h@)‘?ﬁgp‘ %@c}wmg %eﬁeréll t ot al
anount of RyRZudte@ded was confirned by a parallel imunobl ot of

i mmunoprecipitated RyR2 with an anti-RyR2-5029 anti body (FIGs. 9A and 9B).
81 Cardi ac Ryanodine Receptor Channel QFunction [00195] To determ ne the

physi ol ogi ¢ significance of & N@r’h@per- phosphoryl ati on that was
observed in AF dogs, RyR2 singl IO neasurenments were taken under
vol t age-cl anp conditions, at O janar lipid bilayers, using

symmetrical 5 ionic conditions. Atrial RyR2 single-channel pr operti es were
studied in 17 chanpel s f dogs ng,,in.11 ch ontrol
dogs. No chanfedn K apib E}ﬁ' r@:IHz & Ogo(gﬁ@hé Y2 ag G ﬁg‘] %@85 ‘é’g rfl{}

wher eas 1B Ofal]@?or(ﬂyaﬁﬂﬁjrlsN()%%mﬁdﬁﬁdﬂoﬁﬁu@gﬁalshmdwe&lpgdphxfed bambﬁeypdtncr eased
open probabilit ntr

and gating fr%ﬁﬁ%’h%f& Té”:"xy%é }éie"éh b}f% t@%ﬁpmegp)é”‘ﬂbs“%“%’l Qh?‘iﬂﬁ% iy 002
(FIGs. | OA the presence of a base (Et;N), followed by a primary or secondary amine. A representative

synthesis of this general process is depicted in Scheme 4 below.

[00206] As Scheme 4 demonstrates, sulfuryl chloride (15.0 mg; 0.111 mM) and Et;N
20 (28.0 mg; 0.22 mM) were added to 7-methoxy-2,3,4,5-tetrahydro-1,4-benzothiazepine (1)
(19.4 mg; 0.1 mM) in CH,Cl, (20 ml), at 0°C. After stirring the mixture for 2 h at 0°C, 1-
piperonylpiperazine (27 mg; 0.12 mM) was added. The mixture was stirred for another 2 h,
and then washed with H,O and a saturated NaHCOj solution. The excess amine was
removed by addition of a base scavenger (3-(2-succinic anhydride)propylfunctionalized silica

25  gel, 0.2 g). The yield from this synthesis was 36 mg, or 77%.

[o]

NEN N'%NMN/\Q:())

O\(:(j *C’oc' 2)1-Dipermyl O\CC) hd o
"

Scheme 4



10 and 10B). Cal stabin2 (FKBP 12.6) Rebinding in Presence of JTV-519 [00196]
Treatnent with JTV-519 (1 nmM, allowed reconbi nant cal stabin2 (FKBP12.6) to
bind to PKA-phosphorylated RyR2 that had Reen isolated fromnormal canine
nyocardium In the absence of JTV—519 cal'stabi n2 (FKBP12.6) was unable to
associ ate 15 KA- I |G 11B).
[00197] The p yésélao ogi Eﬂgﬁ%? %éc?gsh E%BE%E% &%%Eﬁn gﬁ?ﬂ!om%nér e presence
of JTV- 519 watudemonstrated by RyR2 singl e-channel neasurenents in planar
lipid bilayers. In the presence of reconbi nant cal stabin2 (FKBPI 2.6)

al one, isolated channel s deno Ly at ed _mitkedl y-abnormal behavior, wth

i ncreased open probability (P eNpresence of 20 subconduct ance
states. These abnornalities in ch Ijﬁnctl on were not seen when a
specific PKA inhibitor (PKI) was added, indicating that the observed
abnormalities in channel function w&e specific to RyR2 phosphoryl ati on by
PKA. When PKA- ho &h 6e, ﬁh?@ﬂ , he
presence of re“c’:h(%tr}‘ﬁ)%slﬁantaﬁcagI s af);%né (% II%C? Sl ngwe)gﬂghannéﬁ!alﬁé)églr}pgnents
were simlar tnoriRogs. dteyelropmpounds oftkis gqsrabﬁ@s@moreermremd by datian of AJV-
EXANPLE 9 - SATHESSSE: st BRI AFRPA D ERVERLATE AN 19
[00195] For the’in vivo experinents e inventors required a quantity
of JTV- 519. m@mxﬂerAr¢m¢spnt@tlvea:trttl@mspiéthtsaelpraép@p@s tsmegwted)mpiybmle Ybedow.he
reported 1,4 30 benzothi azepi ne internediate,

7- met hoxy- 2, 3,180288k et ra?eﬁﬁfh@neﬁ showarempond FBhiZh gl & BHpdlneiMegH (3 mbcwasne 1,
below), Were uRaaqsB0f @l miTBeeNige QE)@M@W@J&%& ﬁ)ru@sﬁrm%@grﬁdu'c?n%l Iy 82
oxi dized by air to dz de conpoun lh kes the synthesi's of
cyclized p dLP@tlﬁ‘{dQ)y chrqw@wpm@sﬂm gd\(@HmCane@Hrsloplr)th@amldtmq@ thigvent or s
devel oped a nQygl.RASEFRiIBiStarts wth the readily-available and

i nexpensive 2-nitro-5- netﬁoxyben20|c acid (1). This process 1is depicted in
Schenme | below. 5 1001991 Reduction of the nitro group of conpound (1),
using H2 Wth Pd/C as a catal st, ave 2- am no- 5- met hoxgbenzoic acid (2) in
quantitative yield. COrm@W otkozed Map ’%GZ,Nen
treated with Na2S2 to pro J\hg stable disurTti dew nd (3) with 80%
yield. Wthout further purlfl cation, the stable disulfdde (3) was treated
W th

Scheme 5

(00209] Finally, the inventors produced compounds having the following general
15 structure;

Q\
MGOKI\N,C-X R
s/

wherein R = aryl, alkyl, -(CH;)o,NR", -(CH;),.SR',andn=0, 1, 2, or 3, and R' = alkyl,

cycloalkyl; and wherein X =NH or O. Novel compounds of this general structure were

prepared by reacting 7-methoxy-2,3,4,5-tetrahydro-1,4-benzothiazepine (1) with triphosgene,
20 in the presence of a base (Et;N), followed by addition of a primary or secondary amine or an

alcohol. A representative synthesis of this general process is depicted in Scheme 6 below.



SOC12, and then reacted with 2-chloroethylamne, in the presence of Et3N, to
give an amde 10 (4) in 90%yield. Conmpound (4) was converted to cyclized
conmpound (5) via a one-pot procedure by reflux with trinethyl phosphi ne and
Et3N in THE The cyclized anmide (5) was tB&n reduced with Li AlH4 to yield

7- met hoxy- 2, 3, 4, 5-tetrahydro-1, 4- benzot hi azepine (6). 15 Schene | .uw.
l.~.ati N nVvV-J 20IBuwi, ~J ) G~vr 1 ~ 1002001 JTV-519 was prepared by
reacting conpound (6) with 3-bronopropionic 25 chloride, and then reacting
the resulting product wth 4-bengyl pgReridine. Th rycture of JTV-519
was established by 'H \MPEE Jz) —SYNf LABELED JTV-519
100201] The inventors' noye&” process pie@ie Synt [,ng radio-|abeled JTV-519
is depicted in Schene 2 Bel ow. To prepare radio-labeled JTV-519, JTV-519
was denet hyl a;seflie 3306 at the phenyl ring using BBr3, to give phenol conpound
(21). The phen§i®®ohpound (21) 83 was re-nethylated with a radio-1 abel ed
nmet hyl ati ng agent (3H-dinethyl sulfate) in the a base (NaH) to
provi de 3H | abel ed JTEXAMALE 42 h ASSA¥FORGHGH THROUGHEAHSRREENING) \/r - 579

3H 1 CH3012502 EXA Z %@A\% i I AND
VETHORS FoR THETARS e vt %‘83%’% %%%"e?‘é? nven%%%ﬁ?oﬁﬁg%%ﬁ%ﬁ%}é{%

1, 4- benzot hi azeqi¢cnlss.dBhieiss/assdyy arg bassd onrsbinding of FKBRI12 pepteinte Ifevent i ng cardi ac
arrhythmas. In particular, the inventors produced conpounds having the

fol | owi ng gendf@llst ruch highly-efficggnt a9pam foy high-throughput screening for small molecules

may be developed by immobilization of FKBP12.6 (GST-fusion protein) onto a 96-well plate

coated with glutathione. PKA-phosphorylated ryanodine receptor type 2 (RyR2) is loaded
10 onto the FKBP12.6-coated plate, and incubated with JTV-519 analogues at various
concentrations (10-100 nM) for 30 min. Thereafter, the plate is washed to remove the
unbound RyR2, and then incubated with anti-RyR2 antibody for 30 min. The plate is again
washed to remove unbound anti-RyR2 antibody, and then treated with florescent-labeled
secondary antibody. The plate is read by an automatic fluorescent plate reader for binding

15 activity.

[00212] In an alternative assay, RyR2 is PKA-phosphorylated in the presence of >*P-
ATP. Radioactive PKA-phosphorylated RyR2 is loaded onto an FKBP12.6-coated, 96-well
plate, in the presence of JTV-519 analogues at various concentrations (10-100 nM) for 30
min. The plate is washed to remove the unbound radiolabeled RyR2, and then read by an

20  automatic plate reader.

EXAMPLE 13 - NOVEL 1 4-BENZOTHIAZEPINE DERIVATIVES ALLOW
REBINDING QF FKBP12.6 TO RYR2
(00213} Cardiac sarcoplasmic reticulum (SR) was phosphorylated with PKA for 30

min, at room temperature, resulting in complete dissociation of FKBP12.6 from the RyR2

25  complex. The SR (50 mg) was then incubated for 30 min, at room temperature, with 250 nM
FKBP12.6 and the test compounds. Samples were centrifuged at 100,000 g for 10 min, and
the pellets were washed 3 times with 10 mM imidazole buffer. After washing, proteins were
separated by 15% PAGE. Immunoblots were developed using an anti-FKBP antibody. The
results of this study are set forth in FIG. 12.



10 \ sJ wherein R = aryl, alkenyl, alkyl, -(CH2)NR 2, or -(CH2)SR, and n =
0, 1, 2, or 3; and wherein R = al kyl or cycloal kyl. Novel conpounds of this
general structure were prepared by reacting

7-met hoxy- 2, 3, 4, 5-tetrahydro-1, 4- benzot hi¥zepi ne with al kyl sul fonyl chloride
or arylsulfon I chlorlde |n the oresence of a base such as 3N,

Addi tional redg2¥ - LELEMETR ¥ RECOR ANILEXERCISE/ER {1 h

to extend thelmﬂq chasﬂldas\»d%bff@dwd Anh anmsehha&elmereemﬂbmgsm a(gé ahbi s

general process is d ted ene 3 below. 10020 ¢h
denonstrat es, S&- @ﬁ?*ﬁ&ggﬁﬁ%gs lE‘i"F"O&%‘“VS ﬁ?’H?O?)daé‘d(“fﬂgd"‘?‘FgJ K@f% /n’lWe &'f’?éa"éf 3N
(140 ny; 1.1 Bthro}feTﬁe Achee oft (BKBP NS TTR%Y dedredsedn BFHBH 1R BNY)AIFKBP 124 protein

benzothlazeplne (19 in CH2CI2 (20 m), at OC. The m xture was
stirred at>20%0 GI“B’PS“Z‘“ b%@um%@’é*wf a4¥#°and sat urat ed NaHCO3 sol uti on.

Renoval of th vent ave cr rified by

chr omat ograph&oz}?g]m | i EQMgPus Sﬂ oéfjﬂ’i“ 'ﬁ'&fon Oﬂﬁﬁw(agaglf%ﬂa fargels." 1) . The
yield fromt h'b&xc&watlmm NM}SOJ{EZI&(HeH@thBﬁ@ﬁ?/plﬁs'ﬁlﬂﬂatgétrobﬁdeum&lorm1 oacmafofOI r ?Fd)
by NVR. [0020 S r J-hat the side chain. of conpoun a
was ext ended ﬁbz“ taggPt"Eégco%ﬁggﬁnf% 5}‘“(02%“’71@3 thrg arWF"%m[Oﬁ EL{P“EPeﬁ

pi pelrl di ne (Zirefmof 1M ;m%ernmr ifat 7Giys ﬁd26|62er01é¥°t"eﬂihg'(1hlectﬂ]iﬁ&t Cencwninot 0

conp etIO L , the ex SS an ne was renove en

(o 2 s uaap St EAL s et B GAe? vt FReapro St Lrer ol S krianie GOgp ) BiR and
HPLC showed thﬂhzuteh(eo Pifkd)! 3hd @4diPEIG tredsndjttep) wateEnprh¥h BECG radio ElendtrBo N O

Meol * a-o--~cab s 2laso 1 N_ 4 Mo N, I, 10 Schene 3
recordings of ambulatory anima][s were obtained 1 wee]1i fo?lowmg mtraper?toneap

implantation (Data Sciences International, St. Paul, MN). Standard criteria were used to

measure ECG parameters.

15 [00216] For stress tests, mice were exercised on an inclined treadmill, in a stepwise
fashion, until exhaustion, and then intraperitoneally injected with epinephrine (0.2 mg/kg) for
maximal sympathetic stimulation. Resting heart rates of ambulatory animals were then
averaged over 4 h. Recovery after exercise testing, and monitoring of post-exercise events,
were performed overnight. Sinus-cycle length (SCL), and PR, QRS, and QT intervals, were

20  measured, and the rate-corrected QT interval (QTc) was calculated using the Mitchell
formula. Plasma drug levels were confirmed by HPLC. Results are summarized in FIG. 13.
EXAMPLE 15 — JTV-519 IMPROVES CARDIAC CONTRACTILITY IN A RAT MODEL

OF HEART FAILURE
{00217] Rats were subjected to myocardial infarction (MI) by ligation of the left

25  coronary artery. Treatment with JTV-519 (n=x) or vehicle (n = x), using implantable
osmotic pumps (Alzet, Durect Corporation, Cupertino, CA), was initiated directly following
ML Myocardial systolic (Ds) and diastolic (Dd) diameters were determined at mid-papillary
levels, using echocardiography 24 h and 6 weeks following MI; fractional shortening was
then calculated. As shown in FIG. 14, treatment with JTV-519 significantly improved

30 cardiac function in rats with heart failure.



(002051 Additionally, the inventors produced conpounds having the follow ng
general structure: 0 Maol, O NR J S wherein R = aryl, alkyl,

-(CH2)NR 2, or -(CH2)SR, and n = 0, 1, 2, or 3; and wherein R _ 15 al kyl
or cycloal kyl. Novel conpounds of this ger?éral structure were prepared by a
one-pot reaction of 7-pethoxy-2,3,4,5-tetrahydro-1, 4-benzot hi azepi ne (1)
with sul furyl ORHSH de,%ﬁeﬁfﬁe@r@g@ﬁe@n&ﬁs 'aeeba%*enl(eéfrsme B BBy a
primry or Semﬂﬁgyanaﬂhd&tan&né,ﬂmﬂaﬁ@ﬁ;ﬂ&didt&lb MO EIRi iR thefart! fidns 2 gpadieg
process is depicted in Schene 4 bel ow. 100206{ As Schene, 4 d(?m)n,strat es,

sul furyl chl ortheidisqlasgregthatyaneys phangeaiy formdndgdeay cap e (nz%. Pithoys degarine &y wer e
added to 7- et fEie Roph of (R ikvhicAY e @ppbndialeBngot hi azepine (1) (19.4 ny; 0.1
my) in CH2C1l2 (20 m), at OC. After stirring the mxture for 2 h at 0C, 1-
pi peronyl piperazine (27 ng; 0.12 mM) was added. The mi xture was stirred for
another 2 h, and then washed with H20 and a saturated NaHCO3 sol ution. The
excess am ne was renoved by addition of a base scavenger (3-(2-succinic
anhydri de) propyl functionalized silica 25 gel, 0.2 g). The yield fromthis
synthesis was 36 ng, or 77% 0 9 1) E4N Me~Ly,/~N. O J <ci-6-d 2) ,. ) 0)
5 Schene 4 1 Bs Il 85 [002071 The inventors al so produced conpounds havi ng
the followi ng general structure: R® MO\ J ,S O wherein R' =
CQ(CH2)"XR'' 2, S02(CH2)nXR''2, or SO2NH(CH2)"XR''2, and X = Nor S, and



5n =1, 2, or 3. Novel conpounds of this general structure were prepared by
oxi dation of JTV- 519, or one of the novel 1, 4-benzothiazepine derivatives
descri bed above, with hydrogen peroxide. A representative synthesis of this
general process is depicted in Scheme 5 below. [002081 As Scheme 5 shows,
conmpound (Ib) (21 ng; 0.05 M) in MeOBH(5 M) was added to H202 (0.1 ml,
excess). The m xture was stirred for 2 days, and the product Ill was 10
purified by chronmatography on silica gel (CH2Cl 2: MeOH = 10:1). The yield
from t What isglaitiedss:s was 19 ng, or 91 % o O MeOO N/ H2ZQ2 Mao N O-~N /

Ib s 11l ' o Schene 5 [002091 Finally, the inventors produced conpounds

havi ng the fiol | ow ddgnpaenesedctedffors thepesupr@nsistidgad: N. C- X-R C S) wherein R =
aryl, alkyl, -(CH2)"NR 2, -(CH2)"SR, and n = 0, 1, 2, or 3, and R = al kyl,
cycl oal kyl; and wherein X = NH or 0. Novel c x{pounds of this general
structure were prepared by reacting

7- met hoxy-2, 3,4, 5-tetrah dro 1, 4- benzot'aze,prﬁ (?t) with triphosgene, 20 in
the presence of a base N) | gd by ddl\fl on of a primary or
secondary amine or an alcohdl. A rdgpresentative synthesis of this general
process is depicted in Sche -I belgw. 86 0 /Ma Nzl WNC.N~ cl, C 1)beE~N
C 2) | s ppenefne s Iv Scheng 6/

S (a)
wherein R = aryl, alkenyl, alkyl, -(CH2).N(R"),, or (CH2),SR’; n =0, 1,2, or 3; and R' = alkyl or

cycloalkyl;
0
S—N—R
MeO / \\

S (b)
wherein R = aryl, alkenyl, alkyl, -(CH),N(R’),, or -(CH,),SR"; n =0, 1, 2, or 3; and R' = alkyl or
cycloalkyl;

R
MeO N/
//S
(O)m (c)

wherein R = CO(CH3)nN(R"),, SO,(CH;)sN(R"),, SO;NH(CH;),N(R");, CO(CH3),SR’,
SO,(CH;,).SR', or SO,NH(CH,),SR"; n =1, 2, or 3; R' = alkyl or cycloalkyl; and m = 1 or 2;



EXAMPLE 12 - ASSAY FOR HI GH THROUGHPUT SCREENI NG 5 1002101 The inventors
have devel oped assays for screening biologically-active small nol ecul es.
These assays are based on rebinding of FKBP12 protein to RyR 100211] A

hi ghl y-efficient assay for high-throughput screening for small nol ecul es
may be devel oped by i mobilization ofdggKBP12. 6 (GST-fusion protein) onto a
96-wel |l plate coated with glutathione. PKA-phosphoryl ated ryanodi ne
receptor type 2 (RyR2) is |oaded 10 onto the FKBP 12. 6-coated plate, and

i ncubated with JTV-519 anal ogues at variou$, concentrations (10-100 nM for
30 min. Thereafter, the plate is washed to rknove the unbound RyR2, and
then incubated with anti-RyR2 anti bod foy)%ﬁWﬁﬁTTRThe plate is again
washed to renove unbolMed i R arft | Doy, and then treated with

fl orescent-|abel ed secondayy ant™NYody. Thg plate is read by an automatic
fluorescent plate reader fo i g 15 activity. (00212] In an alternative
assay, RyR2 is PKA-phosphor n the pyesence of 32P- ATP. Radi oactive
PKA- phosphoryl ated RyR2 is | Oadet” om0 an/FKBP12. 6-coated, 96-well plate,
in the presence of JTV-519 analogues &t vari ous conceﬂtratlons (10-100 nM

for m n The pl.ate Ve at R2,
and thgh Py~ By %k l’Zéb%E}V\g (géﬁ ?)aﬁmr egdgr% H%ﬁzé\(}i}?r _Qy(ﬁ%?éﬁ,danﬁty

1, 4- BENA}ﬂ{drbAZEPINE DERIVATIVES ALLCNV REBI NDI NG OF FKBP12.6 TO RYR2
1002131 Cardi ac sarcoplasmc reticulum (SR was phosphorylated with PKA for
30 mn, at room tenperature,
fronlthe RyR2 25 conpl ex. then incubated for 30 mn, at
roomtenperature, with 2 R,est conpounds. Sanples wer e
centrifuged at 100,000 g for the pellets were washed 3 tines
with 10 mM i m dazol e buffer. hi proteins were separated by 15%
PAGE. | mmunobl ots were devel oped using®an anti-FKBP antibody. The results
of this study are set forth in FIG 12. 87 BXANPKE 14 - TELEMETRY RECORDI NG

AND EXERCI SE/ EKG TESTI NG I N M 0214 rf d with
FKBPL2V6eren Ry TR St Manelish 0@1“6‘&1%) at P&g‘é JG%S% TR LS. 6_~
mce (PRSIRLY )?Qﬁ%r&hlli g$yf5pagygﬁjﬁgBEﬂ%r nice (negative control).

The abseTice o P12, 6-'- ecrease in (EKBP 12.6*/7, FKBP 12.6
protein
NH
X
|
Rr—ﬁ- R,
/
S
VAR
(O)m (f)

wherein R; = H, OR', SR, N(R"),, alkyl, or halide, at position 6, 7, 8, or 9 on the benzothiazepine
ring; R' = alkyl, aryl, or acyl; R, = alkenyl, or aryl; R3 = alkyl, alkenyl, or aryl; m =0, 1, or 2;

andn=0or1;



5 was denonstrated by i nmunoblotting in cardiac tissue. [002151 Conti nuous
subcut aneous drug infusion of JTV-519 (at a plasma target concentration of
1,0 pM or the derivative, S36 (at plasma target concentrations of 1.0 M or
0.02 M, into FKBP12.6' or FKBP12.6 '- mce occurred through a mni-osnotic
punp, at a rate of 1.0 gl per hour, fer 7 days prior to exercise testing
(Al zet Durect Co., Cupertino, 10 CA). Mce were anaesthetized using an

i ntraperitoneal injection of ketam ne (50 pg/kg) and xylazine (10 pg/kg),
and radio EKG transmtters were inplanted. EGS radio telenetry recordings
of anbul atory aninmals were obtained 1 week fo}jl owi ng intraperitoneal

i npl antation (Data Sciences International, Stjl Paul, MN). Standard criteria
were used to neasure ECG para 1 For stress tests, nmice were
exercised on an inclined treadm n a epmns§4 fashion, unti

exhaustion, and then int&ag titoneglly injected with eplnephrine (0.2 ng/ kg)
for nmaximal synpathetic Stilfrul atign. Resti part rates of anbul atory
animal s were then averaged er Recoyery after exercise testing, and
nmoni toring of post-exercise ev erformed overnight. Sinus-cycle

| ength (SCL), and PR RS, and Cﬁ |2¢@rvals were 20 nmeasured, and the
rate-corrected QI interval (QIc) wa calculaﬁéd using the M tcheII formul a.
Plasma drug | evels were confirmed b{P)HPLC. Results @ e summarized in FIG

13. EXAMPLE 15 - JTV-519 | MPROVES CARDI AC CONTRA LITY IN A RAT MODEL OF
HEART FrierdiRR 1 T 60 DR7] SERaNR \uedlleylserjatide, etipastfiamfo d af. @ Sloniths kangethisaening ) by
l'igati of, 1 f rena t Tr X) or
vehi ¢l gm(ghf{ ﬁeallkgl Bra/l %? m}ﬁ l%t a al%/l gl'i(&}yl or%ﬁ{!{,prﬁ% R}Aﬁl}({;}l QIB%J/ ry? ]0? aﬁ)n LR,

Cor por at habide, o@cu@eylﬁd mn 06&) alky\B@ntalmmg ot §cbrdj andah I=y0 fippdowi ng M.

Myocardi al systolic (Ds) and diastolic (Dd) dianmeters were determ ned at

m d-papillary |evels, using echocardi ography 24 h and 6 weeks following M;
fractional shortening was then cgjculated. As shown in FIG 14, treatnent
with JTV-519 significantly |nprov d 30 cardiac function in rats with heart

failure. 88 [002181 V%lle t he f /6 hag~peen described in

sone detail for dH ) rity and ‘ 5 [ t wll be

appreci ated by one s inthe art, frpma i NO t he di scl osure,
E W

t hat various changes m and detail ca out departing from

the true scope of the Mventg in the appended cl ai nms. Q1);

O

g

/> O

S (Ia)

0O
[
S

poeue¥ss



589 Wiat is clained is: 1. A conpound sel ected fromthe group consisting
of: 0 R 11 MO N O (a) wherein R = aryl, alkenyl, alkyl, -(CH),NR )2,
or -(CH2),SR, n =0, 1, 2, or 3; and R = alkyl or <cycloalkyl; 0\ -NR
MO NO s (b) wherein R = aryl, alkenyl, alkyl, -(CH2)"N(R )2, or -(CH2)"
SRR n =0, 1, 2, or 3; and R = alkyl o cycloalkyl; MO N 1/ (O m(c)
wherein R = COCH2)"N(R ) 2, SOZ(CHZ)"N??R)Z, SO2NH(CH2) "N(R )2, CQ(CH2)"SR ,
SR2(CHASR , or S2NH(CH2),SR, n =1, 2, or 3; R = alkyl or cycloal kyl; and
m=1 o 2, 900 ~-CX-R MON S @) wherein R = aryl, alkyl, -(CH2)"
N(R)2, -(CH2)11SR, n =0, 1, 2, odl 3; R = alkyl or cycloalkyl; and X = NH

or 0; Meo\(:(\N/ﬁ\/\N
/> O
S
Il

(1),

S (S1);
\
/
) ‘
S (S4);

(S6);



NH R R3 R2 (e) wherein R = OR, SR, NR)2, alkyl, or halide, at

position 6, 7, 8, or 9 on the benzothiazepine ring; R = alkyl, aryl, or H,
R2 = alkyl, or aryl; and R3 = H, or aryl; (0O)n NH R R2 R3 (0)m(f)

wherein R, = H OR, SR, N(R)2, alkyl, or halide, at position 6, 7, 8, or
9 on the benzothiazepine ring; R =alkyl, aryl, or acyl; R2 = al kenyl, or
aryl; R3 = alkyl, alkenyl, or aryl; m=0, 1, or 2; andn=0orl; 92 0 NR 4
R RZ SR3 (0)m(g) wherein Rl= H OR, SR, NR)2, alkyl, or halide, at
position 6, 7, 8, or 9 on the benzothiQzepine ring; R=H alkyl, aryl, or

acyl; R2 = H, alkyl, alkenyl, or aryl; = H, alkyl, alkenyl, or aryl; R4
= hal i de, carboxylic acid, or© yINcontaining 0, S, or 1; and m= 0, 1,
or 2, 0 HONN IDS (21); O

7

O (820);

(836),
and an oxidized derivative thereof.
2. The compound of claim 1 specifically as a compound of formula:
/H\
\ N R4
R |
| R,
/
S
/o
(O)m

or an oxidized derivative thereof, wherein
R; =O0R/, SR, N(R",), alkyl, or halide, at position 6, 7, 8 or 9 on the benzothiazepine
ring;
R' = alkyl, aryl, or acyl;
R, = H, alkyl, alkenyl, or aryl;
R; = H, alkyl, alkenyl, or aryl;
R4 = halide, carboxylic acid, or an alkyl containing O, S or I; and

m=0,1,or?2.

3. The compound of claim 2, wherein R; = OR' at position 7 on the benzothiazepine

ring, mis 0 or 1, and R’ is alkyl.

4. The compound of one of claims 2 or 3, wherein R, = H and R; = H.



MON-Il~~ 0S 0 (la); OIl MONA- IIN ONI O ICCJ S (11);

Il MONN ~0 S Il O(lIl); s--1/ IO\ N ~p (SI); \ O/ ($4);
CS) (S6); ~I 10 (S7);
94
5. The compound of one of claims 2, 3 or 4, wherein R4 = carboxylic acid, or an

alkyl containing I, and R’ is methyl.

6. The compound of claim 1 specifically as

o)

1000V

MeO N ||

@1);

S (Ta);

0
|

MeO N/ﬁ\N/ﬁ 0
TP UL
S D);

o)

S (Sty;



93 01 S) It 0 (S20); O OHOI X NO (S36), and an oxidized derivative
thereof. 2. The conmpound of claiml specifically as a conpound of fornmula:
O NRa RR2R3 ()mor an oxidized derivative thereof, wherein RL = OR,
SR, N(R2), alkyl, or halide, at position 6, 7, 8 or 9 on the

benzot hi azepine ring; R = alkyl, argsd, or acyl; R2 = H, alkyl, alkenyl, or
aryl; R3 = H, alkyl, alkenyl, or aryl; Rq = halide, carboxylic acid, or an
al kyl containing O, Sor I; and nme0, |,or2. 3. The conpound of claim 2,
wherein RL = OR at position 7 on the benzothiazepine ring, inis 0 or 1,
and R is alkyl. 4. The conmpound of one of clains 2 or 3, wherein R2 = H and
R3 = H 94 5. The conpound of one of claons 2, 3 or 4, wherein R4 =
carboxylic acid, or an al kyl containing 1\\_a_nd R is methyl. 6. The

conmpound of claiml specifi C%| ly as O I&IQS\N N
0]

~ )
(84);

o O

S (S6);

or an oxidized derivative thereof,

7. The compound of claim 1 specifically as S36 or an oxidized derivative thereof.



~\ 1 S(21); OIl MOO S (la); 011 SO MO NII~-\ 1 >0
; 011 MeOIDSNSO11 O (lIIl); S(S9 O\ N \OYS) (),
, I i01 ~ S~ (S7); 10Ol SNu 0 (S20); or O-~{OH
96
8. A pharmaceutical composition comprising a compound of any one of claims | to

7, and a pharmaceutically acceptable carrier, additive or diluent.

9. The pharmaceutical composition of claim 8 which further includes one or more of
an antioxidant, colorant, flavor improving agent, preservative, sweetener, binder or lubricant;
wherein the carrier comprises carboxymethyl cellulose, crystalline cellulose, glycerin, gum
arabic, lactose, magnesium stearate, methyl cellulose, saline, sodium alginate, sucrose, starch,
talc or water; with the pharmaceutical composition being in the form of a capsule, tablet, powder,

granule, or suspension.

10. A method for making a pharmaceutical composition for limiting or preventing a
decrease in the level of RyR2-bound FKBP12.6 in a subject having a cardiac condition which
comprises associating a compound according to any one of claims | to 7, or a compound selected
from the group consisting of S24, S25, §26, S27, and an oxidized derivative thereof , with at
least one additive selected from the group consisting of antioxidants, aromatics, buffers, binders,
colorants, disintegrants, diluents, emulsifiers, excipients, extenders, flavor-improving agents,
gellants, glidants, preservatives, skin-penetration enhancers, solubilizers, stabilizers, suspending

agents, sweeteners, tonicity agents, vehicles, and viscosity-increasing agents.

II. A method for making a pharmaceutical composition for treating or preventing a
cardiac condition in a subject, which comprises associating a compound according to any one of
claims 1 to 7, or a compound selected from the group consisting of S24, S25, S26, S27, and an
oxidized derivative thereof, with at least one additive selected from the group consisting of
antioxidants, aromatics, buffers, binders, colorants, disintegrants, diluents, emulsifiers,
excipients, extenders, flavor-improving agents, gellants, glidants, preservatives, skin-penetration
enhancers, solubilizers, stabilizers, suspending agents, sweeteners, tonicity agents, vehicles, and

viscosity-increasing agents,

12. The method according to either claim 10 or claim 11, wherein the cardiac
condition is cardiac arrhythmia, tachycardia, atrial arrhythmia, atrial tachyarrhythmia, atrial

fibrillation, sustained atrial fibrillation, non-sustained atrial fibrillation, ventricular arrhythmia,

S
Os \



11 OC N O (S36), or an oxidized derivative thereof. 7. The conpound of
claiml specifically as S36 or an oxidi zed derivative thereof. 96 8. A
pharmaceutical conposition conprising a conpound of any one of clains | to
7, and a pharmaceutically acceptable carrier, additive or diluent. 9. The
phar maceutical conposition of clai m 8%hi ch further includes one or nore of
an antioxidant, colorant, flavor inproving agent, preservative, sweetener,
bi nder or .l ubri cant : er el h rej ! @l | ul ose,
cr yst ar R eF i TG BUe Syt Sslnsl YRR RS GR AR B It RS, v e
net hyl y&ffidudreshycadib] atchsiesinsmiapgymaiphic wuticame jacbyardin(CPYE), bearr wat er;
with the pharmaceutical conposition being in the formof a capsule, tablet,
powder failuggs sider cardiac death apyesise-ipguce Swg?ﬂﬁﬂdﬁﬁﬂeﬁgking a pharmaceutica
conposition for limting or preventing a decrease in the |evel of
RyR2- bound FKBP1P, Hinkifoda&YRiifilo AYE BGind 1@ab b ah&endhd éddibookd sh  conpri ses
associ ating a conpound according to any one of clainms | to 7, or a conpound
sel ect edectdd foom theegroumpenmsicongsoistli Fg Hofll, §2454,$9557,.528, SHpnd ghexidigedxi di zed
derivative.th?%eof, with at |east one additive selected fromthe group
consi sOFRGUSE NSOl oxi dants, aromatics, buffers, binders, colorants,
disintegrants, diluents, enulsifiers, excipients, extenders,
fl avor-i nmpr e¥i ngAageiddsfor m@kink apharmagéitidalndospopities ér\padventsg cardiac
ski n-penetration enhancers, solubilizers, stabilizers, suspending agents,
smeeteﬁ@hﬁbmﬁﬂﬁﬁépw9“aybﬁb§9m9%ﬁFéF@%@“%hﬂCW?%%ﬁgPf?emﬂgpggsing agents. 11
A nethod for making a pharnaceutical conposition for treating or preventing
a cardiac condition in a subject, which conprises associating a conpound
according to any one of <clainms Ito 7, or a conpgund selected fromthe group
consi sting of S24, S25, S26, S27, and an oxidiz¢gd derivative thereof, with
at |l east one additive selected fromthe nsksting of antioxidants,
aromatics, buffers, binders, col disiHﬂegranﬁ&, di l uents,
enul sifiers, excipients, extengers, i MRrovi ng agents, gellants,
glidants, preservatives, skifi~pgnetratjon enh , solubilizers,
stabilizers, suspendi ng agents,
vi scosity-increasi ng agents. 12. met
claim1l1l, wherein the cardiac conditigp/ls car
atrial arrhythma, atrial tachyarrhyth yé, atri
(Ohm

cording to either claim10 or
jac arrhythm a, tachycardi a,

(&

wherein Ry = H, OR', SR, N(R'),, alkyl, or halide, at position 6, 7, 8, or 9 on the
benzothiazepine ring; R'= H, alkyl, aryl, or acyl; R; = H, alkyl, alkenyl, or aryl; R; = H, alkyl,
alkenyl, or aryl; R4 = H, halide, carboxylic acid, or an alkyl containing O, S, or [; and m =0, 1,
or 2; or a compound selected from the group consisting of 21, Ia, II, I1I, S1, S4, S6, S7, S20, S24,
S25, 826, S27, S36, and an oxidized derivative thereof; with at least one additive selected from
the group consisting of antioxidants, aromatics, buffers, binders, colorants, disintegrants,
diluents, emulsifiers, excipients, extenders, flavor-improving agents, gellants, glidants,
preservatives, skin-penetration enhancers, solubilizers, stabilizers, suspending agents,

sweeteners, tonicity agents, vehicles, and viscosity-increasing agents.

15. The method according to claim 14, wherein the compound is selected from the

group consisting of 21, la, II, III, S1, S4, S6, S7, S20, S36, and an oxidized derivative thereof.



fibrillation, sustained atrial fibrillation, non-sustained atri al
fibrillation, ventricular arrhythma, 97 ventricular fibrillation,
ventricul ar tachycardia, sustained ventricular tachycardia, non-sustai ned
ventricul ar tachycardi a, catechol am nergi c pol ynorphic ventricul ar
tachycardia (CPVT), heart failure, sigdden cardi ac death or exercise-induced
sudden cardi ac death. 13. The nethod according to any of clains 10 to 12,
wherein the conpound is selected fromthe group consisting of 21, la, |

111, SI, S416.S6, THEmetbRlacc@Ibg tardy afclgnisd0zeds, wherdin i cpmpotrd €886 14. A
nethod for maki ng a pharnmaceutical conposition for preventing cardiac
arrhythma in a subject, which conprises associating a conpound of the

formila: 0 li\lR aUsngfarE% Bguno(cg%lml %QQ %fé’m%r t5' 7% a COIE{H)EI’]ZO'[ (R frdtk Fre) 2.

al kyl, or hali de, t he I azepi ne ring;
R =H, gn@hﬂfyd)nms&hg’bf SZZ4F S&E}SZG 8?27 andhn alittiyed daivkevwdhereof fcarlyﬂn;ingzer = H, alkyl,

al kenyl, or, aryl; = h arb I cid an. al contalnlng 0,
S, or Rreveqhias Pndecreaselm thed‘?"eg"% R%ig%‘ﬁﬁgﬁwdﬁ ‘I“é’(,SPEHthW}ﬂgtaﬁ’é H3%up

consi stipg;qf 21, la, Il, 111, S, $4, S6, S7, 520, 524, 525, 526, 527,
S36, and an OX|d|zed derlvatlve thereof with at | east one additive selected

from the group consisting of ant|OX|dants aromatics, buffers, binders,
col orants, H.si nfssqfarompourt ofirarioge ofbghimsilftp dr efa %%P@Pﬁl‘?sctedefmremfer s,

flavor .| ggg;éﬁlgfsgﬁg 89%} ?g? gﬁ%g’?‘é% Qn 5)518\%(129%{1:\)/8{ ?est‘ﬁgr\égf 'félr%ﬁe tre tment or

ski n- p&Y § Py i zers, 'suspending agents,

sweet eprRIétioh 8Nk ¢artliac agditien invalbjeties, and vi scosity-increasi ng agents. 15.
The net hod according to claim 14, wherein the conpound is selected fron1the

group consisting of 21, |a, 11 [ 1] éa Hﬁé 26 S7, S20,
oxi di zed delY vat¥¥Felaramparnd ggny pge ofglaimsditp dora?c‘if’&?ﬁﬁ’iuﬂﬁset%?t "afh | ai s
10 to %@ug%ﬁfsﬁh@of: &8s, GO5PRMNG2 7 AnPRPoxidikdd ddrRBti R thereSL PR RthnBfac@fYofone of

clains | to 7, of a compound sel’ected fromthe
a medicament for limiting or preventing a decrease in the level of RyR2-bound FKBP12.6 in a

subject having a cardiac condition or for the treatment or prevention of a cardiac condition in a

subject.

20.  The use according to any of claims 17 to 19, wherein the cardiac condition is
selected from the group consisting of cardiac arrhythmia, tachycardia, atrial arrhythmia, atrial
tachyarrhythmia, atrial fibrillation, sustained atrial fibrillation, non-sustained atrial fibrillation,
ventricular arrhythmia, ventricular fibrillation, ventricular tachycardia, sustained ventricular
tachycardia, non-sustained ventricular tachycardia, catecholaminergic polymorphic ventricular
tachycardia (CPVT), heart failure, sudden cardiac death and exercise-induced sudden cardiac
death.

21.  The use according to any of claims 17 to 20, wherein the subject is a human and
the compound is selected from the group consisting of 21, la, 1, IIl, S1, S4, S6, S7, S20, S36,

and an oxidized derivative thereof,

22.  Use of a compound of formula (g), or a compound selected from the group
consisting of 21, Ia, II, U1, S1, S4, S6, S7, S20, S24, S25, S26, S27, S36, and an oxidized

derivative thereof, for preventing cardiac arrhythmia in a subject:



group consisting of 524, 525, 526, S27, and an oxidi zed derivative thereof,
for limting or preventing a decrease in the |level of RyR2-bound FKBPl12. 6
in a subject having a cardiac condition. 18. Use of a compound of any one
of claims | to 7, or a conpound selected fromthe group consisting of 524,
525, 526, 527, and an oxidi zed derivatPve thereof, for the treatnment or
prevention of a cardiac condition in a subject. 19. Use of a conpound of any
one of claims | to 7, or a conmpound selected fromthe group consisting of
524, 525, 526, 527, and an oxidi zed derivative thereof, in the manufacture
of a nedicanent for limting or preventing a dedfease in the |evel of
RyR2-bound FKBPI 2.6 in a subject having a cardi condition or for the
treatment or prevention of a cardi R71n a~rgubject. 20. The use
e cardiac condition is

sel ected fromthe group consgsting of ¢ardiac ayrrhythma, tachycardia,
atrial arrhythma, atrial tach arrhythm a, atvyi Rd brillation, sustained
atrial fibrillation, non-sustain [ fibrallation, ventricular
arrhythm a, ventricul ar fibrillation, ve r tachycardi a, sustained
ventricular tachycardia, non-sustained ¥entricukar tachycardia,

cat echol am nergi ¢ pol ynorphic ventri cul ge tachycardia (CPVT), heart
failure, sudden cardiac death and exer -induced sudden cardi ac death.
21. The use according to any of clains 17 to 20, wherein the subject is a
human and the conpound is selected fygmthe group consisting of 21, la, Il
1, S1, S4, S6, S7, S20, 536, and an oxidi zed derivative thereof. 22. Use
of a compound of for nul a (§R a conmpound sel ected fron1the group

consi sting offeein Ry= HIOR' N@ih,éhﬂ wdalidg at ggsfionsp ], 8 gpRon s S27,  S36,
and an i) g 2 ocdk Eaim@&ngﬁ%@si%{ 0, DSHEI R A 2 AT 2 11 @

subj ect
alkenyl, or aryl; R4 = H, halide, carboxylic acid, or an alkyl containing O, S, or I; and m =0, 1,

or 2.

23.  Use of a compound of formula (g) or a compound selected from the group
consisting of 21, la, II, 111, S1, S4, 86, S7, S20, S24, S25, S26, S27, S36, and an oxidized
derivative thereof, for the manufacture of a medicament for preventing cardiac arrhythmia in a

subject:

)

wherein Ry = H, OR', SR, N(R'),, alkyl, or halide, at position 6, 7, 8 or 9 on the
benzothiazepine ring; R'= H, alkyl, aryl, or acyl; R, = H, alkyl, alkenyl, or aryl; R3 = H, alkyl,



wherein R = H OR, SR, N(R)2, alkyl, or halide, at position 6, 7, 8 or 9
on the benzothiazepine ring; R=H, alkyl, aryl, or acyl; R2 = H, alkyl,
al kenyl, or aryl; R3 = H, alkyl, alkenyl, or aryl; R4 = H, halide,

carboxylic acid, or an alkyl containing O, S, or I; and m= 0, 1, or 2. 23.
Use of a conpound of fornmula (g) or a0fonpound sel ected fromthe group
consisting of21, la, Il, Ill, S 1, S4, S6, S7, S20, 524, 525, 526, 527, S36,

and an oxidized derivative thereof for the manufacture of a medi canent for
pr eventikeryl carraay! aRs 2k hglidensasbexylig acidyasjangiky! gontanirg O, 1% oRb and M0, 10y m ( g)
mherelgrg, = H OR SR, N(R)2, alkyl, or halide, at position 6, 7, 8 or 9
on the 'enzothiazepine ring; R=H, aIkyI, aryl, or acyl; R2 = H, aIkyI,

al kenyl, or aryl; R3 = H, alkyl, 100 alkenyl, or aryl; R4 = H, halide,
carboxylic 2€i d, Tlor usencalréiyl tcdainsai22iong3 OyheBein dire dubjeanid atmumafd andithe or 2. 24,

The use accordln ai,ms 22 or .23 r joect i uman and t he
ConpoufteTder Bl Ford HernaingRoria et o Aot R1 5 SBeS7, Doyl ey,
S6, S7oxfRd dSdQtivédredn oxi di zed derivative thereof. 25. The use according
to any of clainms 17 to 24, wherein the conpound is S36. 26. A nethod for
the synthesis of a conpound having formula: QR MO N \O S (C» m wher ei n
R = aryl alkenyl al kyl (CH2)"N(R,)2, or -(CH2)"SR, n = or 3; nE
0, | ahd  Re useapwqimsﬁo wcqféémlmwt%%ﬁ‘nﬁhp@irht@eﬁmp@tnép% %ﬁ (a)

treatlng a conpound of the formula:

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

0
N\ _R
MeO

wherein R = aryl, alkenyl, alkyl, -(CH;),N(R"),, or -(CH,),SR’; n=0, 1,2, or 3; m=0, | or 2; and
R’ = alkyl or cycloalkyl, comprising the steps of:
(a) treating a compound of the formula:

MeO NH

with a sulfonyl chloride compound and a base, to form a compound of the formula:

; and optionally

(b) oxidizing the compound formed in step (a) to form a compound of the formula:



MeO S7 with a sul fonyl chloride conpound and a base, to forma conmpound of
the formula: O MO NOR SJ ; and optionally (b) oxidizing the conpound
formed in step (a) to forma conpound of the fornmula: 101 MeON R\ | S~
mel or 2 (0)m 27. The nethod of claim 26, wherein the conpound fornmed in
step (a) has the fornula: O MO N IIDIS further conprising step (a-1),
bet ween step (a) and step (b), which conprises treating the conpound forned
in step (a) with a primary or secondary amne, to forma conpound of the
formula: G5, R MO N> O S wherein R=Q(CH2)"N(R)2; n =2} and R is
defined as in claim?25. 28. A _pethod fﬁrS\-tPhe synt hesis of a conpound of the
formila: 0 G XR MO N whéf = o, al kyl, -(CH2)" N(R )2, or -(CH2)"
SR, n=0, 1, 2, or 3; R = alk cycloal kyl; and X = NH or 0,
conprising the step of treating a coffpound,ff,bhe formula: 102

(O)m

27.  The method of claim 26, wherein the compound formed in step (a) has the

formula:

further comprising step (a-1), between step (a) and step (b), which comprises treating the
compound formed in step (a) with a primary or secondary amine, to form a compound of the
formula:

o)
\\S/R
7\

MeOﬁ\/N} 0

S
wherein R = -(CH;).N(R")2; n = 2; and R’ is defined as in claim 25.

28. A method for the synthesis of a compound of the formula:
0

N\

C—X—R
MeO N/

S
wherein R = aryl, alkyl, -(CH3),N(R"),, or -(CH,),SR'; n =0, 1, 2, or 3; R" = alkyl or cycloalkyl;

and X = NH or O, comprising the step of treating a compound of the formula:



MO N>H S wth a carbonyl chloride conpound, in the presence of a base, and
wth a primary or secondary amne or an alcohol, to forma conpound of the
formula: MO N -X-R S 29. A nethod for the synthesis of
2,3,4,5-tetrahydro-1, 4- benzot hi azepl gzcorrpounds of the fornula: NH Ri
~133 R2 wherein R1 = OR, SR, N(R') al kyl, or halide, at position 6, 7,
8 or 9 on the benzothiazepine ring; R = alkyl, aryl, or H R2 = H alkyl,
or aryl; and R3 = H, alkyl, Mﬁyl M}g the steps of: (a) treating
a corrpound of the formula: QO ‘ reduci ng agent, in the
presence of an optional catalyst, m a conpound of the formula: CO2H
Rt NHZ (b) treating the conpound feypeEdin ep (a) with a diazoti zing
agent and a disulfide, to forma conpound™of the fornula: 103 CO2H Rt Rt

- d ; gvm)n %h%,lncggﬁtrlgie 5o Wneh hOpIBAL Br ShAR, dwith 4 Friffy RS kibakdpg agent

amine or an alcohol, to form a compound of the formula:

Q
C-X-R

e

29. A method for the synthesis of 2,3,4,5-tetrahydro-1,4-benzothiazepine compounds

of the formula:

wherein Ry = OR', SR', N(R"),, alkyl, or halide, at position 6, 7, 8 or 9 on the benzothiazepine
ring; R' = alkyl, aryl, or H; R; = H, alkyl, or aryl; and Ry = H, alkyl, or aryl, comprising the steps
of:
(a) treating a compound of the formula:
CO,H
Rig

Z > No,

with a reducing agent, in the presence of an optional catalyst, to form a compound of the

R1"T
ZNH,

(b) treating the compound formed in step (a) with a diazotizing agent and a disulfide, to form a

formula:

>

compound of the formula:



forma conpound of the formula: OR3/Cl R I NRSz Rz RLSNO O0R3
(d) treating the conpound formed in step (c) with a reducing agent and a
base to forma conpound of the formula: 0O '"NH R - -Rs Rz (e) treating the
conpound forned in step (d) with a reducing agent, to forma conpound of the
formula: NH Rt CIC ~-R3 S Rz 103

COLH

Ry P
CO,H .

(c) treating the compound formed in step (b) with an activating agent and a chloroethylamine, to

0 Ry
Z N/)\/Cl
R1"'\ | R
S 2
N R
Ri1 P N
Cl
@] Rs i

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

form a compound of the formula:

compound of the formula:

o
2 NH
R1— /g‘Rs
A
S

Rz

3

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

formula:





